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Summary
Peri-operative anaemia, blood loss and allogeneic blood transfusion are associated with increased postoperative mor-

bidity and mortality, and prolonged hospital stay. A multidisciplinary, multimodal, individualised strategy, collec-

tively termed ‘patient blood management’, may reduce or eliminate allogeneic blood transfusion and improve

outcomes. This approach has three objectives: the detection and treatment of peri-operative anaemia; the reduction

of peri-operative bleeding and coagulopathy; and harnessing and optimising the physiological tolerance of anaemia.

This review focuses on the pre-operative evaluation of erythropoiesis, coagulation status and platelet function. Where

possible, evidence is graded systematically and recommended therapies follow recently published consensus guidance.
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Introduction
A significant proportion (30–35%) of allogeneic blood

is transfused for acute postoperative anaemia. The pro-

portion of patients transfused after a given operation

varies substantially between hospitals [1–3].

The expense and harm associated with blood

transfusions have prompted a growing interest in

multidisciplinary, multimodal, individualised strate-

gies, collectively termed ‘patient blood management’:

this aims to reduce the number of blood transfusions

and to improve patient outcomes [4]. The 63rd

World Health Assembly endorsed this approach in

its resolution ‘Availability, safety and quality of blood

products’ [5].

Patient blood management has three objectives: the

detection and treatment of peri-operative anaemia; the

reduction of peri-operative bleeding and coagulopathy;

and harnessing the physiological tolerance to anaemia.

This review focuses on the first two of these three objec-

tives, by grading evidence systematically where possible

and recommending therapies in accordance with

recently published consensus guidance [6–12].

Pre-operative anaemia
Pre-operative anaemia is, unsurprisingly, independently

associated with subsequent transfusion, but also with

postoperative morbidity and mortality [13–15]. Anae-

mia should be detected before surgery that is likely to

cause significant blood loss, preferably at least 30 days

before scheduled operations (Grade 1C) [7, 8].

The World Health Organization defines anaemia

for men and women by haemoglobin concentrations
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less than 130 g.l�1 and 120 g.l�1, respectively, at sea

level. A target haemoglobin concentration of at least

130 g.l�1 should be used for all adult patients until

research determines more useful ‘suboptimal’ pre-

operative haemoglobin concentrations [12].

The cause of pre-operative anaemia should be

identified and treated if possible (Grade 1C) [7, 8].

Bleeding from the upper and lower gastrointestinal

tract and the genital-urinary system should be consid-

ered and investigated. The patient should be screened

for coeliac disease and Helicobacter pylori colonisation.

Major surgery may have to be rescheduled, whereas

minor procedures, without blood loss, can proceed in

parallel with the evaluation of anaemia [1, 6–9].

There are three types of iron-restricted erythro-

poiesis, the most common cause of anaemia world-

wide: absolute iron deficiency; iron sequestration due

to inflammation; and functional iron deficiency due to

insufficient erythropoiesis-stimulating agents. Serum

ferritin concentrations less than 30 lg.l�1 indicate

absent iron stores i.e. iron deficiency anaemia, treatable

with oral iron [16]. Serum ferritin concentrations 30–

100 lg.l�1 suggest a combination of iron deficiency

anaemia and anaemia of chronic disease, which is

treatable with intravenous iron [17]. Serum ferritin

concentrations more than 100 lg.l�1 suggest anaemia

of chronic disease due to iron sequestration. Transfer-

rin saturation measures iron transport capacity, not

the amount of stored iron. Values less than 20% indi-

cate anaemia that will respond to a combination of

parenteral iron and erythropoiesis-stimulating agents

[16, 17]. Iron sequestration is identified by more than

5% red cells being hypochromic or a reticulocyte hae-

moglobin content less than 27 pg [17]. If these mea-

sures are unavailable, the concentration of soluble

transferrin receptor, with or without the ferritin assay,

may help determine whether anaemia of chronic dis-

ease is contributed to by iron deficiency [16, 17]. Nor-

mal red cell volumes (80–100 fl) does not exclude iron

deficiency anaemia, for instance when there is coexist-

ing vitamin B12 or folate deficiency, postbleeding retic-

ulocytosis, during oral iron treatment, with alcohol

intake or mild myelodysplasia. The variation in the

volumes of red cells, the ‘red cell distribution width’,

can help differentiate iron deficiency from other

microcytic anaemias, for instance thalassaemia. The

advantages, disadvantages and diagnostic value of these

variables are summarised in Table 1.

When iron-restricted erythropoiesis does not

explain anaemia, other investigations including serum

B12 (especially for those older than 60 years), lactate

dehydrogenase and serum creatinine, may help exclude

other nutritional deficiencies, haemolysis or renal dis-

ease. Red cell folate may be useful if malabsorption or

severe malnutrition is present [16, 18]. Patients should

be referred to a haematologist for further evaluation

when a diagnosis is not reached.

Management of pre-operative anaemia
Normal erythropoiesis needs a healthy bone marrow

with an adequate supply of various nutrients (iron,

vitamins C, B1, B6, B12 and folic acid), and hormones

(erythropoietin, thyroid hormones and steroids). The

possible benefits of oral and intravenous iron, with or

without erythropoiesis-stimulating agents, are dis-

cussed below. Pre-operative transfusion should be

restricted to patients who are bleeding with severe

anaemia or poor physiological reserve.

Patients deficient in vitamin B12 should be given

1 mg vitamin B12 (intramuscularly or subcutaneously)

and 5 mg.day�1 oral folic acid should be given to cor-

rect its deficiency [18].

Iron therapy
Iron deficiency should be treated with pre-operative

oral iron whenever there is enough time and there are

no contraindications (Grade 2B) [10]. In some studies,

ferrous salts at doses of 100–200 mg.day�1 for 2–

4 weeks increased haemoglobin concentration, reduced

transfusion rates and, in some cases, the length of hos-

pital stay [19–22], but not in other studies [23, 24].

