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Summary

Background The administration of blood components and their alternatives can be lifesaving. Anaemia,
bleeding and transfusion are all associated with poor peri-operative outcomes. Considerable changes in the
approaches to optimal use of blood components and their alternatives, driven by the findings of large
randomised controlled trials and improved haemovigilance, have become apparent over the past decade. The
aim of these updated guidelines is to provide an evidence-based set of recommendations so that anaesthetists
and peri-operative physicians might provide high-quality care.

Methods An expert multidisciplinary, multi-society working party conducted targeted literature reviews,
followed by a three-round Delphi process to produce these guidelines.

Results We agreed on 12 key recommendations. Overall, these highlight the importance of organisational
factors for safe transfusion and timely provision of blood components; the need for protocols that are targeted
to different clinical contexts of major bleeding; and strategies to avoid the need for transfusion, minimise
bleeding and manage anticoagulant therapy.
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Conclusions All anaesthetists involved in the care of patients at risk of major bleeding and peri-operative
transfusion should be aware of the treatment options and approaches that are available to them. These
contemporary guidelines aim to provide recommendations across a range of clinical situations.
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Recommendations
Pre-operative:

1 All  patients should have their haemoglobin
concentration measured before listing for major
elective surgery.

2 Where blood transfusion is anticipated, this and
alternatives to transfusion should be discussed with the
patient before surgery, and their consent should be
documented according to local protocols.

Minimising peri-operative blood loss:

3 Management of anticoagulants in the peri-operative
period should balance the risk of bleeding with the risk
of thrombosis.

4 The use of cell salvage and antifibrinolytics, such as
tranexamic acid, is recommended in all patients who
are bleeding, where blood loss > 500 ml (> 8 ml.kg™ in
children weighing > 10kg) is possible and/or in
patients are unable to receive donor blood.

5 Minimise iatrogenic anaemia by managing blood
sampling appropriately.

Recognition and management of major bleeding:

6 Early recognition of obstetric bleeding is essential and
should be measured accumulatively, leading to a clear
escalation plan of intervention and involvement of the
multidisciplinary team.

7 Every institution should have a major haemorrhage
protocol which is regularly audited and reviewed. They
should be concise but targeted, and allow for
immediate release and protocolised administration of
blood components.

8 In an emergency, surgical implementation of
damage/proximal control strategies may be required
until haemorrhage control is achieved.

9 Group O red blood cells (RBCs) for transfusion should
be readily available in the clinical area, in case
haemorrhage is life-threatening. Group-specific RBCs
should be made available by the laboratory as soon
as possible after receiving correctly labelled samples
and being informed of the emergency requirement
for blood, and according to local laboratory
protocols.

10 During major haemorrhage due to trauma, preference
should be given to transfusing RBCs and fresh frozen
plasma (FFP). Clear fluids (crystalloids) should be
avoided unless there is profound hypotension and no
imminent availability of blood components.

11 Blood components should be prescribed for children
asavolume (ml.kg'1) ratherthan in units.

12 Patients who continue to bleed actively should be
monitored by point-of-care and/or regular laboratory
tests for coagulation, fibrinogen and platelet counts
and/or function. A guide for transfusion should be: FFP
if INR>1.5; cryoprecipitate if fibrinogen <1.5g.I""
(<2.0g.I"in obstetrics); and platelets if platelet count
<50%x10%.1" (< 75 x 10%.I"" in obstetrics).

What other guidelines currently exist?
Other guidelines are available, many of which are quite
recent, but none cover the breadth and scope of UK
anaesthesia practice (online Supporting Information
Appendix S1).

Why were these guidelines developed?
Transfusion medicine is a rapidly evolving field with several
practice-defining trials published in the last few years, along
with constantly improving haemovigilance systems.
Delayed recognition of bleeding and delayed transfusion
are both associated with adverse outcomes. As a result,
there is a need for a relevant, contemporary clinical
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guideline for practising UK anaesthetists, critical care staff,
allied health professionals and those from other relevant
specialties and backgrounds.

How and why does this statement differ
from existing guidelines?

This is an updated guideline, based on data from recent
studies, and includes new sections on pre-hospital
management and acute gastrointestinal bleeding. This
guideline advocates strongly for a multidisciplinary
approach involving close working between anaesthetists,
intensivists surgeons, obstetricians, haematologists, blood
bank staff and other relevant departments to allow for safe,

timely and targeted transfusion support.

Introduction

Transfusion medicine is a constantly evolving field,
encompassing not the just the use of blood components but
also consideration of alternative agents, novel cellular
therapies and maintaining donor health. Anaesthetists are
often involved in decisions to administer blood components
and/or alternatives, as well as the management of major
haemorrhage. The evidence base continues to expand with
an increasing number of randomised controlled trials (RCT)
across multiple clinical settings. There is also now a
well-established interest in improving patient safety during
transfusion through national haemovigilance systems such
as Serious Hazards of Transfusion (SHOT)[1].

Allogeneic RBC transfusion can be lifesaving, but this is
a scarce and costly resource as highlighted by recent
national blood shortages and changes in donor patterns
during the COVID-19 pandemic[2]. Around 1.5 million RBC
units are issued by blood services in the UK per year [3].
Approximately one-third of these are for patients
undergoing major surgery, in particular, cardiac surgery,
vascular surgery and cancer surgery [4]. Use of blood
components also remains high in major trauma, intensive
care and obstetrics.

To ensure appropriate use of blood components and
improve patient outcomes, the concept of patient blood
management (PBM) was endorsed as a standard of care in
the UK more than 10years ago. In brief, PBM [5, 6] is the
timely application of evidenced-based principles focusing
on three ‘pillars detection and management of
pre-operative anaemia; minimising blood loss and treating
coagulopathy; and harnessing and optimising the patient's
physiological reserve in the setting of anaemia. It should
also take an individualised approach, with consideration of
the clinical setting and patient preference (where possible).
Serial national comparative audits and practice surveys have

demonstrated improvements in uptake of PBM but
significant gaps and variation in practice remain [7, 8]. The
aim of this guidance is to update previous guidance about
the appropriate use of blood components and their
alternatives, that neither compromise the recipient nor
expose them to unnecessary risks. Strategies to minimise
blood loss and improving the process of transfusion will also
be discussed. Treating peri-operative anaemia and use of
cell salvage are key components of PBM and readers are
referred to specific guidance on these topics[9, 10].

Methods

We convened a consensus panel comprising 11 members
with expertise in anaesthesia, patient blood management,
haematology, obstetrics, cardiac and non-cardiac surgery,
major trauma and critical care. This panel also represented
different professional societies.

The consensus process incorporated a three-step
Delphi method, which took place between January 2022
and January 2023, to formulate a set of recommendations.
All Working Party members independently rated the
importance of each recommendation using a 4-point Likert
scale using an online survey tool (http://
www.surveymonkey.co.uk). Members were able to suggest
changes to the wording of recommendations to improve
the clarity and the content and suggest possible mergers.
Following the final round of scoring, and after discussion, a
final list of 12 recommendations was produced.

Searches for relevant publications were carried out on
MEDLINE, EMBASE, CINAHL, CENTRAL and the Transfusion
Evidence Library including the following example search
terms: — blood; transfusion; haemorrhage; bleeding; and
peri-operative. References known to the Working Party
members and other guidelines published by national and
international organisations were consulted. The Working
Party focused on systematic reviews, meta-analyses and
RCTs to generate recommendations but acknowledged
that recommendations on laboratory and organisational
aspects would largely be based on observational studies.
Where evidence was limited, the Working Party sought to

provide pragmatic guidance.

Results

Process of transfusion

Positive patient identification is paramount prior to any
blood transfusion episode, to minimise wrong-blood-
in-tube events and risks of ABO incompatibility [11]. All
patients receiving a blood transfusion must wear a patient
identification band. The minimum patient identifiers
provided on the transfusion request form and sample
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include surname, forename, date of birth, and the hospital
unique identification number, or NHS number (or
equivalent). In situations where the patient’s identity may be
unknown, an alternative identification system must be in
place. Follow local guidelines but, as an example, at least
one unique identifier must be used (e.g. a randomly
generated seven-digit number with a prefix), a naming
convention (suggest randomly generated from an edited
phonetic alphabet), a date-of-birth system and the patient’s
sex. Once the patient's identity is known, a new
identification band must be attached to the patient, and a
new transfusion sample must be collected and labelled with
the patient’s details.

Blood samples must be collected and hand or
electronically-labelled at the patient's side by
appropriately trained personnel. Two samples are not
always needed if the patient has a suitable ‘historical’
sample on file. Historical samples may be available in a
format that makes them useful for information to use in
conjunction with the current (valid) sample [12]. Where
patient identification is sufficient to assure that the
historical sample is from the same patient as the current
one, the historical sample may be valid as the
‘group-check’ sample to allow issue of ABO compatible
RBCs to meet the two-sample recommendation. However,
to meet the criteria for electronic issue of RBCs against the
current sample, the historical group must have the same
patient identification and be transmitted electronically
(with no manual intervention). If neither of these are
present, then two samples will be required.

If a suitable historical sample is available, only one group
and screen sample is required which should be taken
according to national guidelines [12]. In brief, if a patient has
not previously received a transfusion, is not pregnant or
has not been pregnantin the last 3 months, the sample is valid
for 7 days, but we recognise that some hospital use 72 h.
Separating and storing the plasma at —30°C can increase the
sample validity to 3 months. If a patient has received a
transfusion or is/has been pregnant in the last 3 months, the
sample must be less than 3 days old at the beginning of any
transfusion. Therefore, in patients scheduled to undergo
surgery at risk of major blood loss, it is important to ascertain
whether they may have received a transfusion at any other
hospital within a three-month period. If a patient has received
a blood transfusion or been pregnant within the previous
3 months, then the sample is only valid for 72 h, which is from
the time the sample is taken to the subsequenttransfusion.

Requests for blood components may be written,
electronic or done by telephone. Ensure the request is

clearly communicated to the laboratory including volume,

product required, special requirements, location and
date/time required. Prepared blood components may be
stored within the laboratory, held in a satellite blood fridge
close to the clinical location or distributed via a remote issue
system. The method of storage used will depend on local
hospital blood transfusion policy. Selection of RBCs will
proceed through either electronic issue, serological
crossmatch or emergency issue. Serological crossmatch can
detect ABO and non-ABO red cell antibody incompatibility
between donor cells and recipient plasma and is the default
technique when electronic issues is contra-indicated or in
the absence of a functioning, validating information
technology system. Detailed guidance on pre-transfusion
compatibility procedures and electronic systems in
transfusion laboratories is available elsewhere [12, 13].

During the transfusion episode, patient monitoring is
essential to identify and manage adverse reactions.
Dyspnoea and tachypnoea are typical early symptoms of
serious transfusion reactions; therefore, the respiratory rate
should be monitored throughout transfusion as
recommended by the National Institute for Health and Care
Excellence (NICE) [14]. Other observations including pulse,
blood pressure and temperature should be undertaken and
documented for each unit transfused. As a minimum,
observations should be completed and recorded before
the start of the transfusion (within 60 min), 15 min after the
start of each unit and within 60 min of the end of transfusion
[11].

Transfusion-associated circulatory overload (TACO) is
now the most common cause of transfusion-related
mortality and major morbidity [1]. It is broadly defined as
acute or worsening respiratory compromise and/or acute
or worsening pulmonary oedema during or up to 12h
after transfusion, cardiovascular changes (tachycardia,
hypertension) not explained by the patient's underlying
condition, evidence of fluid overload and supportive
result of a relevant biomarker (e.g. brain natriuretic
peptide) [1]. Risk factors for developing TACO include
older, non-bleeding patients (age > 70 years),
comorbidities  (heart failure, renal failure and
hypoalbuminaemia), low body weight and rapid
transfusion. Peri-operative considerations in such patients
include assessing the need for transfusion, body weight
dosing of RBCs, slow transfusion, close monitoring of vital
signs and fluid balance and prophylactic diuretic
prescribing. Various infographics and TACO checklists are
available from SHOT [1].

The incidence of febrile, allergic and hypotensive
reactions which occur within 24 h following transfusion, and

for which no other cause is found, is increasing [1, 15, 16].
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This may, in part, be due to increased reporting. Red blood
cell units are usually associated with febrile-type reactions,
whereas plasma and platelets more commonly cause
allergic reactions. Current recommendations from SHOT
advise to not use steroids and/or antihistamines
indiscriminately [1]. Repeated doses of steroids may
further suppress immunity in patients who are
immunocompromised. Instead, a more personalised
approach is recommended, which is tailored to the patient’s
symptoms and signs to distinguish between febrile and
allergic reactions. For febrile reactions, only intravenous
paracetamol may be required. For allergic reactions, only an
antihistamine should be administered. If a severe reaction
and/or anaphylaxis is suspected, local anaphylaxis
protocols should be followed.

Intra-hospital transfer of patients may occur during
transfusion. Large numbers of units of RBCs should not be
transferred with the patient and the receiving clinicians
should ensure blood is returned to appropriate storage and
collected for transfusion when required to avoid
unnecessary wastage. For inter-hospital transfer, the need
for blood components during the transfer must be carefully
considered by the clinical team. There is limited published
experience of transfer practices for blood, but wastage of
blood appears significant [17]. Clinical teams should
communicate effectively with the transfusion laboratory
when the decision to transfer a patient with blood is
confirmed. The transfusion laboratory from the referring
hospital should coordinate the transfer and traceability of
blood. Blood should never be transferred without the
knowledge of the transfusion laboratory. The transfusion
laboratory must have a protocol in place to ensure the cold
chain is maintained and evidenced during transport.

Laboratory testing pre-transfusion

Transfusion of blood components in patients who are
haemodynamically stable continues to be mainly guided by
laboratory measurements e.g. haemoglobin and platelet
count. In patients with major bleeding, clinical features (e.g.
heart rate, cold peripheries and prolonged capillary refill
time) are often insensitive, and detection and management

of coagulopathy is a critical aspect.

Laboratory based

Conventional coagulation tests such as prothrombin (PT),
activated partial thromboplastin  time (APTT) and
International Normalized Ratio (INR) are well-established,
validated and familiar to most healthcare professionals.
These tests were initially designed for detecting

deficiencies in coagulation factors, platelet number and, for
INR, directing changes in warfarin anticoagulant dosing.
Disadvantages include relatively long turnaround times
(average time between 27 and 77 min), which limits their
utility in rapidly evolving scenarios such as major
haemorrhage, their poor predictive value for bleeding (e.g.
liver disease, procedure-related) and their inability to detect
the effects of direct oral anticoagulants (DOACs) or
antiplatelet agents [18]. In addition, these tests are static
measures that fail to capture the contributions of the
endothelium, cellular and plasma component of whole
blood and fibrinolysis.

Viscoelastic haemostatic assays (VHAs) and point-of-care
testing

There are several VHAs systems now available on the
market, with some shown to reduce peri-operative
transfusion requirements. Commonly available tests include
thromboelastography (TEG™; Haemonetics, Boston, MA,
USA); rotational thromboelastometry (ROTEM™; Werfen
Laboratories, Barcelona, Spain); and Sonoclot (Sienco Inc.,
Boulder, CO, USA). A detailed review of these devices can
be found elsewhere [18]. Point-of-care testing for
haemoglobin concentration is used commonly, such as
blood gas analysis or the HemoCue™ (Angelholm,
Sweden), which both correlate well with laboratory
measurements [19]. The activated clotting time (ACT) is also
well validated and should be used routinely whenever
heparin is administered, particularly in cardiac and vascular
surgery [20]. These tests have been joined by newer systems
such as the Quantra™ (Stago Theale, UK) utilising
sonorrheometry, which measures acoustic deformation of a
developing clot to measure its viscoelastic properties, and
ClotPro™ (Haemonetics) to measure the effects of DOACs
and antifibrinolytics [21].

Advantages of such tests include a rapid turnaround
time and their ability to provide information on all phases of
coagulation. Important limitations include the need for a
trained user to be present, poor standardisation (apart from
manufacturers’ reported reference ranges), and lack of
universal algorithms across different specialities [18].
Viscoelastic haemostatic assays are also recognised to be
less sensitive to measuring fibrinolytic activation in trauma
and should not be used to withhold the administration of
tranexamic acid [18]. It is good practice to pair coagulation
samples and send a second sample for conventional
laboratory testing.

A systematic review assessed 12 studies in patients

having cardiac surgery (n=6835) and observed a
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Table 1 Anexample of viscoelastic thresholds used as a transfusion algorithm in trauma.

