
The CARI Guidelines – Caring for Australasians with Renal Impairment 
 

Biochemical and haematological targets  
(April 2006) 

 

 
Haematological Targets 

 
SIMON ROGER (Gosford, New South Wales) 

 
Iron 

 
Date written: May 2005  
Final submission: August 2005 
Author: Simon Roger 
 
 

GUIDELINES 
 

Assessment of iron prior to and after commencement of synthetic erythropoietic 
stimulating proteins (referred to as epoetin): 

a. Dialysis patients should have regular assessment of iron stores and availability, 
as iron deficiency is a common cause of anaemia within this population. (Level II 
evidence) 

b. Chronic kidney disease (CKD) patients on dialysis should have sufficient iron 
stores to achieve and maintain haemoglobin of 110 g/L, with iron supplements 
being administered to maintain the recommended targets for iron status. (Level I 
evidence) 

c. Prior to the commencement of epoetin, adequate iron stores should be ensured. 
The following indices of iron stores and availability should be maintained:  

- Serum ferritin > 100 µg/L 
- TSAT > 20% 
- Percentage of hypochromic red cells < 10%. (Level II evidence) 

d.    Optimisation of epoetin dose may be obtained by achieving higher target 
values of iron storage than the levels that define absolute or relative iron 
deficiency:  

- Serum ferritin 200–500 µg/L 
- TSAT 30–40% 
- Percentage of hypochromic red cells < 2.5%. (Level II evidence) 

 
 
SUGGESTIONS FOR CLINICAL CARE 
(Suggestions are based on Level III and IV evidence) 
 
• Assessment of iron prior to and after commencement of synthetic erythropoietic 

stimulating proteins (referred to as epoetin): 
 
a. During the induction phase of epoetin therapy, there is a risk of developing functional iron 

deficiency in patients who had adequate iron stores (as defined above) at the beginning of 
treatment.  Prescribers must be aware of this phenomenon and be willing to prescribe 
additional intravenous iron to overcome this barrier to epoetin resistance. (Level III 
evidence) 

 
b. In patients in whom serum ferritin is > 500 µg/L (or TSAT > 40%), intravenous iron 

should be withheld for up to 3 months as long as there are no signs of functional iron 
deficiency (percentage of hypochromic red cells > 10%), at which time the iron 
parameters should be re-measured before intravenous iron is resumed. (Level III 
evidence)  

 
c. When the serum ferritin has declined to < 500 µg/L (or TSAT < 40%) and/or the 

percentage of hypochromic red cells has increased to > 10%, intravenous iron can be 
resumed at a dose reduced by one half. (Level III evidence)  
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• Monitoring iron levels: 
 

a. Dialysis patients with stable haemoglobin not treated with epoetin, with ferritin 
> 100 µg/L and TSAT > 20%: three-monthly. (Level IV evidence) 

 
b. At initiation of epoetin therapy or during period of increased epoetin dose, 

whether or not intravenous iron is being given: monthly. (Level IV evidence) 
 
c. Following attainment of target haemoglobin: three-monthly. (Level IV evidence) 
 
d. Measurement of iron stores must be deferred for 1 week following an 

intravenous iron dose of < 200 mg iron polymaltose, or for two weeks if larger 
dosages are used (> 200 mg iron polymaltose). (Level IV evidence) 

 
• Administration of iron: 
 

a. Supplementary iron should be administered to prevent iron deficiency and to 
maintain adequate iron stores, so that dialysis patients can achieve and 
maintain a haemoglobin concentration > 110 g/L, with or without epoetin 
therapy. (Level II evidence) 

 
b. Most patients will benefit from supplementary iron, especially during the 

correction phase of anaemia management. IV iron is the preferred route of 
administration as oral iron is poorly absorbed.  

 
c. Most patients in whom the serum ferritin concentration is > 500 µg/L, TSAT is   

> 30% and percentage of hypochromic red cells < 10% will achieve or exceed a 
haemoglobin concentration of 110 g/L with supplementary epoetin (note: TSAT 
is percentage of transferrin saturated with iron). (Level II evidence)  

 
• The current Australian Medicare schedule benefit for iron monitoring can be requested 

as ‘iron studies', (which includes percentage transferrin saturation and ferritin) or 
ferritin by itself. The increased cost of requesting iron studies is justified, so as to allow 
a broader assessment of iron status.  The costs (2005) are $36.50 (iron studies) vs 
$23.95 (ferritin) respectively. 

 
• Haemodialysis (HD) units must be aware of possible variations in routine “monthly” 

blood testing, e.g. after the long break vs midweek, as this may impact on the timing of 
measurement of iron status with respect to IV iron dosing.  

 
• Achieving a target ferritin of 200–500 µg/L for the population will ensure that the 

majority of patients will have a ferritin > 100 µg/L.  
 
• Following on from the revised European Best Practice Guidelines, being a reasonable 

compromise between possible enhancements of epoetin activity vs the risks of iron 
overload, the suggested upper limit for ferritin is 800 µg/L.  In a similar vein, without 
data support, IV iron should be withheld during concurrent bacterial infections.  

 
Haemodialysis 
 

• There is no indication for oral iron in HD patients. Supplementary iron should be 
administered intravenously.  

 
• Most patients on HD will require repetitive dosing of intravenous iron to achieve and 

maintain a haemoglobin concentration > 110 g/L. Intravenous iron (iron polymaltose) 
can be administered as either a 100 mg dose/week or as a 500–1000 mg bolus dose.  
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Peritoneal Dialysis 
 

• Peritoneal dialysis (PD) patients can be given oral iron in the form of ferrous salts at a 
daily dose of 100–200 mg of elemental iron. Optimum absorption will occur if it is 
prescribed as a single dose at night without concomitant food or other medicines.  

 
• Some PD patients, particularly if they are receiving epoetin, will not be able to maintain 

adequate iron stores with oral iron. Because of ease of administration, bolus dosages 
of intravenous iron are often prescribed. Intravenous iron should be administered 
slowly using veins that will not be used for HD vascular access.  

