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Postpartum maternal and infant haematological effects of
second-trimester ferric carboxymaltose versus standard-of-
care oral iron in Malawi: longitudinal follow-up of a
randomised controlled trial

Glory Mzembe®, Ernest Moya*, Martin N Mwangi*, Ricardo Ataide*, Rebecca Harding*, Justina Kaunda, Truwah Zinenani, Gomezgani Mhango,
William Stones, Owen Mtambo, Ayse Y Demir, Hans Verhoef, Sabine Braatt, Sant-Rayn Pasrichat, Kamija S Phirit

Summary

Background Anaemia is common in mothers and infants in the first year postpartum, especially in sub-Saharan Africa.
We evaluated whether treating anaemia in the second trimester of pregnancy with a single dose of intravenous iron,
ferric carboxymaltose, compared with standard-of-care oral iron could alleviate anaemia in postpartum women and
their infants.

Methods REVAMP (ACTRN12618001268235), an open-label, individually randomised, controlled trial done across
nine urban and five rural health centres in Malawi, recruited women if they were in the second trimester of singleton
pregnancy, had a capillary haemoglobin concentration of less than 10-0 g/dL, and had a negative malaria rapid
diagnostic test. Once enrolled, women were randomly assigned (1:1) to receive intravenous ferric carboxymaltose
(20 mg/kg up to 1000 mg) or standard of care (60 mg oral elemental iron twice daily for 90 days); all women received
preventive malaria treatment. The primary endpoint of REVAMP was anaemia prevalence at 36 weeks of gestation,
with follow-up of mothers and infants until 1 month postpartum. In REVAMP-EXTENDED, women from REVAMP
who gave consent, and their infants, were followed up at 3, 6, 9, and 12 months postpartum, and venous blood was
collected for haemoglobin, ferritin, and C-reactive protein measurement. Maternal postpartum outcomes comprised
prevalence of anaemia (venous haemoglobin concentration <11 g/dL up to and including delivery and <12-0 g/dL
postpartum) and haemoglobin concentration, as well as iron status (iron deficiency, defined as serum ferritin
<15 pg/L, or <30 pg/L if C-reactive protein >5 mg/L, and iron deficiency anaemia [both iron deficiency and anaemia]).
Infant outcomes comprised cord ferritin concentration, and haemoglobin and ferritin concentrations at 1, 3, 6,
9, and 12 months of age.

Findings Between Nov 12, 2018, and March 2, 2021, 862 women were randomly assigned in REVAMP, of whom
793 (393 in the ferric carboxymaltose group [376 liveborn infants] and 400 [379 liveborn infants] in the
standard-of-care group) provided consent for REVAMP-EXTENDED. At 12 months postpartum, ferritin concentrations
were higher (geometric mean ratio 1-47 [95% CI 1-29-1-66], p<0-0001), and prevalence of iron deficiency was lower
(prevalence ratio 0-65 [0-48-0-88], p=0-0050), in mothers receiving ferric carboxymaltose than in those receiving
standard of care. Anaemia was less common in women who received ferric carboxymaltose than in those who received
standard of care at 1 month (prevalence ratio 0-84 [95% CI 0-71-0-98], p=0-027), 3 months (0-75 [0-62-0-91],
p=0-0029), and 6 months (0-78 [0-63-0-96], p=0-018) postpartum but not thereafter. There was no evidence of a
difference between groups regarding cord ferritin, infant ferritin, or infant haemoglobin concentrations at any
timepoint. Benefits on postpartum anaemia were restricted to mothers with baseline iron deficiency.

Interpretation Ferric carboxymaltose treatment in the second trimester protected women from postpartum anaemia
and iron deficiency but did not affect infant haematological or iron status.
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Copyright © 2024 The Author(s). Published by Elsevier Lid. This is an Open Access article under the CC BY 4.0
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Introduction

More than 41% of pregnant women worldwide are
anaemic,' with the problem particularly affecting women
in low-income countries, especially in Asia and sub-
Saharan Africa. WHO recommends that pregnant women
routinely receive oral iron to prevent iron deficiency
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anaemia.? However, acceptability and adherence to oral
iron during pregnancy are often suboptimal’ An
important consequence of antenatal anaemia is
postpartum anaemia, which can be exacerbated by blood
losses during childbirth.* Postpartum anaemia is a
common condition globally, including in sub-Saharan
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Research in context

Evidence before this study

We searched PubMed for “intravenous iron” AND “pregnancy” OR
“"antenatal”, restricted to clinical trials, from database inception to
Feb 6, 2024, without language restrictions. We identified

50 articles, of which 13 reported randomised controlled trials
comparing intravenous iron (in various forms) with oral iron to
treat anaemia during pregnancy. Most trials followed up women
for a relatively short duration (eg, 4-18 weeks). Where conducted,
postpartum follow-up was limited to 4 weeks. We also searched
systematic reviews investigating intravenous iron compared with
oral iron in pregnancy. A network meta-analysis including

30 trials (not only oral vs intravenous iron, but also oral vs oral
iron and intravenous vs intravenous iron formulations) identified
4 weeks after infusion as a common follow-up timepoint. One
trial reported on the effects of antenatal intravenous iron on cord
ferritin concentrations.

Added value of this study
To our knowledge, we report the first extended follow-up of the
effects of intravenous iron during pregnancy on maternal and

Africa, and compromises wellbeing and might promote
postpartum depression.’