Treatment Suggested thresholds for therapy
TEG ROTEM
2 pools cryoprecipitate (equivalent to 4 g fibrinogen FFTEGMA <20 mm FIBTEM CA5 <10 mm

replacement)
1 pool platelets

4 units fresh frozen plasma

Additional 1 g tranexamic acid

rTEGMA-FFTEG MA < 45 mm

rTEG MA > 65 mm plus rTEGACT
>120s

rTEGLY30 > 10%

EXTEM CAS5 -FIBTEM CAS5 < 30 mm

EXTEM CAS5 > 40 mm plus EXTEM
CT>80s

EXTEM LI30 < 85%

These algorithms are suggestions and augment empiric major haemorrhage protocol therapy. This table follows data published from a
clinical trial [23]. It is recommended that if similar algorithms are to be used, the algorithm is optimised for the hospital in which itis to be
used. Please note do not withhold tranexamic acid therapy whilst waiting for VHA results.

ACT, activated clotting time; MA, maximal amplitude; TEG, thromboelastography; rTEG, rapid thromboelastography; FF, functional

fibrinogen; ROTEM, rotational thromboelastometry.

Table 2 Transfusion thresholds, based on conventional coagulation tests, for major haemorrhage.

Laboratory value Suggested target
Haemoglobin 70-90g.I"
Platelet count >50x 10%.""

>75x 10°.I"" in obstetrics
Fibrinogen >15g.l’

>2.0g.I"in obstetrics

Prothrombin time < 1.5 x normal

lowering in transfusion requirements in TEG-guided or
ROTEM-guided therapy [22]. A recent RCT in adults
with major trauma (n=396) compared standard major
haemorrhage protocols using conventional coagulation
tests with VHA-guided algorithms and found no
difference in the primary outcome of patients who were
alive and free of massive transfusion at 24h [23].
Current British Society of Haematology guidelines
recommend the use of VHAs in patients undergoing
cardiac or liver surgery, and cautiously suggest that
they may also be used as part of a local algorithm to
management obstetric and trauma haemorrhage,
providing appropriate policies to maintain these
devices are used [18].

An example of a VHA-guided transfusion algorithm for
trauma is provided in Table 1, based on a process
for developing, validation and testing in a clinical trial [18].
Similarly, conventional coagulation test targets are
displayed in Table 2.

Red cell transfusion and other blood components

Details of manufacturing, storage and testing requirements
for blood components discussed in this section are
displayedin Table 3.

Treatment

Red blood cells

Platelets
Cryoprecipitate or fibrinogen concentrate (off label)

Fresh frozen plasma

Red blood cells

In patients who are haemodynamically stable and not
bleeding, haemoglobin concentration is the most common
clinical measurement used to guide RBC transfusion. There is
now good evidence, based on an analysis of 48 randomised
trials recruiting over 20,000 patients across a range of clinical
settings, that a restrictive transfusion strategy (maintaining Hb
between 70 and 80g.I") is safe and may lead to a 41%
reduction in the number of patients who receive at least one
RBC unit [24]. Much of this applies in clinical contexts such as
orthopaedic surgery, critical care, vascular surgery, cardiac
surgery, acute gastrointestinal bleeding and paediatric
surgery.

Uncertainties exist in certain clinical subgroups such as
those with acute coronary syndromes, acute brain injury,
active cancer and older patients [25-27], and higher
haemoglobin thresholds (80-100g.") may be more
appropriate until the results of ongoing trials are available
[28]. The recent Haemoglobin transfusion threshold in
traumatic brain injury optimisation (HEMOTION) trial found
no evidence of a difference in unfavourable neurological
outcome at 6 months in patients randomly allocated to a
liberal strategy (transfusion initiated at Hb <100g.™)

compared with a restrictive strategy (transfusion initiated at
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Table 3 Requirements for processing, storage and testing for blood and blood components in the UK.

Component Processing

Red blood cells  Manufactured by removing plasma for
leukocyte-depleted whole blood or by

leucodepleting plasma reduced RBCs

Fresh frozen
plasma

Obtained from whole blood through
centrifugation or apheresis

Leukodepleted

Rapidly frozen to < -25°C to preserve
coagulation factors

Male donors only

Manufactured by thawing FFP at4 + 2°C,
which precipitates out FVIII; FXIII, vWF,
fibronectin and fibrinogen

75% of packs should contain at least 140 mg of
fibrinogen; pooled cryoprecipitate (from five
donations) should contain > 700 mg

Cryoprecipitate

Platelets Obtained from whole blood through

centrifugation or apheresis

Storage and shelf-life

Core temperature of
44 2°C

Maximum storage 28 days
(can be extended to
35 daysifadenineis
added)

Core temperature below -
25°C for 36 months

Thawed using dry ovens,
microwave ovens or water
bath methods

Once thawed, it must never
be refrozen

Core temperature below -
25°C for 36 months

Similar thawing processes
as FFP

Oncethawed, it must never
be refrozen

Stored at 20-24°C under
constant horizontal
agitation

Stored for 5 days (can be
extended to 7 days with
pathogen reduction)

F, Factor; FFP, Fresh frozen plasma; RBC, red blood cells; vVWF, von Willebrand factor.

Hb <70 g.|'1) [29]. However, a liberal strategy was associated
with better scores on measures of motor function and quality
of life. Similarly, the Transfusion Strategies in Acute Brain
Injured Patients (TRAIN) found that a liberal transfusion
strategy (transfusion triggered by Hb<90g.l") was
associated with a more favourable neurological outcome at
6 months when compared with a restrictive transfusion
strategy (transfusion triggered by Hb < 70g.") [30]. Two
large RCTs have been published reporting on the impact of
different haemoglobin thresholds on clinically relevant
outcomes in patients with acute myocardial infarction (The
Myocardial Ischemia and Transfusion trial (MINT) [31],
Restrictive and Liberal Transfusion Strategies in Patients with
AMI trial, REALITY (REALITY) [32]). Although the designs of
both trials were broadly similar, the two studies reported
differing directions of effect for key outcomes. MINT, the
largest trial, favoured a liberal transfusion strategy with a Hb
threshold of 100 g.I"". Specific guidance on these patient
groups is awaited.

Single-unit RBC transfusions are recommended in adult
patients who are haemodynamically stable and without any
evidence of active bleeding (or equivalent volumes

calculated based on body weight for children or adults with

low body weight

(BMI

Clinical practice points

Time outside temperature-
controlled environment should be
restricted to 30 min

Transfusion should be complete
within 4 h, through a 170-200 pm
filter

If delay in transfusion, FFP may be
stored at4 £ 2°Cifthe infusion is
completed within 24 h of thawing.

Pre-thawed FFP can also be stored at
4°Cforupto 5 days in patients with
traumatic major haemorrhage

Use 170-200 pm filter giving set

One pool = 5 single units (100-200
mls).

If delay in transfusion, it can be stored
atambienttemperature and used
within 4 h

Typical infusion rate is
10-20 ml.kg™".h™" (30-60 min for
one pool)

Use 170-200 pm filter giving set

Infusion should be started within
30 min of removal from storage

Use 170-200 pm filter giving set.
Avoid sets that have already been
used for transfusion of RBCs

<185kg.m?) [33]. The

haemoglobin concentration should be measured before
and after every RBC unit transfused, along with a clinical
assessment except when patients are actively bleeding in
which case transfusion should be guided by haemodynamic
response. Point-of-care haemoglobin measurement may be
but
measurement remains the gold standard [19].

useful in limited resource settings, laboratory

Alternative markers for transfusion include central
venous oxygen saturation; lactate clearance, acidaemia;
and clinical signs (tachycardia, hypotension, ECG changes).
However, these lack sensitivity and specificity to detect
microcirculatory impairment, and normal values do not
exclude inadequate oxygen delivery. Recent small trials
have demonstrated a reduction in transfusion requirements
using individualised central venous oxygen saturation, but

there was no impact on clinical outcomes [34].

Fresh frozen plasma

Fresh frozen plasma is administered as a source of
coagulation factors. The main indication for FFP is major
haemorrhage, often administered in a more balanced ratio
with RBCs (usually 1:1 or 1:1.5), until results of coagulation
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tests are available. Other indications for FFP, largely based

on low quality evidence, include:

e Disseminated intravascular coagulation (DIC) with
evidence of bleeding or at high risk of bleeding (e.g.,
planned surgery or invasive procedure)

e Reversal of warfarin anticoagulation in the presence of
active bleeding if prothrombin complex is not available

e Replacement fluid for apheresis in microangiopathies
(thrombotic thrombocytopenic purpura, haemolytic
uremic syndrome)

e Hereditary angioedema - FFP contains C1-esterase
inhibitor

There is no good evidence to support the use of
prophylactic FFP to correct abnormal coagulation tests prior
to low-risk invasive procedures in patients who are critically
ill [35], although this practice still occurs. Abnormal
standard coagulation tests (PT, APTT) are poor predictors of
bleeding in patients who are critically ill and
haemodynamically stable and do not reflect the true
haemostatic status of patients with advanced liver disease
[36]. The prophylactic use of FFP in elective cardiac surgery
is not recommended [37]. Fresh frozen plasma should also

notsolely be used for volume replacement.

Cryoprecipitate
Cryoprecipitate is the standard concentrated source of
fibrinogen in the UK and is used to treat acquired
hypofibrinogenaemia.

Indications for cryoprecipitate therapy include:

e Clinically significant bleeding and a fibrinogen level
<1.5g.I"(<2g.I"inobstetric haemorrhage).

e Fibrinogen level < 1g.l” and significant bleeding risk
prior to a procedure, taking into consideration
personal/family bleeding history, drug history, bleeding
risk associated with planned procedure.

e Bleeding associated with thrombolytic therapy.

e Inherited hypofibrinogenaemia when fibrinogen

concentrate is not available.

Donor and recipient blood groups should be the same
for FFP and cryoprecipitate transfusion. If the patient's
blood group is unknown, ABO non-identical plasma is
acceptable if it has ‘low titre’ anti-A or anti-B activity. Group
O components should only be given to group O recipients.
Any RhD group may be transfused. Fresh frozen plasma
contains a very small amount of red cell stroma and
sensitisation following administration of RhD-positive
plasma to an RhD-negative individual is very unlikely to

occur[38].

Fibrinogen concentrates

An alternative source of fibrinogen is fibrinogen
concentrate. These are produced as pasteurised,
lyophilised products from pooled donors that undergo
purification, viral inactivation and removal processes, and
do not require cross-matching [39]. Many European
countries have now moved to these as first-line therapy for
replacing fibrinogen [40]. However, clinical evidence
for superiority of fibrinogen concentrates over
cryoprecipitate is lacking. A recent large trial found that
fibrinogen concentrate was noninferior to cryoprecipitate in
patients who developed clinically significant bleeding and
hypofibrinogenaemia  after cardiac  bypass  [41].
Haemocomplettan/RiaSTAP  (CSL  Behring, Marburg,
Germany) is the only fibrinogen concentrate globally
available, and it is only licensed for use in congenital
hypofibrinogenemia in the UK. More recently, Fibryga
(Octapharma Ltd., Manchester, UK), a different formulation
of human fibrinogen, has become available and is also
licensed as component therapy for the management of
uncontrolled severe haemorrhage in patients with acquired
hypofibrinogenaemia during surgery.

Platelets

Two-thirds of all platelets are used in patients with
haematological malignancies, followed by cardiac surgery
(7-10%) and critical care (5-9%) [42]. Platelet transfusions
are the component most implicated in transfusion reactions,
as reported by SHOT. Febrile non-haemolytic transfusion
reactions and allergic reactions are thought to occur at a
frequency of 1 in 14 and 1 in 50 per-unit transfusions,
respectively and sepsis from a bacterially contaminated
platelet unit is the most frequent infectious complication
from any blood product[43].

Platelet transfusion may be indicated for the treatment
of active bleeding (therapeutic), although severe
thrombocytopenia is an uncommon complication in cases
of major bleeding. In patients with severe bleeding, the
following pragmatic guidance should be applied although
we recognise that this is not based on high-quality
evidence:

e Maintain platelet count > 50 x 107.I""

e Maintain platelet count > 100 x 10°.I"" in patients with
multiple traumatic injuries, traumatic brain injury, or
spontaneous intracerebral haemorrhage

Platelet transfusions are prescribed more commonly to
treat thrombocytopaenia and thereby prevent bleeding

(prophylaxis). Recent trials in neonates who were critically ill
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and adults with intracerebral haemorrhage associated with
antiplatelet therapy have questioned the roles of platelet
transfusions for either of these purposes [44, 45]. As a guide,
in the absence of active bleeding, the following platelet
count thresholds should be applied:

e Central venous catheter (CVC)insertion: 20 x 10°.I"!

e Lumbar puncture: 40 x 1071

e Insertion or removal of epidural catheter: 80 x 10°.I”

e Percutaneous tracheostomy: 50 x 10°.I""

e Majorsurgery: 50 x 107"

e Neurosurgery or posterior segment ophthalmic surgery:
100 % 10%.I"

e Percutaneous liver biopsy: 50x 101" (consider
transjugular biopsy if platelet count is below this level)

e Routine prophylaxis: 10x10%.I7 (consider 10-20x

10°.I"M inthe presence of risk factors e.g. sepsis)

These thresholds are not based on high-quality data and
an ongoing trial is aiming to identify the optimal platelet
transfusion threshold in critically ill patients requiring low-
bleeding risk invasive procedures (NIHR131822). One recent
trial in the Netherlands concluded that in patients with severe
thrombocytopaenia (platelet count 10-50 x 10°.I") requiring
CVC placement, withholding platelet transfusion was
associated with a higher risk of bleeding [46]. However, this
risk was largely driven by placement of subclavian CVCs in
patients with haematological conditions which is not
reflective of UK practice [47]. In addition, there was no
evidence of increased risk in patients receiving ICU care even
in those with severe thrombocytopaenia (platelet count
10-19x10°I". The wuse of platelet transfusions
preprocedure when antiplatelet agents have not been
discontinued is not recommended. Specific guidance for
procedures related to regional anaesthesia is available
elsewhere[48].

Prothrombin complex concentrate

Prothrombin complex concentrates (PCC) are plasma-
derived concentrates containing either three or four of the
vitamin K-dependent coagulation factors (ll, VII, IX, X) [49].
Small amounts of protein C and S and antithrombin may also
be present. It is produced by fractionation of pooled plasma
from non-UK donors, virally inactivated and available in
lyophilised powder form which is reconstituted in sterile
water immediately prior to use. Commonly available PCCs
are Beriplex (CSL Behring, Marburg, Germany) and Octaplex
(Octapharma Ltd., Manchester, UK). Prothrombin complex
concentrates are not blood group specific. They are often

stored in blood banks and not pharmacy.

The main indication for the use of PCCs is the rapid
reversal of vitamin K antagonists in the context of major or
life-threatening bleeding (including intracranial bleeding).
It usually reverses warfarin anticoagulation within
10-30 min. There is limited evidence to support the use of
PCCs in the management of major haemorrhage not related
to vitamin K antagonists. A large trial evaluating its clinical
effectiveness in patients who are actively bleeding following
cardiac surgery is currently ongoing (NIHR152151).

The recommended starting dose is 25 1U.kg™" [50], but
this may vary according to local guidelines. An INR should
be checked 30 min after dosing to ascertain the degree of
correction. The indication for any further dosing should be
guided by clinical and laboratory assessment of
haemostatic efficacy. Due to the short half-life of factor VI
(6 h), it is essential to also give 5-10mg of intravenous
vitamin K. Important risks associated with PCC include
thrombosis (arterial and venous), as demonstrated in a
recent RCT [51], and hypersensitivity/allergic reactions.
Where possible, patients should be consented for these.

Off-label indications, which should be discussed on a

case-by-case basis with a haematologistinclude:

e Reversal of direct oral anticoagulants (DOACs) prior to
urgent/emergency surgery (i.e. rivaroxaban, apixaban);

® Reversal of anticoagulation with antithrombin agents
(e.g. argatroban, dabigatran);

e Treatment of non-life-threatening bleeding in patients
who cannottolerate large volumes of FFP.