Postoperative oral iron is not recommended as it does

not accelerate the correction of anaemia or reduce the

transfusion rate (Grade �1B) [10, 24–27].

Patients without anaemia but with low ferritin

levels may also benefit from pre-operative iron admin-

istration, particularly when substantial bleeding is

anticipated, as they may not have enough stored iron

to support rapid erythropoiesis and other metabolic

requirements [7].

Intravenous iron, 3–4 weeks before surgery, should

be considered: if oral iron is poorly absorbed or poorly
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Table 1 Variables in iron deficiency.

Variable

Value

Advantages Disadvantages
Diagnostic value for
iron deficiencyNormal

Iron
deficiency

Red cell volume; fl 80–100 < 80 Inexpensive,
common

Decreased by
chronic disease,
thalassaemia and
sideroblastic anaemia

Affected after 24-h
sample storage

Sensitive for established
deficiency

Useful for treatment
monitoring

Red cell
haemoglobin; pg

27–35 < 28 Inexpensive,
common

Decreased by
chronic disease,
thalassaemia and
sideroblastic anaemia

Sensitive for established
deficiency

Useful for treatment
monitoring

Red cell distribution
width

11–15% > 15% Inexpensive,
common

Increased by reticulocytosis,
e.g. after blood loss and
treated iron deficiency

Sensitive for
early deficiency

Helps differentiate from
other microcytic anaemias
(e.g. thalassaemia)

Platelet
count; 9109.l�1

140–450 > 450 Inexpensive,
common

Increased after infections,
trauma, allergic
reactions, splenectomy,
cancer and some
haematological diseases

Highly suggestive of iron
deficiency with microcytic
red blood cells

Hypochromic red cells
Low density
haemoglobin

< 5% ≥ 6% Sensitive to rapid
changes in iron
availability

Affected after 24-h
sample storage

Limited to flow
cytometric analysers

Well-established for
identifying iron
sequestration

Reticulocyte
haemoglobin
content; pg

28–35 < 28 Sensitive to rapid
changes in iron
availability

Affected after 24 h
sample storage

Falsely normal if
microcytosis absent
or with thalassaemia

Limited to flow
cytometric analysers

Well-established for
identifying iron
sequestration and
deficiency with ESAs

Values < 25 pg
differentiate iron
deficiency and
chronic disease

Red blood cell
size factor; fl

91–107 < 87.7 Sensitive to rapid
changes in iron
availability

Limited to flow
cytometric analysers

Encouraging sensitivity and
specificity for detecting
iron-restricted
erythropoiesis

Ferritin; ng.ml�1 30–300 < 30 Inexpensive,
common

Non-specific acute
phase protein, increases
with age, not associated
with response
to ESAs (cancer)

Iron deficiency if < 30,
or < 100 with
inflammation; > 500
iron overload

Transferrin saturation
index

16–45% < 16% Inexpensive,
common

Negative acute
phase protein, not useful
after intravenous iron

Iron deficiency if < 16,
< 20 iron-restricted
erythropoiesis with
inflammation, > 50
iron overload

Serum transferrin
receptor; mg.l�1

< 2 > 4.5 Insensitive to
inflammation

Expensive, dependent on
the WHO standard,
increased by erythropoiesis,
e.g. haemolysis, chronic
lymphocytic leukaemia

In the absence of other
automated measures it
may help diagnosis, with
or without ferritin

Ferritin index
([transferrin receptor] /
log[ferritin])

< 1 > 2 Better than either
component
in isolation

As for serum transferrin
receptors

Iron deficiency if < 1; 2–3
iron deficiency, chronic
disease or inflammation

ESAs, erythropoiesis-stimulating agents.
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tolerated; for anaemia of chronic disease, with or with-

out inflammation; and when an accelerated response is

required (Grade 2B) [10, 28–31]. Shorter courses of pre-

operative intravenous iron, with or without erythro-

poiesis-stimulating agents, may be used (Grade 2B) [7,

10, 32–36]. These recommendations are also supported

by the European Medicines Agency’s Committee for

Medicinal Products for Human Use [37]. Guidance for

preventing and treating hypersensitivity reactions to

intravenous iron has been published recently [38]. Intra-

muscular iron administration is not recommended [10].

A recent meta-analysis of 103 trials of 19 253 par-

ticipants concluded that intravenous iron therapy did

not increase the rates of serious adverse events or

infections when compared with oral or intramuscular

iron, no iron or placebo [39]. In large observational

studies, peri-operative intravenous iron did not

increase rates of infection or 30-day mortality [34–36].

Newer formulations, for instance iron isomaltoside and

ferric carboxymaltose, can be given quickly in single

large doses of 1 g or more, which is more convenient

for patients and is less expensive [12, 29, 40, 41].

However, further prospective efficacy and safety trials

in various surgical settings are required to make evi-

denced-based conclusions.

Erythropoiesis-stimulating agents
Erythropoiesis-stimulating agents should be considered

for patients with anaemia of chronic disease, after the

correction of nutritional deficiencies. In Europe, ery-

thropoiesis-stimulating agents are only indicated for

pre-operative patients expected to have moderate

blood loss, whose haemoglobin concentration is 100–

130 g.l�1 (Grade 1A) [10, 42–45]. However, their min-

imum effective dose is unknown. Off-label use of ery-

thropoiesis-stimulating agents is suggested before

cardiac surgery [32, 46–48] or gastrointestinal cancer

resection [49] (Grade 2B), but it is not recommended

for critically-ill patients without a prior indication

(Grade �1A) [10, 50].

The treatment of anaemic chronic renal failure

patients and chemotherapy patients with erythro-

poiesis-stimulating agents has been associated with

thrombo-embolic events and death [51–53]. Erythro-

poiesis-stimulating agents caused deep-vein thrombosis

in patients undergoing major spinal surgery without

thrombo-embolic prophylaxis [54]. It is important to

make a distinction between erythropoiesis-stimulating

agents and intravenous iron, as the latter alone does

not cause supra-physiological haemoglobin concentra-

tions and thrombocytosis. Doses of erythropoiesis-sti-

mulating agents should be adjusted pre-operatively

with reference to an individual’s target haemoglobin

concentration, while ensuring adequate iron supply to

the bone marrow and thromboembolic prophylaxis

[10, 12].

