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Abstract
Background Iron deficiency anemia (IDA) is a common
finding in patients after bariatric surgery. The cause is multi-
factorial including reduced oral iron intake andmalabsorption.
While many patients can be managed with oral supplements,
parenteral iron may be needed to restore and maintain iron
stores.
Methods Subjects who had previous bariatric surgery and had
participated in phase 3 industry-sponsored clinical trials

designed to assess the safety and/or efficacy of intravenous
(IV) ferric carboxymaltose (FCM)were retrospectively selected
from the databases of each of these studies. Demographic data,
efficacy measures [hemoglobin, ferritin, and transferrin satura-
tion (TSAT)], and adverse events were compared between
FCM and other agents utilized as comparators in the trials.
Results Two hundred eighty-one subjects from the intention
to treat (ITT) population were included (mean age 49 years,
BMI 33 kg/m2, including 253 females). FCM had similar or
improved efficacy (p<0.05) in terms of increasing hemoglo-
bin, ferritin, and TSAT values when compared to other iron
products used as standard of care for IDA. The incidence of
adverse events in the FCM patients (n=123) versus patients
receiving any IV iron (n=126) was 61 and 56.3 %, respec-
tively. The adverse events were similar in both groups with
the exception of a transient decrease in serum phosphate
which was observed more frequently in the FCM group.
Conclusions These data in post-bariatric surgery IDA patients
suggest that FCM is a safe and effective alternative to existing
iron products permitting higher and thus less frequent indi-
vidual doses.
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Introduction

The number of surgeries continues to increase according to
the most recent data showing that 220,000 bariatric surgeries
(including gastric bypass, sleeve gastrectomy, adjustable
bands, and biliopancreatic diversion with or without duodenal

Data were extracted from Luitpold Pharmaceuticals sponsored clinical
trial database.

M. Malone (*)
Department of Pharmacy Practice, Albany College of Pharmacy
and Health Sciences, 106 New Scotland Ave.,
Albany, NY 12208, USA
e-mail: margaret.malone@acphs.edu

C. Barish
Wake Gastroenterology and Wake Research Associates, Raleigh,
NC, USA
e-mail: cfbgastro@aol.com

A. He :D. Bregman
Luitpold Pharmaceuticals, Inc., 800 Adams Ave, Suite 100,
Norristown, PA, USA

A. He
e-mail: ahe@luitpold.com

D. Bregman
e-mail: dbregman@luitpold.com

D. Bregman
Department of Pathology, Albert Einstein College of Medicine,
1300 Morris Park Ave,
Bronx, NY 10461, USA

OBES SURG
DOI 10.1007/s11695-013-0939-6



switch) were performed in 2008 [1]. Roux-en-Y gastric
bypass (RYGB) is the most commonly performed bariatric
procedure for weight loss surgery in the USA. Nutritional
deficiencies after bariatric surgery occur frequently, with
iron deficiency being common in many patients, especially
in patients who are noncompliant with post-surgery recom-
mendations regarding supplements [2].