Modern intravenous iron formulations such as ferric
carboxymaltose and iron derisomaltose enable high doses
(eg, 1000 mg) of iron to be administered in a single, brief
(15-30 min) infusion, ensuring delivery of a near total
replacement dose of iron and overcoming limitations
in adherence to oral iron. In high-income settings,
guidelines and expert recommendations increasingly
advocate treatment of moderate or severe iron deficiency
anaemia in pregnancy with modern intravenous iron
formulations.” We reasoned that ferric carboxymaltose
could present an opportunity to rapidly correct iron
deficiency and reduce anaemia prevalence among women
living in resource-limited settings in sub-Saharan Africa.
The REVAMP trial tested a single dose of up to 1000 mg
ferric carboxymaltose compared with oral iron given as
standard of care in pregnant women with moderate or
severe anaemia in the second trimester of pregnancy
living in two districts of Malawi. The trial initially followed
up women from recruitment to 1 month postpartum. It
did not meet its primary efficacy endpoint, which was
predefined as ferric carboxymaltose causing a significant
reduction in maternal anaemia prevalence at 36 weeks of
gestation compared with standard of care. In infants,
ferric carboxymaltose did not increase birthweight.®
However, compared with women receiving standard of
care, ferric carboxymaltose significantly reduced the
prevalence of iron deficiency and iron deficiency anaemia
and raised serum ferritin concentrations clinically and
statistically at all post-treatment timepoints.

The impact of maternal iron interventions on infant
iron and haematological status remains uncertain:

infant haematological and iron status in either a low-income or
a high-income setting. Our data show that compared with oral
iron, intravenous ferric carboxymaltose markedly reduced iron
deficiency and iron deficiency anaemia in women up to

12 months postpartum and provided a reduction in anaemia
that was sustained for 6 months postpartum; however, there
were no effects on the haematological or iron status in infants.

Implications of all the available evidence

Intravenous iron acts quicker than oral iron to raise
haemoglobin concentration during pregnancy. Our data
indicate that high-dose intravenous iron during pregnancy
might also provide women with sustained protection from
postpartum anaemia and iron deficiency, extending the use
case for this therapy across low-income and high-income
settings. Trials testing intravenous iron in pregnancy should
incorporate extended follow-up to assess postpartum
haematological outcomes.

evidence largely from observational studies indicates that
maternal iron deficiency and anaemia are correlated with
reduced infant iron stores, with inconsistent data on
associations with infant haemoglobin concentrations
and mixed effects from antenatal oral iron interventions.’
Maternal iron status might particularly influence infant
iron status in the third trimester, when placental iron
transfer to the fetus is maximal." The impact of high-dose
intravenous iron given during pregnancy on neonatal
and infant iron stores and haematological status has not
previously been widely evaluated.

We hypothesised that the increased iron stores over
the second and third trimester in mothers through
high-dose ferric carboxymaltose could improve
postpartum maternal iron stores and alleviate postpartum
anaemia compared with standard of care. We also
hypothesised that the raised maternal iron stores during
pregnancy in the intravenous iron group of the REVAMP
trial could drive fetal iron transfer and thus lead to higher
infant iron stores and haemoglobin concentration. To
test these hypotheses, mothers enrolled in the REVAMP
trial who provided appropriate consent (along with their
infants) were followed up from 1 month postpartum to
12 months after delivery, for regular assessment of
haemoglobin and iron stores.

Methods

Study design and participants

REVAMP was an open-label, individually randomised,
controlled trial run in Blantyre and Zomba,
southern Malawi. The Zomba site served as the base for
nine health centres (four urban and five rural), and the
Blantyre site served as the base for five health centres (all
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urban). The primary endpoint of the trial was anaemia
prevalence at 36 weeks of gestation, with secondary
endpoints in mothers and infants up to and including
1 month postpartum. Full details of the trial protocol,
including screening, enrolment, randomisation, follow-up
to 1 month postpartum, sample size estimation, and
statistical analysis plan, have been published previously."

Briefly, women were eligible if they had moderate
or severe anaemia (capillary haemoglobin concentration
<10-0 g/dL, but >5-0 g/dL, by HemoCue 301+
[Angelholm, Sweden]), were negative on a rapid
diagnostic test (CareStart Malaria HRP2/pLDH [P{/PAN]
COMBO, Access Bio, Somerset, NJ, USA) for Plasmodium
falciparum, had an ultrasound-confirmed singleton
pregnancy at 13—26 weeks of gestation, had no previously
diagnosed inherited red cell disorder, and were not
clinically considered to urgently require transfusion or
have any other serious medical illness requiring
urgent hospitalisation. Women underwent screening for
eligibility at health centres; eligible women were then
centrally randomly assigned (by sealed envelope) in a
1:1 ratio with randomly permuted blocks of size four or
six, stratified by site to either the intervention group (a
single dose of ferric carboxymaltose [Vifor International,
St Gallen, Switzerland] 20 mg/kg, up to 1000 mg, diluted
in 250 mL normal saline, intravenously over 15 min) or
standard of care (60 mg elemental iron orally as ferrous
sulphate, twice daily for 90 days). The trial programme
did not provide any participants with either intravenous
iron or oral iron supplements postpartum. All participants
received intermittent preventive treatment of malaria in
pregnancy using sulfadoxine-pyrimethamine at baseline,
28 days after enrolment, and at 36 weeks of gestation
unless contraindicated (eg, due to recent malaria therapy
[usually with artemether-lumefantrine] or being HIV
positive and receiving cotrimoxazole chemoprophylaxis).
The trial was approved by ethics committees at the
College of Medicine, University of Malawi (Zomba,
Malawi), and the Walter and Eliza Hall Institute of
Medical Research (Parkville, VIC, Australia); monitored
by an independent data and safety monitoring board; and
prospectively registered with the Australian New Zealand
Clinical Trials Registry, ACTRN12618001268235. All
participants gave written informed consent for the
extended follow-up, either at baseline or at the 1-month
postpartum visit.

