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Detection, evaluation, and management of preoperative
anaemia in the elective orthopaedic surgical patient: NATA
guidelines
L. T. Goodnough 1*, A. Maniatis 2, P. Earnshaw 3, G. Benoni 4, P. Beris 5, E. Bisbe 6, D. A. Fergusson 7,
H. Gombotz 8, O. Habler 9, T. G. Monk 10, Y. Ozier 11, R. Slappendel 12 and M. Szpalski 13

1 Department of Pathology and Medicine, Stanford University School of Medicine, Pasteur Dr., Room H-1402, 5626, Stanford, CA 94305, USA
2 Hematology Division, Henry Dunant Hospital, Athens, Greece
3 Department of Orthopaedics, Guy’s and St Thomas’ Hospital, London, UK
4 Department of Orthopedics, Malmö University Hospital, Malmö, Sweden
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Editor’s key points

† Preoperative anaemia is a
serious but treatable
condition.

† Preoperative
haemoglobin
measurement (28 days)
should allow time for
treatment.

† Abnormalities should be
investigated and treated
before operation.

† An algorithm to guide
management is
proposed.

Summary. Previously undiagnosed anaemia is common in elective orthopaedic surgical
patients and is associated with increased likelihood of blood transfusion and increased
perioperative morbidity and mortality. A standardized approach for the detection,
evaluation, and management of anaemia in this setting has been identified as an unmet
medical need. A multidisciplinary panel of physicians was convened by the Network for
Advancement of Transfusion Alternatives (NATA) with the aim of developing practice
guidelines for the detection, evaluation, and management of preoperative anaemia in
elective orthopaedic surgery. A systematic literature review and critical evaluation of the
evidence was performed, and recommendations were formulated according to the
method proposed by the Grades of Recommendation Assessment, Development and
Evaluation (GRADE) Working Group. We recommend that elective orthopaedic surgical
patients have a haemoglobin (Hb) level determination 28 days before the scheduled
surgical procedure if possible (Grade 1C). We suggest that the patient’s target Hb before
elective surgery be within the normal range, according to the World Health Organization
criteria (Grade 2C). We recommend further laboratory testing to evaluate anaemia for
nutritional deficiencies, chronic renal insufficiency, and/or chronic inflammatory disease
(Grade 1C). We recommend that nutritional deficiencies be treated (Grade 1C). We
suggest that erythropoiesis-stimulating agents be used for anaemic patients in whom
nutritional deficiencies have been ruled out, corrected, or both (Grade 2A). Anaemia
should be viewed as a serious and treatable medical condition, rather than simply an
abnormal laboratory value. Implementation of anaemia management in the elective
orthopaedic surgery setting will improve patient outcomes.

Keywords: anaemia; blood transfusion; orthopaedic surgery; preoperative assessment;
preoperative preparation

The overall prevalence of anaemia in the general population
increases with age, so that in the elderly (.65 yr old), the
prevalence of anaemia as defined by the World Health
Organization (WHO)1 is 11% and 10.2% for men and
women, respectively.2 Previously undiagnosed anaemia is

therefore common in elective surgical patients;3 the preva-
lence depending on age and associated co-morbidities
such as diabetes, congestive heart failure, and other inflam-
matory conditions. In a US national audit of patients under-
going elective orthopaedic surgery,4 35% of the patients

& The Author [2011]. Published by Oxford University Press on behalf of the British Journal of Anaesthesia.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/2.5), which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

British Journal of Anaesthesia 106 (1): 13–22 (2011)
doi:10.1093/bja/aeq361
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reviewers with guidelines to pursue a systematic evaluation
of published evidence with the ultimate goal of providing
physicians with an informed expert opinion of the state of
the evidence for an intervention of interest.

Recommendations
Detection of anaemia
Recommendation 1: We recommend that elective surgical
patients have an Hb level determination as close to
28 days before the scheduled surgical procedure as possible
(Grade 1C).

The Circular of Information for Blood and Blood Products33

has recommended that iron, vitamin B12, folic acid, and ery-
thropoietin be used instead of blood transfusion, ‘if the clini-
cal condition of the patient permits sufficient time for those
agents to promote erythropoiesis . . .’ The key phrase relevant
to this recommendation is, ‘sufficient time . . . to promote ery-
thropoiesis.’ Detection of anaemia as close to 28 days before
surgery is recommended for sufficient time for evaluation
and management.

Recommendation 2: We suggest that the patient’s target
Hb before elective surgery be within the normal range
(female ≥12 g dl21, male ≥13 g dl21), according to the
WHO criteria (Grade 2C).

This recommendation is a suggestion, indicating a lack of
panel consensus and evidence on whether elective surgical
procedures should be cancelled, representing best practices,
for patients who are identified to be anaemic. Delay of elec-
tive scheduled surgery for definitive evaluation of newly
detected anaemia and associated clinical conditions (nutri-
tional deficiency, chronic renal disease, etc.) will benefit
patients and reduce harm, including likelihood of exposure
to blood transfusions.

Evaluation of anaemia
Recommendation 3: We recommend that laboratory testing
be performed to further evaluate anaemia for nutritional
deficiencies, chronic renal insufficiency, and/or chronic
inflammatory disease (Grade 1C).

Unexplained anaemia should be considered as secondary
to some other process,2 9 and the cause of the anaemia must
be evaluated. Laboratory testing must be performed to
further evaluate anaemia for nutritional deficiencies,
chronic renal insufficiency, and/or chronic inflammatory
disease and the cause of the anaemia must be evaluated.
If a screening blood count detects anaemia, evaluation
should begin with an assessment of iron status. The assess-
ment of iron-restricted erythropoiesis needs to distinguish
between absolute iron deficiency, iron sequestration due to
inflammation, and/or functional iron deficiency due to
erythropoietin stimulation.39 The accurate differentiation
of these is difficult using traditional biochemical markers of
iron status, such as serum iron, percentage saturation of
transferrin, and serum ferritin.9 As ferritin is an acute-phase
reactant, traditional laboratory thresholds of ,12 mg litre21

may be suitable for identifying absolute iron deficiency in
normal individuals, but not in patients with any evidence of
an inflammatory process.36 Correlation of iron stores with
ferritin values has demonstrated that ferritin levels must
exceed 30 mg litre21 to achieve a 92% sensitivity for exclu-
sion of absolute iron deficiency.40 For patients without
chronic renal disease, ferritin levels .100 mg litre21

confirm the presence of stored iron.9 36

When absolute iron deficiency is detected, referral to a
gastroenterologist to rule out a gastrointestinal malignancy
as a source of chronic blood loss is indicated.38 If laboratory
evaluation or a diagnostic trial of iron therapy rules out
absolute iron deficiency, measurement of serum creatinine

Grading system

Strength of recommendation: is risk/benefit clear?