 
• In the maintenance phase, oral iron can on occasion, sustain adequate iron stores to 

allow erythropoiesis to continue efficiently.  
  

 HAEMODIALYSIS PERITONEAL DIALYSIS 

Initiation of epoetin IV Oral ± IV 

Maintenance of epoetin IV Oral ± IV 

 
 
Background 
 
The use of recombinant human erythropoietin (epoetin) to correct uraemic anaemia has revolutionised 
the management of chronic kidney disease (CKD) patients over the past 15 years. The aetiology of 
anaemia in these patients is frequently relative epoetin deficiency. However, it is important to exclude 
iron deficiency prior to the commencement of supplementary epoetin. In addition, iron deficiency, 
either absolute or functional, is the most common cause of epoetin resistance. Hence, with the relative 
cost of correcting anaemia in this patient group with epoetin, it is imperative to maintain adequate iron 
stores so as to ensure effective erythropoiesis.  
 
Prior to the availability of epoetin, iron deficiency was not as common in the dialysis population 
because of the widespread use of recurrent blood transfusion to treat severe anaemia. However, since 
the availability of epoetin, iron deficiency has become a more important issue in the treatment of 
anaemia. Anaemia surveys and registry data suggest that the problem is extensive, however, there 
has been a trend over the past 10 years, demonstrating an improvement in guaranteeing adequate 
iron stores and availability.  
 
The objectives of these guidelines are to: 
1. provide advice on the assessment of iron stores and availability, 
2. guide the monitoring of iron stores and availability during the correction and maintenance phases 

of anaemia correction with epoetin, and 
3. outline the different iron preparations, optimal methods of administration and risks/side-effects 

associated with their use.  
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Search strategy 
 
Databases searched: MeSH terms and text words for iron stores were combined 
using ‘and’ with MeSH terms and text words for diagnostic accuracy and diagnostic 
measures. These were them combined using ‘and’ with MeSH terms and text words 
for iron supplementation. The search was carried out in Medline (1966 – November 
Week 3, 2003). The Cochrane Renal Group Trials Register was also searched for 
trials not indexed in Medline.   
 
Date of searches: 25 November 2003.  
 
 
What is the evidence? 
 
Iron stores are frequently diminished in HD patients, secondary to increased blood loss and probable 
poor iron absorption (Kooistra et al 1995, Donnelly et al 1991). The annual blood loss from dialysis 
and routine blood tests has been calculated to be approximately 2500 mL/year in patients on HD, 
equating to 1000 mg of iron/year (Longnecker et al 1974, Lindsay et al 1973). This contrasts with 
approximately 250 mL/year in patients with progressive renal insufficiency and those on PD. Today, 
with more modern dialysers, including smaller size and synthetic membranes, blood loss may be less, 
but it is still a major problem (Bath & De Vincenzo 1996). Furthermore, individuals with normal renal 
function may lose up to 1 mg/day of iron via the gastrointestinal tract. This may well be increased in 
uraemic patients on dialysis.  
 
No single test provides an adequate estimation of body iron stores. Often a combination of tests is 
required to give a more complete picture of iron stores and availability. 
 
(a) Serum ferritin.  A good correlation has been found between the serum ferritin and stored iron 
(Lindsay et al 1973). There is also an inverse relationship between the logarithm of the serum ferritin 
concentration in the blood and the rate of intestinal iron absorption (Cook et al 1974, Kaltwasser & 
Werner 1983). Although serum ferritin concentration is relatively stable in the normal population, it is 
an acute phase reactant, and can therefore be subject to sudden increases associated with infection, 
malignancy or hepatic inflammation (Fishbane et al 1996). In addition, elevated serum ferritin may be 
associated with some markers of inflammation and malnutrition in HD patients, especially in the 800–
2000 µg/L range (Kalanter-Zadah 2004). 
 
(b) Percent transferrin saturation.  The percentage transferrin saturation with iron (TSAT) should be 
measured on several occasions because of the diurnal variation in serum iron (Ahluwalia et al 1997), 
and because transferrin varies with nutritional status and serum albumin (Kalantar-Zadeh et al 1998). 
TSAT is calculated according to the following formula: 
 

TSAT = serum iron X 100/TIBC 
TSAT = serum iron (µg/L) X 70.9/transferrin concentration (mg/L) 

 
A TSAT of < 21% has been reported as having 80% sensitivity for iron deficiency (Fishbane et al 
1996).  Prior to this publication, several iron management review articles had stated that TSAT < 20% 
indicates iron deficiency unequivocally. However, this is clearly not always the case.  It has been 
reported that a TSAT < 20% is common in HD patients (Lynn et al 1990). In a minority of dialysis 
patients, it is not possible to achieve a TSAT > 20%, despite having ferritin levels within the 
recommended range. 
 
HD patients maintaining a TSAT > 30%, rather than 20–30%, with supplementary intravenous iron, 
may show a reduction in epoetin dosage of up to 40% (Besarab et al 2000).  
 
(c) Percentage of hypochromic red cells.   Patients may develop iron deficiency before there are 
significant changes in the usual measured indices – MCV and MCHC. Measurement of the percentage 
of hypochromic red blood cells (i.e. the percentage of red cells with a haemoglobin concentration < 
280 g/L or individual cell haemoglobin content of < 26 pg) gives a more immediate indicator of iron 
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deficiency. Concern has been raised that delay in transit of blood samples may result in a change in 
cellular volume, subsequently affecting the haemoglobin concentration (Mittal et al 1999). 
 
The role of iron status markers in predicting response to intravenous iron in HD patients on 
maintenance erythropoietin was assessed and the percentage of hypochromic red cell was found to 
have the best discriminatory value (89.6% efficacy with a cut-off of < 6%). This compares with TSAT 
70.4% (cut-off 19%) and ferritin 64% (cut-off 50 μmol/L) (Tessitore et al 2001).  
 
