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Background and objectives Patient Blood Management (PBM) aims to optimize
the care of patients who might need a blood transfusion. The International Con-
sensus Conference on PBM (ICC-PBM) aimed to develop evidence-based recom-
mendations on three topics: preoperative anaemia, red blood cell transfusion
thresholds and implementation of PBM programmes. This paper reports how evi-
dence-based methodologies and technologies were used to enhance shared deci-
sion-making in formulating recommendations during the ICC-PBM.

Materials & Methods Systematic reviews on 17 PICO (Population, Intervention,
Comparison, Outcomes) questions were conducted by a Scientific Committee (22
international topic experts and one methodologist) according to GRADE (Grades
of Recommendation, Assessment, Development and Evaluation) methodology.
Evidence-based recommendations were formulated using Consensus Development
Conference methodology.

Results We screened 17 607 references and included 145 studies. The overall cer-
tainty in the evidence of effect estimates was generally low or very low. During
the ICC, plenary sessions (100–200 stakeholders from a range of clinical disci-
plines and community representatives) were followed by closed sessions where
multidisciplinary decision-making panels (>50 experts and patient organizations)
formulated recommendations. Two chairs (content-expert and methodologist)
moderated each session and two rapporteurs documented the discussions. The
Evidence-to-Decision template (GRADEpro software) was used as the central basis
in the process of formulating recommendations.

Correspondence: Hans Van Remoortel, Belgian Red Cross, Centre for
Evidence-Based Practice, Motstraat 42, B-2800 Mechelen, Belgium
E-mail: hans.vanremoortel@rodekruis.be

This is an open access article under the terms of the Creative Commons Attribution License,
which permits use, distribution and reproduction in any medium, provided the original work is properly cited.

1

https://orcid.org/0000-0003-1942-1799
https://orcid.org/0000-0003-1942-1799
https://orcid.org/0000-0003-1942-1799
https://orcid.org/0000-0003-4498-9781
https://orcid.org/0000-0003-4498-9781
https://orcid.org/0000-0003-4498-9781
https://orcid.org/0000-0002-2666-8696
https://orcid.org/0000-0002-2666-8696
https://orcid.org/0000-0002-2666-8696
mailto:
http://creativecommons.org/licenses/by/4.0/


Conclusion This ICC-PBM resulted in 10 clinical and 12 research recommenda-
tions supported by an international stakeholder group of experts in blood trans-
fusion. Systematic, rigorous and transparent evidence-based methodology in a
formal consensus format should be the new standard to evaluate (cost-) effective-
ness of medical treatments, such as blood transfusion.

Key words: anemia, patient blood management, red cell components, transfusion.

Introduction

Patient Blood Management (PBM) is a patient-focused,

evidence-based and multidisciplinary approach to opti-

mize both the management of patients and transfusion of

blood products for quality and effective patient care. It is

designed to improve patient outcomes through the safe

and rational use of blood and blood products and by

minimizing unnecessary exposure to blood products [1].

Key areas in PBM include diagnosing and treating peri-

operative anaemia, implementing blood-saving measures

throughout the course of diagnosis and treatment, and

transfusing patients according to accepted and evidence-

based transfusion thresholds.

To develop rigorous evidence-based guidelines, accord-

ing to the AGREE II checklist [2], systematic literature

searches should form the basis of the guidelines. The

methodology to conduct these systematic reviews, includ-

ing an assessment in the certainty of the body of evi-

dence, and the translation of the evidence into clinical,

evidence-based recommendations can be performed using

the GRADE (Grading of Recommendations, Assessment,

Development and Evaluations) approach.

GRADE is a transparent framework for developing and

presenting summaries of evidence and provides a system-

atic approach for making clinical practice recommenda-

tions [3–5]. To bridge the gap between research and

clinical practice, the engagement of a multidisciplinary

expert panel is key. Formal group consensus methods

have been developed to organize subjective judgements

and to synthesize them with the available evidence [6].

The National Institutes of Health (NIH) has developed a

consensus development conference format to evaluate

biomedical technologies and practices and to disseminate

these results to health professionals and the public [6,7].

NIH consensus development conferences include partici-

pation by speakers who present the evidence, an audience

that has the opportunity to comment on the evidence,

and a panel that deliberates and produces a written state-

ment based on its judgement [8]. The strengths of the

NIH consensus development process are its potential to

translate a large body of evidence into practical clinical

policy, to bring together apparently conflicting

viewpoints, with the evidence as the “common denomina-

tor”, to draw public as well as professional attention to

important clinical issues, to obtain front-line practitioner

input on the feasibility of evidence-generated clinical

policy and to increase the exposure of all parties to the

existing research evidence in an area.[9].

A diverse, international group of policymakers, managers,

their support staff and other stakeholders indicated that the

systematic consideration of the best available evidence

would help to improve health system decision-making pro-

cesses [10]. To improve the trustworthiness of claims about

the effects of treatments and to formulate evidence-based

clinical recommendations, the systematic and transparent

use of a methodological approach/framework and a formal

consensus methodology is highly recommended [11,12].

Therefore, in order to enhance shared decision-making

and to formulate evidence-based recommendations in

three PBM topics (preoperative anaemia, red blood cell

(RBC) transfusion thresholds and implementation of PBM

programmes), an international consortium of European,

American, Canadian and Australian organizations in the

field of blood transfusion organized a 2-day (24 and 25

April 2018) International Consensus Conference on

Patient Blood Management in Frankfurt/Main, Germany

(ICC-PBM 2018). The key results and conclusions/recom-

mendations of this meeting were published elsewhere

[13]. The aim of this methodology paper was to report the

ICC-PBM 2018 proceedings and provide more insight how

evidence-based methodologies and technologies were

used to enhance shared decision-making when formulat-

ing clinical recommendations. This information will

inform and guide all stakeholders involved in making

and using evidence-based recommendations.

Materials & methods

A Scientific Committee was established consisting of 23

members including one methodologist from the Centre for

Evidence-Based Practice, Belgian Red Cross (Belgium) with

expertise in conducting systematic reviews and 22 subject

matter experts that were appointed by the following spon-

soring and participating organizations: German Red Cross

Blood Transfusion Services (Germany); Grenoble University
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Hospital (France); National Health Services Blood & Trans-

plant (United Kingdom); Academic Hospital of Brest

(France); European Blood Alliance (The Netherlands); Cana-

dian Blood Services (Canada); Western Health, Melbourne

(Australia); Fairview Health Services and Patient Readiness

Institute, Minneapolis (USA); Ludwig Boltzmann Institute for

Clinical and Experimental Traumatology, Vienna (Austria);

One Blood, Orlando (USA); Institute for Immunology and

Transfusion Medicine, Greifswald (Germany); Sanquin, Ams-

terdam (The Netherlands); Duke University School of Medi-

cine, North Carolina (USA); Italian National Institute of

Health (Italy); University Hospital Frankfurt, Frankfurt am

Main (Germany); Institute for Transfusion Medicine and

Immunohaematology, Frankfurt (Germany); Australian Red

Cross Blood Service (Australia); Mount Sinai Hospital, Tor-

onto (Canada); �Etablissement Franc�ais du Sang (France);

Italian Society for Transfusion Medicine and Immunohaema-

tology (Italy), Monash University, Melbourne (Australia)

(Appendix 1, all appendices can be found in the online pub-

lication). The Scientific Committee was responsible to pre-

pare the ICC-PBM 2018 by selecting the 3 PBM topics of

interest: (1) diagnosis and management of preoperative

anaemia, (2) the use of RBC transfusion thresholds and (3)

the implementation of PBM programmes.

Patient Blood Management topics of interest and
17 PICO questions

After the face-to-face kick-off meeting in February 2017,

the Scientific Committee decided to select three PBM topics

and formulated 17 PICO questions ((defining Population,

Intervention, Comparison group, Outcome(s)) accordingly:

(1) the diagnosis and management of preoperative anaemia

(3 PICO questions), (2) the use of RBC transfusion thresh-

olds (11 PICO questions) and (3) the implementation of

PBM programmes (3 PICO questions). The 17 PICO ques-

tions were related to (1) definition (PICO 1), diagnosis (PICO

2) and management (PICO 3) of preoperative anaemia in

adult elective surgery patients, (2) the use of RBC transfu-

sion thresholds in intensive care and acute interventions

(PICO 4-9, & PICO 14), haematology and oncology (PICO

10 & PICO 11) and neurology (PICO 12 & PICO 13) and (3)

the implementation of ‘comprehensive’ PBM programmes

(PICO 15) and behavioural interventions (PICO 16) or deci-

sion support systems (PICO 17) to promote the implementa-

tion of PBM programmes. Detailed information about the

PICO questions, selection criteria and corresponding search

strategies are published elsewhere.[13].

Evidence-based methodology

A stepwise, rigorous and transparent process was used to

conduct evidence reviews starting from the formulation

of a PICO question and selection criteria followed by

developing search strategies in 4 different databases

(MEDLINE (PubMed interface), EMBASE (via Embase.-

com), the Cochrane Library and the Transfusion Evidence

Library). The following steps included screening of rele-

vant papers (first on title and abstract, then on full text),

data extraction, quality assessment and data synthesis

(meta-analyses if possible). The evidence reviews were

performed by one methodologist (per review) from the

Centre for Evidence-Based Practice (Belgian Red Cross),

and revisions were done by the Scientific Committee.

Detailed methodological principles to conduct the evi-

dence reviews in the context of a clinical guideline pro-

ject are published in a methodological charter [14]. The

GRADE approach was used to rate the certainty of evi-

dence in the reviews and to translate the evidence from

the reviews to conditional/weak, strong or research rec-

ommendations [5].

Starting from the PICO questions and the selection of out-

comes, the Scientific Committee members independently

assessed the relative importance of outcomes numerically on

a 1–9 scale (7–9, critical; 4–6 important; and 1–3, of limited

importance). Ranking outcomes by their relative importance

can help guideline developers to focus attention, when for-

mulating recommendations, on those outcomes that are con-

sidered most important [15]. This rating exercise was

performed after reviewing the evidence (February 2018) and

detailed information can be found in Appendix 2. About

60–70% of the Scientific Committee members completed the

rating scores for all outcomes related to the PICO questions

of preoperative anaemia (n = 16, 70%), RBC transfusion

thresholds (n = 16, 70%) and PBM implementation (n = 14,

61%). Based on the calculation of the mean rating scores

and a discussion within the Scientific Committee in case of

discrepant results (i.e. large variability in rating scores), final

rating scores were provided.