Yes  strong recommendation=Grade 1: ‘we recommend’

No  weak recommendation=Grade 2: ‘we suggest’

High-quality evidence=A (meta-analyses, randomized controlled trials)

Moderate-quality evidence=B (randomized controlled trials with limitations,
observational studies with large effects)
Low- or very low-quality evidence=C (obervational studies, randomized
controlled tried with major limitations)

Grade 1A
Grade 1B
Grade 1C

Grade 2A
Grade 2B
Grade 2C

Grade of recommendation=6 possible grades

Quality of evidence

Fig 1 The grading system used for assessment.
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Patient Blood Management
Recommendations From the
2018 Frankfurt Consensus Conference
Markus M. Mueller, MD; Hans Van Remoortel, PhD; Patrick Meybohm, MD, PhD; Kari Aranko, MD, PhD;
Cécile Aubron, MD, PhD; Reinhard Burger, PhD; Jeffrey L. Carson, MD, PhD; Klaus Cichutek, PhD;
Emmy De Buck, PhD; Dana Devine, PhD; Dean Fergusson, PhD; Gilles Folléa, MD, PhD; Craig French, MB, BS;
Kathrine P. Frey, MD; Richard Gammon, MD; Jerrold H. Levy, MD; Michael F. Murphy, MD, MBBS; Yves Ozier, MD;
Katerina Pavenski, MD; Cynthia So-Osman, MD, PhD; Pierre Tiberghien, MD, PhD; Jimmy Volmink, DPhil;
Jonathan H. Waters, MD; Erica M. Wood, MB, BS; Erhard Seifried, MD, PhD; for the ICC PBM Frankfurt 2018 Group

IMPORTANCE Blood transfusion is one of the most frequently used therapies worldwide and
is associated with benefits, risks, and costs.

OBJECTIVE To develop a set of evidence-based recommendations for patient blood
management (PBM) and for research.

EVIDENCE REVIEW The scientific committee developed 17 Population/Intervention/
Comparison/Outcome (PICO) questions for red blood cell (RBC) transfusion in adult patients
in 3 areas: preoperative anemia (3 questions), RBC transfusion thresholds (11 questions), and
implementation of PBM programs (3 questions). These questions guided the literature search
in 4 biomedical databases (MEDLINE, EMBASE, Cochrane Library, Transfusion Evidence
Library), searched from inception to January 2018. Meta-analyses were conducted with the
GRADE (Grading of Recommendations, Assessment, Development, and Evaluation)
methodology and the Evidence-to-Decision framework by 3 panels including clinical and
scientific experts, nurses, patient representatives, and methodologists, to develop clinical
recommendations during a consensus conference in Frankfurt/Main, Germany, in April 2018.

FINDINGS From 17 607 literature citations associated with the 17 PICO questions,
145 studies, including 63 randomized clinical trials with 23 143 patients and 82 observational
studies with more than 4 million patients, were analyzed. For preoperative anemia,
4 clinical and 3 research recommendations were developed, including the strong
recommendation to detect and manage anemia sufficiently early before major elective
surgery. For RBC transfusion thresholds, 4 clinical and 6 research recommendations were
developed, including 2 strong clinical recommendations for critically ill but clinically stable
intensive care patients with or without septic shock (recommended threshold for RBC
transfusion, hemoglobin concentration <7 g/dL) as well as for patients undergoing cardiac
surgery (recommended threshold for RBC transfusion, hemoglobin concentration <7.5 g/dL).
For implementation of PBM programs, 2 clinical and 3 research recommendations were
developed, including recommendations to implement comprehensive PBM programs and to
use electronic decision support systems (both conditional recommendations) to improve
appropriate RBC utilization.

CONCLUSIONS AND RELEVANCE The 2018 PBM International Consensus Conference defined
the current status of the PBM evidence base for practice and research purposes and
established 10 clinical recommendations and 12 research recommendations for preoperative
anemia, RBC transfusion thresholds for adults, and implementation of PBM programs. The
relative paucity of strong evidence to answer many of the PICO questions supports the need
for additional research and an international consensus for accepted definitions and
hemoglobin thresholds, as well as clinically meaningful end points for multicenter trials.

JAMA. 2019;321(10):983-997. doi:10.1001/jama.2019.0554

Editorial page 943

Supplemental content

CME Quiz at
jamanetwork.com/learning

Author Affiliations: Author
affiliations are listed at the end of this
article.

Group Information: Members of the
ICC PBM Frankfurt 2018 Group are
listed at the end of this article.

Corresponding Authors: Markus M.
Mueller, MD (m.mueller@
blutspende.de), and Erhard
Seifried, MD, PhD (e.seifried@
blutspende.de), German Red Cross
Blood Transfusion Service
Baden-Wuerttemberg—Hessen,
Institute for Transfusion Medicine
and Immunohematology, University
Hospital of the Goethe University,
Sandhofstrasse 1, 60528 Frankfurt/
Main, Germany.

Clinical Review & Education

JAMA | Special Communication

(Reprinted) 983

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Ane Abad Motos on 03/12/2019

of the National Institutes of Health consensus development confer-
ence methodology12,13:
1. Opening plenary session, day 1: evidence from the systematic re-

views was presented by scientific committee members in 3 par-
allel and public open sessions according to the 3 selected top-
ics, followed by discussion with the general audience;

2. Closed sessions without public access (invited experts, chairs, and
rapporteurs only) of the 3 decision-making panels at the end of
day 1 (7-15 topic experts and 2 chairs—1 topic expert and 1 meth-
odologist) to further discuss the evidence and to formulate draft
consensus recommendations;

3. Plenary session for presentation of the draft recommendations,
followed by discussion and opinion poll voting (Mentimeter,
https://www.menti.com/) with the general audience on day 2,
including audience polling;

4. Closing executive sessions with final recommendations formu-
lated by the decision-making panels at the end of day 2.

The process of going from the evidence (systematic review) to
formulating recommendations was structured and facilitated by the
GRADE methodology and its Evidence-to-Decision framework.14

Opinion polls were held on day 1 as well as on day 2 with the gen-
eral audience using the above-mentioned online tool for voting. Draft
recommendations were presented as questions to the general au-
dience on day 2 in the morning sessions, and the online voting tool
was used to get the general acceptance or dissent regarding each
question. Main results of the discussion with the general audience
were captured by the rapporteurs. Poll results were reviewed in
closed sessions of each of the 3 panels on both days and integrated
into the panel discussion and final recommendations.

Within the closed sessions of each panel, votes were by a show
of hands. A majority of at least 2 of 3 panelists (number varied ac-
cording to group) was considered a decisive vote.

Disclosures and potential conflicts of interest of all panelists were
published online (https://icc-pbm.eu/panel-disclosures-and-cvs/) to
achieve transparency.

