
Abstract
Despite the propensity for allogeneic blood transfusion by clin-

icians, the space for this therapy is steadily being contracted by lim-
ited evidence of benefit from its use in most situations, adverse
effects of its use, high cost, limited supply and rejection by some
religious faithfuls. Available literature concedes to the high preva-
lence of preoperative anaemia in diverse surgical settings irrespec-
tive of geography and reflects the global burden of anaemia. Beyond
the poorer surgical outcome directly attributed to preoperative
anaemia, it has also been recognized as the major predictor of allo-
geneic blood transfusion with attendant morbidity and mortality. The
concept of Patient Blood Management (PBM) seeks to minimize
exposure of patients to allogeneic blood and is based on three pillars
of maximizing total red cell mass, minimizing iatrogenic blood loss
and harnessing patient’s physiological tolerance of anemia.
Consequently, PBM places great premium on correcting preopera-
tive anaemia in surgical patients. With the limited success of leu-
codepletion and other measures at addressing the complications of
allogeneic blood transfusions new interest is expanding in PBM.
Several of these have been evaluated and among them the use of
newer formulations of intravenous iron with or without erythro-
poiesis–stimulating agents has been most studied and credited with
substantial success and good safety profile. Insight is also offered on
the oversubscribed misconception of iron overload in HbSS patients
while elucidating on the basis for iron supplementation in proven
cases of iron deficiency. Some prevailing barriers, however, threaten
the full realization of the potentials of these therapies.

Background
It is a decade since May 2010 when the World Health

Assembly through resolution - WHA 63.12, requested the member
states to promote rational use of blood products and the availability
of transfusion alternatives including Patient Blood Management
(PBM).1 Patient blood management refers to multidisciplinary,
individualized, best practice strategies implemented for the care of
patients who might need a blood transfusion in the course of their
treatment. The concept of PBM2 embodies best clinical practice,
beyond providing alternative to allogeneic blood transfusion.
Emerging global health issues such as the aging population and
ever expanding stringent screening requirements with the imposi-
tion of restrictions on potential blood donors impact on blood
product demand, supply and cost, with predictable shortcomings in
blood safety in resource-poor countries. These call for innovative
strategies in blood management. Preoperative anaemia is highly
prevalent in surgical patients, yet even mild degrees of anaemia
have been independently associated with adverse outcome in
diverse surgical conditions.3-5 In considering patient safety there-
fore it is deemed imperative to correct preoperative anaemia in
elective surgeries in order to avoid the unnecessary exposure of
surgical patients to potential adverse effects thereof. Going for-
ward, clinicians should endeavor to understand that preoperative
anaemia is not simply an abnormal laboratory value, but an impor-
tant modifiable risk factor for perioperative morbidity and mortal-
ity. In recognition of this crucial clinical consideration, several
international practice guidelines6-8 have come to recommend that
healthcare pathways should be structured to ensure anaemia
screening and correction before surgery.

In revealing the principal role of preoperative anaemia in blood
transfusion requirement the Austrian benchmark study on blood
use in elective surgery had found that despite intercenter variability
in surgical blood loss and red cell transfusions in standard surgical
procedures, preoperative haemoglobin (Hb) was a main predictor
of allogeneic red cell transfusions and that the incidence of preop-
erative anemia was three times higher in patients that received
transfusions compared to those who did not.9 Both anaemia and the
allogeneic blood transfusion it brings about are harmful to
patients,10 therefore strategies to correct anaemia before elective
surgery are being implemented to conserve scarce blood resource,
improve outcome with reduced morbidity and mortality, and save
healthcare cost. Rather unfortunately in negating this valid concern
for healthcare quality and safety, recent evidence reveals that sub-
stantial number of anaemic patients still present in the operating
room for major elective surgeries.11-12 Thus the aim of this study
was to highlight the gap between available evidence-based options
and current practice of patient blood management with particular
interest in the use of intravenous iron and erythropoiesis-stimulat-
ing agents (ESAs) to correct preoperative anaemia.
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The burden of preoperative anaemia in elective
surgeries 

