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A B S T R A C T

Background

There is considerable uncertainty regarding the optimal haemoglobin threshold for the use of red blood cell (RBC) transfusions in anaemic
patients. Blood is a scarce resource, and in some countries, transfusions are less safe than others because of a lack of testing for viral
pathogens. Therefore, reducing the number and volume of transfusions would benefit patients.

Objectives

The aim of this review was to compare 30-day mortality and other clinical outcomes in participants randomized to restrictive versus liberal
red blood cell (RBC) transfusion thresholds (triggers) for all conditions. The restrictive transfusion threshold uses a lower haemoglobin
level to trigger transfusion (most commonly 7 g/dL or 8 g/dL), and the liberal transfusion threshold uses a higher haemoglobin level to
trigger transfusion (most commonly 9 g/dL to 10 g/dL).

Search methods

We identified trials by searching CENTRAL (2016, Issue 4), MEDLINE (1946 to May 2016), Embase (1974 to May 2016), the Transfusion
Evidence Library (1950 to May 2016), the Web of Science Conference Proceedings Citation Index (1990 to May 2016), and ongoing trial
registries (27 May 2016). We also checked reference lists of other published reviews and relevant papers to identify any additional trials.

Selection criteria

We included randomized trials where intervention groups were assigned on the basis of a clear transfusion 'trigger', described as a
haemoglobin (Hb) or haematocrit (Hct) level below which a red blood cell (RBC) transfusion was to be administered.

Data collection and analysis

We pooled risk ratios of clinical outcomes across trials using a random-eGects model. Two people extracted the data and assessed the
risk of bias. We conducted predefined analyses by clinical subgroups. We defined participants randomly allocated to the lower transfusion
threshold as 'restrictive transfusion' and to the higher transfusion threshold as 'liberal transfusion'.

Transfusion thresholds and other strategies for guiding allogeneic red blood cell transfusion (Review)
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Main results

A total of 31 trials, involving 12,587 participants, across a range of clinical specialities (e.g. surgery, critical care) met the eligibility criteria.
The trial interventions were split fairly equally with regard to the haemoglobin concentration used to define the restrictive transfusion
group. About half of them used a 7 g/dL threshold, and the other half used a restrictive transfusion threshold of 8 g/dL to 9 g/dL. The trials
were generally at low risk of bias .Some items of methodological quality were unclear, including definitions and blinding for secondary
outcomes.

Restrictive transfusion strategies reduced the risk of receiving a RBC transfusion by 43% across a broad range of clinical specialties (risk
ratio (RR) 0.57, 95% confidence interval (CI) 0.49 to 0.65; 12,587 participants, 31 trials; high-quality evidence), with a large amount of
heterogeneity between trials (I2 = 97%). Overall, restrictive transfusion strategies did not increase or decrease the risk of 30-day mortality
compared with liberal transfusion strategies (RR 0.97, 95% CI 0.81 to 1.16, I2 = 37%; N = 10,537; 23 trials; moderate-quality evidence) or any
of the other outcomes assessed (i.e. cardiac events (low-quality evidence), myocardial infarction, stroke, thromboembolism (high-quality
evidence)). Liberal transfusion did not aGect the risk of infection (pneumonia, wound, or bacteraemia).

Authors' conclusions

Transfusing at a restrictive haemoglobin concentration of between 7 g/dL to 8 g/dL decreased the proportion of participants exposed to
RBC transfusion by 43% across a broad range of clinical specialities. There was no evidence that a restrictive transfusion strategy impacts
30-day mortality or morbidity (i.e. mortality at other points, cardiac events, myocardial infarction, stroke, pneumonia, thromboembolism,
infection) compared with a liberal transfusion strategy. There were insuGicient data to inform the safety of transfusion policies in
certain clinical subgroups, including acute coronary syndrome, myocardial infarction, neurological injury/traumatic brain injury, acute
neurological disorders, stroke, thrombocytopenia, cancer, haematological malignancies, and bone marrow failure. The findings provide
good evidence that transfusions with allogeneic RBCs can be avoided in most patients with haemoglobin thresholds above 7 g/dL to 8 g/dL.

