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Abstract
The prevalence of anemia across studies on patients 
with inflammatory bowel disease (IBD) is high (30%). 
Both iron deficiency (ID) and anemia of chronic dis-
ease contribute most to the development of anemia 
in IBD. The prevalence of ID is even higher (45%). 
Anemia and ID negatively impact the patient’s quality 
of life. Therefore, together with an adequate control 
of disease activity, iron replacement therapy should 
start as soon as anemia or ID is detected to attain a 
normal hemoglobin (Hb) and iron status. Many pa-
tients will respond to oral iron, but compliance may be 
poor, whereas intravenous (IV) compounds are safe, 
provide a faster Hb increase and iron store repletion, 
and presents a lower rate of treatment discontinua-
tion. Absolute indications for IV iron treatment should 
include severe anemia, intolerance or inappropriate 
response to oral iron, severe intestinal disease activity, 
or use of an erythropoietic stimulating agent. Four dif-
ferent products are principally used in clinical practice, 
which differ in their pharmacokinetic properties and 
safety profiles: iron gluconate and iron sucrose (lower 
single doses), and iron dextran and ferric carboxymalt-
ose (higher single doses). After the initial resolution of 
anemia and the repletion of iron stores, the patient’s  
hematological and iron parameters should be care-
fully and periodically monitored, and maintenance iron 
treatment should be provided as required. New IV 
preparations that allow for giving 1000-1500 mg in a 
single session, thus facilitating patient management, 

provide an excellent tool to prevent or treat anemia 
and ID in this patient population, which in turn avoids 
allogeneic blood transfusion and improves their quality 
of life.
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INTRODUCTION
When body iron stores are depleted, iron supplementa-
tion seems beneficial, although the optimal route of  ad-
ministration remains controversial. Oral iron supplemen-
tation is adequate in some clinical conditions. Adminis-
tration of  oral iron, in the absence of  inflammation or 
significant ongoing blood loss, can correct the anemia, 
provided significant doses can be tolerated. However, 
although conventional wisdom “says” that up to 200 mg 
of  elemental iron per day is required to correct iron de-
ficiency anemia (IDA), this is probably incorrect[1]. Early 
studies indicated that the co-administration of  iron with 
ascorbic acid (vitamin C) might be of  benefit in enhanc-
ing iron absorption, since, in theory, more ferrous iron is 
maintained in solution. However reports indicated that 
such co-administration can induce severe toxicity in the 
gastrointestinal tract[2]. Moreover, classically, oral iron in-
take separately from meals is recommended for increas-
ing its absorption but this enhances digestive intolerance 
and, therefore, decreases compliance. In addition, the ab-
sorption of  iron salts can be diminished by co-administra-
tion of  some antibiotics (mainly quinolones, doxycycline, 
tetracyclines, chloramphenicol or penicillamine); proton 
pump inhibitors and anti-acid medication (aluminum, 
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bicarbonate, zinc or magnesium salts), levodopa, levo-
thyroxine, cholestyramine, phytates (high fiber diets), soy 
products, ibandronate, etidronate, tannates, calcium, and 
phenolic compounds (coffee, tea), whereas amino acids 
seem to act as enhancers of  iron absorption[3].

On the other hand, non-absorbed iron salts may pro-
duce a variety of  highly reactive oxygen species including 
hypochlorous acid, superoxides and peroxides that may 
lead to digestive intolerance, causing nausea, flatulence, 
abdominal pain, diarrhea or constipation, and black or 
tarry stools, and perhaps could activate relapsed inflam-
matory bowel disease (IBD)[2].

Although preoperative oral iron has shown to be ef-
ficacious in uncomplicated IDA, in anemia of  chronic 
disease (ACD) [e.g. Crohn’s disease (CD)], as well as in 
that associated with acute inflammation (e.g. postopera-
tive period after gastrointestinal surgery), the effective-
ness of  oral iron administration is rather limited since 
absorption is down-regulated, and the small amount of  
iron absorbed is directed to the reticulo-endothelial sys-
tem (RES), where it is sequestered[4]. 

In these situations, intravenous (IV) iron has emerged 
as a safe and effective alternative for IBD anemia man-
agement. This takes into consideration factors such as 
intolerance of  or contraindications to oral iron, severe 
anemia (especially if  accompanied by significant ongoing 
bleeding), short time to surgery, need of  a fast recovery 
or the use of  erythropoiesis-stimulating agents (ESAs)[5]. 
Because daily iron absorption is only 1-2 mg (up to 10 mg 
in deep ferropenia), for patients presenting with moder-
ate to severe anemia at least three to 4 mo of  oral iron 
administration are needed to correct hemoglobin (Hb) 
levels and replenish iron stores. As IV iron can allow up 
to a five-fold erythropoietic response to significant blood-
loss anemia in normal individuals[6], Hb starts rising in a 
few days, the percentage of  responding patients is higher 
and iron stores are replenished. Boosting iron stores is an 
advantage, particularly for patients receiving ESAs[7].

