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Issue
There are several considerations in the selection of an intravenous (IV) iron preparation for the management of anemia in patients with chronic kidney disease (CKD).
Background1-10
Anemia is a common complication in patients with CKD and may develop early, with an increase in prevalence and severity as kidney function declines.1,2  Results vary depending on population studied, definition of anemia, as well as other factors; in one study of patients being cared for by a physician, untreated anemia was present in up to 75.5% of patients with an estimated glomerular filtration rate (eGFR) of < 15 ml/min/1.73 m2.3,4   Anemia in patients with CKD is primarily caused by decreased kidney production of erythropoietin.  Other causes of anemia in patients with CKD include blood loss, decreased red blood cell survival, iron deficiency, and chronic inflammation.  Iron deficiency is especially likely to occur in patients on hemodialysis (HD) due to frequent blood drawing and from the process of dialysis itself.5-8  In addition, iron deficiency can decrease the response to erythropoietin-stimulating agents (ESAs);5 therefore, iron replacement therapy is often used in conjunction with an ESA when it is prescribed for the management of anemia in CKD, and will help to lower the amount of ESA required to obtain target hemoglobin (Hgb).3,8  Additional data are needed to adequately assess the long-term outcomes or patient-centered benefits of iron therapy in patients with anemia and CKD.5,8  

Serum ferritin and transferrin saturation (TSAT) levels are often used to determine the degree of iron deficiency and are frequently monitored to assess the need for or response to therapy.  However, as it is recognized in CKD treatment guidelines,  these levels may not be reliable in estimating the amount of bone marrow iron stores or the availability of iron for erythropoiesis  and response to therapy in patients with CKD, and especially in patients on HD.3,8  It is noted that interpretation of high ferritin levels should take into consideration the potential for the elevation to be in response to inflammation or infection, as ferritin is an acute phase reactant.8   In addition, patients with an elevated serum ferritin and low TSAT (e.g., functional iron deficiency) may also respond to iron replacement therapy.8,9  Recent treatment guidelines note there is limited evidence to support a recommendation for when iron therapy should be initiated based on a threshold for ferritin or TSAT, or to guide therapy based on a set target level.8  Therefore, in addition to the use of ferritin and TSAT to treat or prevent iron deficiency in patients with CKD, factors including potential treatment response and tolerability, as well as goals for therapy such as an increase in Hgb, potential decrease in the need for ESA therapy or to minimize ESA dose requirements should be taken into account.3,8  In addition, the risk vs. benefit of treatment and whether the patient will experience an improvement in anemia-related symptoms, quality of life, or a reduction in the need for transfusions should also be considered.8  

Once a diagnosis of iron deficiency anemia is made, it has been recommended that iron replacement therapy be administered in patients with CKD on HD to achieve serum ferritin > 200 ng/ml (and up to 500 ng/ml), TSAT > 20%1,3,7 (or CHr [reticulocyte hemoglobin content] > 29 pg/cell3); and in patients with CKD on peritoneal dialysis (PD) or those not on dialysis, to a target of serum ferritin > 100 ng/ml (up to 500 ng/ml) and TSAT > 20%.3,7  
More recent guidelines include suggestions for  initiating iron therapy in patients with CKD at a threshold of ferritin < 500 ng/ml and TSAT < 30% (as there may be a response [i.e., increase in Hgb or reduction in ESA dose] to iron supplementation at levels higher than the targets in previous guidelines), where there is a goal to increase Hgb without requiring an ESA, or to increase Hgb with the potential for reduction in ESA dose if a patient is already receiving treatment with an ESA; although, routine iron replacement therapy to maintain levels of ferritin > 500 ng/ml or TSAT > 30% is not recommended due to insufficient evidence as to the safety and efficacy of this practice.8  More specifically, recent treatment guidelines suggest that a trial of IV iron should be given to patients with anemia and CKD not on iron or an ESA (or alternatively, a 1 to 3 month trial oral iron in patients not on dialysis), to increase Hgb without starting ESA, and if TSAT  < 30% and ferritin < 500 ng/ml; and to patients with CKD on an ESA (or alternatively, a 1 to 3 month trial oral iron in patients not on dialysis), to increase Hgb or decrease the dose of ESA, and if TSAT < 30% and ferritin < 500 ng/ml.8  These statements are graded 2C (i.e., suggestions based on low quality evidence). The guidelines also state that the available trials have not been adequately powered or of sufficient duration to determine long-term safety, and studies are lacking that evaluate cost-effectiveness or risk vs. benefit of therapy based on specific TSAT or levels of ferritin.8  Despite this lack of evidence, the Kidney Disease Improving Global Outcomes (KDIGO) guidelines provide suggestions for when to begin iron therapy at levels of ferritin and TSAT, which differ from previous National Kidney Foundation Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines.3,8  The higher thresholds are based on the rationale that the majority of patients with CKD and ferritin > 100 ng/ml will have normal bone marrow iron stores; although, they will still respond to treatment with iron therapy either by increasing Hgb or reduction in the ESA dose, with a similar response seen in patients with CKD and anemia with TSAT > 20%.8  The KDIGO guidelines further suggest that iron therapy be considered in patients with CKD and anemia with TSAT < 30% and ferritin < 500 ng/ml, to increase Hgb, especially if the goal is to reduce the need for transfusion or to alleviate symptoms related to anemia, or to reduce the dose of ESA.  The KDIGO guidelines also state that there is insufficient evidence to determine the safety of iron therapy to maintain a TSAT > 30% or ferritin > 500 ng/ml,8  with limited evidence as to the long-term safety of treating patients at higher treatment thresholds (e.g., TSAT < 25% and ferritin 500-1200 ng/ml).9,10          
It is therefore recommended that the previous thresholds (i.e., per the KDOQI guidelines3) be used to guide treatment when iron replacement therapy is to be administered in patients with CKD on HD to achieve serum ferritin > 200 ng/ml (and up to 500 ng/ml) and TSAT > 20%1,3,7 (or CHr > 29 pg/cell,3 if available); and in patients with CKD on PD or those not on dialysis, to a target of serum ferritin > 100 ng/ml (up to 500 ng/ml) and TSAT > 20%.3,7  In patients with ferritin > 500 ng/ml where Hgb is low despite high doses of ESA (or where discontinuation of an ESA is preferable as in a patient with malignancy), a trial of IV iron may be considered (with repeat and subsequent courses as indicated based on clinical status) after considering the potential acute and long-term risks of therapy.8  It has been suggested that administration of IV iron should be avoided in patients with active systemic infection (KDIGO Guideline Recommendation, Not Graded) due to the potential for worsening infection; clinical judgment as to the risk vs. benefit on a case by case basis should be used. 8  
Clinical practice guidelines recommend that, for patients with anemia and CKD on HD, the preferred administration of iron is by the intravenous route (refer to discussion below regarding the efficacy of IV iron compared to oral therapy and risk vs. benefit).1,3,8  In general, the recommendation for patients with CKD not on dialysis is that they may be treated with either the oral or IV formulation of iron for the management of anemia, with IV iron recommended in patients who do not respond to oral iron replacement therapy.1,3,8  Previous recommendations for patients on PD were similar to those not on dialysis, due to lack of data in patients on PD and the opinion that these patients more closely resembled patients not on dialysis as they would not have the blood loss associated with HD.3  Based on more recent data, the KDIGO guideline recommendations for patients on PD are similar to those for patients on HD, where IV iron is preferred; although, it is recommended that the need to preserve future venous access should be taken into consideration.8 
Iron replacement therapy is available as an oral or IV formulation.  It is recommended that oral iron therapy be administered on an empty stomach to maximize absorption.  Ferrous sulfate and ferrous gluconate are oral iron formulations listed on the VA National Formulary (VANF) that contain approximately 65 mg and 37.5 mg elemental iron per 325 mg tablet, respectively.  Of the available IV iron preparations, iron sucrose, sodium ferric gluconate (listed as ferric Na gluconate), and iron dextran (lower molecular weight or LMW) are included on the VANF.  Due to the risk for potential major adverse drug events, higher molecular weight (HMW) iron dextran was not previously listed on the VANF, and now is no longer available from the manufacturer.  Ferumoxytol and ferric carboxymaltose are available nonformulary, and have special considerations for place in therapy (e.g., specific patient populations or circumstances, economic considerations and patient convenience), that may warrant nonformulary use that can be determined on a case by case basis at the local level.
Summary of Clinical Evidence1-3,5,8,9,11-33
IV Compared to Oral Iron

Efficacy: A recent Cochrane Review was conducted to determine the benefit vs. harms of IV iron compared to oral iron therapy in patients with CKD.  The review included 28 studies with a total of 2098 patients, with approximately half on dialysis.  Patients treated with IV iron experienced a mean increase in Hgb of 0.9 g/dL (95% CI 0.44 to 1.37; 22 studies), a higher mean ferritin level of 243.25 mcg/L (95% CI 188.74 to 297.75; 24 studies), and an increase in mean TSAT of 10.2% (95% CI 5.56 to 14.83; 18 studies) compared to oral iron therapy. More patients receiving IV iron achieved target Hgb or an increase of > 1 g/dL compared to oral iron therapy (RR 1.7; 95% CI 1.36 to 2.12).  In addition, the dose of ESA required was significantly decreased in patients receiving IV compared to oral iron (9 studies including 487 patients).  There was no difference between the formulations in outcomes of all-cause mortality, cardiovascular mortality, or quality of life.  It was noted there was significant variability among the studies including doses of IV iron and oral iron, duration of therapy, and administration of ESAs.  The quality of evidence was considered moderate for the outcomes described above, due to the significant heterogeneity in the results of the studies.5  According to subgroup analyses, patients on HD experienced a 1.6 g/dL increase in Hgb with IV iron therapy; although, this was not statistically different than the increase of 0.45 g/dL seen in patients not on dialysis.  A significant reduction in dose of ESA was seen in patients on HD treated with IV compared to oral iron.5  In summary, treatment with IV iron resulted in increases in ferritin, TSAT and Hgb, as well as a reduction in the ESA dose requirements.  The authors of the review concluded that these results support the recommendation for use of IV iron in patients on HD; however, do not provide adequate data to recommend IV iron over oral iron therapy in patients on PD or in those patients not on dialysis, and additional data are required to determine whether the benefits of IV iron therapy outweigh the increased visits for administration in this patient population.  In addition, there were inadequate outcome data to analyze the potential long-term benefit, or the impact of treatment on quality of life.5
Adverse effects: The data were also analyzed for adverse effects.  Slightly, but significantly, more patients treated with IV iron reported allergic reactions or hypotension compared to oral iron.  Gastrointestinal adverse effects overall, as well as individual complaints of constipation, diarrhea, nausea or vomiting, were reported significantly more frequently in patients receiving oral iron therapy.  The authors of the review concluded that the data on adverse effects were insufficient to determine the benefit vs. risk of IV compared to oral iron therapy in all patients with CKD, and that frequent gastrointestinal complaints with oral iron therapy need to be weighed against the rare but potential life-threatening adverse reactions associated with IV iron.5  

