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Summary
Background Intravenous iron sucrose is a promising therapy for increasing haemoglobin concentration; however, its 
effect on clinical outcomes in pregnancy is not yet established. We aimed to assess the safety and clinical effectiveness 
of intravenous iron sucrose (intervention) versus standard oral iron (control) therapy in the treatment of women 
with moderate-to-severe iron deficiency anaemia in pregnancy.

Methods We did a multicentre, open-label, phase 3, randomised, controlled trial at four government medical colleges 
in India. Pregnant women, aged 18 years or older, at 20–28 weeks of gestation with a haemoglobin concentration of 
5–8 g/dL, or at 29–32 weeks of gestation with a haemoglobin concentration of 5–9 g/dL, were randomly assigned (1:1) 
to receive intravenous iron sucrose (dose was calculated using a formula based on bodyweight and haemoglobin 
deficit) or standard oral iron therapy (100 mg elemental iron twice daily). Logistic regression was used to compare the 
primary maternal composite outcome consisting of potentially life-threatening conditions during peripartum and 
postpartum periods (postpartum haemorrhage, the need for blood transfusion during and after delivery, puerperal 
sepsis, shock, prolonged hospital stay [>3 days following vaginal delivery and >7 days after lower segment caesarean 
section], and intensive care unit admission or referral to higher centres) adjusted for site and severity of anaemia. The 
primary outcome was analysed in a modified intention-to-treat population, which excluded participants who refused 
to participate after randomisation, those who were lost to follow-up, and those whose outcome data were missing. 
Safety was assessed in both modified intention-to-treat and as-treated populations. The data safety monitoring board 
recommended stopping the trial after the first interim analysis because of futility (conditional power 1·14% under the 
null effects, 3·0% under the continued effects, and 44·83% under hypothesised effects). This trial is registered with 
the Clinical Trial Registry of India, CTRI/2012/05/002626.

Findings Between Jan 31, 2014, and July 31, 2017, 2018 women were enrolled, and 999 were randomly assigned to 
the intravenous iron sucrose group and 1019 to the standard therapy group. The primary maternal composite 
outcome was reported in 89 (9%) of 958 patients in the intravenous iron sucrose group and in 95 (10%) of 976 
patients in the standard therapy group (adjusted odds ratio 0·95, 95% CI 0·70–1·29). 16 (2%) of 958 women in the 
intravenous iron sucrose group and 13 (1%) of 976 women in the standard therapy group had serious maternal 
adverse events. Serious fetal and neonatal adverse events were reported by 39 (4%) of 961 women in the intravenous 
iron sucrose group and 45 (5%) of 982 women in the standard therapy group. At 6 weeks post-randomisation, 
minor side-effects were reported by 117 (16%) of 737 women in the intravenous iron sucrose group versus 155 (21%) 
of 721 women in the standard therapy group. None of the serious adverse events was found to be related to the trial 
procedures or the interventions as per the causality assessment made by the trial investigators, ethics committees, 
and regulatory body. 

Interpretation The study was stopped due to futility. There is insufficient evidence to show the effectiveness of 
intravenous iron sucrose in reducing clinical outcomes compared with standard oral iron therapy in pregnant women 
with moderate-to-severe anaemia.
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Introduction
Globally, the prevalence of anaemia among pregnant 
women was estimated as 38·2% in 2011.1 In 2015, the 
prevalence of moderate-to-severe anaemia in preg nancy 
ranged from 40% to 60% in India.2 More than 60% of 
anaemia cases are estimated to be due to iron 
deficiency.3 Nearly 20% of all maternal deaths are 
attributed directly to anaemia and 20% to indirect 
causes of anaemia, which include haem orrhage and 
sepsis.4

Oral iron is the most commonly prescribed therapy for 
pregnant women with mild-to-moderate anaemia;5,6 how-
ever, compliance to oral iron is poor because of gastro-
intestinal side-effects.6,7 In several countries, parenteral 
iron preparations such as iron dextran, iron sucrose, 
sodium ferric gluconate, and ferric carboxymaltose are 
recommended as an alternative treatment modality for 
pregnant women who fail to respond to oral therapy.8,9 In 
cases of severe anaemia, blood transfusion remains the 
mainstay treatment.8,10

Intravenous iron sucrose was initially used for the 
treatment of refractory anaemia in patients with chronic 
kidney disease after its safety and effective ness was 
established by several randomised controlled trials.11,12 
Several small experimental studies in pregnant women 
have shown improvements in haematological indices 
with intravenous iron sucrose.13–18 A Cochrane review9 of 
two trials (137 women in total) reported the pooled 
weighted mean difference in haemo globin concentration 

between intravenous iron sucrose and oral iron groups 
to be 0·60 g/dL (95% CI 0·33–0·87). In another 
systematic review of six trials (576 women in total),19 
significant increases in haemoglobin concentra tion 
(weighted mean difference 0·85 g/dL, 95% CI 0·31–1·39) 
and ferritin concentration (63·32 ng/mL, 39·46–87·18) 
were obser ved in the intravenous group compared with 
the oral iron group. There were fewer mild adverse 
events in the intravenous group than in the oral iron group 
(risk ratio 0·50, 95% CI 0·34–0·73).19 The randomised 
controlled trials done so far have been powered to detect 
differ ences in haematological parameters and not for 
clinical outcomes. Furthermore, it is unclear whether 
these haematological improvements translated into 
improved clinical outcomes.9,20 In a systematic review1 of 
randomised controlled trials, it was found that women 
without anaemia taking daily preventive oral iron 
supplements and controls (placebo or no iron) had 
similar fetal outcomes, which included neonates with 
low birthweight (8·4% vs 10·3%; average risk ratio 0·84, 
95% CI 0·69–1·03; 11 trials, 17 613 women), preterm 
births (risk ratio 0·93, 95% CI 0·84–1·03; 13 trials, 
19 286 women), and increased weight of neonates 
(weighted mean difference 23·75 g, 95% CI 
–3·02 to 50·51; 15 trials, 18 590 women). There is thus a 
compelling need to establish the clinical effects of 
treatment with intravenous iron sucrose in women with 
moderate-to-severe iron deficiency anaemia during 
pregnancy in poorly resourced settings. 

