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Abstract

Background: Several guidelines have been published to facilitate implementation of patient blood management (PBM). This
study was performed to evaluate clinical practices in PBM.
Methods: An online survey based on the guidelines for the management of severe perioperative bleeding from the European
Society of Anaesthesiology (ESA) was conducted among ESA members. We assessed characteristic data of participating
physicians, preoperative assessment of bleeding risk and anaemia, intraoperative transfusion practices, specific pharmaco-
logic treatment of significant bleeding, and clinical use of PBM algorithms. Data distributions for five European regions and
the workplace and experience of physicians were analysed using a v2 test.
Results: We received 706 fully completed surveys from physicians in 57 countries. Most (99%) respondents were anaesthe-
tists or intensive care physicians, and 68% worked at university or university-affiliated hospitals. A standardised bleeding
history before surgery is routinely obtained by 48% of physicians. When bleeding history is negative, 55% of physicians rou-
tinely order preoperative coagulation testing. Only 24% of physicians timely assess patients at risk of bleeding during sur-
gery for anaemia before elective surgery. When anaemia is diagnosed, 38% of physicians routinely investigate its cause. The
rate of routinely performed targeted haemostatic interventions with fibrinogen, vitamin K or prothrombin complex, and
tranexamic acid was 60%, 52%, and 54%, respectively. Algorithms to guide PBM are used by 62% of physicians. Results varied
between geographic regions.
Conclusions: Major deficits exist in the use of recommended PBM among anaesthetists, indicating an opportunity to im-
prove clinical standards.

Key words: coagulation; patient blood management; perioperative period; surgery; transfusion

Accepted: July 26, 2016

VC The Author 2016. Published by Oxford University Press on behalf of the British Journal of Anaesthesia.
All rights reserved. For Permissions, please email: journals.permissions@oup.com

610

British Journal of Anaesthesia, 117 (5): 610–6 (2016)

doi: 10.1093/bja/aew308

Clinical Practice



Patient blood management (PBM) is an evidence-based concept,
which aims to improve clinical outcomes and increase patient
safety.1 The three pillars of PBM include optimization of red
blood cell mass, reduction of blood loss and bleeding, and opti-
mization of the patient’s physiologic tolerance towards an-
aemia.2 3 Several studies have suggested a positive effect of PBM
on clinical outcomes4 5 and a reduction of transfused red blood
cell (RBC) units after implementation of PBM.6 In addition, mod-
ern medicine is increasingly dealing with economic consider-
ations, and research has shown that PBM can reduce financial
burdens of the health care system.7

As a result of new developments of drugs and medical de-
vices, clinicians constantly have to adapt their daily routine.
Numerous efforts are made to facilitate implementation of PBM
into daily clinical practice. These efforts are focused on different
aspects of PBM, including assessment of bleeding risk, manage-
ment of anaemia, and prevention and treatment of periopera-
tive bleeding.8 9 Professional societies including the European
Society of Anaesthesiology (ESA) have published guidelines to
provide an overview of current knowledge on perioperative PBM
in adults.10 Whenever clinical guidelines are published, it is es-
sential to periodically monitor their implementation and im-
pact. Thus, we conducted a survey in order to assess current
practice in perioperative PBM. The primary objective of this sur-
vey was to evaluate geographic differences in the clinical rou-
tine of perioperative PBM. Secondly, we analysed whether or not
a physician’s work place or training status influenced their peri-
operative PBM practice.

Methods

The Institutional Review Board at the Medical University of
Vienna did not object to the realisation of the survey. The ESA
endorsed the survey after approval by its Scientific, Research,
and Media Committees. Participants’ responses were collected
between June 25, 2015 and July 31, 2015 using typeform.com. An
invitation letter to participate in the survey together with the
link to the survey was once emailed to ESA members and simul-
taneously posted on the website of the ESA. No measures were
undertaken to prevent multiple responses from one institution.

Survey questions

A survey of 30 questions was developed to examine clinical rou-
tine of perioperative PBM (Supplementary Appendix 1).
Participants were instructed to answer questions according to

their current personal clinical practice. Questions were based on
recommendations and suggestions from the ESA guidelines
(Supplementary Appendix 2), and categorised into characteristic
data of participating physicians, preoperative assessment of
bleeding risk, preoperative assessment and treatment of an-
aemia, intraoperative transfusion practices, specific pharmaco-
logic treatment of significant bleeding, and clinical use of PBM
algorithms. Face and content validity of the questionnaire were
established during the development phase by a panel of
experts.