A standard evidence summary template (in Word) was

used to describe the PICO question, the search strategies,

the search date, the selection criteria, the characteristics

of included studies, the synthesis of findings, the quality

of the evidence, the certainty of the body of evidence, the

conclusion(s) and the references of the included studies

[14]. Additionally, evidence profiles were created with the

GRADEpro software (https://gradepro.org/) to enable a

summary of findings including an estimate of effect for

each outcome and a quality rating of the evidence for

each outcome according to the 8 GRADE criteria (five cri-

teria that might potentially downgrade the quality: risk of

bias, inconsistency, indirectness, imprecision, publication

bias; and three criteria that might potentially upgrade the

quality: large effect, dose–response and confounders).[3]

When developing recommendations, the GRADE

approach recommends that an expert panel should use
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the evidence reviews as the fundamental source of infor-

mation (including the quality of the evidence and the

importance of outcomes) and recommends that an expert

panel should subsequently formulate a conditional/weak

of strong recommendation (strength) for or against an

intervention (direction). In order to formulate appropriate

recommendations, several items need to be considered

such as the balance between benefits and harms, the

quality of the evidence, values and preferences, resource

use and the feasibility, equity and acceptability. These

items are collected in an Evidence-to-Decision (EtD)

framework (available in the GRADEpro software) which

facilitates this consideration and enhances the formula-

tion of recommendations in a clear and transparent man-

ner [12,16]. Table 1 represents the 10 items and

judgement questions of the EtD framework that were used

as a central thread to formulate recommendations during

the ICC-PBM 2018. In general, the different evidence

reviews answered whether a specific intervention is effec-

tive (or not). Therefore, the source of information for EtD

items one (desirable effects), two (undesirable effects),

three (certainty of evidence) and five (balance of effects)

was the evidence reviews. The other items (4, 6, 8, 9, 10)

were not ignored but were introduced and discussed in

the different sessions and indicative opinion polls were

organized (see below). The Scientific Committee decided

to exclude item 7 (cost-effectiveness) from the discussion

because this item is too context- and healthcare system-

specific.

Formal consensus methodology

The use of the NIH consensus development conference

methodology resulted in the following four consecutive

major steps:

(1) At day 1, evidence reviews were presented by Scien-

tific Committee members in three parallel public (open)

sessions (according to the three selected topics) fol-

lowed by discussion with the general audience. The

general audience was divided over these three sessions

(according to their preference which was recorded dur-

ing the registration for the conference): 46 people

attended the ‘preoperative anaemia’ session, 68 people

attended the session on ‘RBC transfusion thresholds’

and 61 people attended the ‘PBM implementation’ ses-

sion. Each session was chaired by two experts (one

subject matter expert and one methodologist), and two

Scientific Committee members (per session) served as

the Rapporteurs by recording the key points from the

discussion with the general audience. Before the ICC-

PBM 2018, the speakers, chairs and rapporteurs were

trained in the GRADE methodology and the Consensus

Conference methodology via an online webinar. A

detailed list of the speakers, chairs and rapporteurs can

be found in Appendix 3. After having the evidence

reviews presented by different speakers (mainly Scien-

tific Committee members), the chairs introduced the

nine Evidence-to-Decision framework items to the

audience: desirable effects (item 1), undesirable effects

(item 2), certainty of the evidence (item 3), values (item

4), balance of effects (item 5), resources required (item

6), equity (item 8), acceptability (item 9), feasibility

(item 10). These items served as the central themes

during the discussion with the audience. Items 1, 2, 3

and 5 were covered by the evidence reviews which

were used as the fundamental source of information.

The remaining items (items 4, 6, 8, 9, 10; item 7 was

not discussed cfr. supra) were also part of the discus-

sion and indicative opinion polls of the audience were

collected via the MentimeterTM software (www.menti.c

om, Stockholm, Sweden, application via smartphone or

laptop). We summarized the results from the indicative

opinion polls by expressing a range (%) of different

answers from one or more items. Since these opinion

polls were not binding but rather indicative for the

decision-making panels, no consensus definition was

used. The rapporteurs used the GRADEpro software to

insert the additional considerations by the general

audience directly into the EtD framework (Table 1).

(2) At the end of day 1, further deliberation on the evi-

dence and additional considerations by the general

audience was done by the three decision-making pan-

els (one panel per topic) during three separate and

closed (executive) sessions. The decision-making pan-

els consisted of 10–15 subject matter experts (includ-

ing 2–3 Scientific Committee members) together with

the same chairs (one subject matter expert and one

methodologist) as for the open sessions. Key informa-

tion from the evidence reviews together with impor-

tant additional considerations of the general audience

was presented via the EtD framework (directly in the

GRADEpro software) by the chairs after which discus-

sion among the decision-making panellists was

started and judgements on the different EtD items

were completed. The two rapporteurs (per session)

recorded the judgement decisions into the summary

of judgement template of the GRADEpro software.

Finally, based on this summary of judgements, a con-

clusion was drafted including the formulation of a

conditional, strong or research recommendation (us-

ing standard wording) together with the underlying

justifications.

(3) At day 2, a general plenary session with all confer-

ence attendees was organized and moderated by three

chairs (Appendix 3). During this session, the chairs of

the open/parallel sessions (day 1) presented the
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Table 1 GRADE’s Evidence-to-Decision framework used during the ICC-PBM 2018

ITEMS (introduced
by the chairs in the
open sessions)

JUDGEMENT questions (answered by the
decision-making panels during the private
sessions) Source of information Additional considerations

1. Desirable effects How substantial are the desirable anticipated

effects?

• Trivial

• Small

• Moderate

• Large

• Varies

• Don’t know

Presentation of evidence reviews

(including evidence profiles

created by the GRADEpro

software) by the Scientific

Committee

The rapporteurs directly inserted

the additional considerations by

the general audience in the EtD

template in word or in the

GRADEpro software

2. Undesirable effects How substantial are the undesirable anticipated

effects?

• Large

• Moderate

• Small

• Trivial

• Varies

• Don’t know

Presentation of evidence reviews

(including evidence profiles

created by the GRADEpro

software) by the Scientific

Committee

The rapporteurs directly inserted

the additional considerations by

the general audience in the EtD

template in word or in the

GRADEpro software

3. Certainty of evidence What is the overall certainty of the evidence

of effects?

• Very low

• Low

• Moderate

• High

• No included studies

Presentation of evidence reviews

(including evidence profiles

created by the GRADEpro

software) by the Scientific

Committee

The rapporteurs directly inserted

the additional considerations by

the general audience in the EtD

template in word or in the

GRADEpro software

4. Values Is there important uncertainty about or

variability in how much people value the

main outcomes?

• Important uncertainty or variability

• Possibly important uncertainty or vari-

ability

• Probably no important uncertainty or

variability

• No important uncertainty or variability

Opinion poll voting with the

general audience via

MentimeterTM, www.menti.com,

Stockholm, Sweden

The rapporteurs directly inserted

the additional considerations by

the general audience in the EtD

template in word or in the

GRADEpro software

5. Balance of effects Does the balance between desirable and

undesirable effects favour the intervention or

the comparison?

• Favours the comparison

• Probably favours the comparison

• Does not favour either the intervention

or the comparison

• Probably favours the intervention

• Favours the intervention

• Varies

• Don’t know

Presentation of evidence reviews

(including evidence profiles

created by the GRADEpro

software) by the Scientific

Committee

The rapporteurs directly inserted

the additional considerations by

the general audience in the EtD

template in word or in the

GRADEpro software

© 2019 The Authors.
Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion
Vox Sanguinis (2019)

Proceedings ICC-PBM 2018 5

http://www.menti.com


Table 1 (Continued)

ITEMS (introduced
by the chairs in the
open sessions)

JUDGEMENT questions (answered by the
decision-making panels during the private
sessions) Source of information Additional considerations

6. Resources required How large are the resource requirements

(costs)?

• Large costs

• Moderate costs

• Negligible costs and savings

• Moderate savings

• Large savings

• Varies

• Don’t know

Opinion poll voting with the

general audience via

MentimeterTM, www.menti.com,

Stockholm, Sweden

The rapporteurs directly inserted

the additional considerations by

the general audience in the EtD

template in word or in the

GRADEpro software

7. cost-effectiveness Does the cost-effectiveness of the intervention

favour the intervention or the comparison?

• Favours the comparison

• Probably favours the comparison

• Does not favour either the intervention

or the comparison

• Probably favours the intervention

• Favours the intervention

• Varies

• No included studies

The Scientific Committee decided to exclude this item from the discussion

because too context- and healthcare system-specific

8. Equity What would be the impact on health equity?

• Reduced

• Probably reduced

• Probably no impact

• Probably increased

• Increased

• Varies

• Don’t know

Opinion poll voting with the

general audience via

MentimeterTM, www.menti.com,

Stockholm, Sweden

The rapporteurs directly inserted

the additional considerations by

the general audience in the EtD

template in word or in the

GRADEpro software

9. Acceptability Is the intervention acceptable to key

stakeholders?

• No

• Probably no

• Probably yes

• Yes

• Varies

• Don’t know

Opinion poll voting with the

general audience via

MentimeterTM, www.menti.com,

Stockholm, Sweden

The rapporteurs directly inserted

the additional considerations by

the general audience in the EtD

template in word or in the

GRADEpro software

10. Feasibility Is the intervention feasible to implement?

• No

• Probably no

• Probably yes

• Yes

• Varies

• Don’t know

Opinion poll voting with the

general audience via

MentimeterTM, www.menti.com,

Stockholm, Sweden

The rapporteurs directly inserted

the additional considerations by

the general audience in the EtD

template in word or in the

GRADEpro software

© 2019 The Authors.
Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion

Vox Sanguinis (2019)

6 H. Van Remoortel et al.

http://www.menti.com
http://www.menti.com
http://www.menti.com
http://www.menti.com


summary of judgements of the EtD framework

together with the draft recommendations and major

justifications. Subsequently, the general audience was

able to give their indicative opinion poll vote (using

the MentimeterTM software) on these draft recommen-

dations to identify the level of agreement (i.e. ‘accept

completely’, ‘accept with some reservation’, ‘accept

with major reservation’, ‘reject with reservation’, ‘re-

ject completely’) for each recommendation. Finally,

plenary discussion was held and recorded by the rap-

porteurs.

(4) At the end of day 2, three separate and final closed

(executive) sessions were organized with the decision-

making panels. Based on the plenary session presenta-

tions (i.e. GRADE’s EtD framework), discussions with

the general audience and indicative opinion poll votes

on the draft recommendations, changes to the draft

recommendations were made (if needed) and final rec-

ommendations and justifications were formulated.

Consensus among the decision-making panellists was

defined as a two-thirds majority (via hand raising).

Results

A total number of 186 persons from five continents and

35 countries were registered for the 2-day Conference

(Appendix 4). The attendees represented different medical

disciplines, including transfusion medicine, clinical

haematology, pathology, anaesthesiology, oncology, car-

diology, neurology, surgery, and critical care medicine

and methodological expertise in conducting systematic

reviews. The attendees were affiliated to 63 (University/

Academic) Hospitals, 28 Blood Services, 23 (Patient)

Organizations, 12 (Pharmaceutical) Companies and 5

Governmental Bodies. All contributing Institutions are

listed in Appendix 5. The different co-sponsors of the

ICC-PBM were acknowledged followed by a brief intro-

duction of the three PBM topics, and the composition of

the three corresponding decision-making panels tasked to

formulate evidence-based recommendations were pre-

sented. A detailed list of these decision-making panels

can be found in Appendix 6. Figure 1 summarizes how

shared decision-making was promoted by the use of the

Consensus Development Conference format, the GRADE’s

EtD framework/software and indicative opinion polls via

a smartphone/laptop application (MentimeterTM software).