P L A I N   L A N G U A G E   S U M M A R Y

Is it safe to use lower blood counts as a trigger for blood transfusion in order to give fewer blood transfusions?

Background

Doctors and healthcare professionals oOen give blood transfusions to people aOer loss of blood from surgery, bleeding, or medical
illnesses. Blood is a limited resource, so for this reason, and because some low-income countries do not test the blood used in transfusions
for the presence of dangerous viruses such as HIV or hepatitis, it is helpful to give blood transfusions only when they are really necessary.

A normal blood count is above 12. This review summarised all randomized controlled trials (RCTs) that investigated whether it is safe to
give blood transfusions when the blood count drops to between seven and eight (thereby reducing the number of transfusions), rather
than giving transfusions at higher blood counts of nine to 10.

Study characteristics

We examined the results of RCTs that randomly allocated participants to one of two groups. In one group, trial participants received blood
at lower blood counts. In the other group, trial participants received blood at higher blood counts. The data are current up to May 2016.

Key results

We identified a total of 31 relevant trials, which involved 12,587 participants. All of the studies compared diGerent policies for blood
transfusions. We found that participants who were assigned to receive blood at lower blood counts were 43% less likely to receive a
blood transfusion than those who were given blood at higher blood counts. The risk of dying within 30 days of the transfusion was the
same whether the participants received transfusion at lower or higher blood counts. We also evaluated harmful events that occurred aOer
participants received, or did not receive, blood transfusions, including infection (pneumonia, wound infection, and blood poisoning), heart
attacks, strokes, and problems with blood clots, and found that there was no clear diGerence in the instance of these events between the
group that received transfusions at lower blood counts and the group that received transfusions at higher blood counts.

Quality of evidence

We found that most of the RCTs provided a high quality of evidence, in that they were adequately conducted and used appropriate methods
that minimised any possible biases that could make the validity of the results uncertain.

Authors conclusions

We concluded that it was not harmful to the participants' health status to give blood at lower or higher blood counts. If a policy of
giving blood only at lower blood counts were followed routinely in clinical practice, it would reduce the amount of blood patients
receive substantially and reduce the risk of patients receiving blood transfusions unnecessarily, as transfusions can have harmful eGects.
Additional studies are needed to establish the blood count at which a blood transfusion is needed in patients who have suGered a heart
attack, brain injury, or have cancer.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.

Restrictive compared with liberal transfusion protocols for guiding allogeneic red blood cell transfusion

Patient or population: Adults and children (haemodynamically stable) with potential need for RBC transfusion

Settings: Inpatient

Intervention: Restrictive transfusion protocol

Comparison: Liberal transfusion protocol

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Liberal transfusion
(Hb 9 g/dL to 10 g/dL)

Restrictive transfusion
(Hb 7 g/dL to 8 g/dL)

Relative effect
(95% CI)

Number of par-
ticipants
(studies)

Quality of the
evidence
(GRADE)

Comments

People receiving blood
transfusions

841 per 1000 479 per 1000 RR 0.57 (0.49 to 0.65) 12,587 (31) ⊕⊕⊕⊕
High

-

30-day mortality 93 per 1000 90 per 1000 RR 0.97 (0.81 to 1.16) 10,537 (23) ⊕⊕⊕⊝

Moderatea

-

Myocardial infarction 17 per 1000 19 per 1000 RR 1.08 (0.74 to 1.60) 8303 (16) ⊕⊕⊕⊕
High