Major haemorrhage

Major haemorrhage is an important cause of morbidity and
mortality worldwide. Death from haemorrhage is early, with
nearly 60% of deaths occurring within the first 3 h of injury. In
high-resource settings, the most common indications for
massive transfusion are major surgery (61.2%) followed by
trauma (15.4%) [52, 53]. The current trend is towards a
pragmatic, clinically-based definition based on the clinical
status  of adult patients (e.g. systolic blood
pressure < 90 mmHg and/or a heart rate > 110 beats.min™)
and their response to resuscitation [54]. It is important to
recognise that these changes may be masked in certain
patient groups (e.g. extremes of age or pregnancy).
Appropriate and effective management integrates multiple
factors, including: recognition; communication; avoidance
of trauma-induced coagulopathy; timely delivery of blood
components; and application of definitive modalities of
treatment (surgery) [55]. Surgical implementation of
damage/proximal control strategies may be required for

haemorrhage control to be achieved.
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Major haemorrhage protocol

Policies should be defined in a local major haemorrhage
protocol. Activation of a protocol should result in the
immediate release and protocolised administration of
blood components, without prior approval from a
haematologist. Such protocols are encouraged to be
specific to clinical areas such as the emergency department
or labour ward and are designed to include robust
activation and communication from bedside to laboratory.
A structured form of communication (e.g. Situation,
Background, Assessment, Recommendation) between
clinical and laboratory areas is recommended. Their
activation should also mobilise resources collaterally, such
as clinical staff, portering services, blood warmers, pressure
infusers and cell salvage devices [54].

A clear mechanism for the escalation of a team
response and identifying individuals with sufficient seniority
and experience to undertake the key roles of team leader
(senior anaesthetist) and co-ordinator, are essential to the
process enabling a single point of contact with
the laboratory and other support services. Deactivation of
major haemorrhage protocols should not be forgotten, as
delays in doing so may lead to blood wastage and prevent
resumption of other laboratory and clinical services. Major
haemorrhage protocols should be reviewed at least
annually, or whenever there are changes in guidance or new

evidence becomes available to suggest change in practice.

Initial resuscitation

Most major (non-obstetric) haemorrhage packs will contain
four units of RBCs and four units of FFP (equivalent to
15-20 ml.kg™" in a standard adult); platelet concentrate may
also be provided [54]. Administration should be via wide-
bore intravenous access, or via intra-osseous access until
the former can be obtained.

Group O RBCs should be available immediately and
transfused if haemorrhage is life-threatening. Group O RhD
negative and K-negative RBCs should be prioritised in
women of childbearing potential (< 50 years), children and
when the patient’s sex is unknown. Group O RhD positive
RBCs should be issued for adults who do not have
childbearing potential [54]. In certain sites (e.g. elective
surgery/high volume, low capacity hubs) only Group O RhD
positive RBCs are stored. While the likelihood of transfusion
is low, patient selection for such sites is important (i.e.
patients without RBC antibodies). Group-specific RBCs
should be rapidly made available (within 15 to 20 min) of the
laboratory receiving a correctly labelled crossmatch sample
and being informed of the emergency requirement for
blood.

Haemostatic resuscitation

The aims of haemostatic resuscitation are to: restore and
sustain normal tissue perfusion; maintain and regularly
monitor haemostasis; and avoid the lethal triad of
hypothermia, acidosis and coagulopathy [54, 55].
Electrolyte abnormalities such as hyperkalaemia and
hypocalcaemia (aim for ionised calcium > 1.0 mmol.I"")
should be treated promptly.

Current evidence from RCTs does not demonstrate
clear superiority of VHAs over conventional coagulation
tests on clinically important outcomes but may reduce peri-
operative blood component transfusion requirements [56].
Both VHAs and conventional coagulation tests have their
advantages and limitations (see Section on ‘Laboratory
testing pre-transfusion’). What is perhaps more important is
the process of repeated testing, and comparisons and
reassessments between serial tests, rather than the results of
isolated/standalone tests to guide decision making.

Prehospital trauma

Prehospital management of major traumatic haemorrhage
is evolving constantly. Anaesthetists are involved
increasingly in the care of these seriously ill and injured
patients that need airway protection, ventilatory support or
transfusion support before they arrive in hospital [57].
Although patterns of blood component use are variable,
time to initial transfusion is perhaps more important in
trauma [58].

Approximately a quarter of patients with severe trauma
will present with coagulopathy [59], defined typically by
abnormalities of prothrombin time; this is fatal in 30-50% of
cases. Early transfusion has been advocated to treat and/or
mitigate trauma-induced coagulopathy. Observational data
from the US military have shown that prehospital transfusion
within minutes of injury was associated with greater 24-h
and 30-day survival than delayed transfusion or no
transfusion [60]. Similarly, UK civilian data have shown that
prehospital combined plasma and RBC transfusion was
associated with lower odds of death at 24 h when compared
with RBC transfusion alone [61]. However, such studies have
important recognised limitations such as survivorship bias
and residual confounding. Closer inspection of trial data
suggests that differences in mortality rates may be related to
differences in transport times, modes of transport, patient
characteristics (e.g. age), illness severity and components
administered. A large UK trial, aiming to enrol 848
participants, is currently evaluating the use of pre-hospital
(via air ambulance) whole blood administration in patients
requiring pre-hospital blood transfusion to treat major
traumatic haemorrhage (ISRTCN23657907).
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Low fibrinogen levels (< 1.5 g.I"") are also common in
patients who have suffered trauma and are associated with
poor clinical outcomes [62]. The CRYOSTAT-2 trial
randomly allocated 1604 patients to standard care, which
was the local major haemorrhage protocol, or early and
empirical high-dose cryoprecipitate (three pools of
cryoprecipitate, equivalence to 6g of fibrinogen) within
90 min of randomisation and 3 h of injury [63]. The authors
found no evidence of an effect on the primary outcome of
all-cause mortality at 28 days. In a prespecified subgroup
analysis, 28-day mortality was higher in patients with
penetrating trauma who were allocated to the
cryoprecipitate (16.2% vs. 10.0%, odds ratio (95%Cl) 1.74
(1.20-2.51), p =0.006) but the underlying mechanisms of
this finding are unclear. The use of tranexamic acid,
administered within 3h of injury, reduces mortality in
patients who are bleeding after trauma [64] and in those
with mild-to-moderate brain traumatic brain injury [65].
Gruen et al. recently reported the results of a large RCT, in
advanced trauma systems, evaluating the safety and efficacy
of prehospital tranexamic acid in patients with severe
trauma who were at risk of trauma-induced coagulopathy
[66]. The authors observed a lower 28-day mortality rate in
patients who received tranexamic acid, but no difference
in the primary outcome of survival with a favourable
functional outcome at 6 months [66].

Key principlesinclude:

Early haemorrhage control

Ensure the clinical course is aimed towards
haemorrhage control. Use temporary haemostatic
devices (pressure, tourniquets, etc.) followed by surgery
or interventional radiology for control of haemorrhage
[53, 54].

Blood pressure management

Do not attempt to normalise blood pressure during
active haemorrhage. Achieve a lower acceptable blood
pressure with volume resuscitation alone. This may need to
be modified in patients with identified, or suspected
traumatic brain injury, where brain injury is the dominant
condition. During uncontrolled haemorrhage, implement
major haemorrhage protocols for volume resuscitation [53].
Crystalloids should only be given where there is profound
hypotension and no imminent availability of blood
components. The use of vasopressors should be avoided
during active haemorrhage[53, 54].

Target trauma-induced coagulopathy

Deliver blood components empirically at firstand, once
in hospital, use laboratory coagulation tests or VHAs to
guide therapy as soon as available. Give tranexamic acid

(Table 4)immediately, but avoid if more than 3 h from injury,

unless there is ongoing evidence of hyperfibrinolysis from
point of care testing [54]. Whilst haemorrhage is being
controlled, protocolised administration of RBC and FFP in a
ratio of 1:1 should be used to replace circulating volume
[54]. Consider the administration of cryoprecipitate (two
pools) and platelets (one adult therapeutic dose) until test
results are available and bleeding is controlled. Administer
platelets and cryoprecipitate as per major haemorrhage
protocols.

Once haemorrhage control is achieved, blood product
administration should be guided by regular laboratory
and/or VHA testing. Target endpoints for resuscitation
include: pH > 7.2; and normalising base deficitand lactate.

Critical care

Anaemia is common in patients who are critically ill and is
associated with poor short and long-term clinical outcomes
[67-69]. Haemoglobin drops by a mean (SD) of 0.52 (0.69)
g.I'" per day whilst on ICU [70]. Approximately 30-40% of
patients who are critically ill will have moderately severe
anaemia (Hb < 90 g.I"") at some point during their ICU stay
[71]. Patients who are critically ill display the hallmarks of
anaemia of inflammation characterised by disturbed iron
homeostasis, impaired erythropoiesis and reduced red cell
survival [72]. This is often exacerbated by haemodilution
and blood loss from phlebotomy, extracorporeal circuits
and/orsurgery [71].

The current mainstay of treatment for anaemia in
patients who are critically ill is RBC transfusion. A restrictive
transfusion threshold of Hb <70 g.I" is recommended in
most patients, including those with ARDS and septic shock
[73, 74]. Uncertainties on the optimal transfusion remain in
patients who are critically ill with acute coronary syndromes
or ischaemic heart disease (see Section on ‘Red blood
cells’). Patients with solid organ and haematological
malignancy and who are critically ill often require blood
components. However, the evidence in these groups is
largely from single-centre RCTs [26, 75, 76] and there is no
agreed consensus on the optimal transfusion threshold.

Available evidence does not support the routine use of
iron therapy and/or erythropoietin to treat anaemia in
patients who are critically ill [77]. Although improvements in
haemoglobin have been demonstrated, this has not
translated into reduced blood usage or improvement in
clinical outcomes. Large trials, targeted at treating anaemia
in patients recovering from critical illness, are underway.
Strategies to minimise iatrogenic anaemia should be
encouraged. These include limiting blood sampling by
using small-volume tubes and avoiding standing orders,
using blood conservation devices and appropriate
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Table 4 Suggested doses of tranexamic acid according to clinical setting.

Indication Dosing schedule

Postpartum haemorrhage

1 gi.v.(over 10 min)within 3 h of bleeding onset

If bleeding continues after 30 min, or it stopped and restarted within 24 h of the first dose, given

aseconddoseof 1 gi.v.

Major trauma, including mild to
moderate TBI

Major surgery

- Non-cardiac

- Cardiac

- Orthopaedics

Gastrointestinal bleeding Not recommended

Paediatrics

1 gi.v. (over 10 min) within 3 h of injury, followed by a maintenance infusion of 1 g over 8 h OR
2 gi.v.(over 20 min) as single bolus within 3 h of injury

1 gi.v. (over 10 min) prior to skin incision and end of surgery
50-100 mg.kg ™ i.v. over 30 min after induction of anaesthesia

1 gi.v.(over 10 min) prior to skin incision

-Majortrauma/non-cardiacsurgery 15 mg.kg™ i.v. (max 1 g) over 10 min followed by 2 mg.kg™".h"" infusion until closure or
reduction of risk of haemorrhage

i.v., intravenous; TBI, traumatic brain injury.

management of medications likely to cause anaemia and/or
bleeding. A large cluster, multicentre RCT found that the
use of small-volume tubes in the ICU may decrease RBC
transfusions without affecting laboratory analysis [78], and
their use is now recommended by international guidelines
[79].

Obstetrics

Estimating blood loss at delivery is inaccurate [80]. Every
effort should be made to measure blood loss volumes
cumulatively, with volumetric and gravimetric techniques
after all deliveries so escalation is based on actual rather
than estimated blood loss. Early recognition of bleeding
incorporated into a clear escalation plan of obstetric
intervention and involvement of the multi-professional team
reduces the use of blood components [81]. In an
international RCT, a multicomponent intervention
consisting of early detection of postpartum haemorrhage
(PPH), with a calibrated blood-collection drape and a
bundle of first-response treatments (uterine massage,
oxytocic drugs, tranexamic acid, intravenous fluids,
examination and escalation) led to a lower risk of severe
PPH, death from bleeding and laparotomy for bleeding
when compared with wusual care [82], whilst also
demonstrating cost-effectiveness [83].

As soon as abnormal bleeding is recognised (> 500 ml
after a vaginal delivery and > 1000 ml after a caesarean
delivery) the obstetrician, anaesthetist and senior midwife
should attend to the mother. Blood should be taken for full
blood count, clotting studies, group and screen, and a
venous blood gas for rapid lactate and haemoglobin
measurement. A lactate > 2 mmol.I"" is an indicator of shock

but a normal haemoglobin can be falsely reassuring before

resuscitation. A clotting screen, lactate and haemoglobin
should be repeated for every 500 ml of continuing blood
loss or for clinical concerns to ensure a timely response to an
abnormal haemoglobin result or coagulopathy. If available,
a paired sample should be taken for VHA. Cell salvage is
recommended if abnormal bleeding occurs during
caesarean section, and a leucocyte filter should be used for
autotransfusion of processed blood [84].

Hypofibrinogenaemia (defined as Clauss fibrinogen
<2g.l") is the most common factor deficiency in PPH,
occurring in 5% of PPHs at 1000 ml and 17% at 2500 ml [85].
A laboratory Clauss fibrinogen of <3 and especially
<2gl?, with ongoing bleeding, is associated with
progression to massive obstetric bleeding (> 2500 ml)
[86,87]. There is some evidence that early identification and
treatment of hypofibrinogenaemia can reduce the
progression from major to massive PPH. Prolongation of the
PT and APTT is less common, affecting 1% of haemorrhages
at 1000 ml and typically becomes prolonged at a bleed
volume > 4000 ml. Any prolongation ofthe PTand APTT ina
pregnant person above the normal nonpregnant range may
indicate factor depletion and should be managed with FFP
[88]. Severe early hypofibrinogenaemia (fibrinogen
<2g.I") occurs in around 5% of bleeds at 1000 ml and is
associated with abruption, amniotic fluid embolus and
severe bleeding with sepsis and pre-eclampsia [83]. It can
also occur unexpectedly in association with any obstetric
aetiologies. Early use of cryoprecipitate or fibrinogen
concentrate before RBC may be required, with repeated
administration if bleeding is ongoing.

Postpartum haemorrhage associated with atony or
trauma is less likely to be associated with haemostatic
impairment unless the diagnosis is delayed, and protocol-
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led use of blood components will lead to excessive
transfusion of FFP in most cases [89]. If coagulation tests are
not known, then FFP should be withheld until four units of
RBC have been given, unless the traumatic or atonic bleed is
associated with other causes of early coagulopathy
diagnosed on an early coagulation or VHA screen. If no
coagulation results are available and bleeding is ongoing,
then, after four units of RBC, four units of FFP should be
infused and 1:1 ratio of RBC:FFP transfusion maintained
until the results of haemostatic tests are known. A recent
feasibility trial provided encouraging clinical data to
support the use of cryoprecipitate before FFP in first-issued
haemorrhage packs, but confirmatory data are needed [90].

Platelet transfusion is required rarely unless PPH is
> 5000 ml or platelet count is < 100 x 10°.I"" from another
cause prior to the PPH [91]. Platelets should be transfused
when the platelet countis < 75 x 10°.I"".

Monitoring  haemostatic  function in  obstetric
haemorrhage is important because coagulopathy is
unpredictable, and the aetiology is not always clear at the
start of the PPH. The potential advantages and limitations of
VHASs have been discussed previously. These can be used in
all hospital-based maternity settings [87] and their use
across the UK is increasing with a reported 30 maternity
units already using them routinely, and a further 36 obstetric
units set to use them as part of a stepped-wedge cluster
randomised trials (NIHR152057). Interpretation should
focus on the fibrinogen assay and replacement with
fibrinogen concentrate or cryoprecipitate prioritised.
Laboratory and VHA results should be interpreted within the
clinical situation, repeated if bleeding is ongoing, and
blood components withheld if bleeding has stopped [92].
Hyperfibrinolysis is common in early PPH [89]. Tranexamic
acid reduces total blood loss and should be given if PPH is
identified (> 500 ml after a vaginal delivery and > 1000 ml
after a caesarean delivery) [93](Table 4).

Paediatrics

Evidence to guide the use of blood components in children
undergoing surgery is limited, and often extrapolated from
adult practice. Serious Hazards of Transfusion has identified
a higher incidence of serious adverse events in children
receiving blood components [1]. Transfusion in children is
largely the same as transfusion in adults, with adaptations of
volumes and dose. Normal range for haemoglobin
concentrations in children are shown in Table 5. Restrictive
thresholds (< 70 g.I"") for RBC transfusion are appropriate
for almost all children over 3 months of age. Higher
transfusion thresholds are often applied to neonates and
children with congenital heart disease. Although thresholds

Table 5 Normal ranges for haemoglobin in children[97].

Age Haemoglobin (g.I'")
Birth 140-240
2 weeks 134-198
4 weeks 134-198
2-6 months 94-130
6-12 months 111-141
1-6 years 115-140
6-12 years 115-155
12-18 years(qgirl) 120-160
12-18 years (boy) 130-170

are not clearly defined, there is evidence that transfusion
volumes can be reduced in these patients by applying
moderately restrictive thresholds without adverse effect on
outcomes [94]. In children who are critically ill,
haemodynamically stable and not bleeding, maintaining a
haemoglobin  >70g.I" is recommended, including
situations where oxygen delivery is limited (e.g. septic
shock, acute traumatic brain injury and post-cardiac
surgery) [95]. Neonates should receive components
specified for neonatal use, including cytomegalovirus-
negative blood components[96].