Data analysis and presentation

Data are expressed as frequency, and were analysed according
to the number of responses obtained for each question. In order
to analyse distributions, three answer possibilities were given:
‘Rarely or never’, ‘In about half of the patients’, and ‘Mostly or
always’. For purpose of analysis, five European regions were
defined: northern Europe (NE), eastern Europe (EE), southern
Europe (SE), middle Europe (ME), and the UK and Ireland (UI).
Results were also analysed according to physician workplace
and trainings status (attending physicians with more or less
than five yr of experience, residents). Results from physicians
working at university or university-affiliated hospitals (‘univer-
sity’) and from those working at community hospitals or in pri-
vate practice (‘non-university’) were pooled. In total, 50 different
distributions were analysed using a v2 test. A Bonferroni-
adjusted P value of 0.001 (0.05/50) was considered as statistically
significant. The reliability of responses was assessed by
analysing internal consistency with a correlation matrix
(Supplementary Appendix 3).

Results
Characteristic data of participating physicians and
reliability testing

The invitation email was opened 9387 times. A total of 706 phys-
icians from 57 countries fully completed the survey, resulting in
a response rate of 7.6%. Nine partially completed surveys were
removed from analysis. The reliability of the responses
was 95.2%. Characteristic data of physicians are listed in Table
1, and locations of the work place are in Supplementary
Appendix 4.

Preoperative assessment of bleeding risk

A standardised history to assess bleeding risk is mostly or al-
ways obtained before surgery by 48% of physicians. Results did
not differ when analysing for geographic region (Fig. 1A,
P¼ 0.004), work place (P¼ 0.71), or training status (P¼ 0.21).
When a patient’s clinical and family bleeding history is nega-
tive, conventional coagulation tests are still routinely ordered
by 55% of physicians. Physicians from NE and the UI order con-
ventional coagulation tests less frequently in patients with
negative bleeding history than physicians from other regions
(Fig. 1B, P< 0.001).

Known coagulopathies or bleeding disorders are mostly or
always managed in collaboration with a haematologist by 50%
of physicians, with no geographic differences (Fig 1C, P¼ 0.02).
Physicians working at university hospitals manage known coa-
gulopathies or bleeding disorders in collaboration with a
haematologist more often than physicians working in non-
university settings (P¼ 0.001).

Editor’s key points

• Patient blood management (PBM) has been shown to
improve perioperative outcomes and reduce red blood
cell transfusion.

• An online survey of members of the European Society of
Anaesthesiology was conducted in 2015 to assess cur-
rent practice of PBM guidelines.

• Major deficiencies and regional differences in imple-
mentation of PBM were observed in assessment of
bleeding risk and anaemia, preoperative and intraopera-
tive coagulation testing and treatment, and transfusion
practices.
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Preoperative assessment and treatment of anaemia

Only 24% of physicians mostly or always assess patients at risk
of bleeding during surgery for anaemia, four to eight weeks be-
fore elective surgery. Preoperative assessment of anaemia is
most common among physicians from the UI (Fig. 2A, P< 0.001).
The frequency of preoperative anaemia testing is not influenced
by work place (P¼ 0.74), or training status (P¼ 0.36). If anaemia
is diagnosed during preoperative testing, the cause is routinely
investigated by 38% of physicians (Fig. 2B). Specialists with more
than five yr of experience more often investigate the cause of
anaemia than residents and specialist with less than five yr of
experience (P< 0.001). If iron deficiency is the most likely cause
of preoperative anaemia, iron supplementation is most com-
mon in the UI (Fig. 2C, P< 0.001). Once iron deficiency has been
ruled out, only 5% of physicians routinely prescribe
erythropoietin-stimulating agents before elective surgery
(Fig. 2D).

Intraoperative transfusion practices

In patients without cardiovascular disease, 56% of physicians
target a transfusion threshold of 7-9 g dl � 1 haemoglobin dur-
ing active bleeding, while 37% target a threshold> 9 g dl � 1,
and 7% target a threshold< 7 g dl � 1 (Fig. 3). If RBCs have to be
transfused, 28% of physicians always transfuse at least two
units of packed RBCs. The highest rate of transfusions of at
least two units occurs in EE (Supplementary, Fig. S1).
About 30% of specialists or attending physicians with more
than five yr of experience always transfuse at least two units
of packed RBCs, whereas only 20% of specialists or attending

physicians with less than five yr of experience apply this
practice (P< 0.001).