-

Congestive heart fail-
ure

36 per 1000 28 per 1000 RR 0.78 (0.45 to 1.35) 6257 (12) ⊕⊕⊝⊝

Lowb,c

-

Cerebrovascular acci-
dent (CVA) - stroke

17 per 1000 13 per 1000 RR 0.78 (0.53 to 1.14) 7343 (13) ⊕⊕⊕⊕
High

-

Rebleeding 163 per 1000 144 per 1000 RR 0.75 (0.51 to 1.10) 3108 (6) ⊕⊕⊝⊝

Lowd, e

-

Pneumonia 82 per 1000 76 per 1000 RR 0.94 (0.80 to 1.11) 6277 (14) ⊕⊕⊕⊕
High

-

Thromboembolism 10 per 1000 8 per 1000 RR 0.77 (0.41 to 1.45) 4019 (10) ⊕⊕⊕⊕
High

-
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; RBC: red blood cell;RR: risk ratio

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

a. Downgraded for imprecision: could be up to 17 per 1000 more deaths in restrictive transfusion.
b. Downgraded for inconsistency: moderately wide confidence intervals.
c. Downgraded for risk of bias: blinding of participants and personnel impossible and blinding of outcome assessment inconsistent between trials.
d. Downgraded for inconsistency: I2 = 58%, P = 0.04.
e. Downgraded for imprecision: could be up to 16 per 1000 more rebleeds in restrictive transfusion.
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B A C K G R O U N D

Description of the condition

Patients who are ill in hospital are frequently anaemic, with
low haemoglobin concentrations. The causes of anaemia are
diverse, including loss of blood from surgery, bleeding, excessive
blood sampling for laboratory tests, or as a consequence of
illness. Patients with cancer may develop anaemia because of
the underlying disease or chemotherapy aGecting production of
red cells in their bone marrow. Anaemia both decreases the
oxygen content of the blood supplied to the tissues, including
the myocardium, and increases myocardial oxygen demand by
requiring a higher cardiac output to maintain adequate systemic
oxygen delivery (Sabatine 2005).

Anaemia has been associated with worse outcomes in patients who
are anaemic prior to surgery or who have cardiovascular disease
(Carson 1996; Shander 2014). However, it does not necessarily
follow that the correction of anaemia by red blood cell (RBC)
transfusion will improve outcomes. Anaemia is generally well
tolerated by many people, and therefore, the benefits of potentially
corrective treatments such as red cell transfusions need to be
weighed against their risks.

Description of the intervention

The main treatment option for raising the haemoglobin
concentration rapidly in patients with anaemia remains RBC
transfusion. Red cells for transfusion are collected from whole
blood donations that are centrifuged to concentrate them, prior
to the addition of anticoagulant and storage solutions. However,
there are recognised risks of blood transfusion, as with any
medical intervention. These risks and the general availability of
RBC transfusion vary throughout the world. In countries with
well-regulated blood supplies, the safety of allogeneic red cell
transfusion has improved significantly over the past 30 years, and
the overall risks are very low. For example, in the USA, the estimated
risk per unit for HIV is 1:1,467,000 (Zou 2010); for the hepatitis C
virus (HCV), 1:1,149,000 (Zou 2010); and for the hepatitis B virus
(HBV), 1:282,000 to 1:357,000 (Zou 2009). This has been primarily
due to improvements in donor blood screening policies and the
implementation of more stringent quality control measures (Klein
2007).

In resource-poor countries, the supply of blood is inadequate
and may not be safe because it is not oOen tested for viral
pathogens. Blood donations are not routinely tested in 39 countries
for transfusion-transmissible infections that include HIV, hepatitis
B, hepatitis C, and syphilis (WHO 2011). In 40 countries, less than
25% of the blood supply is collected from voluntary unpaid blood
donors, with most coming from family or paid blood donors (WHO
2011). The prevalence of HIV in low-income countries is 2.3% of
blood donations compared with 0.001% in high-income countries
(WHO 2011).

Other general risks of transfusion have been described (although
perhaps under-reported) and include acute transfusion reactions,
volume overload, bacterial contamination, infection with new -
but currently unknown - blood-borne pathogens, and transfusion-
related acute lung injury (Delaney 2016; Toy 2012). Additional
possible adverse eGects include loss of red cell nitric oxide
production, which is thought to induce local vasodilatation;

prothrombotic eGects from factors in the supernatant; and variable
immunomodulatory or proinflammatory eGects from diGerent
cellular products in the red cell component. Overall, these harmful
eGects of red cell transfusions may be manifested as increased
risks of infections in hospitals or cardiovascular events, including
myocardial infarction or stroke.