Research in context

Evidence before this study
We searched MEDLINE (PubMed) and Embase for articles 
published in English between database inception and 
Oct 31, 2011, using the search terms “iron sucrose” AND 
“anemia” AND “pregnancy”, and “iron sucrose” AND 
“hemoglobin” AND “pregnancy”. A 2011 Cochrane systematic 
review and meta-analysis of two small randomised controlled 
trials compared the effectiveness and safety of intravenous iron 
sucrose versus oral iron therapy among pregnant mothers with 
anaemia (137 women). The review concluded that studies to 
assess efficacy of iron preparations were powered to detect 
improvement in haematological outcomes but none were 
powered for clinical outcomes. It was unclear if improvements 
in laboratory parameters translated to better clinical outcomes 
such as reduced sepsis, postpartum haemorrhage and its 
complications, preterm delivery, and low birthweight. 
In another systematic review published in 2015 (after 
commencement of this trial), significant increases in 
haemoglobin and ferritin concentrations were observed in the 
intravenous group compared with the oral iron group. 

Added value of this study
Our study, a multicentre, open-label, phase 3, randomised, 
controlled trial that included 2018 patients, had a pragmatic 

design to provide reliable and generalisable results. We assessed 
the maternal composite clinical outcome of potentially 
life-threatening conditions that included postpartum 
haemorrhage, need for blood transfusion during delivery and in 
the postpartum period, puerperal sepsis, shock, prolonged 
hospital stay (>3 days after vaginal delivery or >7 days postpartum 
stay after caesarean section), and any admission to the intensive 
care unit or referral to higher centres. Loss to follow-up was less 
than 3%, thus providing robust evidence. The study could not 
provide sufficient evidence to demonstrate superiority of 
intravenous iron sucrose over standard (oral) therapy in reducing 
adverse maternal and fetal outcomes during the peripartum and 
postpartum periods. The risk of having any minor adverse effect 
as reported by the participants was 22% lower in the intravenous 
iron sucrose group than the standard therapy group.

Implications of all the available evidence
Intravenous iron sucrose is a safer alternative for treatment of 
pregnant women with severe anaemia. In women with good 
compliance to oral therapy, intravenous iron sucrose might not 
have any added advantages in case of moderate anaemia. 
However, it might be used in cases of poor compliance to oral 
iron or iron intolerance. Our study reiterates previous findings 
that intravenous iron sucrose is relatively safe.
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We aimed to provide reliable evidence on the safety and 
clinical effectiveness of intravenous iron sucrose com-
pared with standard (oral) therapy for the treat ment of 
women with moderate-to-severe anaemia in pregnancy.

Methods
Study design and patients
This multicentre, open-label, phase 3, randomised, 
controlled trial was done at four government medical 
college hospitals in India (PGIMS, Rohtak; Safdarjung 
Hospital, New Delhi; SCB Medical College and Hospital, 
Cuttack; and Guru Teg Bahadur Hospital, New Delhi). 
These medical colleges were selected on the basis of 
the feasibility of recruitment, patient load, presence of 
functioning institutional ethics committees, and their 
willingness to participate.

We screened women who attended antenatal clinics for 
routine check-ups. Women aged 18 years and older were 
considered eligible if they were between 20 and 28 weeks 
of gestation with a haemoglobin concentration of 5–8 g/dL, 
or between 29 and 32 weeks of gestation with a 
haemoglobin concentration of 5–9 g/dL, and mean 
corpuscular volume:red blood cell count ratio of more 
than 14. We excluded women with the following medical 
complications: hypertension, diabetes, asthma, hepatitis in 
the past year, suspected acute infections (such as upper 
respiratory tract infections, urinary tract infect ions, or 
fever at the time of visit), heart disease (rheumatic or 
congenital heart disease), heart failure or cardiac decom-
pensation, history of intravenous iron therapy in the past 
6 months, known cases of haemo globinopathies, blood 
picture suggestive of pancytopenia, history of intoler ance 
to intravenous iron, and history of repeated blood trans-
fusions. We invited women fulfilling the eligibility criteria 
to participate in the trial if they had planned to deliver 
in the same hospital, lived within a 20 km radius from 
the hospital, and were willing to attend the hospital for 
follow-up visits.

The trial protocol (appendix 1) was approved by the 
institutional ethics committees of the trial coordinating 
centre at the Indian Institute of Public Health-Delhi 
(New Delhi, India) and participating clinical sites, and 
written informed consent was obtained from participants 
before enrolment.

Randomisation and masking
We randomly allocated participants (1:1) to receive either 
intravenous iron sucrose or standard oral iron therapy. 
The study methodologist (ND) used a web-based random 
sequence generator with block sizes of six and eight, 
stratified by site and severity of anaemia (haemoglobin 
concentration ≤7 g/dL and >7 g/dL). The central ran-
domisation procedure was implemented using an 
interactive voice response system managed by an 
independent information technology firm (Knowlarity 
Communications, Gurgaon, India). Participants, people 
giving the interventions, those assessing outcomes, and 

those analysing the data were not masked to group 
assignment.

Procedures
All patients in the intervention group received intra-
venous iron sucrose supplied by Tamil Nadu Medical 
Services Corporation (Chennai, India). The dose of iron 
sucrose was calculated with the formula: total iron 
deficit (mg)=bodyweight (kg) × percentage haemoglobin 
deficit (ie, percentage difference between target haemo-
globin concentration [11 g/dL] and actual haemoglobin 
con centration) × 0·3 + (bodyweight × 10). For example, if 
a woman’s weight at the first antenatal visit was 50 kg 
and haemo globin was 7 g/dL, her iron deficit was 
(50 × 36 × 0·3) + (50 × 10)=1040 mg (1000 mg after round-
ing). Freshly prepared iron sucrose was administered as 
200 mg elemental iron in 100 mL 0·9% sodium chloride 
infusion over 30–60 min with all aseptic precautions. 
In this example, the woman would have needed 
five follow-up visits for administration of the complete 
dose.