Day 1: three parallel sessions and a draft
consensus statement

The screening of 17 607 references resulted in the final

inclusion of 145 studies [13]. In the ‘preoperative anae-

mia’ session, the evidence of 62 studies regarding the

definition and diagnosis of preoperative anaemia (PICOs

1–2: 36 observational studies) and the treatment of preop-

erative anaemia in adult elective surgery patients (PICO 3:

three observational studies and 23 experimental studies)

were presented. The mean response rate of the indicative

opinion poll was 56% (range 50–76%). About 55% of the

respondents decided that there is (probably) no important

uncertainty or variability in how people/patients value the

critical outcomes. About 40% of the people believe that

prophylactic transfusion has a reduced impact on health

equity whereas only 12–21% of the respondents felt that

this reduction is present in case of iron monotherapy or

ESA+iron therapy, respectively. The majority of people

(50–70%) said that prophylactic transfusion is (probably)

not acceptable nor feasible to key stakeholders whereas

~60–80% mentioned that iron monotherapy or ESA+iron
therapy is (probably) acceptable and feasible.

The ‘RBC transfusion thresholds’ session started with

an introductory keynote presentation by Prof. Dr. Jeffrey

L. Carson (Robert Wood Johnson Medical School, Rutgers

University, New Brunswick, NJ, USA) followed by the

presentation of the evidence from 40 studies that investi-

gated the effectiveness of a more restrictive transfusion

threshold compared to a more liberal transfusion thresh-

old in the following adult patient populations: critically

ill but clinically stable intensive care (PICO 4: four exper-

imental studies), orthopaedic and non-cardiac surgery

(PICO 5: 11 experimental studies), acute (gastrointestinal)

bleeding (PICOs 6 and 14: four experimental studies),

symptomatic coronary heart disease (PICO 7: two experi-

mental studies), septic shock (PICO 8: two experimental

studies), cardiac surgery (PICO 9: eight experimental stud-

ies), haematology (PICO 10: two experimental studies),

oncology (PICO 11: three experimental studies), neurology

(PICOs 12 and 13: one observational study and two

experimental studies).

The mean response rate of the indicative opinion poll

was 81% (range 77–82%). About 82% of the respondents

decided that there is (probably) important uncertainty or

variability in how people/patients value the critical out-

comes. Fifty-four per cent indicated that the use of restric-

tive RBC transfusion thresholds will result in negligible

costs/savings to moderate/large savings. About 60% of the

people believe that the use of restrictive RBC transfusion

thresholds will probably have no impact or even an

increased impact on health equity. The majority of people

(70-90%) said that restrictive RBC transfusion strategies

are probably acceptable and feasible to key stakeholders.

In the ‘PBM implementation’ session, the evidence of

43 studies regarding the implementation of comprehen-

sive PBM programmes (PICO 15: 20 observational studies)

and potential behavioural interventions (PICO 16: 19

observational studies) or computerized decision support
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systems (PICO 17: 3 observational studies and one experi-

mental study) was presented.

Detailed information of all evidence reviews and pre-

sentations is available at the ICC-PBM website [17]. The

mean response rate of the indicative opinion poll was

65% (range 56–80%). About 60% of the respondents

decided that there is (probably) important uncertainty or

variability in how people/patients value the critical out-

comes. About half of the people believe that the impact

of PBM programmes on health equity varies. The majority

of people (63–85%) said that behavioural interventions

and decision support systems are probably acceptable and

feasible to key stakeholders. Detailed information about

the indicative opinion polls can be downloaded from the

ICC-PBM website [17].

During the second part of the three parallel sessions, a

closed/executive session with the decision-making panels

took place. Based on the evidence reviews, the additional

considerations and the indicative polling of the audience,

the decision-making panels made final judgements on the

different EtD criteria. A summary of judgements for the

17 PICO questions can be found in Appendix 7. The draft

recommendations/conclusions of the decision-making

panels can be found in Appendix 8.

Day 2: general plenary session and a final
consensus statement

The draft recommendations and underlying justifications

from the decision-making panels were presented to the

general audience. Detailed information of these presenta-

tions and the indicative opinion poll results is available

at the ICC-PBM website.[17] The median response rate of

the indicative opinion poll on these draft recommenda-

tions was 68 [IQR: 10]%. In summary, the majority of the

audience accepted the draft recommendations completely

of the diagnosis and management of preoperative anae-

mia (74 [IQR: 7]%), the use RBC transfusion thresholds

(81 [IQR: 16]%) and PBM implementation (69 [IQR: 6]%)

completely, except one recommendation which was

accepted completely by only ~20% of the audience. This

recommendation was related to the management of anae-

mia and the use of ESAs in addition to iron supplementa-

tion in adult preoperative elective major orthopaedic

surgery patients with haemoglobin levels <13 g/dl. Major

concerns from the audience were that this recommenda-

tion did cover a (too) big number of different anaemia

causes and it does not cover the caveats/contraindications

and the costs of ESAs. It was also mentioned that clinical

Fig. 1 Overview of the key tasks to prepare the ICC-PBM.
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outcomes should be considered as the critical outcomes

rather than reduction in RBC transfusion since it only

replaces one treatment by another. Because transfusion

rate in orthopaedic surgery dropped dramatically over the

past years, the included older studies overestimate the

effect of ESA+iron therapy on RBC reduction and may

make the recommendation obsolete. The audience also

commented that the avoidance of RBC transfusion

reported in published studies depends on the transfusion

rate (number of patients transfused), which is dependent

on the time of publication, patient population and dis-

ease/operation planned. Finally, the audience indicated

that ethical considerations, patient preferences, financial

and equity consideration are key aspects when formulat-

ing this recommendation.

At the end of the second day, the decision-making

panels formulated final recommendations. For preopera-

tive anaemia, four clinical and three research recommen-

dations were formulated, including a strong

recommendation to detect and manage anaemia suffi-

ciently early before major elective surgery. For RBC

transfusion thresholds, four clinical and six research rec-

ommendation were developed, including two strong clini-

cal recommendations for critically ill but clinically stable

intensive care patients with or without septic shock (rec-

ommended threshold for RBC transfusion, haemoglobin

concentration <7 g/dl) as well as for patients undergoing

cardiac surgery (recommended threshold for RBC transfu-

sion, haemoglobin concentration <7.5 g/dl). For imple-

mentation of PBM programmes, two clinical and three

research recommendations were developed, including rec-

ommendations to implement comprehensive PBM pro-

grammes and to use electronic decision support systems

(both conditional recommendations) to improve appropri-

ate RBC utilization. Detailed information about the final

recommendations is published elsewhere.[13].

Discussion

Numerous consensus conference formats have been used

to address issues in medical care [18]. The most well-de-

veloped consensus conference methodology has been used

by the US National Institutes of Health (NIH) Consensus

Conference format [19]. Consensus conferences are

designed to minimize the ability of individual opinions to

dominate a group discussion and limit the influence of

other social pressures and constructs. These features may

be particularly relevant when the topics under discussion

are contentious.

For the first time in the field of PBM, and after two

years of preparation, clinical bedside experts from anaes-

thesiology, haemostasis and thrombosis, intensive care

medicine, transfusion medicine, internal medicine,

neurology, clinical laboratory medicine, haematology,

clinical immunology, oncology, neurosurgery, vascular,

cardiac and oncological surgery, gynaecology and obstet-

rics met with nurses, patient and blood banking represen-

tatives, representatives of blood transfusion services and

government authorities, Evidence-Based Medicine

methodologists as well as epidemiologists for a two-day

intensive exchange guided by the GRADE methodology.

Prior to the meeting, significant deliberation was put into

the framing of the questions to be addressed. Consistent

with the NIH model, the ICC-PBM relied on a broad-based

independent panel to bring balanced perspectives and rel-

evant knowledge to the process. In addition to subject

matter experts, both practitioners and methodologists as

well as representatives of blood recipients participated.

Information was presented in an open meeting format

with opportunity for both panellists and audience to

question and discuss. Lastly, draft recommendations (con-

sensus statement) were generated at the end of the first

day and presented to the entire group of participants on

the second day for discussion and refinement. Because of

the use of the GRADE methodology, the ICC-PBM spent

less time on expert presentations than is typical for most

NIH Consensus Conferences. Consensus conferences are

dependent on acceptance of the scientific method and a

robust application of scientific rigour generates trust in

the process. By thoroughly training all members of the

Scientific Committee, all panellists, chairs, rapporteurs

and speakers in the GRADE and EtD methodologies as

well as in the use of the GRADEpro software by establish-

ing more than ten webinars in addition to the regular

teleconferences before the conference, we were able to

facilitate the whole process. All critical partners had a

deep and thorough methodology knowledge before

attending the ICC. Furthermore, use of GRADE methodol-

ogy, including a thorough assessment of the relevant lit-

erature, provided a solid foundation for consideration of

the PICO questions.

Together with the active involvement of the audience

comprising about another 150 clinical experts, the three

panels evaluated the outcome of the literature search per-

formed following the predefined PICO questions. The pan-

ellists were able to agree on the above-mentioned

recommendations in the three predefined PBM topics on

the diagnosis and treatment of preoperative anaemia, RBC

transfusion thresholds and the implementation of PBM

programmes [13].

The GRADE and EtD methodology enabled the three

panels to integrate evidence-based literature searches into

a discussion on practical bedside implementation and

guided the drafting of evidence-based recommendations.

Employing the tools described above to maintain aca-

demic rigour through the process, the three panels were
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able to take a holistic view of PBM. One of the major out-

comes of this process are the recommendations, which go

beyond the simple interpretation of the published litera-

ture to give concise advice to the bedside clinician and to

patients potentially requiring RBC transfusion, ESA and/

or iron support while keeping in line with the published

evidence.

Several challenges or limitations regarding the use of

the Consensus Conference format and the GRADE

approach were present. Firstly, although an enormous

effort was made to inform and educate all people

involved in the evidence-based methodology (i.e. GRADE

approach), the formulation of straightforward PICO ques-

tions and selection criteria, including rating the impor-

tance of outcomes, was a difficult discussion between the

methodologists and the subject matter experts. This is

part of the lumping–splitting debate where subject matter

experts are more lumping the review questions, that is

addressing a wide range of populations, interventions and

outcomes. Lumped review questions are time-consuming

but will better inform decisions about which interventions

to implement when there may be a range of options. On

the other hand, methodologists are more in favour of

splitting the review questions, that is addressing a narrow

range of populations, interventions and outcomes. These

type of questions are less time-consuming. However,

these reviews can only inform decisions about whether or

not to implement narrowly focused interventions. Given

the tight time schedule (i.e. 1 year) to complete the 17,

predominantly lumped evidence reviews, in addition to

the technical preparation of the ICC-PBM 2018, we might

have missed some relevant studies (selection bias). There-

fore, a face-to-face meeting at the beginning of the pro-

ject with the formulation and final approval of clinically

relevant and feasible PICO questions (given the available

time and resources) together with the preparation of an a

priori data analysis plan should have been better to con-

duct evidence reviews in the most efficient way. To fur-

ther improve the engagement of the Scientific Committee

members, the decision-making panels, chairs and

Fig. 2 Promoting shared decision-making in an international guideline project: the use of the Consensus Development Conference format, GRADE’s Evi-

dence-to-Decision framework and software (GRADEpro) and opinion polls via smartphone or laptop application (MentimeterTM software).
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rapporteurs, a second online/face-to-face meeting with

the Scientific Committee, the rapporteurs and the deci-

sion-making panels could be organized after conducting

the evidence reviews to discuss the results, critical apprai-

sal and the conclusions of these evidence reviews. Sec-

ondly, the formulation of the recommendations is the key

task for decision-making panels. Therefore, a rigorous

procedure is required to select panellists that accept the

principles of Evidence-Based Medicine and to manage

potential conflicts of interest in a fair, judicious and

transparent manner [20]. Where substantial disagreement

on the formulation of recommendation exists (i.e. ICC-

PBM recommendation on the use of ESAs and iron in

preoperative major orthopaedic surgery patients with Hb

<13 g/dl), a formal and blinded voting system among the

decision-making panels (e.g. via the GRADEpro software)

could be helpful to avoid the (negative) impact of biased/

strong individual opinions. Thirdly, to maximize partici-

pation and minimize the costs, consensus conferences

could be held in conjunction with other educational or

scientific meetings.