The volume of blood needed should be modified
depending on the size of the patient. It is recommended
that blood in children should be prescribed in volume
rather than number of units. A single pre-operative RBC
transfusion of 10mlkg™" should increase the Hb by
approximately 20 g.L”" [96]. A formula used commonly to
calculate the volume of RBCs to transfuse is provided below
[981]:

Volume(ml)
Desired haemoglobin(g4|’1)7actua| haemoglobin(g.|’1) x weight(kg) x 4
- 10

Other blood components should be given as follows
[96]:

e Cryoprecipitate: 5-10 ml.kg™
e Platelets: 10-20 ml.kg™
e FFP:10-15mlkg™

e Fibrinogen concentrate: 70 mg.kg ™"

(max 2 g); this can
be increased to 100 mg.kg™" in severe bleeding (with
hypofibrinogenaemia) where doses >2g have been

used

Tranexamic acid should be wused in children
undergoing major surgery likely to be associated with major

blood loss such as cardiac surgery, major scoliosis surgery
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and craniosynostosis surgery, often as part of a multi-
component patient blood management intervention [99,
100] (Table 4). It can also be used in major traumatic
haemorrhage as part of a massive haemorrhage protocol.
Tranexamic acid dosing is uncertain and other dosing
schedules (including higher infusion rates) are also
acceptable and in current use. Children > 12years old
should receive the adult dose.

Cardiac surgery

Anaemia is associated with poor outcomes in patients
undergoing cardiac surgery [101]. Elective cardiac surgery
should not be undertaken in patients with anaemia until the
cause has been investigated and treated appropriately.
Detailed guidance is now available on the investigation and
management of pre-operative anaemia[9].

Pooled data from eight RCTs showed no evidence of an
impact on clinically important outcomes when a restrictive
RBC transfusion policy was followed when compared with a
liberal one [25]. A transfusion threshold of 75 g.I~" would be
reasonable as this is threshold that was used in most of the
included trials. Markers of adequate oxygen delivery such as
lactate, cerebral near infrared spectroscopy values and
central venous oxygen saturation can be considered to
guide more individualised transfusion decisions [34].
Patient blood management guidelines should be
implemented throughout the patient pathway. The routine
use of cell salvage to reduce intra-operative blood loss and
RBC transfusion in cardiac surgery is recommended [10].

A meta-analysis of 12 studies reported that continuing
antiplatelet therapy (aspirin, clopidogrel) until the time of
cardiac surgery was associated with increased blood loss
but carried a low risk of surgical re-exploration for bleeding
[102]. The authors concluded that in patients at a high risk of
stent thrombosis, this may be acceptable. Stopping
antiplatelet therapy should therefore be undertaken in the
context of the risk and benefit ratio to each individual
patient.

Considerations for cardiopulmonary bypass

Interaction of blood with foreign surfaces leads to a
derangement in coagulation processes, dilutional
hypofibrinogenaemia and platelet function. Perfusionists
endeavour to minimise RBC transfusion intra-operatively
due to its association with increased morbidity and mortality
[103,104]. Currently, there is no fixed level haemoglobin
level to guide the decision for transfusion; however, a
haemoglobin < 75 g.I"" is clinically accepted [105]. In terms
of perfusion, refinement of inline monitoring systems such

as the CDI 500 (Terumo UK Ltd., Camberley, UK) integrated
into circuits have allowed for close attention to factors such
as venous saturation and oxygen delivery, improving blood
conservation.

management and Miniaturising

cardiopulmonary  bypass  circuits  attenuates  the
inflammatory response to bypass and improves
haemodilution, reducing transfusion requirements [106].
The process of conventional ultrafiltration during bypass
can have a positive impact on removing excess volume and
raising haematocrit in both adult and paediatric cardiac
surgery [107]. Moreover, modified ultrafiltration, more
frequently performed following termination of paediatric
bypass, can raise haematocrit as well as improve pulmonary
compliance [108].

Challenges arise when patients are unwilling to receive
allogeneic blood due to religious or other beliefs. An
individual discussion should take place to determine what is
acceptable to the patient. Cell salvage is used frequently to
process the patient’s own blood during surgery. Retrograde
autologous priming to remove a proportion of the clear
priming volume has been shown to reduce the need for
transfusion on bypass over other methods such as acute

normovolemic haemodilution [109, 110].

Gastrointestinal bleeding
Acute upper gastrointestinal bleeding is common with an
estimated incidence of 134 per 100,000 population,
equating to approximately one presentation every é min
[111]. The commonest causes include peptic ulcer disease,
varices and malignancy [112]. Despite advances in medical
care, mortality over the pasttwo decades has remained high
at 10%. Initial management includes fluid resuscitation if
haemodynamically unstable, transfusion support, risk
stratification, pharmacological therapies (e.g. terlipressin
for those with suspected cirrhosis/variceal bleeding) and
timely access to endoscopy or interventional radiology
[111]. Anaesthetists are often involved in the care of these
patients for airway protection in those with ongoing
haematemesis and altered mental and respiratory status.
High certainty evidence recommends a transfusion
threshold of 70 g.I"", aiming for a target of 70-100 g.I"" [113].
A higher threshold should be considered in patients with
cardiovascular disease. The role of tranexamic acid in
gastrointestinal bleeding has recently been questioned with
the results of a large, pragmatic trial showing no reduction
in mortality and increased risk of venous thrombosis [112].
Its use in this setting is therefore not recommended. There
are limited data characterising changes in coagulopathy in

patients with gastrointestinal bleeding, and the limited role
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of conventional coagulation tests (e.g. PT, INR) in predicting
bleeding, particularly in patients with liver disease, is
increasingly recognised. In patients who are actively
bleeding/haemodynamically unstable, adherence to
standard major haemorrhage protocols and referral to
critical care are recommended[111].

The incidence of lower gastrointestinal bleeding is
increasing and accounts for 3% of emergency surgical
referrals with an inpatient mortality of 3.4%, which rises to
18% in patients who develop lower gastrointestinal
bleeding while already hospitalised [114]. The most
common cause of lower gastrointestinal bleeding in the UK
is diverticular disease, followed by benign anorectal
conditions (e.g. fissures, haemorrhoids and rectal ulcers).
Management includes risk stratification, interventions to
diagnose and treat bleeding (e.g. colonoscopy,
interventional radiology, endoscopic therapy and surgery),
reversing anticoagulant therapy in life-threatening
haemorrhage and transfusion support. Nearly one-third of
patients with lower gastrointestinal bleeding will receive a
RBC transfusion but up to 80% of these may be
inappropriate or unnecessary [114]. Evidence for RBC
transfusion thresholds is limited and there are no RCT data.
Therefore, similar thresholds to those recommended in
patients with upper gastrointestinal bleeding are

recommended [114].

Drugs that affect coagulation

Anticoagulants

Large numbers of patients take either anticoagulants or
antiplatelet agents for the prevention of thrombosis.
Increasing numbers now take a direct thrombin or Xa
inhibitor rather than warfarin. The management of these
drugs in the peri-operative setting is a common problem,
necessitating the balance of bleeding risk with the risk of
thrombosis. There are two scoring systems that can be used
to quantify the risk of thrombosis (CHA,;DS,-VASc) and
bleeding (HAS-BLED) in patients who are anticoagulated for

nonvalvular atrial fibrillation [115].

Direct oral anticoagulants

Direct oral anticoagulants (DOACs) have more
predictable pharmacodynamics, a faster onset of action
and a shorter half-life than warfarin and require less
frequent monitoring of plasma levels [116]. There are
currently four drugs available — three anti-Xa drugs
(apixaban, edoxaban and rivoroxaban) and one direct
thrombin inhibitor (dabigatran). These drugs are used: in
the management of patients with atrial fibrillation; after

stroke and transient ischaemic  attacks; and
prophylaxis/management of venous thromboembolism.
Direct oral anticoagulants are now more commonly used
than warfarin in these settings [117]. They are not
licensed for use in patients with prosthetic (metal) heart
valves based on RCT data demonstrating increased rates
of thromboembolic complications when compared with
warfarin therapy [118, 119].

The approach to the peri-operative management of
patients taking DOACs is based on an approximate
calculation of the half-life of the drug, considering renal
function. This is combined with the bleeding risk of the
proposed procedure and the patient's individual risk factors
for thrombosis and bleeding (Fig. 1). If an anticoagulant
effect cannot be excluded, neuraxial anaesthesia should be
avoided. Bridging anticoagulation (usually with low
molecular weight heparin) is not required except in patients
deemed to be at high risk on peri-operative
thromboembolism (e.g. with recent (<3 months and
especially 1 month) history of pulmonary embolism or deep
venous thrombosis; severe thrombophilia (deficiency or
protein C, protein S or antithrombin); antiphospholipid
antibodies; or active cancer associated with a high

thromboembolism risk)[120].

Emergency surgery

Prothrombin complex concentrates should not be used
routinely in patients taking DOACs prior to emergency
surgery. Andexanet alfa and idarucizumab are targeted
reversal agents [121]. Andexanet alfa is a modified
recombinant inactive form of human factor Xa, which binds
and sequesters to factor Xa inhibitors [121]. It should be
used to reverse apixaban, rivaroxaban or edoxaban prior to
emergency invasive procedures and surgery where the
bleeding risk is considered significant. It also binds to tissue
factor pathway inhibitor, reducing its activity and
subsequently increasing thrombin formation. Cohort
studies have reported the incidence of thrombotic events
within the first 30 days of treatment to be around 10% [122].
However, when any form of anticoagulation was
commenced within 30 days post-andexanet therapy, no
thrombotic events occurred. This finding supports prompt
resumption of anticoagulation after major bleeding in these
patients once safe to do so.

Current indications for andexanet alfa are: treatment of
severe gastrointestinal haemorrhage; and limitation of
haematoma size in intracranial haemorrhage. However, as
andexanet alfa can reverse the anticoagulant effects of

unfractionated heparin, it should not be used in patients
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Figure 1 Suggested algorithm for peri-operative management of directly acting anticoagulants (Reproduced with permission).
CrCl, creatinine clearance; DOAC, direct oral anticoagulant; LWMH, low molecular weight heparin.

undergoing surgery where some degree of anticoagulation
is required (e.g. requirement for cardiopulmonary bypass
and non-cardiac vascular surgery).

Idarucizumab, a specific antagonist to dabigatran, can
be used to reverse dabigatran effect rapidly. There are
newer drugs in development such as ciraparantag, which
binds noncovalently to heparin, LWMH and DOACs, that are
undergoing early phase trials[123].

Warfarin

Warfarin has a half-life of approximately 36 h and so should
therefore be stopped 5 days before elective surgery to
ensure haemostasis has returned to normal. The INR should
be measured the day prior to surgery. If the risk of
thrombosis is high, bridging can be used to reduce the
thrombotic risk, although it is worth noting there is little
proven benefit and a possible risk of increased peri-
operative bleeding in patients taking warfarin for atrial
fibrillation[124].

Individualised decisions are recommended whether
bridging is necessary in certain situations; in particular,
those patients taking warfarin for mechanical heart valves
require special consideration. The type of valve (bileaflet vs.
caged ball and tilting disc), valve position (aortic vs. mitral)
and patient risk factors (such as previous stroke or transient

ischaemic attack, atrial fibrillation) should be considered;
however, in general all patients with mechanical heart valves
(with the exception of bileaflet aortic valve with no other risk
factors) should have bridging anticoagulation[125].

For patients with acute VTE the risk of recurrence
without anticoagulation is very high in the first 3 months,
and surgery will increase the risk further; therefore,
bridging should be considered (Table 6). When a patient
is more than 3 months from an acute event the risk of
recurrence is much lower and postoperative prophylactic
dose LMWH should be sufficient. For patients with AF, the
CHA,DS,-VASC score may be used to predict stroke risk
and help select those who would benefit from bridging
[124]. Patients with AF who have a score of <4 and who
have not had a stroke or TIA in the last 3 months should
not receive bridging. Patients who have had a stroke or
TIA within the last 3months, or who have a previous
stroke/TIA with three or more risk factors (hypertension,
age > 75years, diabetes or congestive cardiac failure),
should be considered for bridging [125].

Emergency surgery

If surgery can wait for 6-8h, then 5mg of intravenous
phytomenadione (vitamin K) can restore coagulation factors
although this may preclude warfarinisation for a few days
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Table 6 Peri-operative bridging warfarin anticoagulation for major surgery with high thrombotic risk.

Day 6 Days 2-5 Day 1 pre-op
pre-op pre-op
Lastwarfarindose Treatment  Full or halftreatment dose
dose LMWH (Full dose if > 24 h
LMWH before surgery)
CheckINR

Day of surgery

No treatment
Consider mechanical
thromboprophylaxis

Post-op

Prophylactic LMWH as minimum. In high-
risk patients give treatment dose until
warfarin is therapeutic

INR, International Normalised Ratio; LMWH, Low molecular weight heparin.

subsequently; if this is not possible, anticoagulation can be
reversed with 25-50iu.kg™" of PCC[126].

Antiplatelet drugs

Antiplatelet drugs are used in the secondary prevention of
cardiovascular disease. They may be taken individually or as
dual antiplatelet therapy (DAPT), usually following acute
coronary syndromes or after coronary artery stenting.
Aspirin inhibits the production of thromboxane. If taken
alone it should be continued for most procedures until the
day before surgery as most evidence suggests it does not
increase bleeding [127], except for surgeries with a
particularly high bleeding risk or surgery in a confined
space (brain, posterior chamber of the eye, medullary canal)
where it should be discontinued 5days before the
procedure. Adenosine diphosphate (ADP) receptor (P2Y12)
antagonists  (including clopidogrel, prasugrel and
ticagrelor) are thienopyridines. They should be
discontinued 5-7 days pre-operatively [128]. Consideration
should be given to the use of haemadsorption filters if
urgent or emergency cardiopulmonary bypass is
undertaken in patients with P2Y12 inhibitors [129].

Antiplatelet drugs in patients with coronary stents having
non-cardiac surgery
The management of these drugs in patients with coronary
stents in situ is more challenging. Dual antiplatelet therapy is
recommended for at least 4 weeks after the insertion of a
bare metal stent and for 12 months after a drug-eluting
stent. The risk of peri-operative adverse cardiac events
reduces as time passes following the insertion of the stent.
Very low bleeding-risk procedures can be undertaken
without stopping DAPT. Low bleeding-risk procedures in
patients with low thrombotic risk may be undertaken with
discontinuation of the ADP-receptor antagonist (5-7 days
pre-operatively) with aspirin continuing.

Ideally, elective surgery in patients deemed to be at
high thrombotic risk (within 6 months of stent insertion)
should be deferred until they are lower risk. If this is not

possible it should proceed on aspirin with temporary

discontinuation of the ADP-receptor antagonist [125].
Bridging with a parenteral short-acting glycoprotein lIb/llla
inhibitor, such as tirofiban or eptifibatide, during the period
of ADP receptor antagonist withdrawal [130] can also be
considered in conjunction with cardiology input.

For emergency surgery, management depends on the
antiplatelet agent and when the last dose was taken.
Platelet transfusions have been proven to improve
haemostasis [131]. Platelet function testing may be helpful
to determine the degree of platelet inhibition. Neuraxial
anaesthesia should be avoided when ADP antagonists
have been taken within 7 days, although aspirin is generally

thought to be safe to continue.

Drugs that decrease blood loss

Tranexamic acid

Tranexamic acid is a synthetic derivative of the amino acid
lysine that inhibits plasminogen activation, thus inhibiting
fibrinolysis. It has been proven to reduce bleeding in most
surgical settings including cardiac and major non-cardiac
surgery, major trauma and postpartum haemorrhage [64-66,
93, 132-134]. A meta-analysis of 216 trials (125,550
participants) across a range of clinical settings found no
evidence of an increased risk of thromboembolic
complications associated with the use of tranexamic acid,
supporting the general safety of the drug [135]. More
recently, another meta-analysis focusing on patients
undergoing non-cardiac surgery (191 RCTs, 40,621
participants) also found no evidence of an increased risk of
cardiovascular thromboembolic complications, seizures or
mortality at 30days with tranexamic acid use [136]. A
suggested dosing schedule for different clinical indications is
provided in Table 4. It should be used with caution in patients
with massive haematuria (if risk of ureteric obstruction) and in
patients on oral contraceptive pills (risk of thrombosis) and is

contraindicated in disseminated intravascular coagulation.