Patients seeking bariatric surgery have a 26–32 %
incidence of iron deficiency (ID), with low ferritin levels
observed in up to 36 % [3–5]. The incidence of anemia
after gastric bypass has been reported to be between 30
and 60 % and is mostly attributed to ID, although other
causes such as vitamin B12 and folate deficiencies do
occur [6–10]. Iron deficiency associated with gastric
bypass surgery and other gastric surgery procedures such
as partial gastrectomy occurs due to several mechanisms.
After RYGB, the primary iron absorption sites in the
duodenum and jejunum are bypassed. The antrum of
stomach which is the site of gastrin secretion is excluded
after RYGB and leads to hypoacidity. Patients who have
gastric banding may have decreased acid production
when taking chronic acid suppressive therapy and may
also have a reduced dietary iron intake after surgery.
These factors lead to impaired iron stores due to dietary
restriction, noncompliance and intolerance of oral iron sup-
plements, and malabsorption. Lastly, increased inflamma-
tion associated with obesity has been linked to up-
regulation of hepcidin, a peptide which impairs iron trans-
port across the intestinal wall and iron release from body
stores [11, 12]. Thus, it is important to distinguish absolute
ID associated with low serum iron and low ferritin levels
from anemia of chronic inflammation where low serum
iron and high ferritin levels are observed [12, 13]. Clinical
practice guidelines for the perioperative management of
bariatric surgery patients recommend the use of oral iron
supplements as first line therapy [14]. If oral iron supplemen-
tation is ineffective due to intolerance or noncompliance, then
intravenous iron infusions may be needed [14]. There are a
number of intravenous iron products currently available in the
USA. The choice of parenteral iron product is driven by
efficacy, safety, cost, convenience of administration, and
coverage by third party payers. Obese patients are typically
managed using standard doses as there are no weight-adjusted
intravenous iron dosing guidelines available in this
population.

Ferric carboxymaltose (FCM) is a new third generation
intravenous (IV) iron currently undergoing FDA review
[15]. It is a stable type I polynuclear iron (III)–hydroxide
carbohydrate complex developed as an IV iron replace-
ment therapy for the treatment of iron deficiency. The
purpose of this retrospective analysis was to assess the
safety and efficacy of FCM compared to standard medical
care (SMC) for iron deficiency anemia in bariatric and

gastric surgery patients. These data were obtained from a
subset of patients that had undergone these procedures
who were included in five phase 3 studies of FCM
sponsored by Luitpold Pharmaceuticals.

Methods

Patient Selection

Data relating to bariatric and gastric surgery patients were
extracted from each of five phase 3b clinical studies
conducted by Luitpold Pharmaceuticals using FCM in dif-
ferent patient populations with documented iron deficiency
anemia (IDA) as described briefly below. The patient history
field of the research database for each study was searched
using the identifiers listed in Table 1. Two of the studies are
described in full elsewhere [16]. The results of the two
studies were described in abstract form [17, 18]. All five
studies were open label, multicenter randomized controlled
studies. Study 1 addressed safety and tolerability of a single
dose of 750 mg FCM. The other four studies addressed both
safety and efficacy of multiple doses of FCM compared to
SMC for IDA. Studies 1, 2, 3, and 5 were conducted in
patients with IDA of any etiology (including heavy uterine
bleeding, post-partum anemia, gastrointestinal disorders,
and nondialysis-dependent chronic kidney disease [CKD]).
Study 4 was conducted exclusively in patients with IDA and
nondialysis-dependent CKD. The definition of IDA used
varied slightly between studies with respect to the cut point
used for Hgb.

Table 1 Search terms
used to identify subjects
with bariatric and gastric
surgeries

Bariatric gastric balloon
insertion

Billroth’s operation I

Billroth’s operation II

Esophagogastric fundoplasty

Fundoplication

Gastrectomy partial

Gastric banding

Gastric bypass

Gastric bypass NOS

Gastric operation

Gastric operation NOS

Gastric stapling

Gastro-enterostomy

Gastro-jejunostomy

Esophagogastric fundoplasty

Partial gastrectomy

Pylorectomy

Roux loop conversion
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Study 1. This is a multicenter, randomized controlled study
investigating the safety and tolerability of a single
dose of intravenous FCM versus SMC for treating
iron deficiency anemia (NCT00704353). In this
study, the main criteria for inclusion were male or
female subjects ≥18 years of age with iron deficien-
cy as the primary etiology of anemia, who had a
screening Hgb of ≤12 g/dL and ferritin of ≤100 or
≤300 ng/mLwhen TSATwas ≤30%. Subjects were
stratified to FCM versus SMC by their baseline
hemoglobin (≤8, 8.1 to 10, and >10 g/dL), baseline
cardiovascular risk, use of immunosuppressive ther-
apy, and past poor response to oral iron. Subjects
were randomized to FCMor SMC as determined by
the study investigator for IDA. SMC could consist
of no treatment, oral iron, IV iron (i.e., iron sucrose,
sodium ferric gluconate, or iron dextran), or other.
FCM patients received an undiluted dose of iron as
FCM (15 mg/kg up to a maximum of 750 mg) at
100 mg/min intravenously on day 0. Safety data
were collected for all subjects from day 0 through
30 days after the last dose of the study drug.