Participants were initially followed up at scheduled visits
at 28 days post-enrolment, 36 weeks of gestation, during
delivery, and 1 month postpartum. For the extended follow-
up, REVAMP-EXTENDED, further follow-up visits were
conducted at 3, 6, 9, and 12 months postpartum for the
women from the original trial who consented to take part.

Outcomes

Maternal postpartum outcomes comprised prevalence of
anaemia (venous haemoglobin concentration <11 g/dL
uptoandincluding deliveryand <12 -0 g/dL postpartum®*
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measured by a Sysmex [Kobe, Japan] automated analyser)
and haemoglobin concentration, as well as iron status
(iron deficiency, defined as serum ferritin <15 pg/L, or
<30 pg/L if C-reactive protein [CRP] >5 mg/L,"* and iron
deficiency anaemia [both iron deficiency and anaemial).
Infant outcomes comprised cord ferritin concentration,
and haemoglobin and ferritin concentrations at 1, 3, 6,
9, and 12 months of age.

Statistical analysis

The sample size was determined by the number of
women who participated in REVAMP, which aimed to
detect a 10% reduction in anaemia prevalence at 36 weeks
of gestation (60% standard of care vs 50% ferric
carboxymaltose) in 862 women (80% power, two-sided
alpha=5%), with assumed 10% loss to follow-up." Women
and infants with consent to follow-up beyond 1 month
postpartum and with available data (ie, contributing at
least one non-missing value within allowable visit
windows to the model) were analysed. Maternal and infant
outcomes were included in the randomly assigned group
of the women, and results are presented for all postpartum
timepoints. Maternal anaemia, iron deficiency, and iron
deficiency anaemia were analysed using a mixed-effects
Poisson regression model with a log link, including fixed
effects of treatment, study visit, randomised group by
postpartum study visit interaction, and site, with a random
intercept for the women and robust SEs.” Maternal and
infant venous haemoglobin concentration and (log-
transformed) serum ferritin concentration were analysed
using a linear mixed model by Liang and Zeger,” with a
random intercept for participant and an unstructured
variance-covariance among the repeated measurements.
The independent variables consisted of treatment,
randomised group by postpartum study visit interaction,
and site. These longitudinal models were fitted to all study
visits from baseline to 12 months postpartum for maternal
outcomes and from 1 month to 12 months of age for infant
outcomes. In addition, this model assumed a common
pre-randomisation baseline mean across the two treatment
groups for maternal outcomes and included participants
with at least one non-missing outcome value. Missing
values were not imputed because the model uses a
likelihood-based approach to handle missing data that
assumes missingness is missing at random among those
participants with available data. Neonate (log-transformed)
cord ferritin was analysed using a linear regression model
with randomised group and site as the independent
variables. After exploring imbalances between treatment
groups in maternal characteristics at baseline for each
maternal and infant outcome separately, all analysis
models were adjusted for site (the randomisation
stratification factor) only. One subgroup analysis was
performed on the maternal baseline characteristic of iron
deficiency for postpartum maternal outcomes (anaemia,
iron deficiency, iron deficiency anaemia, and haemoglobin
and ferritin concentrations) and infant outcomes
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Ferric Standard-of-care
carboxymaltose  group
group
Maternal characteristics at enrolment
Mothers 393 400
Site
Blantyre 44/393 (11%) 51/400 (13%)
Zomba 349/393 (89%) 349/400 (87%)
Age, years 222 (6-2) 225 (6-4)
Primiparous* 212/393 (54%) 219/400 (55%)
Primigravid* 210/393 (53%) 215/400 (54%)
Gestational age, weeks 220 21.9
(19:7-24-4) (18-7-241)
Height, cm 1552 (5-8) 1553 (7-0)
Weight, kg 557(81) 553(8-6)
BMI, kg/m* 231(2:9) 229(3:2)
Religion*
None 1/392 (<1%) 1/398 (<1%)
Christian 265/392 (68%) 298/398 (75%)
Muslim 123/392 (31%) 94/398 (24%)
Other 3/392 (1%) 5/398 (1%)
Education*
None 1/381 (<1%) 1/382 (<1%)
Lower primary 84/381 (22%) 81/382 (21%)
Upper primary 162/381 (43%) 160/382 (42%)
Lower secondary 48/381 (13%) 571382 (15%)
Upper secondary 77/381 (20%) 74/382 (19%)
Tertiary 9/381 (2%) 9/382 2%)
Marital status*
Single 60/392 (15%) 66/398 (17%)
Married 328/392 (84%) 321/398 (81%)
Widowed 0/392 (0%) 3/398 (1%)
Divorced or separated 4/392 (1%) 6/398 (2%)
Other 0/392 (0%) 2/398 (1%)
Income source*
None 22/392 (6%) 29/398 (7%)
Subsistence farming 78/392 (20%) 71/398 (18%)
Large-scale farming 1/392 (<1%) 1/398 (<1%)
Employed 68/392 (17%) 58/398 (15%)
Casual work for wages 128/392 (33%) 121/398 (30%)
Business 90/392 (23%) 112/398 (28%)
Other 5/392 (1%) 6/398 (2%)
Positive malaria RDT (for 6/383 (2%) 6/394 (2%)

