
 

 

 

Peri-operative and peri-partum 
anaemia management 

 

 

 

Submitted by 

Bernd Froessler  

MD, FANZCA, MClinSc 

 

 

 

A thesis submitted in total fulfilment of the requirements for the degree of 

Doctor of Philosophy 

The Joanna Briggs Institute, School of Translational Health Science, 

Faculty of Health Sciences 

The University of Adelaide 

January 2016  



 

 

Statement of Declaration 

 

This work contains no material which has been accepted for the award of any 

other degree or diploma in any university or other tertiary institution to Bernd 

Froessler and, to the best of my knowledge and belief, contains no material 

previously published or written by another person, except where due reference 

has been made in the text. 

 

I give consent to this copy of my thesis, when deposited in the University 

Library, being made available for loan and photocopying, subject to the 

provisions of the Copyright Act 1968.  

 

I also give permission for the digital version of my thesis to be made available 

on the web, via the University’s digital research repository, the Library 

catalogue, the Australasian Digital Theses Program (ADTP) and also through 

web search engines, unless permission has been granted by the University to 

restrict access for a period of time. 

Signature 

 

 

Date: 28/01/2016 



 

1 
 

Acknowledgements 

I wish to sincerely thank Prof Alan Pearson AM for many years of supervision 

and tireless support.  

I wish to thank Prof James Isbister for agreeing to be my associate supervisor, 

for his tremendous input and for reviewing this thesis. 

Both my supervisors were amazing communicators and mentors along the way. 

  



 

2 
 

Table of Contents 
Statement of Declaration ......................................................................................... 0 

Acknowledgements .................................................................................................. 1 

List of figures ........................................................................................................... 3 

Introduction to the program of study ....................................................................... 4 
Anaemia in the peri-operative setting ...................................................................... 4 
Iron depletion............................................................................................................... 6 
Blood transfusion ....................................................................................................... 7 
The need for practice change .................................................................................. 11 

Program of study reported in this thesis ................................................................. 16 

Publication 1: ......................................................................................................... 19 

Froessler B, Collingwood J, Hodyl NA, Dekker G. Intravenous ferric carboxymaltose 
for anaemia in pregnancy. BMC Pregnancy Childbirth. 2014;14:115. ....................... 19 

Publication 2: ......................................................................................................... 25 

Froessler B, Dekker G, McAuliffe G. To the rescue: the role of intravenous iron in the 
management of severe anaemia in the peri-partum setting. Blood Transfus. 2015 
Jan;13(1):150-2. ..................................................................................................... 25 

Publication 3: ......................................................................................................... 29 

Froessler B, Weber I, Hodyl NA, et al. Dynamic changes in clot formation determined 
using thromboelastometry after reinfusion of unwashed anticoagulated cell-salvaged 
whole blood in total hip arthroplasty. Blood Transfus 2015; 13:448-454. ................ 29 

Publication 4: ......................................................................................................... 37 

Froessler B, Palm P, Weber I, Hodyl NA, Singh R, Murphy EM. The Important Role for 
Intravenous Iron in Perioperative Patient Blood Management in Major Abdominal 
Surgery: A Randomized Controlled Trial. Ann Surg. 2016 Jan 27. PubMed PMID: 
26817624. Epub 2016/01/29. Eng. .......................................................................... 37 

Conclusion ............................................................................................................. 44 
Significance and contribution to knowledge ......................................................... 44 
Problems encountered ............................................................................................. 44 
Future directions ....................................................................................................... 46 

Appendix: .............................................................................................................. 50 
Statement of Authorship ............................................................................................... 50 

References ............................................................................................................. 58 
 

  



 

3 
 

List of figures 

 

Figure 1:  

The evolution of Iron Deficiency 

Figure 2:  

Distribution and cost for fresh blood products and plasma and recombinant 
products in Australia (2013-14) 

Figure 3:  

The pillars of patient blood management. 

Figure 4:  

The three pillars of patient blood management: From decision making to clinical 
outcomes. 

  



 

4 
 

 

Introduction to the program of study 

Anaemia in the peri-operative setting 

The hospital environment challenges the human mind and body in many ways. 

It challenges the patient's psychological and physiological functioning and ability 

to cope with illness and hospitalization. It also challenges medical 

administration and staff to deliver quality healthcare in a dignified, respectful 

and culturally appropriate environment.  

Admissions to hospital can become necessary as part of a disease process, 

trauma or a physiological state such as pregnancy. Most admissions are 

associated with some degree of blood loss from injuries, surgery or frequent 

phlebotomy, all reducing the patient’s own red blood cell mass. Depending on 

the starting baseline haemoglobin level and the volume lost, anaemia may 

occur rapidly. Anaemia is defined by the World Health Organisation (WHO) as a 

Haemoglobin (Hb) value below 120 g/L for women, 130g/L for men and 

between 110-105 g/L in the 2nd and 3rd trimester of pregnancy.(1)  

In addition to anaemia resulting from peri-procedural blood loss, it can also be 

pre-existing. Most commonly anaemia is caused by iron deficiency (ID). This 

can occur as a result of a range of acute or chronic medical conditions, 

nutritional deficiencies, physiological loss during menstruation or pregnancy, 

medication or be exercise induced. Imbalances of intake, absorption, loss, and 

utilisation of iron will disturb the delicate and tightly controlled iron metabolism 

eventually resulting in iron deficiency anaemia (IDA). Diagnosis is not always 

straight forward. Once iron loss exceeds iron intake, bone marrow stores 
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become insufficient which will result in iron depletion. Iron depletion is generally 

present in non-anaemic states, may not cause any symptoms and will not be 

reflected in the mean corpuscular volume of red blood cells. The transition to 

iron deficiency and microcytosis often occurs at a later stage. (Figure 1) Red 

cell indices can help identify the condition, but might be completely absent 

particularly in older people.(2) 

 

Figure 1: The evolution of Iron Deficiency (with compliments of Professor 
James Isbister) 

