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An Indistinct Balance: The Safety and Efficacy of Parenteral
Iron Therapy

ANATOLE BESARAB, STANLEY FRINAK, and JERRY YEE
Division of Nephrology and Hypertension, Department of Medicine, Henry Ford Hospital, Detroit, Michigan.

The National Kidney Foundation Dialysis Quality Initiativesng epoetin dose. In this scenario, the means to achieve target
(NKF-DOQI) Anemia Work Group developed clinical practicchemoglobin levels of 11 to 12.5 g/dl become subsidiary to the
guidelines (1) that aimed to achieve a target hemoglobin legdal because the benefits of anemia correctian, (decreased
of 11 to 12 g/dl at the lowest cost by optimizing the erythromortality, decreased hospitalization, and improved quality of
response to recombinant human erythropoietin (epoetin). Diée) are gained only after attaining target hemoglobin levels.
spite the use of epoetin to manage the anemia of chronic reihls rationalization underestimates the role of appropriate iron
failure (CRF) (2—6), many patients remain at hematocrits bprescription, dismissing its cost effectiveness in the global
low currently recommended levels. Persistence of suboptinmanagement of the dialysis patient. Furthermore, hemoglobin
hematocrit levels despite administration of seemingly adequéggels are generally more stable over time during judicious
doses of epoetin signifies an inadequate response to the agapplication of iron, avoiding the fluctuating hemoglobin levels
The most common cause for suehythropoietin resistances that are frequently present during epoetin-centric anemia man-
an inadequate supply of iron to the bone marrow to sustagement.
enhanced erythropoiesis (7-13). Reducing the epoetin dose in patients may attenuate several
The NKF-DOQI Anemia Work Group guidelines supporpotentially untoward effects of epoetin. Epoetin may promote
the implementation of a proactive intravenous iron mainté&ypertension by inducing vascular constriction through en-
nance regimen. Given that gastrointestinal iron absorptionhanced endothelin-1 production and by reducing the vasodila-
less than ongoing iron losses in the majority of hemodialysisry response of resistance vessels by decreasing endothelial
(HD) patientsfunctional iron deficiencys likely to develop in nitric oxide production (14). Furthermore, epoetin-mediated
most patients leading to an iron-limited erythropoiesis. Waatelet-derived growth factor release by vascular smooth mus-
define functional iron deficiency as a pathophysiologic state ate cells (15) may promote atherogenesis and myointimal hy-
which the bone marrow’s erythropoietic capacity to respond perplasia, particularly in vascular access grafts of HD patients.
epoetin is limited by iron release from storage depots. THemore balanced view of risks and benefits associated with
result of such deficiency is utilization of higher and morepoetin and iron in anemia management is depicted in Figure
costly doses of epoetin to overcome whagiigantly perceived 1.
as relative resistance to epoetin. Parenteral iron is the treatmenWhat is the relative safety of maintaining a higher ferritin
of choice in HD patients with either absolute or functional irofevel in HD patients through repeated administration of intra-
deficiency since oral iron therapy is nearly always ineffectiveenous iron? Moreover, what levels of serum ferritin warrant
in the dialysis population. In fact, the NKF-DOQI guidelinegoncern for iron overload? Parameters that most frequently
advocate aggressive detection and management of functicstahulate treatment by iron are a set of suboptimal iron indices,
iron deficiency. An initial and careful scrutiny of the iron statug SAT, and serum ferritin. Despite their wide application, these
of the dialysis patient is succeeded by the optimized delivery parameters frequently fail to detect functional iron deficiency
parenteral iron and epoetin to achieve the desired level (@6-18). Several studies have explored the issue of whether
erythropoiesis. increased risks exist for those end-stage renal disease (ESRD)
Excessive fear of the potential risks associated with irgratients whose ferritin levels consistently exceed 500 ng/ml
therapy may lead the practitioner to adopt a skewed view of t{lE9) and for those who receive iron dextran continually (20—
role of iron and epoetin in the management of the anemia 22). In this article, we will briefly review iron metabolism in
CRF. In this venue, iron has a passive role that justifid&sSRD patients and then critically examine those processes that
maintenance of iron stores and transferrin saturation (TSAT)iatire functional iron deficiency, despite hyperferritinemia. We
low levels since epoetin resistance can be overcome by increasl conclude by focusing on the collective experience of
intravenous iron administration in ESRD, contrasting the risks

. and benefits of conventional iron therapy.
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Figure 1.Relative benefits and risks of epoetin (EPO) and parenteral iron (Fe) use. Increasing hemogidliirgtd! by using EPO can reduce
morbidity, mortality, and hospitalization, but may induce hypertensive effects or effects on vascular smooth muscle cells (VSMC) that me
produce undesired effects on vascular access function. Similarly, parenteral iron may be associated with unwanted effects, but preventio
iron deficiency is cost-effective and may promote stability of hemoglobin, prevent multiple dosing changes in EPO, and improve blood floy
through capillaries by improving the rheologic properties of red blood cells.

