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Prevalence of pre-operative anaemia

A recent study, using public data from 187 countries
worldwide and World Health Organization (WHO)
definitions of anaemia (Table I), found a significant
decrement in the global prevalence of anaemia, which
decreased from 40.2% in 1990 to 32.9% in 2010,
though the prevalence varied widely across regions'.
However, a lower prevalence of mild and moderate
anaemia accounted for most of the reduction, while
the prevalence of severe anaemia remained largely
unchanged'.

Previously, the third US National Health and Nutrition
Examination Survey (NHANES III, Phases 1&2, 1988-
1994; 26,372 individuals), showed an average prevalence
of anaemia of 7% in the 1- to 64-year old age group, with
the prevalence being slightly higher among females?. In
people 65 years old or more, the prevalence of anaemia
increased progressively with age (13% in subjects aged
75-84, 23% in those over 85 years) and the condition
was more common among males?. However, analysing
the distribution of haemoglobin (Hb) levels in men and
women aged 65 years and older showed that 32.4% of
women and 23.3% of men had Hb levels lower than 13
g/dL, indicating that the higher overall prevalence of
anaemia among older men just results from the gender-
specific WHO definitions of anaemia?®. This progressive
increase of anaemia prevalence with age was also
noted in a meta-analysis of 34 studies (85,409 elderly

individuals); the overall prevalence was 17%, but fell
to 6% when considering cases with a Hb of <11 g/dL,
which indicates that anaemia was mild in the majority
of cases’.

Do these figures of anaemia prevalence in individuals
living in the community apply to hospitalised patients?
In a cohort investigation of adult patients (n=232,440)
hospitalised for surgical or medical pathologies between
January 2009 and August 2011, 19% presented with
anaemia upon admission, whereas 60% of those
who were not anaemic upon presentation developed
hospital-acquired anaemia*. Another retrospective study
of patients of any age (n=2,234) hospitalised in the
departments of digestive diseases, internal medicine,
cardiology or respiratory diseases between September
and October 2010 found an anaemia prevalence of 50%?°.
In cancer patients, the European cancer anaemia survey
found a prevalence of anaemia (Hb cut-off 12 g/dL)
at recruitment which varied between 25% in patients
with head and neck cancer and 53% in those with a
haematological cancer®. In addition, among patients
receiving treatment, the mean anaemia prevalence
was 53%, ranging from 29% for those being treated
with radiotherapy to 75% for those given cis-platinum
based chemotherapy?®. In 18 large observational studies
encompassing over 650,000 surgical patients, the mean
prevalence of pre-operative anaemia was around 35%,
varying between 10.5% and 47.9%72*. There were

Table I - Haemoglobin levels to diagnose anaemia at sea level*.

Anaemia

Population No anaemia*

Mild** Moderate Severe
Children 6-59 months of age >11 10-10.9 7-9.9 <7
Children 5-11 years of age >11.5 11-11.4 8-10.9 <8
Children 12-14 years of age >12 11-11.9 8-10.9 <8
Non-pregnant women (15 years of age and above) >12 11-11.9 8-10.9 <8
Pregnant women >11 10-10.9 7-9.9 <7
Men (15 years of age and above) >13 11-12.9 8-10.9 <8
* Haemoglobin in grams per decilitre; ** "Mild" is a misnomer: iron deficiency is already advanced by the time anaemia is detected. The deficiency has
consequences even when no anaemia is clinically apparent (WHO/NMH/NHD/MNM/11.1; http://www.who.int/vmnis/indicators/haemoglobin.pdf, accessed
on 20/12/2014).
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marked differences in the prevalence of pre-operative
anaemia according to the type of surgery (Figure 1),
populations of patients and definitions of anaemia,
though it was higher than among the general population.

Causes of pre-operative anaemia

Iron deficiency is the commonest cause of anaemia
worldwide, followed by parasitic infestation (hookworm,
schistosomiasis, malaria), haemoglobinopathies,
obstetric and gynaecological disorders, and anaemia
associated with chronic renal failure, though the
proportion of cases resulting from specific causes varies
widely across regions'.

