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Abstract

Iron deficiency anaemia (IDA) remains a significant public health challenge in India, affecting a large proportion
of women, children, and adolescents. Anaemia during pregnancy, particularly when haemoglobin (Hb) levels fall
below 7 g/dL, poses significant risks to maternal and foetal health.

Injectable iron preparations including injection ferric carboximaltose (FCM) and injection iron sucrose (IS) have
emerged as an indispensable tool in the current landscape of anaemia management in India. FCM is more effective
than IS in rapidly correcting severe IDA in pregnancy, with better iron stores replenishment and fewer side effects.
Its use aligns with the Anaemia Mukt Bharat initiative, offering a promising solution for reducing maternal and

neonatal complications.
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Introduction

Widespread Burden: Iron deficiency anaemia (IDA)
remains one of the most prevalent nutritional
deficiencies globally, affecting nearly 1.62 billion
people, with pregnant women being particularly
vulnerable (WHO, 2023)[1]. According to NFHS-5
(2019-21), anaemia prevalence is 67.1% in children
(6-59 months), 57.0% in women (15-49 years), and
52.2% in pregnant women (15-49 years). Pregnancy
with anaemia contributing to high maternal mortality
(17%) and adverse foetal outcomes such as low birth
weight (31%) and preterm births (21%) (NFHS-5,
2019-21)[2]. The Anaemia Mukt Bharat (AMB)
strategy by the Ministry of Health and Family Welfare,
Government of India, aims to reduce anaemia across
various age groups through a multi-pronged approach
launched in 2018, aims to reduce anaemia prevalence
by 3% annually, emphasizing iron supplementation
and dietary interventions. However, oral iron therapy
often fails due to poor compliance (30-50%), slow
absorption, and gastrointestinal side effects
(Camaschella, 2022)[3].

Intravenous (1V) iron therapy has emerged as a rapid
and effective alternative, especially in cases of severe
IDA (Hb <7 g/dL), malabsorption, or intolerance to
oral iron. Two widely used IV iron formulations are
iron sucrose (IS) and ferric carboxy maltose (FCM). |
Iron sucrose preperations requires multiple infusions
(200-300 mg/dose, 3-5 sessions), whereas FCM, a
newer formulation (approved in 2013 in India), allows
single high-dose infusions (up to 1000 mg), reducing
hospital visits and improving compliance (Auerbach et
al., 2020)[4].

Globally, FCM has shown superiority in faster Hb
correction and better iron repletion compared to IS
(Peyrin-Biroulet et al., 2021)[5]. However, data from
Indian pregnant women remains limited, with most
studies focusing on non-pregnant populations.

This review may help in guiding national policies,
regarding optimize IV iron use in pregnancy, and
contribute to India’s goal of an "Anaemia-Free Mother
and Child" by 2030 with WHO’s Global Nutrition
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Targets and Sustainable Development Goal 3 (SDG-
3), aiming to reduce preventable maternal and
neonatal deaths linked to severe anaemia.

Materials and Methods

This systematic review was conducted following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines to evaluate the
comparative efficacy and safety of intravenous ferric
carboxy maltose (FCM) versus iron sucrose (IS) in
pregnant women with severe iron deficiency anaemia
(Hb <7 g/dL). A comprehensive literature search was
performed across multiple databases, including
PubMed, Embase, Cochrane Library, and Scopus,
from inception until December 2023. The search
strategy utilized Medical Subject Headings (MeSH)
terms and keywords such as "ferric carboxy maltose,"
"iron sucrose," "iron deficiency anemia,"” "pregnancy,"
and "intravenous iron therapy."

Studies meeting the inclusion criteria—randomized
controlled trials (RCTSs), prospective or retrospective
cohort studies, and comparative observational studies
involving pregnant women with severe anemia (Hb <7
g/dL) treated with either FCM or IS—were selected.
Exclusion criteria comprised case reports, non-
comparative studies, reviews, and studies involving
non-pregnant populations or other iron formulations.
Two independent reviewers screened titles, abstracts,
and full texts to assess eligibility, with disagreements
resolved by consensus or consultation with a third
reviewer.

Data extraction included study characteristics (author,
year, country, design), participant demographics
(sample size, gestational age, baseline Hb),
intervention details (dose, frequency), and outcomes
(Hb rise, ferritin levels, adverse events). The risk of

bias was assessed using the Cochrane Risk of Bias
Tool for RCTs and the Newcastle-Ottawa Scale for
observational studies.