A recent systematic analysis has revealed a high global burden
of anaemia estimated at 32.9% with iron deficiency being the most
frequent cause of anaemia worldwide while sub-Saharan Africa,
Carribean and Southeast Asia had the highest burden.13 Iron defi-
ciency is a predominant nutritional anaemia resulting mainly from
inadequate dietary intake and increased nutrient losses (parasitic
infestations such as malaria, hookworm and schistosomiasis;
haemorrhage associated with childbirth and menstruation). It is
commonly treated with iron supplementation; oral or parenteral,
while the cause of the nutrient loss is evaluated and addressed.
Consequently iron intervention by supplementation and food forti-
fication has been pivotal in most global anaemia control pro-
grammes.14-15 Chronic haemolysis due to genetic Hb disorders
such as sickle cell disease and thalassaemia also contribute signif-
icantly to anaemia especially in Africa and Southeast Asia respec-
tively.16 Occult anaemia has high prevalence in elective surgical
patients and several reports have revealed remarkably high figures.
In a meta-analysis by Fowler et al. including 949 445 patients
scheduled for diverse surgeries some 371 594 (39.1 %) were found
to be anaemic.5 A US-based retrospective study by Musallam et al.
reviewed 227,425 patients, of whom 69,229 (30.44%) had preop-
erative anaemia.17 In another US-based multicentre study Gupta et
al. reported a 47% prevalence of anaemia among 31,857 elderly
patients undergoing elective vascular surgery.18 A recent prospec-
tive study in Ghana, which excluded planned day-case surgery and
obstetric procedures, reported preoperative anaemia in 54.3% of
the 893 patients studied.19 These prevalence rates mirror the bur-
den of anaemia in different populations as reported in the global
anemia burden study.6

Direct consequences of preoperative anaemia 
There is mounting evidence that preoperative anaemia is asso-

ciated with increased postoperative morbidity and mortality and
this remains valid even after considering the influence of con-
founding variables and mediator variables.20 White et al. studied
surgical complications among anaemic and non-anaemic patients
undergoing elective surgeries in diverse specialties in Democratic
Republic of the Congo and Madagascar (n=2064).21 They found
that severe preoperative anaemia was a predictor of surgical com-
plications amounting to a 33-fold risk of unexpected ICU admis-
sion, 7-fold risk of surgical site infection and 2-fold risk of
unplanned return to operating room among patients with severe
preoperative anaemia compared to those without anaemia. In 2014
the International Surgical Outcomes Study Group conducted a
multinational cohort study involving 38,770 elective surgery
patients from 27 countries to determine the impact of preoperative
anaemia on postoperative morbidity and mortality.22 The outcome
revealed that while patients with moderate anaemia have a 2.7 fold
risk of death those with severe anaemia have a 4-fold risk of death,
compared to those who are not anaemic. There was no significant
association between mild preoperative anaemia and death after
multivariate modelling (OR: 1.05, 0.68–1.63). Morbidity rates
similarly increased with the severity of anaemia; as greater rate of
infections, cardiovascular complications, ICU admissions, ICU
length of stay and hospital length of stay were concomitant with
higher degrees of anaemia. However, in contrast to mortality risk
which was not significantly affected by mild preoperative anaemia,

even mild anaemia was associated with higher risk of complica-
tions. Greenky et al. have also demonstrated that in patients under-
going total joint arthroplasty preoperative anaemia was associated
with prolongation of hospital stay and subsequent development of
periprosthetic joint infection.23 Using a multivariate logistic
regression analysis model Grosso et al. presented that among
patients undergoing total hip arthroplasty mild preoperative
anaemia was a risk factor for mortality (OR: 2.06), renal compli-
cations (OR: 2.59) respiratory complications (OR: 1.89), sepsis
(OR: 2.01), wound infection (OR: 1.36) and urinary tract infection
(OR: 1.44).24 In their cohort severe anemia represented higher risk
for total complications than mild anaemia (OR: 1.99 versus 1.46).
Similarly Abdullah et al. studied the impact of preoperative
anaemia on the surgical outcome of 2394 total knee arthroplasty
patients and found this comorbidity to be independently associated
with prolonged hospital length of stay and increased perioperative
blood transfusion.25 Evidence from the European Surgical
Outcomes Study (EuSOS) group also indicated worse surgical out-
comes for patients with preoperative anaemia as adjudged by high-
er in-hospital mortality, longer hospital length of stay and postop-
erative admission to intensive care.26 Bydon and colleagues inves-
tigated the effect of preoperative anemia on 30-day mortality and
morbidity rates of 8015 patients who underwent elective neurosur-
gical procedures using data from a national database.27 Their study
revealed that those with preoperative anaemia had significantly
higher mortality and morbidity compared to those without preop-
erative anaemia. The higher morbidity rates were observed in
respect of pneumonia, unplanned intubation, prolonged ventila-
tion, acute renal failure, urinary tract infection, myocardial infarc-
tion, graft failure and sepsis, but not surgical site infection and
wound dehiscence. Two US-based studies analysed the impact of
severity of preoperative anaemia on surgical outcomes and con-
cluded that even mild degrees of preoperative anemia was associ-
ated with progressively worse morbidity and mortality.28,29 Quite
recently Padmanabhan et al. compared anaemic patients with a
matched group of nonanemic patients who underwent cardiac sur-
gery.30 They neither found significant association between preop-
erative anemia and red cell transfusion, nor between red cell trans-
fusion and long-term mortality, but reported that preoperative ane-
mia was independently associated with long-term mortality (OR,
1.70; 95% CI, 1.46-2.1; P<0.001). 