Efficacy of IV Iron in CKD on Hemodialysis (Appendix 2a)
As demonstrated in several clinical trials, iron sucrose,5,11,12 sodium ferric gluconate,5,9,11,13-15 low molecular weight iron dextran,5,16 and ferumoxytol5,17 improve iron deficiency anemia in patients with CKD on hemodialysis.  The majority of clinical trials differ in their inclusion criteria and study various dosing regimens, making it difficult to directly compare treatments; however, two comparison trials of iron sucrose and sodium ferric gluconate show these treatments to be comparable in their effects on Hgb, ferritin, and TSAT at the doses and in the patients studied.11,18 
Efficacy of IV Iron in CKD not on Hemodialysis (Appendix 2b)
Trials evaluating efficacy of IV iron in patients with CKD on PD or not on dialysis include treatment with iron sucrose,19-24 sodium ferric gluconate,25 ferumoxytol,26 or ferric carboxymaltose.27,28  Several trials with iron dextran did not specify the formulation (i.e., LMW or HMW);29,30 additional data include results from pilot studies30,31 or retrospective data.32  
According to one randomized controlled trial, the use of IV iron appears to be beneficial compared to treatment with oral iron in patients with PD.19  Additional data referenced to support the suggestion to prefer IV iron over oral therapy in patients on PD8 include two reports of one trial excluded from the Cochrane Review due to nonrandomized sequential design.5  The other trials reviewed compared IV iron to no iron,20 or included a comparison of two different patient populations.33   
Results are conflicting as to the benefit of IV iron compared to oral iron therapy in patients with CKD not on dialysis.5   
Safety Comparison of IV Iron34-48
Due to the potential for acute hypersensitivity reactions,  the LMW  formulation of IV iron dextran includes a boxed warnings that use has resulted in anaphylactic-type reactions, including death.34  It is recommended in the prescribing information that IV iron dextran  only be used in patients where it is  clearly indicated and where oral iron therapy is not appropriate or effective.34  It is also recommended to administer iron dextran only when resuscitation techniques and treatment of anaphylactic shock is readily available.3,34  In addition, the prescribing information states that a test dose should be given prior to initial administration of an iron dextran product;34 however, it should be noted that adverse drug reactions have occurred during subsequent doses despite not having a reaction during the test dose.35
In a case-cohort analysis, adverse events were reported to occur at a rate of approximately 8 times more frequently in patients receiving HMW iron dextran compared to the LMW formulation of iron dextran.35  In an evaluation of major adverse drug events reported to the FDA from 2001-2003, there was a significant increase in the risk of total and life-threatening adverse drug events with HMW iron dextran compared to LMW iron dextran.  The difference in death between the HMW and LMW iron dextran products was not statistically significant.  The reported deaths per estimated number of doses for the IV iron products evaluated were: HMW iron dextran (2/2,563,000); LMW iron dextran (5/ 6,690,000); iron sucrose (1/ 8,837,000); and sodium ferric gluconate (3/11,973,800).  In general, there was a lower rate of adverse events with iron sucrose or sodium ferric gluconate compared to LMW iron dextran; although, not all achieved statistical significance.  There was a significantly lower rate of anaphylactoid reactions with iron sucrose compared to LMW iron dextran and a lower rate of allergic reactions with sodium ferric gluconate vs. LMW iron dextran that was also statistically significant.  Reports of chest pain were significantly lower in both non-dextran treatment groups compared to LMW iron dextran.  There was also a statistically significant lower risk of total or life-threatening adverse drug events with either iron sucrose or sodium ferric gluconate compared to LMW iron dextran (refer to Table below).36  
IV Iron Adverse Drug Event Comparison36 

	Adverse Drug Event
	HMW Dextran vs. 

LMW Dextran
OR (95% CI)
	Iron Sucrose vs. 

LMW Dextran
OR (95% CI)
	Sodium Ferric Gluconate vs. LMW Dextran
OR (95% CI)
	Iron Sucrose vs. 

Sodium Ferric Gluconate
OR (95% CI)

	Total
	3.2 (2.7-3.8)
	0.5 (0.4-0.6)
	0.5 (0.4-0.6)
	1.0 (0.8-1.2)

	Life-threatening
	3.4 (2.0-5.9)
	0.2 (0.1-0.4)
	0.3 (0.1-0.7)
	0.6 (0.2-1.7)

	Death
	1.0 (0.2-4.6)
	0.2 (0.1-1.0)
	0.3 (0.1-1.3)
	0.5 (0.1-3.2)


OR=Odds Ratio (95% Confidence Interval or CI); if CI extends beyond 1, the difference is statistically significant at p < 0.05 
In a comparison of LMW iron dextran (n=30) and iron sucrose (n=30) administered in similar doses over the same time frame (75 mg in 100 ml 0.9% NaCl over 30 minutes, with a test dose of 25 mg over 15minutes administered prior to treatment for patients on iron dextran), there was no significant difference in adverse events reported and no serious adverse events.37  In a trial comparing iron sucrose (100mg twice weekly for 2 months then weekly thereafter) with sodium ferric gluconate (62.5mg twice weekly for 2 months then weekly thereafter), with doses diluted in 100mg 0.9% NaCl and administered over 1 hour at the end of the dialysis session, there was no significant difference in efficacy between the two treatment groups  (refer to Appendix 2a) and there was no significant difference in adverse events and no severe adverse reactions reported.11  In a trial of 2534 patients administered sodium ferric gluconate 125mg (over 10 minutes), drug intolerance was reported in 0.44% of patients which was greater than 0.1% on placebo (p=0.02), but less than the 2.47% in the iron dextran (LMW and HMW) control group (p<0.0001); life-threatening reactions were reported in 0.04% of patients receiving sodium ferric gluconate compared to 0% on placebo, and 0.61% on iron dextran (p=0.0001).38  In another evaluation during 1992-1996, the allergy event reporting rate with sodium ferric gluconate was 3.3 cases/million doses compared to 8.7 cases/million doses for iron dextran in 1995.  Data for HMW and LMW iron dextran were combined as the database did not make a distinction between the two formulations. During 1976-1996, there were no reports of deaths with sodium ferric gluconate; however, there were 31 deaths among 196 cases of allergy/anaphylaxis (with a case-fatality rate of 15.8%)  in patients treated with iron dextran, which was lower compared to sodium ferric gluconate (p<0.001).39  The safety of LMW iron dextran, iron sucrose and sodium ferric gluconate were compared using the following doses and administration schedule: LMW iron dextran 100mg diluted in 100mg 0.9% NaCl administered over 30 minutes, twice weekly for a total 10 doses; iron sucrose 100 mg diluted in 100 ml 0.9% NaCl administered over 15 minutes, twice weekly for a total 10 doses; sodium ferric gluconate 125 mg diluted in 100 ml 0.9% NaCl administered over 60 minutes for a total of 8 doses.  Maintenance at the above doses were administered once a week for a total 10 doses for LMW iron dextran and iron sucrose, and 8 doses for sodium ferric gluconate.  A test dose of 25 mg was given to patients receiving LMW iron dextran or sodium ferric gluconate.   There were significantly more patients with reports of serious adverse drug events (i.e., requiring immediate admission and/or resuscitation) with LMW iron dextran compared to iron sucrose.  When analyzed per adverse drug event exposure, there were significantly more serious adverse drug events with LMW iron dextran compared with iron sucrose (p<0.001) or sodium ferric gluconate (p=0.0147).  The other comparisons of patient reports of serious or non-serious adverse drug events were not significantly different (refer to Table below).40
 IV Iron Adverse Drug Event (ADE) Comparison40 

	# Patients
	LMW Iron Dextran (ID)

(n=113)
	Iron Sucrose (IS)

(n=116)
	Sodium Ferric Gluconate (SFG)

(n=110)
	ID vs. IS

OR (95% CI) 


	ID vs. SFG

OR (95% CI)


	SFG vs. IS

OR (95% CI) 

	Serious ADE
	7
	1
	2
	7.594 (4.943 to 10.177) p=0.034
	3.566 (0.655 to 35.764) 

ns
	2.129 (0.109 to 126.711)
ns

	Non-serious ADE
	16
	8
	15
	2.226 (0.851 to 6.268) 

ns
	1.044 (0.454 to 2.409) 

ns
	2.131 (0.803 to 6.056)
ns


ns=not statistically significant; OR=Odds Ratio (95% Confidence Interval)
A more recent comparison of adverse events reported to the FDA (October 2009 through June 2010; refer to table below) reported that in comparison to iron sucrose or sodium ferric gluconate, the odds ratio (OR) for adverse events (i.e., death, serious, other major, other) per million units sold were significantly higher with ferumoxytol and HMW iron dextran (with the exception of death with HMW iron dextran vs. sodium ferric gluconate that did not reach statistical significance).  There was no significant difference in rates of adverse events with iron sucrose vs. sodium ferric gluconate, except for a higher rate of serious adverse events (OR 2.18, 95% CI 1.07 to 4.41; p=0.038) with sodium ferric gluconate.  The author notes that the increased rate of adverse events with ferumoxytol may be due to this being the most recently approved IV iron where reporting of adverse events may be increased in comparison to other agents that have been available for a longer period of time.41 
IV Iron Adverse Drug Event (AE) Comparison41 