The prevalence of anaemia is high. Globally around 25% of people are 

affected.(3) Patients with inflammatory bowel disease, bowel cancer, 

menorrhagia, and chronic diseases, such as osteoarthritis are most affected. In 

addition pregnant women, the very young and the rapidly growing make up a 

substantial proportion. In patient subgroups the incidence can be as high as 74 

%.(4)  
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Iron depletion 

Iron depletion, ID and IDA are all associated with adverse outcomes. (5, 6) Iron 

is at the core of red blood cell production and involved in many other cellular 

and enzymatic processes.(7) Furthermore it is vital for foetal development and 

growth.(8) Low iron stores negatively impact on cardiac, cognitive and immune 

function.(9-11) Overall aerobic capacity and productivity are reduced. (12) 

Symptoms often occur late, particularly in the younger population, are often 

discounted as “normal tiredness”, or misunderstood and misinterpreted by 

clinicians. As ID progresses to IDA and haemoglobin drops, symptoms may 

become more severe. Adaptation occurs, however once oxygen delivery and 

tissue oxygenation become severely impaired, organ ischemia and dysfunction 

may result. Organ tolerance varies with heart and central nervous tissues being 

most sensitive.(13)  

The detection, evaluation and treatment of ID with or without anaemia remains 

challenging for many clinicians. Many advances in understanding iron 

homeostasis, various stages and types of ID and IDA have been made.(14) The 

separation of possible causes of ID into, physiologic, environmental, pathologic 

(decreased absorption vs increased loss), drug-related, genetic and iron 

restricted erythropoiesis allows direct investigation and treatment 

modalities.(14, 15) These advances will hopefully aid clinicians to overcome 

those challenges - an urgent need because of the massive burden the condition 

poses to society.(16)  
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Blood transfusion 

Blood has always been surrounded by mystic theories and its admirable 

attributes are already mentioned in Greek mythology.(17) In Goethe’s “Faust” 

Mephisto describes blood as a very special juice (‘Blut ist ein ganz besonderer 

Saft’). (18) 

The practice of blood transfusion was explored in the early 17th century and 

initially performed with animal blood, first animal to animal but eventually animal 

to human transfusion was explored . (17) The experiments continued in 

England and France, with multiple deaths occurring from the intervention. The 

French parliament banned the practice in 1670 which led to a cessation of 

transfusion across Europe. (19) 

Red blood cell (RBC) transfusion became part of clinical medicine again in the 

early 18th century. High mortality rates amongst women suffering post-partum 

haemorrhage encouraged an obstetrician, James Blundell, to perform the first 

human to human transfusion in 1818, with several more in the following 

years.(20) The lack of understanding about its function and compatibility 

resulted in disastrous outcomes and death for many recipients.(21) In the early 

20th century it was clear that there was a potential link between haemorrhage, 

transfusion and survival. At this time blood transfusions were administered 

frequently to women who had bled during child birth. Karl Landsteiner’s 

discovery and the introduction of ABO typing made transfusion safer.(22) The 

development of reliable anticoagulation and prolonged storage in plastic bags 

after donation introduced a new era of transfusion medicine. (23) Allogeneic 
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RBC transfusion is today a frequently prescribed treatment modality with 

approximately 800,000 units issued each year in Australia alone. (24) 

One has to differentiate between ID/IDA and the acutely bleeding patient where 

blood loss occurs suddenly, can be significant and might be ongoing. The 

management of acute or massive blood loss is beyond the scope of this thesis 

which focuses on “elective” peri-operative and peri-partum anaemia and 

transfusion events that account for approximately eighty percent of RBC’s 

prescribed. But even elective RBC transfusion has been an assumed mainstay 

of medical practice. After the widespread use of transfusion therapy in World 

War II and the Spanish civil war, blood transfusion became a lucrative business 

for clinicians and even more lucrative for the newly introduced blood banking 

sector. The perception of unlimited availability, the widely promoted safety of 

allogeneic donor blood and its efficacy in rapid haemoglobin correction led to 

often unscrutinised and inappropriate prescribing practices. The overuse and 

misuse of RBC transfusion was lamented throughout the 20th century.(25, 26) It 

wasn’t until the AIDS epidemic in the 1980s and the transmission of the virus 

that a temporary shift in transfusion practice occurred, putting the recipient at 

the centre of the intervention.(27) (28) Interest in “bloodless surgery” grew, 

initially aimed at the Jehovah’s witness population which also drove research 

into perfluorocarbon-based oxygen carriers. Multiple authors called for careful 

consideration of transfusion appropriateness and reminded the divided medical 

community of available treatment strategies and anaemia tolerance, aimed at 

the reduction of RBC use.(28, 29) 

Despite strict mandatory screening of the donor and the product by the blood 

services and an increased safety profile for the transmission of infectious 
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diseases, allogeneic RBC transfusion (ABT) is not without risk. Peri-operative 

allogeneic transfusion adversely impacts on patient outcomes, such as, 

increased length of stay (LOS), increased infection rates, increased occurrence 

of transfusion related lung injury (TRALI), transfusion associated circulatory 

overload (TACO) and mortality.(30, 31) One needs to separate adverse events 

from ABT in which causation is clear from ABT related risk factors responsible 

for adverse patient outcome. To assure identification of the former, the 

importance of surveillance was recognized.(32) Haemoviligance systems were 

designed and implemented “to prevent the occurrence or recurrence of 

transfusion related unwanted events, to increase the safety, efficacy and 

efficiency of blood transfusion, covering all activities of the transfusion chain 

from donor to recipient. The system should include monitoring, identification, 

reporting, investigation and analysis of adverse events, near-misses and 

reactions related to transfusion and manufacturing”.(33) The latter have become 

more apparent since 1999 after the results from a randomised controlled study 

in the critically ill showed that a more restrictive transfusion approach benefited 

the patient.(34) Additional evidence from the Jehovah’s witness population, 

where the administration of blood products was no option, strengthened a view 

that the time had come to question liberal transfusion approaches.(35-38) From 

then on multiple research projects were directed to answer this question, 

directly comparing restrictive versus liberal transfusion strategies in surgical and 

non-surgical settings.(39-42) Systematic review data from this research activity 

led to the conclusion that restrictive transfusion strategies are safe in most 

clinical setting.(43-46) 
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It is important to point out that ABT has never been completely safe, is a 

transplant and associated with a wider range of potential hazards than any 

other therapeutic intervention. This message is taking a long time to get through 

and the point has been made by several experts for decades. (27, 47) 