Indirect consequences of preoperative anaemia 
The indirect consequences of preoperative anaemia relate

mainly to its eventual association with greater use of blood prod-
ucts. Beyond the erstwhile known complications of blood transfu-
sion such as transfusion reactions and transmission of infections
recent clinical outcomes research have examined the impact of
blood transfusion on critically ill patients, surgical patients and
cancer patients, among others and have provided additional evi-
dence of their adverse outcomes. In a systematic review and meta-
analysis involving 949 445 patients, Fowler et al. evaluated the
influence of preoperative anaemia on postoperative outcomes.5
They found that beside the direct effect of higher morbidity and
mortality, preoperative anaemia was associated with five-fold risk
of blood transfusion. Cushner and Friedman had also studied 112
consecutive primary total knee arthroplasties and observed that of
the patients requiring a transfusion there was no significantly
greater drop in haematocrit when compared to patients not receiv-
ing a transfusion, and that the need for transfusion was related to
preoperative haematocrit and not the intraoperative or postopera-
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tive blood loss.31 Several other studies have implicated preopera-
tive anaemia as an independent risk factor for perioperative blood
transfusion in major surgeries.32-35 This collateral consequence
mediated through increased allogeneic transfusion risk has in great
measure heightened the concern over preoperative anaemia in sur-
gical patients. 

Transfusion-induced immunomodulation with impaired host
cellular immune response has been associated with postoperative
infections in surgical patients while promotion of tumour growth,
recurrence, and metastasis with decreased survival has been report-
ed in surgical oncology patients.36-37 In another analysis of the
impact of preoperative anaemia and blood transfusion on women
undergoing gynecological surgery, preoperative anaemia was inde-
pendently associated with increased odds of mortality and morbid-
ity, with blood transfusion contributing enormously to these effects
(61% of the effect on mortality and 16% of the morbidity).38

Several researchers have reported that morbidity and mortality risk
of allogeneic blood transfusion is dose-dependent on the number
of red blood cell units transfused. The observational cohort study
by Koch et al. to quantify incremental risk associated with transfu-
sion of packed red blood cells in 11,963 patients who underwent
coronary artery bypass graft surgery concluded that each unit of
red cells transfused is associated with incrementally increased risk
for adverse outcome.39 Similar dose-dependent increases in mor-
bidity and mortality rates in association with volume of transfused
allogeneic blood were reported by other researchers.40 Meanwhile
perioperative blood transfusion has been implicated as a predictor
of hospital length of stay in several studies.25,41 The impact of allo-
geneic blood transfusion on venous thromboembolism risk in
patients has also been evaluated and the association between allo-
geneic transfusions and venous thromboembolism was supported
by Grade-I evidence.42 Red cell transfusion remains the quickest
way to raise Hb concentration and correct anemia but the forego-
ing bear testimony to the harm attributable to both the ailment that
anaemia represents in this scenario and its treatment with blood.
Many of the complications observed in clinical studies have been
tagged on both anaemia and blood transfusion. Whether a primary
mechanism triggered by the anaemia mediates some harm attrib-
uted to blood transfusion has not been elucidated, after all the
transfused patients are also anaemic. Thus the mortality and mor-
bidity attributed to blood transfusion may be in part due to the
anaemia that indicated the blood therapy in the first instance. I’m
not aware of any study yet that evaluated the effect of blood trans-
fusion in non-anaemic patients. In segregating these two factors
researchers have embarked on investigating the comparative con-
tribution of preoperative anaemia and blood transfusion or their
combination, to adverse patient outcomes.43,44 However since both
factors are harmful, progress in eliminating the duo in our patients
will spare the researchers further arduous task and improve patient
safety and care. 