cient iron absorption may occur even when 200 mg of elemgphage iron output are unclear, but likely involve plasma epo-
tal iron is ingested. Iron absorption varies inversely withtin-mediated increased generation of unsaturated transferrin
ferritin levels in healthy subjects and ESRD patients (23). that, in turn, results in greater iron extraction from macro-
ESRD patients, ferritin levels exceeding 100 ng/dl do nghages.
guarantee adequate marrow iron storage and delivery. FurtherFerritin, a ubiquitous protein, exists as multiple tissue-spe-
more, transferrin levels are frequently depressed in CRF. Suilific isoforms. Its only known function is to sequester iron for
normal transferrin levels limit enterocytic iron uptake. Irstorage. Plasma ferritin contains virtually no iron, whereas
ESRD, both evident as well as undisclosed inflammatory prmen-overloaded cells contain ferritin and hemosiderin, likely a
cesses lower transferrin levels while reciprocally elevatirfgrritin degradation product (26). Expansion of the intracellular
ferritin levels. This combination precludes the requisite conpool of transit iron induces ferritin synthesis, but reciprocally
pensatory adaptive increase of gut iron absorption. Furthelecreases expression of cell surface transferrin receptors,
more, intestinal iron absorption is decreased by gastric protihereby diminishing iron uptake. The opposite events occur
pump inhibitors and Btantagonists; by ingestion of dietaryduring states of iron depletion. In the cell, iron regulatory
phytates, oxalates, carbonates, phosphates, and tannates f2ddeins are tailored to “sense” iron in transit and to maintain
and by calcium-containing phosphorus-binding compoundsat physiologically appropriate levels.
that block iron uptake by enterocytes (25). Thus, current targetNormally, plasma transferrin is 30 to 40% saturated by iron.
hemoglobin levels cannot be achieved in ESRD patients by iron deficiency, elevated transferrin levels maintain the
oral iron therapy (26). Finally, iron-replete individuals manieirculating iron pool despite the marked decrement in TSAT.
fest decreased iron stores within 3 mo of epoetin treatme@pnversely, an iron-overloaded state is defined by a high
thereby complicating the treatment of anemia (27). serum iron level, notable decrement in circulating transferrin
Normal iron transport and physiology is depicted in Figurand markedly increased TSAT. During inflammatory states,
2A. The normal total circulating iron pool is 3 to 4 mg (28)circulating transferrin decreases, but because iron release from
Iron is bound and transported in plasma by the non-herttee reticuloendothelial system (RES) is retarded, TSAT
al-globulin transferrin. During normal erythropoiesis, all othanges little. Thus, the changes in serum ferritin and TSAT of
the circulating iron is bound to transferrin and iron is turneBESRD patients mimic those inflammatory states. Anemic HD
over 6 to 10 times daily (29); despite wide variation in iromatients with concomitant inflammation that can be presumed
stores, the iron pool remains remarkably stable. This obsergar the basis of relatively higher C-reactive protein (CRP)
tion suggests that iron release from macrophages is cooidivels absorb iron less readily from the gut than control pa-
nately proportioned to tissue uptake that approximates 24 mignts, who do not manifest elevations of CRP (31).
daily. One important function of macrophages, particularly Table 1 summarizes the diagnosis of absolute iron defi-
Kupffer cells, is to recycle heme iron from senescent red celigency in healthy subjects and ESRD individuals. On average,
back to transferrin (30). The mechanisms controlling macrthe total iron binding capacity (TIBC) levels in ESRD patients
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Figure 2.Iron metabolism in healthy men (Normal; Panel A) and end-stage renal disease (ESRD) male patients before epoetin (Panel B) us
and after epoetin (Panel C) usage for managing anemia. In healthy subjects (Panel A), basal daily erythrocyte prodjictgui(és the
delivery of 24 mg of iron from transferrin whose total circulating capacity is only 4 mg. External losses are low and therefore enterocyt
absorption is also low. Before EPO use in ESRD (Panel B), erythrocyte production was reduced by 40% or more, and maintenance
hemoglobin depended on periodic red blood cell transfusion (Red Cross). Because of decreased transferrin levels and the absenc
EPO-driven erythropoiesis, iron redistributed to the reticuloendothelial system (RES) and tissues. In the modern era (Panel C), erythroc
production is frequently increased (1.25X) to maintain hemoglobin at 12 g/dl because of external dialysis-associated blood losses and shorte
red cell survival. Greater delivery of iron is thus required in the face of decreased transferrin levels and some blockade of iron release frt
the RES. This necessitates the use of parenteral iron administration. RES and tissue overload is minimized because of the diversion of iro
the marrow by EPO-driven erythrocytosis.
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Table 1. Comparison of iron absolute deficiency in healthy subjects and ESRD pétients

Parameter Healthy Subjects ESRD Patients
TIBC (mg/ml) ~350 to 430 ~225 to 300
TSAT (%) 15 20
Serum iron (mg/ml) 53 to 64 45 to 60

2ESRD, end-stage renal disease; TIBC, total iron binding capacity; TSAT, transferrin saturation.

are decreased by nearly one-third from normal values (32).darum ferritin levels. However, administration of a 200-mg
ESRD, a TSAT of 20 to 30% indicates a substantial decreadese of iron-saccharate abolished the constraint on erythropoi-
in the circulating iron pool and is equivalent to a TSAT of 12sis, reflected by an increase of HCr to 35 fmol/L and main-
to 20% in nonuremic individuals. Iron uptake by developintenance of serum ferritin. Similar data obtained by Eschleach
erythrocytes is highly dependent on transferrin receptor dead- (2) are shown in Figure 3. Changes of iron parameters in
sity, in contrast to other tissues where uptake can accrue via
receptor-independent pathways. We contend that the low TIBC

of the ESRD patient represents one of the key forces that 1000 4
engenders functional iron deficiency because normal or su- L
pranormal erythropoiesis during epoetin therapy mandatq:serrmn 1A
greater-than-normal iron turnover (13). Such a low capacit(yng/mL) 1
system precludes sufficient iron uptake, in spite of adequate

iron storage (32). Consequently, for the ESRD patient to main-

tain a total plasma iron pool comparable to healthy subjects,

the TSAT must be maintained in the 30 to 50% range whenthe 100
TIBC has declined by one-third. To achieve this, a therapeutic ]
paradox arises. The physician must satisfy an increased re-
quirement for iron delivery and optimize anemia management,
yet incur no increased risk to the individual through enhanced
iron administration grimum non nocene

Death (33-35) and hospitalization rates (36,37) of ESRD 101 \ T T T T \ T 1
patients vary inversely with hemoglobin levels. Colligisal. o 1+ 2 3 4 5 6 7 8
recently showed that HD patients whose hemoglobin levels Treatment Time (Days)
decreased from 11 g/dl ta10 g/dl incurred increased risks for 80
mortality and hospitalization (38). To obtain the benefits of ]
maintaining the hemoglobin at 11 to 12 g/dl (Hct, 31 to 36%) 707
for these patients, a more complete elucidation of the long-term 60_' —&— ESRD
risks of intravenous iron and a definition of the optimal pa- ] -8~ Normal
rameters and tests for iron management will be required.  tgaT 50

%

Diagnosis of Iron Deficiency 40

The distinction between functional and absolute iron defi- ]
ciency is one of degree, as iron-limited erythropoiesis occurs in 30
both circumstances. Functional deficiency precedes absolute I
deficiency and is defined by the delivery of less iron to the 207
developing erythron than that required for optimal epoetin- 104, \ \ . . . : \ !

driven erythropoiesis. In healthy subjects and iron-replete renal 0 1 5 3 4 5 6 7 8
failure patients, ferritin and TSAT levels are significantly
altered after only 1 wk of epoetin if the dose stimulates

erythropoiesis above basal levels. Majar al. (39) demon- Figure 3. Changes in indices of iron delivery in healthy and ESRD

strated significant changes in iron metabolism witfi d of subjects after administration of four doses of recombinant erythropoi-

epoetin therapy, even in iron-replete healthy subjects Baseler%ié1 over 7 d. In "iron-replete” nonazotemic healthy individu (
P Py, P y J ’ lransferrin saturation (TSAT) declines from 30%<d5%, whereas

iron indices were no-rmall, and f[he reticulocyte h_em°g|°b\"3rritin decreases from 58 ng/ml to almost 15 ng/ml. Both TSAT and
content (HCr), reflecting iron delivery to the maturing erythserritin levels approach those of absolute iron deficiency. In previ-

rocyte, averaged 32 fmol/mi (normal range, 26 to 34 fmol/mlpysly transfused ESRD patients with much greater iron stagstfe
Patients who received epoetin but no parenteral iron decreaggé and magnitude of the changes in ferritin and TSAT are similar but
their HCr from 32 to 31 fmol/ml and greatly decreased thegtart from higher levels. Adapted frokidney Int42: 407—416, 1992.