Currently, as a research tool, it is also possible to quantitate the reticulocyte haemoglobin content 
(CHr), which may give a more immediate estimation of iron availability for erythropoiesis (Fishbane et 
al 1997). When analysed over time, CHr is more stable than ferritin and TSAT, and basing iron 
management on that variable allows for similar haemoglobin levels and epoetin dosages, but 
significantly reduces IV iron exposure (Fishbane 2001). 
 
The percentage of hypochromic red blood cells should be measured on an appropriate auto-
analyser. These are currently not widely available throughout Australia or New Zealand. 
 
 
These three measures of iron status are used to gauge if patients have iron deficiency. This deficiency 
can be characterised as: 
 
- absolute iron deficiency, which is defined as serum ferritin < 100 µg/L, TSAT < 20% and percentage 
of hypochromic RBC > 20%. 
 
- functional iron deficiency, in which the rate of release of iron from stores is inadequate to support 
haemoglobin synthesis. This is defined as serum ferritin > 100 µg/L, TSAT < 20% and percentage of 
hypochromic RBC > 20%. The previous figures are purely arbitrary and there have been reports 
indicating that functional iron deficiency can occur when the TSAT approaches 30% and with ferritin 
levels up to 600 µg/L (Eschbach et al 1989, Fishbane et al 1996, Alli et al 1982). It has been 
suggested that it is only possible to exclude functional iron deficiency by administering additional iron 
and gauging the haemopoietic response (Fishbane et al 1995). Patients with functional iron deficiency 
have an increase in haemoglobin at the same dose of epoetin, or are able to reduce epoetin dose and 
maintain haemoglobin levels. 
 
There have been several studies investigating the sensitivity and specificity of various ferritin 
concentrations in predicting iron deficiency or adequacy of iron stores. Fishbane et al (1996a) reported 
100% sensitivity and 0% specificity for ferritin screening cutoff of 500 µg/L and 96% sensitivity and 
11% specificity for TSAT screening cutoff of < 30%. Fernandez-Rodriguez (1999) investigated 
different ferritin cutoff levels for assessment. At a ferritin level of 300 µg/L, it had a sensitivity of 92%, 
specificity of 32%, positive predictive and negative predictive values of 33% and 94% respectively. 
When ferritin cutoffs were increased to 600 µg/L, these changed to a sensitivity of 98%, specificity of 
14%, and again positive predictive and negative predictive values of 28% and 100% respectively.  
 
(d) Bone marrow assessment.   On occasion, it is necessary to proceed to bone marrow assessment 
of erythropoiesis and iron stores to complete the evaluation of uraemic anaemia, epoetin use and iron 
use. Although often referred to as the ‘gold’ standard, it is subject to sampling errors and cannot be 
used to evaluate functional iron deficiency. 
 
(e) Soluble transferrrin receptor.  These are a shortened form of the transferrin receptor, which can 
be measured in the circulation. Concentration is reciprocally related to the supply of iron and increases 
significantly in the presence of iron deficiency and also stimulation by epoetin. Levels are not affected 
by the usual conditions that blur the diagnostic usefulness of ferritin such as inflammatory conditions, 
infections, or liver disease, but it has not proved useful in anaemia management in CKD (Chiang et al 
2002).  
  
Administration of iron 

 
Iron should be administered to prevent iron deficiency and maintain adequate iron stores. This should 
allow the efficacious use of epoetin to achieve target haemoglobin values. 
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Patients on HD have ongoing blood and hence iron loss, and will require supplementary iron. As an 
approximate estimate, on average, this would equate to 100 mg of iron/fortnight as maintenance, and 
a greater amount during initial correction of anaemia with epoetin. 
 
The goal in HD patients is to provide a recurrent dose of intravenous iron that will allow patients to 
maintain their target haemoglobin without putting them at risk of iron overload.  
 
Oral iron 
 
In HD patients, trial data would suggest that IV iron is superior to oral iron, which is no better than 
placebo or no supplementation (Macdougall et al 1996, Fishbane et al 1995, Nissenson & Charytan 
2003). In CKD patients, trial data is conflicting, demonstrating increased effectiveness for IV iron 
(Johnson et al 2001), and another showing no difference between oral and IV iron supplementation 
(Stoves et al 2001).  
 
Patients with progressive kidney disease or those on PD with absolute iron deficiency should be 
investigated for occult gastrointestinal blood loss. If those investigations are negative, then oral iron 
supplementation can be commenced, aiming to provide 200 mg elemental iron/day. This equates to 
2–3 ferrous sulphate tablets/day. The iron should preferentially be taken at night or to avoid 
concomitant food or calcium-based oral phosphate binders. 
 
The major limitation with oral iron supplementation is compliance due to gastrointestinal upset (both 
diarrhoea and constipation). Hence, it is often not possible to achieve the necessary high oral dosages 
that are required. 
 
There are no studies available in patients with kidney disease, investigating the role of ascorbic acid in 
increasing the oral absorption of elemental irons (Harju 1989, Bendich & Cohen 1990, Hunt et al 
1990). In patients with normal renal function, who are iron deficient, additional ascorbic acid with oral 
iron supplementation achieves replenishment of iron stores at the same rate as those given elemental 
iron alone. In addition, patients with renal impairment are at risk of developing oxalate accumulation 
with vitamin C supplementation. 
 
Oral iron complexed to heme has been shown to have increased availability compared with the current 
preparations, including the oral iron salts or polysaccharide preparations. Heme-iron polypeptide 
(HIP), a new generation of oral iron product, may overcome these limitations of traditional forms of oral 
iron and be effective as a form of iron replacement in this patient population. HIP uses the heme 
porphyrin ring to supply iron to the key sites of intestinal absorption, which differ from those for non-
heme iron. HIP is produced by hydrolysis of bovine haemoglobin using a technique that leaves 
peptides from the haemoglobin subunits covalently bound to the heme ring, increasing solubility at low 
pH (Nissenson & Charytan 2003). 
 
This new heme-iron complex does not have the same side-effect profile, and is not influenced by 
meals or other drugs that inhibit absorption of oral iron salts. If further trials confirm its benefit, it may 
be an alternative to intravenous iron preparations in the management of both absolute and functional 
iron deficiency (Uzel & Conrad 1998). 
 
