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Summary: During the past decade relevant progress has been 
made in the understanding and treatment of IBD-associated 
anemia. Effective replacement of iron deficits has become safe 
by using novel intravenous iron preparations such as iron su- 
crose. The ability of erythropoietin to interfere with key mecha- 
nisms of myelosuppression in anemia of chronic diseases also 
benefits patients with IBD-associated anemia. Concerns about 
cost effectiveness have been raised and weighed against the 

potential improvement in quality of life. Gastroenterologists 
who are caring for IBD patients should be concerned with low 
hemoglobin levels, since the quality of life in these patients can 
be as low as in anemic patients with advanced cancer. Also 
provided is a structured approach to cost-effective therapy. Key 
Words: Anemia-Iron sucrose-Erythropoietin-Inflamma- 
tory bowel diseases. 

PAYING ATTENTION 

Compared with the average awareness of other ex- 
traintestinal disease complications such as arthritis or 
osteopathy, the topic of anemia in inflammatory bowel 
disease (IBD) receives little attention, if any. A possible 
explanation for this might be low incidence of IBD- 
associated anemia, which, however, is not true. Most 
studies demonstrate that at a random point in time one- 
third of the IBD population suffers from anemia (1). In 
fact intestinal bleeding (either visible blood in ulcerative 
colitis [UC] or occult blood in Crohn’s disease [CD]) is 
a major symptom of IBD itself, and a drop in red blood 
cell count occurs with each flare-up. It is true that anemia 
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may occur asymptomaticly; however, the term “asymp- 
tomatic” reflects that impairment in quality of life, cog- 
nitive functions, or ability to work may go unrecognized 
by patients and doctors. This is a non-IBD-specific, gen- 
eral characteristic of anemia and is noticed not only by 
hematologists, but also nephrologists, gastroenterolo- 
gists, and hepatologists who care for the majority of ane- 
mic patients. Gastroenterologists could learn from the 
experience of nephrologists who have learned their les- 
son in the recent past (2,3). They showed that the process 
of adaptation to chronic anemia was in fact adaptation to 
a lower quality of life and consequently changed their 
treatment plans. 

In this article I will extend on a recent overview pub- 
lished in Inflammutory Bowel Diseuses (4), and draw the 
reader’s attention to the progress since then. My goal is 
to provide simple tools for a step-wise approach to un- 
derstanding IBD-associated anemia and to give a practi- 
cal strategy for planning effective therapy. I will focus on 
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iron deficiency and the mechanisms of chronic disease, 
and not on anecdotal contributors to IBD-associated ane- 
mia such as glucose-6-phosphate dehydrogenase defi- 
ciency, autoimmune hemolysis, myelosuppression, vita- 
min B 12, or folate deficiencies (4). 

BASIC ASPECTS OF IRON METABOLISM 

Iron Uptake 

Iron passes from the gut lumen through the apical and 
basolateral membrane of enterocytes of the duodenum 
and the upper jejunum. Usually every day, 1-2 mg are 
absorbed, and the same quantity is lost through epithelial 
turnover in the skin and gut (Fig. 1). Iron balance in the 
body is maintained by regulation of iron absorption. In- 
ternalized iron binds to transferrin (TO and is transported 
in the plasma. This plasma iron pool represents a very 
small percentage of total iron, which in adults is between 
3.5 and 5.0 g, mainly bound to hemoglobin (Hb) (Fig. 2). 
This is important when measuring plasma iron concen- 
tration or Tf saturation. 

The bilobal nature of Tf contains two iron binding 
sites. Under physiological conditions about 3040% of 
these binding sites are occupied (resembling Tf satura- 
tion). Tf-bound iron is taken up by the Tf receptor (TfR) 
into target cells, primarily erythroid progenitor cells but 
also immune or liver cells. Iron is an important cofactor 
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FIG. 1. Iron metabolism in adult males. Every day, 1-2 mg of 
elemental iron are absorbed in the proximal small bowel and 
bound to transferrin. Transferrin-bound plasma iron is mainly 
transported to the bone marrow and used for erythropoiesis (30 
mg/day). A balanced amount of iron is released daily after eryth- 
rocyte damage. Macrophages phagocytize damaged red blood 
cells, process Hb iron, and return it to plasma transferrin. There 
is also continuous backflow from transferrin-bound plasma iron 
into iron stores (RES, reticulo endothelial system). Under physi- 
ological conditions, iron leaves the body through shedded skin 
cells, intestinal epithelial cells, or through hair. In females most 
iron is lost with menstrual blood. 