Plasmodium falciparum
parasitaemia)t

(Table 1 continues in next column)

Ferric Standard-of-care
carboxymaltose  group
group
(Continued from previous column)
HIV positive* 65/390 (17%) 68/396 (17%)
Capillary haemoglobin <10 g/dL ~ 392/392 (100%)  399/399 (100%)
Venous haemoglobint, g/dL 878 (1-23) 8-85(1-23)
Anaemia based on venous haemoglobin
No (211 g/dL) 17/389 (4%) 18/400 (5%)
Mild (10 g/dL to <11 g/dL) 42/389 (11%) 52/400 (13%)
Moderate (7 g/dL to 302/389 (78%) 303/400 (76%)
<10 g/dL)
Severe (<7 g/dL) 28/389 (7%) 27/400 (7%)
Serum ferritin§, pg/L 266 28.8
(10-0-787) (10-7-64-9)
CRPS, mg/L 5-25 510
(2:70-11-60) (2:90-10-60)
Iron deficiencyql 163/382 (43%) 165/393 (42%)
Iron deficiency anaemial| 153/378 (40%) 159/393 (40%)
Inflammation** 197/382 (52%) 198/393 (50%)
Anaemia and inflammationtt 188/378 (50%) 188/393 (48%)
Neonate characteristics at delivery
Neonates 376 379
Birthweighttt, g 28916 (500-9) 2894-2 (516-2)
Birth length§s, cm 476 (3-5) 47:5(37)
Sex
Female 178/371 (48%) 178/365 (49%)
Male 193/371 (52%) 187/365 (51%)
Gestation durationq[q], weeks 399 397
(38-6-40-8) (38:6-40-8)

Data are n, n/N (%), mean (SD), or median (IQR). Percentages might not sum to
100 as a result of rounding. Two mothers in each group had multiple births, and
four twins were born in each group. CRP=C-reactive protein. RDT=rapid diagnostic
test. *Self-reported. TA positive malaria RDT was based on confirmatory testing
by laboratory personnel on venous blood collected at enrolment. #Data are
missing for four participants in the ferric carboxymaltose group and no
participants in the standard-of-care group. SData are missing for 11 participants
in the ferric carboxymaltose group and seven participants in the standard-of-care
group. {lron deficiency is defined as serum ferritin less than 15 pg/L, or less than
30 pg/L if CRP is higher than 5 mg/L. ||Iron deficiency anaemia is defined as
venous haemoglobin less than 11 g/dL and serum ferritin less than 15 pg/L, or
serum ferritin concentration less than 30 pg/L if CRP is higher than 5 mg/L.
**Inflammation is defined as CRP higher than 5 mg/L. TtAnaemia and
inflammation is defined as venous haemoglobin less than 11-0 g/dL up to and
including delivery and CRP higher than 5 mg/L. $+Data are missing for six
participants in the ferric carboxymaltose group and 17 participants in the
standard-of-care group. §SData are missing for 14 participants in the ferric
carboxymaltose group and 21 participants in the standard-of-care group. §qIData
are missing for four participants in the ferric carboxymaltose group and

11 participants in the standard-of-care group.

Table 1: Baseline characteristics

(haemoglobin and ferritin concentrations),

with results

presented by subgroup alongside the p value of the
subgroup by treatment group interaction test. Results are
presented as point estimates, two-sided 95% Cls, and
two-sided p values. No multiplicity adjustment is applied
because the outcomes in this extended follow-up were not
powered for. Analyses were performed using Stata SE
(version 18.0).

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

Between Nov 12, 2018, and March 2, 2021, 862 women
were randomly assigned in REVAMP; the final 12-month
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Ferric carboxymaltose group Standard-of-care group (n=400)  Prevalence ratio, mean difference, or p value*