There were concerns that the eGects of storage on red cells may
also render them less eGective and potentially harmful. However,
recent trials have not demonstrated clinical harm to blood stored
for approximately 21 to 28 days compared with less than seven to 10
days (Dhabangi 2015; Fergusson 2013; Lacroix 2015; Steiner 2015).

Blood transfusion is expensive. The direct costs of each collected
bag of red cells fail to capture the many associated costs related
to hospital blood-banking practice and safe patient administration.
In 2008, the mean payment for one unit of leukoreduced RBCs
in the USA was USD 223 (Whitaker 2011). However, if the costs
of administration as well as the acquisition expenses of RBC
transfusion are considered, the estimated cost derived from four
USA and European hospitals rises to USD 761 per unit (standard
deviation +/- USD 294) (Shander 2010).

Treatment options for anaemia other than red cell transfusions may
include erythropoietin, and oral or intravenous iron therapy. These
have been used in chronic anaemia, particularly in renal failure, for
many years, but are the subjects of other systematic reviews, so we
did not consider them further within this review.

How the intervention might work

The rationale for transfusing RBCs in anaemic patients is to improve
oxygen delivery to the tissues and to the myocardium itself, to
reduce the compensatory work done by the heart to increase
cardiac output. Red blood cell transfusion is one of the few
treatments that may restore tissue oxygenation adequately when
oxygen demand exceeds supply (Klein 2007; Wang 2010).

Many randomized controlled trials that compared outcomes in
participants allocated to diGerent policies or schedules of using
red cell transfusions have now been completed and reported.
These studies presented results aOer randomising participants to
either 'restrictive' triggers (typically, participants are transfused
only when their haemoglobin concentration falls to around 7 g/
dL to 8 g/dL) or 'liberal' triggers (participants are transfused at a
higher haemoglobin concentration of around 9 g/dL to 10 g/dL).
Historically, the widely accepted clinical standard was to transfuse
patients when the haemoglobin level dropped below 10 g/dL or the
haematocrit fell below 30%. Adams and Lundy first proposed this
'10/30 rule' in 1942, and it served as a RBC transfusion trigger for
decades (Madjdpour 2005; Wang 2010). However, the 1988 National
Institutes of Health Consensus Conference in the USA reported that
the evidence did not support a single criterion for transfusion (NIH
1988). Since then, most published guidelines have advised against
a single threshold for RBC transfusion, recommending that a range
of haemoglobin values between 6 g/dL and 10 g/dL can be used,
depending on the presence of serious comorbidity (AAGBI 2008;
ASA 2006; BCTMAG 2003; Carson 2012a; Napolitano 2009; NBUGI
2001). The American Association of Blood Banks (AABB) guidelines
advise using a restrictive transfusion threshold of 7 g/dL to 8 g/dL
in most clinical settings (Carson 2012a).

Transfusion thresholds and other strategies for guiding allogeneic red blood cell transfusion (Review)
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Why it is important to do this review

Much of the earlier evidence comparing restrictive and liberal
thresholds comes from trials based in critical care. In 1999, the
landmark TRICC trial (transfusion requirements in critical care)
found a similar mortality in participants transfused at a restrictive
trigger of less than 7 g/dL compared with a liberal trigger of less
than 10 g/dL (Hébert 1999). Since the last review (Carson 2012b),
the number of participants enrolled in trials has doubled from 6264
to 12,587. Therefore, there is a need to update this systematic
review to ensure that new guidelines continue to be based on the
most recent literature reporting on the eGectiveness and safety of
RBC transfusion.

The purpose of the review was to identify, appraise, and summarize
the data from all randomized controlled trials (RCTs) that studied
the clinical impact of varying thresholds for transfusion with
RBCs. We were particularly interested in whether the results of
RCTs support the trend for increasingly restrictive RBC transfusion
practices across all patient groups and if RBC transfusions can be
withheld in some circumstances without harming patients.