Aprotinin
Aprotinin is a serine protease inhibitor which has been

widely used in cardiac surgery as an antifibrinolytic agent to
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minimise patient bleeding. It was withdrawn from the
European market in 2008 for safety reasons but was
reintroduced in 2012 with narrow licencing indications,
specifically isolated coronary artery bypass graft surgery in
high-risk patients. However, in clinical practice, its
predominant use appears to be outside its licence, mainly
being used in patients likely to bleed during major cardiac
surgery such as acute aortic dissection and surgery in
patients with infective endocarditis [8]. This is supported by
observational data where aprotinin was associated with a
lower incidence of massive bleeding and reduced mortality
in high-risk cardiac surgery, but not in low to moderate-risk
patients[137].

Desmopressin

Desmopressin  (or DDAVP or 1-deamino-8-D-arginine
vasopressin) is a pro-haemostatic drug that is used
commonly for patients with inherited bleeding disorders
[138]. Desmopressin stimulates release of von Willebrand
factor (WWF) from the endothelium which then binds platelets
to collagen through GP1b receptors and to other platelets
through GPIIb/llla receptors [138]. It has been considered as
an alternative to platelet transfusions [139]. Desmopressin in
a dose of 0.3 pgkg' may be considered in patients
presenting for surgery with acquired or inherited vWF
deficiency.

The use of desmopressin has been evaluated in the
peri-operative setting where it may lead to a small reduction
in blood loss and volume of RBCs transfused in patients
undergoing cardiac surgery [140]. However, these
differences are unlikely to be of clinical importance. Patients
that may benefit from desmopressin include those with
platelet dysfunction secondary to cardiopulmonary bypass
or recent antiplatelet therapy prior to cardiac surgery, but
the certainty of the evidence is low [141,142]. A small
feasibility RCT found no evidence of an efficacy signal for
desmopressin on raising VWF levels or other markers of
haemostasis in patients who are critically ill [143].

In patients on antiplatelet drugs who experience
intracranial haemorrhage, a multicentre trial demonstrated
feasibility and safety of desmopressin administration, but
confirmatory data are needed [144].

Discussion

These guidelines have been made using the best available
contemporary evidence and pragmatic expert consensus
involving multiple stakeholders. The expanding number of
RCTs evaluating different transfusion thresholds for RBCs

and platelets will continue to inform best practice in adults

and children across a range of clinical conditions. Good
transfusion practice should not solely rely on haemoglobin
thresholds but also incorporate the clinical context, patient
comorbidities, clinical signs and symptoms, rate of bleeding
and patient preferences.

Major bleeding is an important cause of death in
surgical patients [145]. The 7th National Audit Project found
that major haemorrhage was the leading cause of peri-
operative cardiac arrest [145]. Healthcare professionals
involved in the care of patients at risk of major peri-
operative blood loss should also be aware of the current
prophylactic and therapeutic options available to them.
High-quality evidence supports the safety and efficacy of
tranexamic acid in preventing surgical bleeding but
according to the 2023 NHS national comparative audit,
around one-third of patients who were potentially eligible to
receive tranexamic acid did not receive it [146]. Uptake of
tranexamic use is particularly low in certain surgical
specialities (e.g. vascular surgery). Recommendations from
the Infected Blood Inquiry reportinclude adding tranexamic
acid on surgical checklists, a requirement for medical
directors to report to their boards and the chief executive of
their Trust on the extent of it us, and the board to report to
NHS England annually as to the percentage of eligible
operations which have involved its use (which should be
above 80%[147]).

Our guideline has limitations. We synthesised data
qualitatively and did not perform any statistical analysis.
Some recommendations were adopted from guidance
produced by others. Our recommendations may also not
applicable to other healthcare systems, however our aim
was to generate a UK-centric guideline.

In summary, we developed a multidisciplinary
guideline aiming to improve transfusion safety and prevent
major bleeding. Given the dynamic nature of the evidence-
base in peri-operative bleeding and transfusion, future work
should focus on the rapid integration of the findings of
clinical trials and clinical guidelines into clinical practice and

reducing unwarranted variation in practice.

Acknowledgements

AS and SA are Editors of Anaesthesia. AK is the former
Editor-in-Chief of Anaesthesia. AK or his institution has
received travel expenses, honoraria or educational grant
funding from Pharmacosmos, Massimo and Fisher and
Paykel. AS has received honoraria from Pharmacosmos
outside of the submitted work. AS and SS is supported by
the National Institute for Health and Care Research (NIHR)
Blood and Transplant Research Unit in Data Driven
Transfusion Practice (NIHR203334).

18 ©2025 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.



Shahetal. | Peri-operative use of blood components and their alternatives

Anaesthesia 2025

References

1.

11.

12.

13.

15.

SHOT UK. Annual SHOT report 2023. 2023 https://www.
shotuk.org/wp-content/uploads/myimages/Annual-SHOT-
Report-2023-V1.2.pdf (accessed 09/08/2023).

. Stanworth SJ, New HV, Apelseth TO, et al. Effects of the

COVID-19 pandemic on supply and use of blood for
transfusion. Lancet Haematol 2020; 7: e756-64. https://doi.
org/10.1016/s2352-3026(20)30186-1.

. Mehta N, Murphy MF, Kaplan L, Levinson W. Reducing

unnecessary red blood cell transfusion in hospitalised
patients. BMJ 2021; 373: n830. https://doi.org/10.1136/bmj.
n830.

. Montroy J, Lavallee LT, Zarychanski R, et al. The top 20 surgical

procedures associated with the highest risk for blood
transfusion. Br J Surg 2020; 107: e642-3. https://doi.org/10.
1002/bjs.12005.

. Mueller MM, Van Remoortel H, Meybohm P, et al. Patient

blood management: recommendations from the 2018
Frankfurt consensus conference. JAMA 2019; 321: 983-97.
https://doi.org/10.1001/jama.2019.0554.

. Zacharowski K, Zoller H, Steinbicker AU. Patient blood

management and patient safety. Curr Opin Anaesthesiol 2022;
35:733-7. https://doi.org/10.1097/ac0.0000000000001196.

. Manzini PM, Dall'lOmo AM, D'Antico S, et al. Patient blood

management knowledge and practice among clinicians
from seven European university hospitals: a multicentre
survey. Vox Sang 2018; 113: 60-71. https://doi.org/10.
1111/vox.12599.

. Klein A, Agarwal S, Cholley B, et al. A survey of patient blood

management for patients undergoing cardiac surgery in nine
European countries. J Clin Anesth 2021; 72: 110311.
https://doi.org/10.1016/j.jclinane.2021.110311.

. Hawkins T, Agarwal S, Evans CR. Centre for Perioperative Care

anaemia guideline: implications for anaesthesia. Br J Anaesth
2023;130: 115-9. https://doi.org/10.1016/j.bja.2022.11.009.

. Klein AA, Bailey CR, Charlton AJ, et al. Association of

Anaesthetists guidelines: cell salvage for peri-operative blood
conservation 2018. Anaesthesia 2018; 73: 1141-50.
https://doi.org/10.1111/anae.14331.

Robinson S, Harris A, Atkinson S, et al. The administration of
blood components: a British Society for Haematology
guideline. Transfus Med 2018; 28: 3-21. https://doi.org/10.
1111/tme.12481.

Milkins C, Berryman J, Cantwell C, et al. Guidelines for pre-
transfusion compatibility procedures in blood transfusion
laboratories. British Committee for Standards in Haematology.
Transfus Med 2013; 23: 3-35. https://doi.org/10.1111/}.1365-
3148.2012.01199.x.

Staves J, Ashford P, Bullock T, et al. Guidelines for the
specification, implementation and management of IT systems
in hospital transfusion laboratories: a British Society for
Haematology guideline. Transfus Med 2024; 34: 83-111.
https://doi.org/10.1111/tme.13027.

. Padhi S, Kemmis-Betty S, Rajesh S, Hill J, Murphy MF,

Guideline Development Group. Blood transfusion: summary
of NICE guidance. BMJ 2015; 351: h5832. https://doi.org/10.
1136/bm|.h5832.

Goel R, Tobian AAR, Shaz BH. Noninfectious transfusion-
associated adverse events and their mitigation strategies.
Blood 2019; 133: 1831-9. https://doi.org/10.1182/blood-
2018-10-833988.

. Soutar R, McSporran W, Tomlinson T, Booth C, Grey S.

Guideline on the investigation and management of acute
transfusion reactions. Br J Haematol 2023; 201: 832-44.
https://doi.org/10.1111/bjh.18789.

. Bamber JH, O'Brien J, Foukaneli D, Dhesi A. A prospective

survey of blood products transferred with patients during

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

inter-hospital transfers in the East of England. Transfus Med
2015; 25:302-6. https://doi.org/10.1111/tme.12231.

. Curry NS, Davenport R, Pavord S, et al. The use of viscoelastic

haemostatic assays in the management of major bleeding: a
British Society for Haematology guideline. Br J Haematol
2018; 182: 789-806. https://doi.org/10.1111/bjh.15524.

. Shah N, Osea EA, Martinez GJ. Accuracy of noninvasive

hemoglobin and invasive point-of-care hemoglobin testing
compared with a laboratory analyzer. Int J Lab Hematol 2014;
36:56-61. https://doi.org/10.1111/ijlh.12118.

Wahba A, Milojevic M, Boer C, et al. 2019
EACTS/EACTA/EBCP guidelines on cardiopulmonary bypass
in adult cardiac surgery. Eur J Cardiothorac Surg 2020; 57:
210-51. https://doi.org/10.1093/ejcts/ezz267.

Volod O, Bunch CM, Zackariya N, et al. Viscoelastic hemostatic
assays: a primer on legacy and new generation devices. J Clin
Med 2022; 11: 860. https://doi.org/10.3390/jcm11030860.
Bolliger D, Tanaka KA. Roles of thrombelastography and
thromboelastometry for patient blood managementin cardiac
surgery. Transfus Med Rev 2013; 27: 213-20. https://doi.
org/10.1016/j.tmrv.2013.08.004.

Baksaas-Aasen K, Gall LS, Stensballe J, et al. Viscoelastic
haemostatic assay augmented protocols for major trauma
haemorrhage (ITACTIC): a randomized, controlled trial.
Intensive Care Med 2021; 47: 49-59. https://doi.org/10.
1007/s00134-020-06266-1.

Carson JL, Stanworth SJ, Dennis JA, et al. Transfusion
thresholds for guiding red blood cell transfusion. Cochrane
Database Syst Rev 2021; 12: CD002042. https://doi.org/10.
1002/14651858.cd002042.pub5.

Zhang Y, Xu Z, Huang Y, et al. Restrictive vs. liberal red blood
cell transfusion strategy in patients with acute myocardial
infarction and anemia: a systematic review and meta-analysis.
Front Cardiovasc Med 2021; 8: 736163. https://doi.org/10.
3389/fcvm.2021.736163.

de Almeida JP, Vincent JL, Galas FR, et al. Transfusion
requirements in surgical oncology patients: a prospective,
randomized controlled trial. Anesthesiology 2015; 122: 29—
38. https://doi.org/10.1097/aln.0000000000000511.

Simon Gl, Craswell A, Thom O, Fung YL. Outcomes of
restrictive versus liberal transfusion strategies in older adults
from nine randomised controlled trials: a systematic review
and meta-analysis. Lancet Haematol 2017; 4: e465-74.
https://doi.org/10.1016/s2352-3026(17)30141-2.

Meybohm P, Lindau S, Treskatsch S, et al. Liberal transfusion
strategy to prevent mortality and anaemia-associated,
ischaemic events in elderly non-cardiac surgical patients — the
study design of the LIBERAL-Trial. Trials 2019; 20: 101.
https://doi.org/10.1186/s13063-019-3200-3.

Turgeon AF, Fergusson DA, Clayton L, et al. Liberal or
restrictive transfusion strategy in patients with traumatic brain
injury. NEJM 2024; 391: 722-35. https://doi.org/10.
1056/nejmoa2404360.

Taccone FS, Bittencourt SR, Mgller K, et al. Restrictive vs liberal
transfusion strategy in patients with acute brain injury: the
TRAIN randomized clinical Trial. JAMA 2024; 332: 1623-33.
https://doi.org/10.1001/jama.2024.20424.

Carson JL, Brooks MM, Hebert PC, et al. Restrictive or liberal
transfusion strategy in myocardial infarction and anemia. N
Engl J Med 2023; 389: 2446-56. https://doi.org/10.
1056/nejmoa2307983.

Ducrocq G, Gonzalez-Juanatey JR, Puymirat E, et al. Effect of a
restrictive vs liberal blood transfusion strategy on major
cardiovascular events among patients with acute myocardial
infarction and anemia: the REALITY randomized clinical Trial.
JAMA 2021; 325: 552-60. https://doi.org/10.1001/jama.
2021.0135.

©2025 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 19


https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://www.shotuk.org/wp-content/uploads/myimages/Annual-SHOT-Report-2023-V1.2.pdf
https://doi.org/10.1016/s2352-3026(20)30186-1
https://doi.org/10.1016/s2352-3026(20)30186-1
https://doi.org/10.1016/s2352-3026(20)30186-1
https://doi.org/10.1016/s2352-3026(20)30186-1
https://doi.org/10.1016/s2352-3026(20)30186-1
https://doi.org/10.1016/s2352-3026(20)30186-1
https://doi.org/10.1136/bmj.n830
https://doi.org/10.1136/bmj.n830
https://doi.org/10.1002/bjs.12005
https://doi.org/10.1002/bjs.12005
https://doi.org/10.1001/jama.2019.0554
https://doi.org/10.1097/aco.0000000000001196
https://doi.org/10.1111/vox.12599
https://doi.org/10.1111/vox.12599
https://doi.org/10.1016/j.jclinane.2021.110311
https://doi.org/10.1016/j.bja.2022.11.009
https://doi.org/10.1111/anae.14331
https://doi.org/10.1111/tme.12481
https://doi.org/10.1111/tme.12481
https://doi.org/10.1111/j.1365-3148.2012.01199.x
https://doi.org/10.1111/j.1365-3148.2012.01199.x
https://doi.org/10.1111/j.1365-3148.2012.01199.x
https://doi.org/10.1111/j.1365-3148.2012.01199.x
https://doi.org/10.1111/tme.13027
https://doi.org/10.1136/bmj.h5832
https://doi.org/10.1136/bmj.h5832
https://doi.org/10.1182/blood-2018-10-833988
https://doi.org/10.1182/blood-2018-10-833988
https://doi.org/10.1182/blood-2018-10-833988
https://doi.org/10.1182/blood-2018-10-833988
https://doi.org/10.1182/blood-2018-10-833988
https://doi.org/10.1182/blood-2018-10-833988
https://doi.org/10.1182/blood-2018-10-833988
https://doi.org/10.1182/blood-2018-10-833988
https://doi.org/10.1111/bjh.18789
https://doi.org/10.1111/tme.12231
https://doi.org/10.1111/bjh.15524
https://doi.org/10.1111/ijlh.12118
https://doi.org/10.1093/ejcts/ezz267
https://doi.org/10.3390/jcm11030860
https://doi.org/10.1016/j.tmrv.2013.08.004
https://doi.org/10.1016/j.tmrv.2013.08.004
https://doi.org/10.1007/s00134-020-06266-1
https://doi.org/10.1007/s00134-020-06266-1
https://doi.org/10.1007/s00134-020-06266-1
https://doi.org/10.1007/s00134-020-06266-1
https://doi.org/10.1007/s00134-020-06266-1
https://doi.org/10.1007/s00134-020-06266-1
https://doi.org/10.1007/s00134-020-06266-1
https://doi.org/10.1007/s00134-020-06266-1
https://doi.org/10.1002/14651858.cd002042.pub5
https://doi.org/10.1002/14651858.cd002042.pub5
https://doi.org/10.3389/fcvm.2021.736163
https://doi.org/10.3389/fcvm.2021.736163
https://doi.org/10.1097/aln.0000000000000511
https://doi.org/10.1016/s2352-3026(17)30141-2
https://doi.org/10.1016/s2352-3026(17)30141-2
https://doi.org/10.1016/s2352-3026(17)30141-2
https://doi.org/10.1016/s2352-3026(17)30141-2
https://doi.org/10.1016/s2352-3026(17)30141-2
https://doi.org/10.1186/s13063-019-3200-3
https://doi.org/10.1186/s13063-019-3200-3
https://doi.org/10.1186/s13063-019-3200-3
https://doi.org/10.1186/s13063-019-3200-3
https://doi.org/10.1186/s13063-019-3200-3
https://doi.org/10.1186/s13063-019-3200-3
https://doi.org/10.1186/s13063-019-3200-3
https://doi.org/10.1056/nejmoa2404360
https://doi.org/10.1056/nejmoa2404360
https://doi.org/10.1001/jama.2024.20424
https://doi.org/10.1056/nejmoa2307983
https://doi.org/10.1056/nejmoa2307983
https://doi.org/10.1001/jama.2021.0135
https://doi.org/10.1001/jama.2021.0135

Anaesthesia 2025

Shahetal. | Peri-operative use of blood components and their alternatives

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

20

Chantepie S, Mear J-B, Briant AR, et al. Single-unit transfusion
is non inferior to double unit transfusion in patients with
hematological disorders receiving allogeneic or autologous
bone marrow transplant or induction chemotherapy for acute
leukemia: the 1versus2 prospective multicentric randomized
clinical Trial. Blood 2021; 138(Supplement 1): 2141.
https://doi.org/10.1016/j.leukres.2023.107058.