White blood cell-filtered red blood cells to the 
rescue – hopes dashed?

The use of white blood cell-filtered red blood cells has been
adopted in efforts to mitigate the complications associated with
allogeneic blood transfusion. Febrile non-hemolytic transfusion
reactions (FNHTRs) are the most common adverse event follow-
ing transfusion of blood products and result mainly from cytokines
released by leucocytes and recipient antibodies reacting to donor
leucocyte and platelet antigens. Though FNHTRs are generally not

life threatening they are associated with considerable management
costs and blood product wastage. Leucoreduction has received
consistent credit of efficacy in reducing the incidence of febrile
nonhaemolytic transfusion reaction in allogeneic red cell recipi-
ents.45,46 There is also substantial evidence supporting its effective-
ness in reducing the transmission of leukocyte-mediated viruses
such as cytomegalovirus infection.47 Otherwise there is preponder-
ance of data challenging its overall usefulness with a Cochrane
review by Simancas-Racines et al. actually concluding that there is
no clear evidence for supporting or rejecting the routine use of
leukodepleted red cells for preventing transfusion-related acute
lung injury and other complications in patients.48 While it is incon-
trovertible that subjecting blood components to leucoreduction
provides an additional level of safety for allogeneic red cell trans-
fusion which has led to the implementation of universal leucocyte
reduction in many countries, its extensive use has been constrained
by its cost relative to the probable clinical benefit it may confer.49

Preoperative anaemia in sickle cell disease 
Preoperative anaemia is the case rather than exception among

patients with chronic haemolytic anaemia such as sickle cell
anaemia and surgery in this subpopulation of patients present with
higher morbidity than the general population. The anaemia in sick-
le cell disease (HbSS) patients is predominantly haemolytic, but
iron deficiency anaemia is not uncommon. The low iron stores in
some HbSS patients is attributable to same causative factors at
play in non- HbSS patients such as poor dietary intake especially
during vaso-occlusive crisis, menstrual losses and losses from par-
asite burden, but the former may in addition have excessive urinary
loss of iron from haemolysed red cells.50 While red cell destruction
is predominantly extravascular in hereditary haemolytic disorders
about a third of the haemolysis in HbSS occurs intravascularly.51

Intravascular haemolysis liberates haemoglobin into the blood-
stream where it binds to haptoglobin while some of the unbound
fractions are excreted in the urine, in part as haemosiderin.
Otherwise by far the greater concern in HbSS patients is iron over-
load resulting from frequent red cell transfusions. With exogenous
iron accumulation toxicity supervenes resulting in end organ dam-
age involving the liver, heart and endocrine organs. But recent
improvements in the management of HbSS patients, among them
the use of hydroxyurea have substantially altered the course,
impacting on clinical and hematologic indices by increasing HbF,
total hemoglobin and reducing transfusion rates.52,53 The reported
prevalence of iron deficiency at 13.3% in Yemeni patients with
HbSS,54 and iron deficiency anaemia prevalence of 67% in Indian
HbSS patients,55 suggest that low iron stores contribute significant-
ly to morbidity in these patients. It is instructive that among 8434
subjects in the proportionate sample of rural populations in India
iron deficiency was more prevalent in HbSS patients compared to
those without the haemoglobinopathy. Thus contrary to wide-
spread presumption, iron deficiency can and does occur among
some anaemic sickle cell disease patients. Iron supplementation
replenishes iron stores and raises the Hb levels in iron-deficient
sickle cell anaemia patients.55 Iron replacement therapy is recom-
mended by current guidelines for HbSS obstetric patients whenev-
er there is laboratory evidence of iron deficiency.56 It is presump-
tive to conclude that the improvement in Hb level achieved is lim-
ited and may not obviate the need for top-up transfusion or
exchange blood transfusion in HbSS patients undergoing major
surgeries where reduction of HbS fraction to < 30% is crucial.
Nevertheless the reduction in the volume of perioperative transfu-
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sion requirement achieved by correction of iron-deficiency in
HbSS cannot be discountenanced in patient blood management.
Screening for iron deficiency is thus recommended, especially for
non-transfused HbSS patients. Management of preoperative
anaemia in HbSS patients varies widely among physicians and set-
tings; from operating with steady-state Hb status to top-up transfu-
sion and exchange blood transfusion. It is however considered that
the benefit of correcting preoperative anaemia by red cell transfu-
sion outweighs the risks and costs associated with red cell transfu-
sion in these patients. Evidence from multicentre, randomized con-
trolled trial comparing morbidity in preoperative transfused and
non-transfused patients in this group showed higher complication
rates in the non-transfused group (39% versus 15%, p=0.023);
unadjusted odds ratio 3.8 (95% CI 1.2-12.2, p=0.027), even for
low-medium risk surgeries.57 Expert panel report on management
of HbSS strongly recommends correction of preoperative anaemia
by red cell transfusion with a target of 10g/dL as this also decreases
HbS fraction and reduces perioperative complications, especially
acute chest syndrome.58 Top-up transfusion should be preferred to
exchange blood transfusion, as its red cell demand and transfusion-
related complications are markedly lower while achieving equiva-
lent efficacy with the latter.59 Exchange blood transfusion for cor-
rection of preoperative anaemia may be considered for high risk
surgeries since it achieves greater reduction of HbS fraction to
<30%. These guidelines are similar to those of the British society
for haematology which recommend preoperative transfusion for
HbSS patients; simple transfusion to Hb of 10 g/L if Hb <90 g/L or
partial exchange if Hb ≥90 g/l for patients undergoing low and
medium-risk surgery and exchange transfusion for those requiring
high-risk surgery.60