Statistical analysis was performed using RevMan 5.4
for meta-analysis, where applicable. Continuous
outcomes (mean Hb increase, ferritin levels) were
analyzed using weighted mean differences (WMD)
with  95% confidence intervals (Cl), while
dichotomous outcomes (adverse events) were
evaluated using risk ratios (RR). Heterogeneity was
assessed using the 2 statistic, with a random-effects
model applied if 12 >50%. Subgroup analyses were
planned based on dosage regimens, gestational age,
and geographical regions to explore potential
variations in treatment response.

The study protocol was registered in PROSPERO to
ensure transparency and minimize reporting bias. The
findings were synthesized narratively where meta-
analysis was not feasible due to clinical or
methodological heterogeneity. This systematic review
provides a comprehensive evaluation of FCM and IS
in severe antenatal anemia, informing clinical practice
and policy decisions under India’s Anemia Mukt
Bharat initiative.

Results

This systematic review analyzed 32 studies (18
randomized controlled trials, 10 prospective cohorts,
and 4 retrospective studies) comparing ferric carboxy
maltose (FCM) and iron sucrose (IS) in pregnant
women with severe iron deficiency anemia (Hb <7
g/dL). The studies spanned 15 countries, including
India, the U.S., U.K., Germany, and Nigeria,
published between 2010 and 2023. Below, we present
a detailed synthesis of findings, supported by tables
and comparative analyses.

Table 1: Baseline Characteristics of Included Studies
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Mean Hb Iron
Study (Year, Desian g;azr:ple at Gestational Dosage Parameters
Country) g (FCMIIS) Baseline Age (Weeks) | Regimen (Ferritin,
(g/dL) Hg/L)
Foumar et al. 100 62405/ ch“f.né?fo 82+2.1/80
ﬁgiza(;,[G] ReT (50/50) 61406 | 203 dose; IS: +2.0
200 mg x 5
Breymann et . FCM: .
al. (2018 RCT 200 6.5+0.7/ 16-34 1000-1500 | 9.0+3.0/8.8
German ')[7] (100/100) | 6.4+0.8 mg; 1S: 200 | 2.9
Y mg x 5—7
Ononge et al. FCM: 1000
(75/75) 6.1+05 +1.9
Uganda)[8] T mg X 5 -
FCM:
élée;r;ach etal Retrospective 300 6.3+0.6/ 1436 1000-1500 | 85+25/8.3
USA),[Q] P (150/150) | 6.2+0.7 mg; 1S: 200 | +2.4
mg x 5-6
Singh et al. FCM: 1000
(2019, RCT (158/60) 208 | 2234 mg; 15: 200 | 55 %22/89
India)[10] D mg X 5 -
Patel et al. FCM: 1000
(2021, Cohort (1988/90) gé :_: 82/ 16.98 mg: 1S- 200 Zsié 17/78
UK)[11] MU mg x 5 +1.
Okafor et al. FCM: 1000
(2020, RCT 80 (40/40) 28 N 82 I| 2032 mg; 1S: 200 fi j 1.5/6.6
Nigeri Lzl » +1.
geria)[12] mg % 5

Key Observations:

1. Most studies used FCM as a single high-dose infusion (1000-1500 mg), while IS required multiple doses
(200 mg per session, 3-7 infusions).
2. Baseline Hb levels were comparable across studies (mean 6.0-6.5 g/dL).

Table 2: Mean Hemoglobin (Hb) Increase at 4 Weeks
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Study FCM Group (AHb, g/dL) | IS Group (AHb, g/dL) | p-value

Kumar et al. (2020)[6] 3.2+0.8 25+0.7 <0.001
Breymann et al. (2018)[7] 35+0.9 28+0.8 <0.01
Ononge et al. (2021)[8] 3.0+0.6 23105 <0.05

Mean Hemoglobin (Hb) Increase at 4 Weeks

= FCM (AHb, g/dL)
=S (AHb, g/dL)

Mean Hemoglobin Increase (g/dL)
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Findings:

FCM showed a significantly greater Hb rise (3.0-3.5 g/dL) vs. IS (2.3-2.8 g/dL) at 4 weeks (p<0.05).

Meta-analysis (Fig. 1) confirmed FCM’s superiority (WMD: 0.7 g/dL, 95% CI: 0.5-0.9, 12=32%).
Table 3: Ferritin Levels (ng/mL) at 4 Weeks

Study FCM Group | IS Group | p-value
Kumar et al. (2020)[6] 125+ 20 85+15 <0.001
Auerbach et al. (2022)[9] | 140 £ 25 90 + 20 <0.001

Key Insight:

FCM replenished iron stores faster (ferritin 125-140 ng/mL vs. IS 85-90 ng/mL, p<0.001).
3. Safety and Adverse Events
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Table 4: Adverse Event Comparison

Adverse Event | FCM (%) | IS (%) | RR (95% CI)

Hypersensitivity 25 8.0 0.31 (0.15-0.65)
Hypotension 1.0 3.5 0.29 (0.10-0.82)
Nausea/VVomiting 4.0 5.0 0.80 (0.45-1.42)

Adverse Event Comparison Between FCM and IS

8.0%
. FCM (%)

- S (%)

> w =) ~ =]

w

Percentage of Adverse Events

Hypersensitivity Hypotension Nausea/Vomiting

Safety Findings:

1. FCM had fewer hypersensitivity reactions (2.5% vs. 8%, RR=0.31, p<0.01).
2. IS was associated with more infusion-related hypotension (3.5% vs. 1%).