Treatment Time (Days)
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transfused HD patients parallel those of healthy subjects, ttered during the corrective and maintenance phases of treat-
latter becoming iron deficient within 7 d. ESRD patients whment. Tarnget al. (51) disclosed that those patients who
have never received blood rapidly become iron deficient durirghieved target hemoglobin levels originally maintained on
epoetin therapy as do healthy subjects (3,13). Thus, epoetin eagrage ferritin of 1582 ng/ml and TSAT of 51%. By contrast,
increase marrow demand for iron to an extent greater than thatients failing to achieve target hemoglobin levels had signif-
which can be provided by RES iron output, thus resulting igantly lower mean ferritin and TSAT values of 141 ng/ml and
ineffective erythropoiesis from functional iron deficiency  25%, respectively.

Ongoing dialysis-associated blood losses reduce ferritin lev-Intravenously administered iron as iron dextran, iron glu-
els with time, even in iron-overloaded patients (21). Epoetifbnate, iron-hydroxide sucrose complex, or ferric saccharate is
accelerates the decline of iron stores as iron is mobilized injgocessed by the RES before its transferrin-mediated transport
newly formed erythrocytes. (Blood losses and therefore ir@y the marrow and other tissues (Figure 2A). The most com-
losses increase at the increased hematocrit.) Common thrggBinly used parenteral iron regimen uses intermittent dosing.
old values for iron repletion therapy in HD patients are a TSAFypijcally, 0.5 to 1.0 g of elemental iron is provided in divided
<20% or a ferritin levek<100 ng/ml (1), but these parametergjoses when critical thresholds for TSAT or ferritin levels are
are frequently inadequate to detect functional iron deficieng¥ached (52-55). This scheme and modifications of single total
(16,17,40). This conclusion is reinforced by a recent Veteraggse infusion (54) are typically administered intermittently, on
Administration study (41,42) of 170 HD patients who receivegy «55 needed” basis. These strategies are suboptimal. Several
240 courses of iron dextran. A course of iron consisted of }Qcent studies have established that maintenance parenteral
successive 100-mg doses of iron dextran administered at digl, agministration as opposed to an “as needed” strategy
ysis. An increase in hemoglobin to the same epoetin dose 0f gjeyes target hematocrits with lower epoetin doses, presum-

Qecrease in epoetin dose n-eeded to maintain target hemogl%p abrogating the iron-limited erythroid response to epoetin
in response to a course of iron was used to detect the prese 32,46,47,56—66). Our studies (32) have determined that
324647, .

of functional iron deficiency (18). Data analysis (42) produc aintenance iron treatment, with an average iron dose of 58

no clear cutoff values for ferritin (i.e., 100 to 300 ng/mi OIi‘ng/wk (range, 20 to 150 mg/wk) for 72 wk, safely decreased

TSAT. 12 to 20%) that could be used tq e|the_r posnwgly %he erythropoietin dose by 40%. Others have advocated for HD
negatively predict the presence of functional iron deficienc ession-based iron dosing in 15- to 20-mg doses (58—60,67)

with more than 80% certainty. Therefore, there is no absoluo? for those patients being initiated into hemodialysis, iron
level of TSAT or ferritin diagnostic of functional iron defi-  ’ P g ysIS,

ciency. Others have established that functional iron deficientcherapy alone during the initial management phase (68). Other

may occur at TSAT values approaching 30% (3,18) or ferrit%}lo.UpS affirm the_ use gf intravenous iron in pre-ESRD (69). and
levels of nearly 600 ng/ml (43—48) ' peritoneal dialysis patients (70,71). In CAPD patients, a single

Thus, it is not surprising that a large cross-sectional stu&}'qg infusion ove_4 h |swe_II tol_erateq (72). Our_experlenc_e has
found that hemoglobin directly correlated with serum iro own that pentonea_l dialysis patients requwe_approxmgtely
inversely with ferritin, but not at all with TSAT (44). Even at 00 mg O_f parenteral iron yearly, compared t(.) dialysis patients
a mean ferritin of 871 ng/ml, parenteral iron treatment coul§ho receive an average of 2.5 g yearly as maintenance therapy.

increase the hematocrit by up to 11% when TSAT was in- The efficacy of .iron has been amply demonstrated. In one
creased from 20 to 32% (45). Perhaps the HCr that increa§H&Ing €xample, iron treatment alone successfully combated
within 2 wk of iron treatment may provide an early clue t¢€ anemia of HD patients (68). Patients with no stainable
iron-limited erythropoiesis and lead to more effective irofTOW iron increased their hemoglobin levels from 7.5t0 11.0
therapy (46—48). In Europe, the percentage of hypochronfifd! Within 1 yr and to 12.6 g/dl by 2 yr without epoetin,
cells is used to reflect functional iron deficiency. However, itfllowing iron saccharate therapy at a weekly dose of 62.5 mg.
diagnostic utility is offset by the relatively long interval (weekd h€ TSAT increased from 21 to 35% as ferritin increased from
to months) that passes before therapy is prompted. Preser#f8 0 393 ng/ml. Two control groups who received neither
the only way to definitively exclude functional iron deficiencyeral iron alone nor supplemental iron could not correct their
is by evaluating the erythropoietic response to additional p&oemia and required monthly packed red cell transfusions of 36

enteral iron (18,49). to 53 ml.

The magnitudes of the reductions in epoetin dose associated
Parenteral Iron Therapy with parenteral iron administration have varied significantly
Efficacy among studies. The results are summarized in Figure 4. Aver-

Many studies indicate that adequate iron stores are criticafiged over 13 studies, ferritin increased from a pretreatment
necessary to achieve optimal responses to epoetin. Patighéan of 209 to 447 ng/ml after iron restoration, while mean
enrolled in the earliest epoetin studies tended to be irohSAT increased from 22 to 35%. Overall, hemoglobin in-
overloaded. These subjects’ ferritin levels decreased from igieased 18% while epoetin dosage decreased by 42%. Rbsen
tial values of nearly 1400 ng/ml to 800 ng/ml during the initiahl. (73) and Senger and Weiss (66) noted 75% reductions in
3 mo of treatment. A continued decline 0200 ng/ml oc- epoetin dose when intermittent monthly iron dosing of 100 mg
curred during the subsequent 3 yr of monitoring (50). Thesges used. Two studies have shown the potential cost benefit of
declines of ferritin reflected progressive utilization of iromrmaintenance iron therapy that is generated by reducing epoetin
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period during which TSAT may exceed 50% does not offset

o l° Feritin 200440 447 450 the Iqtter intervals of iron-limited erythropoiesis. Achlevmg a

Change in TSAT 2242 3544 sustained but lower level of TSAT of 30 to 50% requires
Hemoglobin % | — - weekly or biweekly iron administration and ensures that eryth-
(%) ropoiesis is not restrained by limitations of iron delivery,

40 . . .
except in the rare circumstance of severe depression of TIBC

to <150 ng/ml. Recent trends suggest that the “epidemic” of

iron deficiency of HD patients in the United States reported by

the Core Indicator Project has decreased recently. Between

1993 and 1996, the proportion of patients receiving parenteral
iron has doubled to 51% while the fraction of those with TSAT

o 1 20 3 4 s e 70 s >20% has increased from 44 to 63%. In addition, the propor-

Reduction in EPO Dose (%) tion of patients with a ferritin levet>100 ng/ml has increased
3% (75).