Pharmacologic treatment of significant bleeding

When significant bleeding is accompanied by at least suspected
low fibrinogen concentrations or function, 60% of physicians
mostly or always administer fibrinogen concentrates. Use of fi-
brinogen concentrates is greatest in ME (Fig. 4A, P< 0.001), and
more common among physicians working at university hos-
pitals than those working in non-university settings (P< 0.001).

In patients on oral anticoagulant therapy at the time of sur-
gery, 52% of physicians mostly or always administer vitamin K
or prothrombin complex concentrate before any other coagula-
tion management steps, in order to treat severe perioperative
bleeding. The use of vitamin K or prothrombin complex concen-
trate is not influenced by geographic region (Fig. 4B, P¼ 0.03),
work place (P¼ 0.70) or training status of physicians (P¼ 0.02).

Tranexamic acid is routinely administered by 54% of phys-
icians to reduce perioperative blood loss and transfusion re-
quirements for surgeries with high bleeding risk. Regional
differences are observed, with physicians from the UI and NE
most commonly administering tranexamic acid (Fig. 4C,
P< 0.001). Use of tranexamic acid is not influenced by work
place (P¼ 0.56) and training status of physicians (P¼ 0.44).

Preoperative bleeding history (P=0.004)

Coagulation testing/no history (P<0.001)

Bleeding disorder/haematologist (P=0.002)
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0
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Mostly/always Half Rarely/never

EE SE ME UI
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Fig 1 Likert scales depicting European regional distributions of (A) pre-

operative assessment of bleeding history, (B) preoperative assessment of

routine coagulation tests in patients without bleeding history, and (C)

perioperative management of bleeding disorders in collaboration with a

haematologist. P values indicate differences between regions. NE - north-

ern Europe, EE - eastern Europe, SE - southern Europe, ME - middle Europe,

UI - United Kingdom and Ireland.

Table 1 Characteristic data of participating physicians

Characteristic data n (%)

Primary field of practice
Anaesthesia 626 (88.8)
Intensive care medicine 74 (10.5)
Pain management 1 (0.1)
Surgery 1 (0.1)
Paediatrics/neonatology 1 (0.1)
Not disclosed 3 (0.4)

Training status
Specialist with > 5 yr experience 455 (64.4)
Specialist with < 5 yr experience 153 (21.7)
Residents/trainees 95 (13.5)
Not disclosed 3 (0.4)

Work place
University hospital 350 (49.6)
University-affiliated hospital 127 (18.0)
Community hospital 165 (23.4)
Private practice 63 (8.9)
Not disclosed 1 (0.1)

Geographic region
Europe 578 (81.9)
South America 78 (11.1)
Oceania 15 (2.1)
Asia 13 (1.8)
North America 10 (1.4)
Africa 3 (0.4)
Not disclosed 9 (1.3)
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Use of transfusion and coagulation algorithms
Regarding transfusion protocols, 52% of respondents specified
that their institution had a written algorithm for the manage-
ment of severe perioperative bleeding. Written algorithms are
more common at university hospitals than in non-university
settings (P< 0.001). Transfusion algorithms are routinely used
by 62% of physicians to guide haemostatic interventions during
intraoperative bleeding. More than 90% of these algorithms spe-
cifically mention the correction of body temperature and
plasma pH to treat coagulopathy. Furthermore, 89% of phys-
icians actively aim to maintain normothermia and a normal
plasma pH during surgery.

The accessibility of point-of-care (POC) coagulation monitoring
devices is listed in Table 2. In university settings,> 50% of phys-
icians have access to at least one POC coagulation monitoring de-
vice, whereas< 20% of physicians working in non-university
settings have access to POC coagulation monitoring devices

(P< 0.001). Point-of-care coagulation monitoring devices are most
commonly used in ME (Fig. 5, P< 0.001). Of physicians with access to
POC coagulation monitoring assays, 75% use these assays to guide
haemostatic interventions during surgeries with high bleeding risk.