(n=393) geometric mean ratio (95% CI*)
Anaemiati
1 month postpartum 140/306 (46%) 166/307 (54%) Prevalence ratio 0-84 (0-71to 0-98) 0-027
3 months postpartum 101/250 (40%) 128/243 (53%) Prevalence ratio 0-75 (0-62 to 0-91) 0-0029
6 months postpartum 97/290 (33%) 119/278 (43%) Prevalence ratio 0-78 (0-63 to 0-96) 0-018
9 months postpartum 111/275 (40%) 111/262 (42%) Prevalence ratio 0-95 (0-78 to 1-16) 0-60
12 months postpartum 118/293 (40%) 102/270 (38%) Prevalence ratio 1-06 (0-86 to 1-30) 058
Moderate or severe anaemiat§
1 month postpartum 63/306 (21%) 67/307 (22%) Prevalence ratio 0-90 (0-67 to 1-.23) 0-52
3 months postpartum 34/250 (14%) 48/243 (20%) Prevalence ratio 0-67 (0-46 to 1-00) 0-049
6 months postpartum 33/290 (11%) 50/278 (18%) Prevalence ratio 0-65 (0-43 to 0-97) 0-035
9 months postpartum 42/275 (15%) 38/262 (15%) Prevalence ratio 1-05 (0-71 to 1-57) 079
12 months postpartum 42/293 (14%) 37/270 (14%) Prevalence ratio 1-05 (0-70 to 1.58) 0-81
Iron deficiency 91
1 month postpartum 36/286 (13%) 86/298 (29%) Prevalence ratio 0-39 (0-27 to 0-55) <0-0001
3 months postpartum 30/240 (12%) 63/250 (25%) Prevalence ratio 0-42 (0-29 to 0-61) <0-0001
6 months postpartum 40/267 (15%) 73/252 (29%) Prevalence ratio 0-45 (0-32 to 0-63) <0-0001
9 months postpartum 46/260 (18%) 771260 (30%) Prevalence ratio 0-51 (0-37 to 0-70) <0-0001
12 months postpartum 57/257 (22%) 73/255 (29%) Prevalence ratio 0-65 (0-48 to 0-88) 0-0050
Iron deficiency anaemiat]|
1 month postpartum 25/273 (9%) 59/271 (22%) Prevalence ratio 0-36 (0-23 to 0-56) <0-0001
3 months postpartum 11/228 (5%) 44/226 (19%) Prevalence ratio 0-21 (0-11 to 0-38) <0-0001
6 months postpartum 24/258 (9%) 44/239 (18%) Prevalence ratio 0-43 (0-27 to 0-68) <0-0001
9 months postpartum 23/252 (9%) 46/239 (19%) Prevalence ratio 0-39 (0-25 to 0-62) <0-0001
12 months postpartum 34/253 (13%) 39/235 (17%) Prevalence ratio 0-64 (0-41to 0-98) 0-039
Venous haemoglobin concentration**
1 month postpartum 11-95 g/dL (1-37); n=306 11.76 g/dL (1:30); n=307 Mean difference 0-27 g/dL (0-07 to 0-48) 0-0071
3 months postpartum 12-11 g/dL (1-15); n=250 11-86 g/dL (1-27); n=243 Mean difference 0-26 g/dL (0-07 to 0-45) 0-0077
6 months postpartum 12-25 g/dL (1-14); n=290 12-08 g/dL (1-41); n=278 Mean difference 0-16 g/dL (-0-04 to 0-35) 011
9 months postpartum 12-08 g/dL (1-18); n=275 12-15 g/dL (1-26); n=262 Mean difference -0-07 g/dL (-0-26 t0 0-12) ~ 0-48
12 months postpartum 12-12 g/dL (1-31); n=293 12-11 g/dL (1-34); n=270 Mean difference 0-02 g/dL (-0-18 to 0-23) 0-83
Serum ferritin concentrationtt
1 month postpartum 68-5ug/L (32:0t0126-1); =286 313 ug/L (14-8t0 63-2); n=298  Geometric mean ratio 1-92 (1.68t0 2:20)  <0-0001
3 months postpartum 55-4 pg/L (27-3t0104-1); n=240  26-4 pg/L (16:7t0 46-3); n=250  Geometric mean ratio 1-89 (1-65t02-16) ~ <0-0001
6 months postpartum 43-3 pg/L (23-2t0 85-8); n=267 27-7 pg/L (14-2-45-0); n=252 Geometric mean ratio 1.73 (1-54t01.94) ~ <0-0001
9 months postpartum 40-4 pg/L (20-9 to 85:9); n=260 243 ug/L (14-2t039-4); n=260  Geometric mean ratio 1.66 (148 t0 1-87)  <0-0001
12 months postpartum 38:0 ug/L (16-4 to 78-1); n=257 26-3 pg/L (14-9 to 42-8); n=255 Geometric mean ratio 1-47 (129 to 1.66) ~ <0-0001

Dataare n/N (%), mean (SD), or median (IQR) unless otherwise specified. The analysis set is restricted to those randomly assigned women who consented for the extended
follow-up of the trial to 12 months postpartum and with at least one outcome from enrolment to 12 months postpartum. *The p values and 95% Cls presented have not been
adjusted for multiple comparisons. TA prevalence ratio of ferric carboxymaltose versus standard of care is shown for anaemia, moderate or severe anaemia, iron deficiency, and
iron deficiency anaemiaat 1, 3, 6, 9, and 12 months postpartum following analyses using a Poisson model with random intercept for the women and robust SEs; the p value of
the interaction between randomised group and postpartum studly visits was 0-027 for anaemia, 0-16 for moderate or severe anaemia, 0-0002 for iron deficiency, and 0-0001 for
iron deficiency anaemia. fAnaemia is defined as venous haemoglobin less than 110 g/dL up to and including delivery and venous haemoglobin less than 12-0 g/dL postpartum.
§Moderate or severe anaemia is defined as venous haemoglobin less than 10 g/dL up to and including delivery and venous haemoglobin less than 110 g/dL postpartum. liron
deficiency is defined as serum ferritin less than 15 pg/L, or less than 30 ug/L if C-reactive protein is higher than 5 mg/L. |[Iron deficiency anaemia is defined as venous
haemoglobin less than 11 g/dL up to and including delivery and serum ferritin less than 15 pg/L, or serum ferritin less than 30 pg/L if C-reactive protein is higher than 5 mg/L.
**An absolute mean difference of ferric carboxymaltose versus standard of care of the estimated change from baseline to 1, 3, 6, 9, and 12 months postpartum is shown for
continuous haemoglobin following analyses using a longitudinal data analysis model (including all timepoints from baseline to 12 months postpartum). The p value of the
interaction between randomised group and postpartum study visits was 0-0043. TTA geometric mean ratio of ferric carboxymaltose versus standard of care of the estimated
change from baseline to 1, 3, 6, 9, and 12 months postpartum is shown for continuous (log-transformed) ferritin following analyses using a longitudinal data analysis model
(including all timepoints from baseline to 12 months postpartum). The p value of the interaction between randomised group and postpartum study visits was less than 0-0001.