Pre-operative evaluation of
haemostasis
The aims of pre-operative coagulation testing are to

detect patients with abnormal bleeding caused by coag-

ulation disorders with a high prevalence (e.g. von

Willebrand disease), rarer disorders with high clinical

relevance (e.g. coagulation factor deficiency in

haemophilia) and drug-induced coagulopathy (e.g. dual

anti-platelet therapy and vitamin K antagonists). Tra-

ditional coagulation screening tests do not reliably

identify patients more likely to bleed or clot peri-

operatively [55–58].

A medical history remains the most important tool

for detecting inherited or acquired bleeding disorders

that increase the risk of peri-operative bleeding [59].

The European Society of Anaesthesiology strongly rec-

ommends standardised pre-operative bleeding question-

naires or structured interviews to record patient and

family histories of bleeding and medications, rather than

routine blood tests (Grade 1C) [11]. Standardised ques-

tionnaires discriminate between bleeding from mucosal

or non-mucosal tissues and the circumstances associ-

ated with bleeding, as well as other factors, such as the

anticoagulant or anti-platelet drug usage (Table 2) [60,

61]. About 11% of adults answer ‘yes’ to an item, which

qualifies as an abnormal bleeding history [60].

A bleeding history should be sought well before

elective surgery to give time for diagnoses and treat-

ment. Pre-operative staff should confirm answers with

the patient or guardian. Simple laboratory tests should

be performed if a history cannot be taken from an

incapacitated patient and if the information is

unavailable from next-of-kin: physical examination

may reveal bruising, petechial lesions or defective

wound healing.
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There is little evidence to support routine

pre-operative laboratory testing. Guidelines suggest

laboratory investigations of haemostasis in patients

with normal bleeding histories when they are sched-

uled for surgery with a high risk of bleeding or if there

is a relevant co-morbidity [61]. Global coagulation

tests were not developed to predict bleeding or to

guide peri-operative coagulation management, even

though most hospitals perform four tests as a ‘global

coagulation panel’.

The activated partial thromboplastin time (aPTT)

was developed to monitor the effect of heparin, to char-

acterise clotting factors and for haemophilia research.

The aPTT is sensitive to coagulation factors 1, 2, 5, 8, 9,

11 and 12, as well as heparin, fibrinogen degradation

products, inhibitors, hypothermia and hypofibrino-

genaemia. Multiple factor deficiencies tend to prolong

the time for a given factor concentration than single fac-

tor deficiencies. An aPTT 1.5–1.8 above the normal

upper limit (> 60 s) might prompt treatment.

The prothrombin time was developed to monitor

and adjust the doses of coumarins. This test is sensi-

tive to coagulation factors 1, 2, 5, 7 and 10. The pro-

thrombin time of a sample is calibrated against that of

known certified plasma samples, which generates the

standard international normalised ratio (INR). A pro-

thrombin activity below 40% might prompt treatment.

Platelet concentrations are routinely counted by

automated machines, the value of which does not

reflect platelet function. A platelet concentration below

50 9 109.l�1 might prompt treatment.

Fibrinogen plays a major role in routine coagula-

tion tests such as the aPTT and the prothrombin time.

Two methods are used: counting the fibrinogen mole-

cules, for example by immunology, gravitometry or

heat precipitation; and measuring clottable fibrinogen,

for example by Claus’s method, which is affected by

heparin and fibrinogen degradation products. Excessive

bleeding has been reported at fibrinogen concentra-

tions below 50–100 mg.dl�1 [62, 63]. Fibrinogen con-

centrations of 200–380 mg.dl�1 are required for

sufficient fibrin clot polymerisation [64, 65]. Low pre-

operative fibrinogen levels are associated with intra-

operative bleeding during cardiac surgery. The fibrino-

gen concentration is the single variable best correlated

with postpartum bleeding [66]. Individual coagulation

factors and molecular markers of the coagulation and

fibrinolytic systems are rarely assayed pre-operatively,

because these tests can take a long time and might be

unavailable. Patients with inherited coagulation defects

may exsanguinate with trauma or major surgery unless

deficient factors are replaced, for instance factors 8

and 9 or von Willebrand factor concentrate.

Routine pre-operative coagulation tests are poor

predictors of peri-operative bleeding and mortality.

Although aPTT > 1.8 times normal and INR > 1.8

have been associated with mortality in trauma, particu-

larly when they co-exist, moderately-prolonged times

have not been associated with adverse outcome [56,

63, 67, 68]. Platelet concentration also does not inde-

pendently associate with mortality in emergency medi-

cine [69].

Global coagulation tests are inadequately standard-

ised, with variable sensitivities of test reagents and

variation between laboratories and investigators. Rou-

tine tests do not identify which coagulation factor is

deficient. The speed of fibrin strand formation is

assessed by the prothrombin and aPTT, but they do

not assess the mechanical and functional properties of

clot formation. Functional fibrin polymerisation may

be impaired despite normal fibrinogen concentration,

in the same way that platelet function may be

impaired despite normal platelet concentration. Global

coagulation tests are of plasma at a standardised tem-

perature in the absence of platelets and blood cells.

Tests of plasma function do not interrogate the

Table 2 Standardised questionnaire items to detect an
increased bleeding risk.

Known coagulopathy
Unexplained epistaxis
Unexplained haematoma, petechial lesions on the torso or
an unusual location
Defective wound healing
Prolonged bleeding after accidental or surgical cuts,
including dental work
Abnormal requirement for blood products after previous
surgery
Hypermenorrhagia requiring > 7 tampons per day,
bleeding > 7 days since menarche
Medication affecting coagulation: pain killers,
anti-thrombotic and anti-platelet drugs,
over-the-counter drugs and dietary factors
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complex haemostatic interaction of plasma proteins,

platelets and the vessel wall.