In regard to anaemia in people 65 years and older,
data from the NHANES III (n=2,814,000) showed that,
approximately, one-third of cases were caused by chronic
inflammation, with or without chronic kidney disease,
one-third by nutrient deficiency (iron, folic acid, vitamin
B,,), and one-third were classified as unexplained
anaemia’. Interestingly, unexplained anaemia in older
persons is characterised by low erythropoietin and low
levels of pro-inflammatory markers (which are also seen
in anaemia due to vitamin B /folate deficiency), and
low lymphocyte counts®.

The aetiology of pre-operative anaemia may be
multifactorial and complex (Figure 2). Nutritional
deficiencies (e.g., iron, folate, vitamin B, ,, proteins),
due to poor nutrition or malabsorption, and some drugs
(e.g., inhibitors of angiotensin-converting enzyme,
metformin) may contribute to reduced red blood cell
(RBC) production. Other causes may be activation of
the immune system by underlying processes as well as
certain immune and inflammatory cytokines, including
tumour necrosis factor alpha (TNF-a), interferon
gamma (IFN-y), and interleukins (IL)-1, -6, -8 and -10.
These inflammatory mediators participate in a variety
of pathophysiological mechanisms: (i) decreased RBC
half-life due to dyserythropoiesis with red cell damage
and increased erythrophagocytosis (TNF-a); (ii)
inadequate endogenous erythropoietin (EPO) response
for the severity of anaemia; (iii) impaired responsiveness
of erythroid cells to EPO (IFN-y, IL-1, and TNF-a); (iv)
inhibited proliferation and differentiation of erythroid
cells (IFN-y, IL-1, TNF-o, and a-1-antitrypsin); and
(v) pathological iron homeostasis (IFN-g, TNF-a,
IL-1, IL-6, IL-10, hepcidin)®*®?’. Repeated diagnostic
phlebotomies, gastrointestinal or genitourinary blood
loss, coagulopathies and haemodilution (due to renal
failure or congestive cardiac failure) can also contribute
significantly to the development of anaemia?®.

The proportion of cases of pre-operative anaemia
resulting from specific causes has not been so
extensively studied. In 1,142 consecutive admissions for
orthopaedic surgery, 224 (19.6%) patients presented with

anaemia, which was normochromic, suggesting anaemia
of chronic inflammation, in 135 (64%), hypochromic,
suggesting iron deficiency anaemia in 49 (23%), and
was attributed to other causes in 26 (13%)'3. In another
cohort of orthopaedic surgical patients (n=715), the
prevalence of anaemia was 10.5%, according to WHO
definitions (20% for a Hb cut-off of 13 g/dL)'*. The
main causes of anaemia were nutrient deficiencies
(30.8%) and anaemia of chronic inflammation with
or without chronic kidney disease (30.8%), although
38.4% of cases were classified as anaemia of mixed
or unexplained origin'®. In a series of 437 patients
scheduled for curative colorectal cancer resection, 242
(55%) presented with iron deficiency (with or without
anaemia), most probably due to chronic blood loss®.
However, pre-operative anaemia in colorectal cancer
should not only be attributed to chronic haemorrhage, as
neoadjuvant chemotherapy or radiotherapy, nutritional
deficiencies, and activation of the immune system with
release of inflammatory cytokines may also play a role.

Prescribed medical treatment should also be
considered as a potential cause of anaemia in surgical
patients. In a cohort of cardiac surgical patients (n=576),
logistic regression analysis showed that age (odds ratio
[OR]: 1.037), chronic kidney disease (OR: 3.161), loop
diuretics (OR: 1.504), and proton pump inhibitors or
histamine H, receptor antagonists (OR: 1.531) were
independent risk factors for pre-operative anaemia
(prevalence 36.5%)*.

It seems that not only the prevalence but also the
distribution of specific causes of anaemia among surgical
patients vary according to the type of surgery.

Consequences of pre-operative anaemia

The significant association of pre-operative anaemia
with poorer patients' outcomes (length of hospital stay,
post-operative complications and death) (Figure 3)
was already described in 1970 by Lunn and Elwood*.
However, pre-operative anaemia is frequently not
considered a risk factor and it is not, therefore, corrected
or improved prior to scheduled surgical procedures
associated with possible major bleeding.