Figure 4. Regression analysis of 13 published studies examining tﬂgm 63107
effect of parenteral iron therapy in ESRD hemodialysis patients.
Parenteral iron protocols increased the ferritin from 209 to 447 ng/fafety
and the TSAT from 22 to 35%. On average, the EPO dose wasIn the United States, parenteral iron is administered as an
decreased by 42% with an 18% increase in hemoglobin. iron dextran complex, while ferric sodium gluconate and sac-
charate are widely used in Europe and other countries. The
most effective dosing strategies remain undefined. Some reg-
dose (64,65). Even patients with elevated ferritin levels beneiffitens deliver iron alone during each HD session, whereas
from parenteral iron and can reduce their epoetin doses (45, %thers coadminister iron with heparin (60,76,77). Iron dextran
We maintain that the optimal application of maintenangereparations can be given slowly as 25- to 200-mg boluses, or
iron therapy in patients on fixed doses of erythropoietin redternatively, infused in 0.5- to 1.0-g quantities. A 25-mg test
quires judicious proportioning of iron delivery to the marrowgdose is recommended before administration of the remaining
marrying it to the rate of erythropoiesis. Excessive transferridose. Adverse reactions include wheezing, dyspnea, and hypo-
saturation does not enhance erythropoiesis. The very higimsion. Other side effects include myalgias and arthralgias
TSAT (i.e., >60%) that follow pulse iron therapyi.¢., 10 (41,54,78,79). Life-threatening reactions are rare, occurring in
weekly doses of 100 mg) or large single total dose infusiosly 0.7% of patients, many of whom received multiple doses
(Figure 5) are superfluous (32). We believe that the initig¥8). In the Veterans Administration EPO trial, Kaufmann and

100 7
Repeated Single Iron Dose
! = == == Standard 1g I/
80 1 /
! /
TSAT
60 T
(%) !
! /
20 ‘ Repeated
Single Dose
10 Doses (100 mg) 10 Doses
Total =19 Total = 1g
0 T T T T T T T g T

0 20 40 60 80 100 120 140 160 180
Days Following Dose(s)

Figure 5. Temporal profiles of TSAT achieved by intermittent on-demand iron doses (dashed bold line) in response to decreased TSAT
ferritin (solid bold line) differ from those achieved by repeated 100-mg doses of iron administered intravenously every 2 wk as maintenan
protocol (solid line). Based on data in reference (32).



J Am Soc Nephrol 10: 2029-2043, 1999 Safety and Efficacy of Parenteral Iron Therapy 2035

colleagues cited two “possible” severe reactions in their stutntly present after rapid infusions that contain more than 100
involving 2400 doses of epoetin (41). The anaphylactoid reamg of iron. The significance of the bleomycin-detectable iron
tions are not dose-dependent and may occur after the test dsseurrently unclear. However, adverse reactions are nearly
or after many previous doses. The mechanisms mediatialgvays obviated by low dose or slow iron infusion. Finally, the
hypersensitivity to iron dextran remain unclear, but may irconcept of transferrin oversaturation with iron may be mislead-
volve mast cell degranulation without immune complex inng. We have noted that iron oversaturation frequently occurs
volvement (80). However, the symptoms of arthralgias, myakith high single dose iron or multiple dose iron-dextran infu-
gias, and hypotension are rate-related. In our experiens@ns (i.e., 10 weekly 100-mg doses) if TSAT and transferrin
anaphylactoid reactions are extremely uncommon. The femeasurements are obtained within®23 d of infusion (32).
patients with documented severe reactions have received iEssentially, during oversaturation, serum iron—the numerator
dextran without incident, after pretreatment with prednisonef transferrin saturation calculation (serum iron divided by
diphenhydramine, and a type-2 antihistaminic. It is our policyIBC)—is spuriously increased, thereby elevating TSAT. Cur-
to administer iron dextran at a rate that does not exceedent calorimetric methods cannot separately determine the frac-
mg/min. There is no substantial difference in the adversiens of iron resident on dextran and transferrin (87).
reaction profiles of the two available United States iron dextran
preparations (81). Clinical Risks of Iron Therapy

The safety profile of nondextran iron preparations is equiv- The major biologic functions of iron, aside from its incor-
alent to and occasionally superior to that of iron dextran. Faigloration into heme, are its participation in a variety of oxida-
and Strobos (82) estimated an overall adverse event rate tfon-reduction reactions. Normally, iron on transferrin or fer-
iron dextran of 1.2 adverse reactions per million doses. For iratin is shielded from participation in unwanted redox reactions
gluconate, the overall frequency was 0.6 adverse reactions (&8). However, if iron is released from its ferritin core, it can
million doses. More fatalities occurred over a 21-yr periodatalyze a variety of deleterious reactions. Iron, in the presence
(1976-1996) from iron dextran than from iron gluconate (46f superoxide and its dismutation product hydrogen peroxide,
versus0). However, one should note that the types of irocan induce chain reaction formation of highly reactive hy-
dextran preparations differed during this period and that tleoxyl radicals by the Haber-Weiss reaction that may depoly-
reporting monitors for iron gluconate may have been lesserize polysaccharides, fracture DNA, inactivate enzymes,
complete than for iron dextran. More recently, Nissenson aadd initiate peroxidation of the cell membrane lipid bilayer. To
colleagues (83) reported that iron gluconate administration wemunteract rogue free radicals, cells use a primary line of
a safe alternative for patients with iron dextran hypersensitidefense (Table 2) involving superoxide dismutase, catalase,
ity. and glutathione peroxidase. Phospholipid hydroperoxide glu-