For documentation of each session, 2 rapporteurs per group
used an online version of the Evidence-to-Decision framework
(GRADEpro software, https://gradepro.org/) to record feedback
from the general audience in the parallel sessions and the judg-
ments and conclusions from the decision-making panel in the
closed sessions.

Since the process involved only analyses of previously pub-
lished literature without individual patient data and no patient con-
tact, the ICC was managed as a quality and educational activity, and
human research ethics committee approval was not required.

Results

Study Selection
The systematic literature searches for the 17 PICO questions re-
sulted in a total of 17 607 citations (eFigure 1 in the Supplement). The
evidence reviewed included 145 studies (39 observational studies
and 23 RCTs related to the 3 PICO questions on preoperative ane-
mia; 39 RCTs and 1 observational study related to the 11 PICO ques-
tions on RBC transfusion thresholds; 42 observational studies and
1 RCT related to the 3 PICO questions on PBM implementation).
The majority of studies (83%) were conducted in the region of the
Americas (n = 66 studies) or Europe (n = 54). The remaining stud-
ies were from the Western Pacific (n = 15), Eastern Mediterranean
(n = 5), Southeast Asia (n = 4), and Africa (n = 1). Approximately half
of the studies (n = 75) were published between 2013 and 2018; 29
between 2008 and 2012; 19 between 2003-2007; 11 between 1998-
2002; and 11 before 1998.

Definition, Diagnosis, and Treatment
of Preoperative Anemia
Three PICO questions focused on the definition, diagnosis, and treat-
ment of preoperative anemia and generated 4 clinical recommen-
dations (Table 1; eFigure 14 in the Supplement).

Recommendation 1: Preoperative Anemia Detection
and Management
The panel recommended detection and management of preopera-
tive anemia early enough before major elective surgery (strong rec-
ommendation, low certainty in the evidence of effects).

Evidence Summary | Thirty-five cohort studies assessed whether
preoperative anemia was associated with adverse events in
patients scheduled for cardiac15-29 and noncardiac30-49 surgery.
Meta-analyses showed an association between preoperative ane-
mia and in-hospital mortality (pooled odds ratio [OR], 2.09 [95%
CI, 1.48-2.95]) (eFigure 2 in the Supplement), 30-day mortality
(pooled OR, 2.20 [95% CI, 1.68-2.88]) (eFigure 3 in the Supple-
ment), acute myocardial infarction (AMI) (pooled OR, 1.39 [95% CI,
0.99-1.96]), acute ischemic stroke or central nervous system com-
plications (pooled OR, 1.19 [95% CI, 1.02-1.39]), and acute kidney
injury, renal failure/dysfunction, or urinary complications (pooled
OR, 1.78 [95% CI, 1.35-2.34]). The certainty in the evidence of
effect estimates ranged from moderate (for in-hospital and 30-day
mortality, upgrade for strong association) to low (acute ischemic

Table 1. Clinical Recommendations: Preoperative Anemia

Clinical Recommendation Level of Evidence
CR1—Detection and management of preoperative anemia early enough
before major elective surgery

Strong recommendation, low certainty in the evidence of effects

CR2—Use of iron supplementation to reduce red blood cell transfusion rate
in adult preoperative patients with iron-deficient anemia undergoing
elective surgery

Conditional recommendation, moderate certainty in the evidence of effects

CR3—Do not use erythropoiesis-stimulating agents routinely in general
for adult preoperative patients with anemia undergoing elective surgery

Conditional recommendation, low certainty in the evidence of effects

CR4—Consider short-acting erythropoietins in addition to iron supplementation
to reduce transfusion rates in adult preoperative patients with hemoglobin
concentrations <13 g/dL undergoing elective major orthopedic surgery

Conditional recommendation, low certainty in the evidence of effects

Abbreviation: CR, clinical recommendation.
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of the National Institutes of Health consensus development confer-
ence methodology12,13:
1. Opening plenary session, day 1: evidence from the systematic re-

views was presented by scientific committee members in 3 par-
allel and public open sessions according to the 3 selected top-
ics, followed by discussion with the general audience;

2. Closed sessions without public access (invited experts, chairs, and
rapporteurs only) of the 3 decision-making panels at the end of
day 1 (7-15 topic experts and 2 chairs—1 topic expert and 1 meth-
odologist) to further discuss the evidence and to formulate draft
consensus recommendations;

3. Plenary session for presentation of the draft recommendations,
followed by discussion and opinion poll voting (Mentimeter,
https://www.menti.com/) with the general audience on day 2,
including audience polling;

4. Closing executive sessions with final recommendations formu-
lated by the decision-making panels at the end of day 2.

The process of going from the evidence (systematic review) to
formulating recommendations was structured and facilitated by the
GRADE methodology and its Evidence-to-Decision framework.14

Opinion polls were held on day 1 as well as on day 2 with the gen-
eral audience using the above-mentioned online tool for voting. Draft
recommendations were presented as questions to the general au-
dience on day 2 in the morning sessions, and the online voting tool
was used to get the general acceptance or dissent regarding each
question. Main results of the discussion with the general audience
were captured by the rapporteurs. Poll results were reviewed in
closed sessions of each of the 3 panels on both days and integrated
into the panel discussion and final recommendations.

Within the closed sessions of each panel, votes were by a show
of hands. A majority of at least 2 of 3 panelists (number varied ac-
cording to group) was considered a decisive vote.

Disclosures and potential conflicts of interest of all panelists were
published online (https://icc-pbm.eu/panel-disclosures-and-cvs/) to
achieve transparency.

For documentation of each session, 2 rapporteurs per group
used an online version of the Evidence-to-Decision framework
(GRADEpro software, https://gradepro.org/) to record feedback
from the general audience in the parallel sessions and the judg-
ments and conclusions from the decision-making panel in the
closed sessions.

Since the process involved only analyses of previously pub-
lished literature without individual patient data and no patient con-
tact, the ICC was managed as a quality and educational activity, and
human research ethics committee approval was not required.

Results

Study Selection
The systematic literature searches for the 17 PICO questions re-
sulted in a total of 17 607 citations (eFigure 1 in the Supplement). The
evidence reviewed included 145 studies (39 observational studies
and 23 RCTs related to the 3 PICO questions on preoperative ane-
mia; 39 RCTs and 1 observational study related to the 11 PICO ques-
tions on RBC transfusion thresholds; 42 observational studies and
1 RCT related to the 3 PICO questions on PBM implementation).
The majority of studies (83%) were conducted in the region of the
Americas (n = 66 studies) or Europe (n = 54). The remaining stud-
ies were from the Western Pacific (n = 15), Eastern Mediterranean
(n = 5), Southeast Asia (n = 4), and Africa (n = 1). Approximately half
of the studies (n = 75) were published between 2013 and 2018; 29
between 2008 and 2012; 19 between 2003-2007; 11 between 1998-
2002; and 11 before 1998.

