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Highlights

(- Iron deficiency is the commonest cause for anaemia in patients undergoing surgeries, and this review summariz-\
es its implications.

¢ Intravenous iron is a better treatment option for iron deficiency than other iron preparations.

¢ Body iron metabolism is a complex process, and evidence is conflicting on iron supplementation in surgical pa-
tients.

e Intravenous iron replacement, as a part of patient blood management, has shown benefit in perioperative anae-

\_mia. J

Abstract

Anaemia is a frequent problem in surgical patients, and the commonest cause is iron deficiency. There is no
agreement among perioperative clinicians on the utility of intravenous (IV) iron therapy in surgical patients. In this
study, publications in Medline, Web of Science, and Embase databases, along with major perioperative guidelines
up until 2022 were searched using specific key words, and relevant papers that investigated IV iron therapy in the
perioperative settings were screened out. Management of perioperative anaemia is comprehensively discussed in
major guidelines. However, the diagnosis and management of iron deficiency is not as straightforward as those for
anaemia. lron metabolism is a complex process. IV iron supplementation remains the treatment choice for periop-
erative iron deficiency; however, it has limited and conflicting evidence of benefits in surgical patients. IV iron re-
placement, as a part of patient blood management, has shown benefit in perioperative anaemia.
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Introduction logical consequences of anaemia in males and
females are equivalent during operative proce-

Anaemia is a common pathological condition, dures, so the lower Hb threshold in females is

and its prevalence varies from 30% to 75%
across patients undergoing elective surgical
interventions [1]. Perioperative anaemia is
reported in 54.4% patients prior to cardiac
surgeries and in 39% undergoing non cardiac
surgeries [2].

Anaemia is defined as reduction of body red
cell mass, and the World Health Organization
criteria for the diagnosis of anaemia are hae-
moglobin (Hb) level <12 g/dI for women and Hb
level <13 g/dl for men [3]. However, the patho-

debatable. Patients undergoing major surgeries
with expected blood loss greater than 500 ml
should achieve target Hb level >13 g/dI [4]. Cell
oxygenation and optimal cellular metabolism
require an adequate level of Hb [5, 6]. Anaemia
is associated with poor outcomes periopera-
tively, including intensive care admission, trans-
fusion requirements, extensive length of stay,
and mortality [7, 8]. Anaemia in older patients
is associated with further increased risk of
perioperative complications [9, 10].
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Table 1. Major guidelines on perioperative anaemia and blood management

Guideline

Recommendation on Perioperative anaemia

Class of rec- Level of
ommendation evidence

National Association of

Elective surgical patients should have an Hb level de- 1 C

Testing Authorities guidelines termination as close to 28 days before the scheduled

2011 [4]. surgical procedure as possible.
Patient’s target Hb before elective surgery should be 2 C
within the normal range (female >12 g dI™, male 213 g
dI™), according to the World Health Organization criteria.

European Society of Anaes- Patients at risk of bleeding should be assessed for anae- 1 (0;

thesiology guidelines 2016  mia 3 to 8 weeks before surgery.

[12].
American Society of Anes-

Preoperative evaluation of a patient to identify risk 3/4 B

thesiologists Task Force on  factors for requiring a blood transfusion or adjuvant
Perioperative Blood Manage- therapy includes (1) reviewing previous medical records,

ment 2015 [13].

(2) conducting a patient or family interview, (3) reviewing

existing laboratory test results, and (4) ordering addition-
al laboratory tests when indicated.

Patient Blood Management Recommendations for multidisciplinary approach in 1/3/4 C
Australia, module 2 Perioper- patient blood management during perioperative period.

ative. March 2012 [14].

However, the significance of anaemia and its
impact on adverse surgical outcomes are un-
dervalued [11]. Routine preoperative investiga-
tions should include measuring blood Hb levels,
so that treatments could be initiated timely. Ta-
ble 1 summarizes the leading available guide-
lines for perioperative anaemia investigations
(4, 12-14].

Iron deficiency (ID) anaemia

Amongst the causes of anaemia, ID is the
leading aetiology across all ages, and it is the
commonest nutritional deficiency globally [15].
World Health Organization estimates that ID
accounts for approximately 50% of all anae-
mias [16]. Females in childbearing age are
more frequently affected by ID than males. It
is a problem in both developed and developing
countries [17, 18].