The European experience with iron saccharate is basedtathione peroxidase provides a secondary line of defense, lim-
data from Sunder-Plassman and Horl (84), who administerigéichg membrane lipoperoxidation. Antioxidants such as vita-
single doses from 10 to 100 mg to their HD patients. TSAmins E and C may, in part, limit chain reaction formation of
increased in a dose-dependent manner, but decreased ragiély radicals.
within 1 min after the dose. Doses of 40 to 100 mg increasedThe potential toxicity of chronic iron exposure warrants
serum iron when measured 30 min after the dose. The seraamcern for dialysis patients. This concern relates to the fol-
ferritin remained elevated for the entire interdialytic period
only in those who had received a 100-mg dose. “Oversatura-
tion” of transferrin by iron (i.e., TSAT>100%) did not occur Table 2. Mechanisms used to minimize toxic effects of iron
when transferrin Ie_vels exceeded 180 mg/ml. In patients W'[:hrimary prevention—Iron is chaperoned and shielded
very low transferrin levels, TSAT exceeded 100%, but the . ,
absence or presence of adverse reactions was not comment eé( tracellular Fe: transferrin . . .
on. Using iron gluconate, administered over either 30 or 24O%xtracellular.heme: h_a}ptoglobln, albumin, anq hgmo_pexm

.' ! S intracellular iron: ferritin (normal) and hemosiderin (tissue
min, Zanlenet. al. (85) Qetgcted oversaturation in _those who accumulation)
:;V:(;erézgt?%smf;s;s d\il:'/]Igt:]h r:;/%r:).tgr?sq]oen Otrtr:]:?u&f:in;?tﬁg&lg dtranscellullz?lrly: carrier proteins (mobilferritin, transferritin,
these symptor"ns to the presence of frée iron in plasma, resyl- apoferritin) anq chelators (pyrophosphate)_. ,
. . , . ; ' gécondary prevention—Cellular defenses against free radical
ing f_rom dghyery ofa ql_Jantlty of_lron that _tranS|entIy exceede formation
e e e e Py, enoyme systems witn ol
ation of iron from g‘luconate and saccharate complexes pro- superc_mde dysmutas.e,_ catalase, glutathione peroxidase
ceeds more rapidly than for dextran congeners specific enzyme at lipid membrane; .

. ' phospholipid hydroperoxide glutathione peroxidase
. More .recentl.y, .the issue of the appearance of plasma-free antioxidants
iron .dgrlng rapid iron infusion has been s?udled by the_bleq— vitamin E, vitamin C, vitamin A
mycin iron assay (86). In general, bleomycin-detectable iron is ,
not present when iron sucrose infusions contaid0 mg of cellylar chelators of iron
. . S . citrate, ADP, pyrophosphates

elemental iron. However, bleomycin-detectable iron is consis-




2036 Journal of the American Society of Nephrology J Am Soc Nephrol 10: 2029-2043, 1999

lowing potential complications:1) parenchymal iron infiltra-  Figure 6 summarizes the results of one study, conducted
tion; (2) permanent organ damage, including complications b&fore epoetin was routinely used, that correlated ferritin with
cirrhosis, pancreatic fibrosis, cancer, and myocardial infarBES stores in liver and spleen (44). These tissue stores did not
tion; (3) an increased risk of infection; and)(free iron- correlate with those in the bone marrow (44). Most studies of
mediated oxidant tissue injury. During inflammation or ischiron overloaded dialysis patients have included patients who
emia, the presence of iron in tissues may pernicioustgceived parenteral iron and blood transfusions
potentiate oxidative injury. This is particularly relevant be¢44,92,93,98,99). Gokatt al., in the pre-epoetin era, reported
cause chronic inflammatory states are often concomitantstie distribution of serum ferritin levels in 120 maintenance HD

the chronically iron-exposed ESRD population. patients who had received periodic blood transfusions and
parenteral iron dextran (99). In nearly 71% of subjects, ferritin
Tissue Iron Accumulation/Damage levels exceeded 800 ng/ml. More than half of the study pop-

In ESRD, the major risk for iron accumulation stems fromalation had ferritin levels exceeding 1000 ng/ml, a level gen-
either excessive red cell transfusions or excessive parentenallly reflecting iron overload. Hepatic and splenic iron was
iron administration. Bodily iron stores are generaityt g and detected post mortem in 16 of 22 individuals who had elevated
the storage limit of the RES is exceeded at approximately Srgn burden that averaged 8.8 g. However, hepatic fibrosis was
of iron with overflow into parenchymal cells (89). Before thegresent in a single patient. Iron was present in the cardiac
advent of epoetin, iron overload in HD patients was commanyocytes of five patients, but there was no evidence of fibro-
and represented the consequence of repeated blood transifsi- One investigation has attempted to isolate differences in
sions that offset blood losses (Figure 2B). In the anemihe degree of iron overload of HD patients treated for anemia
associated with CRF, red cell iron is shifted into RES storagsclusively by either intravenous iron or blood transfusion
deposits. Iron was deposited principally in hepatocytes af@B). In both groups, ferritin levels ranged from normal to
Kupffer cells during concomitantly depressed periods of eryth-1000 ng/ml. Serum ferritin levels were 3- to fivefold greater
ropoiesis (90). Further iron uptake by nonerythroid tissues wisiron-treated individuals. More than half of these maintained
fostered by downregulation of surface transferrin receptoralues >1000 ng/ml. Iron was present in hepatocytes and
during erythropoietin deficiency. Ferrokinetic studies of suckupffer cells in some patients from both groups. The degree of
untreated HD patients demonstrated direct correlations Hisrosis was mild, but the presence of cirrhosis was not spe-
tween nonerythroid iron turnover, serum iron levels, and trangfically reported. The absence of cirrhosis by liver biopsy was
ferrin saturation. Ultimately, iron overload was demonstratetemonstrated even when ferritin levels approached 3000 ng/ml
in biopsies of marrow and liver (90-93). Elevated serumfter repeated intravenous iron administration. Finally, and
ferritin levels were seen even in those patients who had neeencordant with the above data, parenchymal injury from iron
received exogenous iron (93). overloading is exceedingly difficult to achieve in the experi-

A variety of methods are available for diagnosing iromental setting (100,101).
overload. The “gold standard” remains the assessment of théistinguishing among mechanisms that promote parenchy-
hepatic iron index in a liver biopsy specimen (94). Noninvasiveal iron deposition is important. Hepatic fibrogenesis occurs
means include computed tomography, magnetic resonance after a critical mass of iron has accumulated, approximately 20
aging, and magnetic susceptibility measurement (95). The &-30 mg iron/g dry wt. Hemosiderosis from iron overload
sessment of iron overload in ESRD patients is confounded bgcondary to red cell transfusions is often complicated by the
the normal age-associated increment in iron. If one accepts #uoguisition of transfusion-related hepatitis (102), which, in
following three suppositions: (1) tissue iron overload results
from red blood cell transfusion or excessive parenteral irdn, (