Definition, Diagnosis, and Treatment
of Preoperative Anemia
Three PICO questions focused on the definition, diagnosis, and treat-
ment of preoperative anemia and generated 4 clinical recommen-
dations (Table 1; eFigure 14 in the Supplement).

Recommendation 1: Preoperative Anemia Detection
and Management
The panel recommended detection and management of preopera-
tive anemia early enough before major elective surgery (strong rec-
ommendation, low certainty in the evidence of effects).

Evidence Summary | Thirty-five cohort studies assessed whether
preoperative anemia was associated with adverse events in
patients scheduled for cardiac15-29 and noncardiac30-49 surgery.
Meta-analyses showed an association between preoperative ane-
mia and in-hospital mortality (pooled odds ratio [OR], 2.09 [95%
CI, 1.48-2.95]) (eFigure 2 in the Supplement), 30-day mortality
(pooled OR, 2.20 [95% CI, 1.68-2.88]) (eFigure 3 in the Supple-
ment), acute myocardial infarction (AMI) (pooled OR, 1.39 [95% CI,
0.99-1.96]), acute ischemic stroke or central nervous system com-
plications (pooled OR, 1.19 [95% CI, 1.02-1.39]), and acute kidney
injury, renal failure/dysfunction, or urinary complications (pooled
OR, 1.78 [95% CI, 1.35-2.34]). The certainty in the evidence of
effect estimates ranged from moderate (for in-hospital and 30-day
mortality, upgrade for strong association) to low (acute ischemic

Table 1. Clinical Recommendations: Preoperative Anemia

Clinical Recommendation Level of Evidence
CR1—Detection and management of preoperative anemia early enough
before major elective surgery

Strong recommendation, low certainty in the evidence of effects

CR2—Use of iron supplementation to reduce red blood cell transfusion rate
in adult preoperative patients with iron-deficient anemia undergoing
elective surgery

Conditional recommendation, moderate certainty in the evidence of effects

CR3—Do not use erythropoiesis-stimulating agents routinely in general
for adult preoperative patients with anemia undergoing elective surgery

Conditional recommendation, low certainty in the evidence of effects

CR4—Consider short-acting erythropoietins in addition to iron supplementation
to reduce transfusion rates in adult preoperative patients with hemoglobin
concentrations <13 g/dL undergoing elective major orthopedic surgery

Conditional recommendation, low certainty in the evidence of effects

Abbreviation: CR, clinical recommendation.
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Detection, evaluation, and management of preoperative
anaemia in the elective orthopaedic surgical patient: NATA
guidelines
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Editor’s key points

† Preoperative anaemia is a
serious but treatable
condition.

† Preoperative
haemoglobin
measurement (28 days)
should allow time for
treatment.

† Abnormalities should be
investigated and treated
before operation.

† An algorithm to guide
management is
proposed.

Summary. Previously undiagnosed anaemia is common in elective orthopaedic surgical
patients and is associated with increased likelihood of blood transfusion and increased
perioperative morbidity and mortality. A standardized approach for the detection,
evaluation, and management of anaemia in this setting has been identified as an unmet
medical need. A multidisciplinary panel of physicians was convened by the Network for
Advancement of Transfusion Alternatives (NATA) with the aim of developing practice
guidelines for the detection, evaluation, and management of preoperative anaemia in
elective orthopaedic surgery. A systematic literature review and critical evaluation of the
evidence was performed, and recommendations were formulated according to the
method proposed by the Grades of Recommendation Assessment, Development and
Evaluation (GRADE) Working Group. We recommend that elective orthopaedic surgical
patients have a haemoglobin (Hb) level determination 28 days before the scheduled
surgical procedure if possible (Grade 1C). We suggest that the patient’s target Hb before
elective surgery be within the normal range, according to the World Health Organization
criteria (Grade 2C). We recommend further laboratory testing to evaluate anaemia for
nutritional deficiencies, chronic renal insufficiency, and/or chronic inflammatory disease
(Grade 1C). We recommend that nutritional deficiencies be treated (Grade 1C). We
suggest that erythropoiesis-stimulating agents be used for anaemic patients in whom
nutritional deficiencies have been ruled out, corrected, or both (Grade 2A). Anaemia
should be viewed as a serious and treatable medical condition, rather than simply an
abnormal laboratory value. Implementation of anaemia management in the elective
orthopaedic surgery setting will improve patient outcomes.

Keywords: anaemia; blood transfusion; orthopaedic surgery; preoperative assessment;
preoperative preparation

The overall prevalence of anaemia in the general population
increases with age, so that in the elderly (.65 yr old), the
prevalence of anaemia as defined by the World Health
Organization (WHO)1 is 11% and 10.2% for men and
women, respectively.2 Previously undiagnosed anaemia is

therefore common in elective surgical patients;3 the preva-
lence depending on age and associated co-morbidities
such as diabetes, congestive heart failure, and other inflam-
matory conditions. In a US national audit of patients under-
going elective orthopaedic surgery,4 35% of the patients

& The Author [2011]. Published by Oxford University Press on behalf of the British Journal of Anaesthesia.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/2.5), which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.
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reviewers with guidelines to pursue a systematic evaluation
of published evidence with the ultimate goal of providing
physicians with an informed expert opinion of the state of
the evidence for an intervention of interest.

Recommendations
Detection of anaemia
Recommendation 1: We recommend that elective surgical
patients have an Hb level determination as close to
28 days before the scheduled surgical procedure as possible
(Grade 1C).

The Circular of Information for Blood and Blood Products33

has recommended that iron, vitamin B12, folic acid, and ery-
thropoietin be used instead of blood transfusion, ‘if the clini-
cal condition of the patient permits sufficient time for those
agents to promote erythropoiesis . . .’ The key phrase relevant
to this recommendation is, ‘sufficient time . . . to promote ery-
thropoiesis.’ Detection of anaemia as close to 28 days before
surgery is recommended for sufficient time for evaluation
and management.

Recommendation 2: We suggest that the patient’s target
Hb before elective surgery be within the normal range
(female ≥12 g dl21, male ≥13 g dl21), according to the
WHO criteria (Grade 2C).

This recommendation is a suggestion, indicating a lack of
panel consensus and evidence on whether elective surgical
procedures should be cancelled, representing best practices,
for patients who are identified to be anaemic. Delay of elec-
tive scheduled surgery for definitive evaluation of newly
detected anaemia and associated clinical conditions (nutri-
tional deficiency, chronic renal disease, etc.) will benefit
patients and reduce harm, including likelihood of exposure
to blood transfusions.