When caring for patients undergoing major orthopaedic sur-
gery, 28% of physicians routinely use cell salvage devices, most
commonly in ME (Supplementary Fig. S2A, P< 0.001). Physicians
working at university hospitals use cell salvage devices, more
often in patients undergoing major orthopaedic surgery, than
physicians working in non-university settings (P< 0.001). In

100
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Haemoglobin target/active bleeding (P=0.002)

NE EE SE ME UI

<7 g dl–1 7-9 g dl–1 >9 g dl–1

Fig 3 Likert scales depicting European regional distributions of haemoglo-

bin concentration targets during active bleeding. P value indicates differ-

ences between regions. NE - northern Europe, EE - eastern Europe, SE -

southern Europe, ME - middle Europe, UI - United Kingdom and Ireland.
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Fig 2 Likert scales depicting European regional distributions of (A) pre-

operative assessment of anaemia four to eight weeks before elective sur-

gery, (B) preoperative investigation of the cause of anaemia, (C)

preoperative iron supplementation in patients with iron deficiency an-

aemia, and (D) prescription of erythropoietin (EPO)-stimulating drugs in

patients where iron deficiency has been ruled out. P values indicate differ-

ences between regions. NE - northern Europe, EE - eastern Europe, SE -

southern Europe, ME - middle Europe, UI - United Kingdom and Ireland.
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Fig 4 Likert scales depicting European regional distributions of targeted
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major abdominal surgery, only 13% of physicians mostly or al-
ways use cell salvage devices. Utilisation of cell salvage devices
in patients undergoing major abdominal surgery is not influ-
enced by geographic region (Supplementary Fig. S2B, P¼ 0.06),
work place (P¼ 0.04), or training status of physicians (P¼ 0.29).

Discussion

We utilised an online survey to assess current practice in peri-
operative PBM in members of the ESA and found geographic dif-
ferences in perioperative PBM, with marked deficits in
preoperative assessment of bleeding risk and assessment and
treatment of anaemia.

An essential part of perioperative PBM is preoperative as-
sessment of bleeding risk. Clinically relevant bleeding complica-
tions, anticoagulant medications, and a family bleeding history
should be determined using a structured interview.11 This is es-
pecially important to detect patients with inherited bleeding
disorders, who should then be managed using a multidisciplin-
ary team approach.12 About one third of physicians that com-
pleted our questionnaire rarely or never use structured patient
interviews to assess bleeding risk before surgery. Considering
the low cost, efforts should be made to encourage physicians to
assess bleeding history in all patients. Many physicians order
conventional coagulation screening tests before surgery in

patients with negative bleeding history, even though this ap-
proach is not recommended. Physicians from NE and the UI as-
sess coagulation status in patients with negative bleeding
history less frequently than physicians from other regions. One
possible explanation could be that some physicians have time
restrictions to perform a structured patient interview, and thus
mostly rely on laboratory values.

Preoperative anaemia is associated with adverse clinical out-
comes in various patient populations.13–16 A recent meta-
analysis demonstrated increased mortality and a higher inci-
dence of acute kidney injury after surgery in patients with pre-
operative anaemia.17 Thus, preoperative assessment and
treatment of anaemia could improve outcomes in these pa-
tients. In our survey, only 24% of physicians routinely assess pa-
tients at risk of bleeding during surgery for anaemia, four to
eight weeks before elective surgery. When anaemia is diag-
nosed, less than 50% of physicians routinely investigate its
cause. Even fewer physicians substitute iron, when iron-
deficiency anaemia has been diagnosed. Interestingly, UI phys-
icians more frequently assess and treat anaemia than phys-
icians from other regions. Adequate anaemia management may
improve clinical outcomes by reducing use of allogeneic blood
products, and might even reduce healthcare costs.9 18 Major ef-
forts should be made to implement diagnosis and treatment of
preoperative anaemia in patients undergoing major surgery.