RES storage limits are not exceeded lbtig of iron have

.. 4500
accumulated (96,97), an@)( each nanogram of ferritin per T
milliliter corresponds to approximately 8 mg of storage iron 4000 1
(97), then spillover into parenchymal cells should not occur i%erum 3500 | T
healthy subjects until ferritin levels exceed 625 ng/ml. HOWFerritin
ever, ferritin levels are affected by inflammation. CRP, seru@,‘g/dl_)
amyloid-A, and circulating cytokines are increased in ESR

3000 A

2500 -

patients. Because of the acute phase reactivity of ferritin, the 2000 )
relationship of tissue iron to serum ferritin is altered such that 1500 -

ESRD patients probably have lower levels of tissue iron at any 1000 | @

given level of ferritin, compared to age- and gender-matched -+ N
healthy individuals. If so, tissue iron deposition in CRF pa- 500 1 = % '

tients is unlikely at ferritin levels<625 to 800 ng/ml. How- 0 \ .

ever, there are no contemporary studies that specifically exam- Negative 1+ W 4
ine the relationship of ferritin to tissue iron in patients who are Hepatosplenic Iron Stores

already on or are being initiated into a maintenance hemogigure 6.Relationship of hepatosplenic iron stores to serum ferritin.
alysis program. Adapted fromLancet1: 652—656, 1982.
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turn, facilitates the deposition of iron into the hepatic paremjury where they can generate superoxide, which can reduce
chyma (103). Ethanol-induced or viral hepatic injury magerritin-bound F&* (ferric iron) to Fé" (ferrous iron) and
significantly lower the ferruginous threshold that predisposegnerate free radicals. In experimental models, increased tissue
to the development of cirrhosis. There is little direct evidendeon content amplifies free radical-mediated oxidative tissue
that persuasively links parenchymal damage to an iron ovelamage (111). In addition, iron has been linked to mutagenesis
loaded state in HD patients. Since a diverse group of disordarsd carcinogenesis (112). Chronic inflammation, a frequent
can produce histologic and functional changes in liver (hepeencomitant of dialysis patients, can conceivably prompt the
titis B or C), pancreas (diabetes), and heart (hypertensi@migration of activated circulating leukocytes from the circu-
anemia, coronary artery disease [CAD]), and these disordé&son into iron-rich tissues, and their presence within inflam-
frequently complicate the clinical course of the dialytic patienimatory loci could potentiate ongoing cellular injury. However,
the issue is confounded further. these unfavorable circumstances are mitigated, in part, by
Erythropoiesis is stimulated in the anemic patient treategbregulation of antioxidant systems that protect cells against
with epoetin (Figure 2C). Epoetin induces synthesis and dipoperoxidation (113). Overall, the contributory role of iron to
pression of transferrin receptors on the cell surface by activatich pathogenic events in dialysis patients is controversial.
ing iron regulatory protein-1 (IRP-1). IRP-1 stabilizes the Iron-induced lipoperoxidation and reactive oxygen species
messenger RNA of the transferrin receptor for its subsequdotmation in HD patients have been ascribed to infusions of
translation to receptor protein (104). Consequently, the pref@en dextran and gluconate after their administration as 40- to
ential uptake of iron by the erythron reduces the likelihood &0-mg doses over 15 min (114). Both preparations increased
iron deposition in nonerythroid tissues. Serum ferritin levelé-hydroxinonenal, a marker of lipid peroxidation, by nearly
decrease abruptly after initiation of epoetin in CRF patien®5% within 2 to 4 h after the dose. These increases are modest
(3,105), and in healthy subjects (2,39). In fact, stored iron @d their significance is unclear, since healthy control subjects
mobilized to support new hemoglobin synthesis. Hence, plaave not been studied. The study by Barstal. (86) indicates
renchymal iron deposition should no longer constitute a protiat a rapid 100-mg infusion of iron sucrose is associated with
lem because most patients deprived of iron while receivideomycin-detectable free iron for up to 3 h after the dose.
EPO quickly deplete their iron stores (2,39,105). Moreovedowever, the authors reported no evidence of acute or chronic
further depletion of iron stores occurs in the HD patient due toxicity in their study patients. Other studies have shown that
ongoing treatment- and dialyzer-related blood losses. Irtime oxidative stress that succeeds an iron hydroxide sucrose
overload described in the early epoetin era was in fact treatefusion is of minor degree and attenuated by a single 1200 U
rapidly by periodic phlebotomy and escalating doses of epoetinse of vitamin E (115).
(106,107). Today, very few dialysis patients are iron over- When levels of oxygen free radicals and markers of peroxi-
loaded to the extent seen before availability of epoetin; howation (MDA, advanced oxidation protein products, carbonyl
ever, iron overload may still occur when one of several specifiontent) are examined in HD, the latter are increased, whereas
circumstances occurs. These are a continued requirementtfar levels of intrinsic antioxidants (vitamins C, E, and Q)
blood transfusions, an inability to be successfully treated wittecrease. However, long-term epoetin treatment of anemia,
epoetin, and the presence of the hemochromatosis gene (188)ardless of intravenous iron therapy, does not alter these
Penetrance of the abnormal allele is high; 1 in 300 Caucasigm@ameters, despite marked differences in ferritin levels (116).
is a homozygote and 1 in 10 people is a heterozygote. The latter studies are in keeping with those performed by
Delmas-Beauviewet al. (113), who could not demonstrate
Increased Free Radical Generation from Free Iron  significant erythrocyte membrane lipoperoxidation or changes
The potentially noxious effects of increased iron burden in antioxidant enzyme levels unless anemia was managed
the CRF patients cannot be dismissed. The dialytic procedwaely with parenteral iron. Then, MDA increased and antiox-
itself induces free radical formation (109,110). Free radicaldant enzymes decreased. Taken collectively, the data suggest
are difficult to quantify, and indirect methods have been usdidat there may be some risk from free radical formation asso-
to assess free radical formation. The most direct assays queiated with solitary iron therapy in anemia management, but
tify changes in polyunsaturated fatty acids or advanced oxidast when iron is chronically used@00 mg/mo) in combina-
tion protein products. Less direct methods measure celluteon with epoetin.
malondialdehyde (MDA) content or carbonyl-containing com-
pounds. The least specific method measures thiobarbituric &AD and Myocardial Infarction
id-reactive substances (TBAR). Peroxidation can also be asiron stores in nonazotemic men progressively increase with
sessed by the consumption of antioxidants such as vitaminsage (117). In nonazotemic women, the increase occurs after
C, A, and substance Q (ubiquinone). Finally, changes in antitenopause. To explain the lower incidence of CAD in women
oxidant enzyme systems, including catalase, glutathione p€ri8), Sullivan formulated the “iron hypothesis,” which stated
oxidase, and superoxide dismutase, are also used to infdeth¢hat the large gender differences in myocardial infarction rates
novogeneration of reactive oxygen species. among developed countries could be attributed to the gender-
During periods of oxidative stress, an increased bodily iraelated differences in bodily iron stores. The generation of free