Table 2: Maternal postpartum outcomes

postpartum visit was completed on Aug 13, 2022. Because
not all participants gave extended consent or were
available for consenting at 1 month postpartum, the

www.thelancet.com/lancetgh Vol 12 December 2024

analysis dataset for all timepoints of the longitudinal
follow-up study is a subset of the parent trial (793 mothers
[393 in the ferric carboxymaltose group and 400 in the
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Ferric carboxymaltose group (n=315) Standard-of-care group (n=315) Mean difference or geometric mean ratio p value*
(95% CI*)

Venous haemoglobin concentrationt

1 month 11:94 g/dL (1-80); n=207 11-90 g/dL (1-85); n=202 Mean difference 0-10 g/dL (-0-24 to 0-45) 0-56

3 months 10-30 g/dL (1-26); n=170 10-50 g/dL (1-09); n=151 Mean difference -0-17 g/dL (-0-41 to 0-07) 017

6 months 10-08 g/dL (1-28); n=180 10-20 g/dL (1-14); n=170 Mean difference -0-13 g/dL (-0-36 to 0-11) 0-29

9 months 9-89 g/dL (1:30); n=178 9-85 g/dL (1-10); n=156 Mean difference 0-03 g/dL (-0-21to 0-27) 0-82

12 months 9-97 g/dL (1-23); n=199 10-03 g/dL (1-20); n=183 Mean difference -0-02 g/dL (-0-26 to 0-21) 0-84

Serum ferritin concentrationt

1 month 244-6 pg/L (172:9 t0 382-9); n=143 223-9 pg/L (157-9 to 347-9); n=143 Geometric mean ratio 1-02 (0-87 to 1-21) 0-80

3 months 1117 pg/L (64-2 to 171-6); n=102 104-9 ug/L (60-4t0 168-2); n=84 Geometric mean ratio 1-06 (0-87 to 1.29) 0-57

6 months 27-3 pg/L (13-9 to 52-7); n=106 297 pg/L (16-6 to 46-6); n=108 Geometric mean ratio 0-96 (0-78 to 1-17) 0-68

9 months 17-7 pg/L (8-2t0 28-8); n=94 16-8 pg/L (9-9 to 28:5); n=71 Geometric mean ratio 1-00 (0-80 to 1-26) 0-97

12 months 14-8 ug/L (8-4to 24-2); n=95 15-2 ug/L (8:9t0 26-2); n=85 Geometric mean ratio 0-85 (0-68 to 1-06) 0-16

Cord ferritin concentration§

At birth 174-2 pg/L (110-9 to 255-1); n=280 156-0 pg/L (93-9 to 237-0); n=289 Geometric mean ratio 1-10 (0-95 to 1-27) 0-19
Data are n/N (%), mean (SD), or median (IQR) unless otherwise specified. The analysis set is restricted to liveborn children whose mothers were randomly assigned and
consented for the extended follow-up of the trial to 12 months postpartum and with at least one outcome from 1 month to 12 months of age. *The p values and 95% Cls
presented have not been adjusted for multiple comparisons. tAn absolute mean difference of ferric carboxymaltose versus standard of care for continuous haemoglobin at 1,
3, 6,9, and 12 months of age is shown following analyses using a longitudinal data analysis model. The p value of the interaction between randomised group and age of the
infant is 0-48. A geometric mean ratio of ferric carboxymaltose versus standard of care for continuous (log-transformed) ferritin at 1, 3, 6, 9, and 12 months of age is shown
following analyses using a longitudinal data analysis model. The p value of the interaction between randomised group and age of the infant is 0-56. SA geometric mean ratio
for (log-transformed) cord ferritin at delivery between ferric carboxymaltose versus standard of care is shown following fitting a linear regression model.
Table 3: Infant outcomes

standard-of-care group]; and 755 liveborn infants
[376 in the ferric carboxymaltose group and 379 in the
standard-of-care group]; appendix 2 p 2). Follow-up and
sample collection was achieved for the majority of the
women (appendix 2 pp 3-4). Although, as expected,
collection of venous blood samples from infants was
more difficult, we obtained at least one haemoglobin or
serum ferritin sample between 1 month and 12 months
of age from about 80% of infants (appendix 2 p 3).
Haemoglobin or serum ferritin samples were unavailable
for reasons such as refusal of blood sample, dropout, or
insufficient sample. However, comparison of baseline
maternal characteristics and infant characteristics at
delivery indicated no evidence of a difference between
children from whom blood was collected compared with
the overall sample (appendix 2 pp 4-8).

The difference between the number of participating
mothers and the number of liveborn infants is due to
factors such as multiple births, pregnancy loss, or loss to
follow-up or dropout of mothers who consented for the
full duration of the trial at baseline. Table 1 presents
baseline characteristics of the analysis dataset for
mothers and infants. Characteristics were generally
similar between groups. The prevalence of iron deficiency
in participating mothers was 42% (328 of 775) at baseline.
Participants in the extension study were similar to, and
are thus representative of, the parent trial (appendix 2
pp 9-11).