Hemoglobin 
61 % 

0.07% 
FIG. 2. Distribution of total body iron (3.5-5.0 g) in adults. More 
than one-half of total iron in the body is bound to hemoglobin, and 
more than one-third to intracellular ferritin and myoglobin. How- 
ever, the function of every cell in the body depends on a small 
amount of iron in specific enzymes such as mitochondria1 cyto- 
chromes. When relating the little proportion of transferrin-bound 
iron to its importance in body iron distribution, the apparent limits 
of systemic iron delivery become obvious. 

of many intracellular proteins or enzymes such 3s mito- 
chondrial cytochromes or ribonucleotide reductase, and 
is needed in every cell of the body. 

After binding of Tf to the receptor, the complex enters 
the cell by formation of an endosome (5). The pH within 
the endosome is lowered by an energy-dependent proton 
pump, iron is released from Tf, and may diffuse into the 
cytosol. The apotransferrin-TR complex is then returned 
to the plasma membrane where apotransferrin (which has 
a lower affinity for the receptor than Tf) is released and 
the TfR is free to repeat the process. 

A truncated form of the Tf receptor molecule (lacking 
cytoplasmic and transmembrane domains) can be de- 
tected in human serum. This soluble TW (sTfR) is the 
result of shedding TfR from the cell surface by proteo- 
lytic cleavage (6), and is proportional to the total amount 
of surface TfR (7). Elevated levels of sTfR indicate iron 
deficiency and high-rate erythropoiesis (8,9). Despite the 
fact that cytokines and nitric oxide may interfere with 
TW expression (lo), the s T R  is reported to distinguish 
between iron deficiency alone and the combination of 
iron deficiency and anemia of chronic disease (1 1). 

Regulation of Intracellular Iron Concentration 

Intracellular iron deficiency upregulates cellular TfR 
expression to counteract iron intracellular iron needs 
(12). TfR expression is regulated posttranscriptionally by 
interaction between iron-regulatory proteins (IRP) and 
the iron-responsive elements (IRE) present on the 3'- 
untranslated region of its mRNA (13). The intracellular 
iron concentration changes the affinity of IRP to bind to 
IRE: Low iron concentrations cause high affinity binding 

Inflammatory Bowel Diseases@', Vol. 6, No. 2, May 2000 



I44 C. GASCHE 

and vice versa. Binding of IRP to IRE at the 3‘- 
untranslated region of TfR mRNA protects it from deg- 
radation and increases TfR expression (in order to en- 
hance iron uptake). Binding of IRE’ to IRES located at the 
5’-untranslated regions of ferritin or 5-aminolevulinic 
acid (ALA-S, the key enzyme of hb biosynthesis) syn- 
thetase mRNAs represses translation and protein synthe- 
sis ( I  4). In contrast, high intracellular iron concentra- 
tions cause T W  degradation and induce ferritin and 
ALA-S expression. 

Ferritin consists of an apoprotein shell, made from a 
composition of 24 heavy and light chain subunits, en- 
closing a core of iron that may contain up to 4,500 atoms. 
The main function of fenitin is to provide an intracellular 
pool of iron that may be used for synthesis of iron- 
dependent proteins. The amount of ferritin in circulation 
is directly related to its intracellular quantity and gener- 
ally reflects the amount of iron resources. Inflammation 
and neoplasia are associated with a significant rise in 
serum ferritin levels. The response of serum ferritin to 
inflammation suggests that it acts like an acute phase 
protein. As a result, inflammation can cause false eleva- 
tions of ferritin levels or bring ferritin levels of patients 
with true iron deficiency into the normal range (1 8-300 
F g L ) .  This phenomenon has been well studied in rheu- 
matoid arthritis (15) and IBD (16), with subsequent ad- 
justment of the lower ferritin limit to 55 k g / L .  