Evaluation of anaemia
Recommendation 3: We recommend that laboratory testing
be performed to further evaluate anaemia for nutritional
deficiencies, chronic renal insufficiency, and/or chronic
inflammatory disease (Grade 1C).

Unexplained anaemia should be considered as secondary
to some other process,2 9 and the cause of the anaemia must
be evaluated. Laboratory testing must be performed to
further evaluate anaemia for nutritional deficiencies,
chronic renal insufficiency, and/or chronic inflammatory
disease and the cause of the anaemia must be evaluated.
If a screening blood count detects anaemia, evaluation
should begin with an assessment of iron status. The assess-
ment of iron-restricted erythropoiesis needs to distinguish
between absolute iron deficiency, iron sequestration due to
inflammation, and/or functional iron deficiency due to
erythropoietin stimulation.39 The accurate differentiation
of these is difficult using traditional biochemical markers of
iron status, such as serum iron, percentage saturation of
transferrin, and serum ferritin.9 As ferritin is an acute-phase
reactant, traditional laboratory thresholds of ,12 mg litre21

may be suitable for identifying absolute iron deficiency in
normal individuals, but not in patients with any evidence of
an inflammatory process.36 Correlation of iron stores with
ferritin values has demonstrated that ferritin levels must
exceed 30 mg litre21 to achieve a 92% sensitivity for exclu-
sion of absolute iron deficiency.40 For patients without
chronic renal disease, ferritin levels .100 mg litre21

confirm the presence of stored iron.9 36

When absolute iron deficiency is detected, referral to a
gastroenterologist to rule out a gastrointestinal malignancy
as a source of chronic blood loss is indicated.38 If laboratory
evaluation or a diagnostic trial of iron therapy rules out
absolute iron deficiency, measurement of serum creatinine

Grading system

Strength of recommendation: is risk/benefit clear?

Yes  strong recommendation=Grade 1: ‘we recommend’

No  weak recommendation=Grade 2: ‘we suggest’

High-quality evidence=A (meta-analyses, randomized controlled trials)

Moderate-quality evidence=B (randomized controlled trials with limitations,
observational studies with large effects)
Low- or very low-quality evidence=C (obervational studies, randomized
controlled tried with major limitations)

Grade 1A
Grade 1B
Grade 1C

Grade 2A
Grade 2B
Grade 2C

Grade of recommendation=6 possible grades

Quality of evidence

Fig 1 The grading system used for assessment.
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The management of perioperative bleeding involves
multiple assessments and strategies to ensure appropriate
patient care. Initially, it is important to identify those
patients with an increased risk of perioperative bleeding.
Next, strategies should be employed to correct preopera-
tive anaemia and to stabilise macrocirculation and micro-
circulation to optimise the patient’s tolerance to bleeding.
Finally, targeted interventions should be used to reduce
intraoperative and postoperative bleeding, and so prevent
subsequent morbidity and mortality. The objective of these
updated guidelines is to provide healthcare professionals
with an overview of the most recent evidence to help
ensure improved clinical management of patients. For this

update, electronic databases were searched without
language restrictions from 2011 or 2012 (depending on
the search) until 2015. These searches produced 18 334
articles. All articles were assessed and the existing 2013
guidelines were revised to take account of new evidence.
This update includes revisions to existing recommen-
dations with respect to the wording, or changes in the
grade of recommendation, and also the addition of new
recommendations. The final draft guideline was posted on
the European Society of Anaesthesiology website for four
weeks for review. All comments were collated and the
guidelines were amended as appropriate. This publication
reflects the output of this work.

Eur J Anaesthesiol 2017; 34:332–395
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Anaesthesiology & Intensive Care, CHU De Grenoble Hôpital, Michallon, Grenoble, France (PA), Department of Anaesthesiology & Intensive Care, Hospital Universitario
Rio Hortega, Valladolid, Spain (CA), Department of General Surgery, Lithuanian University of Health Sciences, Kaunas, Lithuania (GB), Department of Anaesthesiology &
Intensive Care, University Hospital ‘Federico II’, Napoli, Italy (EDR), Department of Anaesthesiology, Boston Children’s Hospital, Boston, Massachusetts, United States
(DFa), Department of Anaesthesiology & Intensive Care, Emergency Institute for Cardiovascular Disease, Bucharest, Romania (DCF), Department of Anaesthesiology,
University Hospital of Innsbruck, Innsbruck, Austria (DFr), Department of Anaesthesiology, Children’s University Hospital Zurich, Zürich, Switzerland (TH), Department of
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If other causes of anaemia have been excluded or treated,
we suggest erythropoietin-stimulating agents. 2B

If autologous blood donation is performed, we suggest
treatment with iron and/or erythropoietin-stimulating
agents to avoid preoperative anaemia and increased over-
all transfusion rates. 2C

In patients with preoperative anaemia, we recommend
the use of combined therapy with intravenous iron and
erythropoietin along with a restrictive transfusion policy.
1C

In non-cancer patients with preoperative anaemia sched-
uled for elective major surgery, we recommend postpon-
ing surgery until anaemia has been corrected. 1C

In patients who are anaemic following surgery, we
suggest the use of intravenous iron. 2C

1.3. Optimising circulation
We recommend aggressive and timely stabilisation of
cardiac pre-load throughout the surgical procedure, as
this appears beneficial to the patient. 1B

In cases of uncontrolled bleeding we suggest lower
thresholds for cardiac pre-load and/or permissive hypo-
tension may be considered. 2C

We recommend the avoidance of hypervolaemia second-
ary to crystalloids or colloids to a level exceeding the
interstitial space in steady state, and beyond an optimal
cardiac pre-load. 1B

We recommend against the use of central venous pres-
sure (CVP) and pulmonary artery occlusion pressure as
the only variables to guide fluid therapy and optimisation
of pre-load during severe bleeding. Dynamic assessment
of fluid responsiveness and non-invasive measurement of
cardiac output should be considered instead. 1B

We suggest the replacement of extracellular fluid losses
with isotonic crystalloids in a timely and protocol-based
manner. 2C

Compared with crystalloids, haemodynamic stabilisation
with iso-oncotic colloids, such as human albumin and
hydroxyethyl starch, causes less tissue oedema. C

Infusion of colloids in patients with severe bleeding can
aggravate dilutional coagulopathy by additional effects on
fibrin polymerisation and platelet aggregation. C

We suggest the use of balanced solutions for crystalloids
and as a basic solute for iso-oncotic preparations. 2C

1.3.1. Transfusion triggers
We recommend a target haemoglobin concentration of 7
to 9 g dl!1 during active bleeding. 1C

Continuous haemoglobin monitoring can be used as a
trend monitor. C

1.4. Oxygen fraction
We recommend that the inspiratory oxygen fraction
should be high enough to prevent arterial hypoxaemia
in bleeding patients, while avoiding excessive hyperoxia
[PaO2 >26.7 kPa (200 mmHg)]. 1C