Ever since Hebert and colleagues19 published their study on
transfusion requirements in critical care, use of restrictive and
liberal transfusion triggers has caused much debate. In a recent
meta-analysis, the effect of restrictive vs liberal transfusion trig-
gers on mortality was evaluated in perioperative and critically
ill adult patients.20 The authors reported a favourable trend to-
wards a restrictive transfusion strategy, compared with a liberal
transfusion strategy in critically ill patients, while patients in
the perioperative period had better outcomes with a liberal
transfusion strategy. Similarly, a liberal transfusion strategy
was associated with fewer major postoperative complications
in patients undergoing major cancer surgery.21 These results in-
dicate the need to individually assess each patient before trans-
fusion. In the current study, 56% of physicians targeted a
transfusion threshold of 7-9 g dl� 1 of haemoglobin during active
bleeding in patients without cardiovascular disease, while 37%
targeted a transfusion threshold> 9 g dl� 1. In the recent
European Transfusion Practice and Outcome Study trial, mean
haemoglobin concentration just before transfusion was 8.1(1.7)
g dl� 1, and 2.5 (2.7) units of packed RBCs were transfused at this
threshold.22 More than 80% of transfusions were initiated by
hypotension or tachycardia. Taken together, a restrictive trans-
fusion strategy is more often applied in haemodynamically sta-
ble, than in actively bleeding patients.

Coagulation management poses an increasing challenge on
physicians. Both pro- and anti-coagulant drugs have to be bal-
anced, not only in emergency situations, but also for elective
surgery. Fibrinogen,23 24 prothrombin complex,25 and tranex-
amic acid26 have been shown to reduce the use of allogeneic
blood products in selected patient populations undergoing
elective surgery. The indications for these agents may
differ among regions, and alternative products may be available
(e.g. cryoprecipitate), possibly explaining regional differences in
the use of these agents.

Use of cell salvage devices in major orthopaedic surgery has
reduced the need for allogeneic blood products.27 28 However, re-
cent studies indicate that cell salvage devices might not be cost ef-
ficient in patients undergoing elective hip- and knee-replacement
surgery.29 We have observed wide geographic differences in the

100
POC hifh risk surgery (P<0.001)
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NE EE

Mostly/always

Rarely/never

Half

No POC available

SE ME UI
0

Fig 5 Likert scales depicting the use and availability of point-of-care (POC)

monitoring devices during high risk surgery in Europe according to geo-

graphic regions. P value indicates differences between regions. NE - north-

ern Europe, EE - eastern Europe, SE - southern Europe, ME - middle Europe,

UI - United Kingdom and Ireland.

Table 2 Availability of point-of-care coagulation monitoring de-
vices. Multiple selections were permitted

Device n (%)

ROTEMVR 255 (36.1)
TEGVR 138 (19.5)
PFA-100VR 111 (15.7)
MultiplateVR 109 (15.4)
SpHbVR 74 (10.5)
VerifyNowVR 31 (4.4)
HemocueVR 10 (1.4)
None 288 (41)
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use of cell salvage devices for major orthopaedic surgery. This
might reflect differences in availability of cell salvage devices. Use
of cell salvage devices in patients undergoing abdominal surgery
is lower than in patients undergoing orthopaedic surgery. Most
major abdominal surgeries involve either malignant cells or soiled
gastrointestinal content. Thus, recommendations are not as
strong as in orthopaedic or cardiac surgery, and use of cell salvage
devices should be evaluated for each patient individually.30

Patient blood management is increasingly incorporated into
standard patient care. In a resolution published in 2010, the
World Health Organization urged member states to implement
and promote PBM in clinical practice.31 Since then, several med-
ical centres have successfully implemented PBM.4 32–34

Publication of guidelines further raises awareness and promotes
implementation of perioperative PBM. Physicians should be con-
stantly educated regarding evidence-based transfusion practice,
as this can reduce use of both packed RBCs and healthcare
costs.35 PBM and structured education about transfusion medicine
has already been implemented in the curriculum of medical stu-
dents and young physicians at some institutions.36

The response rate of the survey was 7.6%. Before online
surveys, paper or telephone surveys were expected to
achieve an 80% response rate to be publishable. However,
this rate does not seem feasible anymore for online surveys.
A limitation of our study is that physicians already involved
in PBM might have been more likely to participate in the sur-
vey than those without involvement in PBM, resulting in re-
sponder bias. As multiple respondents might have come
from the same institution, we cannot exclude that some out-
comes are clustered and represent institutional rather than
individual policies. Furthermore, the survey did not docu-
ment whether the respondent’s institution had a formal
PBM program. Finally, drugs such as fibrinogen concentrate
and prothrombin complex concentrates might not be avail-
able in every country, introducing a regional bias and pre-
cluding a worldwide generalisability of the survey.

In summary, our findings indicate major deficits in peri-
operative PBM. Results obtained in this study demonstrate a
need to encourage adoption of perioperative PBM guidelines,
and could influence the design of future PBM projects.
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