INTRAVENOUS IRON AGENTS
All IV iron agents are colloids with spheroidal iron-
carbohydrate nanoparticles. Each particle consists of  an 
iron-oxyhydroxide core (Fe3+) and a carbohydrate shell 
that stabilizes the iron-oxyhydroxide core. Differences in 
core size and carbohydrate chemistry determine pharma-
cological and biologic differences between the different 
iron complexes, including clearance after injection, iron 
release in vitro, early evidence of  iron bioactivity in vivo, 
and maximum tolerated dose and rate of  infusion[8,9]. 
Complexes can generally be classified as labile or robust 
(kinetic variability), and as weak or strong (thermody-
namic variability), with all possible intermediates. Four 
different products are mostly used in clinical practice: 
iron gluconate, iron sucrose, iron dextran, and iron car-
boxymaltose[2,10,11] (Table 1).

Iron gluconate
Iron gluconate has a core tightly bound to gluconate 

and weakly associated with sucrose (molecular weight 
38 kDa), and is a type Ⅲ iron complex (labile and weak) 
with fast degradation kinetics and direct release to 
plasma proteins (apotransferrin, apoferritin, and others). 
The potential for acute adverse reactions related to labile 
iron release after IV injection, which is caused by over-
saturation of  the transferrin binding capacity, is higher 
with iron gluconate compared to the other available IV 
iron preparations. Non-transferrin-bound labile iron may 
induce acute endothelial cell injury and a transient capil-
lary leak syndrome. Clinical symptoms of  iron acute tox-
icity include nausea, hypotension, tachycardia, chest pain, 
dyspnea (lung edema), and bilateral edema of  the hands 
and feet, and should not be misread as anaphylaxis[9]. To 
avoid these side effects, the maximum recommended 
dose is 125 mg; whereas the administration of  total dose 
is not recommended. The use of  iron gluconate for iron 
deficiency (ID) in patients on dialysis has been found to 
be efficacious and safe[8,9].

Iron sucrose
Iron sucrose has a core tightly bound to sucrose (mo-
lecular weight 43 kDa), and is a partially stable type with 
medium degradation kinetics and partial uptake of  re-
leased iron by plasma proteins such as (apo)-transferrin 
but also by the RES (Type Ⅱ: semi-robust and moder-
ately strong). Its half  life is relatively short (5-6 h) and 
the amount of  iron transported by transferrin, calculated 
using the Michaelis-Menten model for a single dose con-
taining 100 mg of  iron, is around 30 mg Fe3+/24 h[12]. 
Following a single IV injection of  100 mg iron sucrose 
to anemic patients, up to 95% of  the injected iron was 
utilized within 2-4 wk. During the last few years, experi-
ence of  using iron sucrose in various forms of  ID has 
evolved. In spite of  its safety profile, nowadays a test 
dose is still required at most European countries. Single 
doses of  100-200 mg as an IV injection[13] or up to 500 mg 
over an infusion time of  3.5 h seem to be safe[14]. The 
maximal recommended dosage is 600 mg/wk (200 mg 
iron as iron sucrose injected or infused intravenously no 
more than three times a week) but this amount exceeds 
the physiological needs of  the proliferating erythroblast. 
If  the infusion speed is too fast (above 4 mg Fe3+/min) 
or the single total iron dose too high (above 7 mg Fe3+/kg, 
with a maximum of  500 mg), non-transferrin bound 
labile iron may cause transient hypotension, tachycardia, 
and dyspnea, as described for iron gluconate. Paradoxi-
cally diarrhea, epigastric pain or dummy aches could 
appear within minutes to hours after infusion. Cases 
of  phlebitis have been described, but they are probably 
secondary to longer lasting administration (rather than 
larger doses), the need to keep a venous access, or the 
use of  solutions that are too dilute (iron concentration 
must be at least 1 mg/mL). Overall, iron sucrose is cur-
rently considered as the safest IV iron preparation[15].

Iron dextran 
Iron dextran is a stable parenteral iron product with 
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a molecular weight of  73 kDa (Low molecular weight 
iron dextran, LMWID) or 156 kDa (High molecular 
weight iron dextran, HMWID). This type Ⅰ iron com-
plex (robust and strong) shows high structural homo-
geneity and only slow and competitive delivery to en-
dogenous iron binding proteins. Complexes are actively 
phagocytosed by macrophages of  the RES before they 
are released and become available for Hb synthesis. 
Although the plasma half  life of  LMWID is 30 h (3 d 
for HMWID), the full process of  iron release from the 
dextran complex in the RES, storage in ferritin and 
delivery as TBI to the bone marrow or other tissues 
may take several months[16]. Iron dextran can be admin-
istered as intramuscular (i.m.) or IV injections and as 
IV infusion, but a test dose is always required before 
the first administration. The stability of  the dextran 
complex allows administration of  high single doses (so 
called ‘‘total dose infusion’’ which may be given over 
4-6 h). In contrast, the bioavailability of  iron following 
i.m. administration has not been studied extensively. 
There seems to be a risk of  incomplete and variable 
absorption of  the iron from the injection site, and a 
considerable amount (30%-50%) of  iron can remain at 
the i.m. injection site for many months. Therefore i.m. 
injections are no longer recommended[17]. However, 
these iron complexes may cause well know dextran-
induced anaphylactic reactions, especially in patients 
receiving HMWID (not commercially available in Eu-
rope and considered as an obsolete and dangerous IV 
iron agent). The exact mechanism of  the anaphylactic 
reaction to iron dextran has not been clarified yet, but 
it seems to be related to the antibody-mediated release 
of  mediators by mast cells[15]. 