1.5. Monitoring tissue perfusion
We recommend repeated measurements of a combi-
nation of haematocrit (Hct)/haemoglobin, serum lactate,
and base deficit to monitor tissue perfusion, tissue
oxygenation and the dynamics of blood loss during acute
bleeding. These parameters can be extended by
measurement of cardiac output, dynamic parameters of
volume status [e.g. stroke volume variation (SVV), pulse
pressure variation (PPV)], CO2 gap and central venous
oxygen saturation. 1C

1.5.1. Normovolaemic haemodilution
We suggest the use of acute normovolaemic haemodilu-
tion (ANH) in selected settings. 2C

We recommend against ANH in combination with con-
trolled hypotension. 1B

In patients with pre-existing or acquired coagulopathy
we suggest that the use of ANH is considered
carefully. 2C

1.6. Transfusion of labile blood products
We recommend that all countries implement national
haemovigilance quality systems. 1B

We recommend a restrictive transfusion strategy which is
beneficial in reducing exposure to allogeneic blood pro-
ducts. 1A

We recommend pathogen inactivation for fresh frozen
plasma (FFP) and platelets. 1C

We recommend that labile blood components used for
transfusion are leukodepleted. 1B

We recommend that blood services implement standard
operating procedures for patient identification and that
staff be trained in early recognition of, and prompt
response to, transfusion reactions. 1C

We recommend a male-only donor policy for plasma-
containing blood products to prevent the onset of
transfusion-related acute lung injury (TRALI). 1C

We recommend that all red blood cell (RBC), platelet
and leukocyte donations from first-degree or second-
degree relatives be irradiated even if the recipient is
immunocompetent, and all RBC, platelet and leukocyte
products be irradiated before transfusing to at-risk
patients. 1C

Allogeneic blood transfusion is associated with an
increased incidence of nosocomial infections. B
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The management of perioperative bleeding involves
multiple assessments and strategies to ensure appropriate
patient care. Initially, it is important to identify those
patients with an increased risk of perioperative bleeding.
Next, strategies should be employed to correct preopera-
tive anaemia and to stabilise macrocirculation and micro-
circulation to optimise the patient’s tolerance to bleeding.
Finally, targeted interventions should be used to reduce
intraoperative and postoperative bleeding, and so prevent
subsequent morbidity and mortality. The objective of these
updated guidelines is to provide healthcare professionals
with an overview of the most recent evidence to help
ensure improved clinical management of patients. For this

update, electronic databases were searched without
language restrictions from 2011 or 2012 (depending on
the search) until 2015. These searches produced 18 334
articles. All articles were assessed and the existing 2013
guidelines were revised to take account of new evidence.
This update includes revisions to existing recommen-
dations with respect to the wording, or changes in the
grade of recommendation, and also the addition of new
recommendations. The final draft guideline was posted on
the European Society of Anaesthesiology website for four
weeks for review. All comments were collated and the
guidelines were amended as appropriate. This publication
reflects the output of this work.

Eur J Anaesthesiol 2017; 34:332–395
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therapeutic trial of iron would confirm absolute iron deficiency.
No response to iron therapy would indicate the anaemia of
chronic disease, suggesting that ESA therapy be initiated.

These recommendations are intended to provide guidance
for preoperative evaluation in the elective surgical patient.
Limiting preadmission testing to a few days before the
scheduled operative procedure precludes the opportunity to
evaluate and manage the patient with unexplained
anaemia. The recommended time frame of testing 4 weeks
before the scheduled elective procedure ensures that
anaemia can be detected, evaluated, and managed appro-
priately before elective surgery.

Anaemia should be viewed as a serious and treatable
medical condition, rather than as simply an abnormal labora-
tory value. Anaemia is a common condition in surgical
patients and is independently associated with increased
mortality. The diagnosis of an unexpected anaemia in
patients undergoing elective surgery in which significant

blood loss is anticipated should be considered an indication
for rescheduling surgery until the evaluation is completed.
The presence of preoperative anaemia is significantly associ-
ated with morbidity and mortality after surgery, thus war-
ranting this recommendation. Treatment of postoperative
anaemia should be the focus of investigations for the
reduction of perioperative risk. We conclude that implemen-
tation of anaemia management in the elective surgery
setting will improve patient outcome.

Supplementary material
Supplementary material is available at British Journal of
Anaesthesia online.
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Fig 2 Proposed algorithm for the detection, evaluation, and management of preoperative anaemia. SF, serum ferritin; TSAT, transferrin saturation.
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Patient Blood Management
Recommendations From the
2018 Frankfurt Consensus Conference
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IMPORTANCE Blood transfusion is one of the most frequently used therapies worldwide and
is associated with benefits, risks, and costs.

OBJECTIVE To develop a set of evidence-based recommendations for patient blood
management (PBM) and for research.

EVIDENCE REVIEW The scientific committee developed 17 Population/Intervention/
Comparison/Outcome (PICO) questions for red blood cell (RBC) transfusion in adult patients
in 3 areas: preoperative anemia (3 questions), RBC transfusion thresholds (11 questions), and
implementation of PBM programs (3 questions). These questions guided the literature search
in 4 biomedical databases (MEDLINE, EMBASE, Cochrane Library, Transfusion Evidence
Library), searched from inception to January 2018. Meta-analyses were conducted with the
GRADE (Grading of Recommendations, Assessment, Development, and Evaluation)
methodology and the Evidence-to-Decision framework by 3 panels including clinical and
scientific experts, nurses, patient representatives, and methodologists, to develop clinical
recommendations during a consensus conference in Frankfurt/Main, Germany, in April 2018.

FINDINGS From 17 607 literature citations associated with the 17 PICO questions,
145 studies, including 63 randomized clinical trials with 23 143 patients and 82 observational
studies with more than 4 million patients, were analyzed. For preoperative anemia,
4 clinical and 3 research recommendations were developed, including the strong
recommendation to detect and manage anemia sufficiently early before major elective
surgery. For RBC transfusion thresholds, 4 clinical and 6 research recommendations were
developed, including 2 strong clinical recommendations for critically ill but clinically stable
intensive care patients with or without septic shock (recommended threshold for RBC
transfusion, hemoglobin concentration <7 g/dL) as well as for patients undergoing cardiac
surgery (recommended threshold for RBC transfusion, hemoglobin concentration <7.5 g/dL).
For implementation of PBM programs, 2 clinical and 3 research recommendations were
developed, including recommendations to implement comprehensive PBM programs and to
use electronic decision support systems (both conditional recommendations) to improve
appropriate RBC utilization.