However, an increasing number of tests can be

performed immediately on venesected whole blood,

using point-of-care automated devices. The measure-

ment of prothrombin time and aPTT times immedi-

ately before surgery can be useful for patients

chronically anticoagulated, for instance using

‘CoaguChek�’ (Roche Diagnostics Ltd, Burgess Hill,

UK). New tests are anticipated for direct factor Xa

inhibitors. Immediate test results are not identical to

laboratory test results, but normal values suggest that

vitamin K antagonists or direct thrombin inhibitors,

such as dabigatran, have been sufficiently eliminated.

Platelet function tests
The European Society of Anaesthesiology recommends

assessing pre-operative platelet function only for

patients with an abnormal bleeding history (Grade 2C)

[11]. The widespread adoption of anti-platelet agents

into everyday clinical practice has revolutionised con-

temporary care of cardiovascular patients. However,

these drugs increase peri-operative bleeding, a problem

that will become increasingly important [70–72]. Plate-

let function tests are first level tests in the pre-opera-

tive evaluation of patients with a positive bleeding

history (Fig. 1) [60, 73]. Second-level tests are indi-

cated when global panel and viscoelastic coagulation

tests cannot diagnose the haemostatic defect responsi-

ble for bleeding, particularly for patients taking anti-

platelet drugs, patients with inherited or acquired

platelet defects, and patients on extracorporeal bypass

circulation.

There is still no simple reliable method for measur-

ing platelet function. Static tests, such as measurement

of b-thromboglobulin, capture only one single point in

time and cannot accurately reflect the dynamic pro-

cesses encountered intra-operatively. Dynamic tests

such as the bleeding time reflect the time-dependent

contribution of platelets to overall clot formation. How-

ever, the bleeding time is poorly standardised, is depen-

dent upon temperature, catecholamines and vascular

disorders, lacks specificity and sensitivity, increases

non-specifically during surgery and transfusion and

does not predict bleeding [67, 74, 75].

Several modern analysers assess the platelet

response to an agonist. The platelet function analyser

PFA-100� (Siemens Healthcare Diagnostics, Marburg,

Germany) provides a measure of platelet function

in citrated whole blood at high shear rates. This

Figure 1 Austrian algorithm of the pre-operative coagulation work-up [60].
aPTT, activated partial thromboplastin time; PHC, primary haemostasis capacity; POCT, point-of-care functional
coagulation monitoring (e.g. ROTEM); PT, prothrombin time. *Standardised questionnaire (Table 2). †Laboratory
testing may be performed before intracranial and spinal surgery, retina surgery, neuraxial blockade with catheter
insertion in non-obstetric patients, infra- or supra-clavicular approach of central venous catheter insertion. ‡In
patients with known coagulopathy, e.g. factor VIII activity in haemophilia A.
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instrument aspirates 800 ll of blood through a capil-

lary and microscopic aperture within a membrane

coated with platelet agonists, collagen and either adre-

naline or adenosine diphosphate (ADP). Activated

platelets attach to the membrane where they aggregate

to form a plug. The time taken to occlude the aper-

ture is a function of platelet concentration and reac-

tivity, von Willebrand factor activity and haematocrit

[76]. The normal times for aperture closure are less

than 165 s for adrenaline cartridges and less than

186 s for ADP cartridges. The response of aperture

closure time to desmopressin should be assessed in

patients with platelet dysfunction, unless there are

contraindications. This method can rapidly identify

pre-operative platelet disorders, including those associ-

ated with von Willebrand syndrome [60, 73, 77]. In

cardiac surgical patients, the pre-operative aperture

time correlated with postoperative blood loss in some

cardiac studies [78], but not in others [79].

Other platelet aggregometers measure changes in

luminescence or impedance after platelet agonist stim-

ulation. Originally, these techniques were only per-

formed by specialised laboratories as their widespread

adoption has been limited by several technical barriers.

The ‘Multiplate’ aggregometer (Roche Diagnostics Ltd)

avoids several methodological problems of the original

platelet aggregometers. Whole blood (300 ll) is mixed

with set concentrations of collagen, arachidonic acid,

ADP, thrombin receptor activator peptide 6 or risto-

cetin in a single-use plastic cup with a pair of elec-

trodes and a stirring bar. Platelet adhesion and

aggregation change electrical impedance between the

electrodes. The changing impedance characterises the

aggregation velocity, the maximum aggregation and

the area under the aggregation curve. This device can

detect the effects of anti-platelet drugs [80–82] and

changes in platelet function after cardiac surgery [81,

83]. Impedance aggregometry could help diagnose

causes of acute bleeding [84, 85]. However, it has not

been validated for low platelet counts and, thus, its use

in haemorrhagic thrombocytopaenia has yet to be

determined. Blood samples drawn for platelet function

tests have to be handled carefully, withdrawn without

stasis and rested for a set time before adding anticoag-

ulant to the test cuvette, without cooling or freezing

the sample.

Other platelet monitoring techniques are currently

under development but have not yet been tested dur-

ing the assessment of platelet-related peri-operative

bleeding.

Conclusion
In conclusion, pre-operative anaemia should be

detected, classified and treated before major elective

procedures and while emergency cases are prepared

for surgery. Anaemia should be treated with iron and

erythropoiesis-stimulating agents, as appropriate.

Blood transfusions should be reserved for severely

anaemic patients, particularly with poor physiological

reserve, when time does not permit standard treat-

ment. Intravenous iron is safe, reduces blood transfu-

sions and hastens recovery. A combination of pre-

operative iron and erythropoiesis-stimulating agents is

justified for both elective and urgent surgery, particu-

larly for anaemia with an inflammatory component,

although the minimal effective dose is presently

unknown.