Conclusion

The use of a formal Consensus Conference format in com-

bination with the GRADE approach provides a powerful

framework to formulate evidence-based recommendations

based on the best available evidence, patient perspectives

and clinical expertise. This first international consensus

conference on PBM could open ways to future develop-

ments in this field. First, it provides a tool to help evalu-

ate the outcomes from this consensus conference (e.g.

changes in clinical practices, published clinical studies

according to the ICC-PBM recommendations). Second, the

emitted recommendations should be reviewed and

updated at least every 5 years according to the same

methodology. The systematic use of evidence-based

methodologies should be the new standard to evaluate

(cost-) effectiveness of medical treatments in order to

avoid recommendations based on expert opinion solely

and/or strongly held opinions on religious (e.g. Jehovah

Witnesses) or commercial (e.g. pharmaceutical companies)

grounds. Third, future consensus conferences using the

same methodology should be organized to elaborate other

recommendations in areas not covered by the first ICC-

PBM such as PBM for platelet and plasma transfusion or

PBM in paediatrics or obstetrics.
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Appendix 1 Overview of the 23 Scientific Committee Members

Name Affiliation

Erhard Seifried (chair) German Red Cross Blood Transfusion Services (Germany)

Pierre Albaladejo Grenoble University Hospital (France)

Shubha Allard NHS Blood & Transplant (United Kingdom)

C�ecile Aubron Academic Hospital of Brest (France)

Kari Aranko European Blood Alliance (The Netherlands)

Dana Devine Canadian Blood Services (Canada)

Craig French Western Health, Melbourne (Australia)

Kathrine P Frey Fairview Health Services and Patient Readiness Institute, Minneapolis (USA)

Christian Gabriel Ludwig Boltzmann Institute for Clinical and Experimental Traumatology, Vienna (Austria)

Richard Gammon One Blood, Orlando (USA)

Andreas Greinacher Institute for Immunology and Transfusion Medicine, Greifswald (Germany)

Marian van Kraaij Sanquin, Amsterdam (The Netherlands)

Jerrold Levy Duke University School of Medicine, North Carolina (USA)

Giancarlo Liumbruno Italian National Institute of Health (Italy)

Patrick Meybohm University Hospital Frankfurt, Frankfurt am Main (Germany)

Markus M Mueller Institute for Transfusion Medicine and Immunohaematology, Frankfurt (Germany)

Michael F Murphy NHS Blood & Transplant (United Kingdom)

Ben Saxon Australian Red Cross Blood Service (Australia)

Nadine Shehata Mount Sinai Hospital, Toronto (Canada)

Pierre Tiberghien �Etablissement Franc�ais du Sang (France)

Hans Van Remoortel Centre for Evidence-Based Practice, Belgian Red Cross (Belgium)

Claudio Velati Italian Society for Transfusion Medicine and Immunohaematology (Italy)

Erica M Wood Monash University, Melbourne (Australia)
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Appendix 2 Rating the importance of outcomes for all PICO questions by the Scientific
Committee members

AG PM KF MiM JL NS CA DD GL RG EW CF ES MM BS CG MEAN MEDIAN MINIMUM MAXIMUM Final rating (after discussion)
Mortality: 30-day mortality 8 8 8 8 9 9 9 8 9 9 6 9 9 9 7 8 9 6 9 Critical
Mortality: in-hospital mortality 8 8 8 8 9 9 7 7 9 9 6 9 9 7 9 8 8 6 9 Critical
Acute myocardial infarction 8 5 8 5 9 9 8 8 9 9 6 8 8 8 9 8 8 5 9 Critical
Acute ischaemic stroke 6 4 8 4 9 9 7 7 9 9 6 8 8 8 9 7 8 4 9 Critical
Acute kidney injury 6 7 8 7 9 9 7 7 5 9 3 8 8 8 4 7 7 3 9 Crtical
Acute mesenteric ischemia 6 4 5 4 9 9 6 7 4 4 3 8 8 6 4 6 6 3 9 Important
Acute peripheral vascular ischemia 4 4 5 4 9 9 6 7 9 4 3 8 8 6 3 6 6 3 9 Important

MEAN MEDIAN MINIMUM MAXIMUM
Mortality: (all-cause) mortality 8 4 8 6 9 9 9 7 9 9 9 7 9 9 9 8 8 9 4 9 Critical
Acute myocardial infarction 7 4 8 6 9 9 8 7 9 9 9 5 8 8 8 9 8 8 4 9 Critical
Acute ischaemic stroke 7 4 8 4 9 9 7 7 8 9 9 5 8 8 8 9 7 8 4 9 Critical
Acute kidney injury 5 4 8 6 9 9 7 7 8 5 9 5 8 8 8 4 7 7,5 4 9 Critical
Acute mesenteric ischaemia 4 4 6 4 9 9 6 7 8 4 4 5 8 8 6 3 6 6 3 9 Important
Acute peripheral vascular ischaemia 4 4 6 4 9 9 6 7 8 5 4 5 8 8 6 3 6 6 3 9 Important
Length of hospital stay 4 5 7 5 9 6 6 8 9 9 7 3 4 4 6 7 6 6 3 9 Important
Any type of reported infection 4 7 7 7 9 4 7 7 4 9 7 6 7 7 7 7 7 7 4 9 Important
RBC utilization 7 8 8 8 9 4 6 9 9 9 7 6 2 2 4 7 7 7 2 9 Important
Thromboembolic events 4 5 6 5 9 7 7 7 7 9 7 2 6 6 6 3 6 6 2 9 Critical

AG PM KF MiM JL NS CA DD GL RG EW CF ES MM PT BS MEAN MEDIAN MINIMUM MAXIMUM Final rating (after discussion)
30-day mortality 9 7 9 9 9 9 9 9 9 9 9 6 9 9 9 9 9 9 6 9 Critical
90-day mortality 7 9 8 9 7 7 9 8 3 5 9 6 9 9 8 8 8 8 3 9 Critical
hospital mortality 7 7 9 7 8 9 6 8 9 9 7 6 9 9 9 8 8 8 6 9 Critical
1-year mortality 4 5 6 7 6 4 6 6 3 5 6 6 9 9 6 7 6 6 3 9 Important
mortality at the time of longest follow-up 3 8 7 8 3 4 4 7 3 3 5 8 7 7 5 7 6 6 3 8 Important
participants exposed to blood transfusion 6 9 9 9 8 6 6 7 9 7 5 7 2 2 3 4 6 6,5 2 9 Important
units of blood transfused 6 7 8 7 9 5 6 6 9 7 5 4 2 2 4 3 6 6 2 9 Important
haemoglobin concentration 5 5 5 8 4 1 7 9 9 3 2 4 4 4 5 5 5 1 9 Important
cardiac events 8 5 6 5 5 9 7 6 8 9 7 4 8 8 6 8 7 7 4 9 Critical
myocardial infarction 8 7 7 7 6 9 9 6 8 9 7 4 8 8 6 7 7 7 4 9 Critical
congestive heart failure 6 5 6 5 9 8 6 5 6 9 5 4 8 8 5 7 6 6 4 9 Critical
sepsis-bacteraemia 6 5 7 5 9 6 7 6 6 9 6 4 8 8 4 7 6 6 4 9 Important
pneumonia 5 5 7 5 8 6 7 5 5 9 6 2 8 8 3 6 6 6 2 9 Important
pneumonia or wound infection 5 5 7 5 8 6 7 6 6 5 6 2 8 8 4 6 6 6 2 8 Important
limb ischaemia 4 4 4 4 5 8 4 4 3 2 6 2 8 8 3 6 5 4 2 8 Important
ICU readmission 5 4 5 4 5 6 4 7 8 2 6 2 8 8 4 5 5 2 8 Important

PICO question Outcome
Rating scores on a 1-9 scale by Scientific Committee 

Members (initials)

PICO 1

PICO 3 

PICO question Outcome
Rating scores on a 1-9 scale by Scientific Committee 

Members (initials)