content may represent increased liability for the ill dialysigadicals by iron and the consequent oxidation of LDL-choles-
patient. Leukocytes are known to migrate into areas of tisstexol lent further credence to the theory. The adverse effects of
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iron on CAD were first described in Finland, where it washould not continue to receive iron. Increased iron administra-
shown that the risk of acute myocardial infarction increasein may be a marker for patients who are refractory to epoetin
twofold independently of LDL cholesterol as the ferritin levetegardless of whether a hemoglobin of 11 to 12 g/dl (NKF-
surpassed 200 ng/ml (119). However, other studies using caB&QI guidelines) or 13 to 15 g/dl (Normal Hematocrit Trial)
control or prospective cohort designs have not confirmed @ntargeted. The reason for refractoriness may not always be
increased rate of risk of CAD attributable to iron (120-122). labvious, but includes infection, inflammation, malignancies,
fact, in the NHANES | study, greater iron intake was assocind chronic blood loss. It is currently not possible to optimize
ated with decreased CAD risk (123). In the elderly norerythropoiesis by establishing a level of iron depletion that
azotemic population, mortality from cardiovascular diseastes not impair one’s ability to manage anemia. Clearly, new
and all-cause mortality is associated with lower iron levebnd improved indicators of iron availability that more precisely
(124). Nurko and Young (125) found no relationship betweaeflect iron storage than that currently provided by conven-
baseline ferritin levels and death attributable to cardiovascutarnal iron indices are required. In summary, the available
disease in 2021 patients examined during WAVE | of thevidence does not suggest that any additional cardiovascular
USRDS Mortality Morbidity Study. All-cause mortality over arisk accrues in ESRD patients when ferritin levels are main-
2-yr period was similarly independent of ferritin levels in thigained within the range recommended by NKF-DOQI guide-
analysis. Significantly, multiple covariates were examined imes.
this study, reflecting the prospective format of its data collec-
tion. Two recent reviews have examined the conflicting epinfection
demiologic observations relating iron to CAD and suggest thatMicroorganisms require iron for survival (131). Iron uptake
only future clinical trials can resolve this issue (126,127). by most follows the same steps as occur in the human gut. Iron
Findings in nonazotemic patients are difficult to extrapolats first chelated before its transit into the cell as ferric ion via
to patients with ESRD. For instance, repeated phlebotomyanspecific uptake system. Because of the interaction between
nonazotemic male subjects with ferritin levels200 ng/ml iron and free radicals and the danger to the cell, microbial
reduces the extent of free radical generation as assayedobyanisms, like higher species, have evolved regulatory mech-
TBAR (128). To the extent that declines in TBAR reflechnisms that partition iron from the cytosol and control its
diminished oxidative stress, reducing iron stores might reduassimilation (132). Stored bodily iron is unlikely to render an
the rate of myocardial infarction if carried out over a sufficienbrganism more virulentln vitro, the absence of free iron is
time period. However, there is no existing long-term study thatucial for proper phagocytosis and killing. Any putative effect
confirms this hypothesis even in nondialysis patients. of stored iron would likely proceed through mechanisms in-
Two studies have impugned an increased risk for cardigolving neutrophil dysfunction after release of free iron from
death associated with the repetitive administration of irastorage.
dextran over 5 to 6 mo (21,129). Collins and coworkers found In hereditary hemochromatosis, there is no convincing evi-
a relative risk (RR) for cardiac death of 1.11 in HD patientdence for increased susceptibility to infections other than those
who received at least 1.7 g of iron dextran in a 3- to 6-mdue to Yersiniaspp. (133), a susceptibility shared by HD
period, compared to individuals who did not receive any iropatients (134). Approximately 12% of patients with idiopathic
during a preceding 6-mo entry period (21). Besartll. (129) hemochromatosis die from pneumonia (135), usually those
reported, in gost hocanalysis, an increased risk for all-caus&vho have developed marked organ dysfunction. In animal
mortality in the “normal hematocrit” subgroup of the Normamodels, massive iron excess must accrue to enhance virulence
Hematocrit Trial in patients with cardiac disease. Within thef microorganisms, but the clinical relevance of such models is
normal hematocrit subgroup, the average cumulative iron déxghly doubtful.
tran dose over 6 mo was 372 mg greater in subjects who dieds the risk to ESRD patients significant in view of the fact
than in survivors. The odds ratio (OR) for death was 2.4 fahat neutrophil function is impaired by uremjger se? An
patients who receivedny amount of iron compared to noneincreased incidence of infection has been reported in dialysis
during the 6 mo preceding death or censoring. However, mplatients with iron overload (136-140). The incidence of over-
tivariate analysis was not performed with respect to the hematt infections in ESRD patients in the United States in 1996,
ocrit finally achieved, loss of vascular access and its effect depending on age, was 16 to 24% (141). Many factors foster
Kt/V, or four other important baseline covariates: age, NYHAeutrophil dysfunction in HD patients, including malnutrition,
Il cardiac disability, presence of peripheral vascular disease¢reased intracellular calcium, the dialysis treatmeet se,
and absence of hypertension.post hocanalyses and epide-and low and high molecular weight circulating plasma factors
miologic studies, it is difficult to separate cause from effect. Ad42). In HD patients (143,144) and healthy individuals (145),
a group, the normal hematocrit patients had lower, not highar,vitro studies show suppression of phagocytosis by iron. It is
ferritin levels. Kalantar-Zadeh and Don (130) recently docthis process that is invoked to explain the increased suscepti-
mented that ferritin levels>600 ng/ml reflected increasedbility to infection of HD patients.
morbidity, manifested by increased duration of hospitalization, Patrutaet al. (143) reported that patients with functional iron
more than they reflected iron excess in ESRD patients.  deficiency demonstrated impaired neutrophil function after
Certainly, a patient who demonstrates a progressive increa®ss treatment. The functionally iron-deficient group had a
in ferritin during iron therapy without a hematopoietic responseean TSAT of 16.5% and a mean ferritin of 911 ng/ml, a
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profile more consistent with RES blockade. Moreover, thaspects of this investigation included the acquisition of ferritin
TSAT in the healthy control group was 19.5%, considerablgvels relative to the time of infection and the effect(s) of
lower than that seen in the general population (117). The stuclyvariates, such as the adequacy of dialysis and the type of
found that phagocytosis was diminished in these HD patientemodialyzer membrane used. Importantly, this study was
Polymorphonuclear neutrophiles (PMN) from control patientonducted at a time when 14% of patients were receiving
ingested 90% of organisms, whereas those from HD patiee{soetin to correct anemia. A more recent report from Heien