Ferric carboxymaltose (FCM)
FCM is another stable parenteral iron product with a 
molecular weight of  150 kDa very similar to iron dex-
tran in terms of  stability and structure (Type Ⅰ, robust 
and strong). The pharmacokinetic characteristics of  
FCM are similar but not identical to iron dextran. The 
distribution volume of  both preparations corresponds 

nearly to that of  plasma, but half  life is approximately 
16 h for FCM as compared to 30 h for LMWID. It 
seems that FCM is broken down quicker than iron dex-
tran because α-amylase does not affect dextran, or acts 
at a very slow rate[2]. A study using positron emission 
tomography has shown that iron from FCM accumu-
lates in the liver, spleen and bone marrow and substan-
tial amounts were found in these organs within minutes. 
In addition, FCM is able to exchange iron rapidly with 
transferrin[18]. As a result, the utilization of  iron for 
RBC increased rapidly up to days 6 to 9, after which the 
utilization increased at a much lower rate. Patients with 
IDA showed iron utilization over 90% after 24 d com-
pared to 60%-80% utilization for patients with renal 
anemia[18]. FCM is designed to mimic physiologically-oc-
curring ferritin, providing high iron utilization, without 
the disadvantageous characteristics associated with iron 
dextran (anaphylaxis) and iron sucrose (high pH, high 
osmolarity, dosage limitations, and the long duration of  
administration). Up to 100-200 mg FCM can be admin-
istered as IV injection and up to 1000 mg iron can be 
infused in at least 15 min and no test dose is required 
(Table 1). In comparison, the European Union (EU) 
prescribing information for other IV iron preparations 
indicates they can be administered only in low doses 
(e.g. usual recommended dose of  LMW iron dextran is 
100-200 mg of  iron and the maximum EU dose of  iron 
sucrose is 200 mg of  iron) over a period of  greater than 
30 min, which results in the need for frequent infu-
sions to administer the total calculated iron replacement 
dose[19]. No serious adverse effects, including deaths, 
were considered related or likely related to FCM by trial 
investigators; however, the US Food and Drugs Admin-
istration has raised concerns about a potential mortality 
safety signal based on a increased of  deaths in compari-
son to other arms across clinical trials[20]. In contrast, 
since 2007 the use of  FCM corresponds to over 17 000 
patient-years (one patient corresponds to 2000 mg iron), 
and up to September 2008 no anaphylactoid reactions 
or death have been reported, suggesting a good safety 
profile for FCM[2]. Therefore, information regarding 

Table 1  Some characteristics of the different intravenous iron formulations

Iron gluconate Iron sucrose Iron dextran (LMWID) Ferric carboxymaltose

Complex type Type Ⅲ Type Ⅱ Type Ⅰ Type Ⅰ
Labile and weak Semi-robust and moderately strong Robust and strong Robust and strong

Molecular weight (kDa)   38   43 73   150
Initial distribution volume (L)     6        3.4      3.5          3.5
Plasma half-life (h)     1     6 30     16
Labile iron release +++ ±1 - -
Direct iron donation to 
transferrin (% injected dose)

5-6 4-5 1-2 1-2

Test dose required No Yes/No3 Yes No
Maximal single dose (mg) 125 300 TDI 1000
Premedication No No TDI only No
Life-threatening ADE2 (× 106 doses)       0.9       0.6    11.3 ??
Death rate (× 106 doses)2         0.25         0.11        0.78 ??

1If the infusion speed > 4 mg Fe3+/min or dose > 7 mg Fe3+/kg; 2Data from patients with chronic kidney disease; 3Not required at USA and UK. 
ADE: Adverse drug events; LMWID: Low molecular weight iron dextran; TDI: Total dose infusion.
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FCM safety in the clinical setting is somehow conflictive 
and further post authorization trials to confirm its ben-
efit and safety are needed. 

EFFICACY OF PARENTERAL IRON 
AGENTS IN IBD
Experience with the use of  IV iron therapy is extensive in 
different clinical settings over the last 60 years. In the late 
1980s, the introduction of  recombinant human eryth-
ropoietin (rHuEPO) led to a revitalized interest in the 
use of  iron therapy, either in combination with rHuEPO 
therapy, or alone. Intravenous iron therapy can be used 
in a variety of  clinical settings, as long as iron parameters 
are carefully monitored. In a number of  studies, IV iron 
was shown to be useful for the treatment of  anemia as-
sociated with a variety of  medical [IBD, chronic kidney 
disease (CKD), chronic inflammatory arthritis, congestive 
cardiac failure, pregnancy and postpartum, or cancer] and 
surgical conditions (orthopedic, cardiac, colorectal cancer, 
and gynecological surgical procedures)[21,22]. Interestingly, 
in the settings of  CKD or cancer related anemia, the use 
of  IV iron resulted not only in a more rapid and com-
plete response to rHuEPO, but also in a reduction of  
rHuEPO dose, and probably in a reduction of  rHuEPO 
side effects, such as thrombosis[23,24].