ICU length of stay 4 6 7 6 5 3 2 6 8 2 6 2 6 6 7 5 6 2 8 Important
days to first transfusion 3 3 3 3 5 2 2 3 7 2 3 2 2 2 3 3 3 3 2 7 Not important
sever adverse reaction 8 5 6 5 9 4 7 5 9 2 7 5 8 8 4 7 6 6,5 2 9 Important
any adverse event related to transfusion 4 9 7 9 9 4 6 4 9 5 7 5 8 8 4 7 7 7 4 9 Critical
days with fever 3 7 3 7 4 3 3 3 3 2 6 2 4 4 4 5 4 3,5 2 7 Not important
pulmonary edema or respiratory distress 4 8 7 8 9 6 7 5 6 9 7 2 8 8 4 6 7 7 2 9 Critical
rash 3 2 3 2 6 2 2 3 3 2 3 2 2 2 3 3 3 2,5 2 6 Not important
hypotension 3 2 3 2 5 6 3 3 3 2 6 2 3 3 3 6 3 3 2 6 Not important
symptomatic vasospasm 3 2 3 2 3 6 2 4 3 2 3 4 4 4 2 4 3 3 2 6 Not important
transfusion-related hemolysis (acute or delayed) 8 7 8 7 9 4 3 5 6 2 6 2 8 8 3 6 6 6 2 9 Important
transfusion-related fever 4 5 7 5 6 2 3 4 3 2 6 2 4 4 3 3 4 4 2 7 Important
transfusion-related allergy with urticaria 4 4 7 4 6 2 4 4 3 2 1 2 2 2 3 4 3 3,5 1 7 Not important
transfusion-related pulmonary edema 7 4 8 4 9 6 6 5 7 2 6 2 8 8 4 7 6 6 2 9 Important
transfusion-related viral infection 7 7 8 7 9 3 6 4 3 2 3 2 8 8 4 7 6 6,5 2 9 Important
transfusion-related new alloantibodies 3 7 7 7 6 4 4 3 7 2 3 2 6 6 4 6 5 5 2 7 Important
number of chemotherapy cycles 3 2 3 2 5 4 4 3 2 1 2 1 1 1 5 3 2 1 5 Not important
duration of chemotherapy 2 2 3 2 5 4 3 3 2 1 2 1 1 1 3 2 2 1 5 Not important
chemotherapy-related neutropenia 2 2 3 2 6 3 3 3 2 1 2 1 1 1 6 3 2 1 6 Not important
chemotherapy-related neutropenic infection 2 2 3 2 6 7 3 3 2 4 2 1 1 3 6 3 3 1 7 Not important
chemotherapy-related thrombocytopenia 2 3 3 3 6 2 3 3 2 3 2 4 4 3 6 3 3 2 6 Not important
chemotherapy-related fatigue 2 3 3 3 3 6 7 3 3 2 6 5 1 1 3 4 3 3 1 7 Not important
chemotherapy-related nausea and vomiting 2 3 3 3 3 3 2 3 3 2 1 2 1 1 1 2 2 2 1 3 Not important
chemotherapy-related oral mucositis 2 3 3 3 3 3 2 3 3 2 1 2 1 1 2 2 2 2 1 3 Not important
chemotherapy-related diarrhea 2 3 3 3 2 3 2 3 3 2 1 2 1 1 1 2 2 2 1 3 Not important
chemotherapy-related constipation 2 3 3 3 1 2 3 3 2 1 2 1 1 1 2 2 2 1 3 Not important
complications from RBC transfusions 7 9 7 7 9 6 7 5 9 5 7 5 8 8 4 7 7 7 4 9 Critical
CVA-stroke 8 5 7 5 7 8 7 4 7 5 7 2 8 8 3 8 6 7 2 8 Critical
any cerebral infarction on MRI 8 5 7 5 9 6 7 4 7 5 4 2 8 8 3 8 6 6,5 2 9 Important
delayed cerebral infarction 7 5 7 5 6 7 3 6 3 6 2 8 8 2 8 6 6 2 8 Important
ARDS/ALI 9 8 7 8 9 7 7 4 7 2 7 2 8 8 4 8 7 7 2 9 Critical
thromboembolism 6 7 7 7 6 7 7 3 7 4 6 2 8 8 3 7 6 7 2 8 Critical
renal failure 6 7 7 7 6 8 7 4 7 5 6 2 8 8 2 7 6 7 2 8 Critical
rebleeding 7 5 6 5 8 8 7 4 9 5 6 2 6 6 4 7 6 6 2 9 Important
episodes of neutropenic fever 2 3 3 3 3 3 7 3 3 2 4 2 1 1 4 4 3 3 1 7 Not important
need for mechanical ventilation 6 3 6 3 4 6 6 4 6 2 7 2 7 7 3 7 5 6 2 7 Important
need for inotropic agents 4 4 4 4 6 6 6 4 6 2 7 2 7 7 2 5 5 4,5 2 7 Important
renal replacement therapy 6 5 5 5 6 7 7 4 4 2 7 2 7 7 3 5 5 5 2 7 Important
mental confusion 7 3 3 3 4 6 6 3 4 2 5 2 6 6 4 4 4 4 2 7 Important
function and fatigue (EQ-5D) 6 4 5 4 6 4 8 4 6 9 7 6 5 5 5 5 6 5 4 9 Important
SF-36: physical component summary score 5 4 5 4 6 4 7 4 2 7 6 5 5 5 5 5 2 7 Important
SF-36: mental component summary score 5 4 5 4 6 4 7 4 2 6 6 5 5 5 5 5 2 7 Important
Health-related quality of life (EQ-5D) at 6 weeks 8 5 5 5 6 4 7 4 4 5 6 6 7 7 5 7 6 5,5 4 8 Important
Health-related quality of life (EQ-5D) at 3 months 4 5 5 5 4 4 7 4 4 5 6 6 7 7 3 7 5 5 3 7 Important
inability to walk or death at 30 days 8 6 6 6 9 4 7 5 9 9 7 6 8 8 7 7 7 4 9 Critical
inability to walk or death at 60 days 5 8 6 8 9 4 7 5 6 9 7 6 8 8 7 7 7 4 9 Critical
lower extremity physical activities of daily living at 30 days 5 5 6 5 3 4 7 4 8 9 4 6 6 6 4 4 5 5 3 9 Important
lower extremity physical activities of daily living at 60 days 4 6 6 6 2 3 7 4 6 9 4 6 6 6 4 4 5 6 2 9 Important
instrumental activities of daily living at 30 days 7 5 5 5 5 4 7 5 8 9 4 6 6 6 3 6 6 5,5 3 9 Important
instrumental activities of daily living at 60 days 5 4 5 4 5 3 7 5 6 9 4 5 6 6 3 6 5 5 3 9 Important
energy/fatigue at 30 days 6 4 6 4 3 4 7 4 8 9 6 5 4 4 5 4 5 4,5 3 9 Important
energy/fatigue at 60 days 4 4 6 4 3 3 7 4 6 9 6 5 4 4 5 4 5 4 3 9 Important
fatigue scale score 4 4 6 4 3 4 7 5 6 5 6 2 4 4 4 5 5 4 2 7 Important
timed up and go test 4 4 5 4 3 4 6 5 4 2 6 2 4 4 4 4 4 2 6 Important
length of inpatient stay 4 4 7 4 8 4 4 6 9 2 6 2 6 6 3 4 5 4 2 9 Important

PICO 4-14
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AG PM KF MiM JL NS CA DD RG EW CF ES MM BS MEAN MEDIAN MINIMUM MAXIMUM Final rating (after discussion)
Blood product utilization - number of patients receiving PLT transfusion 6 5 7 5 9 4 9 4 2 9 7 8 8 8 7 7 2 9 Critical
Blood product utilization - number of patients receiving RBC transfusion 7 7 7 7 9 6 9 7 9 9 7 6 6 8 7 7 6 9 Critical
Blood product utilization - number of patients receiving FFP transfusion 5 6 7 6 9 5 9 3 2 9 7 8 8 6 7 7 2 9 Critical
Blood product utilization - number of patients receiving cryoprecipitate transfusion 5 3 6 3 9 5 6 3 2 9 7 8 8 8 6 6 2 9 Important
Blood product utilization - number of patients receiving any transfusion 4 7 7 7 9 4 7 4 9 9 7 6 6 8 7 7 4 9 Critical
Blood product utilization - number of RBC units transfused 7 7 7 7 9 4 9 6 9 7 7 6 6 7 7 7 4 9 Critical
Blood product utilization - number of FFP units transfused 5 6 7 6 9 4 9 3 2 7 7 8 8 4 6 7 2 9 Critical
Blood product utilization - number of PLT units transfused 5 6 7 6 9 4 9 3 2 7 7 8 8 4 6 7 2 9 Critical
Blood product utilization - number of cryoprecipitate units transfused 4 3 6 3 9 4 6 3 2 7 7 8 8 6 6 6 2 9 Important
Blood product utilization - number of any blood products transfused 3 6 7 6 9 5 9 4 2 7 7 8 8 6 6 7 2 9 Critical
Morbidity - composite measures 3 7 7 7 9 9 7 6 9 7 2 6 6 4 7 7 2 9 Critical
Morbidity - acute myocardial infarction 5 7 7 7 9 9 7 6 9 9 2 7 7 4 7 7 2 9 Critical
Morbidity - acute ischaemic stroke 5 7 7 7 9 9 7 6 9 9 2 7 7 4 7 7 2 9 Critical
Morbidity - acute kidney injury 5 7 7 7 9 9 7 7 9 9 2 7 7 4 7 7 2 9 Critical
Mortality - hospital mortality 5 7 7 7 9 9 7 6 9 9 6 9 9 4 8 7 4 9 Critical
Mortality - 30-day mortality 5 7 7 7 9 9 7 6 9 9 6 9 9 4 8 7 4 9 Critical
Mortality - not specified 3 7 7 7 6 9 7 3 9 6 6 9 9 6 7 7 3 9 Critical
Length of hospital stay 3 6 7 7 9 6 6 6 9 7 2 6 6 6 6 6 2 9 Important

Blood product utilization - number of patients receiving PLT transfusion 4 7 7 7 9 4 9 6 2 9 7 8 8 8 7 7 2 9 Critical
Blood product utilization - number of patients receiving RBC transfusion 4 7 7 7 9 6 9 9 9 9 7 6 6 8 8 7 6 9 Critical
Blood product utilization - number of patients receiving FFP transfusion 4 7 7 7 9 5 9 5 2 9 7 8 8 6 7 7 2 9 Critical
Blood product utilization - number of patients receiving cryoprecipitate transfusion 4 2 6 2 9 5 6 5 2 9 7 8 8 8 6 6 2 9 Important
Blood product utilization - number of patients receiving any transfusion 4 6 7 6 9 4 9 7 5 9 7 6 6 8 7 7 4 9 Critical
Blood product utilization - number of RBC units transfused 8 7 7 7 9 4 9 7 9 7 2 6 6 7 7 7 2 9 Critical
Blood product utilization - number of FFP units transfused 6 7 7 7 9 4 9 4 2 7 2 8 8 4 6 7 2 9 Critical
Blood product utilization - number of PLT units transfused 6 7 7 7 9 4 9 5 2 7 2 8 8 4 6 7 2 9 Critical
Blood product utilization - number of cryoprecipitate units transfused 4 3 6 3 9 4 6 4 2 7 2 8 8 6 5 6 2 9 Important
Blood product utilization - number of any blood products transfused 4 7 7 7 9 5 7 4 5 7 2 8 8 7 6 7 2 9 Critical

Blood product utilization - number of patients receiving PLT transfusion 5 7 7 7 9 9 6 5 9 3 6 6 8 7 7 3 9 Critical
Blood product utilization - number of patients receiving RBC transfusion 7 7 7 7 9 9 9 5 9 3 8 8 8 7 8 3 9 Critical
Blood product utilization - number of patients receiving FFP transfusion 5 7 7 7 9 9 6 5 9 3 8 8 6 7 7 3 9 Critical
Blood product utilization - number of patients receiving cryoprecipitate transfusion 4 3 6 3 9 6 5 4 9 3 8 8 8 6 6 3 9 Important
Blood product utilization - number of patients receiving any transfusion 4 7 7 7 9 7 7 9 9 3 6 6 8 7 7 3 9 Critical
Blood product utilization - number of RBC units transfused 8 7 7 7 9 9 5 9 7 3 6 6 7 7 7 3 9 Critical
Blood product utilization - number of FFP units transfused 6 7 7 7 9 9 4 9 7 3 8 8 6 7 7 3 9 Critical
Blood product utilization - number of PLT units transfused 6 7 7 7 9 9 4 9 7 3 8 8 7 7 7 3 9 Critical
Blood product utilization - number of cryoprecipitate units transfused 4 2 6 2 9 6 4 9 7 3 8 8 7 6 6,5 2 9 Important
Blood product utilization - number of any blood products transfused 4 6 7 6 9 7 5 9 7 3 8 8 7 7 7 3 9 Critical
Transfusion-related, transfusion-transmitted infection, transfusion-associated circulatory 
overload, transfusion-associated dyspnea, acute transfusion reactions