Standardised questionnaires should be used to

gauge the bleeding history instead of routine global

coagulation screening. An abnormal history of bleed-

ing, with or without drugs, should trigger further tests

of plasmatic haemostasis and platelet function if the

patient is scheduled for surgery with a high risk of

bleeding or when there is a relevant co-morbidity. Pre-

operative platelet functional assessment should be used

when indicated. The value of point-of-care coagulation

testing in patients with bleeding disorders and that of

genetic testing for evaluating bleeding risk deserves

further research.

Competing interests
MM has received honoraria for consultancy, lectures

and travel from Stryker Ib�erica (Spain), Wellspect

HealthCare (Sweden), Ferrer Pharma (Spain), Roche

(Spain), Vifor Pharma (Spain and Switzerland),

PharmaCosmos (Denmark) and Zambon (Spain), but

not for this work. SK-L has received honoraria for lec-

turing and funding for the academic, non-profit educa-

tional e-learning platform http://www.peri-operative

bleeding.org, from companies involved in peri-operative

coagulation monitoring (Roche, TEM International).

SG-R has nothing to declare.

© 2015 The Association of Anaesthetists of Great Britain and Ireland 25

Mu~noz et al. | Pre-operative bloods for major surgery Anaesthesia 2016, 71 (Suppl. 1), 19–28

http://www.peri-operativebleeding.org
http://www.peri-operativebleeding.org
iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight



References
1. Norgaard A, De Lichtenberg TH, Nielsen J, Johansson PI. Moni-

toring compliance with transfusion guidelines in hospital
departments by electronic data capture. Blood Transfusion
2014; 12: 509–19.

2. Roubinian NH, Escobar GJ, Liu V, et al. Trends in red blood cell
transfusion and 30-day mortality among hospitalized patients.
Transfusion 2014; 54: 2678–86.

3. Gombotz H, Rehak PH, Shander A, Hofmann A. The second
Austrian benchmark study for blood use in elective surgery:
results and practice change. Transfusion 2014; 54: 2646–57.

4. Shander A, Van Aken H, Colomina MJ, et al. Patient blood
management in Europe. British Journal of Anaesthesia 2012;
109: 55–68.

5. World Health Assembly. WHA 63.12 (resolution). Availability,
safety and quality of blood products. 2010. http://apps.
who.int/gb/ebwha/pdf_files/WHA63/A63_R12-en.pdf (ac-
cessed 24/07/2015).

6. Jaeschke R, Guyatt GH, Dellinger P, et al. Use of GRADE grid to
reach decisions on clinical practice guidelines when consensus
is elusive. British Medical Journal 2008; 337: a744.

7. Beris P, Mu~noz M, Garc�̌a-Erce JA, Thomas D, Maniatis A, Van
der Linden P. Perioperative anaemia management: consensus
statement on the role of intravenous iron. British Journal of
Anaesthesia 2008; 100: 599–604.

8. Goodnough LT, Maniatis A, Earnshaw P, et al. Detection, evalu-
ation, and management of preoperative anaemia in the elec-
tive orthopaedic surgical patient: NATA guidelines. British
Journal of Anaesthesia 2011; 106: 13–22.

9. Carson JL, Grossman BJ, Kleinman S, et al. Red blood cell
transfusion: a clinical practice guideline from the AABB.
Annals of Internal Medicine 2012; 157: 49–58.

10. Leal-Noval SR, Mu~noz M, Asuero M, et al. Spanish consensus
statement on alternatives to allogeneic blood transfusion: the
2013 update of the ‘‘Seville Document’’. Blood Transfusion
2013; 11: 585–610.

11. Kozek-Langenecker SA, Afshari A, Albaladejo P, et al. Manage-
ment of severe perioperative bleeding: guidelines from the
European Society of Anaesthesiology. European Journal of
Anaesthesiology 2013; 30: 270–382.

12. Mu~noz M, G�omez-Ram�̌rez S, Kozek-Langeneker S, et al. ‘Fit to
fly’: overcoming the barriers to preoperative haemoglobin
optimization in surgical patients. British Journal of Anaesthe-
sia 2015; 115: 152–24.

13. Wu WC, Schifftner TL, Henderson WG, et al. Preoperative
hematocrit levels and postoperative outcomes in older
patients undergoing noncardiac surgery. Journal of the Ameri-
can Medical Association 2007; 297: 2481–8.

14. Beattie WS, Karkouti K, Wijeysundera DN, Tait G. Risk associ-
ated with preoperative anemia in noncardiac surgery: a sin-
gle-center cohort study. Anesthesiology 2009; 110: 574–81.

15. Musallam KM, Tamim HM, Richards T, et al. Preoperative
anaemia and postoperative outcomes in non-cardiac surgery:
a retrospective cohort study. Lancet 2011; 378: 1396–407.

16. Mu~noz M, Garcia-Erce JA, Remacha AF. Disorders of iron meta-
bolism. Part II: iron deficiency and iron overload. Journal of
Clinical Pathology 2011; 64: 287–96.

17. Thomas DW, Hinchliffe RF, Briggs C, Macdougall IC, Littlewood
T, Cavill I; British Committee for Standards in Haematology.
Guideline for the laboratory diagnosis of functional iron defi-
ciency. British Journal of Haematology 2013; 161: 639–48.

18. Mu~noz M, G�omez-Ram�̌rez S, Mart�̌n-Monta~nez E, Auerbach M.
Perioperative anemia management in colorectal cancer

patients: a pragmatic approach. World Journal of Gastroen-
terology 2014; 20: 1972–85.

19. Cuenca J, Garc�̌a-Erce JA, Mart�̌nez F, Cardona R, P�erez-Serrano
L, Mu~noz M. Pre-operative haematinics and transfusion proto-
col reduce the need for transfusion after total knee replace-
ment. International Journal of Surgery 2007; 5: 89–94.

20. Rogers BA, Cowie A, Alcock C, Rosson JW. Identification and
treatment of anaemia in patients awaiting hip replacement.
Annals of the Royal College of Surgeons of England 2008; 90:
504–7.