Study 2. This is a multicenter, randomized controlled study
investigating the safety and tolerability of intravenous
FCMversus SMC for treating IDA (NCT00703937).
In this study, the main criteria for inclusion were
male or female subjects ≥18 years of age with iron
deficiency as the primary etiology of anemia, who
had a screeningHgb of ≤11 g/dL and ferritin of ≤100
or ≤300 ng/mL when TSAT was ≤30 %. Subjects
were stratified to FCM versus SMC as described in
study 1. SMC consisted of those treatments listed in
study 1 with the addition of blood transfusion. Sub-
jects randomized to FCM received up to 750 mg of
iron as undiluted FCM weekly until the calculated
iron deficit dose had been administered (to a max-
imum cumulative dose of 2,250 mg). The
remaining subjects were randomized to SMC for
treatment of IDA. Safety data were collected on
post-randomization days 7, 14, 28, and 42.

Study 3. This is a multicenter, randomized controlled study
to investigate the safety and tolerability of intrave-
nous FCM versus iron dextran for treating IDA
(NCT00704028). In this study, the same inclusion
criteria, IDA definition, and protocol were used as
in study 2. Subjects randomized to iron dextran
received iron dextran at doses and infusion times
as determined by the investigator to a maximum
cumulative dose of 2,250 mg. Safety data were
collected on post-randomization days 7, 14, 28,
and 42. The primary objective was to evaluate the
safety of FCM compared to iron dextran in the
treatment of IDA. A secondary objective was to

evaluate efficacy of FCM compared to iron dextran
in the treatment of IDA in these subjects.

Study 4. This is a randomized evaluation of the efficacy and
safety of FCM in patients with IDA and impaired
renal function (NCT00981045). Male or female
subjects were included who were ≥18 years of age
with chronically impaired renal function, who had a
screening Hgb of ≤11.5 g/dL and ferritin of ≤100 or
≤300 ng/mL when TSATwas ≤30 %. In this study,
subjects were stratified to FCM versus iron sucrose
(Venofer®) by the baseline Hgb, cardiovascular
risk, erythropoietin use, and chronic kidney disease
stage. They were then randomized in a 1:1 ratio to
receive either intravenous FCM or iron sucrose.
During the treatment phase, subjects randomized
to FCM received two doses at 15 mg/kg to a max-
imum of 750mg per dose for a maximum total dose
of 1,500 mg. Subjects randomized to iron sucrose
received five 200 mg doses for a maximum total
dose of 1,000 mg. The results of this trial have been
communicated [17].