Iron supplementation with or without ESAs in the
correction of preoperative anaemia

The seeming failure of leukodepleted blood transfusion in mit-
igating the complications of allogeneic blood transfusion may have
energized effort at interventions to prevent red cell transfusion
through the correction of preoperative anaemia. The most common
cause of preoperative anaemia is iron deficiency, which can be
treated with iron supplementation and Erythropoieses-Stimulating
Agents (ESAs) enhance the response. Oral iron supplementation
may have a role in mitigating preoperative anaemia provided there
is sufficient time (6-8 weeks) and adequate tolerance of oral prepa-
rations, but even then the benefit may be limited. The increased
hepcidin expression associated with inflammation and chronic dis-
orders impairs oral iron absorption, sequesters iron in macrophages
and decreases both erythropoietin response to anaemia and ery-
throid cell response to erythropoietin. In situations of functional
iron deficiency such as in inflammatory states, iron stores may be
normal but unavailable for erythropoiesis and intravenous iron is
required to restore levels of accessible transferrin-bound iron.61-63

Several studies have compared the efficacy of the various
intravenous iron preparations. Among them Dillon et al. compared
the effect of three intravenous iron preparations (iron dextran, iron
sucrose and ferric carboxymaltose) on haematological parameters
of patients with iron deficiency anaemia and found that the
increase in haemoglobin concentration was significantly greater
with both iron sucrose and ferric carboxymaltose compared to iron
dextran (p=0.04 and <0.01, respectively) but with no statistically
significant difference between the groups treated with iron sucrose
and ferric carboxymaltose.64 They also noted significant increase

in mean serum ferritin concentration after treatment in all groups
but without a statistically significant difference between the
groups. Findings from a systematic review on the use of intra-
venous iron in pregnant women with iron-deficiency anaemia
revealed that whereas iron sucrose was overwhelmingly used no
preparation of IV iron appeared to be superior, rather it was noted
that cost and convenience of administration largely determined
their use.65 The product prices of ferric carboxymaltose and iron
isomaltoside are significantly higher than iron sucrose and iron
dextran. In spite of this however the incidental costs of multidosing
downgrades the older formulations to a more costly form of thera-
py.66 The incidence of severe adverse events including anaphylac-
tic reactions is extremely low with the new intravenous iron prepa-
rations while infusion reaction, which is the main adverse effect, is
infrequent and usually requiring no treatment compared to the gas-
trointestinal events which are very common with oral iron therapy,
often leading to non-compliance with therapy. There is however
exception for the iron dextran formulations which are notorious for
hypersensitivity reactions. While high molecular weight iron dex-
tran has since been withdrawn in most counties, low molecular
weight iron dextran which supplanted it since the 1990s, has been
of great utility for many clinicians wishing to administer single
large doses of iron. Since the isolation of endogenous erythropoi-
etin from human urine in 1977 and subsequent license of recombi-
nant human erythropoietin in 1988, the latter has been extensively
used in healthcare to stimulate red blood cell production, correct
anaemia and reduce allogeneic blood transfusions. Available ESAs
include recombinant human erythropoietins (erythropoietin, epoet-
in alfa, epoetin beta, epoetin zeta, darbepoetin alfa) and continuous
erythropoietin receptor activator (CERA). The ESAs increase the
number of red blood cells within about 2 to 3 weeks and their effi-
cacy in stimulating erythropoiesis is dose –dependent. ESAs are
listed among the WHO essential drugs list and are remarkably well
tolerated but adverse effects such as hypertension and thrombotic
events have been reported in some patients, especially those with
renal failure. Comparative studies on their efficacy and safety sug-
gests that there is no clinically significant difference between the
various ESAs in haemoglobin response, transfusion reduction and
adverse events.67 However there have been recent concerns that
ESAs may enhance tumor progression or decrease patient
survival.68,69 In the face of seeming contradictory conclusions
from systematic reviews and meta-analyses regarding these out-
comes,70,71 and given that ESAs are widely used to treat anaemia
in cancer patients, consideration for the potential detrimental
effects should be balanced against the benefits of treatment with
ESAs taking into account each patient’s clinical circumstances and
available options.