21. Okuyama M, Ikeda K, Shibata T, Tsukahara Y, Kitada M, Shi-
mano T. Preoperative iron supplementation and intra-opera-
tive transfusion during colorectal cancer surgery. Surgery
Today 2005; 35: 36–40.

22. Quinn M, Drummond RJ, Ross F, Murray J, Murphy J, MacDon-
ald A. Short course pre-operative ferrous sulphate supplemen-
tation – is it worthwhile in patients with colorectal cancer?
Annals of the Royal College of Surgeons of England 2010; 92:
569–72.

23. Lachance K, Savoie M, Bernard M, et al. Oral ferrous sulfate
does not increase preoperative hemoglobin in patients sched-
uled for hip or knee arthroplasty. Annals of Pharmacotherapy
2011; 45: 764–70.

24. Crosby L, Palarski VA, Cottington E, Cmolik B. Iron supplemen-
tation for acute blood loss anemia after coronary artery
bypass surgery: a randomized, placebo-controlled study. Heart
and Lung 1994; 23: 493–9.

25. Sutton PM, Cresswell T, Livesey JP, Speed K, Bagga T. Treat-
ment of anaemia after joint replacement. Journal of Bone
and Joint Surgery. British Volume 2004; 86: 31–3.

26. Mundy GM, Birtwistle SJ, Power RA. The effect of iron supple-
mentation on the level of haemoglobin after lower limb
arthroplasty. Journal of Bone and Joint Surgery. British Volume
2005; 87: 213–7.

27. Parker MJ. Iron supplementation for anemia after hip fracture
surgery: a randomized trial of 300 patients. Journal of Bone
and Joint Surgery. American Volume 2010; 92: 265–9.

28. D�ıez-Lobo AI, Fisac-Mart�̌n MP, Bermejo-Aycar I, Mu~noz M. Pre-
operative intravenous iron administration corrects anemia and
reduces transfusion requirement in women undergoing
abdominal hysterectomy. Transfusion Alternatives in Transfu-
sion Medicine 2007; 9: 114–9.

29. Bisbe E, Garc�ıa-Erce JA, D�ıez-Lobo AI, Mu~noz M; Anaemia
Working Group Espa~na. A multicentre comparative study on
the efficacy of intravenous ferric carboxymaltose and iron
sucrose for correcting preoperative anaemia in patients under-
going major elective surgery. British Journal of Anaesthesia
2011; 107: 477–8.

30. D�ıaz Espallardo C, Laso Morales MJ, Colilles Calvet C, Mora
L�opez L, Roig Mart�ınez I, Mart�ınez Mar�ın MT. [The multidisci-
plinary approach is useful for optimising preoperative haemo-
globin in colorectal cancer surgery]. Cirug�ıa Espa~nola 2011;
89: 392–9.

31. Basora M, Colomina MJ, Tio M, Mora L, Salazar F, Ciercoles E.
Optimizing preoperative haemoglobin with intravenous iron.
British Journal of Anaesthesia 2013; 110: 488–90.

32. Yoo YC, Shim KK, Kim JC, Jo YY, Lee JH, Kwak YL. Effect of sin-
gle recombinant human erythropoietin injection on transfu-
sion requirements in preoperatively anemic patients
undergoing valvular heart surgery. Anesthesiology 2011; 115:
929–37.

33. Serrano-Trenas JA, Ugalde PF, Cabello LM, Chofles LC, L�azaro
PS, Ben�ıtez PC. Role of perioperative intravenous iron therapy

26 © 2015 The Association of Anaesthetists of Great Britain and Ireland

Anaesthesia 2016, 71 (Suppl. 1), 19–28 Mu~noz et al. | Pre-operative bloods for major surgery

http://apps.who.int/gb/ebwha/pdf_files/WHA63/A63_R12-en.pdf
http://apps.who.int/gb/ebwha/pdf_files/WHA63/A63_R12-en.pdf


in elderly hip fracture patients: a single-center randomized
controlled trial. Transfusion 2011; 51: 97–104.

34. Mu~noz M, G�omez-Ram�ırez S, Cuenca J, Garc�ıa-Erce JA, Iglesias-
Aparicio D, Haman-Alcober S, et al. Very-short-term periopera-
tive intravenous iron administration and postoperative out-
come in major orthopedic surgery: a pooled analysis of
observational data from 2547 patients. Transfusion 2014; 54:
289–99.

35. Mu~noz M, G�omez-Ram�ırez S, Mart�ın-Monta~nez A, Naveira E,
Seara J, Pav�ıa J. Cost of post-operative intravenous iron ther-
apy in total lower limb arthroplasty: a retrospective, matched
cohort study. Blood Transfusion 2014; 12: 40–9.

36. Torres S, Kuo YH, Morris K, Neibart R, Holtz JB, Davis JM. Intra-
venous iron following cardiac surgery does not increase the
infection rate. Surgical Infections 2006; 7: 361–6.

37. European Medicines Agency. New recommendations to man-
age risk of allergic reactions with intravenous iron-containing
medicines. http://www.ema.europa.eu/ema/index.jsp?curl=-
pages/news_and_events/news/2013/06/newsdetail_001833.
jsp&mid=WC0b01ac058004d5c1 (accessed 24/07/2015).

38. Rampton D, Folkersen J, Fishbane S, et al. Hypersensitivity
reactions to intravenous iron: guidance for risk minimization
and management. Haematologica 2014; 99: 1671–6.

39. Avni T, Bieber A, Grossman A, Green H, Leibovici L, Gafter-
Gvili A. The safety of intravenous iron preparations: system-
atic review and meta-analysis. Mayo Clinic Proceedings 2015;
90: 12–23.

40. Reinisch W, Staun M, Bhandari S, Mu~noz M. State of the iron:
how to diagnose and efficiently treat iron deficiency anemia
in inflammatory bowel disease. Journal of Crohn’s and Colitis
2013; 7: 429–40.