Fischer MO, Guinot PG, Debroczi S, et al. Individualised or
liberal red blood cell transfusion after cardiac surgery: a
randomised controlled trial. Br J Anaesth 2022; 128: 37-44.
https://doi.org/10.1016/j.bja.2021.09.037.

Yang L, Stanworth S, Hopewell S, Doree C, Murphy M. Is
fresh-frozen plasma clinically effective? An update of a
systematic review of randomized controlled trials. Transfusion
2012; 52: 1673-86. https://doi.org/10.1111/).1537-2995.
2011.03515.x.

Shah A, Stanworth SJ, McKechnie S. Evidence and triggers for
the transfusion of blood and blood products. Anaesthesia
2015; 70(Suppl 1): 10-e3. https://doi.org/10.1111/anae.
12893.

Desborough M, Sandu R, Brunskill SJ, et al. Fresh frozen
plasma for cardiovascular surgery. Cochrane Database Syst
Rev 2015, 2015: CDO007614. https://doi.org/10.1002/
14651858.cd007614.pub?2.

Green L, Bolton-Maggs P, Beattie C, et al. British Society of
Haematology guidelines on the spectrum of fresh frozen
plasma and cryoprecipitate products: their handling and use
in various patient groups in the absence of major bleeding. Br
J Haematol 2018; 181: 54-67. https://doi.org/10.1111/bjh.
15167.

Levy JH, Welsby |, Goodnough LT. Fibrinogen as a therapeutic
target for bleeding: a review of critical levels and replacement
therapy. Transfusion 2014; 54: 1389-405. https://doi.org/10.
1111/4rf.12431.

Rossaint R, Afshari A, Boullion B, et al. The European guideline
on management of major bleeding and coagulopathy
following trauma: sixth edition. Crit Care 2023; 27: 80.
https://doi.org/10.1186/s13054-023-04327-7.

Callum J, Farkouh ME, Scales DC, et al. Effect of fibrinogen
concentrate vs cryoprecipitate  on blood component
transfusion after cardiac surgery: the FIBRES randomized
clinical Trial. JAMA 2019; 322: 1966-76. https://doi.org/10.
1001/jama.2019.17312.

Estcourt LJ, Birchall J, Allard S, et al. Guidelines for the use of
platelet transfusions. Br J Haematol 2017; 176: 365-94.
https://doi.org/10.1111/bjh.14423.

Kaufman RM, Djulbegovic B, Gernsheimer T, et al. Platelet
transfusion: a clinical practice guideline from the AABB. Ann
Intern Med 2015; 162: 205-13. https://doi.org/10.7326/m14-
1589.

Baharoglu MI, Cordonnier C, Al-Shahi Salman R, et al. Platelet
transfusion versus standard care after acute stroke due to
spontaneous cerebral haemorrhage associated  with
antiplatelet therapy (PATCH): a randomised, open-label,
phase 3 trial. Lancet 2016; 387: 2605-13. https://doi.org/10.
1016/s0140-6736(16)30392-0.

Curley A, Stanworth SJ, Willoughby K, et al. Randomized trial
of platelet-transfusion thresholds in neonates. N Engl J Med
2019; 380: 242-51. https://doi.org/10.1056/nejmoa1807
320.

van Baarle FLF, van de Weerdt EK, van der Velden WJ, et al.
Platelet transfusion before CVC placement in patients with
thrombocytopenia. NEJM 2023; 388: 1956-65. https://doi.
org/10.1056/nejmoa2214322.

Wong AVK, Arora N, Olusanya O, et al. Insertion rates and
complications of central lines in the UK population: a pilot
study. J Intensive Care Soc 2017; 19: 19-25. https://doi.
org/10.1177/1751143717722914.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Harrop-Griffiths W, Cook T, Gill H, et al. The Association of
Anaesthetists of Great Britain & Ireland & the Obstetric
Anaesthetists’ association regional Anaesthesia UK. Regional
anaesthesia and patients with abnormalities of coagulation.
Anaesthesia 2013; 68: 966-72. https://doi.org/10.1111/anae.
12359.

Sorensen B, Spahn DR, Innerhofer P, Spannagl M, Rossaint R.
Clinical review: prothrombin complex concentrates—
evaluation of safety and thrombogenicity. Crit Care 2011; 15:
201. https://doi.org/10.1186/cc9311.

Erdoes G, Koster A, Ortmann E, et al. A European consensus
statement on the use of four-factor prothrombin complex
concentrate for cardiac and non-cardiac patient. Anaesthesia
2021;76:381-92. https://doi.org/10.1111/anae.15181.
Bouzat P, Charbit J, Abback PS, et al. Efficacy and safety of
early administration of 4-factor prothrombin complex
concentrate in patients with trauma at risk of massive
transfusion: the PROCOAG randomized clinical trial. JAMA
2023; 329: 1367-75. https://doi.org/10.1001/jama.2023.
4080.

Holcomb JB, del Junco DJ, Fox EE, et al. The prospective,
observational, multicenter, major trauma transfusion
(PROMMTT) study: comparative effectiveness of a time-
varying treatment with competing risks. JAMA Surg 2013;
148: 127-36. https://doi.org/10.1001/2013.jamasurg.387.
Shah A, Kerner V, Stanworth SJ, Agarwal S. Major
haemorrhage: past, present and future. Anaesthesia 2023; 78:
93-104. https://doi.org/10.1111/anae.15866.

Stanworth SJ, Dowling K, Curry N, et al. Haematological
management of major haemorrhage: a British Society for
Haematology guideline. Br J Haematol 2022; 198: 654-67.
https://doi.org/10.1111/bjh.18275.

Oczkowski S, Shah A, Aubron C, et al. Treating critically ill
anemic patients with erythropoietin: less is more. Intensive
Care Med 2020; 47: 256-7. https://doi.org/10.1007/s00134-
020-06259-0.

Cap A, Hunt BJ. The pathogenesis of traumatic coagulopathy.
Anaesthesia 2015; 70(Suppl 1): 96-101, e32-4. https://doi.
org/10.1111/anae.12914.

Lockey DJ, Crewdson K, Davies G, et al. AAGBI: safer pre-
hospital anaesthesia 2017: Association of Anaesthetists of
Great Britain and Ireland. Anaesthesia 2017; 72: 379-90.
https://doi.org/10.1111/anae.13779.

Meyer DE, Vincent LE, Fox EE, et al. Every minute counts: time
to delivery of initial massive transfusion cooler and its impact
on mortality. J Trauma Acute Care Surg 2017; 83: 19-24.
https://doi.org/10.1097/ta.0000000000001531.

Hamada SR, Garrigue D, Nougue H, et al. Impact of platelet
transfusion on outcomes in trauma patients. Crit Care 2022;
26:49. https://doi.org/10.1186/s13054-022-03928-y.
Shackelford SA, Del Junco DJ, Powell-Dunford N,
Mazuchowski EL, Howard JT, Kotwal RS, et al. Association of
prehospital blood product transfusion during medical
evacuation of combat casualties in Afghanistan with acute and
30-Day survival. JAMA 2017; 318: 1581-91. https://doi.
org/10.1001/jama.2017.15097.

Tucker H, Brohi K, Tan J, et al. Association of red blood cells
and plasma transfusion versus red blood cell transfusion only
with survival for treatment of major traumatic hemorrhage in
prehospital setting in England: a multicenter study. Crit Care
2023; 27: 25. https://doi.org/10.1186/s13054-022-04279-4.
Rourke C, Curry N, Khan S, et al. Fibrinogen levels during
trauma hemorrhage, response to replacement therapy, and
association with patient outcomes. J Thromb Haemost 2012;
10: 1342-51. https://doi.org/10.1111/).1538-7836.2012.
04752 .x.

Davenport R, Curry N, Fox EE, et al. Early and empirical high-
dose cryoprecipitate for hemorrhage after traumatic injury:

©2025 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.


https://doi.org/10.1016/j.leukres.2023.107058
https://doi.org/10.1016/j.bja.2021.09.037
https://doi.org/10.1111/j.1537-2995.2011.03515.x
https://doi.org/10.1111/j.1537-2995.2011.03515.x
https://doi.org/10.1111/j.1537-2995.2011.03515.x
https://doi.org/10.1111/j.1537-2995.2011.03515.x
https://doi.org/10.1111/anae.12893
https://doi.org/10.1111/anae.12893
https://doi.org/10.1002/14651858.cd007614.pub2
https://doi.org/10.1002/14651858.cd007614.pub2
https://doi.org/10.1111/bjh.15167
https://doi.org/10.1111/bjh.15167
https://doi.org/10.1111/trf.12431
https://doi.org/10.1111/trf.12431
https://doi.org/10.1186/s13054-023-04327-7
https://doi.org/10.1186/s13054-023-04327-7
https://doi.org/10.1186/s13054-023-04327-7
https://doi.org/10.1186/s13054-023-04327-7
https://doi.org/10.1186/s13054-023-04327-7
https://doi.org/10.1186/s13054-023-04327-7
https://doi.org/10.1186/s13054-023-04327-7
https://doi.org/10.1001/jama.2019.17312
https://doi.org/10.1001/jama.2019.17312
https://doi.org/10.1111/bjh.14423
https://doi.org/10.7326/m14-1589
https://doi.org/10.7326/m14-1589
https://doi.org/10.7326/m14-1589
https://doi.org/10.7326/m14-1589
https://doi.org/10.1016/s0140-6736(16)30392-0
https://doi.org/10.1016/s0140-6736(16)30392-0
https://doi.org/10.1016/s0140-6736(16)30392-0
https://doi.org/10.1016/s0140-6736(16)30392-0
https://doi.org/10.1016/s0140-6736(16)30392-0
https://doi.org/10.1016/s0140-6736(16)30392-0
https://doi.org/10.1056/nejmoa1807320
https://doi.org/10.1056/nejmoa1807320
https://doi.org/10.1056/nejmoa2214322
https://doi.org/10.1056/nejmoa2214322
https://doi.org/10.1177/1751143717722914
https://doi.org/10.1177/1751143717722914
https://doi.org/10.1111/anae.12359
https://doi.org/10.1111/anae.12359
https://doi.org/10.1186/cc9311
https://doi.org/10.1111/anae.15181
https://doi.org/10.1001/jama.2023.4080
https://doi.org/10.1001/jama.2023.4080
https://doi.org/10.1001/2013.jamasurg.387
https://doi.org/10.1111/anae.15866
https://doi.org/10.1111/bjh.18275
https://doi.org/10.1007/s00134-020-06259-0
https://doi.org/10.1007/s00134-020-06259-0
https://doi.org/10.1007/s00134-020-06259-0
https://doi.org/10.1007/s00134-020-06259-0
https://doi.org/10.1007/s00134-020-06259-0
https://doi.org/10.1007/s00134-020-06259-0
https://doi.org/10.1007/s00134-020-06259-0
https://doi.org/10.1007/s00134-020-06259-0
https://doi.org/10.1111/anae.12914
https://doi.org/10.1111/anae.12914
https://doi.org/10.1111/anae.13779
https://doi.org/10.1097/ta.0000000000001531
https://doi.org/10.1186/s13054-022-03928-y
https://doi.org/10.1186/s13054-022-03928-y
https://doi.org/10.1186/s13054-022-03928-y
https://doi.org/10.1186/s13054-022-03928-y
https://doi.org/10.1186/s13054-022-03928-y
https://doi.org/10.1186/s13054-022-03928-y
https://doi.org/10.1186/s13054-022-03928-y
https://doi.org/10.1001/jama.2017.15097
https://doi.org/10.1001/jama.2017.15097
https://doi.org/10.1186/s13054-022-04279-4
https://doi.org/10.1186/s13054-022-04279-4
https://doi.org/10.1186/s13054-022-04279-4
https://doi.org/10.1186/s13054-022-04279-4
https://doi.org/10.1186/s13054-022-04279-4
https://doi.org/10.1186/s13054-022-04279-4
https://doi.org/10.1186/s13054-022-04279-4
https://doi.org/10.1111/j.1538-7836.2012.04752.x
https://doi.org/10.1111/j.1538-7836.2012.04752.x
https://doi.org/10.1111/j.1538-7836.2012.04752.x
https://doi.org/10.1111/j.1538-7836.2012.04752.x

Shahetal. | Peri-operative use of blood components and their alternatives

Anaesthesia 2025

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

the CRYOSTAT-2 randomized clinical trial. JAMA 2023; 330:
1882-91. https://doi.org/10.1001/jama.2023.21019.

Shakur H, Roberts |, Bautista R, et al. Effects of tranexamic acid
on death, vascular occlusive events, and blood transfusion in
trauma patients with significant haemorrhage (CRASH-2): a
randomised, placebo-controlled trial. Lancet 2010; 376: 23—
32. https://doi.org/10.1016/s0140-6736(10)60835-5.
CRASH-3 Trial Collaborators. Effects of tranexamic acid on
death, disability, vascular occlusive events and other
morbidities in patients with acute traumatic brain injury
(CRASH-3): a randomised, placebo-controlled trial. Lancet
2019; 394:1713-23. https://doi.org/10.1016/s0140-6736(19)
32233-0.

Gruen RL, Mitra B, Bernard SA, et al. Prehospital tranexamic
acid for severe trauma. N Engl J Med 2023; 389: 127-36.
https://doi.org/10.1056/nejmoa2215457.

Agarwal S, Karkouti K. The relationship between anaemia and
poor outcomes: let's get to the meat of the matter.
Anaesthesia 2021; 76: 1300-3. https://doi.org/10.1111/anae.
15524.

van der Laan S, Billah T, Chi C, Lai C, Litton E. Anaemia among
intensive care unit survivors and association with days alive
and at home: an observational study. Anaesthesia 2021; 76:
1352-7. https://doi.org/10.1111/anae.15483.

Vincent JL, Baron JF, Reinhart K, et al. Anemia and blood
transfusion in critically ill patients. JAMA 2002; 288: 1499-
507. https://doi.org/10.1001/jama.288.12.1499.

Nguyen BV, Bota DP, Melot C, Vincent JL. Time course of
hemoglobin concentrations in nonbleeding intensive care
unit patients. Crit Care Med 2003; 31: 406-10. https://doi.
org/10.1097/01.ccm.0000048623.00778.3f.

Walsh TS, Wyncoll DL, Stanworth SJ. Managing anaemia in
critically ill adults. BMJ 2010; 341: c4408. https://doi.org/10.
1136/bmj.c4408.

Weiss G, Ganz T, Goodnough LT. Anemia of inflammation.
Blood 2019; 133: 40-50. https://doi.org/10.1182/blood-
2018-06-856500.

Holst LB, Haase N, Wetterslev J, et al. Lower versus higher
hemoglobin threshold for transfusion in septic shock. N Engl J
Med 2014; 371: 1381-91. https://doi.org/10.1056/nejmoa
1406617.

Vlaar AP, Oczkowski S, de Bruin S, et al. Transfusion strategies
in non-bleeding critically ill adults: a clinical practice guideline
from the European Society of Intensive Care Medicine.
Intensive Care Med 2020; 46: 673-96. https://doi.org/10.
1007/s00134-019-05884-8.

Bergamin FS, Almeida JP, Landoni G, et al. Liberal versus
restrictive transfusion strategy in critically ill oncologic patients:
the transfusion requirements in critically ill oncologic patients
randomized controlled trial. Crit Care Med 2017; 45: 766-73.
https://doi.org/10.1097/ccm.0000000000002283.

DeZern AE, Williams K, Zahurak M, et al. Red blood cell
transfusion triggers in acute leukemia: a randomized pilot
study. Transfusion 2016; 56: 1750-7. https://doi.org/10.
1111/trf.13658.

Geneen LJ, Kimber C, Doree C, Stanworth S, Shah A. Efficacy
and safety of intravenous iron therapy for treating anaemia in
critically ill adults: a rapid systematic review with meta-
analysis. Transfus Med Rev 2021; 36: 97-106. https://doi.
org/10.1016/j.tmrv.2021.12.002.