Study 5. This is a multicenter, randomized, active controlled
study investigating the efficacy and safety of intra-
venous FCM in patients with IDA (NCT00982007).
This study compared the efficacy and safety of
FCM to oral iron in subjects who had an unsatisfac-
tory response to a 14-day oral iron run-in (cohort 1)
or intravenous SMC in subjects who were shown to
be intolerant of oral iron during the run-in or were
felt to be inappropriate for an oral run-in (cohort 2).
Cohort 1 subjects were stratified by etiology of
their IDA (heavy uterine bleeding, gastrointestinal
disorders, and other), baseline hemoglobin, and
cardiovascular risk and randomized in a 1:1 ratio
to receive either IV FCM (with discontinuation of
oral iron; group A) or continuation of oral iron for
another 14 days (group B). Cohort 2 subjects who
were poorly tolerant or otherwise inappropriate for
oral iron were randomized in a 1:1 ratio to group C
(FCM) or D (IV SMC). The main criteria for
inclusion were male or female subjects ≥18 years
of age with iron deficiency as the primary etiology
of anemia, who had an initial point of care screen-
ing Hgb of ≤11 g/dL and ferritin of ≤100 or
≤300 ng/mL when TSAT was ≤30 %. The values
used for the randomization of subjects were Hgb
<12 g/dL and a demonstration of an unsatisfactory
response to oral iron during the 14 days prior to
randomization. During this treatment phase, sub-
jects randomized to FCM (groups A and C)
received up to 750 mg of iron as undiluted FCM
on days 0 and 7 (to a maximum cumulative dose of
1,500mg). Subjects randomized to oral iron (group
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B) received ferrous sulfate 325 mg orally three
times daily for 14 days. Subjects randomized to
IV SMC (group D) received other IV iron as
determined by the study site physician. The results
of this trial have been communicated [18].

Assessment of Treatment Outcomes

Changes in hemoglobin (grams per deciliter), ferritin (nano-
grams per milliliter), and TSAT (percent) from baseline to
highest value between baseline and end of study or time of
intervention in the modified intent-to-treat (mITT) popula-
tion from studies 2 through 5 were used to compare FCM
versus other treatment strategies for IDA. The incidence of
treatment-related adverse events was pooled from all of the
five study populations.

Data Analysis

Categorical baseline characteristics (e.g., sex and race) were
summarized with the number and percentage of subjects in
each treatment group with the characteristics. Quantitative
baseline characteristics (e.g., age and weight) were summa-
rized with the mean, median, standard deviation (SD), min-
imum value, and maximum value.

Safety analyses were performed in all five studies. All
subjects who had at least a dose of their respective study
drug/treatment were included as part of the safety population
for safety analysis. The number and percentage of subjects
who reported treatment-emergent adverse events were summa-
rized for each treatment group by overall incidence, severity,
and relationship to the study drug using theMedical Dictionary
for Regulatory Activities (MedDRA). The FCMgroup and any
IV iron group in the safety analyses included studies 1–5. The
any IV iron group was defined as any comparator iron formu-
lation administered intravenously from studies 1 to 5.

All efficacy analyses were performed with the mITT
population. The mITT population in studies 2 and 3
consisted of subjects from the safety population who had
two baseline hemoglobin values (with <1 g/dL difference
between the two) and at least one post-baseline hemoglobin
assessment. In studies 3 and 4, the mITT population
consisted of subjects from the safety population who
received at least one dose of randomized study medication
and had at least one post-baseline hemoglobin assessment.

Results

Characteristics of the Study Population

The clinical and demographic data of study participants
included for this analysis are presented in Table 2. There

were 281 patients included (253 females), of which 242
were post-bariatric surgery (225 Roux-en-Y gastric bypass,
17 gastric banding) and 39 had other gastric surgeries
commonly for GERD or peptic ulcer. The median time
from their surgery to study inclusion was between 4.5 to
6 years. The average age of the subjects was 49±11 years.
Patients in study 4 which included those with chronic
kidney disease and a greater proportion of nonbariatric
subjects were older than those in the other studies. The
mean BMI for all participants at the time of their study
inclusion was 33 kg/m2.

Efficacy

Efficacy was assessed in studies 2–5 only (n=240). Changes
in hemoglobin, ferritin, and TSAT from baseline to the
highest documented value at the end of the study or time
of intervention are presented in Tables 3, 4, and 5,
respectively. In study 2, patients received FCM (n=29)
or SMC (n=36 [iron sucrose or ferric gluconate n=13,
oral iron n=17, other treatments n=6]). All groups had a
significant increase in hemoglobin, ferritin, and TSAT
(p<0.05), except for other treatments which did not
reach statistical significance with regard to ferritin. This
may have been due to the small number of subjects. FCM
was more effective in increasing hemoglobin and ferritin
than SMC (p<0.05). In study 3, patients received either
FCM (n=16) or iron dextran (n=15). Hemoglobin, ferritin,
and TSAT were increased significantly in both groups.
There was no significant difference between the two
agents in their effect on hemoglobin and ferritin; however,
TSAT showed a greater increase in the dextran group
(p<0.05). In study 4, patients received either FCM (n=22) or
iron sucrose (n=28). In study 5, patients received FCM (n=39),
oral iron (n=11), or intravenous SMC (n=44). Hemoglobin
and ferritin increased in all groups, and FCM was more effec-
tive (p<0.05) than SMC.