O B J E C T I V E S

The aim of this review was to compare 30-day mortality and other
clinical outcomes in participants randomized to restrictive versus
liberal red blood cell (RBC) transfusion thresholds (triggers) for
all conditions. The restrictive transfusion threshold uses a lower
haemoglobin level to trigger transfusion (most commonly 7 g/dL
or 8 g/dL), and the liberal transfusion threshold uses a higher
haemoglobin level to trigger transfusion (most commonly 9 g/dL to
10 g/dL).

M E T H O D S

Criteria for considering studies for this review

Types of studies

To examine the evidence for the eGect of transfusion thresholds
on the use of red blood cell (RBC) transfusions and the evidence
for any change in clinical outcomes, we included randomized
controlled trials if the comparison groups were assigned on the
basis of a transfusion 'threshold' (also known as a 'trigger'),
defined as a haemoglobin or haematocrit level (with or without
a specified level of haemodynamic instability) that had to be
reached before a RBC transfusion was administered. We required
that control group participants had to have been either transfused
with allogeneic or autologous red blood cells, or both, at higher
haemoglobin or haematocrit levels (transfusion threshold) than
the intervention group, or transfused in accordance with current
transfusion practices, which may not have included a well-defined
transfusion threshold, but involved liberal rather than restrictive
transfusion practices. We excluded trials that were not designed to
include any clinical outcomes relevant to this review.

Types of participants

We included trials of surgical or medical participants, involving
adults or children, or both. We excluded studies enrolling neonates,
given the distinct pathophysiology and clinical features of anaemia.

Types of interventions

The intervention considered was the use of transfusion thresholds
('triggers') as a means of guiding allogeneic or autologous
RBC transfusion, or both. A liberal transfusion threshold most
oOen refers to administration of blood transfusion when the
haemoglobin level falls below 9 g/dL to 10 g/dL. A restrictive
transfusion threshold most oOen refers to administration of blood
transfusion when the haemoglobin level falls below 7 g/dL to 8 g/
dL.

Types of outcome measures

Primary outcomes

In contrast to prior versions of this systematic review, the primary
outcome for this analysis was 30-day mortality. The primary
outcome was changed because mortality is a more clinically
relevant outcome and the number of participants enrolled in
trials provided suGicient power to examine this outcome. Sample
size calculations assuming baseline 30-day mortality of 9% for
restrictive transfusion, 90% power, alpha level of 0.05, indicate that
to detect a 15%, 20%, or 25% relative decrease in mortality with the
use of liberal transfusion, a study needs to enrol 17,500, or 9600, or
6000 participants, respectively.

Secondary outcomes

Other time periods we examined for mortality included: during
hospital admission, at 90 days, and long term (median follow-
up of 3.1 years). We compared RBC transfusion use between the
groups (listed below for the morbidity outcome) by proportion
of participants exposed to transfusion, participants exposed to
allogeneic or autologous transfusion, units of blood transfused,
and units of blood transfused in those receiving any transfusion.
We evaluated morbidity that occurred during hospitalisation,
including cardiac events (composite of myocardial infarction,
cardiac arrhythmias, cardiac arrest, pulmonary oedema, and
angina), non-fatal and fatal myocardial infarction, congestive heart
failure, cerebral vascular accident (stroke), rebleeding, infection,
thromboembolism, renal failure, mental confusion, function, and
fatigue. Infection was defined in three ways: sepsis or bacteraemia,
pneumonia alone, or pneumonia plus wound infection. We defined
all morbidity outcomes according to their definitions in the
individual trials.

As this review is an update, we have continued to include some
of the secondary outcomes for historical reasons. As stronger
evidence is accrued, we feel that in future updates of this review,
some of these outcomes may need to be modified or omitted.