	# Reports (rates per million units sold; rates per million 100 mg equivalents)
	Iron sucrose 


	Sodium Ferric Gluconate 
	LMW Iron Dextran
	HMW Iron Dextran
	Ferumoxytol 

	Death
	1 (0.11; 0.11)
	1(0.33; 0.52)
	5 (4.50; 4.50)
	2 (6.04; 6.45)
	6 (50; 10)

	Serious AE
	21 (2.25; 2.24)
	15 (4.92; 7.85)
	3 (2.70; 2.70)
	6 (18.13; 19.35)
	70 (583.3; 116.67)

	Other Major AE
	17 (1.82; 1.82)
	3 (0.98; 1.57)
	1 (0.90; 0.90)
	14 (42.30; 45.16)
	10 (83.3; 16.67)

	Other AE
	10 (1.07; 1.07)
	2 (0.66; 1.05)
	1 (0.90; 0.90)
	0 (0; 0)
	2 (16.67; 3.33)


Patients with a previous adverse reaction to iron dextran42,43 or sodium ferric gluconate43 have been reported to tolerate treatment with iron sucrose.42,43  In addition, patients with previous sensitivity (i.e., mild, drug intolerance, or anaphylactoid reaction) to iron dextran appeared to tolerate therapy with subsequent  sodium ferric gluconate, with 2.1% reported intolerance to sodium ferric gluconate; although, this was higher than the 0.3% reported in patients who did not have prior sensitivity to iron dextran.44 
The prescribing information for iron sucrose, sodium ferric gluconate, ferumoxytol and ferric carboxymaltose does not include a boxed warning, and use of a test dose is not required.45-48  However, each of these agents includes warnings that hypersensitivity reactions may occur, and to monitor patients for signs and symptoms of hypersensitivity during, and for 30 minutes after, administration and until clinically stable, and to only administer in the presence of personnel who and when treatment are available to manage anaphylaxis or other hypersensitivity reactions if they were to occur.45-48 When treating patients with iron sucrose, sodium ferric gluconate, or ferumoxytol, it is recommended to monitor patients for signs and symptoms of hypotension during45,46 and after45-47 administration; and to monitor hematologic response to treatment, and to not administer to patients with iron overload.45-47  With ferric carboxymaltose, it is recommended to monitor for hypertension after each administration as transient increases in systolic blood pressure have generally been reported to occur immediately after receiving a dose, and resolving within 30 minutes.48  In addition, a transient decrease in phosphorus levels (< 2 mg/dl) was reported in clinical trials in patients treated with ferric carboxymaltose.48 

Dosing of IV Iron in CKD8,9,11-15,18-20,22-26,28-30,34,42,43,45-51,53-61
As noted in the efficacy comparison table, various dosing regimens of IV iron have been studied with differing inclusion criteria.  Trials have evaluated various doses for iron repletion as well as maintenance therapy.  Doses studied have also differed based on whether the patient with CKD is on HD, PD, or not on dialysis.  In addition, several trials have evaluated varying doses with the primary objective to compare safety of the dosing regimens (these are summarized in the dosing section but are not included in the efficacy comparison table).  For patients with CKD on HD, administration of IV iron during HD sessions is common with initial doses of approximately 1000 mg (e.g., iron sucrose 100 mg for 10 sessions; sodium ferric gluconate 125 mg for 8 sessions; LMW iron dextran 100 mg for 10 sessions; ferumoxytol 510 mg for 2 sessions).8,34,45-47  Alternative dosing regimens have been used for patients on HD as well as those on PD or not on dialysis and are reviewed below and in the efficacy table.  
Iron sucrose 
CKD on HD

The product information recommends iron sucrose be administered 100 mg undiluted slow IV injection over 2 to 5 minutes or as an infusion of 100 mg (diluted in maximum 100 ml 0.9% NaCl) over at least 15 minutes, per consecutive HD session; with the usual treatment course consisting of a total of 1000 mg iron sucrose.  Dosing may be repeated if iron deficiency recurs.45      

Use of iron sucrose in patients with CKD on hemodialysis at doses of 100 mg administered over 5 minutes for 10 doses,12 100 mg over 60 minutes 2 times per week for 2 months then once weekly for a total of 6 months,11 replacement of 100 mg over 5 minutes for 10 doses or maintenance 100 mg over 5 minutes weekly for 10 weeks,43 100 mg IV push over 5 minutes or IV infusion over 15 to 30 minutes, for 10 doses,42 and as maintenance at 250 mg (diluted 100ml 0.9% NaCl) over 60 minutes once per month for 6 months,18 have been reported to be well-tolerated without serious adverse events.    
CKD on PD

In patients on PD, the product information includes a recommended dose of 300 mg diluted in maximum 250 ml 0.9% NaCl given by IV infusion over 1.5 hours at two different time periods 14 days apart, with an additional dose of 400 mg (diluted as above) administered over 2.5 hours given 14 days later.45
This dosing regimen was found to be safe and effective in patients with CKD on PD receiving an ESA compared to patients not receiving iron therapy.20  Iron sucrose was also reported to be safe and effective at a dose of 200 mg (diluted in 100 ml administered over > 30 minutes) per week for 4 weeks, then every other week for 4 weeks, compared to patients on oral iron therapy.19  A retrospective evaluation of patients with CKD on PD who received either high dose iron sucrose (n=23) after test dose 25 mg in 50 ml over 30 minutes, then 475 mg in 300 ml 0.9% NaCl over 4 to 5 hours weekly for 2 weeks, or iron dextran (n=34) 500 mg (administered as above with iron sucrose) reported  anaphylaxis (reported as hypotension, bradycardia, sweating) in one patient after iron sucrose infusion, and anaphylaxis (hypotension, bradycardia, vomiting) in one patient after the test dose with iron dextran.49
CKD not on Dialysis

A dose of iron sucrose 200 mg undiluted administered by slow IV injection over 2 to 5 minutes, with 5 doses given over a period of 14 days is recommended by the manufacturer for patients not on dialysis.  The product information also states there are limited data in patients administered 500 mg (diluted in maximum 250 ml 0.9% NaCl) over 3.5 to 4 hours on day 1 and 14.45
There were no serious adverse events reported with the dosing regimen of 200 mg over 2 to 5 minutes administered 5 times over 14 days (61 patients were treated with 280 doses at 200 mg); however, hypotension related to treatment (1 event reported as serious) was reported in 2 patients (noted both females < 65 kg) given doses of 500 mg administered over 4 hours (30 patients were treated with 58 doses at 500 mg).23
A prospective evaluation of the safety of administering iron sucrose 200 mg undiluted over 2 minutes (total of 2,297 injections in 657 patients) reported the majority of adverse events to be mild or transient (17.9% metallic taste); other adverse events included pain during or after injection, nausea or gastrointestinal symptoms, lethargy, or lightheadedness.  Seven of the injections were associated with an acute anaphylactoid reaction that resolved within 30 minutes and did not require hospitalization.50  Another trial of iron sucrose 200 mg administered over 5 minutes weekly for 5 doses reported no serious adverse events.22
Varying dosing regimens were evaluated in patients with CKD on an ESA (with the majority on HD or PD), beginning with 200 mg (diluted in 250 ml 0.9% NaCl) given over 2 hours (n=89).  No adverse events were reported with this dose.  Iron sucrose at a dose of 500 mg (diluted in 250 ml 0.9% NaCl) was then given by IV infusion over 2 hours (n=22).  This phase was discontinued when 36% (8 patients on HD, PD, or post-transplant) reported an adverse event (hypotension, nausea, vomiting, low back pain, bilateral edema).  A dose of 300 mg (diluted in 250 ml 0.9% NaCl) over 3 hours (n=189) was then evaluated without reports of adverse events.  In the final dose evaluation, 2 patients (not on dialysis) experienced adverse events (hypotension, nausea, low back pain) during administration of 400 mg over 2 hours (n=35).51  In contrast, a dose of 500 mg (diluted in 250 ml 0.9% NaCl) administered over 3 hours on 2 consecutive days in 108 patients (majority not on dialysis) was reported to be well-tolerated with 4.6% of patients reporting an adverse reaction.  A drug-related adverse event was reported in 1.8% of patients, with 1 patient discontinued from the study after gastrointestinal complaints including nausea and vomiting, and lightheadedness during the first infusion.52  In another trial, adverse events were reported in 3 of 22 patients administered iron sucrose 300 mg over 2 hours, with symptoms of urticarial rash, abdominal pain, arthralgia, myalgia, nausea, headache, paresthesia, loss of consciousness (noted to have occurred in women with low body mass).24  
Sodium Ferric Gluconate
CKD on HD