At 1, 3, and 6 months postpartum, compared with
women receiving standard of care, anaemia was less
common in women who received ferric carboxymaltose

(prevalence ratio 0-84 [95% CI 0-71-0-98], p=0-027, at
1 month; 0-75 [0-62-0-91], p=0-0029, at 3 months; and
0-78 [0-63-0-96], p=0-018, at 6 months; table 2).
Moderate or severe anaemia (haemoglobin concentration
<10 g/dL) was less common among women who received
ferric carboxymaltose than among those who received
standard of care at 3 months postpartum (prevalence
ratio 0-67 [95% CI 0-46-1-00, p=0-049) and 6 months
postpartum  (0-65 [0-43-0-97], p=0-035). Maternal
haemoglobin concentrations were higher at 1 month and
3 months postpartum in the ferric carboxymaltose group
than in the standard-of-care group (mean difference
0-27 g/dL [95% CI 0-07-0-48], p=0-0071, at 1 month vs
0-26 g/dL [0-07-0-45], p=0-0077, at 3 months). At all
timepoints from 1 month to 12 months postpartum, the
prevalence of iron deficiency and iron deficiency anaemia
was lower, and mean ferritin concentration was higher,
in the ferric carboxymaltose group than in the standard-
of-care group.

There was no evidence of a difference in haemo-
globin concentration between infants in the ferric
carboxymaltose group compared with those in the
standard-of-care group (table 3). Likewise, there was no
evidence of a difference between groups in ferritin
concentrations in cord blood or over the first 12 months
of life. There was no evidence of differences between
breastfeeding practices between groups (appendix 2 p 12).

Finally, in a subgroup analysis, we evaluated whether
maternal iron deficiency at baseline influenced the effect
of ferric carboxymaltose on postpartum maternal and
infant haematological and iron outcomes (appendix 2
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pp 13-16). In women with baseline iron deficiency,
ferric carboxymaltose (compared with standard of care)
resulted in larger reductions in anaemia at 3 months
and 6 months postpartum; conversely, women without
baseline iron deficiency did not show a difference in
anaemia prevalence with ferric carboxymaltose (figure 1).
Similarly, improvement in haemoglobin concentrations
up to 6 months postpartum was higher in women with
baseline iron deficiency receiving ferric carboxymaltose
than in those receiving standard of care, whereas a
benefit was not evident in women without baseline iron
deficiency (figure 2A). However, there was no definite
evidence of a difference in haemoglobin concentration
between infants in the ferric carboxymaltose and those in
the standard-of-care group, regardless of the mother’s
baseline iron status (figure 2A). Similarly, there was
no evidence of an interaction between iron deficiency
during the second trimester of pregnancy, intervention
group, and infant ferritin concentration up to 12 months
postpartum (figure 1; figure 2B).

Discussion

Treatment of women in Malawi with moderate or severe
anaemia in the second trimester of pregnancy with
intravenous ferric carboxymaltose (compared with oral
iron) reduced the prevalence of anaemia and increased
haemoglobin concentration from 1 month to 6 months
postpartum and reduced iron deficiency and iron
deficiency anaemia up to 12 months postpartum. Notably,
these maternal gains due to ferric carboxymaltose were
not reflected in significantly higher infant haemoglobin
concentrations, or cord or infant ferritin concentrations,
in this setting. Benefits from intravenous iron were
greater in women with baseline iron deficiency than in
those without.

Postpartum anaemia is a common and important
condition with widespread potential adverse effects that
can impair maternal and, subsequently, infant health.
Prevention of postpartum anaemia is crucial because
it is associated with important outcomes, including
postpartum depression,” reduced maternal wellbeing,
and impaired mother—infant bonding.’ Intravenous iron
(given postpartum) has been successfully tested as a
treatment for postpartum anaemia.”” Postpartum
anaemia is driven by underlying antenatal iron deficiency
and iron deficiency anaemia, aggravated by blood loss
during and after childbirth, and perpetuated by
postpartum iron deficiency*” Our data suggest that
antenatal treatment with high-dose intravenous iron
might break this cycle by enhancing postpartum iron
stores and reducing the risk of anaemia. The effect on
anaemia at 6 months postpartum represents a sustained
effect, occurring as late as 12 months after the
intervention.

The transfer of iron between mother and child is
thought to occur mainly in the third trimester.® Although
women receiving ferric carboxymaltose in the second
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Figure 1: Maternal outcomes by maternal iron deficiency status at baseline

Anaemia is defined as venous haemoglobin less than 11-0 g/dL up to and including delivery and venous
haemoglobin less than 120 g/dL postpartum. Iron deficiency is defined as serum ferritin less than 15 ug/L, or less
than 30 pg/L if C-reactive protein is higher than 5 mg/L. Iron deficiency anaemia indicates venous haemoglobin

less than 11g/dL up to and including delivery and serum ferritin less than 15 pg/L, or serum ferritin less than

30 pg/L if C-reactive protein is higher than 5 mg/L. A prevalence ratio (error bars indicate 95% Cls) of ferric
carboxymaltose versus standard of care is plotted for maternal anaemia, iron deficiency, and iron deficiency

anaemiaat 1, 3, 6, 9, and 12 months postpartum.