Women were observed for at least 2 h after completion 
of infusion. In the absence of any adverse reactions, 
consequent doses were scheduled after 48 h until com-
pletion of the calculated dose. If the woman com pleted 
the required dose, no further oral iron tablets were 
prescribed until 6 weeks postpartum.

Standard therapy consisted of oral iron tablets supplied 
by respective hospitals (100 mg elemental iron and 
0·5 mg of folic acid per tablet), to be taken twice a day 
until 6 weeks postpartum.

Participants in both groups received 5 mg of folic acid 
daily during the trial period. When the blood picture 
at baseline or during follow-up was suggestive of di-
morphic anaemia, vitamin B12 injections or tablets were 
prescribed at the discretion of the treating physician. 
The anti-helminthic albendazole tablet (400 mg) was 
prescribed at least once during the study period. There 
was no restriction to additional medications such as 
analgesics, antibiotics, vitamins, and calcium supple-
ments. However, all concomitant medica tions prescribed 
were documented. In addition, every woman was given 
routine antenatal care, including counselling on diet and 
medication adherence at each follow-up visit. Adherence 
to standard therapy was assessed by asking the 
patients and cross  checking the blister packs brought by 
participants during hospital visits.

Blood samples were collected for haematological 
assess ment from all participants at 2 weeks after initiation 
of therapy (to assess treatment response through per-
centage increase in reticulocyte count), at 6 weeks post-
randomisation, at delivery, and at 6 weeks post-delivery 
for comparison of haemoglobin concentration between 
groups at each timepoint. The research staff contacted the 
participants by telephone once every 2 weeks after the 
6-week post-randomisation hospital visit to find out the 
overall wellbeing, including side-effects, of participants.

Fore more on web-based 
random sequence generator 
see www.randomization.com

See Online for appendix 1

http://www.randomization.com
http://www.randomization.com
http://www.randomization.com
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Trial coordination was facilitated by the trial 
coordinating centre at the Indian Institute of Public 
Health-Delhi. Data were collected by trained co ordinators 
and research nurses at each site using paper forms. 
General information was collected from the participant 
and clinical information from medical records (antenatal 
cards, labour notes, and discharge summary).

Automated analysers were used for haemogram 
assess ment; these instruments are automated blood cell 
counters that measure haemoglobin with the non-
cyanide method. Each laboratory had its own internal 
quality-control procedures carried out on a weekly basis 
and an external quality control established through an 
independent agency. Serum ferri tin concentration was 
measured by a chemiluminescence-based immu noassay 
and raised C-reactive protein was estimated to rule out 
concomitant infections.

Outcomes
The primary outcome was a composite of potentially life-
threatening maternal conditions: postpartum haemor-
rhage, puerperal sepsis, shock, prolonged hospital stay 
(>3 days following vaginal delivery and >7 days postpartum 
after lower segment caesarean section), need for blood 
transfusion during and after delivery, and intensive 
care unit admission or referral to higher centres. The 
definitions of outcomes are detailed in appendix 2 (p 1). 
The presence or absence of any clinical outcome was 
assessed by the sites. The data were collated centrally at 
Indian Institute of Public Health-Delhi to assess the 
presence of composite outcomes. 

The secondary outcome measures were components 
of the composite maternal outcome; the composite fetal 
outcome (low birth weight, preterm labour, and perinatal 
deaths); each component of the composite fetal endpoint; 
and haematological outcomes (change in haemoglobin 
concentration, ferritin concentration, and mean corpus-
cular volume). Change in haemoglobin con centration 
and mean corpus cular volume was evaluated at 2 weeks 
after initiation of treatment, 6 weeks post-randomisation 
and delivery and at 6 weeks post-delivery. Change in 
serum ferritin concentration at the time of delivery and 
at 6 weeks post-delivery was evaluated in a small subset 
of participants.

Safety outcomes were immediate adverse events 
(during and immediately after administration of therapy) 
and late adverse events (within the follow-up period 
after initiation of therapy). Safety outcomes were adverse 
reactions to intravenous iron sucrose during admin-
istration of the drug in the hospital as reported by 
participants or nurses. Adverse reactions included 
hypotension (systolic blood pressure <90 mm Hg), 
raised blood pressure (systolic blood pressure >140 mm 
Hg), syncope, rash, anaphylactic reaction, feeling of 
chest com pression, metallic taste, and any other 
immediate adverse reactions. Other side-effects—namely, 
gastro intestinal symptoms and thrombophlebitis—were 

Figure 1: Trial profile
*Details provided in appendix 2 (p 2). †Although a block randomisation was done, there were randomisation errors 
in the system used, which came to our notice only at the time of analysis and hence the imbalance in numbers 
between the two groups. 

1019 randomly assigned to standard 
therapy group 

3 excluded (refused to 
participate after 
randomisation)

994 included in per-protocol 
population 

22 crossed over
12 before therapy 

initiation
10 after therapy 

initiation

982 with delivery details

976 included in analysis of maternal 
composite primary outcome
(modified intention-to-treat 
population)  

34 lost to follow-up
 5 withdrew consent
 27 not contactable 

despite follow-up 
visits

 1 refused to give 
information but did
not withdraw consent

 1 relocated 

31 468 women screened* 

2018 enrolled†

29 450 excluded 

999 randomly assigned to 
intravenous iron sucrose 
therapy group 

983 included in study
 899 included in first follow-up 

2 weeks after therapy
inititation  

 737 included in follow-up 
6 weeks after 
randomisation 

934 included in follow-up visit 
6 weeks postpartum 

16 excluded (refused to 
participate after 
randomisation) 

947 included in per-protocol 
population 

36 crossed over 
  34 before therapy 

initiation
 2 after therapy 

initiation
 

961 with delivery details

22 lost to follow-up
 1 died
 7 withdrew consent
 11 not contactable 

despite follow-up 
visits

 3 refused to give 
information but did 
not withdraw consent 

 

1016 included in study
893 included in first follow-up 

2 weeks after therapy 
initiation   

721 included in follow-up 
6 weeks after 

randomisation 
946 included in follow-up visit 

6 weeks postpartum 
 

6 primary outcome details 
missing

958 included in analysis of maternal
 composite primary outcome 
(modified intention-to-treat 
population) 

3 primary outcome details 
missing 
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recorded using a checklist from participants during 
follow-up visits for intravenous infusions. We extracted 
and documented any other adverse events in participants 
or their newborn babies, related or unrelated to the trial 
interventions, from hospital records. During trial 
planning, postpartum haemorrhage was defined as 
blood loss of 500 mL or more measured using a 
calibrated postpartum haemorrhage bag. As a result of 
the logistical challenges of using the bag in pragmatic 
settings, this approach was not possible and hence 
postpartum haemorrhage was defined on the basis of 
clinical assessment of the attending obstetrician. There 
were no other changes in the prespecified outcomes 
after commencement of the trial. Clear harm resulting 
from treatment was considered as a stopping rule.