Generally, the rationale behind this thought is that
preoperative anaemia just reflects the severity of the
underlying condition that necessitates surgery and will
be solved after it. However, several large observational
studies, including over 600,000 patients, have confirmed
the presence of an association between pre-operative
anaemia and poorer post-operative outcomes. After
adjusting for a number of potential confounders, using
multivariate logistic regression analysis, preoperative
anaemia remained an independent risk factor for
increased post-operative morbidity and mortality, as well
as for prolonged length of hospital stay (LOS)7%16.23:31,
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Figure 1 - Prevalence of pre-operative anaemia in patients
scheduled for major surgery, according to most
frequent procedures (estimated from references’).
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Figure 2 - Most common causes and pathophysiological
mechanisms of pre-operative anaemia.
TNE: tumour necrosis factor; IFN: interferon; IL: interleukin;
EPO: erythropoietin; CKD: chronic kidney disease; CHF:
chronic heart failure; RBC: red blood cell.
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Figure 3 - Effects of anaemia, bleeding and allogeneic
transfusion on clinical outcome in patients
undergoing major surgery.
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Moreover, these negative effects were present even
for mild anaemia®'®?. As for cardiac surgery, the
incremental value of pre-operative anaemia in risk
prediction with the EuroSCORE II model has been
recently documented?.

In addition, pre-operative anaemia is a major independent
predictive factor for the need of peri-operative allogeneic
blood transfusion (ABT) (Figure 3). In major surgery,
peri-operative blood loss and blunted post-operative
erythropoiesis may lead to acute anaemia, especially in
patients presenting with pre-operative anaemia or low
Hb levels. ABT is usually given to avoid the detrimental
effects of acute anaemia. However, although ABT
produces a quick and effective, albeit transitory increase
in Hb levels, there is a lack of evidence regarding its
efficacy at increasing tissue oxygen consumption or
reducing tissue oxygen debt in selected patients, and
the use of ABT is frequently associated with poorer
outcomes. In critically ill and surgical patients, it was
recently found that transfusion of a single unit of packed
RBC increased the multivariate risk of mortality, wound
problems, pulmonary complications, post-operative
renal dysfunction, systemic sepsis, composite morbidity,
and prolonged post-operative LOS in comparison to
propensity-matched patients who did not receive intra-
operative ABT?**3* (Figure 3). Further concerns have
been raised that ABT is associated with recurrence in
cancer surgery**. Data from an observational cohort of
2,087,423 primary total hip arthroplasties showed that
ABT was independently associated with a longer stay in
hospital, increased costs and worse surgical and medical
outcomes, without affecting in-hospital mortality?>.
Moreover, the negative effects of blood in loss, ABT and
preoperative anaemia are synergistic. A single-centre,
retrospective study including 16,154 consecutive adult
patients undergoing cardiac surgery (2002-2010) showed
that major bleeding is per se a risk factor for 30-day
post-operative mortality, which is strongly enhanced
by packed RBC transfusions and, to a lesser extent,
pre-operative anaemia®® (Figure 3).

On the other hand, although packed RBC come
from altruistic blood donations, processing, screening,
conservation and distribution costs (acquisition costs),
as well as administration costs, are high. The reported
costs to buy a unit of packed RBC are quite similar
across western countries (Spain, € 155; Switzerland,
€ 145; Austria, € 115; UK, € 150; USA, € 150-190),
whereas the administration costs are more subject to
country variations (from € 88 to € 700 per unit)*".
From a systematic review of the literature it is estimated
that the cost of a two-unit packed RBC transfusion in
western Europe is around € 800%.

Despite evidence of its clinical and economic
disadvantages, ABT continues to be the most frequently



used treatment for acute intra- and post-operative
anaemia. Two recent large studies showed that up to
30-35% of all units of allogeneic blood are used in the
surgical setting*'*?, and large inter-centre variability
in the percentage of patients who receive ABT when
undergoing a particular surgical procedure has also been
observed''?. In order to reduce variability in transfusion
practice, both with regards to the proportions of patients
receiving ABT and the volumes of blood administered
per transfused patient, scientific societies have developed
evidence-based guidelines and recommendations on the
indications for ABT***. The final objective of these
guidelines is a more rational, tailored and "restrictive"
use of ABT in patients for whom pharmacological
options are not available or cannot be implemented
(e.g., acute severe anaemia). The implementation of
transfusion indicators has also been shown to play a
key role in reducing variability in transfusion practice,
especially for packed RBC*7, the percentage of patients
transfused, the volume of transfused components, and
transfusion-associated complications (e.g., nosocomial
infection)*®.