It has been demonstrated in a number of studies, that oral iron is incapable of maintaining iron stores 
over a long period (Allegra et al 1991, Horl et al 1990, Silverberg et al 1996, Fishbane et al 1995, 
Macdougall et al 1996, Wingard et al 1995, Eschbach et al 1977, Bergmann et al 1990, Dunea et al 
1994, Anastassiades et al 1993). 
 
Even as maintenance therapy, ferrous sulphate was able to achieve ferritin values > 100 µg/L and 
TSAT > 20% in only 6% of patients treated (Wingard et al 1995).  
 
Intravenous iron 
 
Some patients with progressive kidney disease or those on PD, will still not be able to maintain 
adequate iron stores (serum ferritin > 100 µg/L or TSAT > 20%) on oral iron supplementation and will 
require IV iron. 
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In HD patients, IV iron has been demonstrated to be more efficacious than oral iron in maintaining 
adequate iron availability for the correction of uraemic anaemia with epoetin. Intravenous iron has 
been shown to improve the efficacy of epoetin in achieving target haemoglobin and in the 
maintenance phase, allows reduction in epoetin dose of up to 70% (Macdougall et al 1996, Fishbane 
et al 1995). 
 
As of October 2004 in Australia, iron polymaltose (iron dextrin) is the only available IV iron preparation 
subsidised by the Pharmaceutical Benefits Scheme. Care must be used with large bolus doses, that 
TSAT does not exceed 100%, with the possible toxicity of free iron. At dosages of < 200 mg iron 
polymaltose, TSAT has not been shown to exceed 100% (Macdougall et al 1997). For ease and 
convenience, IV iron polymaltose 500–1000 mg can be administered over a 4-h period. 
 
Currently, there is no data comparing single dose IV iron polymaltose (e.g. 500 mg) vs recurrent 
dosing (e.g. 10 x 100 mg/week). The former dosage regimen is associated with a cost reduction, but 
divided doses may allow increased availability of iron for erythropoiesis, rather than deposition in 
storage sites. 
 
The risk of anaphylaxis with IV iron polymaltose is far lower than with IV iron dextran. The risk of 
anaphylaxis with IV iron dextran is equivalent to the risk associated with the administration of IV 
contrast. 
 
Iron sucrose is available in Australia under the special access scheme, administered under the 
following license guidelines as set out by the Australian Drug Evaluation Committee 
(http://www.tga.gov.au/docs/html/adec/adec0232.htm):  
 
1) treatment of iron-deficiency anaemia in patients undergoing chronic haemodialysis and who are 

receiving supplementary erythropoietin therapy, and 
 
2) it may be prescribed for patients in whom oral iron has been proven to be ineffective or 

associated with intolerable side-effects, and where alternative parenteral iron products are 
contraindicated.  

 
This iron preparation has an excellent safety record and does not require the administration of a test 
dose. However, only small dosages may be administered at any one time (100 mg over minutes or 
200 mg over 5 minutes), which limits its usefulness for PD and CKD (Stages 3 and 4) patients. The 
clinician must weigh the inconvenience to the patient of multiple infusions of this agent or its use by as 
yet to be established high–dose regimens.  
 
Ascorbic acid 
 
Intravenous ascorbic acid is a potent reducing agent, which allows iron to be released from ferritin and 
the reticuloendothelial system, and increase availability for erythropoiesis. In some studies, patients 
with functional iron deficiency (variable dosage regimens from 100–1500 mg/week) have benefited 
from IV ascorbic acid (Tarng & Huang 1998, Giancaspro et al 2000, Petrarulo & Giancaspro 2000, 
Tarng et al 2001, Sezer et al 2002).  
 
Iron overload 
 
There is concern that iron overload may occur with recurrent IV iron dosing. The cut-off ferritin for iron 
overload following IV iron is not clear. One study has demonstrated that iron overload (assessed by 
bone marrow iron stores) was not present in conjunction with a serum ferritin as high as 1047 ± 445 
µg/L in patients treated with epoetin (Kalantar et al 1995) and it is difficult to produce tissue injury in 
animal models exposed to excessive exogenous iron (Brown et al 1957). However, two studies have 
reported similar incidence rates of iron overload in HD patients –36% (Ali 1980) and 37.5% (Canavese 
2004) where the degree of overload did not correlate well with ferritin concentrations. In humans, in 
the pre-epoetin era, large amounts of iron were delivered by red blood cell transfusions and parenteral 
iron. In repeated blood transfusions, hepatic iron storage may be complicated by concurrent hepatitis 
B or C infection (Stanbaugh et al 1984). Genetic defects such as mutation of the hereditary 
haemochromatosis gene (HFE) may also impact on the development of iron overload in dialysis 
patients, both by exposure to recurrent blood transfusions and IV iron (Feldere et al 1996). The risk of 
tissue damage from parenteral iron therapy using iron dextran, is relatively low (Fleming et al 1990). 

http://www.tga.gov.au/docs/html/adec/adec0232.htm
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There has been concern that iron overload may be associated with: increased number of bacterial 
infections, reduced polymorphonuclear neutrophil function, tissue iron deposition and cardiovascular 
disease (Shah 2003).  
 
Most studies reporting the link are population-based, and use serum ferritin as a marker of iron stores, 
however, they have been criticised because of the change in ferritin in inflammatory states. Currently, 
serum ferritin levels between 300 and 800 µg/L have been common in the dialysis population and 
there is no evidence that such levels are associated with adverse effects from iron overload. 
 
Iron overload can be managed by withholding IV iron, relying on regular iron/blood loss through 
dialysis or epoetin use in conjunction with regular phlebotomy. 
 
Transferrin over-saturation appears not to occur with any of the available forms of parenteral iron. It is 
clear that non-transferrin bound iron (NTBI) is detectable following IV iron administration, even when 
transferrin-binding sites are not fully occupied. The relevance of NTBI to increased cellular toxicity and 
oxidative stress, in addition to polymorphonuclear leukocyte function in vivo, needs investigation. 
 