Statistical analysis
We assumed that 8% of women in the standard therapy 
group would experience at least one of the components of 
composite outcome. A sample size of 4000 was estimated 
to detect a 30% relative reduction in the composite out-
come with 80% power and two-sided α value set at 
5% after adjusting for 10% overall loss to follow-up. 
An interim analysis was planned to assess safety and 
effectiveness when follow-up was complete for 50% of the 
estimated sample size.

The data safety monitoring board met twice (first and 
seventh month after trial initiation) to review progress of 
the study, and at 11th and 21st months to discuss ser-
ious adverse events and adverse reactions that were 
documented. On May 3, 2018, a formal interim analysis of 
effectiveness and safety outcomes was presented. Since 
the conditional power was 1·14% under null effects, 
3·0% under continued trend effects, and 44·83% under 
hypoth esised effects, the data safety monitoring board 
recom mended stopping the trial because of futility. During 
the same time, budgetary constraints compelled us to 
stall recruitment at the sites. Hence, the planned interim 
analysis included patients followed up until April 1, 2018.

Analyses were done in a modified intention-to-treat 
population, which excluded all participants who refused 
to participate after randomisation, those who were lost to 
follow-up, and those for whom information about  
outcomes was missing. 

For primary and secondary clinical outcomes, we 
report odds ratios (ORs) with 95% CIs obtained using 
logistic regression for maternal and fetal composite 
outcomes, adjusted for trial site and baseline severity of 
anaemia. Because the trial was stopped early, p values are 
not presented.

Haemoglobin concentrations at each timepoint are 
summarised using mean with SD. We used mixed-
effects linear regression adjusted for site to compare 
haemoglobin concentrations between the two groups to 
take repeated measurements into account. To calculate 
the effect size resulting from improvements in haemo-
globin concen tration at different timepoints, the mean 

difference in the change of haemoglobin from the 
baseline was divided by the SD of the standard therapy 
group. We considered the difference as clinically 
significant if it exceeded 0·5 SD. A subsample of patients 
for whom ferritin data were available was used for the 
ferritin analysis according to the group to which they 
were randomly assigned. 

Intravenous iron 
sucrose group 
(n=983)

Standard therapy 
group 
(n=1016)

Age, years 24·6 (3·5) 24·3 (3·6)

Literate 872 (89%) 904 (89%)

Annual income, INR

<60 000 454/980 (46%) 424/1015 (42%)

60 000–120 000 427/980 (44%) 467/1015 (46%)

>120 000 99/980 (10%) 124/1015 (12%)

Religion

Hindu 904 (92%) 924 (91%)

Muslim 74 (8%) 82 (8%)

Christian 2 (<1%) 4 (<1%)

Other 3 (<1%) 6 (1%)

Diet

Vegetarian 524/980 (53%) 497 (49%)

Ovo-vegetarian 133/980 (14%) 127 (13%)

Non-vegetarian 323/980 (33%) 392 (39%)

Weight, kg 51·0 (7·8) 51·1 (8·3)

Current tobacco use 13 (1%) 16 (2%)

Blood pressure, mm Hg

Systolic 106·7 (9·9) 106·4 (10·3)

Diastolic 68·6 (8·3) 68·5 (8·2)

Primigravida 324 (33%) 371 (37%)

Median (IQR) time since 
last birth, months

36 (24–48); n=589 36 (24–48); n=589

Previous abortion 103/654 (16%) 96/644 (15%)

Previous caesarean section 104/603 (17%) 94/595 (15%)

Previous preterm 19/654 (3%) 15/644 (2%)

Previous pre-eclampsia 10/656 (2%) 14/641 (2%)

Gestation at baseline, 
weeks

27·5 (3·7) 27·6 (3·7)

Gestational week at baseline

20–28 435/982 (44%) 424/1013 (42%)

29–32 547/982 (56%) 589/1013 (58%)

Severity of anaemia

>7 g/dL 754 (77%) 770 (76%)

≤7 g/dL 229 (23%) 246 (24%)

Mean haemoglobin concentration at randomisation, g/dL*

>7 g/dL 8·1 (0·6) 8·1 (0·6)

≤7 g/dL 6·4 (0·5) 6·3 (0·6)

MCV:RBC ratio 23·2 (8·4); n=976 23·2 (9·0); n=1008

Dimorphic anaemia as in 
peripheral smear

127/969 (13%) 121/988 (12%)

Data are mean SD, n (%), or n/N (%), unless otherwise stated. MCV=mean 
corpuscular volume. RBC=red blood cell count. *Only for participants whose 
baseline data were available.

Table 1: Baseline characteristics of the study participants

See Online for appendix 2
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We did predefined subgroup analyses with baseline 
severity of anaemia (haemoglobin concentration >7 g/dL 
and ≤7 g/dL) as the stratifying factor on the maternal and 
fetal composite outcomes. 

All serious adverse events and minor adverse effects at 
2-week and 6-week follow-ups were analysed using 
the modified intention-to-treat population for patients 

whose data were available. We report immediate and 
late adverse events and the dose–response relationship 
among patients who received intravenous iron sucrose 
irrespective of the group to which they were randomly 
assigned (as-treated population). The Haybittle-Peto 
boundary was used as a guidance for stopping the trial 
due to early effectiveness; however, for safety, no 
stringent stopping rule was used. A descriptive analysis 
of proportion of fatal and non-fatal serious adverse 
events or reactions was done every 3 months.