Approximately, one third of  IBD patients suffer 
from recurrent anemia across different studies (ranging 
from 6% to 73%, depending on Hb cut-off  for the defi-
nition of  anemia; patient selection, IBD phenotype and 
year of  publication), and the prevalence of  ID is even 
higher [mean prevalence: 45%, 95% confidence interval 
(CI): 40%-50%]. A retrospective study found that the 
prevalence of  mild to moderate anemia significantly de-
creased in the IBD population between 1993 and 2003 
(33.8% vs 16.7%, P = 0.013), although the prevalence of  
severe anemia was similar (6.3% vs 5.6%, P = NS), and 
the only difference detected between the two cohorts 
was the increased use of  immunosuppressive drugs 
(mainly azathioprine)[25]. Both ID (due to intestinal blood 
loss that cannot be matched by duodenal iron absorp-
tion, creating a negative iron balance) and ACD (due to 
the inflammatory nature of  the disease) contribute most 
to the development of  anemia in IBD, whereas cobala-
min or folate deficiency and various other causes of  ane-
mia such as hemolysis occur infrequently. Whatever the 
underlying mechanism, anemia is universally accepted as 
a condition having a significant impact on the affected 
patient’s quality of  life[1,26].

Anemia control and recovery in patients with IBD 
has a beneficial impact on quality of  life indices. Our 
goal is to attain Hb levels above 13 g/dL in males and 
12 g/dL in females by the administration of  iron supple-
ments, with or without erythropoietin. However, it is 
worth noting that without an appropriate control of  
disease activity, the management of  anemia associated to 
IBD is much more difficult. Thus, it is desirable to initi-
ate the pharmacological treatment after adequate inflam-
mation control[27].

According to the recommendations of  the Guide-
lines on the Diagnosis and Management of  Iron De-
ficiency and Anemia in Inflammatory Bowel Diseases 
(Statement 2B), iron supplementation should be initiated 
when IDA is present (Grade A). For ID without anemia, 
different approaches to iron replacement should be con-
sidered and discussed with the patient. If  patients are 
likely to develop IDA the monitoring frequency should 
be increased (Grade D)[26], although it is unknown how 
often monitoring should be performed.

When body iron stores are depleted, iron supplemen-
tation seems beneficial, although the optimal route of  
administration remains controversial. Total iron deficit 
(TID) can be calculated using the Ganzoni’s formula: 
TID (mg) = Weight (kg) × (Ideal Hb - Actual Hb) (g/dL) 
× 0.24 + depot iron (500 mg).

According to this formula, a person weighing 70 kg 
with an Hb level of  9 g/dL would have a body iron defi-
cit of  about 1400 mg. Nevertheless, Ganzoni’s formula 
may underestimate iron depot in males, as in them it has 
been consistently reported to be 700-900 mg[28]. Thus, a 
TID of  1600-1800 mg may be a more realistic estima-
tion for this subject.

Following the administration of  oral iron to a patient 
with uncomplicated IDA, it takes 2-2.5 wk for the Hb to 
start rising, 2 mo for it to reach normal levels and 6 mo 
for iron stores to be replete[7]. However, the efficacy of  
oral iron therapy in IBD patients may be hindered by 
some IBD specific factors, such as reduced absorption 
of  iron due to inflammation and gastrointestinal side ef-
fects of  oral ferrous iron (due to the release of  activated 
hydroxyl radicals that may lead to digestive intolerance, 
causing nausea, flatulence, abdominal pain, diarrhea or 
constipation, and black or tarry stools)[2]. In addition, 
oral iron compounds are not all alike, as they may vary in 
composition, elemental iron concentration, absorption 
profile, efficiency or tolerance. As a non-written rule, the 
best tolerated oral agent is usually the one that contains 
or delivers less iron.

In a crossover study of  19 IBD patients randomly 
assigned to start treatment with ferrous fumarate  
120 mg orally once daily or iron sucrose 200 mg IV 
three times during a period of  14 d, oral ferrous fuma-
rate, but not IV iron sucrose, increased clinical disease 
activity in IBD patients[29]. In contrast, iron sucrose, 
but not ferrous fumarate, increased intravascular oxida-
tive stress[29]. However, a prospective study comparing 
usage, tolerance, and efficacy of  4 wk therapy with oral 
iron therapy in patients with ID and IBD and patients 
with ID of  non-inflammatory cause, intolerance to 
iron was reported in 24% of  the patients who had IBD 
(non-active) and 29% of  the patients who did not  
(P = NS), and only a tiny minority of  IBD patients 
relapse in association with use of  oral iron therapy[30]. 
This data suggest that patients with IBD are no more 
intolerant to oral iron than other patients and have sim-
ilar rates of  repletion, but the low number of  evaluable 
patients (n = 47) precluded the drawing of  definite con-
clusions. Nevertheless, to avoid the risk of  poisoning, 
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other oral iron compounds (such as iron polymaltose 
which has very low toxicity and meets the requirements 
for a food supplement) might be used instead of  fer-
rous salt preparations[2] and lower doses (e.g. 50-100 mg  
of  elemental iron) should be recommended[1]. Addi-
tionally, the response and tolerance should be moni-
tored and treatment changed to IV iron if  necessary  
(Grade C)[26].