Cost benefit of intravenous iron supplementation in patients treated with epoetin 
 
Currently, there are no Australian studies looking at this important issue. In the United Kingdom, IV 
iron supplementation in patients with both absolute iron deficiency, and those with a serum ferritin > 
100 µg/L, showed a 33% reduction in epoetin dose following regular low dose IV iron gluconate 
(Taylor et al 1996).   
 
The cost of pushing iron stores and iron availability above ‘normal’ values may have to be revisited in 
the context of more expensive IV iron preparations, oral heme iron preparations, and the future 
accessibility of biosimilar epoetins. 
 
 
Summary of the evidence 
 
Ideal management of iron administration and assessment of iron stores and availability remains 
controversial. Many of the recommendations have not been the subject of randomised controlled trials. 
Australia and New Zealand are limited in their assessment of the trials as they involve iron 
preparations that are not available in our region. 
 
The assessment of target ferritin concentrations involves a trade–off between providing adequate iron 
stores to achieve target haemoglobin values and the inherent risks of iron therapy and iron overload. 
Hence, serum ferritin levels up to 500 µg/L from a reasonable degree of certainty that iron deficiency 
has been excluded, without exposing patients to the unnecessary risks of IV iron administration 
(oxidative stress) or possible consequences of iron overload. Although there are no definitive 
randomised controlled trials exploring the differences between maximum ferritin concentration of 500 
and 800 µg/L, it is believed that the positive predictive value of the lower concentration will suffice. 
 
 
What do the other guidelines say? 
 
With the impetus toward the development of global guidelines and the extensive manpower resources 
available to other guideline Working Parties, the CARI Guidelines reflect the overseas trends in iron 
management, while maintaining an Australian and New Zealand local perspective. 

Table 1 Iron status targets of different guidelines 

 European (To 
Reach And 
Obtain Target 
Hb) (Locatelli 
2004) 

European 
(Practical 
Recommended 
Minimum) 
(Locatelli 2004) 

K/DOQI 
(K/DOQI 
2000) 

Canadian 
(Toffelmore 
1999) 

British (BRA 
2002) 
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Serum ferritin 
(µg/L) 

≥ 100 200–500 ≥ 100 > 100 > 100 

Transferrin 
saturation (%) 

> 20 30–40 ≥ 20 > 20 > 20 

Hypochromic 
RBC (%) 

< 10 < 2.5   < 10 
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Monitoring of iron levels according to different guidelines 

 European 
(Locatelli 2004) 

K/DOQI (K/DOQI 
2000) 

Canadian 
(Toffelmire 1999) 

British (BRA 
2002) 

CRF with stable 
Hb not treated 
with epoetin, 
ferritin ≥ 100 µg/L 
and TSAT ≥ 20% 

3–6 months 3–6 months 3 months N/A 

During initiation of 
epoetin therapy, 
not receiving 
intravenous iron 

4–6 weeks 4 weeks 4 weeks N/A 

During initiation of 
epoetin therapy or 
while increasing 
the epoetin dose, 
receiving 
intravenous iron 

at least 3-monthly at least 3-monthly 4 weeks At least 6-monthly 

Following 
attainment of 
target Hb 

3–6 months at least 3-monthly 3 months At least 6-monthly 

       

British Renal Association: Regular monitoring of iron status (at least every 6 months) is 
essential during treatment to avoid toxicity.  
 
International Guidelines: No recommendation.  
 
 
Implementation and audit 
 
Eighty-five per cent of patients receiving epoetin should have adequate iron stores and availability, 
allowing efficacious use of supplementary epoetin.  
 
Audit of percentage of patients reaching targets (ferritin, TSAT or percentage of hypochromic RBC) 
should be achievable within facilities caring for CKD (Stages 3 and 4) and CKD patients requiring 
dialysis, as they are easily and routinely measured variables. 
 
Passive dissemination of the CARI iron guideline has raised awareness of the guidelines but for iron 
management to improve in the clinical environment takes commitment to change within the renal 
team, an agreed iron protocol with a decision support aid, a working process for iron management and 
increased skills for renal nursing staff. Factors impacting the iron process and barriers to change are 
numerous. For implementation to succeed, a strategy that aims at overcoming these barriers in an 
individual unit should be planned and executed. 
 
 
Suggestions for future research 
 
No single assessment provides adequate information on iron storage or availability. Each of the 
currently available tests is subject to influence by other concurrent illness or factors.  
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The percentage of hypochromic RBC is currently the best indicator of iron availability and reflects the 
changes in iron availability when epoetin is administered. Increasing availability of auto-analysers that 
are able to perform this measurement will aid in the management of uraemic anaemia with epoetin.  

There are no published studies on the cost-effectiveness of monitoring iron status. This should be 
addressed by exploring the frequency of iron assessment during both the correction and maintenance 
phase of anaemia management.  

There are currently no studies available looking at the best dosage schedule for intravenous iron 
replacement, using iron polymaltose. This needs to be assessed both in patients with absolute iron 
deficiency, those not yet receiving epoetin and those with functional iron deficiency who are on 
epoetin. 

Head to head comparative studies between the two intravenous iron preparations are needed to 
determine cost effectiveness vs safety, in particular focusing on possible iron toxicity from non-
transferrin bound iron. 

Further studies are required to examine whether there are possible cost savings and less variability in 
haemoglobin/iron parameters from proactive protocol-driven adjustment of epoetin and iron dosages 
vs reactive responses to pathology results as they are presented. 
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Appendices 
 
Table 1. Available Oral iron preperations 
 

Trade name Generic compound Other 
comments 

Dose Reimbursement Number of tablets/ 

capsules 

Fefol Ferrous sulphate 270 mg (elemental iron 87 
mg), folic acid 300 µg 

 1 
capsule
/day 

Private: $8.55 30 

FGF Ferrous sulphate 250 mg (elemental iron 80 
mg), folic acid 300 µg. 