Regardless of the well described risks of ABT and the strong evidence 

supporting a review of transfusion thresholds ABT remains a default position for 

many clinicians. ABT still occurs in 10% of hospital admissions and the 

procedure has been identified as one of the five most over prescribed medical 

treatment modalities.(48) Calls for abandoning a “laissez faire approach” 

assuming the benefits of ABT while accepting the risks remained largely 

unheard.(49) Many transfusion events could be avoided if more attention was 

spent on modifiable factors, such as optimising pre-operative haemoglobin 

values and the patient’s iron status.  

Most countries from around the world are facing significant demographic 

changes over the next two decades (50). These changes come as the result of 

a dramatic increase in the older population and a decrease of the young due to 

an ongoing decline in birth rates in the western world. More complex surgery in 

the elderly in addition to many serious medical conditions requiring transfusion 

is likely to lead to an increase in demand for blood products.(51) The shrinking 

pool of donors compounds the problem and demand threatens to outstrip a safe 

supply of a high quality product.(50, 52, 53) This looming shortfall has to be 

addressed urgently to guarantee the sustainability of fresh blood products in the 

blood supply. Fresh blood products currently account for 33% of the blood 

budget in Australia. (Figure 2) Additionally, even bigger problems for the sector 

arise from the substantial annual growth in demand for intravenous 
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immunoglobulin (IVIg). IVIg demand exceeds Australia’s current plasma 

collection capacity, which is now growing at a rate of approximately 6.7 % per 

annum. The annual shortfall is supplemented with imported finished products, 

sourced by the National Blood Authority (NBA) using competitive procurement 

processes. Known and unknown infection risks from blood transfusions, an 

inventory at risk and ever-increasing cost should be drivers for change (54).  

 

Figure 2: Distribution and cost for fresh blood products and plasma and 
recombinant products in Australia (2013-14). Source: National Blood 
Authority  

 

The need for practice change 

The need for change has also been recognized and endorsed by the World 

Health Organization (World Health Alliance Resolution A63.R12) supporting the 

implementation of Patient Blood Management (PBM) (55). Some countries have 

taken action to advocate a more efficient and appropriate blood utilization (56), 

but uptake of clinical practice change remains slow (57). The transfusion 

approach should be “individualised” and tailored to the needs of the patient, 
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backed by the latest evidence. Patients’ age, co-morbidities and the underlying 

cause should direct the clinician to the appropriate treatment approach. 

However, rigid interpretation of guidelines, dogma and beliefs often misguide 

clinicians and transfusion practices vary immensely. 

This thesis discusses and focuses on preoperative and peri-partum 

haematological optimisation, the addressing and avoidance of intra-operative 

anaemia with the utilisation of cell salvage (58) and the treatment of iron 

deficiency within the broader concept of patient blood management.  

The term Blood Management was created in the late nineties, supported by the 

foundation of organisations and societies such as the Network for Transfusion 

Alternatives (NATA) and the Society for the Advancement of Blood 

Management (SABM). The potential misconception of the term “blood 

management”, determined by the view and responsibilities of either the clinician 

(patient) or the blood bank (product), sparked a discussion initiated by 

Professor James Isbister, at the NATA meeting in 2005. He called on health 

care professionals to embrace the patient as the centre of attention in 

transfusion medicine. As one of the pioneers in blood management, he renewed 

his call that “transfusion therapy should be recipient-oriented”, which he had 

advocated since the mid-eighties. (28) By the inclusion of the word ‘patient’ to 

the term blood management, PBM became a brand and a broader uptake of the 

concept occurred. 

PBM is a patient focused comprehensive approach with the aim to improve 

clinical outcome. PBM is relevant to all sectors of medicine where blood 
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products are prescribed and transfused. Due to the overlap of care and shared 

responsibilities it is essential that a multidisciplinary approach is taken. 

In the peri-operative setting a three pillar strategy was developed to address 

important factors in all three phases of the time around surgery, pre-operative, 

intra-operative and post-operative. (Figure 3) These principles applied in the 

peri-surgical period enable treating physicians to have the time and tools to 

provide patient-centred evidenced-based patient blood management to 

minimize allogeneic blood transfusions.  

 

 

Figure 3: The pillars of patient blood management. Cited with permission 
from Hofmann A, Friedman D, Farmer S, for the Western Australia Department 
of Health. Western Australian Patient Blood Management Project 2008–2012: 
Analysis, Strategy, Implementation and Financial Projections. Perth: Western 
Australia Department of Health, 2007:1–154. 



 

14 
 

Preoperative 

The main focus of the first pillar is a meticulous planning process for major 

surgical procedures and the timely assessment of patients scheduled for 

surgery. Depending on the extent of surgery and the underlying disorder this 

should be done at least 4-6 weeks prior to the operation. The detection and 

evaluation of anaemia by appropriate investigations will determine a 

management approach and guide decision making on the potential need for 

further investigation and/or delaying surgery.(59) Considering the close link 

between preoperative anaemia, perioperative haemorrhage and RBC 

transfusion the necessity for patient optimisation should be high and shared 

between disciplines involved in a patient’s care, including the primary care 

physicians. (60) (61) At the time of referral for surgical specialist review, 

important investigations could be conducted and waiting list time utilized to 

schedule procedures and/or initiate treatment. 