7 7 7 7 9 7 8 7 3 7 2 9 9 7 7 7 2 9 Critical
Bleeding (including WHO grade 3 or 4, or equivalent or bleeding that requires an 
operation)

7 4 3 4 9 9 6 8 5 7 2 9 9 7 6 7 2 9 Important
Infection 4 6 6 6 9 6 7 7 5 6 2 9 9 6 6 6 2 9 Important
Arterial or venous thromboembolism (including deep vein thrombosis, pulmonary 
embolism, stroke, myocardial infarction)

7 5 7 5 9 8 7 6 5 7 2 9 9 7 7 7 2 9 Critical
Number of transfusions compliant with institutional transfusion guidelines 8 5 9 5 9 4 7 8 9 7 7 6 6 6 7 7 4 9 Critical
Blood count or coagulation parameter (e.g. haematocrit, haemoglobin, prothrombin time, 
partial thromboplastin time, or platelet count) preceding and after the transfusion. 4 4 7 4 9 4 6 8 9 7 2 6 6 6 6 6 2 9

Important
Length of participant stay (in-hospital) 4 5 7 5 9 6 6 6 9 7 3 8 8 7 7 7 3 9 Critical

PICO 16

PICO 17

Rating scores on a 1-9 scale by Scientific Committee 
Members (initials)PICO question Outcome

PICO 15

Length of participant stay (ICU) 4 4 7 4 9 6 6 6 5 7 3 8 8 7 6 6 3 9 Important
All-cause mortality 9 7 7 7 9 9 7 5 9 7 7 9 9 7 8 7 5 9 Critical
Clinician workflow (additional time per intervention implemented) 7 4 6 4 5 3 6 3 3 7 6 4 4 3 4 4 3 7 Important
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Appendix 3 Chairs, presenters and rapporteurs of the three parallel sessions (day 1) and the
general plenary session (day 2)

Parallel session 1 (day 1): ‘diagnosis and management preoperative anaemia’

Name Role Affiliation

Emmy De Buck Chair Centre for Evidence-Based Practice (CEBaP), Belgian Red Cross, Mechelen, Belgium; Department of

Public Health and Primary Care, Faculty of Medicine, KU Leuven, Leuven, Belgium

Yves Ozier Chair Departments of Anaesthesiology and Critical Care Medicine, University Hospital of Brest, Brest, France

Kathrine P Frey Presenter Fairview Health Services and Patient Readiness Institute, Minneapolis, MN, U.S.A.

Katerina Pavenski Presenter St. Michael´s Hospital and University of Toronto, Toronto, Canada

Patrick Meybohm Rapporteur Department of Anaesthesiology, Intensive Care Medicine and Pain Therapy, University Hospital Frankfurt,

Frankfurt/Main, Germany

Markus M Mueller Rapporteur German Red Cross Blood Transfusion Service, Frankfurt/Main, Germany

Parallel session 2 (day 1): ‘RBC transfusion triggers’

Name Role Affiliation

Reinhard Burger Chair Robert Koch Institute, Berlin (Germany)

Jimmy Volmink Chair Department of Clinical Epidemiology, Faculty of Medicine and Health Sciences, Stellenbosch University,

Stellenbosch, South Africa

C�ecile Aubron Presenter Departments of Anaesthesiology and Critical Care Medicine, University Hospital of Brest, Brest, France

Jeffrey L Carson Presenter Robert Wood Johnson Medical School, Rutgers University, New Brunswick, NJ, U.S.A.

Richard Gammon Presenter One Blood, Orlando, FL, U.S.A.

Jerrold Levy Presented Department of Cardiothoracic Intensive Care Medicine, Duke University Medical Centre, Durham, NC, U.S.A.

Cynthia So-Osman Panel member Sanquin Blood Bank, Leiden and Department of Haematology, Groene Hart Hospital, Gouda, The Netherlands;

International Society of Blood Transfusion (ISBT), Amsterdam, The Netherlands

Gilles Foll�ea Rapporteur Soci�et�e Franc�aise de Transfusion Sanguine (SFTS), Paris, France

Erica Wood Rapporteur Transfusion Research Unit, Department of Epidemiology and Preventive Medicine, Monash University,

Melbourne, Australia; International Society of Blood Transfusion (ISBT), Amsterdam, The Netherlands

Parallel session 3 (day 1): ‘implementation of PBM programmes

Name Role Affiliation

Dean Fergusson Chair Departments of Medicine, Surgery, Epidemiology and Public Health, University of Ottawa, Ottawa, Canada

Jonathan Waters Chair Departments of Anaesthesiology and Bioengineering, University of Pittsburgh Medical Centre, Pittsburgh, PA, U.S.A.

Mike Murphy Presenter National Health Service Blood & Transplant and University of Oxford, Oxford, U.K.

Dana Devine Rapporteur Canadian Blood Services, Ottawa, Canada

Pierre Tiberghien Rapporteur Etablissement Franc�ais du Sang (EFS), Saint-Denis, France

Plenary session (day 2): presentation draft recommendation to the general audience

Name Role Affiliation

Reinhard Burger Chair Robert Koch Institute, Berlin (Germany)

Jimmy Volmink Chair Department of Clinical Epidemiology, Faculty of Medicine and Health Sciences, Stellenbosch University,

Stellenbosch, South Africa

Klaus Cichutek Chair Paul-Ehrlich-Institute (PEI), Langen, Germany

Emmy De Buck Presenter Centre for Evidence-Based Practice (CEBaP), Belgian Red Cross, Mechelen, Belgium; Department of Public Health

and Primary Care, Faculty of Medicine, KU Leuven, Leuven, Belgium

Yves Ozier Presenter Departments of Anaesthesiology and Critical Care Medicine, University Hospital of Brest, Brest, France

Craig French Presenter Intensive Care, Western Health, Melbourne, Australia

Dean Fergusson Presenter Departments of Medicine, Surgery, Epidemiology and Public Health, University of Ottawa, Ottawa, Canada

Jonathan Waters Presenter Departments of Anaesthesiology and Bioengineering, University of Pittsburgh Medical Centre, Pittsburgh, PA, U.S.A.
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Appendix 4 List of continents and countries included in the participation list of the ICC-PBM
2018

Continent Countries

Europe Austria, Belgium, Croatia, Denmark, Estonia, Finland, France, Germany, Hungary, Ireland, Italy, Malta,

the Netherlands, Portugal, Romania, Slovenia, Spain, Switzerland, United Kingdom, Sweden

Asia Bahrain, China, Hong Kong, Lebanon, Oman, the Philippines, Saudi Arabia, Thailand

Africa Egypt, Libya, Morocco, South Africa

The Americas United States of America, Canada

Oceania Australia

Appendix 5 List of Institutions/Organizations that co-sponsored or contributed during the ICC-
PBM 2018

Co-sponsors Contributors

The American Association of Blood Banks (AABB), the International

Society of Blood Transfusion (ISBT), the German Society of Transfusion

Medicine and Immunohaematology (DGTI), the French Society of

Blood Transfusion (SFTS), the Italian Society of Transfusion Medicine

and Immunohaematology (SIMTI) and the European Blood Alliance (EBA)

Australian Red Cross Blood Service (ARCBS), the Canadian Blood Services

(CBS), the International Collaboration for Transfusion Medicine

Guidelines (ICTMG), the International Society on Thrombosis and

Haemostasis (ISTH), the National Blood Authority in Australia (NBA),

the Austrian Society for Blood Group Serology and Transfusion Medicine

(€OGBT), French Society of Anaesthesia and Critical Care SFAR, the World

Health Organization (WHO), the European Commission, the German

Society of Anaesthesiology and Intensive Care Medicine (DGAI),

the National Health Authority Australia and the Paul-Ehrlich-Institute

(Langen, Germany).

Appendix 6 Composition decision-making panels

Decision-making panel ‘diagnosis and management preoperative anaemia’

Name Role Affiliation

Emmy De Buck Chair Centre for Evidence-Based Practice, Belgian Red Cross (Belgium)

Yves Ozier Chair University Hospital of Brest (France)

Danielle Bischof Panel member Mt Sinai Hospital, Toronto (Canada)

Christian Gabriel Panel member Ludwig Boltzmann Institute for Clinical and Experimental Traumatology, Vienna (Austria)

Jennifer Hamilton Panel member Patient Representative (USA)

Sigismond Lasocki Panel member University Hospital, Angers (France)

Manuel Mu~noz Gomez Panel member University of Malaga (Spain)

Thomas Schmitz-Rixen Panel member Goethe-University Hospital Frankfurt am Main (Germany)
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Table (Continued)

Name Role Affiliation

Hubert Serve Panel member University of Frankfurt (Germany)

Amanda Thomson Panel member Australian Red Cross Blood Service (Australia)

Claudio Velati Panel member Italian Society of Transfusion Medicine and Immunohaematology (Italy)

Agneta Wikman Panel member Karolinska University, Stockholm (Sweden)

Patrick Meybohm Rapporteur University Hospital Frankfurt, Frankfurt am Main (Germany)

Markus M Mueller Rapporteur German Red Cross Transfusion Service, Frankfurt/Main (Germany)

Decision-making panel ‘RBC transfusion triggers’

Name Role Affiliation

Reinhard Burger Chair Robert Koch Institute, Berlin (Germany)

Jimmy Volmink Chair University of Stellenbosch (South Africa)

Pierre Albaladejo Panel member University Hospital, Grenoble (France)

Erik Beckers Panel member University Medical Center, Maastricht (The Netherlands)

Kaaron Benson Panel member Moffitt Cancer Center, Tampa, Florida (USA)

Jeffrey Carson Panel member Rutgers University, New Jersey (USA)

Graham Donald Panel member Patient Representative, (United Kingdom)

Craig French Panel member Western Health, Melbourne (Australia)

Nicole Juffermans Panel member University of Amsterdam (The Netherlands)

Marian van Kraaij Panel member Sanquin, Amsterdam (The Netherlands)

Dawn Maze Panel member University of Toronto (The Netherlands)

Marek Mirski Panel member Johns Hopkins Medical Institutions, Baltimore (USA)

Gavin Murphy Panel member British Heart Foundation & University of Leicester (United Kingdom)

Jean-Jacques Ries Panel member University Hospital, Basel (Switzerland)

Ben Saxon Panel member Australian Red Cross Blood Service (Australia)

Christof Sohn Panel member University of Heidelberg (Germany)

Tim Walsh Panel member University of Edinburgh (UK)

Gilles Foll�ea Rapporteur French Society of Blood Transfusion, Paris (France)

Erica Wood Rapporteur International Society of Blood Transfusion & Monash University, Melbourne (Australia)

Decision-making panel ‘implementation of PBM programmes’

Name Role Affiliation

Dean Fergusson Chair University of Ottawa (Canada)

Jonathan Waters Chair University of Pittsburgh (USA)

Shubha Allard Panel member NHS Blood & Transplant (United Kingdom)

Lauren Anthony Panel member Allina Health, Minneapolis (USA)

Linley Bielby Panel member Australian Red Cross Blood Service (Australia)

Lise Estcourt Panel member NHS Blood & Transplant (United Kingdom)

Mohamed El Missiry Panel member Patient Representative, Charit�e Hospital, Berlin (Germany)

Steven Frank Panel member Johns Hopkins Medical Institutions, Baltimore (USA)

John Freedman Panel member St Michael’s Hospital, Toronto (Canada)

Catherine Humbrecht Panel member �Etablissement Franc�ais du Sang, Strasbourg (France)

Giancarlo Liumbruno Panel member Italian National Institute of Health (Italy)

Louise Sherliker Panel member NHS Blood & Transplant (United Kingdom)

Hans Van Remoortel Panel member Centre for Evidence-Based Practice, Belgian Red Cross (Belgium)

Dana Devine Rapporteur Canadian Blood Services, Ottawa (Canada)

Pierre Tiberghien Rapporteur �Etablissement Franc�ais du Sang, Saint-Denis (France)
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Appendix 7 Summary of judgements of the Evidence-to-Decision framework items relevant to
the 17 PICO questions

PICO 1: In elective surgery patients [Population], is preoperative anaemia [Intervention/Risk factor] a risk factor for

adverse clinical or economic outcomes [Outcome] compared to no preoperative anaemia [Comparison]?