Role of Iron for Hemoglobin Syntheses 

Most importantly, Hb synthesis depends on availabil- 
ity of intracellular iron in erythroid precursor cells. 
ALA-S is regulated parallel to ferritin by interaction of 
IRP with IRE on the 5’-untranslated region of its mRNA. 
Thus, Hb biosynthesis only starts when intracellular iron 
concentrations are high. Hb itself holds about 60% of 
total body iron (Fig. 2). As iron itself regulates the syn- 
thesis of related proteins, iron metabolism can be ob- 
served by measurement of these proteins (mainly Hb, Tf, 
sTfR, and fenitin). As pointed out above, the plasma iron 
concentration itself is only a poor diagnostic tool. 

Immunologic Properties of Iron 

Iron is not only essential for erythropoiesis, growing 
microorganisms, or tumor cells but is also crucial for 
proliferation and function of immune cells. Iron plays a 
critical role in macrophage-mediated cytotoxicity by 
catalyzing the production of reactive oxygen species. In 
reverse, oxidative stress and nitric oxide stimulate the 
binding of IRP to IRE loops and interfere with expres- 
sion of TfR and ferritin (14,18). Iron-loaded macro- 

phages also exhibit reduced interferon-? responsiveness, 
TNF-a production, and NO formation (17). 

IRON METABOLISM IN IBD 

IBD-associated anemia is a unique example of the 
combination of chronic iron deficiency and anemia of 
chronic diseases (ACD). Iron deficiency in IBD results 
mostly from chronic intestinal blood loss (19). Occasion- 
ally iron absorption may be impaired in the duodenum or 
upper jejunum of CD patients (20). In general, however, 
the iron absorption capacity in CD or UC is normal. 
Regarding chronic intestinal bleeding of IBD patients, 
the increase in iron loss may exceed the ability of iron 
absorption, which can result in a negative iron balance. 
Dietary restrictions may also contribute to a general re- 
duction of total body iron. 

Beside deficiencies in total body iron, chronic inflam- 
mation mediates mechanisms of iron withholding from 
the plasma pool. Upregulation of ferritin and downregu- 
lation of Tf synthesis are part of the acute phase re- 
sponse. This leads to a shortage in Tf-bound plasma iron, 
also referred as functional iron deficiency (21). This term 
describes the inability of the iron transportation system 
to deliver adequate amounts of iron from the storage pool 
to the bone marrow. 

ANEMIA OF CHRONIC DISEASES 

The production of inflammatory cytokines within in- 
flamed bowel segments not only perpetuates the inflam- 
matory reaction within the bowel, but also has important 
systemic effects on bone marrow stem cells. The term 
ACD was first used by Cartwright (22). The understand- 
ing of the interaction between inflammatory cytokines 
and erythropoiesis has grown in past decades (23.24). 
Interferon-y, IL-1, and TNF-a, as well as IL-6, are play- 
ers in this field. The mechanisms of ACD are similar in 
different diseases such as rheumatoid arthritis, IBD, 
chronic infection, or malignancy. Both ineffective eryth- 
ropoiesis and reduced red blood cell life span contribute 
to ACD. 

Three important mechanisms have been identified: 

1. Iron withholding from the plasma with inadequate 
delivery to the bone marrow, so called functional iron 
deficiency (mostly mediated by IL- 1, TNF-a) 

2. Direct inhibition of erythropoiesis at the level of 
BFU-E- and CFU-E (by interferon-y) (25) 

3. Inhibition of erythropoietin (EPO) production (by 1L- 
1, TNF-a, IL-6) (26) 
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In vitro studies indicated that interferon-y-induced in- 
hibition of erythropoiesis may be overruled by addition 
of EPO (27). 

With an impaired autologous EPO production, this po- 
tential EPO effect (to overrule interferon-y-induced in- 
hibition of erythropoiesis) provides the experimental ba- 
sis for treatment of ACD with rHuEPO. 

From potential mediators of ACD, IL-6, as systemi- 
cally upregulated in flare-ups of IBD (28), has also been 
investigated for its potential impact on IBD-associated 
anemia. The dominance of iron deficiency, however, 
might have obscured any relation of this cytokine to the 
occurrence of anemia (1). The same study showed that 
serum EPO levels are inadequately low to the degree of 
anemia. The latter finding was supported by the obser- 
vation that some IBD patients who had anemia despite 
replete iron stores responded well to this erythroid 
growth factor (29). 