Outcome of interventions at correcting preopera-
tive anaemia in elective surgeries 

There are many studies reporting the outcome of interventions
to correct preoperative anaemia (Table 1). Many of these evaluated
the impact of iron therapy while some investigated the efficacy of
ESAs and others assessed the impact of therapy with combination
of iron and ESAs. Most studies however confirmed that preopera-
tive iron supplementation and ESA therapy; independently or in
combination are effective in correcting preoperative anaemia.

Several studies have been conducted to compare the efficacy
of combination of iron and ESA with either therapy used alone.
Among them a Cochrane systematic review evaluated the benefits
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and adverse events related to the use of iron as a supplement to
ESA and ESA alone in the management of chemotherapy-induced
anaemia and concluded that addition of iron to ESAs is safe and
offers superior haemopoietic response, but with no influence on
the median time to haemopoietic response.82

Opportunities in orthopaedics, oncology, cardiac
surgery, bariatrics, obstetrics and gynaecology
surgeries

With the aging global population the number and proportion of
older adults are increasing. As anaemia prevalence rates rise after
age 50 years an increasing incidence of preoperative anaemia in
the surgical patient population could be envisaged. Orthopedic sur-
geries especially spine surgery and arthroplasty surgery, are asso-
ciated with excessive bleeding and a high potential for blood trans-
fusion requirement. These surgeries which are predominantly elec-
tive procedures and common in the elderly will challenge the prac-
tice of patient blood management as proper scheduling to facilitate
optimisation of preoperative anaemia is only rational. It is thus not
surprising that orthopaedics has got a fair share of the many inter-
ventions to correct preoperative anaemia.73-75,77,78,81

The incidence of preoperative anaemia is relatively high
among cancer patients being influenced by a combination of
reduced nutrient intake, cancer related blood loss, increased hep-
cidin expression with impaired absorption and utilization of stored
iron, inflammatory cytokine –mediated reduction in erythropoietin
production, blunting of erythropoietin sensitivity and reduced red
cell life span. In the review conducted by Varloto and Stevenson on
the impact of anemia and tumor hypoxemia on survival in cancer
patients, they reported anaemia incidence of 40-64% at presenta-

tion which rises as therapy commenced.83 They also confirmed a
correlation between low hemoglobin levels and higher amounts of
tumor hypoxia and consequent resistance to chemotherapy and
radiotherapy. But rather unfortunately perioperative blood transfu-
sion has been proven to worsen cancer recurrence and mortality in
cancer patients.37 Indeed it might appear that cancer patients could
benefit most from correction of preoperative anaemia since the
benefit of the intervention in elevating Hb in the postoperative
period will confer the additional benefit of preventing resistance to
subsequent chemotherapy or radiotherapy ascribed to tumour
hypoxia.

Preoperative anemia has been independently associated with
long-term mortality in cardiac surgery patients.30 Transfusion
requirement encountered during cardiac surgery can be quite con-
siderable with data from patients undergoing isolated or combined
CABG in Brazil indicating a transfusion rate of 64%, and blood
transfusion carried a 2-3 fold higher risk of morbidity and mortal-
ity.84 These indices arguably make correction of preoperative
anaemia a good target for morbidity and mortality improvement in
cardiac surgery.