Sodium ferric gluconate is FDA approved for patients with IDA with CKD on HD being treated with an ESA; therefore the product information includes dosing recommendations only in patients on HD, which are 125mg diluted in 100 ml 0.9% NaCl administered by IV infusion over 1 hour, or 125 mg undiluted by slow IV injection over 10 minutes, per dialysis session.  For repletion, most patients will require a total dose of 1000 mg over 8 sessions.  The product information also states that postmarketing data in patients who received doses higher than 125 mg experienced a higher incidence or severity of adverse events.46 
The dose of 125 mg administered over 1 hour (1000 mg cumulative dose) was found to be more effective in increasing Hgb compared to a lower dose of 62.5 mg administered over 30 minutes (cumulative dose 500 mg), and was reported to be safe with no acute hypersensitivity reactions and most adverse events reported as being mild or moderate and not definitely related to treatment; with each treatment group having a similar number of patients reporting each type of adverse event.15  The 125 mg dose administered at 8 HD sessions was found to be more effective compared to no iron in another trial in patients on HD, with 12 serious adverse events reported in 9 patients on IV iron treatment, and one death, which were not different from the control group and were not considered related to treatment by the investigators.9  Sodium ferric gluconate 20.8 mg per HD session administered 3 times per week for 3 months was similar in efficacy compared to 62.5 mg per HD once weekly for 3 months.  No safety data were reporerd.13
In a safety surveillance study, 144 patients on HD were administered 590 doses > 250 mg sodium ferric gluconate, with 571 doses of 250 mg (most infused over 1 hour), one dose of 312.5 mg, 14 doses of 375 mg, and 4 doses of 500 mg.  One patient was reported to not tolerate a dose of 250 mg after experiencing pruritus after a second 250 mg dose.  Three other patients complained of possible drug related adverse events that were not serious.  No adverse events were reported with doses > 250 mg.  The authors concluded that doses of 250 mg administered over 1 hour were safe and well-tolerated; higher doses were also well-tolerated, although further study is needed.53  Another safety surveillance study evaluated 1412 patients on HD, with 94.7% of sodium ferric gluconate doses < 125 mg (majority were 125 mg administered over 10 minutes).  An adverse event was reported in 3.9% of patients (n=51), with one patient reported to have experienced a serious drug-related adverse event (hypotension).54 
A trial of sodium ferric gluconate 62.5 mg (diluted in 100 ml 0.9% NaCl) administered over 1 hour twice per month for 2 months was not significantly different compared to treatment with iron sucrose 100 mg (diluted in 100 ml 0.9% NaCl) administered over 1 hour twice per month for 2 months.  Both treatments were reported to be well-tolerated.11    

For maintenance therapy, a dose of sodium ferric gluconate 62.5 mg administered IV push over 5 minutes once weekly was reported to be similar to iron sucrose 250 mg (diluted 100 ml 0.9% NaCl) over 1 hour once monthly in patients on HD.  There were no anaphylactic reactions in either treatment group, and the incidence and severity of adverse events were reported to be similar between groups.18  In another trial of maintenance therapy (Hgb > 10 g/dl, ferritin > 100 ng/ml, TSAT > 20%), sodium ferric gluconate 6.25 to 21.3 mg (diluted in 100ml) administered every HD session increased Hgb compared to baseline, whereas there was not a significant difference with intermittent therapy of sodium ferric gluconate 62.5 mg in 100 ml during HD every 1 to 4 weeks.14
CKD on PD or not on Dialysis
Data are limited with the use of sodium ferric gluconate in patients with PD or who are not on dialysis.  The following retrospective analyses of sodium ferric gluconate included: 125 mg (diluted 250 ml 0.9% NaCl) administered over 45 to 60 minutes once weekly for 8 weeks or 250 mg (diluted 250 ml 0.9% NaCl) administered over 90 minutes once weekly for 4 weeks in 18 patients on PD that reported no allergic adverse reactions;55 250 mg administered over 3 to 4 hours for 10 doses or 500 mg given over 5 hours for 10 doses, in 2 patients on PD, 4 patients on HD, and 7 patients with chronic renal failure not on dialysis, reported an adverse reaction to be associated with one treatment with 250 mg (severe nausea and  vomiting, diarrhea, burning feet sensation) and in 3 of the treatments with the 500 mg dose (severe hypotension, syncope, severe nausea and vomiting, chills; severe nausea and vomiting, diarrhea, hypotension; vomiting);56 and 250 mg infused over 1 to 4 hours administered to 6 patients with PD, 4 on HD, and 30 with chronic renal failure not on dialysis, with an adverse reaction reported in 2 patients (first dose: vomiting, second dose: diarrhea, third dose: severe abdominal cramps, nausea, vomiting, severe low back pain, hypotension in one patient; nausea, vomiting, burning sensation in feet in another patient).57  In a prospective trial including sodium ferric gluconate 250 mg (diluted 250 ml 0.9% NaCl) administered over 1 hour per week for 4 weeks in patients with CKD not on dialysis, drug related adverse events were reported in 13 of the 44 patients in the IV iron treatment group, with 3 considered to be serious.25 
LMW Iron Dextran
LMW iron dextran is approved in patients with iron deficiency anemia where oral treatment is inadequate or not possible to administer.  Recommendations in the product information do not specify treatment based on HD, PD, or CKD not on dialysis, or other indications.  The current product information for LMW iron dextran includes a table for determining the total requirement needed for replacement therapy based on the patient’s weight and Hgb, or by calculation of the total dose requirement which is to be used in patients with iron deficiency anemia; another formula is included for patients requiring iron replacement from blood loss.  It is recommended that a test dose (25 mg or 0.5 ml) be given by slow IV injection over > 30 seconds and if tolerated, the remainder of the initial therapeutic dose may be administered after an hour or longer.  The product information recommends that doses of 100 mg (2 ml) by slow IV injection at not more than 50 mg (1 ml) per minute may be administered on a daily basis until the calculated amount has been administered.34  Administration by the intramuscular route (IM) is also included as an option per the product information;34 however, administration by the IM route has been discouraged8 (i.e., due to pain on injection, potential for permanent skin discoloration, unpredictable delivery).58  
CKD on HD
Three different infusion methods of LMW iron dextran were evaluated in patients with CKD on HD, with total dose infusion (range 550 to 2000 mg, in 500 ml 0.9% NaCl; n=14), 500 mg (in 200 ml 0.9% NaCl; n=12) per week until the total dose administered (range 400 mg to 1500 mg), or 100 mg undiluted every HD session until the calculated dose administered (range 500 to 2100 mg; n=17).  No acute side effects were noted; 3 patients in the total dose infusion, 2 patients in the 500 mg treatment group, and 2 patients in the 100 mg treatment group experienced delayed arthralgia/myalgia reactions.  All were considered mild except for the one patient in the total dose infusion group where the reaction was categorized as mild to moderate.16  Other doses studied include iron dextran (LMW or HMW not specified) 200 mg during 5 consecutive HD sessions, with monthly maintenance doses of 100 mg, that was reported to be safe (i.e., no significant adverse events) and effective (i.e., positive response in 17 out of 30 patients) in patients with CKD on HD treated with an ESA and ferritin < 100 ng/ml or TSAT < 20%;59 and 100 mg IV for 10 consecutive HD sessions with a repeat treatment course if ferritin < 100 ng/ml at 10 weeks.60
CKD on PD

Use of iron dextran 500 mg over 4 to 5 hours weekly for 2 weeks from a retrospective evaluation in patients with CKD on PD is described in the PD section for iron sucrose.49  In another study, patients with CKD on PD received either LMW iron dextran (after premedication with hydrocortisone 100 mg IV, acetaminophen 1000 mg orally, diphenhydramine 25 mg oral, a 25 mg test dose of iron dextran was administered over 10 minutes; followed by 975 mg in 500 ml 0.45% NaCl total dose infusion at a rate of 100 ml per hour for 5 hours; n=13) or oral iron therapy (n=12).  It was reported that the total dose infusion iron dextran was well-tolerated as no patients experienced an adverse or allergic reaction.33
CKD not on Dialysis
In a study of 22 patients with CKD not on dialysis, treatment with iron dextran (LMW or HMW not specified) 200 mg (in 250 ml 0.9% NaCl over 60 to 90 minutes) per week for 5 weeks (n=8) or 500 mg (in 250 ml 0.9% NaCl over 60 to 90 minutes) per week for 2 weeks (n=14) was similar in efficacy, and no serious adverse events were reported (i.e., no early adverse events; 2 patients on the 200 mg group experienced arthralgia/myalgia which resolved with analgesic treatment).  Both groups received a test dose of 25 mg (diluted in 100 ml) administered over 30 minutes.29  A pilot study of patients with CKD not on dialysis evaluated total dose infusion iron dextran (LMW or HMW not specified).  After a test dose of 25 mg in 100 ml 0.9% NaCl administered over 1 hour (1 patient experienced fever and chills and did not go on to receive further treatment), 10 patients were given the remainder of the total calculated dose (600 to 1600 mg in 300 ml 0.9% NaCl over 3 hours) the following day.  One patient who received a 1600 mg dose experienced arthralgia and myalgia after 24 hours that resolved after treatment with steroids and analgesics.  Another patient had thrombophlebitis after the infusion.30
Ferumoxytol