ingested only 80% of organisms. Intracellular killing by PMNal. examined the risk factors for developing at least one bac-
was significantly decreased from 70% in control patients to 8remic episode in a predominantly epoetin-treated population
to 52% in HD patients whose ferritin levels exceeded 6%nd reiterated that the dominant risk factors for infection were
ng/ml. The baseline oxidative burst capacity of PMN wagresence of a dialysis catheter and a previous episode of
increased in HD patients, but decreased to half-normal afteacteremia (137). Significantly, epoetin-resistant anemia also
stimulation by zymosan. The degree of neutrophil impairmeappeared to be a risk factor. Patients with higher hemoglobin
in HD patients was similar to that seen in nonazotemic iroevels had a RR of 0.7. Neither parenteral iron administration
overloaded patients. Taken together, the data attest that irmm serum ferritin possessed sufficient power to predict infec-
overload as reflected by a ferritin level650 ng/ml can pro- tion.
duce measurable decreases in neutrophil funétiasitro. The Ferritin levels of 500 ng/ml (138) and 1000 ng/ml (140) have
clinical significance of these changes remains enigmatic. been used as putative thresholds for increased infectious risk.
Collins et al. (20) reported that frequent low-dose, but noburing the epoetin era, there has been a marked change in the
high-dose, iron therapy produced a 35% increase in infectiagistribution of the ferritin levels that constitute an increased
related deaths. Their initial report analyzed the survival durifgvel of risk. Before the advent of epoetin, many more HD
the last 6 mo of 1994 of 33,120 Medicare recipients who hamatients had ferritin levels that exceeded 1000 ng/ml than the
survived the first 6 mo. The actual dose of iron given and i&% or less that do so today. Treatment of patients with ferritin
schedule of administration, pulse, or maintenance was Hetels greater than 2000 ng/ml with desferrioxamine decreased
described. Collins’ group has since rendered a more detaileeerall infectious risk (148). Chelation by desferrioxamine
analysis, centered on a claims-based analysis of 309,219 prierapy (148) not only decreases the degree of iron overload,
alent patients and distributed as four, 6-mo survival cohoftsit also increases the degree of erythropoiesis by enhanced
from 1994 to 1995 with a 1-yr follow-up. Patients with cathmobilization of iron to the erythron (149). This effect may be
eters or previous admissions for sepsis (6.4%) were excludeddiated by accelerated carriage of iron from ferritin across
(21,22). The categories of iron use were expanded to 1Be erythroblast membrane, or, alternatively, from enhanced
stratified by frequency of administration and number of vialeell expression of surface transferrin receptors. Thus, increased
Using a reference group that received no iron during a 6-neoythropoiesis negates the infectious risk of iron overload. The
period, the RR for infectious mortality was 1.14 to 1.20 imeduction in risk for infection in iron-overloaded patients after
those who received high-dose, high-frequency intravenous irepoetin therapy is conceivably attributable to improved gran-
(>17 vials over 3 to 6 mo). All-cause mortality was similarlyulocyte function after anemia correction (147,148). It is not
increased. The RR for hospitalization from sepsis was 1.13.dnly the degree of iron overload that is important, but also how
both studies, the important clinical parameters of TSAT, fethe iron is utilized.
ritin level, and mean hematocrit were not available. It is there-
fore impossible to determine whether those who had be&ummary
treated with more iron were more ill than those who had Recombinant epoetin therapy and correction of the chronic
received less. Therefore, it is difficult to establish a physiologememia of renal failure have greatly reduced the number of red
link between iron and the observed results. This aspect shoa#dl transfusions and hence the propensity to iron overload. The
be addressed in future studies. majority of HD patients require intravenous iron therapy to
Simple extrapolation of historical data before the epoetin eaghieve the hematocrit levels that correspond to improved
is inadequate to assess whether there is an increased riskuitome measures. Although the short-term benefits of intra-
infection for HD patients. In view of the known immunosupvenous iron have been clearly defined, the long-term risks of
pressive effects of red cell transfusions (146) and neutrophitravenous iron are less well-defined. Iron overload before the
dysfunction secondary to anemia (147), alternative explarasailability of epoetin constituted a serious problem; our re-
tions that are unrelated to iron administration may contribute Wiew of the literature does not decisively conclude that these
the increased rate of infection of HD patients. Approximatelyatients had more serious bacterial infections or increased
40% of the infectious complications of HD patients are relatadortality when compared with their non-iron overloaded coun-
to the type of vascular access as delineated by Haieal. terparts, unless chronic transfusion-related hepatic disease was
(136). Lower pulmonary tract and urinary tract infections corsuperimposed. Specifically, no data unequivocally confirm that
stitute the remainder of these, and the presence of a cenirah overload from parenteral iron contributes to all-cause
venous catheter represents the strongest predictor of infectmatient morbidity or mortality. Furthermore, therapy that main-
(OR, 31, compared to native fistulas) followed by a history dhins intravenous iron optimal iron stores and replaces iron
prior bacterial infection (OR, 3.9). A ferritin levet500 ng/ml, losses associated with the dialytic procedure does not engender
however, bears a much lower risk (OR, 1.7). Unexaminén overload in the carefully monitored patient. Optimized
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anemia therapy in ESRD requires individualized and specific Sepiacci G, Bortolotti N, Zanello F, Gonano F, Bartoli E: Long
application of epoetin and iron for each patient, and significant term effects of erythropoietin therapy on fistula stenosis and
cost savings can result from such a strategy. Prospective stud- Plasma concentrations of PDGF and MCP-1 in hemodialysis
ies are clearly necessary to define those parameters that reflect Patients.J Am Soc Nephrd8: 1147-1156, 1997 _
adequacy of iron storage in renal failure patients. We shoul4®: Hussein S, Prieto J, O'Shea M, Hofforand AV, Baillod RA,
develop alternative means of iron delivery and develop moni- Moorhead JF: Serum fer.m'n assay and, Iron status in chronic
B . .., renal failure and haemodialysiBr Med J1: 546-548, 1975
tors that accurgtgly dl_scrlmlnate between patients Who W"l?. Worwood M: Serum ferritin. InMethods in Hematologyol. 1,
respond to additional iron therapy and those who will not.  gjiteq by Cook V, New York, Churchill Livingstone, 1980, pp
Whether ferritin should be supplanted by another parameter 5g_gg
and whether iron itself poses an increased risk to those patients. Fishbane S, Kowalski EA, Imbriano LJ, Maesaka JK: The eval-
it has so beneficially served are issues that must be resolved. uation of iron status in hemodialysis patientsAm Soc Nephrol
Until these answers are known, the importance of carefully 7: 2654-2657, 1996
crafted iron therapy cannot be overstated. 19. Boelaert JR, Cantinieaux BF, Hariga CF, Fondu PG: Recombi-
nant erythropoietin reverses polymorphonuclear granulocyte
dysfunction in iron-overloaded dialysis patientéephrol Dial
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