Intraoperative 

Intraoperative strategies should be discussed and agreed on. There is no “one 

size fits all” approach. Meticulous haemostasis is often inappropriately labelled 

an “alternative approach” or “transfusion alternative” but should be a given a 

high priority. The use of cell salvage (CS), acute normovolaemic haemodilution 

(ANH) and pharmacological haemostatic agents, such as Tranexamic acid 

(TXA), has to be decided on a case to case basis and is in part dependent on 

institutional availability. More recent guidelines have also included Point of Care 

in vitro haemostasis monitoring devices to aid the “real time” haemostasis 

decision making and administration of blood products.(62)  
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Postoperative 

Many of these approaches should flow on into the postoperative period. 

Anaemia tolerance is important for the whole of PBM, especially if a patient has 

a non-correctable anaemia in the short or long-term. However in the 

postoperative setting acute (surgery related) anaemia tolerance is particularly 

important and requires careful patient monitoring and optimisation. Anaemia 

has been shown to be an independent risk factor, but there is a large body of 

evidence that transfusion to correct the anaemia would pose an even higher risk 

to patients in many cases.(47) This underpins the importance of evidence-

based transfusion strategies.(63)  

Adherence to the three pillar principles will contribute to better patient 

outcomes, the avoidance of inappropriate transfusion events and a reduction in 

transfusion related morbidity and mortality. In general, PBM is a broad concept 

and should be considered in the majority of clinical settings.(64) Essentially, this 

thesis can only consider some, but very important, aspects of PBM. The main 

focus is the optimisation and preservation of erythrocytes around the time of 

surgery. The majority of work embodied in this thesis was devoted to the 

correction of pre-existing ID and IDA, in particular with IV iron. Therefore it is 

about optimising red cell production and the utilisation of the patient’s own 

physiological compensatory reserves. One project included in the thesis 

examines intraoperative cell salvage, a technology that facilitates the 

conservation of erythrocytes by intraoperative collection of shed blood and its 

re-infusion.  
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The treatment of chlorosis with iron was described in a review in the late 19th 

century and goes back hundreds of years.(65) Parenteral iron became available 

not much later but caused many problems due the quick release and the toxicity 

of free iron.(66) Safer variations of high molecular weight iron dextran (HMW ID) 

followed in the 1950’s (67) but despite its efficacy concerns remained due to the 

potential anaphylactic reactions caused by the high molecular carrier dextran. 

Low molecular weight iron dextran (LMW ID) replaced the HMW ID in the early 

1990’s and offered a yet safer alternative. Dextran free forms of intravenous (IV) 

iron were developed and released onto the European and American markets. 

Further improvements and modifications have led to the availability of IV 

preparations, ferric carboxymaltose and iron isomaltoside, which can be given 

at a reasonably large dose over a short infusion time and result in a low 

incidence of serious adverse events. 

An increasing number of studies report the safe and successful administration 

of IV iron in a wide range of clinical settings.(68-71) The use of IV iron results 

often in a satisfactory outcome without allogeneic transfusion.(38) Inexperience 

with IV iron, logistical difficulties in arranging administration, a misconception 

regarding the rapidity of the response and anecdotal fear of serious adverse 

reactions appear to be preventing widespread use of the therapy despite 

current evidence based recommendations.(62, 72) 

 

Program of study reported in this thesis 

Between 2011 and 2013 the author conducted a Systematic Review (SR) and 

completed a Master of Philosophy at the Joanna Briggs Institute, School of 
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Translational Health Science.(73) The objective of this systematic review was to 

critically appraise, synthesise and present the best available evidence related to 

the effectiveness and economic aspects of intravenous iron administration on 

the correction of iron deficiency anaemia in the peri-operative period. The SR 

found insufficient data to make firm conclusions about the efficacy of pre-

operative intravenous iron administration for the correction of anaemia based on 

clinical trial settings. Neither could the review establish firm conclusions on the 

potential cost savings of intravenous iron supplementation. 

The aim of undertaking this PhD program of study was in part to provide further 

evidence into a clinical area of great importance. The thesis includes in 

chronological order four peer-reviewed journal articles published during 

candidature  

 

Froessler B, Collingwood J, Hodyl NA, Dekker G. Intravenous ferric 

carboxymaltose for anaemia in pregnancy. BMC Pregnancy Childbirth. 

2014;14:115.  

Froessler B, Dekker G, McAuliffe G. To the rescue: the role of intravenous iron 

in the management of severe anaemia in the peri-partum setting. Blood 

Transfus. 2015 Jan;13(1):150-2. 

Froessler B, Weber I, Hodyl NA, Saadat-Gilani K. Dynamic changes in clot 

formation determined using thromboelastometry after reinfusion of unwashed 

anticoagulated cell-salvaged whole blood in total hip arthroplasty. Blood 

Transfus. 2015 Jul;13(3):448-54. 
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Froessler B, Palm P, Weber I, Hodyl NA, Singh R, Murphy EM. The Important 

Role for Intravenous Iron in Perioperative Patient Blood Management in Major 

Abdominal Surgery: A Randomized Controlled Trial. Ann Surg. 2016 Jan 27. 

PubMed PMID: 26817624. Epub 2016/01/29. Eng. 

All four publications focus on aspects of Patient Blood Management.  
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Publication 1: 

Froessler B, Collingwood J, Hodyl NA, Dekker G. 

Intravenous ferric carboxymaltose for anaemia in 

pregnancy. BMC Pregnancy Childbirth. 2014;14:115. 

  



RESEARCH ARTICLE Open Access

Intravenous ferric carboxymaltose for anaemia in
pregnancy
Bernd Froessler1,2*, Joshua Collingwood3, Nicolette A Hodyl4 and Gustaaf Dekker5,6

Abstract

Background: Iron deficiency is a common nutritional deficiency amongst women of childbearing age. Peri-partum
iron deficiency anaemia (IDA) is associated with significant maternal, fetal and infant morbidity. Current options for
treatment are limited: these include oral iron supplementation, which can be ineffective and poorly tolerated, and
red blood cell transfusions, which carry an inherent risk and should be avoided. Ferric carboxymaltose is a new
treatment option that may be better tolerated.
The study was designed to assess the safety and efficacy of iron deficiency anaemia (IDA) correction with
intravenous ferric carboxymaltose in pregnant women with mild, moderate and severe anaemia in the second and
third trimester.