The recommended dose of ferumoxytol in patients with CKD and iron deficiency anemia is 510 mg (17 ml) undiluted IV injection (at a rate of 1 ml/second), followed by another dose of 510 mg IV injection 3 to 8 days later.  The dose may be repeated, after evaluation at least one month following the second injection, if IDA is persistent or recurs.47 
CKD on HD
Ferumoxytol 510 mg IV (undiluted, given over 17 seconds) administered at two sequential HD sessions 5 + 3 days apart, was studied in patients with CKD on HD, and compared to oral iron therapy.  Of the 110 patients who received ferumoxytol, 54 (49.1%) experienced an adverse event (121 total events); with 12.7% reported as a serious adverse event.  Hypotension was reported in 2 patients in the ferumoxytol treatment group.  There was one death in the ferumoxytol group and in 3 patients on oral iron therapy; none of these were considered to be related to treatment.19  In patients on HD, the product information recommends that the dose of ferumoxytol be administered after the patient’s blood pressure is stable and after at least one hour of HD.47  
CKD on PD or not on Dialysis
In a safety analysis of single dose ferumoxytol 510 mg (administered IV push over 17 seconds) in 713 patients with anemia and CKD (approximately 35% on HD, 5% on PD, 60% CKD stage 1 to 5), 242 adverse events were reported in 152 patients (21.3%) after treatment with ferumoxytol and 178 adverse events in 119 patients (16.7%) after receiving placebo.  Thirty serious adverse events occurred in 21 patients in the ferumoxytol group (2.9%) compared to 15 events in 13 patients after receiving placebo (1.8%).  Serious adverse events reported to be related to therapy occurred in one patient after receiving ferumoxytol (anaphylactoid reaction reported as hot flashes and itching, as well as severe hypotension) and in one patient after receiving placebo (bilateral lower extremity petechial rash).  Four deaths occurred in the study (in 3 patients who received ferumoxytol and placebo and in 1 patient who received ferumoxytol only); none were considered to be related to treatment.61
In patients with CKD not on dialysis treated with two doses ferumoxytol 510 mg (undiluted over 17seconds) within 1 week, adverse events were reported in 35.5% of 217 patients (compared to 52% of 75 patients who received oral iron therapy).  Treatment related adverse events occurred in 10.6% of patients on ferumoxytol, with nausea (1.8%), dizziness (1.8%), and diarrhea (1.4%) occurring in > 1% of patients in this treatment group.  Serious adverse events occurred in 4.6% of patients treated with ferumoxytol, and were not considered to be related to treatment.26
Ferric Carboxymaltose

The recommended dose of ferric carboxymaltose in CKD and iron deficiency anemia in patients not on dialysis is 750 mg (for patients > 50 kg; or 15 mg/kg for patients < 50 kg) administered in two doses separated by at least 7 days, for a total cumulative dose not to exceed 1500 mg of iron per treatment course.  Ferric carboxymaltose is to be administered by the IV route, either as an undiluted slow IV push at a rate of approximately 100 mg (2 ml) per minute, or by IV infusion diluted up to 750 mg of iron in no more than 250 ml of sterile 0.9% sodium chloride for injection (with a concentration not < 2 mg iron/ml) administered over at least 15 minutes.  Treatment with ferric carboxymaltose may be repeated if IDA recurs.48 

CKD not on Dialysis

In patients with CKD not on dialysis and IDA, treatment with ferric carboxymaltose was found to be non-inferior to treatment with iron sucrose for the primary endpoint of mean change Hgb.  The pre-specified prospective composite safety endpoint (death, non-fatal myocardial infarction, non-fatal stroke, congestive heart failure, unstable angina requiring hospitalization or medical intervention, cardiac arrhythmia, protocol-defined hypotension or hypertension) were reported in 175 patients (13.71%) on ferric carboxymaltose and 156 patients (12.14%) receiving iron sucrose (1.57% difference, 95% CI -1.10 to 4.25).  Fifteen deaths occurred in patients treated with ferric carboxymaltose, and 18 in the iron sucrose treatment group.  One death due to cardiac arrhythmia was considered to be possibly related to study drug in a patient receiving treatment with ferric carboxymaltose.  At least one serious adverse event was reported in 15.8% of patients treated with ferric carboxymaltose and 15.3% in the iron sucrose treatment group; with the most common being congestive heart failure, reported in 2.4% on ferric carboxymaltose and 2.3% on iron sucrose.  Drug-related treatment-emergent adverse events were reported in 23.4% of patients receiving ferric carboxymaltose compared to 15.7% of patients treated with iron sucrose, with the most commonly reported events including nausea, hypertension, flushing, dizziness and dysgeusia.  Hypersensitivity was reported in 9 patients on ferric carboxymaltose and in 2 patients receiving iron sucrose.  Potentially clinically significant hypophosphatemia occurred in 18.5% (213 of 1154) of patients treated with ferric carboxymaltose compared to 0.8% (9 of 1131) of patients on iron sucrose.  The mean decrease in serum phosphorus from baseline to the lowest level was reported to be -1.28 mg/dl compared to -0.66 mg/dl (and -0.39 mg/dl vs. -0.09 mg/dl from baseline to Day 56) in the ferric carboxymaltose and iron sucrose treatment groups, respectively.28     

Maintenance therapy8,14,18,45-48,62-64
Whether repeated dosing or maintenance iron therapy are required will depend on several factors including response to initial therapy, levels of ferritin, TSAT, and Hgb, dose of ESA, and clinical status of the patient.8  The prescribing information for iron sucrose, sodium ferric gluconate, ferumoxytol and ferric carboxymaltose include recommendations that the dose for iron replacement may be repeated if iron deficiency anemia recurs.45-48
Limited data are available on maintenance therapy and whether intermittent vs. continuous therapy is preferred.  As described above, sodium ferric gluconate 62.5 mg (IV push over 5 minutes) once weekly was reported to be similar to iron sucrose 250 mg (diluted 100 ml 0.9% NaCl) over 1 hour once monthly in patients on HD.18  In a trial comparing continuous or intermittent therapy, continuous treatment with sodium ferric gluconate 6.25 to 21.3 mg (diluted in 100ml) administered every HD session improved Hgb, whereas there was not a significant difference with intermittent therapy of sodium ferric gluconate 62.5 mg (in 100 ml) during HD every 1 to 4 weeks.14  A study in 12 patients with CKD on HD receiving maintenance therapy with LMW iron dextran 25 to 100 mg per week (to maintain TSAT 30% to 50%) showed a statistically significant decrease in the dose of ESA required to maintain Hgb between 10 and 11 g/dL compared with 12 patients who received intermittent dosing that consisted of LMW iron dextran 100 mg at 10 consecutive HD sessions when TSAT < 20% or ferritin < 200ng/ml.62 
As an annual iron loss of 1000 to 2000 mg per year may occur in patients with CKD on HD, whereas blood loss should be minimal in patients with CKD on PD or not on dialysis, additional iron supplementation above that needed to replace the anticipated loss in patients on HD, or the need for continued therapy in patients not on HD, should be evaluated for alternate sources of blood loss.8
In addition, the long-term safety of IV iron therapy is unknown.  Evaluation of prospectively collected data from a historical cohort of patients with CKD on HD showed improved survival with maintenance IV iron up to 400 mg per month compared to patients who did not receive IV iron; above 400 mg per month there was an increase in mortality.63  In a retrospective analysis of another cohort of patients with CKD on HD, there was an increase in mortality in patients receiving > 1000 mg IV iron over 6 months (adjusted HR 1.09 95% CI 1.01 to 1.07) or > 1800 mg (adjusted HR 1.18 95% CI 1.09 to 1.27).  However, after adjustment using multivariate models that account for time-varying measures of iron administration and fixed and time-varying measures, there was no statistically significant difference in mortality based on dose of IV iron.64  
Monitoring of Iron Status8
It is recommended that ferritin and TSAT be evaluated at least every 3 months in patients on an ESA, or more frequently when evaluating response to iron therapy, when starting or increasing dose of an ESA, and when blood loss is suspected.8 
Considerations for Therapy
Indications for Iron Therapy
· Patients with CKD on HD and TSAT < 20% and ferritin < 200 ng/ml

· Patients with CKD on PD or not on dialysis and TSAT < 20% and ferritin < 100 ng/ml

· It should be noted that more recent clinical practice guidelines suggest treating patients with iron supplementation when TSAT < 30% and ferritin < 500 ng/ml if an increase in Hgb or reduction in ESA dose is desired, as there may also be a response to treatment; until more data are available, the risk vs. benefit of treatment with iron replacement therapy at these thresholds should be taken into consideration 
IV vs. Oral Iron Therapy

· Patients with iron deficiency anemia and CKD on HD should receive treatment with an IV formulation of iron replacement therapy 

· A trial of oral iron therapy should be considered as initial therapy in patient with iron deficiency anemia and CKD on PD or not on dialysis; IV iron therapy may be considered if oral therapy is inadequate (e.g., after 1 to 3 months) or not tolerated
Selection of IV Iron Therapy

· VANF IV iron preparations include: iron sucrose, sodium ferric gluconate, LMW iron dextran 
· Direct prospective comparison trials are not available to determine the safety of iron sucrose or sodium ferric gluconate vs. LMW iron dextran; however, due to the potential higher risk for serious adverse events with LMW iron dextran, iron sucrose (e.g., 100 mg for 10 doses) or sodium ferric gluconate (e.g., 125 mg for 8 doses) may be considered preferred therapy, especially in patients on HD where convenience of administration during HD sessions is similar for all treatments
· In patients with iron deficiency anemia and CKD on PD or not on dialysis where IV access is not readily available and patients may require additional visits for administration, higher dose infusions with iron sucrose (e.g., in PD 300 mg for 2 doses 14 days apart, then 400 mg for one dose 14 days later; for those not on dialysis 200 mg administered 5 times over 14 days; refer to Dosing and Efficacy tables and Dosing of IV Iron in CKD discussion) or sodium ferric gluconate (refer to Dosing and Efficacy tables and Dosing of IV Iron in CKD discussion), or LMW iron dextran (e.g., 200 to 500 mg, administered over a range of 2 to 5 doses, or total dose infusion; refer to Dosing and Efficacy tables and Dosing of IV Iron in CKD discussion) may be considered.  Caution is advised with higher dose infusions as limited data are available (refer to section on Dosing of IV Iron in CKD, and Dosing and Efficacy tables)  

· A test dose (e.g., 25 mg) is required prior to administration of LMW iron dextran

· Ferumoxytol and ferric carboxymaltose are available nonformulary; specific patient populations or circumstances at a site may warrant consideration of the use of ferumoxytol or ferric carboxymaltose as preferred therapy (due to economic considerations or convenience) which should be determined on a case by case basis at the local level
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Appendix 1: IV Iron Comparison Table (per the manufacturer’s product information34,35,46-48)
	IV Iron
	Iron Sucrose 
	Sodium Ferric Gluconate 
	Ferumoxytol
	Ferric Carboxymaltose
	Iron Dextran