Nevertheless, even when pre-operative anaemia
is a major risk factor for peri-operative ABT, blood
circulating volume and total RBC mass may also play
a role. For the same Hb level, female patients have a
lower blood circulating volume and lower RBC mass
than males. In the Austrian benchmark study, the mean
relative peri-operative RBC loss in knee arthroplasty,
hip arthroplasty and coronary artery bypass grafting
was significantly higher in women than in men, and
this was reflected in a significantly higher proportion of
female patients receiving ABT'!. Similarly, for a given
pre-operative Hb level (e.g., 12 g/dL) in patients who
underwent lower limb arthroplasty, ABT rates were
higher in females (42%) than in males (30%)'°.

Therefore, data suggest that WHO definitions
of anaemia (Table I) may not be reliable for female
patients undergoing major surgical procedures in which
significant blood loss is expected, and a higher cut-off
level would be desirable (Hb<13 g/dL).

Management of peri-operative anaemia

As both pre-operative anaemia and peri-
operative ABT have been linked to clinical and
economic disadvantages, there is a growing interest in
multidisciplinary, multimodal, individualised strategies,
collectively termed patient blood management (PBM),
aimed at minimising ABT with the ultimate goal of
improving patients' outcomes (Figure 4). This new
standard of care relies on detection and treatment of
peri-operative anaemia, reduction of surgical blood
loss and peri-operative coagulopathy and optimisation
of physiological tolerance of anaemia, thus allowing

restrictive use of ABT. PBM programmes are now being
established for major elective surgery at high risk of
bleeding and/or consistent anticipated blood loss in
several European countries*°. We will propose here
three different approaches to the management of pre-
operative anaemia.

The "orthodox" approach

Several consensus documents have recommended
that patients scheduled for major surgery should have
a full blood cell count (including reticulocyte count)
and iron status (serum iron, ferritin, and transferrin
saturation) tested preferably 30 days before the
scheduled surgical procedure to allow the detection and
classification of anaemia, as well as the implementation
of appropriate treatment, if needed and available (grade
1C recommendation)**>>!->2_ The use of easy-to-follow
sequential algorithms allows diagnosis of common
causes of anaemia, avoids the need for patients to return
for another blood test (draw one sample for a complete
blood count and a sample for additional testing to
"hold" for additional tests if needed), and eliminates
unnecessary laboratory studies®. The safety aspects
of the different treatment options have been discussed
elsewhere.

The diagnosis of unexpected anaemia in patients
undergoing elective surgery, in which significant blood
loss is anticipated, should be considered an indication
for rescheduling the operation until the evaluation is
completed®. Importantly, non-anaemic patients with
low ferritin levels undergoing surgical procedures
with moderate-to-high blood losses may also benefit
from pre-operative iron administration, as they may
not have enough stored iron to replenish their peri-
operative Hb loss and maintain normal iron stores (grade
1C recommendation)?. Most cases of pre-operative
anaemia can be successfully treated with iron and/or
erythropoiesis stimulating agents (ESA), whereas the

(Multidisciplinary, multimodal perioperative programmes)
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Figure 4 - Key components of a Patient Blood Management
programme.
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prescription of ABT should be restricted to individuals
with severe anaemia, active bleeding and/or poor
physiological reserve.

Should the patient present with IDA, if there is enough
time and no contraindications, oral iron supplementation
could be attempted (grade 2B recommendation)**. Some
studies showed that administration of ferrous salts
(100-200 mg/day; 2-4 weeks) to patients scheduled
for different elective surgical procedures improved Hb
levels, reduced transfusion rates and, in some cases,
LOS%*-*. On the contrary, Lachance ef al. showed that
it was not able to increase pre-operative Hb in patients
scheduled for hip or knee arthroplasty®. Newer oral
iron formulations, such as heme iron polypeptide or
liposomal iron, seem to offer advantages over the
traditional iron salts even in the context of inflammation,
although more studies are needed to confirm these
promising results®!¢2,