Is this statement supported by the information re-
viewed above? Because of  the limitations of  oral iron 
therapy in IBD patients, parenteral routes of  iron admin-
istration should be preferred, even though many patients 
will respond to oral iron. Intravenous iron is more ef-
fective, better tolerated, and improves quality of  life to a 
greater extent than oral iron supplements (Grade A)[26]. 
Absolute indications for IV iron include severe anemia 
(Hb < 10 g/dL), intolerance or inappropriate response 
to oral iron (once iron therapy has been initiated the re-
sponse may be: “complete”, if  Hb increases ≥ 2 g/dL; 
“partial”, if  Hb increases 1-1.9 g/dL; or “no-response”, 
if  Hb increases < 1 g/dL), severe intestinal disease activ-
ity, concomitant therapy with an erythropoiesis stimulat-
ing agent, or patient preference[26]. In a prospective study 
of  103 patients with severe IBD-associated anemia who 
received IV iron sucrose for 4 wk (total dose 1200 mg), 
Gasche et al[31] investigated the parameters that can pre-
dict effectiveness. Overall, a complete response at the end 
of  the fourth week was observed in 67 (65%) patients, 
and the variables significantly associated with response 
were serum erythropoietin, soluble transferring receptor, 
transferrin, and IL-6 levels. Once again, these data em-
phasized the need for an adequate inflammation control 
in IBD patients. We will review some studies assessing 
the efficacy of  IV iron in anemic IBD patients (Table 2).

In this regard, a retrospective observational study in 
IBD patients with poor response or intolerance to oral 
iron, the administration of  iron sucrose (200 mg once 
or twice per week to reach total ID) resulted in a “com-
plete” response (Hb increment ≥ 2 g/dL or correction 
of  anemia) in 60% of  patients within 8 wk and in 90% 
of  patients within 12 wk[32]. However, a randomized, 
controlled, open-label, multicenter trial performed in 46 
patients with anemia and transferrin saturation ≤ 20% 
and/or serum ferritin concentrations ≤ 20 μg/L found 
no differences in Hb increment within 6 wk between pa-
tients receiving IV iron sucrose and those receiving iron 
sulfate, but resulted in building up iron stores (about fer-
ritin = 200 ng/mL, after 6 wk)[14]. In addition, intractable 
gastrointestinal adverse events caused permanent study 
drug discontinuation in five patients (20.8%) receiving 
iron sulfate, whereas only one patient (4.5%) was with-
drawn because of  side effects due to IV iron sucrose[14]. 
Thus, although being equal in short-term efficacy, these 
results suggest a better gastrointestinal tolerability for 
iron sucrose. 

In a very recent study, 91 patients with IBD and 
anemia (Hb < 11.5 g/dL) were randomized to oral iron 
sulfate (n = 46) or IV iron sucrose (n = 45) treatment for 
20 wk. More patients in the IV iron group completed 
the study (93% vs 78%, P = 0.001), increased their Hb ≥  
2 g/dL (66% vs 47%, P = 0.07), raised their ferritin levels 
to normal (74% vs 48%, P = 0.013), and recovered from 
anemia (84% vs 59%, P = 0.007) compared to patients in 
the oral iron group. In addition, treatment with IV iron 
sucrose improved iron stores faster and more effectively 
than oral iron (P = 0.002). Only 22 patients (48%) toler-
ated the prescribed oral dose, and 52% reduced the dose 
or withdrew from treatment because of  poor tolerance[33]. 

Table 2  Characteristics of the clinical trials involving IBD patients that compared IV iron administration with oral iron or no 
intervention included in this review

Study (yr) n Study design Compound Baseline Hb 
(g/dL)

Total dose, mg 
(schedule)

Duration 
(wk)

Response 
(%)

 DCT 
 (%)

Gasche et al[31] (2001) 103 Multicentre, open-label Iron sucrose   ≤ 10.5 1200 mg (6 × 200 mg) 4 65   0
Bodemar et al[32] 
(2004)

  59 Retrospective Iron sucrose      < 12 Mean 1400 mg 
(1-2 × 200 mg/wk)

8 60   0
12 91

Schröder 
et al[14] (2005)

  46 Multicentre randomized 
open-label

Iron sucrose (22)      < 10.5 (F) Mean 1418 mg 
(7 mg/kg + 5 × 200 mg)

6 55   4.5

Ferrous sulfate (24)      < 11 (M) Mean 5600 mg 
(100-200 mg/d)

53 20.8

García-López 
et al[35] (2006)

  70 Single centre 
prospective 
observational

Iron sucrose      < 10.51 Mean 920 mg 
(200-1800 mg) 

(200 mg/1-3 times a week)