	Brand Name (Manufacturer)
	 VENOFER

(American Regent)
	FERRLECIT

(Sanofi-Aventis)
	FERAHEME

(AMAG)
	INJECTAFER

(American Regent)
	INFED

(Watson)

	FDA Approval
	11/6/2000
	2/18/1999
	6/30/2009
	7/25/2013
	4/4/1997

	Formulary Status
	VANF
	VANF
	Nonformulary
	Nonformulary
	VANF

	FDA Indications
	IDA in CKD 
	IDA in CKD on 
HD receiving epoetin  
	IDA in CKD
	IDA after PO; IDA CKD ND
	Iron deficiency when oral iron ineffective or cannot be used

	Availability
	20mg/ml (50 mg/2.5 ml; 100 mg/5 ml; 200 mg/10 ml vials) 
	12.5 mg/ml (62.5 mg/5 ml ampule or vial)
	30 mg/ml (510 mg/17 ml vial)
	50 mg/ml (750 mg/15 ml vial)
	50mg/ml (100 mg/2 ml vial)

	Dosing
	HD-CKD: 100mg diluted in max 100ml 0.9% NaCl IV infusion over > 15 min or

100 mg undiluted slow IV inj over 2 to 5 min, per dialysis session 

NDD-CKD: 200 mg undiluted slow IV inj over 2 to 5 min on 5 different occasions over 14 days (limited data with 500 mg diluted in max 250 ml 0.9% NaCl over 3.5 to 4 hrs on day 1 and 14)
PD-CKD: 300mg diluted in max 250 ml 0.9% NaCl IV infusion over 1.5 hrs, then again 14 days later, then 400 mg (diluted as above) over 2.5 hrs administered 14 days later

Usually require total tx course 1000mg; may be repeated if IDA recurs
	125mg (10 ml) diluted in 100ml 0.9% NaCl IV infusion over 60 min or 

125 mg (10 ml) undiluted slow IV inj at rate up to 12.5 mg/min, per  dialysis session

Usually require 1000mg over 8 sessions for repletion; may be repeated if IDA recurs
	510 mg as undiluted IV inj at

rate up to 1 ml/sec (30 mg/sec), or as IV infusion in 50 to 200 ml (0.9% NaCl or D5W) over > 15 min
2nd inj 3 to 8 days later

May be repeated if IDA persists or recurs
	Up to 750 mg (i.e., 750 mg if > 50 kg or > 110 lb.; 15 mg/kg if < 50 kg or <110 lb.) as undiluted slow IV push at rate of 100 mg (2 ml) per min (over 15 min), 2nd inj 7 days later; or by IV infusion, diluted up to 750 mg of iron in nmt 250 ml 0.9% NaCl, administered over > 15 min, 2nd infusion 7 days later. Total cumulative dose not to exceed 1500 mg iron per treatment course. May be repeated if IDA recurs
	Test dose: 25mg (0.5 ml) slow IV inj (over > 30seconds); or 25 mg (0.5 ml) undiluted IM 



	
	
	
	
	
	Refer to table in PI for IV iron requirement based on observed Hgb and LBW or calculation: 

Dose (ml) = 0.0442 (desired Hgb – observed Hgb) x LBW + (0.26 x LBW)

nmt 100mg (2 ml) slow IV inj  at rate nmt 50 mg (1 ml)/min or IM, per day until total calculated amount is administered



	Warnings
	· Serious hypersensitivity reaction, including anaphylaxis type reactions (some life-threatening and fatal); observe during and after dose for at least 30 min and until clinically stable, with appropriate personnel and tx available to manage anaphylaxis or other hypersensitivity reactions
· Monitor for signs and symptoms of hypotension during and after administration

· Monitor for hematologic response; do not treat if iron overload


	· Serious hypersensitivity reaction, including anaphylaxis type reactions (some life-threatening and fatal); observe during and after dose for at least 30 min and until clinically stable, with appropriate personnel and tx available to manage anaphylaxis or other hypersensitivity reactions
· Monitor for signs and symptoms of hypotension during and after administration

· Monitor for hematologic response; do not treat if iron overload


	· Serious hypersensitivity reactions, including anaphylaxis type reactions (some life-threatening and fatal); observe during and after dose for at least 30 min and until clinically stable, w/appropriate personnel and tx available to manage anaphylaxis or other hypersensitivity reactions
· Monitor for signs and symptom of hypotension following each administration
· Monitor for hematologic response; do not treat if iron overload

· Interference with MRI studies 


	· Serious hypersensitivity reactions reported, including anaphylactic reactions, some life-threatening or fatal.  Serious anaphylactic-type reactions reported in 0.1% (2 of 1775) in clinical trials
· Other adverse reactions potentially associated with hypersensitivity (e.g., pruritus, rash, urticaria, wheezing, or hypotension) reported in 1.5% (26 of 1775) 
· Observe for hypersensitivity during and at least 30 min after administration, with personnel and tx available if necessary  
· Monitor for hypertension after each administration
	Boxed Warning

	
	
	
	
	· 
	· Anaphylactic-type reactions, including deaths have been reported 

· Have resuscitation equipment and trained personnel available to treat anaphylactic-type reactions
· Administer test dose

· Observe for signs and symptoms of anaphylaxis during all administrations as fatal reactions have occurred after a test dose and in patients who have tolerated a test dose

· Use only in patients with clearly established indications and in whom oral iron therapy is not appropriate/effective

· Patients with allergies or multiple drug allergies may be at increased risk for anaphylactic-type reactions


CKD=chronic kidney disease; HD=hemodialysis; Hgb=hemoglobin; hrs=hours; IDA=iron deficiency anemia; IM=intramuscular (note that IM discouraged due to adverse events at the injection site and unpredictable delivery); inj=injection; IV=intravenous; LBW=lean body weight; max=maximum; min=minutes; NDD=non-dialysis dependent; nmt=not more than; PD=peritoneal dialysis; PI=prescribing information; pts=patients; tx=treatment; VANF=VA National Formulary
Appendix 2a: Efficacy in Chronic Kidney Disease on Hemodialysis*9,11-18 
	Clinical Trial
	Inclusion
	Treatment (n)
	Results

	Iron Sucrose vs. Sodium Ferric Gluconate

	Sheashaa 2005

R
	CKD HD 

Hgb < 9

No ESA
	Iron Sucrose (36)

100 mg (in 100ml over 60min) 2x/wk X 2 months then 1x/wk

SFG (39)

62.5 mg (in 100ml over 60min) 2x/wk  X 2 months then 1x/wk

6 months


	Iron Sucrose

SFG

P

Hgb 

7.45+1.11 (BL)

9.6+0.89 (Tx)

P<0.001

7.06+0.85 (BL)

9.3+0.88 (Tx)

P<0.001

NS 

IS vs. SFG

Ferritin

85.1+7.4 (BL)

655+194 (Tx)

86.8+7.1 (BL)

567+284 (Tx)

NS 

IS vs. SFG

TSAT

12.8+2.6

48.6+15.9

13.4+2.7

49.46+15.8

NS 

IS vs. SFG



	Kosch 2001

R, OL
	CKD HD 

Hgb 9-12

Ferritin 100-600

TSAT > 20

ESA
	Iron Sucrose (27)

250 mg (in 100ml over 60min) 1x/month

SFG (28)

62.5 mg IVP (over 5min) 1x/wk

6 months


	Iron Sucrose

SFG

P

Hgb 

11.34+0.8 (BL)

11.43+1.6 (Tx)

NS

11.33+0.6 (BL)

11.42+0.9 (Tx)

NS

NS

IS vs. SFG

Ferritin

412+186 (BL)

650+293 (Tx)

P<0.05

369+175 (BL)

650+235 (Tx)

P<0.05

NS

IS vs. SFG

TSAT

21.9 (BL)

33.3 (Tx)

P<0.05

25.7 (BL)

34.3 (Tx)

P<0.05

NS

IS vs. SFG



	Iron Sucrose

	Charytan 2001

OL, MC
	CKD HD 

Hgb < 11

Ferritin < 300

TSAT < 20

ESA
	Iron Sucrose (77)

100 mg IVP (over 5 min) X 10 doses


	Iron Sucrose

P

Hgb > 11

78%

(95% CI 68.5 to 87.3)

NA

∆ Hgb, Ferritin, TSAT all significantly increased after tx (P values NA)

	Sodium Ferric Gluconate

	Coyne 2007

R
	CKD HD 

Hgb < 11

Ferritin 500-1200

TSAT < 25

ESA > 225U/kg/wk or > 22,500U/wk
	SFG (64)

125 mg X 8 HD

6 wks

Placebo (65)

↑ ESA 25%
	SFG

PL
P

∆ Hgb 

1.6+1.3

1.1+1.4

0.028

∆ Ferritin

173+272

-174+225

<0.001
∆ TSAT

7.5+7.4

1.8+5.2

<0.001



	Giordano 2005

R
	CKD HD 

Ferritin < 100

TSAT < 20

Stable ESA
	SFG Dose 1 (9)

20.8 mg/HD 3x/wk

SFG Dose 2 (8)

62.5 mg X 1 HD/wk

3 months
	SFG 1

SFG 2

P

Hgb 

10.3 (BL) to 11.2 (Tx)

9.8 (BL) to 10.8 (Tx)

NS

Ferritin

53.4 (BL) to 172 (Tx)

55.2 (BL) to 148.7 (Tx)

NS

TSAT

16 (BL) to 28.7(Tx)

14.8 (BL) to 24.2 (Tx)

NS



	Bolaños 2002

R, OL
	CKD HD 

Hgb > 10

Ferritin > 100

TSAT > 20

Stable ESA
	SFG Dose 1 (7)

6.25 – 21.3 mg (in 100ml during last 30min HD) every HD session

SFG Dose 2 (8)