Safety

Safety data relating to treatment-related emergent adverse
events are shown in Table 6. The incidence of treatment-
related events which occurred in ≥2 % of patients was similar
in both groups (FCM=34, any IV iron=33). Gastrointestinal
events were more common in the FCM group (8.0 % of FCM
patients versus 5.6 % of any IV iron patients), particularly
nausea (n=8) and diarrhea (n=2). Drug administration reac-
tions (chills, pain, and discoloration at the injection site)
occurred in 4.8 % of FCM patients versus 3.2 % of the any
IV iron group. There was a greater number of patients in the
FCM group who had altered laboratory values especially
transient decreases in serum phosphate which were not
observed in the any IV iron group. More patients in the any
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IV iron group experienced arthralgia (n=4, 3.2 %), headache
(n=6, 4.8 %), hypersensitivity (n=2, 1.6 %), hypotension
(n=2, 1.6 %), myalgia (n=2, 1.6 %), and rash (n=3, 2.4 %)
than the FCM group. A comprehensive list of related
treatment-emergent adverse events in >1 % of subjects is
presented in Table 7. In regard to related serious drug adverse
events, one occurred in the FCM group (anaphylaxis) and one
occurred in the any IV iron group (hypersensitivity).

Discussion

There are a few studies of iron replacement therapy in
bariatric surgery patients. Guidelines are based on usual
clinical practice and recommend an initial trial of oral iron
therapy followed by parenteral iron if the response is
inadequate [14]. A current barrier to IV iron is the toler-
ability of high doses, which may prolong the time to iron

Table 2 Clinical and demographic data of study participants in the ITT population (n=281)

Study 1 VIT 21 Study 2 VIT 19 Study 3 VIT 20 Study 4 VIT 30 Study 5 VIT 31

Parameter

Number of subjects 41 65 31 50 94

Age in yearsa 49.0 (13.3) 44.7 (10.6) 45.5 (11.6) 63.5 (10.9) 44.7 (12.0)

Gender, female/male 41:0 64:1 31:0 38:12 79:4

Height in centimetersa 164 (5.3) 164 (7.5) 164 (6.0) 166 (11.2) 165 (7.3)

Baseline weight in kilogramsa 84.4 (25.1) 90.3 (22.3) 87.3 (20.2) 93.1 (26.1) 89.1 (19.7)

Baseline BMIa 31.3 (9.6) 33.7 (7.9) 32.6 (7.1) 34.4 (10.5) 33.5 (8.4)

Type of surgery

Gastric bypass 34 55 28 28 80

Gastric banding 1 2 1 7 6

Other gastric surgeryb 6 8 2 15 8

Time since surgery in yearsa 5.8 (4.3), 5c 6.3 (5.5), 5c 6.9 (5.9), 4.5c 11.2 (10.9), 6c 6.3 (4.8), 6c

a Values are mean (SD)
b Other indications for gastric surgery included GERD, peptic ulcer, and diverticulitis
cMedian

Table 3 Change in hemoglobin (grams per deciliter) from baseline to highest value between baseline and end of study or time of intervention in
subjects from studies 2 to 5

Study number (n=240) Baseline hemoglobin value Highest hemoglobin value Change to highest hemoglobin value

Mean (SD) Median Mean (SD) Median Mean (SD) Median

Study 2 (65)