Mean 5 
(1-9 )

67   0

Kulnigg et al[37] 
(2008)

200 Multicentre randomized 
open-label

Ferric carboxymaltose 
(137)

  ≤ 10 1000-1500 mg 
(1-2 infusion of 500-1000 mg)

12 77   1.5

Ferrous sulfate (63) 16 800 mg (200 mg/d) 68   7.9
Lindgren et al[33] 
(2009)

  91 Multicentre randomized 
investigator-blinded

Iron sucrose (45)      < 11.5 Mean 1700 mg 
(200 mg/1-2 wk)

20 66   7

Ferrous sulfate (46) Mean 38 400 mg 
(200-400 mg/d)

47 22

Gisbert et al[34] (2009) 100 Multicentre, open-label Iron sucrose (22)      < 10  Not reported 
(2 × 200 mg/wk if Hb < 10) 

26 77   0

Ferrous sulfate (78)      > 10 19 000 mg (106 mg/d) 89   5.1

1Also no response or intolerance to oral iron or clinical need of quick recovery of anemia. ΔHb ≥ 2 g/dL or normal Hb; DCT: Discontinuation due to serious 
adverse events; F: Female; M: Male.
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Finally, in a prospective multicenter study of  100 
IBD patients with IDA [59 CD, 41 ulcerative colitis (UC)], 
those with Hb > 10 g/dL were prescribed oral ferrous 
sulphate (n = 78) and those with Hb < 10 g/dL received 
IV iron sucrose (n = 22). Hb normalization was achieved 
in 89% with oral and 77% with IV iron, and was associ-
ated with a relevant improvement in the patients’ quality 
of  life. IBD activity increase was not demonstrated in 
any patient. Four patients (5.1%) showed oral iron intol-
erance leading to discontinuation of  treatment, whereas 
no adverse events were reported for IV iron[34]. Thus, 
oral iron treatment was effective and well tolerated in 
most IBD patients, and did not exacerbate the symp-
toms of  the underlying IBD, whereas IV iron was an 
effective and safe treatment in more severely anemic or 
intolerant patients. 

At one author’s centre, the safety and efficacy of  IV 
iron sucrose therapy was evaluated in a preliminary study 
of  70 patients with digestive pathology (54 IBD: 27 CD, 
18 UC, nine pouchitis)[34]. IV iron sucrose in an “outpa-
tient regimen” was used for patients with IDA due to 
digestive disorders with at least one of  the following cri-
teria: (1) no response or intolerance to oral iron; (2) IBD 
with severe anemia (Hb < 10.5 g/dL) and/or (3) clinical 
need of  quick recovery of  anemia. Average baseline Hb 
was 9.8 ± 1.7 g/dL, and 11.7 ± 1.5 g/dL at the end of  
treatment (mean increase 1.9 g/dL, range -2 to 5.5 g/dL), 
Hb increase exceeded 2 g/dL in 47% of  treatments, and 
anemia was corrected in 67.8% of  patients. No severe 
adverse events were witnessed. The authors concluded 
that IV iron sucrose should become the standard of  care 
in IBD patients with ID[35].

Therefore, treatment with IV iron sucrose is effec-
tive, safe, and well tolerated in correcting Hb and iron 
stores in patients with IBD, especially in those with 
severe anemia. The main disadvantage of  IV iron su-
crose is the need for multiple infusions as the maximun 
weekly dose should not exceed 600 mg. The availability 
of  stable parenteral iron compounds allowing for TDI 
infusion may greatly facilitate iron replacement therapy 
in IBD patients. 

As for children, the safety and efficacy of  IV iron 
therapy was retrospectively evaluated in 70 pediatric 
patients with IBD (50 CD, 20 UC) who received a total 
of  119 TDI iron dextran infusions between February 
1994 and February 2000. The average increase in Hb 
concentration was 2.9 g/dL. The authors concluded 
that TDI infusion of  iron dextran, when appropriately 
used, is a safe and potentially efficacious treatment for 
children with IBD and IDA who are unresponsive to, 
or noncompliant with, oral iron therapy[36]. However, as 
mentioned above, iron dextran, especially HMWID, has 
the disadvantage of  potentially life-threatening dextran-
associated anaphylactic reactions.

More recently, Kulnigg et al [37] randomized 200 
anemic IBD patients (about Hb = 9 g/dL) to receive 
IV FCM (FCM, n = 173; maximum 1000 mg iron per 
infusion) at 1-wk intervals until the patients’ calculated 
TID was reached or oral ferrous sulfate (100 mg bid) 

for 12 wk. There were no differences between groups 
in Hb improvement at week 12 (3.8 ± 2.0 g/dL in 
both groups) or treatment-related adverse events, but 
response (defined as Hb increase of  > 2.0 g/dL) was 
higher for FCM at week 2 (P = 0.0051) and week 4 
(P = 0.0346), with a lower rate of  discontinuation of  
study medication due to adverse events (1.5% and 7.9%, 
respectively), than for oral iron. Thus, FCM seems to be 
effective and safe in IBD-associated anemia,