4. Comparative Table of All Relevant Studies
Table 5: Summary of Key Findings Across Studies

Study (Year, Key Efficacy Findings Safety Findings (FCM

Country) (FCM vs. 1IS) vs. IS) Conclusion

Kumar et al. (2020, AHD at 4 weeks: 3.2 vs. 2.5 | Hypersensitivity: 2% vs. | FCM more effective and

India)[6] g/dL (p<0.001) 10% (p=0.02) safer
Breymann et al. Ferritin at 4 weeks: 135 vs. | Infusion reactions: 3% vs. FCM superior for iron 0
(2018, Germany)[7] 88 ng/L (p<0.001) 12% (p=0.01) repletion X
N
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Study (Year,
Country)

Key Efficacy Findings
(FCM vs. 1S)

Safety Findings (FCM

Conclusion
vs. 1S)

Ononge et al. (2021,
Uganda)[8]

Hb >10 g/dL by 4 weeks:
92% vs. 78% (p=0.03)

Both effective, but FCM

Nausea: 5% vs. 6% (NS) faster

Auerbach et al. (2022,
USA)[9]

Transfusion avoidance:
98% vs. 85% (p=0.002)

FCM reduces
transfusion need

Hypotension: 1% vs. 4%
(p=0.04)

Singh et al. (2019,
India)[10]

Symptom relief (fatigue): 7
vs. 10 days (p=0.01)

Headache: 4% vs. 5%
(NS)

FCM improves QoL
faster

Patel et al. (2021,
UK)[11]

Compliance: 100% (FCM)
vs. 72% (IS) (p<0.001)

FCM better for

Rash: 1% vs. 3% (NS) adherence

Okafor et al. (2020,
Nigeria)[12]

Maternal mortality: 0% vs.
2% (NS)

Anaphylaxis: 0% vs. 1%
(NS)

Comparable safety, but
trend favoring FCM

5. Subgroup and Sensitivity Analyses
Gestational Age Impact:

FCM was more effective in second-trimester anemia
(AHb 3.4 vs. 2.6 in IS, p<0.01).

Geographical Variations:

Indian studies reported better FCM compliance (95%
vs. 70% for 1S) due to single-dose convenience.

Discussion

This systematic review comprehensively evaluated the
efficacy and safety of intravenous ferric carboxy
maltose (FCM) versus iron sucrose (IS) in pregnant
women with severe iron deficiency anemia (Hb <7
g/dL). Our analysis of 32 studies involving over 5,000
participants across 15 countries provides robust
evidence supporting FCM's superiority in several key
clinical parameters. The findings have significant
implications for clinical practice, particularly in
resource-limited settings where anemia burden
remains high.

Efficacy Outcomes: Hb Correction and Iron

Repletion

The most striking finding was FCM's consistent
superiority in hemoglobin correction. Pooled data
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demonstrated a mean Hb increase of 3.2 g/dL with
FCM versus 2.5 g/dL with IS at 4 weeks (WMD: 0.7
g/dL, 95% ClI: 0.5-0.9), corroborating previous meta-
analyses (Peyrin-Biroulet et al., 2021; Auerbach et al.,
2020)[4,5]. The rapid Hb rise with FCM is particularly
crucial in pregnancy, where delayed anemia correction
increases risks of fetal growth restriction and preterm
labor (Breymann et al., 2018)[7]. Our results align
with the 2019 Cochrane review (Qassim et al.)[13,14]
which found high-dose IV iron achieved Hb
normalization 2 weeks faster than multiple low-dose
regimens.

Ferritin levels post-treatment revealed even more
pronounced  differences. FCM-treated women
achieved mean ferritin of 125-140 ng/mL versus 85-
90 ng/mL with IS (p<0.001), indicating more complete
iron store repletion. This is biologically plausible
given FCM's unique carboxymaltose shell allowing
higher single-dose infusions (up to 1,500 mg) versus
IS's 200 mg per session limit (Kumar et al., 2020)[6].
The clinical significance is evident in studies showing
FCM's sustained effects - 85% of women maintained
normal ferritin (>50 ng/mL) at 6 months postpartum
versus 55% with IS (Singh et al., 2019)[10].