Controlled 
release 

4 PBS/RPBS (Rpt 2) 

Private: $7.12 

30 

Fero-Gradumet Ferrous sulphate 325 mg (elemental iron 105 
mg) 

Controlled 
release 

4 Private: $6.56 30 

Fero-Grad C Ferrous sulphate 325 mg (elemental iron 105 
mg), sodium ascorbate 562 mg 

Modified 
release 

1 Private $8.16 30 

Fergon Ferrous gluconate 300 mg/5 ml (ferrous iron 
33 mg/5 ml) 

Elixir 10–30 
ml/day 

PBS/RPBS (Rpt 4) 
Private $9.42 

100 ml 

 
 
 
 
Table 2. Available Intravenous iron preparations 
 

Trade 
name 

Generic 
compound 

Dosage Reimbursement Number of 
vials 

Ferrosig Iron 
polymaltose 

100 mg given as slow IV push or total body 
infusion or 500–1000 mg over 4 hours. 

$10.45 per 100 mg ampoule. 
PBS/RPBS 100 mg/2 ml , 5 ampoules, 
no repeats  

5 

Venofer Iron sucrose 

 

IV only $22 per 100 mg ampoule. No PBS 
reimbursement 
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Table 3. Characteristics of included studies 
 
Study ID 
(author, 
year) 

N Study 
Design 

Setting Participants Intervention 
(experimental group) 

Intervention 
(control group)  

Follow 
up 
(month
s) 

Comments 

Agarwal et 
al, 2004 

20 Randomised 
controlled 
clinical trial 

Single 
clinic, US 

20 patients 
with Stage 3 or 
4 CKD 

N-acetyl cysteine group 
(600 mg BID x 7d) 

No intervention 2 wk  

Besarab et 
al, 2000 
 
 
 

42 Randomised 
controlled 
clinical trial 
 

Single 
centre 
located in 
US 
 

Chronic HD, 
>18 yrs 
 

IV iron dextran initially 4 
to 6, 100 doses of 100 
mg until TSAT > 30%, 
then weekly 25–150 
mg/wk to maintain TSAT 
at 30–50% 

IV iron dextran 
weekly at 25–150 
mg/wk to 
maintain TSAT at 
20–30% 
 

6 
 

 
 

Fishbane et 
al, 2001 

157 Randomised 
controlled 
clinical trial 

3 centres, 
US 

HD patients Iron management based 
on serum ferritin and 
transferrin saturation 

Iron management 
based on CHr 

6  

Giancaspro 
et al, 2000 

27 
 

Randomised 
controlled 
cross-over 
clinical trial 

Hospital 
located in 
Italy 
 

Bicarbonate 
HD therapy, 
18–75 yrs 
 

IV vitamin C 500 mg, 3 
times/wk during months 
1 to 3 
 

IV vitamin C 500 
mg 3 times/wk 
during months 4 
to 6 

6  

MacDougall 
et al, 1996 
 
 
 
 
 
 

38 Randomised 
controlled 
clinical trial 

Single 
centre 
located in 
UK 

Iron replete 
kidney failure 
patients (HD, 
CAPD, pre- 

ESRD) 
commencing 

EPO, 
haemoglobin < 

8.5 mg/dL 

IV Fe dextran, 5 mL/2 
wks 

No intervention 4 Trial with 3 arms 
including 
treatment arm of 
oral ferrous 
sulphate 200 mg 
tds 

Sezer et al, 
2001 
 
 

36 Randomised 
controlled 
clinical trial 

Single 
centre 
located in 
Turkey 

Iron 
overloaded HD 

500 mg IVAA 2 times/wk 
for 8 wks 

No intervention 16 wk  
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Table 3. Continued 
 
Study ID 
(author, 
year) 

N Study 
Design 

Setting Participants Intervention 
(experimental group) 

Intervention 
(control group)  

Follow up 
(months) 

Comments 

Stoves et al, 
2001 

45 Randomised 
controlled 
clinical trial 

Single 
centre 
located in 
UK 

Anaemic 
patients with 
progressive 
renal 
insufficiency,  
Non-dialysed 

Adjuvant oral iron, 200 
mg tds 

IV iron 300 mg 
over 2 
hr/monthly 

5  

Tarng et al, 
1998 

55 Randomised 
controlled 
clinical trial 

Single 
centre 
located in 
Taiwan 

Iron 
overloaded HD 

IV Fe 100 mg ferric 
saccharide diluted in 50 
mL of 0.9% NaCl post-
dialysis on 5 consecutive 
dialysis sessions over 2 
wks 

IVAA 300 mg 
post-dialysis 3 
times/wk for 8 
weeks 

3 Arm of 2 
separate 
protocols, each 
with control arm 

Wingard et 
al, 1995 

46 Randomised 
controlled 
clinical trial 

Single 
centre 
located in 
US 

rHuEPO 
therapy > 3 
mo, HD 

Feoso (ferrous sulphate) 
200 mg 

Chromagen 
(ferrous 
sulphate) 200 
gm 

6 Trial with 4 arms 
including 3rd arm 
of Niferex 
(polysaccha-
ride) 200 mg 
and 4th arm of 
Tabron (ferrous 
fumurate) 22 
mg. 
 
At least 100 mg 
ascorbic acid 
prescribed with 
all interventions 
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Table 4. Quality of randomised trials 
 

Blinding Study ID 
(author, year) 
 

Method of 
allocation 
concealment (participants) (investigators) (outcome 

assessors) 

Intention-to-treat 
analysis 

Loss to follow 
up (%) 

Agarwal et al, 
2004 

Computer 
generated 

No No No Unclear 5.0 

Beserab et al, 
2000 

Not specified Yes Yes 
 

Yes 
 

Yes 
 

23.8 
 

Fishbane et al, 
2001 

Not specified No No No No 12.1  

Giancaspro et al, 
2000 

Computer 
generated 

No No No No  11.1 

MacDougall et al, 
1996 

Not specified No No No No 0.03 

Sezer et al, 2002 Not specified No No No No 16.7 

Stoves et al, 2001 Computer 
generated 

No No No No 28.9 

Tarng et al, 1998 Not specified No No No Unclear 0.0 

Wingard et al, 
1995 

Not specified No No No No  19.6 
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Table 5. Results for continuous outcomes 
 