We did a post-hoc exploratory subgroup analysis 
to compare the proportion of women who became 
non-anaemic (haemo globin ≥11·0 g/dL) at 6 weeks 
post-randomisation and 6 weeks postpartum between 
the two groups using logistic regression, since 
postpartum anaemia is also a major public health 
problem in the country. In a post-hoc subgroup analysis, 
we explored if there were any differences in the 
proportion of women who received blood transfusion 
during pregnancy. We did post-hoc descriptive analyses 
to explore a dose–response relationship for all the fetal 
outcomes (preterm and neo natal jaundice, stillbirth, 
and neonatal deaths) among women who received 
intravenous iron sucrose. Neonatal jaundice was not 
based on serum bilirubin estima tion but recorded as 
reported by the mother or medical records.

Data were entered twice by the study staff at respect-
ive sites in OpenClinica, an open-source, validated, 
web-based clinical data management system. Data were 
checked at the trial coordinating centre for discrepancies 
and all queries were resolved by the data manager under 
the supervision of RSi. Cleaned data were then transferred 
to Stata, version 15.1, for analysis.

Figure 2: Forest plot of the prespecified subgroup analysis of maternal composite outcome by severity of anaemia and sites
*I² and p values were not calculated as the trial was stopped because of futility.

Site

SCB Medical College

Guru Teg Bahadur Hospital

PGIMS

Safdurjung Hospital

Subtotal (I2=0%, p=0·600)
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Intravenous iron 
sucrose group 
(n=983)

Standard therapy 
group 
(n=1016)

Adjusted* odds 
ratio 
(95% CI)

Primary maternal outcomes

Maternal composite outcome 89/958 (9%) 95/976 (10%) 0·95 (0·70–1·29)

Postpartum haemorrhage 4/895 (<1%) 4/889 (<1%) 1·01 (0·25–4·05)

Puerperal sepsis 13/934 (1%) 13/947 (1%) 1·01 (0·46–2·22)

Shock 0 0 ··

Prolonged hospital stay due to maternal 
causes (>3 days for normal delivery and 
>7 days for LSCS delivery)

59/885 (7%) 68/879 (8%) 0·85 (0·59–1·22)

Need for blood transfusion during 
delivery or postpartum period

22/955 (2%) 25/975 (3%) 0·90 (0·50–1·60)

Intensive care unit admission or referral 
to higher centres

2/895 (<1%) 1/889 (<1%) ··

Fetal secondary outcomes

Fetal composite outcome 332/961 (35%) 354/982 (36%) 0·94 (0·78–1·13)

Low birthweight 190/917 (21%) 220/929 (24%) 0·84 (0·68–1·05)

Preterm labour 185/954 (19%) 186/975 (19%) 1·02 (0·81–1·28)

Stillbirth or intrauterine death 20/961 (2%) 21/982 (2%) 0·97 (0·52–1·81)

Neonatal deaths 17/919 (2%) 22/928 (2%) 0·76 (0·40–1·45)

Data are n/N (%) unless otherwise stated. LSCS=lower segment caesarean section. *Adjusted for site and baseline 
haemoglobin concentration.

Table 2: Primary and secondary clinical outcomes
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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. The corresponding author had full access to 
all the data in the study and final responsibility for the 
decision to submit for publication.

Results
We enrolled 2018 patients between Jan 31, 2014, and July 
31, 2017. We randomly assigned 999 participants to the 
intravenous iron sucrose group and 1019 participants to 
the standard therapy group (figure 1). 22 (2%) patients in 
the intravenous iron sucrose group and 34 (3%) patients 
in the standard therapy group were lost to follow-up. No 
withdrawals or loss to follow-up resulted from adverse 
events.

Baseline information was available for 983 patients in the 
intravenous iron sucrose group and 1016 participants in the 
standard therapy group (19 refused to partici pate after 
randomisation; figure 1). Patient characteristics were 
similar in both groups (table 1). Mean age was 24·4 years 
(SD 3·6), and 695 (35%) women were primigravida. The 
mean gesta tional age at the time of recruitment was 
27·6 weeks (SD 3·7). The peripheral smear of 248 (13%) of 
1957 participants indicated dimorphic anaemia (table 1). 
The baseline characteristics of women whose primary 
outcomes were recorded (958 [97%] in the intravenous iron 
sucrose group and 976 [96%] in the standard therapy group) 
were similar to those whose outcomes could not be 
obtained (25 [3%] in the intravenous iron sucrose group 
and 40 [4%] in the standard therapy group).

Participants received 200–1600 mg of intravenous iron 
sucrose. Adherence to treatment was reported in 
885 (91%) of 970 patients, who received 4651 intravenous 
infusions. Among 1011 women who received standard 
therapy, poor adherence until delivery (ie, consumption 
of less than 80% of the prescribed number of tablets in 
every visit) was reported in 43 (4%; appendix 2 p 3). 
Concomitant medications as reported by the participants 
were similar in both groups (appendix 2 p 3)

Data of events during childbirth were available from 
1943 mothers (961 [98%] in the intravenous iron sucrose 
group and 982 [97%] in the standard therapy group). 
143 (7%) of these women delivered at home and among 
1800 women who delivered in hospitals, 349 (19%) had 
caesarean section. Median duration of hospital stay for 
vaginal deliveries was 2 days (IQR 1–2) and 4 days (3–5) 
in caesarean deliveries. 

The primary maternal composite outcome was reported 
in 89 (9%) of 958 patients in the intravenous iron sucrose 
group and in 95 (10%) of 976 patients in the standard 
therapy group (adjusted OR 0·95, 95% CI 0·70–1·29; 
table 2). The secondary fetal composite outcome was 
reported in 332 (35%) of 961 patients in the intravenous 
iron sucrose group and in 354 (36%) of 982 patients in 
the standard therapy group (adjusted OR 0·94, 95% CI 
0·78–1·13). The proportions of patients who had different 

components of the com posite outcome were similar 
between both groups (table 2; figure 2). The mean 
birthweight of neonates in the intravenous iron sucrose 
group was 56·68 g (95% CI 12·21–101·15) higher than 
that in the standard therapy group.