Methods: Prospective observational study; 65 anaemic pregnant women received ferric carboxymaltose up to
15 mg/kg between 24 and 40 weeks of pregnancy (median 35 weeks gestational age, SD 3.6). Treatment
effectiveness was assessed by repeat haemoglobin (Hb) measurements and patient report of well-being in the
postpartum period. Safety was assessed by analysis of adverse drug reactions and fetal heart rate monitoring during
the infusion.

Results: Intravenous ferric carboxymaltose infusion significantly increased Hb values (p < 0.01) above baseline levels
in all women. Increased Hb values were observed at 3 and 6 weeks post infusion and up to 8 weeks post-infusion.
Ferritin values increased significantly after the infusion. Only 4 women had repeat ferritin values post-partum which
remained above baseline levels. Fetal heart rate monitoring did not indicate a drug related negative impact on the
fetus. Of the 29 (44.6%) women interviewed, 19 (65.5%) women reported an improvement in their well-being and 9
(31%) felt no different after the infusion. None of the women felt worse. No serious adverse effects were found and
minor side effects occurred in 13 (20%) patients.

Conclusions: Our prospective data is consistent with existing observational reports of the safe and effective use of
ferric carboxymaltose in the treatment of iron deficiency anaemia in pregnancy.

Keywords: Pregnancy, Iron deficiency, Peri-partum anaemia, Intravenous ferric carboxymaltose, Red blood cell
transfusion

Background
Iron deficiency is recognized as a common nutritional de-
ficiency amongst women of childbearing age in both the
developed and developing world [1]. Peri-partum iron de-
ficiency anaemia (IDA) is associated with significant ma-
ternal, fetal and infant morbidity. Poor outcomes for the

fetus and infant include: preterm birth, fetal growth re-
striction, intrauterine fetal death, low Apgar scores and in-
fection [2]. Women with iron deficiency are also at risk of
adverse effects requiring medical interventions such as red
blood transfusion [3], cardiovascular problems, reduced
physical and cognitive performance, reduced immune
function, tiredness and increased depressive episodes [4].
Peri-partum maternal iron deficiency has also been associ-
ated with childhood developmental problems [5] and
negative mother-infant interactions such as an increase in
negative statements and decreased responsiveness [6].
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reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.
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Progression from iron deficiency to iron deficiency an-
aemia (IDA) in pregnancy is common, due to the in-
creased demand for iron during pregnancy, required to
support maternal haemoglobin mass expansion, as well as
the growing fetus and placenta [7]. This is further aggra-
vated by blood loss associated with delivery. Deliveries by
both caesarean section and vaginal deliveries that require
instrumentation/intervention represent an even greater
risk [4] increasing a woman’s vulnerability for peri-partum
blood transfusion [3], chronic iron deficiency anaemia and
iron store depletion, all compromising maternal well-
being. However, this recognition has not resulted in a uni-
versal approach of iron supplementation [8].
Iron deficiency is potentially both preventable and

treatable. Effective management strategies that allow
women to replenish iron stores, both antenatal or during
labour, restore haemoglobin values and are likely to en-
hance the health of the mother and infant [9]. For many
decades the mainstay treatment of IDA has been oral
iron and red blood cell (RBC) transfusions. However,
oral iron supplementation can lead to significant side ef-
fects resulting in non-compliance in many patients [10]
and the risks for RBC transfusion are well described and
should be avoided whenever possible [11]. Intravenous
iron formulations offer an alternative approach in the
presence of moderate or severe anaemia, intolerance of
or non-adherence to oral iron and malabsorption states
[12]. Intravenous iron is less commonly used as fear of
anaphylaxis with iron dextran formulations, and long in-
fusion time with iron polymaltose, have led to reluctance
amongst clinicians [13]. The development of dextran
free parenteral iron formulations with an improved
safety profile, and a more rapid delivery time suggests
that intravenous iron should be considered as a mainstay
treatment for moderate to severe IDA [14].
Iron Sucrose and Ferric Carboxymaltose are dextran free

intravenous iron alternatives. When compared to oral iron
in pregnancy iron sucrose is superior with respect to the
rate of both haemoglobin increase and iron store replen-
ishment, combined with a good safety profile [12,15,16].
Serious adverse effects are rare with iron sucrose, however
minor side effects occur in up to 18% of patients which
may in part be attributed to its non-physiological physical
properties (high pH and high osmolarity). Ferric carboxy-
maltose is a newer dextran-free iron formulation with a
near neutral pH, physiological osmolarity and increased
bioavailability which allows for single dose, short 15 minute
infusion time and higher dosing (up to 1000 mg) [17].
These properties make ferric carboxymaltose an attractive
alternative to iron sucrose in terms of risk profile, efficacy,
patient comfort and convenience, staff and institutional
resource utilization.
To date, there are few clinical studies using ferric car-

boxymaltose in pregnant women. The primary aim of

this study was to assess the use of intravenous ferric car-
boxymaltose in the correction of iron deficiency anaemia
in pregnant women. The secondary aims were to deter-
mine the extent and severity of adverse effects of ferric
carboxymaltose, and to evaluate the perceived quality of
life of women in the post-partum period.