62.5 mg (in 100ml during last 30min HD) every 1-4wks

16 wks
	SFG 1

SFG 2

Hgb 

10.96+1.31 (BL) vs. 11.83+1.12 (Tx)

P=0.028

11.16+1.03 (BL) vs. 11.14+0.9 (Tx)

NS

Ferritin

368+56 (BL) vs. 508+157 (Tx)

P<0.05

402+191 (BL) vs. 444+211 (Tx)

NS

TSAT

31+6 (BL) vs. 25+11 (Tx)

NS

32+8 (BL) vs. 22+7 (Tx)

NS



	Nissenson 1999

R, OL, MC
	CKD HD 

Hgb < 10 or Hct < 32

Ferritin < 100

TSAT < 18

ESA
	SFG High dose (44)

125 mg (diluted 100 ml 0.9% NaCl over 60min) X 8 HD sessions (total 1000 mg)
SFG Low dose (39)

62.5 mg (diluted 50ml 0.9% NaCl) over 30min) X 8 HD sessions (total 500 mg)
30 days
	SFG High

SFG Low

P

∆ Hgb 

9.6 (BL) ↑ 1.3

P<0.0001

P=0.001 vs. oral*

9.8 (BL) ↑ 0.5

P=0.01

NS vs. oral*

<0.001

∆ Ferritin

88 (BL) ↑ 134

P<0.0001

106 (BL) ↑ 65

P=0.01

NS

∆ TSAT

15.6 (BL) ↑ 5.5

P=0.002

20.1 (BL) ↓ 0.6

NS

<0.017

*Results also compared to hx matched controls on oral iron

	Iron Dextran (LMW)

	Auerbach 1998
R, OL
	CKD HD 

Ferritin < 100 
(or 100 to 200 with TSAT < 19%) 
ESA 

	Iron Dextran A (14)

Total dose infusion (range 550 to 2000 mg) in 500 ml 0.9% NaCl
Iron Dextran B (12)

500 mg/wk until total  dose (range 400 to 1500 mg) in 200 ml 0.9% NaCl
Iron Dextran C (17)

100 mg undiluted/HD session until total dose (500 to 2500 mg)
	Iron Dextran (A)
Iron Dextran(B)
Iron Dextran (C)
P

Hct 

26.2+3.9 (BL)

33.6+3.8 (Tx)

27.9+2.9 (BL)

33.5+2.9 (Tx)

27.2+2.0 (BL)

34.6+3.9 (Tx)

NS (BL)
NS (Tx)


	Ferumoxytol

	Provenzano 2009

R, OL, MC
	CKD HD

Hgb < 11.5

Ferritin < 600

TSAT < 30

Stable ESA dose
	Ferumoxytol (114)

510 mg X 2 w/in 5 + 3d

Oral elemental Fe (116)

200 mg/d X 21d

35 days
	Ferumoxytol

Oral Iron
P

∆ Hgb 

1.02+1.13

0.46+1.06

0.0002

∆ Ferritin

233.93+206.95

-59.23+106.22

<0.0001

∆ TSAT

6.22+12.12

1.39+8.88

<0.0001

Hgb > 1g/dL

49%

25%

0.0002




*Refer to Cochrane Review5 for studies comparing IV vs. oral iron replacement therapy

BL=baseline; CKD=chronic kidney disease; d=day; ESA=erythropoiesis stimulating agents; Hct=hematocrit; HD=hemodialysis; Hgb=hemoglobin; LMW=lower molecular weight; MC=multi-center; n=number of patients; NA=not available; ND=non-dialysis; NS=not statistically significant; OL=open-label; PD=peritoneal dialysis; PL=placebo; R=randomized; SFG=sodium ferric gluconate; TSAT=transferrin saturation; tx=treatment; wks=weeks
Appendix 2b: Efficacy in Chronic Kidney Disease not on Hemodialysis19-27
	Clinical Trial
	Inclusion
	Treatment (n)
	Results

	Iron Sucrose

	Li 2008

R

	CKD PD

Hgb 6-9

Ferritin < 500

TSAT < 30

ESA
	Iron Sucrose (26)

200 mg (in 100ml over > 30 min)/wk X 4wks then every 2wks for 4 wks
Oral FeSO4 (20)

200mg 3x/d X 8wks

8 wks

	Iron Sucrose

Oral Iron
P

Hgb 

8.83+0.83 (BL)

12.21+1.05 (Tx)
P<0.05

8.86+0.88 (BL)

10.63+1.04 (Tx)
P<0.05

<0.05 

IS vs. Oral 
Ferritin

110.6+54.1 (BL)

466.7+85.3 (Tx)

P<0.05

111.2+54.8 (BL)

299.4+83.2 (Tx)

P<0.05

<0.05 

IS vs. Oral

TSAT

19.4+8.8 (BL)

37.8+16.1 (Tx)

P<0.05

19.3+8.1 (BL)

25.7+17.5 (Tx)

P<0.05

<0.05 

IS vs. Oral 

ESA (IU/wk)

7576+1032 (BL)

6100+1043 (Tx)

P<0.05

7635+1024 (BL)

7635+1024 (Tx)

NS

<0.05 

IS vs. Oral



	Singh 2006

R, OL, MC
	CKD PD

Hgb 9.5*-11.5

*8.5 Mexican sites

Ferritin < 500

TSAT < 25

Stable ESA
	Iron Sucrose (66)

1000mg (300 mg in 250ml over 1.5hrs on days 1 and 15, 400mg over 2.5hrs day 29)

No iron (30)

12 wks
	Iron Sucrose

No Iron
P

∆ Hgb 

1.3

0.6
0.0028
IS vs. None


	Mircescu 2006

R, OL
	CKD ND

Hgb < 11

Ferritin < 200

No ESA
	Iron Sucrose (58)

200 mg (in 500ml over 2hrs)/month X 12 months


	Iron Sucrose

P

Hgb 

9.7+1.1 (BL) vs. 11.3+2.5 (Tx)
<0.05

Ferritin

98 (BL) vs. 442.5 (Tx)

<0.05

TSAT

21.6+2.6 (BL) vs. 33.6+3.2 (Tx)

<0.05



	Charytan 2005

R, OL, MC
	CKD ND

ESA
	Iron Sucrose (39)

200 mg/wk X 5 wks

Oral FeSO4 (44)

325mg 3x/d X 29d  
	Iron Sucrose

Oral Iron
P

Hgb 

11.1+1.06

10.7+1.03

NS

∆ Ferritin

288+150 (P<0.0001)

-5.1+151 (NS)



	Van Wyck 2005

R, MC
	CKD 3-5 ND

Hgb < 11

Ferritin < 300

TSAT < 25

No ESA or 

Stable ESA
	Iron Sucrose (79)

200mg (undiluted over 2-5min) X 5 between 0 and 14d; or 500 mg (in 250ml over 3.5-4hrs) X 2 (0 and 14d) 

Oral FeSO4 (82)

325mg 3x/d X 56d  
	Iron Sucrose
Oral Iron
P

↑ Hgb > 1 

44.3%
28%
0.0344
∆ Hgb

0.7

0.4

0.0298

∆ Ferritin

323+178.5
132+90.31
<0.0001

∆ TSAT

25+8.89
22.2+9.44
0.0411


	Stoves 2001

R
	CKD ND

Hgb < 11

ESA 2000U 2x/wk; adjusted during study
	Iron Sucrose (22)

300 mg (over 2hrs)/month 

Oral FeSO4 (23)

200mg 3x/d  
6 months

	Iron Sucrose

Oral Iron
P

Hgb

12.5

12.2

NS

Ferritin

330

95

NA

ESA U/kg/wk

41.6

33.5

NS



	Sodium Ferric Gluconate

	Agarwal 2006

R, MC
	CKD ND 

Hgb < 12

Ferritin < 100

TSAT < 20%

No ESA
	SFG (36)

250 mg (in 250 ml over 1 hour)/wk X 4

Oral FeSO4 (39)

325mg 3x/d  X 42d
	SFG

Oral Iron
P

∆ Hgb 

0.4

0.2

NS

∆ Ferritin

232+160.8

55.9+236.2

<0.001

∆ TSAT

8.3+7.5

2.9+8.8

0.007



	Ferumoxytol

	Spinowitz 2008

R, OL, MC
	CKD 1-5 

Hgb < 11

Ferritin < 600

TSAT < 30
	Ferumoxytol (228)

510 mg X 2 w/in 5 + 3d

Oral elemental Iron (76)

200 mg/d X 21d
	Ferumoxytol
Oral Iron
P

∆ Hgb 

0.82+1.24

0.16+1.02

<0.0001

∆ Ferritin

381.7+278.6

6.9+60.1

<0.0001

∆ TSAT

9.8+9.2

1.3+6.4

<0.0001

Hgb > 1g/dL

39%

18.4%

0.001

Baseline Hgb 9.96 both tx groups

	Ferric Carboxymaltose

	Onken 2013

R, OL, MC
	CKD ND 

Hgb < 11.5

Ferritin < 100, or < 300 when TSAT < 30%

Stable dose ESA
	Ferric Carboxymaltose (1249)

15 mg/kg (max 750 mg) days 0 and 7
Iron Sucrose (1244)

200 mg days 0, 7, 14 plus 2 additional doses between day 0 and 7, and day 7 and 14 (5 doses for total 1000 mg)
	Ferric Carboxymaltose
Iron Sucrose
P