Study ID 
(author, year) 

Outcomes Intervention group 
(mean [SD]) 

Control group 
(mean [SD]) 

Difference in means  
[95% CI] 

Agarwal et al, 
2004 

WBC at end of treatment (x 1000 µ/L) 6.7 (2.0) 7.8 (3.4) -1.10 (95%CI: -3.54, 1.34) 

 Haemoglobin at end of treatment (g/dL) 10.8 (0.5) 11.3 (0.9) -0.50 (95%CI: -1.14, 0.14) 
 Iron (µg/dL) at end of treatment 54.1 (12.8) 51.9 (14.7) 2.20 (95%CI: -9.88, 14.28) 
 Total iron binding capacity (µg/dL) at end of 

treatment 
317 (44.2) 368 (91.9) -51.00 (95%CI: -114.20, 12.20) 

 Transferrin saturation (%) at end of 
treatment 

15 (5) 18 (10) -3.00 (95%CI: -9.93, 3.93) 

 Ferritin ng/µL 169 (107.3) 91 (57.2) 78.00 (95%CI: 2.64, 153.36) 
Besarab et al, 
2000 

Haemoglobin over 6 mo 
 

10.6 (0.48) 
 

10.3 (0.44) 
 

0.30 (95%CI: 0.02, 0.58) 
 

Fishbane et al, 
2001 

Hematocrit (%) at 28 wks 35 (3.4) 35.3 (3.2) -0.30 (95%CI: -1.40, 0.80) 

 EPO (U/wk) at 28 wks 11772 (11780) 10949 (12154) 823.00 (95%CI: -3185.77, 
4381.77) 

 Mean serum ferritin (ng/mL) at end of study 399.5 (247.6) 304.7 (290.6) 94.80 (95%CI: 4.43, 185.17) 
 Mean transferrin saturation (%) at end of 

study 
29.4 (17.8) 25.8 (16.6) 3.60 (95%CI: -2.14, 9.34) 

 Mean CHr (pg) at end of study 31.1 (1.8) 30.8 (1.8) 23.10 (95%CI: 22.34, 23.86) 
Giancaspro et al, 
2000 

Haemoglobin at 3 mo (g/dL) 10.0 (0.10) 9.0 (0.69) 0.90 (95%CI: 0.51, 1.29) 

 Haemoglobin at 6 mo (g/dL) 8.9 (0.69) 9.9 (0.69) -1.00 (95%CI: -1.55, -0.45) 
 Ferritin at 3 mo (µg/L) 398 (190.53) 450 (173.21) -52.00 (95%CI: -197.69, 93.69) 
 Ferritin at 6 mo (µg/L) 383 (280.59) 206 (83.14) 177.00 (95%CI: 11.42, 342.58) 
 Transferrin saturation at 3 mo (%) 25.7 (5.89) 18.4 (3.46) 7.3 (95%CI: 3.44, 11.16) 
 Transferrin saturation at 6 mo (%) 19.1 (3.81) 27.0 (3.46) -7.90 (95%CI: -10.81, -4.99) 
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Table 5. Continued 
 
Study ID 
(author, year) 

Outcomes Intervention group 
(mean [SD]) 

Control group 
(mean [SD]) 

Difference in means  
[95% CI] 

MacDougall et al, 
1996 

IV: Haemoglobin at end of study (g/dL) 11.9 (1.2) 9.9 (1.6) 2.00 (95%CI: 0.87, 3.13) 

 IV: Ferritin at end of study (µg/L) 359 (140) 131 (121) 228 (95%CI: 123.30. 332.70) 
 IV: Transferrin saturation at end of study 

(%) 
23 (4) 15 (6) 8.00 (95%CI: 3.92, 12.08) 

 Oral: Haemoglobin at end of study (g/dL) 10.2 (1.4) 9.9 (1.6) 0.30 (95%CI: -0.88, 1.48) 
 Oral: Ferritin at end of study (µg/L) 116 (87) 131 (121) -15.00 (95%CI: -98.21, 68.21) 
 Oral: Transferrin saturation at end of study 

(%) 
31 (4) 15(6) 16.00 (95%CI: 11.97, 20.03) 

Sezer et al, 2002 Hematocrit at end of study (%) 36.1 (5.7) 35.2 (7.9) 0.90 (95%CI: -4.03, 5.83) 
 Transferrin saturation at end of study (%) 44.4 (26.3) 41.6 (23.8) 38.40 (95%CI: 23.23, 53.57) 
 Ferritin at end of study (ng/ml) 579.7 (242.3) 630.5 (342.8) -50.80 (95%CI: -263.24, 161.64) 
 Mean rHuEpo dose (U/wk) 8585.7 (3206.8) 8513.3 (1407.4) -227.60 (95%CI: -1999.85, 

1544.65) 
Tarng et al, 1998 IVFE:  Hematocrit at end of study (%) 25.2 (2.71) 31.1 (2.32) -5.90 (95%CI: -7.84, -3.96) 
 IVFE:  Haemoglobin at end of study 8.5 (0.77) 10.5 (0.66) -2.00 (95%CI: -2.55, -1.45) 
 IVFE:  rHuEpo dose at end of study 

(U/kg/mo) 
470 (81.33) 271 (79.60) 199.00 (95%CI: 136.50, 261.50) 

 IVFE: Ferritin at end of study (µg/dl) 584 (131.68) 757 (587.04) -173.00 (95%CI: -526.25, 180.25) 
 IVFE: Serum Fe (µg/dl) 50 (19.36) 99 (49.75) -49.00 (95%CI: -79.99, -18.01) 
 IVFE: Transferrin saturation (%) 20 (7.75) 47 (23.22) -27.00 (95%CI: -41.27, -12.73) 
 IVAA:  Hematocrit at end of study (%) 30.6 (2.08) 31.1 (2.42) -0.50 (95%CI: -2.31, 1.31) 
 IVAA: Haemoglobin at end of study 10.4 (0.69) 10.5 (1.04) -0.10 (95%CI: -0.81, 0.61) 
 IVAA: rHuEpo dose at end of study 