The elective nature of many gynaecological and obstetric pro-
cedures offers opportunity for Hb optimization in the patients with
preoperative anaemia. Owing to the prevalent preoperative
anaemia in many of these patients, the potential for substantial
blood loss in the procedures could make allogeneic blood transfu-
sion inevitable if preoperative anaemia is not corrected. Richards
et al. had evaluated the impact of preoperative anaemia and blood
transfusion on 12,836 females who underwent gynaecological sur-
geries in the American College of Surgeons National Surgical
Quality Improvement Program. With a reported prevalence at
23.9% in the cohort, preoperative anaemia was found to be a pre-
dictor for mortality and morbidity, while any concomitant blood
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Table 1. Outcome of iron and erythropoietin interventions in the treatment of preoperative anaemia.

Study               Sample                       Treatment group                  Measure                                                                                Significance

Bhavi et al.              Obstetrics                            I.V iron versus oral iron                   Difference between the two groups in mean Hb increase                                  NS 
2017 [72]                 (n=112)                                                                                                Difference between the two groups in mean serum ferritin increase       P<0.0001
Biboulet et al.        Orthopaedics                       Epo plus oral iron versus                Rise in Hb                                                                                                                    P<0.001
2018 [73]                 (n=100)                                 Epo plus iv iron                                  Serum ferritin                                                                                                            P<0.001
                                                                                                                                                 Incidence of gastrointestinal adverse effects                                                    P<0.001
Hourlier et al.        Orthopaedics                       High versus low dose Epo               Rise in Hb                                                                                                                    P<0.001
2020 [74]                 (n=1402)
Rosencher et al.   Orthopaedics                       Epo versus PADB                               Volume of red cells produced                                                                               P<0.0001
2005 [75]                 (n=100)                                                                                                Patients transfused allogeneic blood (%)                                               12.6% versus 6.6% NS
                                                                                                                                                 Quality of life                                                                                                              P=0.004
Yoo et al.                Heart surgery                       Epo plus I.V iron versus control     Number of patients transfused with allogeneic red cells.                               P=0.009
2011 [76]                 (n=74)                                                                                                  Mean number of units of packed cells transfused per patient.                     p=0.001
Kurian et al.            Orthopaedics                       I.V iron, Epo, i.v iron                         Median increase in preoperative Hb                                                                     P<0.001
2019 [77]                 (n=160)                                 plus Epo versus control                   Mean postop. nadir Hb                                                                                             P<0.001
Lachance et al.      Orthopaedics                       Oral iron supplementation              Drop in mean Hb                                                                                                        P=0.015
2011 [78]                 (n=87)                                                                                             Mean rise in serum ferritin                                                                             P<0.001
Simpson et al.     Colorectal cancer             Single dose I.V iron                        Mean rise in Hb                                                                                                   P=0.036
2010 [79]               (n=10)                                
Keeler et al.          Colorectal cancer             Oral iron versus I.V iron               Median increase in 
2017 [80]               (n=116)                                                                                           preop Hb                                                                                                               P< 0.001
Munoz et al.          Gynaecology,                       I.V iron                                               Mean rise in Hb                                                                                                   P<0.001
2009 [81]               orthopaedics, 
                                colon cancer
                                (n=84)                                
NS: not significant; Epo: erythropoietin; PADB: preoperative autologous blood donation.
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transfusion further worsened these outcomes.85 In a prospective
study to determine the risk factors for blood transfusion during
caesarian deliveries in Nigeria preoperative PCV<26% (OR=33.8,
95% CI =11.8–97.0) emerged a major indicator of blood transfu-
sion.86 In the study the mean preoperative PCV (±S.D) was
34.15±3.6g/dL and 28.77±6.5g/dL respectively for those who were
not transfused and those who were transfused (p<0.0001). The
importance of optimizing preoperative anaemia in obstetrics care
thus assumes even greater significance with the global rise in cae-
sarian deliveries.87 With the increasing prevalence of obesity
worldwide bariatric surgeries are increasingly being done for the
management of obesity and its associated conditions owing to the
drastic weight loss it offers compared to non-surgical treatment.
Although blood loss is not considerable following bariatric surgery
the procedure increases the risk of developing iron deficiency and
anaemia after surgery. Moreover preoperative anemia or iron defi-
ciency are commonly found in bariatric surgery patients, and are
associated with an increased postoperative morbidity. Recent
developments in obesity research have confirmed that the disorder
is associated with chronic, low-grade, systemic inflammation.
Results of a meta-analysis assessing the concentration of haemato-
logical iron markers and the risks associated with iron deficiency
in 13,393 overweight/obese individuals and 26,621 non-over-
weight participants indicate that overweight/obese participants had
a significantly increased risk of iron deficiency (OR:1.31; 95%
CI=1.01–1.68).88 Low iron status is a common and predominant
preoperative micronutrient deficiency seen in obese individuals
undergoing bariatric surgery and usually worsens after surgery.
From a Dutch study of a group of 427 gastric bypass patients, iron
was the most common preoperative deficiencies, worsening in the
postoperative period, and preoperative iron deficiency emerged a
risk factor for developing a post-operative deficiency despite sup-
plementation.89 Iron deficiency is frequently encountered in
patients before and after bariatric surgery from a combination of
increased hepcidin expression and reduced absorption due to
bypass of the duodenum (iron absorption site) in gastric bypass
procedures such as Roux-en-Y gastric bypass and biliopancreatic
diversion with duodenal switch gastric bypass. Suboptimal conver-
sion of absorption of Fe3+ to readily absorbable Fe2+ by gastric acid
after gastric reduction procedures is also thought to play a role.
Consequently oral iron supplementation often have limited effica-
cy before or after bariatric surgery. Notwithstanding that most of
the studies on iron supplementation relating to bariatric surgery
have been conducted in the post-surgical phase evidence from the
foregoing provide sufficient ground for the preoperative evaluation
and correction of iron deficiency states in bariatric surgery patients
with intravenous iron.