The difference in change in haemoglobin concen-
tration was significantly higher at each timepoint in the 
intra venous iron sucrose group than in the standard 
therapy group, with highest mean difference (0·95 g/dL, 
95% CI 0·80–1·10) noted at 6 weeks post-randomisation 
(appendix 2 p 4). There was an increase in haemoglobin 
concentration from baseline in both groups, but the 
increase was significantly higher in the intravenous iron 
sucrose group than in the standard therapy group at 
each of the three timepoints (table 3; appendix 2 p 5). 
The difference in the increase in haemoglobin varied 
from 0·45 g/dL to 0·95 g/dL at different timepoints. 
This translated into effect sizes of 0·24 to 0·56. The 
effect size at 6 weeks post-randomisation exceeded 0·5 SD. 
Similar results were obtained for change in mean 
corpus cular volume (adjusted mean difference 3·47 fL, 
95% CI 2·44–4·51; data not shown).

Serum ferritin concentration at 6 weeks postpartum 
(assessed in 72 participants in the intravenous iron 
sucrose group and 58 participants in the standard therapy 
group) was higher in the intravenous iron sucrose group 
(median rise 20·6 ng/mL [IQR 7·4 to 29·5]) than in 
the standard therapy group (median rise 1·6 ng/mL 
[–7·8 to 14). C-reactive protein was negative in all the 
samples that were used for ferritin estimation.

There was no effect modification of treatment effect by 
baseline severity of anaemia for any of the prespecified 
subgroup analyses (data not shown).

Adjusted* mean 
difference in 
haemoglobin 
concentration, g/dL 
(95% CI)

Effect of intravenous vs oral iron therapy 
irrespective of time

0·47 (0·39–0·55)

Effect of time on haemoglobin concentration irrespective of intervention

Baseline 1 (ref) 

First follow-up (2 weeks after therapy initiation) 1·25 (1·19–1·13)

6 weeks post-randomisation 2·30 (2·22–2·37)

Delivery 2·64 (2·54–2·75)

6 weeks postpartum 3·35 (3·28–3·42)

Effect of intravenous vs oral iron therapy

First follow-up (2 weeks after therapy initiation) 0·60 (0·48–0·71)

6 weeks post-randomisation 0·96 (0·83–1·09)

Delivery 0·47 (0·27–0·67)

6 weeks postpartum 0·61 (0·48–0·73)

*Adjusted for site. Analysed in patients with haemogloblin measurements only 
(appendix 2 p 2).

Table 3: Mixed-effects linear regression analysis to show change in 
haemoglobin concentration 
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16 (2%) of 958 women in the intravenous iron sucrose 
group and 13 (1%) of 976 women in the standard therapy 
group had serious maternal adverse events. 29 maternal 
serious adverse events (one fatal and 28 non-fatal) were 
reported, with 16 (55%) in the intravenous iron sucrose 
group and 13 (45%) in the standard therapy group. Serious 
fetal and neonatal adverse events were reported by 39 (4%) 
of 961 women in the intravenous iron sucrose group and 
45 (5%) of 982 women in the standard therapy group. 
None of the serious adverse events was found to be related 
to the trial procedures or the intervention as per the 
causality assessment made by the trial investigators, ethics 
committees, and regulatory body. One woman in the 
intravenous iron sucrose group had an unnatural death 
due to an accident unrelated to the trial (appendix 2 p 7).

During or immediately after the administration of 
intravenous iron sucrose, we documented 13 types 
of minor side-effects (table 4), which occurred in 

130 (13%) of 970 women who received intravenous iron 
sucrose, with the number of instances ranging from 
one to four per woman. The incidence of immediate 
side-effects was highest during the first infusion and 
reduced with successive doses. One (<1%) participant 
experi enced chest discomfort that warranted stoppage of 
infus ion. 226 (24%) women reported late side-effects. 
The most common late side-effects reported 48 h after 
the infusion were fever, followed by myalgia and 
vomiting (table 4).

At the follow-up visit 2 weeks after initiation of therapy, 
111 (12%) of 899 patients in the intravenous iron sucrose 
group and 198 (22%) of 893 patients in the standard 
therapy group reported minor side-effects. At 6 weeks 
post-randomisation, minor side-effects were reported by 
117 (16%) of 737 patients in the intravenous iron sucrose 
group and 155 (21%) of 721 women receiving standard 
therapy. Fewer adverse effects were reported by women in 
the intravenous iron sucrose group than by those in the 
standard therapy group during follow-up (risk ratio 0·78, 
95% CI 0·67–0·90). The most common adverse events 
reported for 737 women in the intravenous iron sucrose 
group were abdominal pain (56 [8%] women), vomiting 
(17 [2%] women), body ache (16 [2%] women), and 
diarrhoea (8 [1%] women). The most common adverse 
events reported by 721 women in the standard therapy 
group were abdominal pain (75 [10%] women), body ache 
(37 [5%] women), vomiting (34 [5%] women), and 
diarrhoea (11 [2%] women; appendix 2 p 8).

In an exploratory post-hoc subgroup analysis, the odds 
of a woman having a haemoglobin concentration of 
11 g/dL or more at 6 weeks post-randomisation and 
6 weeks postpartum was higher among patients who 
received intravenous iron sucrose than among those 
who received oral iron (appendix 2 p 6). There was no 
significant difference between groups in the likelihood 
of haemoconcentration (haemoglobin >13 g/dL; adjusted 
OR 0·94, 95% CI 0·60–1·47) at 6 weeks postpartum.

The post-hoc subgroup analysis in women presenting 
with severe anaemia at baseline showed that a lower 
proportion of women received blood transfusion during 
pregnancy, delivery, and the postpartum period in the 
intravenous iron sucrose group than in the standard 
therapy group (appendix 2 p 6). The number needed to 
treat was 27, implying that one blood transfusion can be 
avoided during delivery and the postpartum period for 
every 27 women with severe anaemia who received 
intravenous iron sucrose instead of oral iron.