If there is poor absorption or poor tolerance of oral
iron or an accelerated response to treatment is required,
pre-operative intravenous iron supplementation should
be considered, using one of the several formulations
currently available (intramuscular iron administration is
no longer recommended) (grade 2B recommendation)*.
An intravenous iron course, starting 3-4 weeks prior to
the scheduled procedure, increased Hb levels and/or
corrected anaemia and reduced ABT requirements in
patients presenting with iron deficiency anaemia with
or without anaemia of chronic inflammation>¢-%%, It is
important to stress that administration of intravenous
iron alone never results in supra-physiological Hb levels
and/or thrombocytosis and will not, therefore, increase
the risk for thromboembolic complications.

Should a patient present with anaemia of chronic
inflammation and no contraindications, the administration
of ESA could be considered, in addition to the treatment
of the underlying disease, if possible** 352, In Europe,
ESA administration is indicated for improving pre-
operative Hb levels and reducing ABT rates in patients
undergoing elective orthopaedic surgery with moderate
anaemia (Hb between 10 and 13 g/dL) and expected
to have moderate blood losses, in whom nutritional
deficiencies have been ruled out, corrected or both
(grade 2A recommendation)**>32, A large randomised
controlled trial demonstrated that the administration of
four doses of ESA (recombinant human erythropoietin
[rHUEPO] 40,000 IU plus oral iron), starting 3 weeks
prior to the scheduled procedure, significantly decreased
ABT rates in patients undergoing lower limb arthroplasty
or spinal surgery®. In contrast, in a more recent study
with similar design, rHuEPO was found to significantly
reduce the number of patients requiring ABT but not
the number of ABT units transfused, at an unacceptably
high costs (€ 7,300 per avoided transfusion)”, thus
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questioning the routine use of four rHUEPO doses.
In this regard, data from several studies suggest that
one or two rHUEPO doses could be sufficient to
reach a target Hb level >13 g/dL, especially when
co-adjuvant intravenous iron is administered®>-6%7!.72,
In this population, it would, therefore, be advisable to
adjust ESA dose individually, ensure iron supply to the
bone marrow (administering adjuvant iron, preferably
intravenously), and provide adequate pharmacological
thromboembolic prophylaxis*’.

The possible role of off-label use of ESA in cardiac
and gastrointestinal cancer surgery has also been
explored*. In cardiac surgery it seemed to reduce ABT,
although there is some reluctance to use it in patients with
coronary artery disease, due to the possible increased
risk of ischaemic complications’. Recently, Cladellas
et al.” showed that pre-operative administration of
rHuEPO plus intravenous iron to patients undergoing
valve surgery not only significantly increased pre-
operative Hb levels and reduced ABT requirements, but
also decreased post-operative major cardiac events and
renal failure, as well as the LOS, when compared with
those in a historical control group.

The possible role of ESA in the treatment of
gastrointestinal cancer-related anaemia remains unclear,
as pooled data from six trials (621 patients) showed that
peri-operative treatment with tHuEPO did not reduce
ABT (33% vs 37%; OR: 0.89; p=0.206)"°. However,
reductions of both the percentage of transfused patients
and the number of transfused units were observed for
those receiving ESA with adjuvant intravenous iron,
which allowed for a significant reduction of the total
dose of the ESA™. Additionally, a recent systematic
review and meta-analysis of four randomised controlled
trials found no significant differences in post-operative
mortality or thrombotic events between groups, but none
of the studies included evaluated cancer recurrences,
survival, or quality of life’. Therefore, until more
safety data in gastrointestinal cancer-related anaemia
are available, ESA should only be used in the approved
indications and following the recommendations of
international guidelines”’.

Finally, as unexplained anaemia and vitamin B, /folate
deficiency anaemia in older people are characterised by
low levels of EPO and pro-inflammatory markers?, the
use of ESA may also considered in this context, when
an appropriate haematological response is not attained
with specific vitamin supplementation.