Siegal DM, Belley-Cété E, Fee SF, et al. Small-volume blood
collection tubes to reduce transfusions in intensive care: the
STRATUS randomized clinical Trial. JAMA 2023; 330: 1872—
81. https://doi.org/10.1001/jama.2023.20820.

Callum J, Putowski Z, Alhazzani W, et al. Small-volume blood
sample collection tubes in adult intensive care units: a rapid
practice guideline. Acta Anaesthesiol Scand 2024; 68: 1319-
26. https://doi.org/10.1111/aas.14497.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Lilley G, Burkett-St-Laurent D, Precious E, et al. Measurement
of blood loss during postpartum haemorrhage. Int J Obstet
Anesth 2015; 24: 8-14. https://doi.org/10.1016/j.ijoa.2014.
07.009.

Shields LE, Wiesner S, Fulton J, Pelletreau B. Comprehensive
maternal hemorrhage protocols reduce the use of blood
products and improve patient safety. Am J Obstet Gynecol
2015; 212: 272-80. https://doi.org/10.1016/j.ajog.2014.07.
012.

Gallos |, Devall A, Martin J, et al. Randomized trial of early
detection and treatment of postpartum hemorrhage. N Engl J
Med  2023; 389: 11-21. https://doi.org/10.1056/
nejmoa2303966.

Williams EV, Goranitis I, Oppong R, et al. A cost-effectiveness
analysis of early detection and bundled treatment of
postpartum hemorrhage alongside the E-MOTIVE trial. Nat
Med 2024; 30: 2343-8. https://doi.org/10.1038/s41591-024-
03069-5.

Khan KS, Moore P, Wilson M, et al. A randomised controlled
trial and economic evaluation of intraoperative cell salvage
during caesarean section in women at risk of haemorrhage:
the SALVO (cell SALVage in obstetrics) trial. Health Technol
Assess 2018; 22: 1-88.

Bell SF, Collis RE, Bailey C, et al. The incidence, aetiology, and
coagulation management  of  massive postpartum
haemorrhage: a two-year national prospective cohort study.
Int J Obstet Anesth 2021; 47: 102983. https://doi.org/10.
1016/j.ijoa.2021.102983.

Charbit B, Mandelbrot L, Samain E, et al. The decrease of
fibrinogen is an early predictor of the severity of postpartum
hemorrhage. J Thromb Haemost 2007; 5: 266-73. https://doi.
org/10.1111/j.1538-7836.2007.02297 .x.

Collins PW, Lilley G, Bruynseels D, et al. Fibrin-based clot
formation as an early and rapid biomarker for progression of
postpartum hemorrhage: a prospective study. Blood 2014;
124: 1727-36.  https://doi.org/10.1182/blood-2014-04-
567891.

de Lloyd L, Bovington R, Kaye A, et al. Standard haemostatic
tests following major obstetric haemorrhage. Int J Obstet
Anesth 2011; 20: 135-41. https://doi.org/10.1016/}.ij0a.2010.
12.002.

Shah A, Collis RE. Managing obstetric haemorrhage: is it time
for a more personalised approach? Anaesthesia 2019; 74:
961-4. https://doi.org/10.1111/anae.14661.

Green L, Daru J, Gonzalez Carreras FJ, et al. Early
cryoprecipitate transfusion versus standard care in severe
postpartum haemorrhage: a pilot cluster-randomised trial.
Anaesthesia 2022; 77: 175-84. https://doi.org/10.1111/anae.
15595.

Jones RM, de Lloyd L, Kealaher EJ, et al. Platelet count and
transfusion requirements during moderate or severe
postpartum haemorrhage. Anaesthesia 2016; 71: 648-56.
https://doi.org/10.1111/anae.13448.

Bell SF, Roberts TCD, Freyer Martins Pereira J, et al. The
sensitivity and specificity of rotational thromboelastometry
(ROTEM) to detect coagulopathy during moderate and severe
postpartum haemorrhage: a prospective observational study.
Int J Obstet Anesth 2022; 49: 103238. https://doi.org/10.
1016/}.ij0a.2021.103238.

Collaborators  WT. Effect of early tranexamic acid
administration on mortality, hysterectomy, and other
morbidities in  women with post-partum haemorrhage
(WOMAN): an international, randomised, double-blind,
placebo-controlled trial. Lancet 2017, 389: 2105-16.
https://doi.org/10.1016/s0140-6736(17)30638-4.

Kirpalani H, Whyte RK, Andersen C, et al. The premature
infants in need of transfusion (PINT) study: a randomized,
controlled trial of a restrictive (low) versus liberal (high)

©2025 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 21


https://doi.org/10.1001/jama.2023.21019
https://doi.org/10.1016/s0140-6736(10)60835-5
https://doi.org/10.1016/s0140-6736(10)60835-5
https://doi.org/10.1016/s0140-6736(10)60835-5
https://doi.org/10.1016/s0140-6736(10)60835-5
https://doi.org/10.1016/s0140-6736(10)60835-5
https://doi.org/10.1016/s0140-6736(19)32233-0
https://doi.org/10.1016/s0140-6736(19)32233-0
https://doi.org/10.1016/s0140-6736(19)32233-0
https://doi.org/10.1016/s0140-6736(19)32233-0
https://doi.org/10.1016/s0140-6736(19)32233-0
https://doi.org/10.1016/s0140-6736(19)32233-0
https://doi.org/10.1056/nejmoa2215457
https://doi.org/10.1111/anae.15524
https://doi.org/10.1111/anae.15524
https://doi.org/10.1111/anae.15483
https://doi.org/10.1001/jama.288.12.1499
https://doi.org/10.1097/01.ccm.0000048623.00778.3f
https://doi.org/10.1097/01.ccm.0000048623.00778.3f
https://doi.org/10.1136/bmj.c4408
https://doi.org/10.1136/bmj.c4408
https://doi.org/10.1182/blood-2018-06-856500
https://doi.org/10.1182/blood-2018-06-856500
https://doi.org/10.1182/blood-2018-06-856500
https://doi.org/10.1182/blood-2018-06-856500
https://doi.org/10.1182/blood-2018-06-856500
https://doi.org/10.1182/blood-2018-06-856500
https://doi.org/10.1182/blood-2018-06-856500
https://doi.org/10.1182/blood-2018-06-856500
https://doi.org/10.1056/nejmoa1406617
https://doi.org/10.1056/nejmoa1406617
https://doi.org/10.1007/s00134-019-05884-8
https://doi.org/10.1007/s00134-019-05884-8
https://doi.org/10.1007/s00134-019-05884-8
https://doi.org/10.1007/s00134-019-05884-8
https://doi.org/10.1007/s00134-019-05884-8
https://doi.org/10.1007/s00134-019-05884-8
https://doi.org/10.1007/s00134-019-05884-8
https://doi.org/10.1007/s00134-019-05884-8
https://doi.org/10.1097/ccm.0000000000002283
https://doi.org/10.1111/trf.13658
https://doi.org/10.1111/trf.13658
https://doi.org/10.1016/j.tmrv.2021.12.002
https://doi.org/10.1016/j.tmrv.2021.12.002
https://doi.org/10.1001/jama.2023.20820
https://doi.org/10.1111/aas.14497
https://doi.org/10.1016/j.ijoa.2014.07.009
https://doi.org/10.1016/j.ijoa.2014.07.009
https://doi.org/10.1016/j.ajog.2014.07.012
https://doi.org/10.1016/j.ajog.2014.07.012
https://doi.org/10.1056/nejmoa2303966
https://doi.org/10.1056/nejmoa2303966
https://doi.org/10.1038/s41591-024-03069-5
https://doi.org/10.1038/s41591-024-03069-5
https://doi.org/10.1038/s41591-024-03069-5
https://doi.org/10.1038/s41591-024-03069-5
https://doi.org/10.1038/s41591-024-03069-5
https://doi.org/10.1038/s41591-024-03069-5
https://doi.org/10.1038/s41591-024-03069-5
https://doi.org/10.1038/s41591-024-03069-5
https://doi.org/10.1016/j.ijoa.2021.102983
https://doi.org/10.1016/j.ijoa.2021.102983
https://doi.org/10.1111/j.1538-7836.2007.02297.x
https://doi.org/10.1111/j.1538-7836.2007.02297.x
https://doi.org/10.1111/j.1538-7836.2007.02297.x
https://doi.org/10.1111/j.1538-7836.2007.02297.x
https://doi.org/10.1182/blood-2014-04-567891
https://doi.org/10.1182/blood-2014-04-567891
https://doi.org/10.1182/blood-2014-04-567891
https://doi.org/10.1182/blood-2014-04-567891
https://doi.org/10.1182/blood-2014-04-567891
https://doi.org/10.1182/blood-2014-04-567891
https://doi.org/10.1182/blood-2014-04-567891
https://doi.org/10.1182/blood-2014-04-567891
https://doi.org/10.1016/j.ijoa.2010.12.002
https://doi.org/10.1016/j.ijoa.2010.12.002
https://doi.org/10.1111/anae.14661
https://doi.org/10.1111/anae.15595
https://doi.org/10.1111/anae.15595
https://doi.org/10.1111/anae.13448
https://doi.org/10.1016/j.ijoa.2021.103238
https://doi.org/10.1016/j.ijoa.2021.103238
https://doi.org/10.1016/s0140-6736(17)30638-4
https://doi.org/10.1016/s0140-6736(17)30638-4
https://doi.org/10.1016/s0140-6736(17)30638-4
https://doi.org/10.1016/s0140-6736(17)30638-4
https://doi.org/10.1016/s0140-6736(17)30638-4

Anaesthesia 2025

Shahetal. | Peri-operative use of blood components and their alternatives

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

22

transfusion threshold for extremely low birth weight infants. J
Pediatr 2006; 149: 301-7. https://doi.org/10.1016/j.jpeds.
2006.05.011.

Valentine SL, Bembea MM, Muszynski JA, et al. Consensus
recommendations for RBC transfusion practice in critically ill
children from the pediatric critical care transfusion and anemia
expertise initiative. Pediatr Crit Care Med 2018; 19: 884-98.
https://doi.org/10.1097/pcc.0000000000001613.

New HV, Berryman J, Bolton-Maggs PH, et al. Guidelines on
transfusion for fetuses, neonates and older childrenR. Br J
Haematol 2016; 175: 784-828. https://doi.org/10.1111/bjh.
14233.

Pagana KD, Pagana TJ. Mosby'’s Diagnostic and Laboratory
Test Reference, 17th edn. Missouri: Mosby, 2024.

Davies P, Robertson S, Hegde S, Greenwood R, Massey E,
Davis P. Calculating the required transfusion volume in
children. Transfusion 2007; 47: 212-6. https://doi.org/10.
1111/j.1537-2995.2007.01091 x.

Wang JT, Seshadri SC, Butler CG, Staffa SJ, Kordun AS,
Lukovits KE, Goobie SM. Tranexamic acid use in pediatric
craniotomies at a large tertiary care pediatric hospital: a five
year retrospective study. J Clin Med 2023; 12: 13. https://doi.
org/10.3390/jcm12134403.

Goobie SM, Meier PM, Pereira LM, et al. Efficacy of tranexamic
acid in pediatric craniosynostosis surgery: a double-blind,
placebo-controlled trial. Anesthesiology 2011; 114: 862-71.
https://doi.org/10.1097/aln.0b013e318210fd8f.

Klein AA, Collier TJ, Brar MS, et al. The incidence and
importance of anaemia in patients undergoing cardiac
surgery in the UK — the first Association of Cardiothoracic
Anaesthetists national audit. Anaesthesia 2016; 71: 627-35.
https://doi.org/10.1111/anae.13423.

Guay J, Andrew OE. Continuing antiplatelet therapy before
cardiac surgery with cardiopulmonary bypass: a meta-analysis
on the need for reexploration and major outcomes. J
Cardiothorac Vasc Anesth 2014; 28: 90-7. https://doi.org/10.
1053/j.jvca.2013.03.013.

Vlot EA, Verwijmeren L, van de Garde EMW, Kloppenburg
GTL, van Dongen EPA, Noordzij PG. Intra-operative red blood
cell transfusion and mortality after cardiac surgery. BMC
Anesthesiol 2019; 19: 65. https://doi.org/10.1186/s12871-
019-0738-2.

Surgenor SD, DeFoe GR, Fillinger MP, et al. Intraoperative red
blood cell transfusion during coronary artery bypass graft
surgery increases the risk of postoperative low-output heart
failure. Circulation 2006; 114(1 Suppl): 143-8. https://doi.
org/10.1161/circulationaha.105.001271.

Raphael J, Mazer CD, Subramani S, et al. Society of
cardiovascular anesthesiologists clinical practice
improvement advisory for management of perioperative
bleeding and hemostasis in cardiac surgery patients. Anesth
Analg 2019; 129: 1209-21. https://doi.org/10.1213/ane.
0000000000004355.

Cheng T, Barve R, Cheng YMW, et al. Conventional versus
miniaturized cardiopulmonary bypass: a systematic review
and meta-analysis. JTCVS Open 2020; 8: 418-41. https://doi.
org/10.1016/j.xjon.2021.09.037.

Boodhwani M, Williams K, Babaev A, Gill G, Saleem N, Rubens
FD. Ultrafiltration reduces blood transfusions following
cardiac surgery: a meta-analysis. Eur J Cardiothorac Surg
2006; 30: 892-7. https://doi.org/10.1016/j.ejcts.2006.09.014.
Sebastian R, Ahmed MI. Blood conservation and hemostasis
management in pediatric cardiac surgery. Front Cardiovasc
Med 2021; 8: 689623. https://doi.org/10.3389/fcvm.2021.
689623.

Sun P, Ji B, Sun Y, Zhu X, Liu J, Long C, Zheng Z. Effects of
retrograde autologous priming on blood transfusion and

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121

122.

123.

124.

clinical outcomes in adults: a meta-analysis. Perfusion 2013;
28:238-43. https://doi.org/10.1177/0267659112474861.
Stammers AH, Mongero LB, Tesdahl E, Stasko A, Weinstein S.
The effectiveness of acute normolvolemic hemodilution and
autologous prime on intraoperative blood management
during cardiac surgery. Perfusion 2017; 32: 454-65.
https://doi.org/10.1177/0267659117706014.

Siau K, Hearnshaw S, Stanley AJ, et al. British Society of
Gastroenterology (BSG)-led multisociety consensus care
bundle for the early clinical management of acute upper
gastrointestinal bleeding. Frontline Gastroenterol 2020; 11:
311-23. https://doi.org/10.1136/flgastro-2019-101395.
Collaborators H-IT. Effects of a high-dose 24-h infusion of
tranexamic acid on death and thromboembolic events in
patients with acute gastrointestinal bleeding (HALT-IT): an
international randomised, double-blind, placebo-controlled
trial. Lancet 2020; 395: 1927-36. https://doi.org/10.
1016/s0140-6736(20)30848-5.

Odutayo A, Desborough MJ, Trivella M, et al. Restrictive
versus liberal blood transfusion for gastrointestinal bleeding:
a systematic review and meta-analysis of randomised
controlled trials. Lancet Gastroenterol Hepatol 2017; 2: 354—
60. https://doi.org/10.1016/s2468-1253(17)30054-7.
Oakland K, Chadwick G, East JE, et al. Diagnosis and
management of acute lower gastrointestinal bleeding:
guidelines from the British Society of Gastroenterology. Gut
2019; 68: 776-89. https://doi.org/10.1136/gutjnl-2018-
317807.

Lane DA, Lip GY. Use of the CHA(2)DS(2)-VASc and HAS-BLED
scores to aid decision making for thromboprophylaxis in
nonvalvular atrial fibrillation. Circulation 2012; 126: 860-5.
https://doi.org/10.1161/circulationaha.111.060061.

Chen A, Stecker E, Warden BA. Direct oral anticoagulant use:
a practical guide to common clinical challenges. J Am Heart
Assoc 2020; 9: e017559. https://doi.org/10.1161/jaha.120.
017559.

Kleindorfer DO, Towfighi A, Chaturvedi S, et al. Guideline for
the prevention of stroke in patients with stroke and transient
ischemic attack: a guideline from the American Heart
Association/American Stroke Association. Stroke 2021; 2021:
e364-467. https://doi.org/10.1161/STR.0000000000000375.
Eikelboom JW, Connolly SJ, Brueckmann M, et al. Dabigatran
versus warfarin in patients with mechanical heart valves. N
Engl J Med 2013; 369: 1206-14. https://doi.org/10.
1056/nejmoa1300615.