The post-hoc exploratory descriptive analysis of dose–
response relationship with fetal outcomes (fatal and non-
fatal) among women who received intravenous iron 
sucrose showed a U-shaped distribution, with more 
events occurring at lower and higher doses of intravenous 
iron sucrose (appendix 2 p 8). The likelihood of neonatal 
jaundice was higher with intravenous iron sucrose than 
with standard therapy (OR 2·19, 95% CI 1·25–3·85; 
appendix 2 p 6). In the post-hoc descriptive analysis, 

First dose Second dose Third dose Fourth dose Fifth dose Overall

Immediate adverse events 

Number of infusions 970 940 922 894 620 4651

Anaphylactic reaction 0 0 0 0 0 0

Chest compression 2 0 0 1 0 3

Hypotension (systolic 
blood pressure 
<90 mm Hg)

1 0 1 1 0 3

Syncope 0 1 0 0 0 1

Rashes or pruritus 2 0 0 0 0 2

Hypertension (systolic 
blood pressure 
>140 mm Hg)

1 0 0 0 0 1

Headache 17 12 11 8 3 52

Bradycardia 1 0 0 0 0 1

Nausea 10 5 2 2 1 20

Vomiting 4 2 4 3 0 14

Metallic taste 2 0 0 1 2 6

Fever 18 2 0 1 0 21

Other 25 14 7 11 5 65

Late adverse events

Number of infusions 940 922 894 620 242 3680

Arthralgia 15 2 2 1 0 20

Myalgia 17 14 9 7 1 49

Thrombophlebitis 12 12 7 6 6 43

Gastritis 0 2 2 0 0 4

Vomiting 29 7 6 2 2 46

Diarrhoea 2 2 5 1 0 10

Constipation 1 1 1 1 0 4

Nausea 7 3 1 3 0 14

Metallic taste 0 0 0 0 0 0

Fever 49 15 11 4 0 79

Other 33 22 13 11 5 84

Data are number of events. 

Table 4: Adverse events reported among 970 women who received intravenous iron sucrose (as-treated 
population)
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neonatal jaundice was reported in 40 (4%) of 901 babies in 
the intravenous iron sucrose group versus 19 (2%) of 
908 babies in the standard therapy group.

Discussion
This multicentre clinical trial, which was stopped because 
of futility, involving pregnant women with moderate-to-
severe anaemia, did not demonstrate superiority of 
intravenous iron sucrose over standard (oral) therapy in 
reducing adverse maternal and fetal outcomes. We dem-
onstrated improvement in haemo globin concentra tion at 
all timepoints after initiation of therapy (6 weeks after 
start of therapy, delivery, and 6 weeks postpartum).

Our study did not demonstrate any difference between 
intravenous and oral iron therapy in reducing adverse 
maternal outcomes. This finding is similar to another 
study (n=260) that failed to show improvement in blood 
loss during delivery and requirement of trans fusion.21 
Prenatal iron supplementation improves iron stores in 
neonates.22,23 In a study in Danish women, daily iron 
supplements at a dose of 20 mg per day was found to be 
adequate to cover the iron needs of the neonates because 
further increases did not affect iron status or clinical 
outcomes.24 In our study, even with poor adherence to 
treatment, there were no significant differ ences in the 
fetal outcomes, which suggests that the iron requirement 
of the fetus was likely to be met. 

Intravenous iron sucrose reduced the requirement of 
blood transfusion among pregnant women with severe 
anaemia. Although this was a post-hoc subgroup result, 
this finding has implications for the health system. Blood 
transfusion is mandated in severe anaemia (haemoglobin 
concentration <5 g/dL any time in pregnancy and <6 g/dL 
if a woman presents after 36 weeks of gestation). As per 
the Federation of Obstetric & Gynecological Societies of 
India 2011 good clinical practice guidelines6 for treatment 
of severe anaemia, blood trans fusion is indicated in case 
of abnormal fetal oxygenation, post partum anaemia with 
shock, severe acute blood loss following spontaneous 
delivery or caesarean section, or maternal decompensation 
resulting from severe anaemia during pregnancy. 
According to the nationally represent ative National Family 
Health Survey 4, 1·3% of pregnant women suffer from 
severe anaemia in India.2 Of all the pregnant women with 
severe anaemia (haemo globin concentration <7 g/dL), 
47·7% are treated at health facilities and out of total 
obstetric complications, 33·3% are treated with blood 
transfusion.25 Because of the safety issues associated with 
blood transfusion, it is recom mended that blood 
transfusion be considered as a last resort or when the 
patient is unresponsive to intravenous iron supplemen-
tation in severe anaemia.8

Another reason why we failed to demonstrate improved 
clinical effectiveness could be the improvement in haem-
o globin concentration that was demonstrated in the 
standard therapy group. A higher than expected increase 
in haemoglobin concentration in the standard therapy 

group could possibly be due to higher adherence to 
treatment than that documented in the literature 
(appendix 2 p 3). Large-scale surveys from India have 
docu mented an adherence of 30%.2 Hence, to detect a 
small difference in effectiveness between therapies, a 
very large sample size would have been required. 
Moreover, the dose of elemental iron as recommended in 
the Indian National Nutritional Anaemia Control 
Programme was 100 mg daily as prophylaxis and twice 
daily for treatment, until 6 weeks postpartum, when the 
study was undertaken. This dose is higher than the 
globally recommended dose of 60 mg per day. In view of 
this difference, national guidelines for management of 
anaemia during pregnancy were revised in 2018 to reduce 
the dose of elemental iron from 100 mg to 60 mg per 
day.26

Evidence on the effect of intravenous iron sucrose on 
improvement in haemoglobin concentration is conflicting. 
Although a large body of evidence demons trates sig-
nificant improvement in haemoglobin concentra tion 
(ranging from 2 g/dL to 3 g/dL) 4–6 weeks after the start of 
therapy with both intravenous and oral therapy,27–29 others 
have shown no significant increase with intravenous 
therapy.13,21,30,31 The conflicting results could be due to small 
sample sizes (n=75–270) and high average baseline 
haemoglobin concentration (8–10 g/dL). The rise in 
haemoglobin concentration is reported to be higher with 
intravenous iron sucrose than with oral therapy,18,32 similar 
to our findings. In terms of clinical significance of the 
magnitude of difference between the two groups, the 
difference ranged from 0·45 g/dL to 0·95 g/dL, which 
translates to an effect size of 0·56 and 0·24. Considering 
a minimum clinically significant difference to be at 
least 0·5 SD, only the 6 weeks post-randomisation 
comparison of haemoglobin concentration met this 
criterion.33 This finding, again, can explain the lack of 
difference in clinical outcomes between the two groups.