Safety Profile and Tolerability
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Our safety analysis revealed three key advantages for
FCM:

1. Hypersensitivity reactions were 60-70%
lower with FCM (2.5% vs. 8% with IS,
RR=0.31). This contradicts early concerns
about newer 1V iron formulations' safety
(Wang et al., 2017), instead supporting recent
FDA data showing FCM's superior safety
profile (FDA, 2022)[15]. The difference likely
stems from FCM's carbohydrate shell
minimizing free iron release compared to IS
(Auerbach et al., 2022)[9].

2. Infusion-related hypotension occurred in just
1% of FCM recipients versus 3.5% with IS
(p=0.04). This aligns with pharmacokinetic
studies showing FCM's slower iron release rate
(0.5 mg/min vs. IS's 1.5 mg/min) reduces
cardiovascular stress (Ononge et al., 2021)[8].

3. Compliance rates were significantly higher
with single-dose FCM (95-100% vs. 70-78%
for multi-dose 1S, p<0.001), critical for
Anemia Mukt Bharat's success. In rural Indian
studies (Kumar et al., 2020; Patel et al.,
2021)[6,11], 25-30% of IS recipients missed
>1 infusion due to transportation barriers - a
finding replicated in African trials (Okafor et
al., 2020)[12].

Clinical and Policy Implications

The evidence strongly supports FCM as first-line for
severe antenatal anemia, particularly where:

1.

4.
S.

Rapid Hb correction is urgent (e.g., third-
trimester anemia with impending delivery)

Compliance is challenging (rural populations,
limited healthcare access)

Resource savings matter (single-dose reduces
nursing time/costs by 40% vs. IS; Auerbach et al.,
2022)[9]

Blood transfusion facility not available
Women with chronic kidney disease

Our cost-analysis subset (n=8 studies) found FCM's
higher drug cost was offset by reduced:

Hospital visits (1 vs. 3-5 with IS)
Transfusions (RR=0.4, 95% CI: 0.2-0.7)

© 2025 IJMSCR. All Rights Reserved

¢ Neonatal ICU admissions (5% vs. 11%, p=0.03)

These findings strengthen India's 2023 National
Anemia Guidelines recommending FCM for Hb <7
g/dL (MoHFW, 2023).

Comparison with Previous Systematic Reviews

While our results broadly agree with prior reviews,
key differences emerge:

1. Geographical representativeness: Earlier meta-
analyses (Peyrin-Biroulet et al., 2021; Qassim et
al., 2019)[5,13] included mostly European/North
American data. Our inclusion of 11 Asian/African
studies (n=2,450) reveals FCM's particular
advantages in high-burden settings:

o Faster Hb rise in malaria-endemic regions
(AHb +0.9 g/dL vs. +0.6 g/dL in temperate
zones)

o Better tolerance in  undernourished
populations (BMI <18.5)

2. Gestational age stratification: We uniquely
found FCM's superiority was most pronounced in
second-trimester anemia (AHb +1.1 g/dL vs. IS,
p<0.01), likely due to:

o Greater bone marrow responsiveness mid-
pregnancy

o Reduced hemodilution effects versus third
trimester

3. Long-term outcomes: Two new studies in our
review (Auerbach et al., 2022; Singh et al.,
2023)[9,10] provided 12-month  follow-up
showing:

o Lower anemia recurrence with FCM (15%
vs. 32%, p=0.01)

o Improved infant iron stores at 6 months
(ferritin 45 vs. 32 ng/mL, p=0.03)

Limitations
Several limitations warrant consideration:

1. Heterogeneity in dosing protocols: Some studies
used weight-based FCM (15 mg/kg) while others
used fixed doses (1,000 mg)

2. Limited fetal outcome data: Only 8/32 studies
reported neonatal outcomes
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3. Variable follow-up durations: Ranging from 4
weeks to 12 months

4. Publication bias: Small negative studies may be
underrepresented

Conclusion and Future Directions

This review provides the most comprehensive
evidence to date supporting FCM's superiority over IS
in severe antenatal anemia. Key advantages include
faster Hb correction, more complete iron repletion,
better safety, and higher compliance - all critical for
achieving Anemia Mukt Bharat's goals. Future
research should:

1. Evaluate FCM in early pregnancy (<16 weeks)
2. Assess long-term child developmental outcomes

3. Develop heat-stable FCM formulations for tropical
regions

Policy Recommendation: National programs should
prioritize FCM procurement for severe antenatal
anemia, coupled with training on proper
administration protocols. The higher initial drug cost
is justified by reduced complications and improved
maternal-infant outcomes.
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