Wang TY, Svensson LG, Wen J, et al. Apixaban or warfarin in
patients with an on-X mechanical aortic valve. NEJM Evid
2023; 2: 7. https://doi.org/10.1056/evidoa2300067.

Douketis JD, Spyropolous AC, Murad MH, et al. Perioperative
management of antithrombotic therapy: an American College
of chest physicians clinical practice guideline. Chest 2022;
162:e207-43. https://doi.org/10.1016/j.chest.2022.07.025.

. White K, Farugi U, Cohen AAT. New agents for DOAC

reversal: a practical management review. Br J Cardiol 2022;
29: 1. https://doi.org/10.5837/bjc.2022.001.

Milling TJ, Middeldorp S, Xu L, et al. Final study report of
andexanet alfa for major bleeding with factor Xa inhibitors.
Circulation 2023; 147: 1026-38. https://doi.org/10.
1161/CIRCULATIONAHA.121.057844.

Ansell J, Laulicht BE, Bakhru SH, et al. Ciraparantag, an
anticoagulant  reversal drug: mechanism of action,
pharmacokinetics, and reversal of anticoagulants. Blood 2021;
137:115-25. https://doi.org/10.1182/blood.2020007116.
Douketis JD, Spyropoulos AC, Kaatz S, et al. Perioperative
bridging anticoagulation in patients with atrial fibrillation. N
Engl J Med 2015; 373: 823-33. https://doi.org/10.
1056/nejmoa1501035.

©2025 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.


https://doi.org/10.1016/j.jpeds.2006.05.011
https://doi.org/10.1016/j.jpeds.2006.05.011
https://doi.org/10.1097/pcc.0000000000001613
https://doi.org/10.1111/bjh.14233
https://doi.org/10.1111/bjh.14233
https://doi.org/10.1111/j.1537-2995.2007.01091.x
https://doi.org/10.1111/j.1537-2995.2007.01091.x
https://doi.org/10.1111/j.1537-2995.2007.01091.x
https://doi.org/10.1111/j.1537-2995.2007.01091.x
https://doi.org/10.3390/jcm12134403
https://doi.org/10.3390/jcm12134403
https://doi.org/10.1097/aln.0b013e318210fd8f
https://doi.org/10.1111/anae.13423
https://doi.org/10.1053/j.jvca.2013.03.013
https://doi.org/10.1053/j.jvca.2013.03.013
https://doi.org/10.1186/s12871-019-0738-2
https://doi.org/10.1186/s12871-019-0738-2
https://doi.org/10.1186/s12871-019-0738-2
https://doi.org/10.1186/s12871-019-0738-2
https://doi.org/10.1186/s12871-019-0738-2
https://doi.org/10.1186/s12871-019-0738-2
https://doi.org/10.1186/s12871-019-0738-2
https://doi.org/10.1186/s12871-019-0738-2
https://doi.org/10.1161/circulationaha.105.001271
https://doi.org/10.1161/circulationaha.105.001271
https://doi.org/10.1213/ane.0000000000004355
https://doi.org/10.1213/ane.0000000000004355
https://doi.org/10.1016/j.xjon.2021.09.037
https://doi.org/10.1016/j.xjon.2021.09.037
https://doi.org/10.1016/j.ejcts.2006.09.014
https://doi.org/10.3389/fcvm.2021.689623
https://doi.org/10.3389/fcvm.2021.689623
https://doi.org/10.1177/0267659112474861
https://doi.org/10.1177/0267659117706014
https://doi.org/10.1136/flgastro-2019-101395
https://doi.org/10.1136/flgastro-2019-101395
https://doi.org/10.1136/flgastro-2019-101395
https://doi.org/10.1136/flgastro-2019-101395
https://doi.org/10.1136/flgastro-2019-101395
https://doi.org/10.1016/s0140-6736(20)30848-5
https://doi.org/10.1016/s0140-6736(20)30848-5
https://doi.org/10.1016/s0140-6736(20)30848-5
https://doi.org/10.1016/s0140-6736(20)30848-5
https://doi.org/10.1016/s0140-6736(20)30848-5
https://doi.org/10.1016/s0140-6736(20)30848-5
https://doi.org/10.1016/s2468-1253(17)30054-7
https://doi.org/10.1016/s2468-1253(17)30054-7
https://doi.org/10.1016/s2468-1253(17)30054-7
https://doi.org/10.1016/s2468-1253(17)30054-7
https://doi.org/10.1016/s2468-1253(17)30054-7
https://doi.org/10.1136/gutjnl-2018-317807
https://doi.org/10.1136/gutjnl-2018-317807
https://doi.org/10.1136/gutjnl-2018-317807
https://doi.org/10.1136/gutjnl-2018-317807
https://doi.org/10.1136/gutjnl-2018-317807
https://doi.org/10.1136/gutjnl-2018-317807
https://doi.org/10.1161/circulationaha.111.060061
https://doi.org/10.1161/jaha.120.017559
https://doi.org/10.1161/jaha.120.017559
https://doi.org/10.1161/STR.0000000000000375
https://doi.org/10.1056/nejmoa1300615
https://doi.org/10.1056/nejmoa1300615
https://doi.org/10.1056/evidoa2300067
https://doi.org/10.1016/j.chest.2022.07.025
https://doi.org/10.5837/bjc.2022.001
https://doi.org/10.1161/CIRCULATIONAHA.121.057844
https://doi.org/10.1161/CIRCULATIONAHA.121.057844
https://doi.org/10.1182/blood.2020007116
https://doi.org/10.1056/nejmoa1501035
https://doi.org/10.1056/nejmoa1501035

Shahetal. | Peri-operative use of blood components and their alternatives Anaesthesia 2025

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Keeling D, Tait RC, Watson H. British Committee of standards
for H. Peri-operative management of anticoagulation and
antiplatelet therapy. Br J Haematol 2016; 175: 602-13.
https://doi.org/10.1111/bjh.14344.

Goldstein JN, Refaai MA, Milling TJ, et al. Four-factor
prothrombin complex concentrate versus plasma for rapid
vitamin K antagonist reversal in patients needing urgent
surgical or invasive interventions: a phase 3b, open-label,
non-inferiority, randomised trial. Lancet 2015; 385: 2077-87.
https://doi.org/10.1016/s0140-6736(14)61685-8.

Gerstein NS, Albrechtsen CL, Mercado N, Cigarroa JE,
Schulman PM. A comprehensive update on aspirin
management during noncardiac surgery. Anesth Analg 2020;
131: 1111-23. https://doi.org/10.1213/ane.000000000000
5064.

Valgimigli M, Bueno H, Byrne RA, et al. 2017 ESC focused
update on dual antiplatelet therapy in coronary artery disease
developed in collaboration with EACTS. Kardiol Pol 2017; 75:
1217-99. https://doi.org/10.5603/kp.2017.0224.
Matejic-Spasic M, Hassan K, Thielmann M, et al. Management
of perioperative bleeding risk in patients on antithrombotic
medications undergoing cardiac surgery — a systematic
review. J Thorac Dis 2022; 14: 3030-44. https://doi.org/10.
21037/jtd-22-428.

Riscado LVS, de Pinho JHS, Lobato AC. Efficacy and safety of
tirofiban bridge as an alternative to suspension of dual
antiplatelet therapy in patients undergoing surgery: a
systematic review. J Vasc Bras 2021; 20: e20210113.
https://doi.org/10.1590/1677-5449.210113.

Cardenas JC, Zhang X, Fox EE, et al. Platelet transfusions
improve hemostasis and survival in a substudy of the
prospective, randomized PROPPR trial. Blood Adv 2018; 2:
1696-704. https://doi.org/10.1182/bloodadvances.
2018017699.

Devereaux PJ, Marcucci M, Painter TW, et al. Tranexamic acid
in patients undergoing noncardiac surgery. N Engl J Med
2022; 386: 1986-97. https://doi.org/10.1056/nejmoa220
1171.

Myles PS, Smith JA, Forbes A, et al. Tranexamic acid in
patients undergoing coronary-artery surgery. N Engl J Med
2017; 376: 136-48. https://doi.org/10.1056/nejmoal160
6424.

Roberts I, Murphy MF, Moonesinghe R, et al. Wider use of
tranexamic acid to reduce surgical bleeding could benefit
patients and health systems. BMJ 2024; 385: e079444.
https://doi.org/10.1136/bmj-2024-079444.

Taeuber |, Weibel S, Herrmann E, et al. Association of
intravenous tranexamic acid with thromboembolic events and
mortality: a systematic review, meta-analysis, and meta-
regression. JAMA Surg 2021; 156: €210884. https://doi.
org/10.1001/jamasurg.2021.0884.

Tsan SEH, Viknaswaran NL, Cheong CC, Cheah S, Ng KT,
Mong SXY, Wang CY. Prophylactic intravenous tranexamic
acid and thromboembolism in non-cardiac surgery: a
systematic review, meta-analysis and trial sequential analysis.
Anaesthesia 2023; 78: 1153-61. https://doi.org/10.
1111/anae.16058.

137. Karkouti K, Wijeysundera DN, Yau TM, McCluskey SA, Tait G,
Beattie WS. The risk-benefit profile of aprotinin versus
tranexamic acid in cardiac surgery. Anesth Analg 2010; 110:
21-9. https://doi.org/10.1213/ane.0b013e3181c0eabd.

138. Sreeraman S, McKinlay S, Li A, Crowther M, Motalo O. Efficacy
of parenteral formulations of desmopressin in the treatment of
bleeding disorders: a systematic review. Thromb Res 2022;
213: 16-26. https://doi.org/10.1016/j.thromres.2022.02.019.

139. Mannucci PM. Desmopressin (DDAVP) in the treatment of
bleeding disorders: the first 20 years. Blood 1997; 90: 2515-
21. https://doi.org/10.1182/blood.V90.7.2515.

140. Desborough MJ, Smethurst PA, Estcourt LJ, Stanworth SJ.
Alternatives to allogeneic platelet transfusion. Br J Haematol
2016; 175: 381-92. https://doi.org/10.1111/bjh.14338.

141. Desborough MJ, Oakland K, Brierley C, et al. Desmopressin
use for minimising perioperative blood transfusion. Cochrane
Database Syst Rev 2017; 7: CD001884. https://doi.org/10.
1002/14651858.cd001884.pub3.

142. Desborough MJ, Oakland KA, Landoni G, et al. Desmopressin
for treatment of platelet dysfunction and reversal of
antiplatelet agents: a systematic review and meta-analysis
of randomized controlled trials. J Thromb Haemost 2017; 15:
263-72. https://doi.org/10.1111/jth.13576.

143. Desborough MJR, Laing E, Kounali D, et al. Desmopressin for
prevention of bleeding for thrombocytopenic, critically ill
patients undergoing invasive procedures: a randomised,
double-blind, placebo-controlled feasibility trial. EJHaem
2024;5:772-7. https://doi.org/10.1002/jha2.955.

144. Desborough MJR, Al-Shahi Salman R, Stanworth SJ, et al.
Desmopressin for patients with spontaneous intracerebral
haemorrhage taking antiplatetet drugs (DASH): a UK-based,
phase 2, randomised, placebo-controlled, multicentre
feasibility trial. Lancet Neurol 2023; 22: 557-67. https://doi.
org/10.1016/s1474-4422(23)00157-6.

145. Armstrong RA, Soar J, Kane AD, et al. Peri-operative cardiac
arrest: epidemiology and clinical features of patients analysed
in the 7th National Audit Project of the Royal College of
Anaesthetists. Anaesthesia 2024; 79: 18-30. https://doi.
org/10.1111/anae.16156.

146. NHS Blood and Transplant. National comparative audit of
NICE quality standard QS138. 2023. https://hospital.blood.
co.uk/audits/national-comparative-audit/reports-grouped-
by-year/2023-national-comparative-audit-of-nice-quality-
standard-qs138/ (access 15/06/2024).

147. Infection Blood Inquiry. The report 2024. https://www.
infectedbloodinquiry.org.uk/reports/inquiry-report (accessed
15/06/2024).

Supporting Information
Additional supporting information may be found online via

the journal website.

Appendix S1. List of other relevant clinical guidelines.

©2025 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 23


https://doi.org/10.1111/bjh.14344
https://doi.org/10.1016/s0140-6736(14)61685-8
https://doi.org/10.1016/s0140-6736(14)61685-8
https://doi.org/10.1016/s0140-6736(14)61685-8
https://doi.org/10.1016/s0140-6736(14)61685-8
https://doi.org/10.1016/s0140-6736(14)61685-8
https://doi.org/10.1213/ane.0000000000005064
https://doi.org/10.1213/ane.0000000000005064
https://doi.org/10.5603/kp.2017.0224
https://doi.org/10.21037/jtd-22-428
https://doi.org/10.21037/jtd-22-428
https://doi.org/10.21037/jtd-22-428
https://doi.org/10.21037/jtd-22-428
https://doi.org/10.21037/jtd-22-428
https://doi.org/10.21037/jtd-22-428
https://doi.org/10.1590/1677-5449.210113
https://doi.org/10.1590/1677-5449.210113
https://doi.org/10.1590/1677-5449.210113
https://doi.org/10.1182/bloodadvances.2018017699
https://doi.org/10.1182/bloodadvances.2018017699
https://doi.org/10.1056/nejmoa2201171
https://doi.org/10.1056/nejmoa2201171
https://doi.org/10.1056/nejmoa1606424
https://doi.org/10.1056/nejmoa1606424
https://doi.org/10.1136/bmj-2024-079444
https://doi.org/10.1136/bmj-2024-079444
https://doi.org/10.1136/bmj-2024-079444
https://doi.org/10.1136/bmj-2024-079444
https://doi.org/10.1136/bmj-2024-079444
https://doi.org/10.1001/jamasurg.2021.0884
https://doi.org/10.1001/jamasurg.2021.0884
https://doi.org/10.1111/anae.16058
https://doi.org/10.1111/anae.16058
https://doi.org/10.1213/ane.0b013e3181c0ea6d
https://doi.org/10.1016/j.thromres.2022.02.019
https://doi.org/10.1182/blood.V90.7.2515
https://doi.org/10.1111/bjh.14338
https://doi.org/10.1002/14651858.cd001884.pub3
https://doi.org/10.1002/14651858.cd001884.pub3
https://doi.org/10.1111/jth.13576
https://doi.org/10.1002/jha2.955
https://doi.org/10.1016/s1474-4422(23)00157-6
https://doi.org/10.1016/s1474-4422(23)00157-6
https://doi.org/10.1016/s1474-4422(23)00157-6
https://doi.org/10.1016/s1474-4422(23)00157-6
https://doi.org/10.1016/s1474-4422(23)00157-6
https://doi.org/10.1016/s1474-4422(23)00157-6
https://doi.org/10.1111/anae.16156
https://doi.org/10.1111/anae.16156
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://hospital.blood.co.uk/audits/national-comparative-audit/reports-grouped-by-<?re3,j?><?A3B2 tlsb=-.016w?>year/2023-national-comparative-audit-of-nice-quality-standard-qs138/
https://www.infectedbloodinquiry.org.uk/reports/inquiry-report
https://www.infectedbloodinquiry.org.uk/reports/inquiry-report
https://www.infectedbloodinquiry.org.uk/reports/inquiry-report
https://www.infectedbloodinquiry.org.uk/reports/inquiry-report

	Outline placeholder
	 Summary
	 Recommendations
	 What other guidelines currently exist?
	 Why were these guidelines developed?
	 How and why does this statement differ from existing guidelines?
	 Introduction
	 Methods
	 Results
	 Process of transfusion
	 Laboratory testing pre-transfusion
	 Laboratory based
	 Viscoelastic haemostatic assays (VHAs) and point-of-care testing

	 Red cell transfusion and other blood components
	 Red blood cells
	 Fresh frozen plasma
	 Cryoprecipitate
	 Fibrinogen concentrates
	 Platelets
	 Prothrombin complex concentrate

	 Major haemorrhage
	 Major haemorrhage protocol
	 Initial resuscitation
	 Haemostatic resuscitation

	 Prehospital trauma
	 Critical care
	 Obstetrics
	 Paediatrics
	 Cardiac surgery
	 Considerations for cardiopulmonary bypass

	 Gastrointestinal bleeding
	 Drugs that affect coagulation
	 Anticoagulants
	 Direct oral anticoagulants
	 Emergency surgery
	 Warfarin
	 Emergency surgery
	 Antiplatelet drugs
	 Antiplatelet drugs in patients with coronary stents having non-cardiac surgery

	 Drugs that decrease blood loss
	 Tranexamic acid
	 Aprotinin
	 Desmopressin


	 Discussion
	 Acknowledgements
	 References
	Supporting Information
	 