The "pragmatic" approach

Anaemia should be viewed as a serious and treatable
medical condition, rather than simply as an abnormal
laboratory value®*3. Therefore, for adequate risk-
stratification and risk reduction, standard pre-operative



laboratory testing may not be enough, and additional
laboratory parameters may be required in patients
undergoing surgical procedures. However, the above
described approach to the classification of pre-operative
anaemia can be perceived as a discrepancy with the
global reduction of pre-operative testing recommended
by various guidelines*>’8, might negatively affect hospital
personnel work-load and might not be cost-effective.
Could a more pragmatic approach be implemented?

Cuenca et al.” assessed the requirements for ABT
in 156 consecutive patients undergoing surgery for
primary knee arthroplasty, included in a PBM protocol
consisting of supplementation with iron ferrous
sulphate (256 mg/day; 80 mg of Fe**), vitamin C (1,000
mg/day), and folic acid (5 mg/day) during the 30-45 days
preceding surgery. All patients were managed with using
a restrictive transfusion threshold (Hb<8 g/dL and/or
clinical signs/symptoms of acute anaemia/hypoxaemia).
Compared to a previous series of 156 patients undergoing
total knee replacement, who served as a control group,
treated patients had a lower transfusion rate (5.8% vs
32%; p<0.01) and a lower transfusion index (1.8 vs 2.2
units per transfused patient; p<0.05). After stratification,
19% of treated patients with a pre-operative Hb<13 g/dL
still needed ABT. This protocol does, therefore, seem to
be effective for avoiding ABT in non-anaemic patients
(highlighting the high prevalence of iron deficiency
among non-anaemic patients)'4, whereas for anaemic
patients additional blood saving strategies, such as pre-
operative intravenous iron or rHuEPO, should be added
to increase its effectiveness further.

Recently, Theusinger et al.®° reported on the results
of a pragmatic approach to PBM in major orthopaedic
surgery, which was successfully implemented at the
Balgrist University Hospital in Zurich (2009-2011;
n=6,721). One fundamental pillar of their PBM
programme was the detection of pre-operative anaemia
by contacting the patients' general practitioners
upon patients presenting to the anaesthesiologist, at
least 4 weeks prior to surgery. This emphasises the
overwhelming importance of enhancing communication/
collaboration between primary health care and
specialised medical attention, by unifying and sharing
all patients' electronic records, and by reducing the high
rate of patients not presenting to the anaesthesiologist
or presenting too late (70% of patients).

As the most common types of anaemia among the
orthopaedic surgical populations are iron-deficiency
anaemia and anaemia of chronic inflammation, if there
were no contraindications, patients presenting with Hb
<13 g/dL were initially treated with 1,000 mg intravenous
iron and 40,000 IU rHuEPO subcutaneously (approved
rHuEPO indication). They also received pre-operative
supplementation with vitamin B , sc (1 mg) plus

oral folic acid (5 mg/day) to treat or prevent any
functional or absolute deficiency. In fact, especially in
older patients, erythropoietic activity may need to be
stimulated with rHUEPO' and vitamin B, and folate
levels may not be routinely measured. After 14 days,
patients whose Hb remained <13 g/dL received a
second dose of intravenous iron, rHuUEPO and vitamin
B,,. All treated patients presented with normal Hb
levels (=13 g/dL) on the day of surgery. The PBM
programme also included meticulous surgical technique,
optimal surgical blood-saving techniques (cell salvage
and/or topical haemostatic agents), and standardised
transfusion triggers. Overall, in comparison with the
immediately preceding year (2008, n=2,150), this PBM
programme was associated with a lower incidence of
anaemia on the day of surgery, lower transfusion rate,
and lower transfusion volume per transfused patient®.
Thus, although further refinements are needed, this
well-defined PBM programme seems to be in the right
direction for fulfilling the aim of performing major
surgical orthopaedic procedures without the use of ABT
and without placing the patient at risk of complications.
Whether this protocol could apply to other surgical
procedures deserves further research.

The "opportunity' approach

What can we do when the recommended time-
frame for detection, evaluation and treatment of
pre-operative anaemia is not available, such as in
case of non-elective surgery or in patients presenting
just a few days before a scheduled procedure? Could
peri-operative treatment with intravenous iron and/or
rHuEPO be useful to improve peri-operative anaemia,
hasten the recovery of post-operative anaemia
and reduce transfusion requirements in patients
undergoing elective and non-elective major surgery?’!