Methods
After approval by the Queen Elizabeth Hospital, Lyell
McEwin Hospital & Modbury Hospital Human Research
and Ethics committee (Reference number 2011160) this
prospective study was performed between July 2011 and
September 2012. Informed consent was waived by the
ethics committee for data collection, as ferric carboxy-
maltose was being used as our routine clinical treatment
modality in this setting.
Pregnant women with documented IDA, defined as

Hb < 115 g/dl, who consecutively presented as outpa-
tients in the Women’s Assessment Unit at the Lyell
McEwen Hospital (Elizabeth Vale South Australia) to re-
ceive ferric carboxymaltose infusions were recruited to
this study. A total of 65 women were included. Due to
the limited availability of safety data for its use in preg-
nancy, we adopted a longer infusion protocol (30 min)
than recommended by the manufacturer (15 min). Ma-
ternal blood pressure was taken every five minutes dur-
ing infusion and foetal heart rate was assessed before
and after infusion. According to routine antenatal care
blood samples were collected to measure haemoglobin,
and in some cases ferritin levels, prior to infusion and
then again, where clinically indicated, at up to three
post-infusion visits (at approximately 3, 6 and 8 weeks).
Haemoglobin and ferritin concentrations were deter-
mined in the hospital laboratory using Sodium lauryl
sulphate (SLS) method for Hb analysis (Sysmex XE2100
analyser) and direct chemiluminometric sandwich im-
munoassay (Siemens ADVIA Centaur XP) for ferritin
analysis. Women were observed for one hour post infu-
sion, before being discharged home. Medical and path-
ology data were collated from case notes and electronic
laboratory reports, as well as transfusion data linkage re-
ports. A telephone interview was conducted after all 65
patients delivered to evaluate well-being after the infu-
sion. Patients were asked to place themselves into 1 of 4
allocated categories (worse, no different, better or much
better), which reflected degrees of perceived change in
symptomatology since infusion.
The data were analysed using Graph Pad Prism 5,

using p values of ≤0.05 to indicate significance. Available
pre-infusion, post-infusion and post-partum haemoglo-
bin, ferritin and transferrin saturation levels were com-
pared using one-way ANOVA tests. Tukey’s multiple
comparison tests were used to assess changes in
levels across the time points measured with Dunn’s
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multiple comparison test used for post hoc analysis
when necessary.

Results
The characteristics of the women receiving ferric car-
boxymaltose for iron deficiency anaemia are outlined in
Table 1. A total of 65 women received a ferric carboxy-
maltose infusion for antenatal iron deficiency anaemia,
with pre-infusion haemoglobin data available for all 65
women. Following infusion, haemoglobin values were re-
peated by the obstetric team as required and data were
available for 88% of women: 31 women (48%) at visit 1
(3 weeks post infusion), 26 women (40%) at visit 2
(6 weeks post infusion) and a total of 20 (31%) women
had a blood test at visit 3 (8 weeks post infusion; post-
partum). All women responded to the treatment with in-
creased Hb values.
Of the 65 women entered into the study, 18 (27.7%)

women were defined as having severe anaemia (Hb <90
g/dl), while 12 women (18.5%) were defined as having
moderate anaemia (90–94 g/dl) and the remaining 35
(55.8%) women had mild anaemia (95–116 g/dl)
Changes in haemoglobin concentration over the post-

infusion period are presented in Figure 1. The pre-
infusion haemoglobin level was significantly lower than
haemoglobin values measured at all subsequent visits
(p < 0.01 in each case). There was a significant increase
in haemoglobin levels from 3 to 6 weeks post-infusion
(average increase 12 g/dl; p < 0.01). By 8 weeks post-
infusion, these values had returned back to levels com-
parable with those observed at 3 weeks post-infusion,
which were still significantly higher than pre-infusion

levels. When IDA severity was included in the analysis, a
similar pattern of results emerged (Table 2). For all three
severity groups, haemoglobin levels increased post infu-
sion at 3 and 6 weeks, to be significantly higher than
baseline levels (p < 0.01 in all cases). However, the post-
partum haemoglobin levels were only significantly higher
than baseline in the women with mild IDA (p < 0.01),
while haemoglobin levels in the moderate and severe
groups had reverted back to pre-infusion levels. The
analysis of the post-partum haemoglobin levels, however,
was limited by small numbers in each group at this time
point (mild n = 11, moderate n = 3, severe n = 4).
Ferritin values increased significantly after the infusion

(Table 3). As there was no strict protocol, post-partum
ferritin levels were available for only 2 patients. How-
ever, despite the limitation, these values indicate reason-
ably replenished iron stores, with mean (±SD) levels of
151 μg/L (± 4.2).
All adverse reactions are presented in Table 4. No ser-

ious adverse effects were recorded in any of the 65 women
receiving an infusion. Minor side effects occurred in 13
(20%) patients. One patient required medication with
Metoclopramide for nausea and vomiting. All other ad-
verse events were self-limiting. Fetal heart rate monitoring
did not indicate a drug related adverse effect on the fetal
heart pattern. Red blood cell transfusions were required
by 3 women (4.6%) in the study cohort, all of whom had a
significant peri-partum haemorrhage.
Follow-up interview by telephone was conducted on

29 (44.6%) women in the post-partum period. Of these
women, 19 (65.5%) reported an improvement in their
wellbeing (48.3% reported feeling “much better”, 17.2%
reported “a little better”, and 9 (31%) reported feeling
“no different”) after the infusion. One woman was un-
willing to provide information. None of the women re-
ported feeling worse.

Table 1 Demographic information of women in the study

Age (years) 28.3 ± 7.3

BMI 28.3 ± 8.2

Gravidity 4 ± 3

Parity 2 ± 2

Mode of delivery

Vaginal 38 (58.4%)

Elective Caesarean 19 (29.2%)

Emergency Caesarean 4 (6.2%)

Instrumental 4 (6.2%)

Oral iron supplements 31 (48%)

Iron intolerance 10 (15%)

Blood loss (ml) 413 ± 340

Gestational age at intervention (weeks) 34.3 ± 3.6

Haemoglobin at booking (12 weeks) 113.4 g/L

Ferritin at booking (12 weeks) 17 μg/L

Data are presented as n (%) or mean (± standard deviation).