PICO 2: In elective surgery preoperative patients [Population], should Hb of 130 g/L (Index test) (versus [comparator test]

[Comparison]) be used to diagnose anaemia [Outcome]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty OF evidence Very low Low Moderate High No included

studies

Values Important

uncertainty

or variability

Possibly important

uncertainty or

variability

Probably no

important

uncertainty or

variability

No important
uncertainty
or variability

Balance of effects Favours the
comparison

Probably favours

the comparison

Does not favour

either the

intervention or

the comparison

Probably favours

the intervention

Favours the

intervention

Varies Don’t know

PICO 3 (intervention of interest: prophylactic transfusion): In elective surgery patients with preoperative anaemia [Popu-

lation], is the use of red blood cell transfusion [Intervention] effective to improve clinical and economic outcomes [Out-

come] compared to no intervention/placebo/standard of care [Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty of evidence Very low Low Moderate High No included

studies

Values Important

uncertainty

or variability

Possibly important

uncertainty or

variability

Probably no important

uncertainty or variability

No important
uncertainty or
variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour either
the intervention or the
comparison

sProbably favours

the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour either the

intervention or the

comparison

Probably favours

the intervention

Favours the

intervention

Varies No included
studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 3 (intervention of interest: iron monotherapy): In elective surgery patients with preoperative anaemia [Population],

is the use of iron monotherapy [Intervention] effective to improve clinical and economic outcomes [Outcome] compared

to no intervention/placebo/standard of care [Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty of evidence Very low Low Moderate High
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Table (Continued)

Domain Judgement

No included

studies

Values Important

uncertainty

or variability

Possibly important

uncertainty or

variability

Probably no

important

uncertainty or variability

No important
uncertainty or
variability

Balance of effects Favours the

comparison

Probably favours the

comparison

Does not favour either the

intervention or the

comparison

Probably favours
the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours the

comparison

Does not favour either the

intervention or the

comparison

Probably favours

the intervention

Favours the

intervention

Varies No included
studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 3 (intervention of interest: ESA monotherapy): In elective surgery patients with preoperative anaemia [Population],

is the use of erythrocyte stimulating agents [Intervention] effective to improve clinical and economic outcomes [Out-

come] compared to no intervention/placebo/standard of care [Comparison]?

Domain JudgEment

Desirable Effects Trivial Small Moderate Large Varies Don’t know

Undesirable Effects Large Moderate Small Trivial Varies Don’t know

Certainty of evidence Very low Low Moderate High No included

studies

Values Important

uncertainty

or variability

Possibly important

uncertainty or

variability

Probably no important

uncertainty or variability

No important
uncertainty or
variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour either the

intervention or the

comparison

Probably favours

the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour either the

intervention or the

comparison

Probably favours

the intervention

Favours the

intervention

Varies No included
studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
Acceptability No Probably no Probably yes Yes Varies Don’t know
Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 3 (intervention of interest: ESA + iron therapy): In elective surgery patients with preoperative anaemia [Popula-

tion], is the use of red blood cell transfusion or iron supplementation and/or erythrocyte stimulating agents [Interven-

tion] effective to improve clinical and economic outcomes [Outcome] compared to no intervention/placebo/standard of

care [Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty of

evidence

Very low Low Moderate High No included

studies

Values Probably no important

uncertainty or variability
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Table (Continued)

Domain Judgement

Important

uncertainty or

variability

Possibly important

uncertainty or

variability

No important
uncertainty or
variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour either the
intervention or the
comparison

Probably favours

the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know
Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour either the

intervention or the

comparison

Probably favours the

intervention

Favours tshe

intervention

Varies No included
studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 4: In critically ill, but clinically stable adult intensive care patients [Population], is the use of a restrictive transfu-

sion threshold [Intervention] effective to reduce mortality and improve other clinical outcomes [Outcome] compared to a

liberal transfusion threshold [Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty of evidence Very low Low Moderate High No included

studies

Values Important
uncertainty or
variability

Possibly important

uncertainty or

variability

Probably no important

uncertainty or variability

No important

uncertainty or

variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour either

the intervention or

the comparison

Probably favours
the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour either

the intervention or

the comparison

Probably favours

the intervention

Favours the

intervention

Varies No included
studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 5: In elderly high risk (cardiovascular) patients undergoing orthopaedic or non-cardiac surgery [Population], is the

use of a restrictive transfusion threshold [Intervention] effective to reduce mortality and improve other clinical outcomes

[Outcome] compared to a liberal transfusion threshold [Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty of evidence Very low Low Moderate High No included

studies

Values Important
uncertainty
or variability

Possibly important

uncertainty

or variability

Probably no

important

uncertainty

or variability

No important

uncertainty

or variability

Balance of effects Varies Don’t know
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Table (Continued)

Domain Judgement

Favours the

comparison

Probably favours

the comparison

Does not favour either

the intervention

or the comparison

Probably favours
the intervention

Favours the

intervention

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour either

the intervention

or the comparison

Probably favours

the intervention

Favours the

intervention

Varies No included
studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 6: In patients with an acute gastrointestinal bleeding [Population], is the use of a restrictive transfusion threshold

[Intervention] effective to reduce mortality and improve other clinical outcomes [Outcome] compared to a liberal trans-

fusion threshold [Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty of evidence Very low Low Moderate High No included

studies

Values Important

uncertainty

or variability

Possibly important
uncertainty
or variability

Probably no

important

uncertainty

or variability

No important

uncertainty or

variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour

either the

intervention or

the comparison

Probably favours
the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs

and savings

Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour

either the

intervention or

the comparison

Probably favours

the intervention

Favours the

intervention

Varies No included
studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 7: In patients with symptomatic coronary heart disease [Population], is the use of a restrictive transfusion threshold

[Intervention] effective to reduce mortality and improve other clinical outcomes [Outcome] compared to a liberal trans-

fusion threshold [Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty of evidence Very low Low Moderate High No included studies

Values Important
uncertainty
or variability

Possibly important

uncertainty or

variability

Probably no

important

uncertainty

or variability

No important

uncertainty or

variability

Balance of effects Varies Don’t know
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Table (Continued)

Domain Judgement

Favours the

comparison

Probably favours
the comparison

Does not favour

either the

intervention

or the comparison

Probably favours

the intervention

Favours the

intervention

Resources required Large costs Moderate costs Negligible costs

and savings

Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour

either the

intervention or

the comparison

Probably favours

the intervention

Favours the

intervention

Varies No included studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 8: In patients with septic shock [Population], is the use of a restrictive transfusion threshold [Intervention] effective

to reduce mortality and improve other clinical outcomes [Outcome] compared to a liberal transfusion threshold

[Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty of evidence Very low Low Moderate High No included studies

Values Important

uncertainty

or variability

Possibly

important

uncertainty

or variability

Probably no

important

uncertainty

or variability

No important

uncertainty or

variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour

either the intervention

or the comparison

Probably favours
the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs

and savings

Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour either

the intervention

or the comparison

Probably favours

the intervention

Favours the

intervention

Varies No included studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 9: In patients undergoing cardiac surgery [Population], is the use of a restrictive transfusion threshold [Interven-

tion] effective to reduce mortality and improve other clinical outcomes [Outcome] compared to a liberal transfusion

threshold [Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty of evidence Very low Low Moderate High No included

studies

Values Important
uncertainty
or variability

Possibly important

uncertainty or

variability

Probably

no important

uncertainty or variability

No important

uncertainty

or variability

Balance of effects Varies Don’t know
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Table (Continued)

Domain Judgement

Favours the

comparison

Probably favours

the comparison

Does not favour either the

intervention or the

comparison

Probably favours
the intervention

Favours the

intervention

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour either the

intervention or the

comparison

Probably favours

the intervention

Favours the

intervention

Varies No included

studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yess Yes Varies Don’t know

PICO 10: In adult haematological patients [Population], is the use of a restrictive transfusion threshold [Intervention]

effective to reduce mortality and improve other clinical outcomes [Outcome] compared to a liberal transfusion threshold

[Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty of evidence Very low Low Moderate High No included

studies

Values Important
uncertainty
or variability

Possibly important

uncertainty or

variability

Probably

no important

uncertainty or

variability

No important

uncertainty

or variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour
either the intervention
or the comparison

Probably favours

the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour

either the intervention

or the comparison

Probably favours

the intervention

Favours the

intervention

Varies No included
studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 11: In adult patients with solid tumours [Population], is the use of a restrictive transfusion threshold [Intervention]

effective to reduce mortality and improve other clinical outcomes [Outcome] compared to a liberal transfusion threshold

[Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know
Undesirable effects Large Moderate Small Trivial Varies Don’t know
Certainty of evidence Very low Low Moderate High No included

studies
Values Important

uncertainty or
variability

Possibly

important

uncertainty

or variability

Probably no important

uncertainty or variability

No important

uncertainty

or variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour either the

intervention or the

comparison

Probably favours

the intervention

Favours the

intervention

Varies Don’t know
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Table (Continued)

Domain Judgement

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour either the

intervention or the

comparison

Probably favours

the intervention

Favours the

intervention

Varies No included
studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 12: In patients with acute central nervous system (CNS) injury [Population], is the use of a restrictive transfusion

threshold [Intervention] effective to reduce mortality and improve other clinical outcomes [Outcome] compared to a lib-

eral transfusion threshold [Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty of evidence Very low Low Moderate High No included

studies

Values Important

uncertainty

or variability

Possibly important
uncertainty or
variability

Probably no important

uncertainty or

variability

No important

uncertainty or

variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour either
the intervention or
the comparison

Probably favours

the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour either

the intervention or

the comparison

Probably favours

the intervention

Favours the

intervention

Varies No included
studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 13: In patients with cerebral perfusion disorders [Population], is the use of a restrictive transfusion threshold [Inter-

vention] effective to reduce mortality and improve other clinical outcomes [Outcome] compared to a liberal transfusion

threshold [Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know
Undesirable effects Large Moderate Small Trivial Varies Don’t know
Certainty of evidence Very low Low Moderate High No included

studies
Values Important

uncertainty

or variability

Possibly important

uncertainty or

variability

Probably no important

uncertainty or

variability

No important

uncertainty or

variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour either

the intervention or the

comparison

Probably favosurs

the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour either

the intervention or

the comparison

Probably favours

the intervention

Favours the

intervention

Varies No included

studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know
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Table (Continued)