ERY THROPOIETIN 

The hematopoietic system must maintain a steady- 
state level of circulating blood cells and respond to acute 
challenges. Through constant turnover, hematopoietic 
cells are removed from the system after damage. This is 
particularly true for red blood cells, which are eliminated 
after an average lifespan of 120 days. Various hemato- 
poietic growth factors have been identified that ensure a 
proper balance of both the broad spectrum of blood cells 
and their specific counts. EPO has been identified as one 
of the key regulators of red blood cell development. Iso- 
lation and molecular cloning enable large amounts of this 
molecule to be synthesized and used for treatment of 
various forms of anemia (30-34). EPO interacts with its 
receptor, which is mainly expressed on erythroid pro- 
genitor cells such as BFU-E and CFU-E and causes four 
effects (35): maintaining viability, promoting cell divi- 
sion, increasing Hb synthesis, and fostering morphologi- 
cal maturation. The specificity of the EPO effect limits 
the array of possible adverse events. In IBD patients, 
only local pain at the injection site was reported. Throm- 
bosis, hypertension, and seizures may, however, occur in 
renal patients. The expression of EPO receptors on some 
endothelial cells and in the brain may partially contribute 
to these findings. 

TREATMENT OF IBD-ASSOCIATED ANEMIA 

Definition of Goals 

Besides the change in Hb levels, the primary thera- 
peutic goal is to improve quality of life. It was quite 

amazing when we first realized that the quality of life in 
our anemic CD patients was as low as in anemic patients 
with advanced cancer (36). Effective therapy, however, 
improved not only the patients’ hematocrit but also their 
general well-being causing an average drop in the 
Crohn’s Disease Activity Index of 120 points (37). Spe- 
cifically, well-being, mood, physical ability, and attend- 
ing social activities accounted for most of the improve- 
ment in quality of life. Other recorded improvements are 
the relief of disturbed sleep or erectile dysfunction and 
increase in sexual desire. We should keep in mind that 
the normalization of Hb levels might have the same im- 
pact on quality of life as the normalization of bowel 
movements or abdominal pain. 

Blood Hb should be considered as a convenient moni- 
tor of a treatment effect. For study purposes, patients 
with Hb I 10.5 g/dl are regarded to have severe anemia. 
A response to a specific intervention is usually defined 
by an increase in Hb of 2 2.0 g/dl. Studies in iron- 
deficient (ferritin, 12 pmgL) and nonanemic (Hb > 12.0 
g/dL) high school students showed that cognitive perfor- 
mance can be further improved by oral iron supplemen- 
tation (38). This finding questions an Hb of 12.0 g/dl as 
the final therapeutic goal. It has been suggested to set the 
Hb target value above 13.0 g/dl. In dialysis patients, a 
rise in Hb was shown to improve intellectual function 
(39,40). We assume the same effect in IBD patients. 

As pointed out above, the mechanisms of IBD- 
associated anemia involve iron deficiency and ACD. 
Treatment strategies should be directed against both. 

Iron Therapy 

Oral Iron Preparations 

Oral iron supplements contain iron in the form of fer- 
rous salts or iron polysaccharide (ferrous sulfate, ferrous 
gluconate, ferrous fumarate, or iron polymaltose com- 
plex). Although there are different galenic formulations 
available, no clear evidence supports the superiority of 
any specific agent. In general, enteric-coated formula- 
tions should be avoided, because they may released their 
iron content beyond the intestinal side of maximal iron 
absorption. The efficacy of oral iron preparations in pa- 
tients with IBD may be hindered by two important fac- 
tors: 

1. Patient compliance: Patients’ compliance of taking 
oral iron preparations decreases with gastrointestinal 
side effects. Nausea, bloating, diarrhea, and upper 
gastrointestinal pain are frequent side effects in the 
IBD population. The cause of these symptoms is not 
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well understood but may involve intestinal formation 
of free oxygen radicals (41). 