Ferric carboxymaltose (29) 9.6 (1.08) 9.9 12.8 (0.80) 12.9 3.2 (1.32) 3.4

Iron sucrose or ferric gluconate (13) 9.5 (1.20) 10.0 11.9 (1.18) 12.1 2.4 (0.84)* 2.2

Oral iron (17) 9.9 (0.95) 10.4 11.6 (1.49) 11.9 1.7 (1.11)* 1.4

Other treatment (6) 9.4 (1.09) 9.5 11.1 (1.04) 11.0 1.7 (0.43)* 1.7

Study 3 (31)

Ferric carboxymaltose (16) 9.6 (1.25) 10.0 12.5 (1.15) 12.7 2.9 (1.82) 2.5

Iron dextran (15) 9.1 (1.67) 9.7 11.9 (0.89) 12.0 2.8 (1.62) NS 3.2

Study 4 (50)

Ferric carboxymaltose (22) 10.3 (0.67) 10.4 11.5 (1.1) 11.3 1.2 (0.88) 1.1

Iron sucrose (28) 10.3 (0.64) 10.3 11.1 (0.81) 11.2 0.84 (0.72) NS 1.0

Study 5 (94)

Ferric carboxymaltose (39) 9.2 (1.1) 9.1 12.4 (1.1) 12.5 3.2 (1.38) 3.2

Oral iron (11) 10.2 (1.1) 10.3 10.8 (1.6) 10.7 0.61 (0.74)* 0.4

IV SMC (44) 9.3 (1.3) 9.8 11.4 (1.1) 11.5 2.08 (1.14)* 1.8

NS nonsignificant versus FCM

*p<0.05 versus FCM
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replenishment and can increase cost due to multiple infu-
sions. Since all parenteral iron agents share the same
fundamental chemistry and depend on the reticuloendo-
thelial system uptake of iron agent prior to delivery of

iron to erythroid marrow, they are distinguished in clinical
practice by the convenience of administration or the rate
that a maximum single dose can be safely administered,
the associated adverse events and serious adverse events

Table 4 Change in ferritin (nanograms per milliliter) from baseline to highest value between baseline and end of study or time of intervention in
subjects from studies 2 to 5

Study number (n=240) Baseline ferritin value Highest ferritin value Change to highest ferritin value

Mean (SD) Median Mean (SD) Median Mean (SD) Median

Study 2 (65)

Ferric carboxymaltose (29) 4.7 (2.2) 4.4 471.0 (187.2) 411.6 466.3 (186.1) 409.9

Iron sucrose or ferric gluconate (13) 5.4 (5.6) 3.5 161.2 (109.6) 139.0 155.9 (109.5)* 115.8

Oral iron (17) 15.8 (37.8) 5.3 26.7 (45.0) 14.7 10.9 (9.3)* 8.0

Other treatment (6) 7.1 (7.3) 4.2 154.2 (239.0) 56.3 147.0 (238.6)* 49.9

Study 3 (31)

Ferric carboxymaltose (16) 5.4 (3.0) 4.2 473.1 (225.2) 397.6 467.7 (222.9) 394.0

Iron dextran (15) 7.8 (12.1) 4.3 384.2 (233.2) 285.6 376.4 (228.5) NS 281.8

Study 4 (50)

Ferric carboxymaltose (22) 51.3 (58.0) 34.2 688.4 (195.6) 691.5 637.1 (181.5) 596.2

Iron sucrose (28) 45.3 (32.1) 38.4 293.8 (150.3) 267.9 248.5 (139.2)* 221.6

Study 5 (94)

Ferric carboxymaltose (39) 9.9 (20.0) 5.2 370.6 (183.5) 318.5 360.7 (173.5) 316.4