Pathophysiology of ID could be absolute or
functional. Low or absent iron stores is defined
as absolute ID (in contrast to diminished eryth-
ropoiesis). High or normal level of iron stores
indicate relative or functional ID [15, 19]. Iron
metabolism in human body is a complex pro-
cess which accounts for the above-mentioned
types of ID.

Iron (Fe) is a main element of red blood cell
Hb and muscle cell myoglobin. Iron is also an
important component in enzymes, DNA, and
mitochondria. Iron is stored in the form of ferri-
tin and haemosiderin in liver, bone marrow, and
spleen [15, 20, 21]. Adults require about 25
mg of elemental iron for red cell Hb production
and cellular metabolism daily. However, the
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average daily intake of iron is only 1 to 2 mg.
Due to the limited iron intake, iron homeostasis
is maintained by recycling body iron. Older red
blood cells are phagocytosed by macrophages,
and iron molecules are taken up as a part of
the salvage process. Hepcidin is a small pep-
tide secreted mainly from hepatocytes and
is the primary regulator of iron homeostasis.
Higher iron concentrations and inflammation
up-regulate hepcidin production. Hepcidin
binds to the ferroprotein, an iron transporting
molecule on cell surfaces, and down-regulates
its availability. As a result, iron is no longer
released to the plasma. This process leads to
functional ID in the context of inflammation [19].
Common causes of ID are summarized in Table
2[15, 22, 23].

Diagnosis of ID is not as simple as recognition
of an apparent ID anaemia. Red cell indices
such as mean cell volume and haematocrit are
useful markers for assessment of ID. Low mean
cell volume corresponds to microcytosis, and
low haematocrit is indicative of hypochromia.
Presence of these changes in a blood picture
suggests long standing ID. Haemoglobinopa-
thies and nutritional deficiencies could alter
interpretation of these results [24, 25]. Never-
theless, an iron study is the most useful test
to identify ID (See Table 3). The ratio of serum
iron to total iron binding capacity is presented
as transferrin saturation, and a low transferrin
saturation usually indicates ID. Serum ferritin
levels reflect total body iron stores, and low
ferritin is thus indicative of ID. However, acute
and chronic inflammatory conditions can ele-
vate ferritin level as a part of the inflammatory
process. Low transferrin saturation in the pres-
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Table 2. Common causes of iron deficiency

Causes of iron deficiency

Absolute iron deficiency Blood loss

Lack of iron in diet

Malabsorption

Increase demand

Functional iron deficiency Anaemia of chronic disease

Gastro-intestinal bleed, menstrual loss, worm
infestation, regular blood donation, other sur-
gery / trauma

Vegans, lack of iron rich food

Coeliac / Crohn’s disease, H. pylori infection,
by-pass surgery / small intestinal resection/
gastrectomy, H2 antagonists / proton pump
inhibitors

Infancy and childhood growth, erythropoiesis
stimulation treatment, pregnancy

Heart failure, obesity, cancer, inflammatory dis-
eases, perioperative response

Table 3. Iron study interpretation

Iron study Level Diagnosis
Ferritin <30 mcg/L Iron deficiency
Ferritin <100 mcg/L Iron deficiency
Transferrin saturation <20% +
(C-reactive protein >5 mg/L) Anaemia with chronic inflammation
Ferritin >100 mcg/L
Transferrin saturation <20% Anaemia with chronic inflammation

(C-reactive protein >5 mg/L)

ence of elevated ferritin levels is suggestive of
anaemia of chronic inflammation [26-28].

Treatment for ID

The first approach to manage ID is to treat the
underlying cause (See Table 2). This is part of
the pre-operative assessment. Oral iron therapy
increases haemoglobin and reduces perioper-
ative transfusion requirements [29]. However,
dietary therapy and oral iron supplements are
less effective, mainly due to low efficacy and
intolerance [30]. The next available option to
treat ID is parenteral iron therapy. Intramuscu-
lar injections are available and effective in im-
proving body iron levels; however, intramuscular
iron injections are painful and can cause skin
staining [31, 32]. There were reported cases
of sarcoma after intramuscular iron treatment,
hence it remains a less attractive option [33].