Overall, from data depicted in Table 2, the mean 
response of  IBD-associated anemia to treatment with 
IV iron (weighted mean) was (281/382) 73.6% and 
(140/215) 65.1% with oral iron, [odds ratio (OR): 1.49, 
95% CI: 1.02-2.17, P = 0.02]. When the analysis was per-
formed for data extracted from prospective randomized 
trials only, the response to IV iron was 72.5% (143/198) 
vs 58.2% (71/122) (OR: 1.87, 95% CI: 1.13-3.09, P = 
0.0097). In addition, reviewed data strongly suggest that 
for patients with IBD, treatment with IV iron is effec-
tive, safe, well tolerated, provides a fast Hb increase and 
a sufficient refill of  iron stores, and presents a lower rate 
of  treatment discontinuation than oral iron. However, 
further research is needed to ascertain what is the appro-
priate timing to start treatment, which are the target Hb 
and ferritin levels to reach, and how IV iron may affect 
IBD clinical time course.

A TENTATIVE ALGORITHM FOR IRON 

REPLACEMENT IN IBD
Although further research is needed to ascertain what 
is the appropriate time to start treatment, which are the 
target Hb and ferritin levels to reach, or how IV iron 
may affect the IBD clinical time course, a tentative, easy 
to follow algorithm for iron replacement in IBD patients 
is depicted in Figure 1.

According to this algorithm, in which we assume that 
the severity of  ID and anemia correlates with disease ac-
tivity, the total iron dose and the route of  administration 
rely upon baseline Hb, serum ferritin level and transfer-
rin saturation. For male IBD patients (70-90 kg) with Hb 
> 13 g/dL and ferritin < 30 ng/mL, TID is estimated 
to be around 800-1000 mg. The corresponding value for 
TID in women (60-80 kg) with Hb > 12 g/dL would be 
600-800 mg. If  there are no contraindications, oral iron 
would be the simplest replacement therapy (50-100 mg/d, 
for 2-3 mo), and iron complexes are preferred to iron 
salts. If  there is a contraindication for, or a non adequate 
response (ferritin < 100 ng/mL after 6-8 wk) to, oral 
iron, an IV iron preparation should be administered: 
iron sucrose (200 mg IV, 1-2 times/wk), LMWID (up 
to 1000 mg IV, single dose), or FCM (up to 1000 mg IV, 
single dose). 

As for patients with Hb between 10 g/dL and 
12/13 g/dL, ferritin < 100 ng/mL and transferrin satu-
ration < 20%, TID is estimated to be 1300-1800 mg. 
Oral iron supplements could still be indicated (100 mg/d 
for 4-6 mo) but the IV route is preferred, as it will pro-
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vide a faster Hb recovery (iron sucrose 200 mg IV, twice 
a week; LMWID or FCM, two doses one week apart). 
Nevertheless, IV iron should be administered when 
there is intolerance to, or a non complete response to, 
oral iron, as defined by an Hb increase ≥ 2 g/dL or Hb 
normalization.

For patients with Hb < 10 g/dL and transferrin 
saturation < 20%, a higher ferritin trigger is selected 
(< 200 ng/mL), and a TID ≥ 2000 mg is estimated. 
These patients should receive IV iron (iron sucrose 
200 mg IV, twice a week; LMWID or FCM, 2-3 doses). 
Patients should be re-evaluated after 4-6 wk; if  there 
is not a complete Hb response, adjuvant treatment 
with erythropoiesis stimulating agents (e.g. epoetin, 
darbepoetin) should be considered.

SAFETY OF PARENTERAL IRON AGENTS
Nausea, abdominal pain, constipation, diarrhea, injection 
site reactions (pain, superficial phlebitis), metallic taste, 
headache, dizziness and rash may occur with all IV 
preparations, and were observed in clinical trials with an 
incidence of  1%-3%. However, the incidence of  life-
threatening adverse drug events (ADEs) associated with 
parenteral iron is much smaller.

Allergic and anaphylactic reactions 
The numbers of  non-CKD patients receiving IV iron are 
not large enough to draw definitive conclusions regard-
ing the safety of  IV iron agents in these clinical settings. 
Therefore, we will focus on ADEs associated with par-
enteral iron in CKD patients, as they are the largest col-
lective receiving these drugs. According to data from the 

United States Food and Drug Administration (FDA) on 
ADEs attributed to the provision of  four formulations 
of  IV iron (HMWID, LMWID, iron gluconate and iron 
sucrose) during 2001-2003, the total number of  reported 
parenteral iron-related ADEs was 1141 amongst approxi-
mately 30 million doses administered (approx. 38 ADEs 
per million), with 11 deaths (seven iron dextran, three 
iron gluconate, one iron sucrose)[15]. Relative to lower 
molecular weight iron dextran, total and life-threatening 
ADEs were significantly more frequent among recipients 
of  higher molecular weight iron dextran and significantly 
less frequent among recipients of  sodium ferric gluco-
nate complex and iron sucrose. The absolute rates of  life-
threatening ADEs were 0.6, 0.9, 3.3 and 11.3 per million 
for iron sucrose, sodium ferric gluconate complex, lower 
molecular weight iron dextran and higher molecular 
weight iron dextran, respectively, whereas absolute rates 
of  death were 0.11, 0.25, 0.75 and 0.78 per million, re-
spectively (Table 1). However, there were no significant 
differences in mortality rates between LMWID and iron 
gluconate (OR: 0.3, 95% CI: 0.1-1.3) or iron sucrose (OR: 
0.2, 95% CI: 0.1-1.0), and there are no conclusive data 
available regarding the safety of  FCM. Therefore, the 
frequency of  IV iron-related ADEs reported to the FDA 
has decreased, and overall, the rates are extremely low 
(Table 1). In addition, the rates of  ADES associated with 
IV iron, including iron-related deaths, are much lower 
than that of  ABT-related severe side effects (10 per mil-
lion) and ABT-related deaths (four per million)[38]. 