trimester had a higher ferritin concentration across the
third trimester of pregnancy than women in the standard-
of-care group, we could not find evidence of increased
iron endowment among children born to these mothers.
Several human studies have indicated correlations
between maternal iron concentrations and cord or infant
iron concentrations when using ferritin as a surrogate,
but the causality of this relationship has been uncertain.””
A trial in the USA showed that, compared with oral iron,
antenatal intravenous iron (given as ferumoxytol) raised
cord ferritin concentrations.”?* Likewise, in a randomised
trial in Kenya, cord ferritin concentrations were raised at
birth in infants born to women who received oral iron
during pregnancy compared with placebo.” Potential
explanations for discrepant findings with our study
include a high prevalence of inflammation in participants
(eg, 36% had increased CRP at the time of delivery),
potentially impairing iron transfer, which aligns with
preclinical observations that placental maternal-fetal
iron transfer might be restricted by inflammation.””
Intravenous iron might potentiate inflammation-induced
increases in maternal hepcidin, impairing placental iron
transfer. Alternatively, the total amount of iron transfer to
the fetus might already have been saturated, restricting
additional transfer in the intervention group. Exclusive
breastfeeding can affect infant iron stores. In our trial,
women in the ferric carboxymaltose group and those in
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Figure 2: Maternal and infant outcomes by maternal iron deficiency status at baseline

(A) Maternal and infant venous haemoglobin. An absolute mean difference (error bars indicate 95% Cls) of ferric
carboxymaltose versus standard of care of the estimated change from baselineto 1, 3, 6, 9, and 12 months
postpartum is plotted for maternal and infant haemoglobin following analyses using a longitudinal data analysis
model. (B) Maternal and infant serum ferritin. A geometric mean ratio (error bars indicate 95% Cls) is displayed for
maternal and infant log-transformed ferritin concentration. Anaemia is defined as venous haemoglobin less than
110 g/dL up to and including delivery and venous haemoglobin less than 12-0 g/dL postpartum. Iron deficiency is
defined as serum ferritin less than 15 pg/L, or less than 30 ug/L if C-reactive protein is higher than 5 mg/L. Iron
deficiency anaemia is defined as venous haemoglobin less than 11g/dL up to and including delivery and serum ferritin
less than 15 ug/L, or serum ferritin less than 30 pg/L if C-reactive protein is higher than 5 mg/L.

the standard-of-care group did not report any differences
in their breastfeeding practices; therefore, this is not likely
to have contributed to the infant outcomes. Ultimately,
the evidence suggests that, although high-dose iron
supplementation in the second trimester increases
maternal iron stores during pregnancy, there is no
evidence of a corresponding significant increase in iron
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transfer to the fetus. This finding has important
implications for clinical practice and should be considered
further in other settings in which parenteral iron is used
during pregnancy.

Compared with standard of care, ferric carboxymaltose
did not significantly reduce anaemia at the REVAMP trial
primary timepoint (36 weeks of gestation) or at delivery,
but we now find that ferric carboxymaltose reduced
anaemia up to 6 months postpartum, and reduced iron
deficiency and iron deficiency anaemia at all timepoints
up to 12 months postpartum. The effect on anaemia
was driven by the women who were iron deficient at
baseline. Post-delivery, women were not given oral
iron supplements through the trial programme. The
REVAMP trial had initially recruited women with
moderate or severe anaemia and no peripheral blood
evidence of Plasmodium spp infection by rapid diagnostic
test; these were judged to be feasible inclusion criteria
that could be translated to policy. Determinants of
anaemia during pregnancy in this setting were complex
(eg, iron deficiency, inflammation, and subpatent
parasitaemia), of which only iron deficiency anaemia was
directly addressed by the study intervention. Low-cost
rapid diagnostic tests for iron parameters such as ferritin
are not currently available, which prevented us from
basing eligibility for the trial on iron deficiency. A
possible driver of inflammation in this population might
have been sub-patent Plasmodium spp parasitaemia,
which might have red cell-specific effects beyond
functional iron deficiency and might be refractory to iron
therapy. During childbirth, women undergo blood loss,
which further diminishes iron stores; the increase in
iron stores from ferric carboxymaltose might have
provided them with protection against iron deficiency
anaemia and anaemia overall as they entered the
postpartum period.

To our knowledge, the present analysis is the first
long-term postpartum follow-up of mothers and their
babies receiving intravenous iron and provides crucial
new data on the longevity of the impact on maternal iron
stores as well as new insights into the transfer of iron to
the infant, building on established evidence for very
early superiority for intravenous iron in improving
antenatal haemoglobin concentrations.® We were
able to leverage REVAMP’s randomised controlled
experimental design. Although REVAMP was, by
necessity of feasibility in the site, open label, our
measurements are laboratory parameters, measured and
documented distant from the participant and nurse
collecting the sample in a local (haemoglobin) or
international (ferritin) laboratory, with correspondingly
lower risk of bias. Our study experienced loss to
follow-up for blood collection at various timepoints for
infants; this was likely to be associated with parental
concerns regarding blood collection and the difficulty of
collection of adequate samples for serum analysis in this
age group. However, our comparison of baseline data
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between included and the overall infant sample indicate
a representative sample of the population, and the effect
size estimates indicate that it is unlikely that a clinically
important effect has been missed. One limitation of the
study is that it was powered to detect differences in
anaemia and birthweight at 36 weeks of gestation and
delivery, respectively. However, the extended follow-up
study provides useful information on the plausible range
of the effect of intravenous iron compared with standard
of care postpartum due to the rigorous design of the
original individually randomised trial and the repeated
and the concurrent measurements of maternal and
infant biochemical and haematological outcomes during
the first year of life.

In women in Malawi with moderate or severe anaemia,
a single dose of ferric carboxymaltose in the second
trimester produced a sustained benefit on maternal
iron stores and reduces postpartum anaemia without
influencing iron stores or haemoglobin concentrations
in their infants.
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