Intravenous (1V) iron therapy

IV iron therapy is a choice for perioperative
anaemia. lron dextran was the first successful
IV preparation introduced in 1950s. This is a
high molecular weight preparation and associ-
ated with significant side effects and high risk
of anaphylaxis [34]. There are now many other
preparations marketed. Table 4 summarises
available iron preparations with their basic
properties [35, 36].
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Positive evidence for perioperative use of IV
iron therapy

IV iron has many advantages in managing
perioperative anaemia. Although initial IV iron
preparations were less popular due to high in-
cidence of reactions, newer preparations have
improved tolerance [37, 38]. The primary bene-
fit of IV iron therapy is the fast response follow-
ing a single dose. Therefore, IV iron therapy is
currently the best option to manage periopera-
tive ID anaemia.

The severity of anaemia has been shown to
have a direct relationship with postoperative
complications and mortality [39-41]. Preoper-
ative anaemia is an independent risk factor
for receiving postoperative blood transfusions
[7, 40]. Allogenic blood transfusion has been
shown to be associated with adverse outcomes,
such as increased infection rates, cardiac
complications, hospital length of stay, and mor-
tality [41-45]. These complications are seen
even with a transfusion of one unit of packed
red blood cells [46]. At the same time, red cell
transfusions are relatively expensive [47, 48].
Comprehensive patient blood management pro-
grams that include perioperative iron optimisa-
tion protocols have been developed to manage
preoperative Hb levels and reduce postopera-
tive anaemia and blood transfusions [49-53].
A Cochrane review on the use of perioperative
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Table 4. Intravenous iron preparations

Intravenous iron preparation (Carbo- Brand name Half-life (Terminal plasma) Molecular Wt (kDa)

hydrate substrate)

Iron dextran INFeD, DexFerrum 27-30 hours 103,000
Iron Carboxymaltose Ferinject 7-9 hours 150,000
Iron sucrose Venofer, Ferriecit 5-6 hours 43,300
Iron Isomaltosde Monofer 20-23 hours 69,000
Ferumoxytol Feraheme 14 -15 hours 185,000
Iron gluconate Ferrlecit 1-2 hours 37,500

Table 5. Major guidelines on perioperative iron replacement

Guideline Recommendation Level of evidence
Patient Blood Management Australia, mod- Iron therapy is recommended for cases where B
ule 2 Perioperative. March 2012 [14]. there is a risk of perioperative iron deficiency
anaemia.
*IV iron is indicated when oral not tolerat- ) : ; }
ed or rapid correction is required (surgery Patlents with preoperative anaemia should get A
in <2 months) iron.
For patient with post-operative anaemia, oral iron B

is not recommended.

American Society of Anesthesiologists Task Use of ESA and iron is indicated in risk of anae- A

Force on Perioperative Blood Management mia.
2015 [13].

European Society of Anaesthesiology Oral iron is for patients with iron deficiency di- C

guidelines 2016 [12].

agnosed 6 to 8 weeks before surgery. IV iron for

those cannot not tolerated oral iron or closer to
the surgery date.

Note: ESA, Erythropoietin Stimulating Agents; IV, intravenous.

iron concluded that administration of preoper-
ative IV or oral iron can accelerate Hb recovery
and reduce transfusion requirements [54].
However, IV iron therapy showed many benefits
over oral iron therapy in perioperative period.
It is the only treatment option for preoperative
ID when surgery is imminent within 6-8 weeks
[12]. Preoperative IV iron therapy demonstrat-
ed improved surgical outcomes such as shorter
length of stay and higher Hb concentrations
at discharge [55-57]. All major blood manage-
ment guidelines suggest preoperative iron re-
placement to improve operative outcomes (See
Table 5).

IV iron therapy is also a viable treatment choice
in cases of ID associated with bowel pathol-
ogy, such as inflammatory bowel disease or
bowel resection with poor oral iron absorption
[58]. Oral iron is poorly tolerated in these
patients due to production of reactive oxygen
compounds, such as superoxides and perox-
ides, from non-absorbed iron salts. This can
precipitate acute flares of bowel inflammation.
Furthermore, ongoing inflammation in such
conditions may cause functional ID as well [59].