2. High iron needs. The iron requirement to correct ane- 
mia in 1BD can be estimated by the approximation 
that an increase of 1 g/dl serum Hb corresponds to 
150 mg iron. Anemic disease states in IBD are also 
associated with exhausted iron reserve pools. The to- 
tal amount of iron needed can be estimated as follows 
(42): Iron needed for Hb synthesis (mg) = (14.0 - 
baseline Hb [in g/dl]) x 3.47 [mg irotdg of Hb] x 0.6 
[dl of bloodkg body weight] x body weight [in kg]. 
Iron needed to fill reserve (mg) = 400 x [(In250 - 
ln12) - (In baseline ferritin - ln12)]. Total iron re- 
quirement (mg) = iron Hb deficit (mg) + iron reserve 
deficit (mg); 14.0 is considered the intended posttreat- 
ment Hb concentration; 400 is an empirical constant 
and 250 is the target posttreatment ferritin level. If 
baseline ferritin is less than 12, the storage iron is 
taken as 0. 

The projected total iron requirement for a 70 kg pa- 
tient with Hb 8.0 g/dl and a ferritin of 15 pg/l would be 
approximately 1,995 mg. Presuming a high iron absorp- 
tion ( 1  0% of 200 mg/day), perfect compliance, and no 
continuous blood loss, oral iron therapy would need 100 
days to replace such an iron deficit. Most patients, how- 
ever, are continuously losing blood, have less daily ab- 
sorption, and do not tolerate this amount of oral iron. A 
controlled trial in this setting has shown that oral iron 
substitution alone may not be sufficient to compensate 
ongoing blood loss (43) (Fig. 3A). Because of these limi- 
tations, the place for oral iron preparations is prevention 
(Hb > 12.0 g/dl) and moderate anemia only (Hb > 10.5 
g/dl) (Fig. 5) .  
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Intravenous Iron Preparations 

To overcome the obstacles of oral iron therapy, par- 
enteral iron preparations are needed. The direct admin- 
istration of iron into circulation requires formulation that 
prevents the cellular toxicity of iron salts (44). Three 
different products are available: 

Iron dextran is a stable type of parenteral iron prod- 
uct. Its molecular weight is between 100 and 500 kD. 
These iron complexes show high structural homoge- 
neity and thus only slow delivery of complexed iron 
to endogenous iron binding proteins. They are taken 
up from the plasma by the reticulo endothelial system 
(RES) (complexes are actively phagocytized by mac- 
rophages). Its plasma half-life is rather long (3 to 4 
days). After intracellular degradation of the complex, 
iron may be released from macrophages, reenters the 
plasma, and becomes available for Hb synthesis. The 
release process, however, may be blocked by cyto- 
kines in systemic inflammation (see above). The dex- 
tran molecule may also cause well-known dextran- 
induced anaphylactic reactions. The stability of the 
dextran complex allows administration of high single 
doses. 
Since the molecular weight of iron sucrose (which is 
the same as iron saccharate) is much smaller (30-100 
kD), allergic reactions are less likely and there is no 
risk of dextran-induced anaphylactic reactions. Iron 
sucrose is a partially stable type of intravenous iron 
with medium kinetic degradation and partial uptake of 
released iron by apotransferrin or apoferritin but also 
by cells of the RES. Its half-life is relatively short 
(about 90 minutes). 
lron gluconate is a 

B 
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FIG. 3. Importance of parenteral iron 
support in IBD-associated anemia. 
Different outcomes of two controlled 
trials testing the efficacy of rHuEPO in 
IBD-associated anemia are plotted 

ies were comparable in the baseline 
hemoglobin levels and total rHuEPO 
dosage (A: 200 Ulkg, 2xlweek for 12 
weeks. B: 150 U/kg, 3x/week for 8 
weeks). On oral iron therapy alone, 
the mean hemoglobin level dropped 
over the 12 week study period (A). In 
contrast, intravenous iron sucrose 
alone (B) caused a significant hemo- 
globin increase within 8 weeks that 
was even faster and higher with ad- 
ditional rHuEPO. Note that iron su- 
crose is more effective and less ex- 
pensive (about US$250) than a com- 
bination of oral iron and rHuEPO 
(about US$3,000). 

[Plot A: (43); Plot B: (37)]. Both Stud- 
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radation and only direct uptake to plasma proteins 
(apotransfemn, apoferritin, others). Potential toxicity 
of iron gluconate is referred to as oversaturation of Tf 
binding capacity (45). Free iron induces cell damage 
with clinical symptoms of capillary leak syndrome 
(dyspnea, edema, hypotension, and tachycardia). Be- 
cause of more side effects and less efficacy, the in- 
tramuscular or subcutaneous route of parenteral iron 
administration is obsolete. 