Oral iron (11) 8.0 (5.0) 6.7 12.1 (12.5) 7.8 4.1 (8.4)* 1.6

IV SMC (44) 10.6 (16.6) 4.6 161.3(266.7) 88.4 150.7 (265.1)* 82.5

NS nonsignificant versus FCM

*p<0.05 versus FCM

Table 5 Change in TSAT (percent) from baseline to highest value between baseline and end of study or time of intervention in subjects from
studies 2 to 4

Study number (n=240) Baseline TSAT value Highest TSAT value Change to highest TSAT value

Mean (SD) Median Mean (SD) Median Mean (SD) Median

Study 2 (65)

Ferric carboxymaltose (29) 6.2 (4.1) 5.0 40.6 (12.8) 40.0 34.4 (11.3) 33.0

Iron sucrose or ferric gluconate (13) 6.6 (3.6) 5.5 31.8 (15.5) 28.0 25.2 (15.1) NS 21.5

Oral iron (17) 7.5 (5.6) 6.0 46.8 (18.9) 43.0 39.3 (20.9) NS 39.0

Other treatment (6) 11.8 (10.0) 9.0 24.5 (14.2) 21.0 12.8 (11.2)* 14.8

Study 3 (31)

Ferric carboxymaltose (16) 7.8 (5.1) 6.3 35.5 (10.0) 38.0 27.8 (8.8) 26.3

Iron dextran (15) 6.9 (5.4) 4.5 56.5 (19.4) 54.0 49.6 (19.9)* 48.5

Study 4 (50)

Ferric carboxymaltose (22) 17.5 (4.6) 17.3 46.0 (19.3) 41.0 28.6 (16.7) 26.5

Iron sucrose (28) 18.4 (8.3) 17.0 36.4 (20.0) 31.0 18.0 (17.6)* 14.5

Study 5 (94)

Ferric carboxymaltose (39) 12.6 (13.4) 6.0 41.6 (21.2) 35.0 29.0 (20.1) 26.5

Oral iron (11) 28.14 (26.1) 18.5 28.4 (19.0) 28.0 0.23 (16.2)* 0.0

IV SMC (44) 9.6 (10.6) 5.8 21.9 (11.4) 21.0 12.3 (14.4)* 12.3

NS nonsignificant versus FCM

*p<0.05 versus FCM
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experienced during and after administration, and their
efficacy in restoring iron stores and hemoglobin.

DeFilipp et al. described the use of a single total dose
infusion of 2 g of iron dextran in 23 gastric bypass patients
[19]. Patients received hypersensitivity prophylaxis with
oral acetaminophen and diphenhydramine and intravenous
hydrocortisone. After administration of a test dose, patients
were administered the remaining iron dextran in 1 L of
normal saline over a 6-h period. These authors also consi-
dered an alternative method to administer the iron dextran
dose using a 2-mL (100 mg) dose as a slow push intrave-
nous injection. Since this would have required 20 visits to
achieve the required dose, this was deemed impractical. The
majority of patients (84.6 %) maintained their hemoglobin
and iron stores up to 1 year post-infusion. No significant
adverse events were reported in 22 of the patients. One
patient experienced superficial phlebitis.

In the present analysis, FCM was administered as single
or multiple 750-mg doses given by intravenous push rather
than by infusion, resulting in both reduced time and less
inconvenience to achieve their full course of treatment.
FCM had the same or better efficacy in terms of the effect
on hemoglobin, ferritin, and TSAT than SMC for iron defi-
ciency. Both groups experienced similar incidence of
treatment-related adverse events with only one serious event
in either group. Hypophosphatemia (diagnosed based on
phosphorus levels in blood samples) occurred more fre-
quently in the FCM group but was asymptomatic and

transient and did not require further intervention. The cause
of the low phosphorus levels has been observed in other trials

Table 6 Summary of treatment-related emergent adverse events pooled data from studies 1 to 5 in bariatric and gastric surgery subjects

FCM (N=123),
N (%)

Any IV iron
(N=126), N (%)

Type of event

Any adverse event 75 (61) 71 (56.3)