Search methods for identification of studies

Electronic searches

We searched the following databases and ongoing trial registries:

• the Cochrane Central Register of Controlled Trials (CENTRAL;
2016, Issue 4) in the Cochrane Library;

• MEDLINE via OvidSP (from 1946 to 27 May 2016);

• Embase via OvidSP (from 1974 to 27 May 2016);

• PubMed (for Epublications ahead of print only, on 27 May 2016);

• Transfusion Evidence Library
(www.transfusionevidencelibrary.com, 1950 to 27 May 2016);
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• Web of Science Conference Proceedings Citations Index (CPCI-S,
1990 to 27 May 2016);

• US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov; searched to 27 May
2016); and

• World Health Organization International Clinical Trials Registry
Platform (apps.who.int/trialsearch; searched to 27 May 2016);

• ISRCTN Registry (www.isrctn.com; searched to 27 May 2016).

We combined searches in MEDLINE and Embase with adaptations
of the Cochrane randomized controlled trial (RCT) search filter as
detailed in Chapter 6 of the Cochrane Handbook for Systematic
Reviews of Interventions (Lefebvre 2011). We did not restrict our
search by date, language, or publication status. We present the
search strategies for this update and the ongoing trial registries
in Appendix 1 and Appendix 2 respectively. We present search
strategies for the 2012 update in Appendix 3.

Searching other resources

We checked the references of all identified trials, relevant review
articles, and current treatment guidelines for further literature. We
limited these searches to the 'first-generation' reference lists, i.e.
reference lists of papers retrieved directly by the database searches.

We contacted experts in the field to identify information relevant
to the review. Where possible and when necessary, we contacted
authors of published studies for clarification of trial methodology
and data. We emailed all authors of trials that did not report our
primary outcome of 30-day mortality, but this was not possible
for older trials where contact information was not available. We
searched the reference lists of relevant reviews and transfusion
trials.

Data collection and analysis

Selection of studies

Two authors (JLC and SS) independently screened the titles
or abstracts of the search results, or both, and selected trials
that met the inclusion criteria. We resolved disagreements by
discussion until we reached consensus. We identified trials in which
participants were randomized to a restrictive transfusion strategy
(transfusion threshold or protocol, or both) or to a control group
that was randomized to a liberal transfusion strategy.

Data extraction and management

Previously, JLC and Paul Carless (prior author) extracted all the data
for the earlier versions of this review. For this 2016 update, using
a data extraction form, JLC and SS independently extracted study
characteristics and outcomes of new trials since the last review.
Information recorded on the extraction form included study type,
methodology descriptions, the presence of a transfusion threshold,
transfusion protocol, the type of surgery involved, clinical setting,
treatment outcomes, and general comments. JLC then entered
data into Review Manager 5 (Review Manager 5a); NR checked data.
We contacted authors of trials to request missing data.

We used a data extraction form to record data on the
following outcomes: the number of participants exposed to
allogeneic blood, the amount of allogeneic blood transfused,
the number of participants receiving any transfusion (allogeneic
blood, autologous blood, or both). For trials involving surgical

participants, we recorded the following outcomes: postoperative
complications (infection, haemorrhage, non-fatal myocardial
infarction, cardiac events, renal failure, stroke, thromboembolism,
pulmonary oedema, mental confusion), mortality, and length
of hospital stay (not reported in the review). We recorded
data for blood loss and haemoglobin and hematocrit levels
(on admission, pre- and post-transfusion, and at discharge). We
recorded information regarding demographics (age, sex), type of
surgery, and medical condition on the data extraction form. We
extracted data for allogeneic blood transfusion if it was expressed
as packed RBCs. We documented information regarding the use of
fresh frozen plasma or platelets, or both.

Assessment of risk of bias in included studies

We used the Cochrane tool for assessing risk of bias as described
in section 8.5 of the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011).

JLC and SS assessed the following domains for each study:

• sequence generation;

• allocation concealment;

• blinding;

• incomplete outcome data;

• selective outcome reporting; and

• other potential sources of bias.