CONCLUSIONS AND RELEVANCE The 2018 PBM International Consensus Conference defined
the current status of the PBM evidence base for practice and research purposes and
established 10 clinical recommendations and 12 research recommendations for preoperative
anemia, RBC transfusion thresholds for adults, and implementation of PBM programs. The
relative paucity of strong evidence to answer many of the PICO questions supports the need
for additional research and an international consensus for accepted definitions and
hemoglobin thresholds, as well as clinically meaningful end points for multicenter trials.
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Recommendation 10: Decision Support Systems
The panel recommended computerized or electronic decision sup-
port systems to improve appropriate RBC utilization (conditional rec-
ommendation, low certainty in the evidence of effects).

Evidence Summary | One single-center RCT randomized young phy-
sicians to computerized decision support or no computerized de-
cision support (control).124 Three cohort studies assessed RBC us-
age before and after the intervention.125-127 The RCT showed an
increased appropriate transfusion rate (RBC, PLT, FFP) in the com-
puterized decision support group compared with the control group
(40.4% vs 32.5%; RR, 1.24 [95% CI, 1.13-1.37). The 3 cohort studies
showed a significant reduction in overall or inappropriate RBC us-
age (RBC transfusions per 100 inpatient days, P < .001) after com-
puterized decision support was implemented, in addition to a sta-
tistically significant reduction in overall or inappropriate RBC usage
over time (P = .01). In addition, reduced 30-day readmission (5.2%)
and mortality (2.2%) were found in 1 single-center trial (RR, 0.62
[95% CI, 0.56-0.69] for 30-day readmission and 0.60 [95% CI, 0.51-
0.71] for mortality). The certainty in the effect estimates was low for
the outcomes “appropriate transfusions” and “overall/inappropri-

ate RBC usage” and was considered very low for 30-day readmis-
sion and mortality because of limited generalizability to other set-
tings or countries.

Rationale for Recommendations 9 and 10 | Despite the low certainty
in the effect of comprehensive PBM programs on RBC utilization,
the panel formulated a conditional recommendation based on the
moderate desirable effects on RBC utilization and the probably posi-
tive influence on equity, acceptability, and feasibility of these pro-
grams (eTable 3 in the Supplement).

Research Recommendations
In addition to the 10 clinical recommendations, the panels also de-
veloped 12 research recommendations (Box 2; eFigures 14-16 in the
Supplement) to clarify unanswered priority questions in all 3 PBM
topics. These research recommendations should guide clinical re-
search in the field of PBM to address questions in future clinical trials.

Discussion
Blood components are lifesaving therapies but also scarce re-
sources from human donors and must be used judiciously. Evidence-
based RBC transfusion decision making can be challenging be-
cause high-quality published data are frequently lacking, studies may
contain conflicting results, and recommendations are not easy to
implement in clinical practice.

The ICC PBM group therefore decided to conduct a rigorous
analysis of published data to define the current status of knowl-
edge in this field, and, when possible, provide recommendations for
clinical practice. The panel reviewed the current status of pub-
lished evidence regarding preoperative anemia, RBC transfusion
thresholds for adults, and implementation of PBM programs. The
panel developed 10 clinical recommendations and 12 research rec-
ommendations using a rigorous process incorporating expert panel
and audience participation. However, the quality of evidence in gen-
eral was moderate to very low.

Accordingly, research recommendations were made for prior-
ity questions for areas in which evidence gaps remain (Box 2).

For preoperative anemia, a common finding in preoperative
patients worldwide, 4 clinical recommendations were drafted.
Preoperative anemia is an important risk factor for perioperative
mortality and morbidity. The panel also stressed the need to
detect and manage preoperative anemia with sufficient time
before major elective surgery to ensure a clinical response. Evi-
dence for the optimal treatment of preoperative anemia is less
clear. Apart from preoperative iron supplementation in adult
patients with iron-deficiency anemia undergoing elective surgery,
other treatment options, such as RBC transfusion, have not been
compared in a sufficiently large prospective randomized trial.
Specifically, the conditional clinical recommendation 4 (consider
ESAs and iron supplementation in adult preoperative patients
with hemoglobin concentrations <13 g/dL undergoing elective
major orthopedic surgery) elicited the greatest differences of all
recommendations between the panel vote and the audience
opinion poll. Because of the low-quality evidence on this topic
and the different pattern in the vote of the audience (ambiguous
pro and con votes: 28 [22%] accepted completely, 49 [39%]

Box 2. Research Recommendations

Preoperative Anemia
R1—Since published studies show major differences in the
hemoglobin values used for the definition of preoperative anemia,
the expert panel recommends to identify optimal hemoglobin
thresholds in different patient groups as well as adequate
cutoff values.

R2—The expert panel suggests to address the effects of iron
supplementation in nonanemic but iron-deficient patients
scheduled for major surgery.

R3—The expert panel recommends to investigate the use of
short-acting erythropoietins + iron supplementation in adult
preoperative patients undergoing elective surgery, with focus on
long-term (un)desirable effects, optimal dose, type of surgery
(particularly in cancer surgery), copresence of iron deficiency, and
cost-effectiveness.

Red Blood Cell (RBC) Concentrate Transfusion Thresholds
R4—The expert panel recommends further research regarding
restrictive RBC transfusion thresholds for hemodynamically stable
patients with acute upper or lower gastrointestinal tract bleeding.
The panel does not recommend further research in
hemodynamically unstable patients with acute major bleeding.

R5-9—The expert panel suggests further research on RBC
transfusion support in patients with hematologic and oncologic
diseases, coronary heart diseases, noncardiac or nonorthopedic
surgery, or brain injury.

Rx (no evidence): No further research on hemoglobin thresholds
in patients with acute bleeding.

Implementation of Patient Blood Management (PBM) Programs
R10-12—The expert panel suggests further research on the effect
of PBM programs on (A) adverse events and patient-important
outcomes; (B) compliance, adherence, and acceptability;
and (C) cost-effectiveness.

Reproducible definitions and outcome parameters have to be
defined beforehand to evaluate the sustainability of PBM programs.
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of the National Institutes of Health consensus development confer-
ence methodology12,13:
1. Opening plenary session, day 1: evidence from the systematic re-

views was presented by scientific committee members in 3 par-
allel and public open sessions according to the 3 selected top-
ics, followed by discussion with the general audience;

2. Closed sessions without public access (invited experts, chairs, and
rapporteurs only) of the 3 decision-making panels at the end of
day 1 (7-15 topic experts and 2 chairs—1 topic expert and 1 meth-
odologist) to further discuss the evidence and to formulate draft
consensus recommendations;

3. Plenary session for presentation of the draft recommendations,
followed by discussion and opinion poll voting (Mentimeter,
https://www.menti.com/) with the general audience on day 2,
including audience polling;

4. Closing executive sessions with final recommendations formu-
lated by the decision-making panels at the end of day 2.

The process of going from the evidence (systematic review) to
formulating recommendations was structured and facilitated by the
GRADE methodology and its Evidence-to-Decision framework.14

Opinion polls were held on day 1 as well as on day 2 with the gen-
eral audience using the above-mentioned online tool for voting. Draft
recommendations were presented as questions to the general au-
dience on day 2 in the morning sessions, and the online voting tool
was used to get the general acceptance or dissent regarding each
question. Main results of the discussion with the general audience
were captured by the rapporteurs. Poll results were reviewed in
closed sessions of each of the 3 panels on both days and integrated
into the panel discussion and final recommendations.