A recent study pooled data on ABT, post-operative
nosocomial infection, 30-day mortality and LOS from
2,547 patients undergoing elective lower limb arthroplasty
or hip fracture repair®'. Comparisons were made between
patients who received very short-term peri-operative
intravenous iron treatment (200-600 mg; n=1,538), with
or without rHUEPO (40,000 IU), or standard treatment
(n=1,009)%'. In hip fracture patients (n=1,361), peri-
operative intravenous iron significantly reduced the rates
of ABT, post-operative nosocomial infection (10.7% vs
26.9%; p=0.001) and 30-day mortality (4.8% vs 9.4%;
p=0.003), and shortened LOS (11.9 days vs 13.4 days;
p=0.001) when compared to standard therapy”. These
benefits were observed in both transfused and non-
transfused patients, and have been corroborated, at least
in part, by other authors®>#. It is important to recall that
pre-operative tHUEPO was only administered to 351
out of 1,059 patients presenting with Hb <13 g/dL and
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no contraindication. Appropriate training, education,
and awareness among the medical staff and nurses
would be useful in increasing adherence to PBM, thus
limiting the exposure of anaemic patients to ABT and
ABT-related risks.

In patients undergoing elective arthroplasty
(n=1,186), intravenous iron reduced ABT rates (8.9%
vs 30.1%; p=0.001) and LOS (8.4 days vs 10.7 days;
p=0.001), without causing differences in post-operative
nosocomial infection rates (2.8% vs 3.7%; p=0.417), and
there was no effect on 30-day mortality®'. Similar results
have been reported for patients undergoing cardiac
procedures and receiving rHuEPO, with or without
intravenous iron, shortly before surgery®*’.

Although large, prospective confirmatory studies
are needed, these results suggest that very short-term
peri-operative administration of intravenous iron and/
or rHUEPO in patients undergoing major surgical
procedures is associated with reduced ABT rates and
LOS, without increasing post-operative morbidity
or mortality (grade 2B recommendation)**>'. It does,
therefore, seem that any time is a good time to take the
opportunity of treating pre-operative anaemia.

The Authors' perspective
From an analysis of the available information and

the recommendations issued by several consensus

documents, it seems fair to conclude that:

1) Pre-operative anaemia, which is more frequent
in patients undergoing major elective surgical
procedures than the general population, has been
linked to increased rates of post-operative morbidity
and mortality, as well as to longer stays in hospital
and higher 30-day mortality. However, it is not clear
whether anaemia is a modifiable risk factor for poorer
outcomes and not simply a marker of other conditions
that confer increased risk.

2) Pre-operative anaemia or suboptimal pre-operative
Hb level (<13 g/dL) is one of the stronger predictors
of the need for peri-operative ABT, which in turn is
also associated with increased rates of postoperative
morbidity and mortality and longer stays in hospital.

3) Whenever feasible, pre-operative anaemia should
be detected and classified at least 4 weeks prior
to the scheduled procedure, and appropriate
pharmacological treatment implemented, if possible.
ABT should be reserved for patients with severe
anaemia, ongoing bleeding and/or poor physiological
reserve (orthodox approach).

4) As the most common types of anaemia among
surgical populations are iron-deficiency anaemia
and anaemia of chronic inflammation, patients
presenting with Hb<13 g/dL could be initially treated
with intravenous iron and subcutaneous rHuEPO,
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adjusting dosages after 2 weeks according to the
haematological response. Routine folic acid (5 mg/
day, oral) and vitamin B , (1 mg intramuscular)
supplementation could be considered to prevent
functional or absolute deficiency of these vitamins
(pragmatic approach).

5) For patients undergoing non-elective procedures
or presenting shortly before an operation, current
evidence broadly supports treatment with intravenous
iron and/or ESA to reduce ABT rates. In addition,
the acceptable safety profile of this treatment and its
ability to be administered without delaying surgery
seems to further support its clinical use (opportunity
approach).

6) Finally, it must be borne in mind that the aim of
performing major surgical procedures without the
use of ABT and without placing the patient at risk
of complications may be better accomplished by
combining several blood conservation strategies into
a defined PBM algorithm, in which management of
pre-operative anaemia is central.
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