41. Calvet X, Ru�ız M�A, Dosal A, et al. Cost-minimization analysis
favours intravenous ferric carboxymaltose over ferric sucrose
for the ambulatory treatment of severe iron deficiency. PLoS
ONE 2012; 7: e45604.

42. Lin DM, Lin ES, Tran MH. Efficacy and safety of erythropoietin
and intravenous iron in perioperative blood management: a
systematic review. Transfusion Medicine Review 2013; 27:
221–34.

43. Weber EWG, Slappendel R, H�emon Y, et al. Effects of epoetin
alfa on blood transfusions and postoperative recovery in
orthopaedic surgery: the European Epoetin Alfa Surgery Trial
(EEST). European Journal of Anaesthesiology 2005; 22: 249–
57.

44. Karkouti K, McCluskey SA, Evans L, Mahomed N, Ghannam M,
Davey R. Erythropoietin is an effective clinical modality for
reducing RBC transfusion in joint surgery. Canadian Journal of
Anesthesia 2005; 52: 363–8.

45. Rosencher N, Poisson D, Albi A, Aperce M, Barr�e J, Samama
CM. Two injections of erythropoietin correct moderate anemia
in most patients awaiting orthopedic surgery. Canadian Jour-
nal of Anesthesia 2005; 52: 160–5.

46. Alghamdi AA, Albanna MJ, Guru V, Brister SJ. Does the use of
erythropoietin reduce the risk of exposure to allogeneic blood
transfusion in cardiac surgery? A systematic review and meta-
analysis. Journal of Cardiac Surgery 2006; 21: 320–6.

47. Cladellas M, Farr�e N, Com�ın-Colet J, et al. Effects of preopera-
tive intravenous erythropoietin plus iron on outcome in ane-
mic patients after cardiac valve replacement. American
Journal of Cardiology 2012; 110: 1021–6.

48. Weltert L, Rondinelli B, Bello R, et al. A single dose of ery-
thropoietin reduces perioperative transfusions in cardiac sur-
gery: results of a prospective single-blind randomized
controlled trial. Transfusion 2015; 55: 1644–54.

49. Devon KM, McLeod RS. Pre and peri-operative erythropoietin
for reducing allogeneic blood transfusions in colorectal cancer
surgery. Cochrane Database of Systematic Reviews 2009; 1:
CD007148.

50. Mu~noz M, Leal-Noval SR, Garc�ıa-Erce JA. [Is there still a role
for recombinant erythropoietin in the management of anae-
mia of critical illness?]. Medicina Cl�ınica 2009; 132: 749–55.

51. Locatelli F, B�ar�any P, Covic A, et al.; ERA-EDTA ERBP Advisory
Board. Kidney Disease: Improving Global Outcomes guidelines
on anaemia management in chronic kidney disease: a Euro-
pean Renal Best Practice position statement. Nephrology,
Dialysis, Transplantation 2013; 28: 1346–59.

52. Aapro MS, Link H. September 2007 update on EORTC guideli-
nes and anemia management with erythropoiesis stimulating
agents. Oncologist 2008; 13: 33–6.

53. Lichtin AE. Clinical practice guidelines for the use of erythroid-
stimulating agents: ASCO, EORTC, NCCN. Cancer Treatment and
Research 2011; 157: 239–48.

54. Stowell CP, Jones SC, Enny C, Langholff W, Leitz G. An open-
label, randomized, parallel-group study of perioperative epo-
etin alfa versus standard of care for blood conservation in
major elective spinal surgery: safety analysis. Spine 2009; 34:
2479–85.

55. Kaplan E, Sheiner L, Boeckmann A, et al. The usefulness of
preoperative laboratory screening. Journal of the American
Medical Association 1985; 253: 3576–81.

56. Dzik WH. Predicting hemorrhage using preoperative coagula-
tion screening assays. Current Hematology Reports 2004; 3:
324–30.

57. Velanovich V. The value of routine preoperative laboratory
testing in predicting postoperative complications: a multivari-
ate analysis. Surgery 1991; 109: 236–43.

58. Macpherson CR, Jacobs P, Dent DM. Abnormal peri-operative
haemorrhage in asymptomatic patients is not predicted by
laboratory testing. South Africa Medical Journal 1993; 83:
106–8.

59. Koscielny J, von Tempelhoff GF, Ziemer S, et al. A practical
concept for preoperative management of patients with
impaired primary hemostasis. Clinical and Applied Thrombo-
sis/Hemostasis 2004; 10: 155–66.

60. Pfanner G, Koscielny J, Pernerstorfer T, et al. [Preoperative
evaluation of the bleeding history. Recommendations of the
working group on perioperative coagulation of the Austrian
Society for Anaesthesia, Resuscitation and Intensive Care].
Anaesthesist 2007; 56: 604–11.

61. OEGARI. http://www.oegari.at/web_files/dateiarchiv/editor/
quellleitlinie_praeoperative_patientinnenevaluierung_gueltigkeit_
aufrecht_2.pdf (accessed 24/07/2015).

62. Ciavarella D, Reed R, Counts R, et al. Clotting factor levels and
the risk of diffuse microvascular bleeding in the massively
transfused patient. British Journal of Haematology 1987; 67:
365–8.

63. Rahe-Meyer N, Solomon C, Winterhalter M, et al. Thromboe-
lastometry-guided administration of fibrinogen concentrate
for the treatment of excessive intraoperative bleeding in tho-
racoabdominal aortic aneurysm surgery. Journal of Thoracic
and Cardiovascular Surgery 2009; 138: 694–702.

64. Charbit B, Mandelbrot L, Samain E, et al. The decrease of fib-
rinogen is an early predictor of the severity of postpartum
hemorrhage. Journal of Thrombosis and Haemostasis 2007; 5:
266–73.

65. Counts RB, Haisch C, Simon TL, Maxwell NG, Heimbach DM,
Carrico CJ. Hemostasis in massively transfused trauma
patients. Annals of Surgery 1979; 190: 91–9.