Within the closed sessions of each panel, votes were by a show
of hands. A majority of at least 2 of 3 panelists (number varied ac-
cording to group) was considered a decisive vote.

Disclosures and potential conflicts of interest of all panelists were
published online (https://icc-pbm.eu/panel-disclosures-and-cvs/) to
achieve transparency.

For documentation of each session, 2 rapporteurs per group
used an online version of the Evidence-to-Decision framework
(GRADEpro software, https://gradepro.org/) to record feedback
from the general audience in the parallel sessions and the judg-
ments and conclusions from the decision-making panel in the
closed sessions.

Since the process involved only analyses of previously pub-
lished literature without individual patient data and no patient con-
tact, the ICC was managed as a quality and educational activity, and
human research ethics committee approval was not required.

Results

Study Selection
The systematic literature searches for the 17 PICO questions re-
sulted in a total of 17 607 citations (eFigure 1 in the Supplement). The
evidence reviewed included 145 studies (39 observational studies
and 23 RCTs related to the 3 PICO questions on preoperative ane-
mia; 39 RCTs and 1 observational study related to the 11 PICO ques-
tions on RBC transfusion thresholds; 42 observational studies and
1 RCT related to the 3 PICO questions on PBM implementation).
The majority of studies (83%) were conducted in the region of the
Americas (n = 66 studies) or Europe (n = 54). The remaining stud-
ies were from the Western Pacific (n = 15), Eastern Mediterranean
(n = 5), Southeast Asia (n = 4), and Africa (n = 1). Approximately half
of the studies (n = 75) were published between 2013 and 2018; 29
between 2008 and 2012; 19 between 2003-2007; 11 between 1998-
2002; and 11 before 1998.

Definition, Diagnosis, and Treatment
of Preoperative Anemia
Three PICO questions focused on the definition, diagnosis, and treat-
ment of preoperative anemia and generated 4 clinical recommen-
dations (Table 1; eFigure 14 in the Supplement).

Recommendation 1: Preoperative Anemia Detection
and Management
The panel recommended detection and management of preopera-
tive anemia early enough before major elective surgery (strong rec-
ommendation, low certainty in the evidence of effects).

Evidence Summary | Thirty-five cohort studies assessed whether
preoperative anemia was associated with adverse events in
patients scheduled for cardiac15-29 and noncardiac30-49 surgery.
Meta-analyses showed an association between preoperative ane-
mia and in-hospital mortality (pooled odds ratio [OR], 2.09 [95%
CI, 1.48-2.95]) (eFigure 2 in the Supplement), 30-day mortality
(pooled OR, 2.20 [95% CI, 1.68-2.88]) (eFigure 3 in the Supple-
ment), acute myocardial infarction (AMI) (pooled OR, 1.39 [95% CI,
0.99-1.96]), acute ischemic stroke or central nervous system com-
plications (pooled OR, 1.19 [95% CI, 1.02-1.39]), and acute kidney
injury, renal failure/dysfunction, or urinary complications (pooled
OR, 1.78 [95% CI, 1.35-2.34]). The certainty in the evidence of
effect estimates ranged from moderate (for in-hospital and 30-day
mortality, upgrade for strong association) to low (acute ischemic

Table 1. Clinical Recommendations: Preoperative Anemia

Clinical Recommendation Level of Evidence
CR1—Detection and management of preoperative anemia early enough
before major elective surgery

Strong recommendation, low certainty in the evidence of effects

CR2—Use of iron supplementation to reduce red blood cell transfusion rate
in adult preoperative patients with iron-deficient anemia undergoing
elective surgery

Conditional recommendation, moderate certainty in the evidence of effects

CR3—Do not use erythropoiesis-stimulating agents routinely in general
for adult preoperative patients with anemia undergoing elective surgery

Conditional recommendation, low certainty in the evidence of effects

CR4—Consider short-acting erythropoietins in addition to iron supplementation
to reduce transfusion rates in adult preoperative patients with hemoglobin
concentrations <13 g/dL undergoing elective major orthopedic surgery

Conditional recommendation, low certainty in the evidence of effects

Abbreviation: CR, clinical recommendation.
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N 
N=6144 

No recibieron tratamiento con hierro 
preoperatorio

5654 (92.02%)
Recibieron tratamiento con hierro 

preoperatorio

490 (7.98%) 



N=1403 con déficit de hierro   

No recibieron tratamiento con hierro 
preoperatorio

729 (51.96%)
Recibieron tratamiento con hierro 

preoperatorio
674 (48.04%)
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ANEMIA 35%
ANEMIA PES >500ml 26%

FERROPENIA 22%

NINGUNO 8%ANEMIA + PES >1000ml 6%
RECHAZO TF 2%
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Tabla 10. Anemia vs Epo

No anemia anemia p.overall

N=4822 N=1287 

<0.001 

No Epo 4799 (99.52%) 1221 (94.87%)

Epo 23 (0.48%) 66 (5.13%) 
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¿SOLO UNA OPORTUNIDAD EN 50% CASOS?



No anemia anemia p.overall

N=4822 N=1287 

<0.001 

AKI 3 2 <0.001

Infección 0.29 0.85 <0.001

ITU 0.6 1.48 0.004

Ileo 0.6 1.4 0.012

Hemorragia 2.5 8.6 <0.001
Complicacio
nes 9.4 17.25 <0.001

LOSS 4 5 0.002



¡OPORTUNIDAD PERDIDA  EN 50% CASOS!
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TRANEXÁMICO
N=6117 

TRAN2:

No
NO 1578 
(25.80%)

Si SI 4539 (74.20%)



POWER2



¡NUEVA OPORTUNIDAD PERDIDA!



CONCLUSIONES

Gran variabilidad en el manejo PBM

Falta  de implementación de la evidencia



@germ_redGRACIAS

https://twitter.com/germ_red
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2%

6%

13%

43%

36%Hb <7mg/dL

Hb <8mg/dL

Hb <9mg/dL

Hb <10mg/dL

Hb <12/13mg/dL
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2%

60%

4%

31%

2%Hb <7mg/dL

Hb <8mg/dL

Hb <9mg/dL

Hb <10mg/dL

Hb <12/13mg/dL
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