Figure 1 Mean ± SEM haemoglobin levels (g/L). *p < 0.01
compared to baseline (pre-infusion), #p < 0.01 compared to 3 weeks.
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Discussion
This is the first prospective study reporting on ferric car-
boxymaltose infusions in pregnancy. The key finding of
our study is that in women presenting with IDA rela-
tively late in pregnancy, a ferric carboxymaltose infusion
prior to delivery significantly increased haemoglobin
levels and improved iron stores. Further, we demonstrate
that ferric carboxymaltose appears to be a safe and ef-
fective treatment modality for the correction of IDA, as
no serious adverse events and only few minor adverse
events reported. Reassuringly, patient satisfaction rating
and improvement in perceived wellbeing assessed in the
postnatal period was high
Many women develop iron deficiency during pregnancy,

a condition that can have serious maternal and fetal impli-
cations [14]. In our cohort, first trimester booking bloods
showed only discrete anaemia with mean Hb of 113.4 g/L,
but all women studied developed moderate to severe IDA.
The low mean ferritin at booking of 17 μg/L represent pro-
found iron deficiency and reiterates the importance of fer-
ritin as a screening tool. This finding should generally
result in the initiation of iron supplementation. For some
women oral iron supplementation appears to be sufficient
to maintain adequate iron stores. However many women
develop moderate to severe IDA despite oral iron supple-
mentation (as demonstrated in the current study where
48% of women were on oral iron), or due to drug into-
lerance (15% in the current study), non-adherence or
pre-disposing pathology such as malabsorption or inflam-
matory bowel disorders. For those women intravenous iron
administration may be a more effective treatment modality.
To date no prospective, controlled clinical study has

been performed using ferric carboxymaltose in pregnant
women. A recent Cochrane review concluded that large,
good quality trials, assessing clinical outcomes (including
adverse effects) as well as the effects of treatment by se-
verity of anaemia are required [18]. In the absence of
these studies, observational safety and efficacy data may
help identify potential benefits and risks. Two recent

retrospective observational studies comparing ferric car-
boxymaltose to different intravenous iron preparations
highlighted the safety and efficacy of ferric carboxymal-
tose [19,20].
The rapid delivery option of a large single dose of fer-

ric carboxymaltose offers a promising treatment modal-
ity for pregnant women who need correction of iron
deficiency and anaemia, over other IV iron formulations
that have low dosage limits, such as iron sucrose
(200 mg). The properties of ferric carboxymaltose may
also reduce the burden on the patient and the health
care system.
In obstetrics, red blood cell transfusions currently ac-

count for 3–4% of all transfusion events and the major-
ity of these occur following post-partum haemorrhage
(PPH) [21]. PPH is the leading cause of maternal mortal-
ity in obstetrics, and is estimated to occur at a rate of
13.1% [9]. Despite its enormous clinical utility, RBC
transfusion is a treatment with well described adverse
events and risk, and should ideally be avoided. Addition-
ally blood is both costly and in ever increasingly short
supply [22-24]. In the present cohort, only three patients
(4.6%) required a RBC transfusion following a significant
PPH. A recent large retrospective study revealed much
higher transfusion rates of 7.5% in women with clinical
PPH [25]. The current data suggests that improving Hb,
even at a late stage of the third trimester may have
shielded some mothers in our cohort from the risks of
an allogeneic transfusion. This does not only spare re-
sources, but also optimizes the health of women

Table 2 Haemoglobin levels (g/L) across the testing period for women in the study, split by severity of iron deficiency
anaemia at study enrolment

Gestational age at entry Pre-infusion 3 weeks post infusion 6 weeks post infusion 8 weeks post infusion
(post-partum)

Mild ≥95 g/L 34 (4) 102.1 (1.0) n = 31 108.3 (3.9)* n = 28 120.6 (2.9)* n = 18 113.1 (4.2)* n = 11

Moderate 90-94 g/L 36 (2) 92.6 (0.4) n = 14 105.8 (3.0)* n = 13 108.4 (3.8)* n = 5 92.7 (12.4) n = 3

Severe <90 g/L 34 (3) 83.7 (0.9) 20 100.2 (3.3)* n = 17 110.0 (8.1)* n = 5 93.3 (8.1) n = 4

Data are presented as means (SEM). *p < 0.01 compared to pre-infusion haemoglobin levels.

Table 3 Ferritin levels (μg/L) across the testing period for
women in the study

Booking Pre infusion Post infusion

Ferritin μg/L 13.5 (13) n = 47 6.5 (3.9) n = 25 194 (316)* n = 24

Data are presented as means (SD). *p < 0.05 compared to pre-infusion levels.

Table 4 Number of women experiencing a drug related
adverse events following infusion with ferric
carboxymaltose (total number of women infused n = 65)

Adverse event n (%)

Any adverse event 13 (20)

Local (injection site irritation)

Slight burning sensation 5 (8)

Systemic

Hypotension 1 (1.5)

Headache 4 (6)

Nausea/Vomiting 1 (1.5)

Pruritus 2 (3)
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throughout and beyond her pregnancy into the challen-
ging post-partum period [4,26].

Conclusion
The data from this prospective case series is consistent
with existing retrospective data that ferric carboxymal-
tose administration in the second and third trimester of
pregnancy is likely to be safe and effective. In our study
ferric carboxymaltose successfully corrected IDA prior
to delivery. The intervention prevented significant post-
partum anaemia in all women resulting in post-partum
haemoglobin values higher than their pre-treatment
antenatal values. Despite moderate to severe anaemia at
presentation, labour associated blood loss was tolerated
well resulting in low peri-partum RBC transfusion rates.
No serious adverse events were recorded. Well-being
also improved for the majority of women after the
infusion.
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Conclusion 

Significance and contribution to knowledge 

The program of research as reported in the publications included in this thesis 

highlight the importance of appropriate anaemia management in various clinical 

settings. Simple but effective pharmacological (IV iron) and technical 

interventions (cell salvage) to enhance and preserve the patient’s own red cell 

mass led to reduction or avoidance of allogeneic RBC transfusion in our 

patients. Thereby, risk minimisation and improved outcomes were achieved. 

The overall significance is substantial and has led at least at a local level to 

practice change. The presented work adds to a growing body of evidence that 

anaemia management is at the core of PBM. 