© 2015 The Association of Anaesthetists of Great Britain and Ireland 27

Mu~noz et al. | Pre-operative bloods for major surgery Anaesthesia 2016, 71 (Suppl. 1), 19–28

http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2013/06/newsdetail_001833.jsp&mid=WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2013/06/newsdetail_001833.jsp&mid=WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2013/06/newsdetail_001833.jsp&mid=WC0b01ac058004d5c1
http://www.oegari.at/web_files/dateiarchiv/editor/quellleitlinie_praeoperative_patientinnenevaluierung_gueltigkeit_aufrecht_2.pdf
http://www.oegari.at/web_files/dateiarchiv/editor/quellleitlinie_praeoperative_patientinnenevaluierung_gueltigkeit_aufrecht_2.pdf
http://www.oegari.at/web_files/dateiarchiv/editor/quellleitlinie_praeoperative_patientinnenevaluierung_gueltigkeit_aufrecht_2.pdf


66. de Lloyd L, Bovington R, Kaye A, et al. Standard haemostatic
tests following major obstetric haemorrhage. International
Journal of Obstetric Anesthesia 2011; 20: 135–41.

67. Yuan S, Ferrell C, Chandler WL. Comparing the prothrombin
time INR versus the APTT to evaluate the coagulopathy of
acute trauma. Thrombosis Research 2007; 120: 29–37.

68. MacLeod JB, Lynn M, McKenney MG, Cohn SM, Murtha M.
Early coagulopathy predicts mortality in trauma. Journal of
Trauma 2003; 55: 39–44.

69. Merritt JC, Bhatt DL. The efficacy and safety of perioperative
antiplatelet therapy. Journal of Thrombosis and Thrombolysis
2004; 17: 21–7.

70. Tanaka KA, Szlam F, Kelly AB, Vega JD, Levy JH. Clopidogrel
(Plavix) and cardiac surgical patients: implications for platelet
function monitoring and postoperative bleeding. Platelets
2004; 15: 325–32.

71. Siller-Matula JM, Petre A, Delle-Karth G, et al. Impact of pre-
operative use of P2Y12 receptor inhibitors on clinical out-
comes in cardiac and non-cardiac surgery: a systematic
review and meta-analysis. European Heart Journal. Acute Car-
diovascular Care 2015; doi:10.1177/2048872615585516

72. Lillicrap D, Nair SC, Srivastava A, Rodeghiero F, Pabinger I,
Federici AB. Laboratory issues in bleeding disorders. Hae-
mophilia 2006; 12: 68–75.

73. Rodgers RP. Bleeding time tables: a tabular summary of perti-
nent literature. Seminars in Thrombosis and Hemostasis
1990; 16: 21–38.

74. Mannucci PM, Federici AB, Sirchia G. Hemostasis testing dur-
ing massive blood replacement. A study of 172 cases. Vox
Sanguinis 1982; 42: 113–23.

75. Escolar G, Cases A, Vinas M, et al. Evaluation of acquired pla-
telet dysfunctions in uremic and cirrhotic patients using the
platelet function analyzer (PFA-100): influence of hematocrit
elevation. Haematologica 1999; 84: 614–9.

76. Barrowcliffe TW, Cattaneo M, Podda GM, et al. New
approaches for measuring coagulation. Haemophilia 2006;
12: 76–81.

77. Wahba A, Sander S, Birnbaum DE. Are in-vitro platelet func-
tion tests useful in predicting blood loss following open heart

surgery? Thoracic and Cardiovascular Surgeon 1998; 46: 228–
31.

78. Forestier F, Coiffic A, Mouton C, Ekouevi D, Chȇne G, Janvier G.
Platelet function point-of-care tests in post-bypass cardiac sur-
gery: are they relevant? British Journal of Anaesthesia 2002;
89: 715–21.

79. Paniccia R, Antonucci E, Maggini N, et al. Assessment of pla-
telet function on whole blood by multiple electrode aggre-
gometry in high-risk patients with coronary artery disease
receiving antiplatelet therapy. American Journal of Clinical
Pathology 2009; 131: 834–42.

80. Sibbing D, Braun S, Jawansky S, et al. Assessment of ADP-
induced platelet aggregation with light transmission aggre-
gometry and multiple electrode platelet aggregometry before
and after clopidogrel treatment. Thrombosis and Haemostasis
2008; 99: 121–6.

81. Jambor C, Weber C, Gerhardt K, et al. Whole blood multiple
electrode aggregometry is a reliable point-of-care test of
aspirin-induced platelet dysfunction. Anesthesia and Analge-
sia 2009; 109: 25–31.

82. Velik-Salchner C, Maier S, Innerhofer P, et al. An assessment
of cardiopulmonary bypass-induced changes in platelet func-
tion using whole blood and classical light transmission aggre-
gometry: the results of a pilot study. Anesthesia and
Analgesia 2009; 108: 1747–54.

83. Shore-Lesserson L. Evidence based coagulation monitors: hep-
arin monitoring, thromboelastography, and platelet function.
Seminars in Cardiothoracic and Vascular Anesthesia 2005; 9:
41–52.

84. Kozek-Langenecker S. Global and European bleeding manage-
ment guidelines. http://www.peri-operativebleeding.org (ac-
cessed 24/07/2015).

85. Mahla E, Suarez TA, Bliden KP, et al. Platelet function mea-
surement-based strategy to reduce bleeding and waiting time
in clopidogrel-treated patients undergoing coronary artery
bypass graft surgery: the timing based on platelet function
strategy to reduce clopidogrel-associated bleeding related to
CABG (TARGET-CABG) study. Circulation. Cardiovascular Inter-
ventions 2012; 5: 261–9.

28 © 2015 The Association of Anaesthetists of Great Britain and Ireland

Anaesthesia 2016, 71 (Suppl. 1), 19–28 Mu~noz et al. | Pre-operative bloods for major surgery

http://dx.doi.org/10.1177/2048872615585516
http://www.peri-operativebleeding.org