Barriers to preoperative haemoglobin optimisa-
tion in surgical patients 

It is commonplace for preoperative anaemia to be relegated as
mere abnormal laboratory report while allogeneic blood is provid-
ed to be transfused as needed, and surgery proceeds as planned.
Quite often too, iron supplementation has been regarded as anath-
ema in HbSS patients owing to the assumption of universal iron
overload status in them. Similarly, misconception and misapplica-
tion of the concept of restrictive transfusion and transfusion trigger
is on a large scale in clinical practice settings. The Canadian trans-
fusion requirement in critical care (TRICC) trial,90 had provided
ample evidence that restrictive transfusion strategy (adoption of

transfusion trigger of 7g/dL) provides a better outcome than liberal
transfusion strategy (adoption of transfusion trigger of 10g/dL).
Quite unfortunately not a few surgeons and anaesthetists have mis-
understood and misapplied the concept of restrictive transfusion
using a low transfusion trigger of 8g/dL to mean a new paradigm
of listing and routinely carrying out major elective surgical proce-
dures on patients with preoperative anaemia of 8g/dL, with provi-
sion of a good stock of allogeneic blood on standby. 

It is conceivable that some centres that offer fast-track surgical
service to patients may in practice waive pre-operative patient
optimization with regard to preoperative anaemia correction due to
the time required. It must however be realised that the benefits
from same-day admission derive from it forming the final stage of
a comprehensive pre-operative optimization programme. Evidence
that preoperative anaemia and the need for blood transfusion influ-
ence postoperative outcome, length of stay and patient satisfaction
in patients,91 should galvanise greater priority for optimizing pre-
operative anaemia in “Enhanced Recovery After Surgery” (ERAS)
care pathways. The benefits derivable from preoperative optimiza-
tion of patients, with reduction in morbidity and shorter length of
stay after fast-track surgery was further highlighted in the review
by Kehlet and Thienpont.92 Hence it would suffice to say that pre-
operative optimisation, including the correction of anaemia is core
to the fast-track surgery concept and fast-track service has a van-
tage position to champion the advocacy. I dare say that addressing
preoperative anemia qualifies as a key component of fast-track
protocols.

Despite overwhelming evidence mandating the correction of
preoperative anaemia prior to major surgeries the cost of erythro-
poiesis stimulating agents and intravenous iron formulations which
are the cornerstone of this intervention have remained prohibitive,
especially for low-resource settings. Oral iron is effective and quite
affordable but its shortcomings that necessitate intravenous iron
therapy (slow response, impaired absorption in gastrointestinal
pathology and inflammatory conditions, poor compliance owing to
intolerance to side effects, short time to surgery) almost mutually
exclude oral iron therapy.

Conclusions
Compelling evidence attests to the efficacy and safety profile

of intravenous iron administration and ESAs for the rapid correc-
tion of preoperative anaemia in surgical patients. However the
realisation of this lofty potential may be constrained by miscon-
ceptions among clinicians and the prohibitive cost of the products,
especially in poor resource settings.
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