Domain Judgement

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 14: In patients with acute bleeding [Population], is the use of a restrictive transfusion threshold [Intervention]

effective to reduce mortality and improve other clinical outcomes [Outcome] compared to a liberal transfusion threshold

[Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know
Undesirable effects Large Moderate Small Trivial Varies Don’t know
Certainty of evidence Very low Low Moderate High No included studies
Values Important

uncertainty

or variability

Possibly important

uncertainty or

variability

Probably no

important

uncertainty or

variability

No important

uncertainty or

variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour

either the

intervention or

the comparison

Probably favours

the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs

and savings

Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour

either the

intervention

or the comparison

Probably favours

the intervention

Favours the

intervention

Varies No included studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 15: Is a PBM programme [Intervention] effective to improve clinical and economic outcomes [Outcome] compared

to no PBM programme [Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know
Certainty of evidence Very low Low Moderate High No included studies

Values Important

uncertainty

or variability

Possibly important

uncertainty or

variability

Probably no
important
uncertainty
or variability

No important

uncertainty or

variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour

either the

intervention or

the comparison

Probably favours
the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs

and savings

Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour

either the

intervention or

the comparison

Probably favours

the intervention

Favours the

intervention

Varies No included studies
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Table (Continued)

Domain Judgement

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 16: Is a specific behavioural intervention to promote the implementation of a PBM programme [Intervention] more

effective to improve clinical and economic outcomes [Outcome] compared to no/another behavioural intervention[Com-

parison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know
Certainty of evidence Very low Low Moderate High No included

studies

Values Important

uncertainty or

variability

Possibly important

uncertainty or

variability

Probably no important
uncertainty or
variability

No important

uncertainty or

variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour either

the intervention

or the comparison

Probably favours
the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour either

the intervention

or the comparison

Probably favours

the intervention

Favours the

intervention

Varies No included
studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know

PICO 17: Is a specific decision support system to promote the implementation of a PBM programme [Intervention] more

effective to improve clinical and economic outcomes [Outcome] compared to no intervention or another decision support

system/behavioural intervention [Comparison]?

Domain Judgement

Desirable effects Trivial Small Moderate Large Varies Don’t know

Undesirable effects Large Moderate Small Trivial Varies Don’t know

Certainty of evidence Very low Low Moderate High No included

studies

Values Important

uncertainty

or variability

Possibly important

uncertainty or

variability

Probably no important
uncertainty or
variability

No important

uncertainty or

variability

Balance of effects Favours the

comparison

Probably favours

the comparison

Does not favour either

the intervention or

the comparison

Probably favours
the intervention

Favours the

intervention

Varies Don’t know

Resources required Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

Cost-effectiveness Favours the

comparison

Probably favours

the comparison

Does not favour either

the intervention or

the comparison

Probably favours

the intervention

Favours the

intervention

Varies No included
studies

Equity Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

Acceptability No Probably no Probably yes Yes Varies Don’t know

Feasibility No Probably no Probably yes Yes Varies Don’t know
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NOTES

Bold values represent the final judgements made by the decision-
making panel.

Appendix 8

Draft recommendations of the decision-
making panels at the end of day 1

Definition and diagnosis of preoperative anaemia (PICO

1–2)

• The panel recognizes that perioperative anaemia is

an important risk factor for perioperative morbidity

and mortality and therefore recommends to detect

and classify anaemia early before major elective sur-

gery (strong recommendation based on low certainty

in the evidence of effects).

• The panel noticed that the thresholds for definition

of anaemia are heterogeneous in the literature.

Therefore, exact thresholds need to be addressed in

future studies.

Treatment of preoperative anaemia (PICO 3)

• The panel decided not to recommend the use of pro-

phylactic transfusion in adult perioperative elective

surgery patients because there is no evidence of any

advantage for this approach.

• The panel recommends using iron supplementation

in adult preoperative elective surgery patients with

iron deficiency anaemia to reduce RBC transfusion

rate (strong recommendation based on low certainty

in the evidence of effects). The panel recognizes that

the current evidence is based only on studies pub-

lished until 2015.

• The panel decided to formulate a recommendation

for further research to address the effect of iron sub-

stitution on the subgroup of patients with preopera-

tive iron deficiency.

• The panel decided to formulate no recommendation

on the use of ESA monotherapy in adult preopera-

tive elective cardiac surgery patients.

• The panel suggests not to use ESA therapy routinely

in anaemic adult preoperative elective surgery

patients (conditional recommendation based on low

certainty in the evidence of effects).

• The panel suggests to use ESA therapy in addition to

iron supplementation in adult preoperative elective

major orthopaedic surgery patients with Hb levels

<13 g/dl as desirable effect (reduced RBC transfusion

rate) may outweigh potential undesirable effects for

this subgroup of patients (conditional

recommendation based on low certainty in the evi-

dence of effects).

• The panel decided to formulate a recommendation

for further research on the use of ESA+iron therapy

in adult preoperative elective surgery patients with

focus on long-term (un)desirable effects, optimal

dose, type of surgery (particular in cancer surgery),

co-presence of iron deficiency and cost-effective-

ness.

The use of RBC transfusion triggers (PICO 4–PICO 14)

• Critical care but clinically stable ICU (PICO 4–PICO
8): the panel drafted a strong recommendation in

favour of using a RBC transfusion threshold of <7 g/

dl for the treatment of anaemia in critically ill adult

patients who are not actively bleeding (strong rec-

ommendation, moderate level of evidence). This rec-

ommendation may not apply to patients with a

history of coronary heart disease, other cardiovascu-

lar disease or brain injury. Patients with septic shock

are part of this population (originally separate PICO

8) and the Hb <7 g/dl trigger represents the value

used in the included trials.

• Orthopaedic surgery (PICO 5): the panel drafted a

conditional recommendation in favour of using a

RBC transfusion threshold of Hb <8 g/dl in patients

with hip fracture with cardiovascular disease or risk

factors (conditional recommendation, moderate level

of evidence). This recommendation was justified by

the fact that no effect on mortality (although wide

95% confidence interval) or functional outcomes

(walk independently at 60 days) was present. How-

ever, uncertainty regarding undesirable effects such

as acute myocardial infarction resulted in a condi-

tional rather than a strong recommendation. The

trigger of Hb <8 g/dl represents the value used in

the included trials and major evidence gaps in the

areas are still present. Therefore, an additional rec-

ommendation for further research was proposed.

• Non-cardiac surgery (PICO 5): the panel drafted a

recommendation for further research on the use of

restrictive transfusion triggers in non-cardiac surgery

populations. A conditional recommendation for

either strategy cannot be made because of the con-

cern over the possibility for undesirable effects in

the restrictive group.

• Acute gastrointestinal bleeding (PICO 6): the panel

suggested to formulate a recommendation in favour

of the use of a RBC transfusion threshold of Hb 7–
8 g/dl in patients with acute gastrointestinal bleed-

ing who are haemodynamically stable (conditional

recommendation, low level of evidence). This pro-

posal was justified by the evidence from the two
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included trials showing a lower mortality and a

reduced RBC exposure and utilization in the restric-

tive transfusion group. It was noted by the panel

that (1) the population in the PICO was defined as

“acute gastrointestinal bleeding” whereas the study

populations of the included studies were limited to

acute “upper” gastrointestinal bleeding. (2) No trials

identified patients with lower gastrointestinal bleed-

ing. (3) Guidelines should emphasize that in the

acutely bleeding patient, Hb is not the deciding fac-

tor for transfusion and (4) the included trials used

Hb triggers (e.g. Hb <7 g/dl) to achieve specified Hb

target ranges (e.g. Hb 7–9 g/dl).

• Coronary heart disease (PICO 7): the panel drafted a

recommendation for further research on the use of

restrictive transfusion triggers in adult patients with

acute coronary syndrome or other ischaemic heart

disease. This was justified by the overall low level of

evidence and concern regarding undesirable effects

on clinical outcomes (e.g. 30-day mortality) with a

restrictive strategy.

• Cardiac surgery (PICO 9): the panel drafted a strong

recommendation in favour of using a RBC transfu-

sion threshold of <7�5 g/dl in adult cardiac surgery

patients (strong recommendation, moderate level of

evidence). The trigger Hb <7�5 g/dl represents the

value used in the included trials, and no evidence of

increased mortality or other undesirable effects was

present together with a substantial reduction in RBC

exposure and utilization.

• Haematology (PICO 10): no RBC transfusion trigger

was recommended because of insufficient evidence

(only two pilot studies in acute leukaemia (n = 149))

and no signal for undesirable effects. A recommen-

dation for further research on RBC transfusion sup-

port in adult patients with haematological diseases

(including non-malignant conditions such as haemo-

globinopathies) was drafted.

• Oncology (PICO 11): no RBC transfusion trigger was

recommended because no evidence was available.

The panel decided that the only available trial was

conducted in a postoperative surgical oncology set-

ting in an intensive care unit and was therefore clas-

sified under PICO 5 (non-cardiac surgery).

• Neurology – Central nervous system injuries (PICO

12): no RBC transfusion trigger was recommended

due to a very low level of evidence for all (critical)

outcomes. The panel decided to formulate a recom-

mendation for further research on the use of restric-

tive transfusion triggers in patients with CNS injury.

• Neurology – Cerebral perfusion disorders (PICO 13):

no RBC transfusion trigger was recommended

because no evidence for any outcome related to a

restrictive transfusion strategy was available. Indeed,

the included trial randomised patients to a Hb trigger

of 10 g/dl (intervention group) or 11.5 g/dl (control

group). The intervention group was not considered

as a restrictive transfusion strategy group.

• Acute bleeding (PICO 14): because only evidence

from one pseudo-randomized trial from 1956 was

available, no RBC transfusion trigger was recom-

mended. The panel view was that a Hb concentration

alone should not be used to determine the need for

transfusion in an acutely bleeding scenario (i.e.

major haemorrhage)

Implementation of PBM programmes (PICO 15-17)

• The panel drafted a recommendation in favour of

using comprehensive PBM programmes to improve

appropriate RBC utilization (conditional recommen-

dation based on low certainty in the evidence of

effects).

• The panel drafted a recommendation in favour of

using behavioural interventions (transfusion guide-

line/audit/form/education) to improve appropriate

RBC utilization (conditional recommendation based

on very low certainty in the evidence of effects).

• The panel drafted a recommendation in favour of

using electronic/computerized decision support sys-

tems to improve appropriate RBC utilization (condi-

tional recommendation based on low certainty in the

evidence of effects).

• General research priorities in the field of PBM imple-

mentation were formulated including (1) measuring

the impact on FFP/PLT/cryo utilization and clinical

outcomes, (2) designing well-conducted observa-

tional studies (e.g. time interrupted series), (3) the

assessment of compliance data, (4) measuring the

cost-effectiveness of PBM programmes and the rela-

tive effectiveness of different types of decision sup-

port systems.
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