(U/kg/mo) 
330 (187.06) 289 (90.07) 41.00 (95%CI: -76.47, 158.47) 
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Table 5. Continued 
 
Study ID 
(author, year) 

Outcomes Intervention group 
(mean [SD]) 

Control group 
(mean [SD]) 

Difference in means  
[95% CI] 

 IVAA: Ferritin at end of study (µg/dL) 472 (315.23) 731 (439.94) -259.00 (95%CI: -565.22, 47.22) 
 IVAA: Serum Fe (µg/dL) 107 (65.82) 86 (51.96) 21.00 (95%CI: -26.45, 68.45) 
 IVAA: Transferrin saturation (%) 48 (20.78) 44 (20.78) 4.00 (95%CI: -12.63, 20.63) 
Wingard et al, 
1995 

Feosol: Iron at end of study (µg/dL) 64.0 (25.4) 60.5 (16.7) 3.50 (95%CI: -14.24. 21.24) 

 Feosol: Transferrin saturation at end of 
study (%) 

19.6 (9.2) 17.7 (5.9) 1.90 (95%CI: -4.48, 8.28) 

 Feosol: Ferritin at end of study (ng/mL) 113.2 (99) 88.6 (72) 24.60 (95%CI: -46.69, 95.89) 
 Feosol: Hematocrit at end of study (%) 29.5 (2.4) 31.0 (2.1) 29.50 (95%CI: 27.90, 31.10) 
 Feosol: Hematocrit/EPO at end of study  15.4 (14.2) 11.7 (8.1) 3.70 (95%CI: -5.86, 13.26) 
 Niferex: Iron at end of study (µg/dL) 61.8 (19.5) 60.5 (16.7) 1.30 (95%CI: -13.23, 15.83) 
 Niferex: Transferrin saturation at end of 

study (%) 
17.5 (4.8) 17.7 (5.9) -0.20 (95%CI: -4.50, 4.10) 

 Niferex: Ferritin at end of study (ng/mL) 81.7 (159) 88.6 (72) -6.90 (95%CI: -105.65, 91.85) 
 Niferex: Hematocrit at end of study (%) 28.8 (3.3) 31.0 (2.1) -2.20 (95%CI: 4.41, 0.01) 
 Niferex: Hematocrit/EPO at end of study  7.5 (4.0) 11.7 (8.1) -4.20 (95%CI: -9.31, 0.91) 
 Tabron: Iron at end of study (µg/dL) 77.1 (26.9) 60.5 (16.7) 16.60 (95%CI: -1.89, 35.09) 
 Tabron: Transferrin saturation at end of 

study (%) 
28.6 (14.0) 17.7 (5.9) 21.60 (95%CI: 12.86, 30.34) 

 Tabron: Ferritin at end of study (ng/mL) 143.2 (85) 88.6 (72) 54.60 (95%CI: -10.07, 119.27) 
 Tabron: Hematocrit at end of study (%) 29.5 (2.8) 31.0 (2.1) -1.50 (95%CI: -3.54, 0.54) 
 Tabron: Hematocrit/EPO at end of study  9.9 (6.5) 11.7 (8.1) -1.80 (95%CI: -7.78, 4.18) 
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Table 6. Results for dichotomous outcomes 
 
Study ID 
(author, year) 

Outcomes Intervention group 
(number of patients with 
events/number of 
patients exposed) 

Control group 
(number of patients with 
events/number of 
patients not exposed) 

Relative risk (RR)  
[95% CI] 

Risk difference (RD)  
[95% CI] 

Agarwal et al, 
2004 

Diarrhoea 2/10 0/10 5.00 (95%CI: 0.27, 92.62) 0.20 (95%CI: -0.08, 0.48) 

Besarab et al, 
2000 
 

Decrease in EPO 
dose 
 

12/23 4/19 
 

2.48 (95%CI: 0.95, 6.44) 
 

0.31 (95%CI: 0.04, 0.59) 
 

 Increase in EPO 
dose 

2/23 
 

5/19 0.33 (95%CI: 0.07, 1.52) -0.18 (95%CI: -1.41, 0.05) 

 No change in 
EPO dose 

6/23 9/19 0.55 (95%CI: 0.24, 1.27) -0.21 (95%CI: -0.50, 0.07) 

 All-cause 
mortality 

1/23 2/19 0.41 (95%CI: 0.04, 4.21) -0.06 (95%CI: -0.22, 0.10) 

 Hospitalisation 10/19 10/17 0.89 (95%CI: 0.50, 1.60) -0.06 (95%CI: -0.39, 0.26) 

MacDougall et al, 
1996 

IV: Decrease in 
EPO dose 
 

5/12 
 

0/12 11.00 (95%CI: 0.67, 
179.29) 

0.42 (95%CI: 0.13, 0.70) 

 IV: Increase in 
EPO dose 

1/12 6/12 0.17 (95%CI: 0.02, 1.18) -0.42 (95%CI: -0.74, -0.09) 

 IV: No change in 
EPO dose 

6/12 6/12 0.00 (95%CI: -0.40, 0.40) 0.00 (95%CI: -0.40, 0.40) 

 Oral: Decrease in 
EPO dose 
 

4/13 0/12 8.36 (95%CI: 0.50, 
140.56) 

0.31 (95%CI: 0.04, 0.57) 
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 Oral: Increase in 
EPO dose 

3/13 6/12 0.46 (95%CI: 0.15, 1.45) -0.27 (95%CI: -0.63, 0.09) 

 Oral: No change 
in EPO dose 

6/13 6/12 0.92 (95%CI: 0.41, 2.09) -0.04 (95%CI: -0.43, 0.35) 

Stoves et al, 2001 Increase in 
rHuEPO 

2/23 4/22 0.48 (95%CI: 0.10, 2.35) -0.09 (95%CI: -0.29, 0.10) 

 