Severe adverse eventa 17 (13.8) 11 (8.7)

Serious adverse eventa 7 (5.7) 10 (7.9)

Drug related adverse event 34 (27.6) 33 (26.2)

Drug related serious adverse event 1 (0.8) 1 (0.8)

Death from adverse event 0 (0.0) 1 (0.8)

Study withdrawal due to adverse event 2 (1.6) 4 (3.2)

Related adverse events occurring in ≥2 % of subjects by system organ class

Gastrointestinal disorders 10 (8.0) 7 (5.6)

Disorders associated with drug administration 6 (4.8) 4 (3.2)

Altered laboratory values 11 (8.8) 2 (1.6)

Musculoskeletal disorders 2 (1.6) 7 (5.6)

Nervous system disorders 5 (4.0) 11 (8.7)

Skin disorders 2 (1.6) 6 (4.8)

a Severity of adverse events (AEs) refers to the magnitude of the event. Scales for severity (grades 1–5) used in these trials were those described by
the Common Terminology for Adverse Events v 3.0. Severe adverse events are those of grades 3, 4, or 5. Serious adverse events are those that result
in death or threat to life, hospitalization (or prolongation of hospitalization), disability, congenital defect, or are considered important medical
events. A severe AE is not necessarily serious, e.g., nausea, which persists for several hours, may be considered severe nausea, but it is not a serious
AE. On the other hand, a stroke, which results in only a limited degree of disability, may be considered a mild stroke, but would be a serious AE

Table 7 Related treatment-emergent adverse events in >1 % of subjects
by MedDRA term

FCM (N=123),
N (%)

Any IV iron
(N=126), N (%)

Arthralgia 0 (0) 4 (3.2)

Blood phosphorus decreased 3 (2.4) 0 (0)

Chills 2 (1.6) 1 (0.8)

Diarrhea 2 (1.6) 0 (0)

Dizziness 1 (0.8) 2 (1.6)

Dysgeusia 2 (1.6) 2 (1.6)

Headache 1 (0.8) 6 (4.8)

Hypersensitivity 0 (0) 2 (1.6)

Hypertension 2 (1.6) 2 (1.6)

Hypophosphatemia 6 (4.9) 0 (0)

Hypotension 0 (0) 2 (1.6)

Injection site discoloration 2 (1.6) 0 (0)

Myalgia 1 (0.8) 2 (2.6)

Nausea 8 (6.5) 3 (2.4)

Pain 0 (0) 2 (1.6)

Pruritus 1 (0.8) 2 (1.6)

Pyrexia 2 (1.6) 0 (0)

Rash 1 (0.8) 3 (2.4)

Vomiting 2 (1.6) 1 (0.8)
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of FCM [20]. It has been hypothesized to be due to an increase
in the level of fibroblast growth factor 23, a hormone that
reduces renal tubular reabsorption of phosphate leading to
temporary reductions in plasma phosphate levels [21].

Post-bariatric surgery patients are encouraged to attend
follow-up appointments for monitoring of their nutrient
status every 6 to 12 months after surgery. The ability to
administer larger single FCM doses would potentially ben-
efit patients by requiring less additional clinic visits for
management of their iron deficiency.

In summary, FCM appears to be both safe and effica-
cious when administered to patients who have undergone
bariatric surgery. Since these patients typically attend
outpatient clinic visits infrequently after their surgery,
FCM may provide a more suitable choice for parenteral
iron therapy since fewer doses are needed to replete the
patient’s iron stores. Pharmacoeconomic analysis includ-
ing cost of the agent and administration costs will con-
tribute to the decision to use FCM in routine practice in
place of other currently available agents.

Conclusion

These data in the post-bariatric surgery population and those
having other gastric surgeries associated with the develop-
ment of IDA suggest that FCM is a safe and effective
alternative to existing parenteral iron products. There is a
potential advantage to be gained from being able to give
higher and thus fewer doses to replete body iron stores.
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