∆ Hgb 

1.13+1.044
0.92+0.917
Noninferior
∆ Ferritin

NR
NR
NR*
∆ TSAT

NR
NR
NR*
Hgb > 1g/dL

48.6%

41.0%

NR*
*Reported as significant difference favoring ferric carboxymaltose


BL=baseline; CKD=chronic kidney disease; d=day; ESA=erythropoiesis stimulating agents; Hct=hematocrit; HD=hemodialysis; Hgb=hemoglobin; MC=multi-center; n=number of patients; NA=not available; ND=non-dialysis; NR=Values Not Reported; NS=not statistically significant; OL=open-label; PD=peritoneal dialysis; PL=placebo; R=randomized; SFG=sodium ferric gluconate; TSAT=transferrin saturation; tx=treatment; wks=weeks
Appendix 3a: IV Iron (Iron Sucrose; Sodium Ferric Gluconate) Dosing Examples
Note: includes examples from clinical trials, prescribing information, safety studies and retrospective evaluations and may include doses that have been used, not necessarily those that are recommended.  Clinicians should refer to the prescribing information, efficacy trials in Appendix 2a and 2b, and use clinical judgment when determining the best course of therapy for the patient 
	Iron Sucrose

	Repletion
	Maintenancea

	Doseb
	Frequency and Duration
	Doseb
	Frequency and Duration

	HD

	100 mg (2-5 min)
	Per HD for 10 doses
	100 mg (5 min)
	Weekly for 10 weeks

	100 mg (in 100 ml; 15-30 min) 
	Per HD for 10 doses
	250 mg (diluted; 60 min)
	Monthly for 6 months

	100 mg (in 100 ml; 60 min)
	2 X per week for 2 months (see maintenance*)
	100 mg (in 100 ml; 60 min)
	Weekly for 4 months (following repletion*)

	PD

	300 mg (in 250 ml; 1.5 hrs) then

400 mg (in 250 ml; 2.5 hrs)
	2 doses 14 days apart; then 

[400 mg dose] after another 14 days
	
	

	200 mg (in 100 ml; > 30 min) 
	Per week for 4 weeks, then every other week for 4 weeks
	
	

	500 mg (25mg test dose in 50 ml over 30 min; then 475 mg in 300 ml over 4-5hrs)
	2 doses administered 1 week apart
	
	

	ND

	200 mg (2-5 min)
	5 days over a 14 day period
	
	

	200 mg (5 min) 
	Weekly for 5 doses
	
	

	500 mg (in 250 ml; 3.5-4 hrs)
	Day 1 and 14
	
	

	500 mg (in 250 ml; 3 hrs)
	2 consecutive days
	
	

	Mixed HD/PD/ND
	
	
	

	200 mg (in 250 ml; 2 hrs)
	Single dose safety evaluationc
	
	

	300 mg (in 250 ml; 3 hrs)
	Single dose safety evaluationc
	
	

	Sodium Ferric Gluconate

	Repletion
	Maintenancea

	Doseb
	Frequency and Duration
	Doseb
	Frequency and Duration

	HD

	125 mg (10 min)
	Per HD for 8 doses
	62.5 mg  (5 min)
	Weekly for 6 months

	125 mg (in 100 ml; 60 min) 
	Per HD for 8 doses
	62.5 to 21.3 mg (in 100 ml; 30 min)
	Per HD for 16 weeks

	62.5 mg (in 50 ml; 30 min)
	For 8 HD sessions
	62.5 mg (in 100 ml; 30 min)
	Every 1 to 4 weeks for 16 weeks

	62.5 mg (in 100 ml; 60 min)
	2 X per week for 2 months (see maintenance*)
	62.5 mg (in 100 ml; 60 min)
	Weekly for 4 months (following repletion*)

	62.5 mg
	Weekly for 12 weeks
	
	

	250 mg (diluted; majority 60 min)
	> 1 dose 250 mg from safety surveillance  
	
	

	PD

	125 mg (in 250 ml; 45-60 min) 
	Weekly for 8 weeks
	
	

	250 mg (in 250 ml; 1.5 hrs)
	Weekly for 4 weeks
	
	

	ND

	250 mgd (in 250 ml; 60 min)
	Weekly for 4 weeks
	
	

	Mixed HD/PD/ND

	250 mgd (diluted; 3-4 hrs)
	10 doses
	
	

	500 mgd (diluted; 5 hrs)
	10 doses
	
	

	250 mgd (diluted; 1-4 hrs)
	Retrospective safety evaluation
	
	


HD=hemodialysis; ND-non-dialysis; PD=peritoneal dialysis
a Maintenance doses do not correspond to the preceding repletion doses unless indicated by *

b When IV iron is diluted, ml refers to 0.9% NaCl, unless otherwise indicated)

c Doses of 400 mg (in 250 ml; over 2 hours) or 500 mg (in 250 ml; 2 hours) not recommended per authors of safety evaluation
d Adverse events reported; refer to corresponding text. Prescribing information notes post-marketing data with increased incidence and/or severity of adverse events with doses > 125 mg  
Appendix 3b: IV Iron (LMW Iron Dextran; Ferumoxytol; Ferric Carboxymaltose) Dosing Examples

Note: includes examples from clinical trials, prescribing information, safety studies and retrospective evaluations and may include doses that have been used, not necessarily those that are recommended.  Clinicians should refer to the prescribing information, efficacy trials in Appendix 2a and 2b, and use clinical judgment when determining the best course of therapy for the patient 
	LMW Iron Dextrana

	Repletion
	Maintenanceb

	Dosec,d
	Frequency and Duration
	Dosec
	Frequency and Duration

	HD

	100 mg (> 2 min)
	Per HD until total calculated dose administered
	25 to 100 mg
	Weekly

	100 mg  
	Per HD for 10 doses
	
	

	200 mg 
	Per HD for 5 doses (see maintenance*)
	100 mg 
	Monthly (following repletion*)

	TDIe (range 550-2000 mg) in 500 mlf
	Once
	
	

	500 mg (in 200 ml)f
	Weekly until total calculated dose administered
	
	

	100 mg (undiluted)f
	Per HD until total calculated dose administered
	
	

	PD

	500 mg (475 mg in 300 ml after test dose 25 mg;  4-5 hrs)
	2 doses 1 week apart
	
	

	1000 mg (in 500 ml 0.45% NaCl; 5 hrs) 
	Per week for 4 weeks, then every other week for 4 weeks
	
	

	500 mg (25mg test dose in 50 ml over 30 min; then 475 mg in 300 ml over 4-5hrs)
	Once
	
	

	ND

	200 mg (in 250 ml; 60-90 min)f
	Weekly for 5 weeks
	
	

	500 mg (in 250 ml; 60-90 min) 
	Weekly for 2 weeks
	
	

	TDIe (range 600-1600f mg) in 500 ml; 3 hrs
	Day after test dose
	
	

	Ferumoxytol

	Repletion
	Maintenance

	Dose
	Frequency and Duration
	Dose
	Frequency and Duration

	HD

	510 mg (17 seconds)
	2 doses 3 to 8 days apart
	May repeat repletion therapy if persistent or recurrent IDA
	

	ND

	510 mg (17 seconds)
	Single dose safety study
	
	

	Mixed HD/PD/ND

	510 mg (17 seconds)
	2 doses within 1 week
	
	

	Ferric Carboxymaltose

	Repletion
	Maintenance

	Dose
	Frequency and Duration
	Dose
	Frequency and Duration

	ND

	750 mg or 15 mg/kg if < 50 kg (IVP over 7.5 min; IV infusion over > 15 min)
	2 doses 7 days apart
	May repeat repletion therapy if recurrent IDA
	


HD=hemodialysis; ND-non-dialysis; PD=peritoneal dialysis
a Includes doses from some studies where LMW or HMW formulation iron dextran not specified

b Maintenance doses do not correspond to the preceding repletion doses unless indicated by *

c When IV iron is diluted, ml refers to 0.9% NaCl, unless otherwise indicated)

d Test dose administered for iron dextran with the exception of 200 mg dose listed under HD (stated that rate was less for test dose)

e TDI=total dose infusion 
f Adverse events reported; refer to corresponding text   

Treatment Algorithm for IV Iron in Patients 
with Iron Deficiency Anemia and CKD


























Patient with CKD and IDA*


ferritin < 200 ng/ml on HD or < 100 ng/ml not on HDa and TSAT < 20%b


with goal to ↑ Hgb w/o ESA, or to ↑ Hgb on ESA or ↓ ESA dose 


(*where anemia work-up has already 


been performed) 





Initial course of VANF IV Iron (e.g., iron sucrosec 100 mg X 10 doses or sodium ferric gluconatec 125 mg X 8 doses, either as preferred tx in HD; or LMW iron dextranc 100 mg X 10 doses; refer to tables and text for alternate dosing options) preferred; nonformulary use of ferumoxytol or ferric carboxymaltose may be considered in special patient populations or circumstances at the site 





Yes





Patient is on HD?





No





Consider tx with oral iron (i.e., 200 mg elemental iron dailyd) for 1 to 3 months





Tx goal achieved (e.g., positive change in ferritin and/or TSAT, Hgb at or near target, avoidance of ESA or reduction in ESA dose)





Yes





No





Consider additional IV iron therapy (or initial course of IV iron if previous trial oral iron unsuccessful); select treatment based on previous response to therapy, tolerability, degree of anemia, IV access, adherence, cost of therapy





 Reevaluate ferritin, TSAT, Hgb every 1 to 3 months or as condition dictates; consider maintenance therapy as indicated





a,b  Recommendations per KDOQI Clinical Practice Guideline for Anemia in CKD 2006 (refer to text for discussion of KDIGO 2012 suggestions)


c VA National Formulary (VANF) agents; examples of dosing regimens, assess patient response to determine need for full dose 


d VANF agents include ferrous sulfate (e.g., 325 mg three times daily) and ferrous gluconate (e.g., 325 mg two tablets three times daily); administer oral iron therapy on empty stomach, if possible, for better absorption 


CKD=chronic kidney disease; ESA=erythropoietin-stimulating agent; HD=hemodialysis; Hgb=hemoglobin; IDA=iron deficiency anemia; IV=intravenous; LMW=lower molecular weight; TSAT=transferrin saturation; tx=treatment; w/o=without
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