Pregnancy and related surgical procedures are
other situations where IV iron therapy demon-
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strates beneficial effects in optimizing Hb and
iron levels. Iron supplements are essential
during pregnancy to meet the excess demand.
Both oral and IV iron supplements are indicated
in pregnancy related anaemia or ID [60]. Most
studies demonstrated better outcomes with IV
iron replacement after childbirth [61]. Consid-
ering transfusion reactions and the cost, IV iron
therapy is the preferred choice for acute post
childbirth anaemia [62].

Severe ID anaemia is best treated with IV iron
therapy in both perioperative and non-oper-
ative patients. On most occasions, anaemia
is diagnosed in pre-operative investigations.
All patients undergoing surgical procedures
with significant blood loss require iron studies
as a part of their preoperative review. When
severe ID anaemia is identified in patients
who are awaiting surgical procedures, the only
treatment option is IV iron therapy. This was
reviewed in multiple studies, and the efficacy
and potency of IV iron therapy in severe ID have
been reported in the literature [55, 56, 63].

Operative or non-operative management of
anaemia in cancer patients is usually treated
with erythropoietin stimulating agents. Howev-
er, many studies reported beneficial effects of
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Table 6. Risk factors for adverse events from intravenous iron therapy

Risk factors for adverse reactions

Factors increase severity of reaction

Previous hypersensitivity to Intravenous iron
History of other allergies

Severe asthma or eczema

High iron infusion rate

Male sex
Older age
1* trimester pregnancy
Excess physical activity

Beta blocker/Angiotensin converting enzymes
Mastocytosis

Systemic inflammatory disease

Anxiety or psychological issues

combining erythropoietin stimulating agents
with IV iron therapy, which improved response
to ESA in these patients [64-66]. In fact, ab-
solute and functional ID can co-exist in cancer
patients, and IV iron therapy can promote bio-
availability of iron for Hb production [65, 66].

Other cohorts of patients who benefit from
IV iron therapy are the those with anaemia
secondary to chronic kidney disease (CKD).
Chronic inflammation in these patients leads to
functional ID, and poor oral intake and gastro-
intestinal bleeding cause absolute ID. Further-
more, patients undergoing dialysis loss blood in
each dialysis circuit, contributing to ID. Patients
with CKD are frequently on erythropoietin
agents which promotes ID due to increased de-
mand of erythropoiesis [67]. This is the reason
for using IV iron with Epo in patients with CKD
as recommended in Kidney Disease Improving
Global Outcomes guidelines [68]. Patients with
CKD who are scheduled to undergo surgical
procedures should get their Hb and iron levels
optimized prior to any surgical interventions,
and IV iron therapy combined with erythropoie-
tin is the best option. Peri-operative correction
of Hb and iron demonstrated better surgical
outcome in CKD patients [4, 69]. However, the
ideal level of Hb concentration to achieve opti-
mal surgical outcomes in patients with CKD is
not well defined in the literature [70].

Iron can also be given to patients without ID
anaemia. Patients with beliefs that preclude
the use of blood products (such as Jehovah’s
Witnesses) benefit from preoperative IV iron
dosing to optimize their red cell mass and mini-
mize need for red cell transfusion [71]. Iron is a
cofactor in human enzymes. Patients with heart
failure and ID were reported to have improved
overall outcomes regarding exercise tolerance
and heart failure symptoms after IV iron ther-
apy [72, 73]. Therefore, this is an important
aspect of optimizing heart failure management
prior to surgical procedures.

Disadvantages of IV iron therapy
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Perioperative and non-operative IV iron therapy
may cause harm as well, but not frequently.
The main disadvantage of IV iron therapy is the
risk for adverse drug reactions and allergy. The
most reported adverse reactions include diz-
ziness, palpitation, urticaria, itching, flushing,
and high blood pressure. These are not com-
mon and reported in less than 1% of patients.
On the other hand, most of these effects are
self-limiting [74, 75]. Severe reactions are rare
but could lead to life threatening anaphylaxis.
Factors predisposing to adverse reactions to
IV iron therapy are summarized in Table 6 [76,
77]. Patho-physiological basis of those reac-
tions is IgE-mediated immunological response
and complement activation related pseudo
allergy. These responses are partially second-
ary to labile free irons in the circulation [77].
Management of these reactions are beyond the
scope of this article.