IV iron and infection
Current information on the relationship between IV 
iron and infection, and between IV iron and oxidative 
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Figure 1  A tentative algorithm for iron replacement therapy in patients with inflammatory bowel disease. Hb: Hemoglobin; TID: Total iron deficit; CRP: C-reactive 
protein; LMWID: Low molecular weight iron dextran; FCM: Ferric carboxymaltose; ESA: Erythropoiesis stimulating agent.

4672     ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol     October 7, 2009      Volume 15     Number 37



www.wjgnet.com

stress deserves special consideration. Elemental iron is 
an essential growth factor for bacteria with many spe-
cies expressing iron transport proteins that compete 
with transferrin, and it has long been suggested that pa-
tients with iron overload are at increased risk of  infec-
tion[39]. In contrast, in the peritoneal dialysis population, 
no increased risk of  peritonitis was found in patients 
receiving IV iron with respect to those not receiving IV 
iron[40]. In addition, a meta-analysis of  six observational 
studies (807 patients) revealed that the administration 
of  IV iron to patients undergoing major orthopedic 
surgery led to a significant decrease in both transfusion 
rate [relative risk (RR): 0.60, 95% CI: 0.50-0.72, P < 
0.001] and infection rate (RR: 0.45, 95% CI: 0.32-0.63, 
P < 0.001)[41]. Nevertheless, despite this absence of  de-
finitive clinical data, it seems sensible to avoid IV iron 
administration in the setting of  acute infection, and to 
withhold IV iron in patients with pre-treatment ferritin 
values > 500 ng/mL[5].

IV iron and oxidant damage
Biologically active iron, which is released by all IV iron 
agents, also plays a role in inflammation, oxidative 
stress and the propensity for accelerated atherosclerosis. 
Persistent oxidative stress in CKD patients promotes 
inflammation and, in turn, atherogenesis, and increased 
cardiovascular morbidity and mortality. However, avail-
able evidence relating IV iron administration to athero-
genesis is indirect, and there is little evidence that IV 
iron adversely affects survival in patients with dialysis-
dependent CKD. Nevertheless, the evidence argues for 
caution, not complacency, in prescribing IV iron[9].

IV iron and cancer development
The association between iron overload with cancer risk in 
humans has been under increased scrutiny in recent de-
cades, although epidemiological studies on the association 
of  iron with cancer remain inconclusive. The concerns are 
mostly focused on a possible risk associated with dietary 
iron in colorectal cancer, the increased risk of  developing 
hepatocellular carcinoma in hereditary hemochromatosis 
and related hepatic iron overload and cirrhosis, and as-
sociation between occupational exposure to iron and kid-
ney, lung and stomach cancers. The risk of  iron-induced 
sarcoma by repeated i.m. injections of  iron dextran has 
also been raised. However, IV iron therapy has not been 
associated with an increase in tumor incidence[42].

CONCLUSION
The prevalence of  anemia across the studies on patients 
with IBD is high (30%) and that of  ID is even higher 
(45%). However, the prevalence of  anemia is decreasing, 
and this seems to be related with the availability and use 
of  IV iron[43].

Iron replacement therapy should start as soon as ane-
mia or ID is detected (Grade D), and its goal is to attain 
a normal level of  Hb, ferritin and transferrin saturation 
(Grade D)[26]. Importantly, our efforts to correct anemia 

should rely on adequate inflammation control, in the ab-
sence of  which no proper approach to this condition is 
feasible[27].

Although many IBD patients will respond to oral 
iron, IV iron is more effective, better tolerated, and im-
proves the quality of  life to a greater extent than oral 
iron supplements (Grade A)[26]. Absolute indications for 
IV iron include severe anemia, intolerance or inappropri-
ate response to oral iron, severe intestinal disease activity, 
use of  ESAs, or patient preference[26].

The use of  ESAs should be restricted to those patients 
presenting with Hb < 10 g/dL and who do not appropri-
ately respond to IV iron replacement for 4 wk (Grade B)[26].

After the initial resolution of  anemia and the repletion 
of  iron stores, patients should be closely monitored, 
and maintenance iron treatment should be provided as 
required. New IV preparations that allows for giving up 
to 1000-1500 mg in a single session, provide an excellent 
tool to avoid or treat anemia and ID in the IBD patient 
population.
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