Our study demonstrated the safety of intravenous iron 
sucrose in terms of serious and severe infusion-related 
adverse reactions. Over the course of 4651 infusions, only 
one participant had an adverse event that mandated 
stoppage of further infusions. 13% of women reported 
immediate and 24% reported late self-limiting minor 
adverse effects, similar to other studies.5,17,18,32 The risk of 
having any minor adverse effects was 22% lower in the 
intravenous iron sucrose group than in the standard 
therapy group. This finding implies that iron sucrose 
could be recommended in primary care facilities with 
trained personnel.

In our study, we observed a trend of higher incidence 
of fetal adverse effects with higher doses. However, the 
study was not powered to detect this difference. 
Nevertheless, given the current lack of evidence, doses of 
intravenous iron sucrose of more than 1000 mg should 
be administered with caution, if benefits clearly outweigh 
the risks, until more affirmative evidence becomes avail-
able. Intravenous iron sucrose might be useful in 
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pregnancy when iron deficiency is detected late, is severe, 
or if the woman is intolerant to oral formulations.34

This trial was done in government medical colleges in 
a pragmatic manner across four centres, which offers 
greater generalisability than studies done in controlled 
settings. The ancillary care was very similar to what is 
offered as routine care apart from more frequent follow-
up appointments and counselling. The baseline 
characteristics of both groups were similar for the 
intention-to-treat and per-protocol populations for the 
primary outcome. Furthermore, loss to follow-up was less 
than 3% for the primary outcome. Our trial is large 
compared with existing studies, which have included 
between 50 and 400 patients.5,17,21 Except for a few studies, 
most included women with a haemoglobin concentration 
of more than 7 g/dL.13 Our study examined the effect in a 
high-risk population: women with a haemoglobin con-
centra tion of 5–7 g/dL. A futility assessment in the trial 
enabled us to take a decision to stop the trial, which meant 
that we could not only achieve our trial objective, we could 
save patients being enrolled needlessly, thus saving on 
costs.

This study has several limitations. First, the planned 
sample size could not be achieved. Second, our primary 
outcome was composite, which holistically captures the 
events in the pathway of near misses that would have 
resulted in mortality due to anaemia. The study was not 
powered to detect differences in components of the 
composite out come. Although the event rate of the 
composite outcome was similar to the expected rate for 
sample size calcu lation, the observed difference in 
treatment between the groups was very small, mostly 
driven by prolonged hospital stays. This finding calls for 
consideration of prolonged hospital stays as a separate 
outcome in future studies. The third limitation is related 
to the assessment of the primary outcome. Nearly 7% of 
the women delivered at home and some women delivered 
in other private hospitals. Clinical details were obtained 
from these participants during follow-up visits. Because 
of the high patient load, even among women who 
delivered in the study hospitals, we could not meet 
patients before their discharge and had to rely on medical 
records retrospectively. How ever, this practice improved 
over time. Customarily, women in the Indian culture stay 
at their maternal house for delivery and an additional few 
weeks after delivery. Hence, their details, including 
haemo globin concentration, could not be captured 
prospectively. However, data pertaining to the primary 
outcome were collected during subsequent visits to 
the hospital or by telephone. This limitation explains 
the small numbers of observations for haemoglobin 
assessments specifically at the time of delivery. The 
numbers and reasons for loss to follow-up were similar in 
both groups. Baseline characteristics of women who 
provided blood samples for haemoglobin testing and 
those who could not were not different; hence, this 
could not have biased the estimates. To corroborate this 

finding further, we did a random-effects linear regression 
of repeated haemoglobin measurements that gave results 
similar to the complete case analysis. Vitamin B12 
deficiency is an important cause of anae mia in our 
settings. We could not assess the effect of vitamin B12 
supplementation on the overall results since it was 
beyond the scope of our study. Moreover, albendazole, 
calcium, and vitamin supplements were prescribed at the 
physician’s discretion. We could not record the actual 
doses of concomitant medications consumed; although 
the number of women who were prescribed additional 
medication was similar in both groups (appendix 2 p 3), it 
does not rule out the possibility of effect modification 
completely. Measurement of neonatal haem o globin was 
also beyond the scope of the study. These points require 
further exploration.

In conclusion, there is evidence to suggest that intra-
venous iron sucrose could be a safer alternative for 
treatment of severe anaemia (haemoglobin concentration 
5–7 g/dL) in pregnancy (20–32 weeks of gestation). Its use 
in cases of moderate anaemia should preferably be 
restricted to cases of poor adherence or intolerance to oral 
iron therapy. In women with good adherence to oral 
therapy, intravenous iron sucrose might not have any 
added advantages over oral iron. More conclusive evi-
dence is required to demonstrate clinical effectiveness of 
intravenous iron sucrose over standard therapy for 
treatment of anaemia in pregnancy.

On the basis of the evidence from our study, intravenous 
iron sucrose can be viewed as an alternative treatment for 
severe anaemia in pregnant women as part of the national 
programme in India and other similar settings. It is 
already in use by many practitioners in both public and 
private sectors, for all categories of anaemia, albeit with 
no defined protocol. Therefore, introduction of this 
intervention in health programmes will not be a gross 
deviance from the current practice. Use needs to be 
restricted to eligible beneficiaries only, using a scientific 
protocol, which could pose a challenge initially. Support 
of the government, availability of the drug in public  
health systems, and availability of facilities to impart 
requisite training and monitoring make provision of 
intravenous iron implementable within the existing 
health systems, infrastructure, and human resour ces. 
Anaemia is a priority in low-income and middle countries, 
which will secure help to generate enough resources for 
incorporation of our study findings into the national 
programmes. 
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