Newer IV iron preparations demonstrate less
potential for reactions. Iron dextran has high
antigenicity effect [77]. Also, dextran-iron high
molecular weight compound releases iron fast-
er, causing more rapid increase in free iron lev-
els (See Table 4). A follow-up of side effects af-
ter IV iron dextran and IV iron gluconate over 3
years revealed an allergic reaction incidence of
21.5% without a difference between two prepa-
rations [78]. But most other studies demon-
strated a higher incidence of adverse reactions
with old-fashioned IV iron preparations, such as
iron dextran compared with newer preparations
[79, 801].

Another main disadvantage of IV iron supple-
mentation is the potential risk of precipitating
infections. This is a debatable issue, and
controversial results are found in literature.
Extracellular pathogens utilize free iron for
their cellular metabolism. IV iron therapy in-
creases free iron in circulation and promotes
pathogen activities. This is demonstrated in
some animal studies with worsened pneumo-
nia, shock, lung injury, and mortality observed
in IV iron group compared to red blood cell
transfusion group [81]. Iron is also recognized
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as a growth factor for microbes, and a higher
incidence of bacterial infection was reported in
patients with haemochromatosis experiencing
iron overload [82]. Another hypothesis is that
retention of iron in macrophages can impair its
function. This will affect cellular immunity and
increase risk of microbial growth [83]. Another
potential mechanism of increasing infection
risk is oxidative stress. Sodium ferric gluconate
and iron sucrose are responsible for higher
non-transferrin bound iron, which is a marker
of oxidative stress compared with iron dextran
[84]. Oxidative stress was only noted after iron
sucrose compared with iron dextran [85]. How-
ever, the significance of non-transferrin bound
iron in predicting oxidative stress is controver-
sial. Iron loading also accelerates inflammatory
response to lipopolysaccharide and produces
more superoxide from mitochondria [86]. On
the other hand, clinical evidence of increased
incidence of infection following iron infusion
is lacking. A study investigating infection rate
among patients who received no iron, oral iron,
and IV iron revealed no significant increase in
infection risk [64].

Iron and risk of cancer progression has been
discussed for many years. Iron caries carcino-
genic potential in some reports [87]. High free
iron levels following IV iron therapy could form
hydroxyl radicals, and those reactive molecules
facilitate lipid peroxidation and oxidative DNA
damage. Eventually, the process could lead
to tumour growth and angiogenesis [88]. In-
creased risk of hepatocellular carcinoma in iron
overload conditions, such as hereditary hae-
mochromatosis, is possibly related to cirrhosis
at the time of cancer diagnosis. Therefore, the
relationship between iron overload and cancer
is unclear [89]. At the same time, higher iron
stores failed to demonstrate increased cancer
risk [90]. It is impossible to conduct random-
ized prospective trials to prove this for ethics
concerns.

Conclusion

Anaemia is a common problem during periop-
erative period, with ID being its leading cause.
Pathogenesis of ID is multifactorial. Iron is the
main compound in Hb and a vital element of
cell metabolism. Diagnosis of anaemia and ID
is part of preoperative assessment due to its
adverse effect on surgical outcomes and asso-
ciated increased need for red cell transfusion.
IV iron supplementation is the best available
treatment for ID and related anaemia periop-
eratively. There are multiple benefits of IV iron
therapy in treating perioperative anaemia. How-
ever, safety concerns related to IV iron therapy
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may counteract some of its beneficial effects.
IV iron therapy, as a part of patient blood man-
agement strategy, has shown good evidence of
benefit [49]. However, as a therapeutic agent,
it failed to demonstrate consistent evidence of
benefit in perioperative settings. Large scale
randomized studies are required to understand
the benefit of IV iron supplementation as a
treatment for preoperative anaemia.
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