Problems encountered 

However, despite the enormous prevalence of iron deficiency with or without 

anaemia, the clear association between allogeneic RBC transfusion and 

adverse outcomes, the demonstrated safety of restrictive transfusion 

approaches, the increased health care cost and the growing shortage of blood 

products, clinicians around the world often ignore the importance of appropriate 

anaemia management.  

Decades after the AIDS crisis blood transfusions were listed in 2013 as one of 

the five most overused treatment modalities. (48) The AMA also highlighted the 

danger of unnecessary transfusions. It appears that a considerable number of 

clinicians have adopted a more restrictive transfusion approach, as RBC 

consumption is decreasing in many countries. In Australia 21% fewer RBC’s 

were issued over the last 4 years. (NBA, personal communication) Tolerating 
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anaemia by applying restrictive transfusion strategies challenges the patients’ 

physiological reserves. Provisions to support the individual by addressing co-

morbidities have to be made and limitations and risk to be kept in mind. 

However, it needs to be understood that restrictive transfusion strategies are 

only one aspect of a comprehensive PBM approach. 

 

PBM has to reflect sound clinical practice. Modifiable conditions like ID and IDA 

must be treated appropriately to capitalise on the outcome benefits offered by 

the implementation of the perioperative three pillar strategy. Translational gaps 

continue to exist. In part this may be caused by clinicians’ ongoing struggle in 

understanding iron metabolism and diagnosis of iron deficiency, functional iron 

deficiency and the anaemia of chronic disease. 

The diagnosis of ID can be difficult. Bone marrow aspiration remains the gold 

standard. The invasive nature of the test in combination with patient discomfort, 

cost and accessibility make this, however, a limited diagnostic tool. In 

longstanding iron deficiency red cell indices are often reduced and a standard 

full blood count will help to make the diagnosis. In certain age groups in 

combination with specific disorders (e.g. women with heavy menstrual bleeding) 

80% with microcytosis will also be iron deficient.(2) The presence of other 

nutrional deficiencies may balance these changes out, which is often the case 

in the elderly.(74) Without inflammation serum ferritin provides a reliable tool. 

By increasing the cut-off from 15 μg/L to 30 μg/L sensitivity increased from 25% 

to 92%. The new cut-offs and reference intervals were adopted by many 

colleges and societies. (75) (76, 77) (Accessed 11/12/15) Ferritin levels 
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between 30-300 μg/L make interpretation of suspected ID more difficult and 

higher reference values in combination with other laboratory parameters, such 

as C-reactive protein (CRP) and Transferrin saturation, (TSAT), have been 

recommended for patients with acute or chronic inflammation, chronic disease, 

cancer, renal disease and hepatic disorders. (74, 78, 79)  

Future directions 

Governments, professional societies, clinicians and patients have recognised 

the value and importance of PBM. Patient safety is vital and the paradigm shift 

from a (blood) product focus to a patient focused approach has occurred. 

However, we are far from a universal implementation of PBM. To ensure that 

PBM becomes “Standard of Care” many jurisdictions and professional 

organisations have introduced or are developing guidelines to assist health 

professionals with the implementation of good clinical practices around PBM in 

surgical and non-surgical settings. (62, 80-82) 

Although this thesis concentrates on the perioperative setting James P. Isbister 

has recently proposed that the three pillar matrix has a broader application. (64) 
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Figure 4: The three pillars of patient blood management: From decision 
making to clinical outcomes. Cited with permission from; Isbister JP. The 
three-pillar matrix of patient blood management--an overview. Best Pract Res 
Clin Anaesthesiol 2013; 27:69-84. 

 

In Australia PBM guidelines were established and published by the National 

Blood authority (NBA) in 2012 and replaced clinical practice guidelines from 

2002, published by National Health and Medical Research Council (NHMRC). 

Blood and blood products were also included in 2011 into the National Safety 

and Quality Health Service (NSQHS) standards, to ensure the safe and 

appropriate administration of blood and blood products to patients. The 

systematic review which provided the evidence for the development of the PBM 

guidelines, conducted by the NBA, highlighted an independent association 

between pre-operative anaemia and increase of morbidity and mortality. 

Enormous variability in anaemia management and RBC transfusion practice 

http://www.nhmrc.gov.au/
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became apparent. In 2014 the Health Minister of Australia engaged the 

Australian Commission on Safety and Quality in Health Care (the Commission) 

to facilitate a National Patient Blood Management Collaborative (the 

collaborative).(80) The collaborative includes 12 teams from health services 

around Australia and aims to reduce unnecessary clinical variation and 

morbidity and mortality associated with pre-operative anaemia. The focus is on 

three major surgical subgroups (gastrointestinal, orthopaedic, and 

gynaecological) where the prevalence of ID and IDA is high. The aim is to 

establish detection and treatment pathways in order to reduce unnecessary 

clinical variation and morbidity and mortality associated with pre-operative 

anaemia. 

We have come a long way in the last 15 years of PBM. However, we have a 

long way to go to achieve widespread application of PBM principles and 

strategies. Guidelines and government initiatives can only be as good as the 

clinician applying the best practice approach.  

A search for the term ‘Patient Blood Management’ today gives 9,680,000 

results. A multitude of published trial results and editorials have emphasized the 

negative impact of transfusion, IDA and the outcome and financial benefits of 

good clinical medicine offered by applying a comprehensive PBM approach. 

Yet, we continue to come across many patients who remain untreated and who 

potentially suffer the consequences from receiving inappropriate RBC 

transfusions. Many misconceptions remain (83). A recent editorial titled “Non-

treatment of preoperative anaemia is substandard clinical practice” (84) reminds 

clinicians of their individual ethical responsibilities. The ‘Choosing wisely 

campaign’ launched in the United States and Canada (85) (86) could offer 
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different approach to win over doctors in an attempt to avoid harm and provide 

best practice(87). This is, hopefully a timely wake up call for many of us.  
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