When we designed our first clinical trial in IBD- 
associated anemia, there was great concern over the risk 
of anaphylactic reactions to iron dextran. Therefore, we 
decided to use iron sucrose, which is tolerated well es- 
pecially when used as a dilute solution (46-49). In past 
years, over 1,000 iron sucrose infusions were adminis- 
tered at the Vienna IBD center as part of controlled trials 
without serious adverse events (37,50). One infusion was 
prepared with 10 ml iron sucrose, corresponding to 200 
mg Fe (111) (previous name: Ferrum Hausmann, new 
name: Venofer, Vifor International Inc., St. Gallen, Swit- 
zerland), diluted in 250 ml of a 0.9% sodium chloride 
solution and given intravenously over 60 minutes. At an 
infusion speed below 4 mg Fe/min, oversaturation of 
plasma iron binding capacity (released iron is mainly 
captured by Tf but also by albumin and other proteins) 
and the potential risk of a capillary leak syndrome (due 
to free iron) can be avoided. In our trials iron sucrose 
infusions were given twice during the first 2 weeks and 
once a week thereafter. After 4 weeks, approximately 
65%, and after 8 weeks, 75% of patients responded to 
this regimen (receiving a total of 2,000 mg iron sucrose) 
(Fig. 3B). 

Recombinant Human Erythropoietin (rHuEPO) 

Specific drugs for treatment of ACD have not yet been 
developed. Antiinflammatory drugs may have the po- 
tency to inhibit cytokine production but may also inhibit 
erythropoiesis themselves (e.g., azathioprine). rHuEPO 
has been studied in a variety of types of ACD (34). With 
concomitant oral iron therapy, the therapeutic potency of 
rHuEPO in IBD-associated anemia is limited by the rate 
of intestinal iron absorption (mean Hb increase 1.7 g/dl 
within 12 weeks) (Fig. 3A) (43). Only when iron sucrose 
is used as an iron supplement is rHuEPO able to exert its 
full potency on stimulating erythropoiesis (mean Hb in- 
crease 4.9 g/dl within 8 weeks) (Fig. 3B) (37). The 65- 
75% of IBD patients responding to iron sucrose alone 
points to the high cost-efficiency of this drug. 

By inclusion of rHuEPO into the therapeutic plan, the 
use of parenteral iron in IBD-associated anemia is di- 

rected into Hb synthesis rather than iron stores. When we 
tested the efficacy of rHuEPO versus placebo (while all 
patients received concomitant iron sucrose), Hb, serum 
ferritin levels, and Tf saturation increased in both treat- 
ment groups (rHuEPO and placebo). Previously unpub- 
lished data show that rHuEPO treated patients had less of 
an increase in ferritin or Tf saturation than the placebo 
group (Fig. 4), who had less rise in Hb levels (Fig. 3B). 
No change in C-reactive protein was observed indicating 
that the increase in ferritin is a true increase in iron 
storage rather than a change in inflammatory activity. 
This shows that rHuEPO directs plasma iron traffic to- 
wards erythropoiesis, which actually is the prime goal of 
this costly therapy in IBD-associated anemia. 

When it became clear that iron sucrose is the most 
cost-effective therapy for CD-associated anemia, we 
tested the same treatment protocol in UC-associated ane- 
mia (50). Although it was harder to identify eligible pa- 
tients (severe chronic anemia not responding to oral iron 
therapy is less common in UC than in CD), the results 
were similar: 65% of patients improved with iron sucrose 
within 4 weeks and 80% after 8 weeks. Those who did 
not respond within 8 weeks improved by addition of 
rHuEPO. At this point we realized that virtually all pa- 
tients with IBD-associated anemia could be successfully 
treated with the combination of iron sucrose and 
rHuEPO. Further attempts were made to prevent blood 
transfusions in IBD, even in the setting of IBD-related 
surgery. By preoperative therapy with iron sucrose and 
rHuEPO, IBD patients were able to donate adequate 
amounts of autologous blood, thus preventing the need 
for intra- or postoperative homologous blood transfu- 
sions. The concept of rHuEPO for treatment of selected 
patients with IBD-associated anemia also proved to be 
safe and effective in children (51). 

Prediction of Response to Intravenous Iron Therapy 

In terms of cost, rHuEPO should be reserved for pa- 
tients not responding to intravenous iron. This relates to 
approximately one-third of patients with severe anemia 
(Hb S 10.5 g/dL). The ability to predict this resistance to 
intravenous iron saves time and effort. A multicenter trial 
that aimed to identify parameters with predictive impact 
on the response to iron sucrose in IBD-associated anemia 
and involved 103 patients was recently completed 
(Gasche, et al., unpublished observations). Out of a se- 
ries of baseline parameters chosen from indicators of 
iron deficiency and inflammatory activity, serum EPO 
levels, sTfR and Tf were most accurate for prediction of 
treatment response. An estimated 80% probability of 
treatment response was shown for serum EPO levels 
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FIG. 4. Erythropoietin directs plasma iron traffic towards erythropoiesis rather than iron stores. Ferritin, transferrin saturation, and 
C-reactive protein levels at baseline and after therapy with iron sucrose (total dosage 2,000 mg in 8 weeks) (37). Data show that 
rHuEPO-treated patients who had a greater rise in Hb levels (AHb: 4.9 * 1.1 versus 3.3 j, 1.7 g/dl, p = 0.004) (Fig. 38) had less of an 
increase in ferritin and transferrin saturation than the placebo-treated patients. Stable C-reactive protein levels indicated that the inflam- 
matory activity was unchanged, and could not explain the pronounced increase in ferritin or transferrin saturation in the placebo patients. 

above 166 U L ,  sTfR above 75 nmol/L, or Tf above 3.83 

STRATEGIC PLAN 

In regard to limited medical resources and the high 
cost of rHuEPO, it is our understanding that therapy with 
rHuEPO should be restricted to those patients who do not 
respond to iron sucrose alone. The ability to predict this 
group of patients by measurement of baseline EPO, Tf, 

Hemoglobin 

or sTfR levels is the basis for early classification of 
patients with severe anemia (Fig. 5). Those with low 
levels of these specific parameters will benefit most from 
concomitant rHuEPO therapy. From these parameters. Tf 
is likely to become the most practical. A baseline Tf 
concentration of 3.5 g/L relates to a 75% probability, 3.0 
g L  to a 63% probability, and 2.5 g/L to a 50% prob- 
ability of response to iron sucrose alone. We now start 
combined rHuEPO therapy in patients with a Tf of less 
than 3.0 g L .  After the therapeutic goal has been reached, 

+ 
Ferritin 6 5  pgli I i Transferrin >3.0 g/l7 

Yes 

Iron sucrose 

E thropoietin 

Iron sulfate Iron sulfate Iron sucrose 
[50-100 Q l d ]  [200mg~lnfusion, Zxlweek] 

I [I50 &g. 3xlweek s.c.] 
No response af$r 4 weeks 

I lrons+ucrose I 
E thropoietin I [150 Urkg, 3xlweek s.c.] 1 

FIG. 5. Therapeutic algorithm in IBD- 
associated anemia. The primary pa- 
rameter of anemia and iron deficiency 
is hemoglobin (Hb). In cases of Hb z 
12.0 g/dl and low ferritin, a moderate 
dose (50-100 mg/d) of oral ferrous 
salts could improve cognitive function 
without causing side effects. This 
dose should also be sufficient for pre- 
vention of anemia. In patients with 
moderate anemia (Hb 10.5-12.0 
g/dl), high-dose oral iron preparations 
are necessary. At an Hb c 10.5 g/dl, 
iron sucrose is the treatment of 
choice. Erythropoietin is indicated in 
patients with high likelihood of treat- 
ment failure (baseline transferrin < 
3.0 g/l) or when Hb does not increase 
at least 2.0 g/dl within 4 weeks of 
therapy. 
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all patients can be switched to oral iron preparations (as 
long as they tolerate them). Oral iron might also work for 
patients with moderate anemia (Hb > 10.5 g/dl). 

When working with IBD patients, there are good rea- 
sons to pay more attention to hemoglobin levels then 
ever before. Anemia in IBD is still a frequent complica- 
tion, affecting cognitive function, ability to work, and 
general well-being, and can be effectively prevented or 
treated. We all know that none of our treatment options 
changes the chronicity of IBD. As long as we cannot cure 
these diseases, the optimization of supportive care is the 
way to improve our patients’ quality of life. 
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