We completed a 'Risk of bias' table for each study, incorporating a
description of the study's performance against each of the above
domains and our overall judgement of the risk of bias for each entry
as follows: 'low', 'unclear' (indicating unclear or unknown risk of
bias), or 'high' risk of bias.

Measures of treatment e=ect

We calculated the risk ratio (RR) for allogeneic blood transfusion in
the intervention group compared with the control group and the
corresponding 95% confidence intervals (CI) for each trial using a
random-eGects model (Der Simonian 1986). We adopted a similar
approach for other outcomes of transfusion. We also entered the
mean number of units of RBCs transfused to each group and the
corresponding standard deviations. We used the mean diGerence
(MD) and 95% CI to express the average mean reduction in the
number of units of RBC administered to the intervention group
compared with the control group. When the event rate was low, we
considered using the Peto odds ratio when criteria for this method
were fulfilled.

Unit of analysis issues

The unit of analysis was the participant. In all of the trials except
one (Jairath 2015), randomisation was at the individual participant
level. In one trial in people with gastrointestinal bleeding (Jairath
2015), the randomisation was at the level of the hospital (cluster),
but the analysis occurred at the level of the individual participant.
The intraclass correlation coeGicient (ICC) was very low (0.0001)
for the outcome of mortality, and we therefore included the
data considering the participant as the unit of randomisation
and ignoring the clustering, but performed a sensitivity analysis
excluding this trial, to see what eGect, if any, it had on the analysis.
We did not evaluate any outcomes with repeated measures.
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Dealing with missing data

We performed all analyses on an intention-to-treat basis. We
imputed no missing data. We received information on 30-day
mortality from three authors (DeZern 2016; Villanueva 2013; Webert
2008). The levels of missing data were acceptable.

Assessment of heterogeneity

We examined statistical heterogeneity using both the I2 statistic and
Chi2 test. The I2 statistic describes the percentage of total variation
across studies due to heterogeneity rather than chance. A value of
0% indicates no observed heterogeneity, and larger values show
increasing heterogeneity; moderate or substantial heterogeneity is
considered to exist when the I2 exceeds 50% or 85% respectively
(Higgins 2011). For the Chi2 test, we used a P value of < 0.10
to indicate the presence of statistically significant heterogeneity.
Because of the anticipated significant clinical heterogeneity of the
trials, we analyzed data using a random-eGects model. We also
anticipated a high level of heterogeneity related to transfusion rates
because practice in the diGerent specialties of the trials would vary
considerably according to speciality-specific protocols. Therefore,
as described later, we chose to provide a summary statistic for the
outcomes of transfusion even when I2 was very high, because of the
clinically relevant information it provides.

Assessment of reporting biases

When there were more than 10 studies available, we examined
funnel plots for the primary outcome of 30-day mortality and the
proportion of participants transfused for evidence of publication
bias. We used the proportion of participants transfused because
all trials reported this outcome, and it may reflect overall risk
of publication bias better than 30-day mortality, which was not
reported in all of the trials.

Data synthesis

We performed all analyses using Review Manager soOware (Review
Manager 5a). We entered data for the numbers of participants
exposed to allogeneic blood and the numbers of participants
in each treatment group into Review Manager. When studies
presented transfusion volume as millilitres (mL), we converted
these amounts to units by dividing by 300. We converted studies
reporting haematocrit to haemoglobin concentration by dividing
by three. We pooled the data for all outcomes and presented data
stratified by subgroups for the primary outcome of 30-day mortality
and proportion of participants transfused. We used Peto odds ratios
for the outcomes with event rates less than 1%. For continuous
variables, we estimated the pooled mean diGerence and 95% CI
using the generic inverse variance method.

Subgroup analysis and investigation of heterogeneity

The prespecified subgroups evaluated were clinical specialties
(acute blood loss/trauma, cancer, cardiac surgery, critical care,
orthopaedic surgery, myocardial infarction, vascular surgery, and
haematological malignancies). We examined 30-day mortality and
the proportion of participants exposed to transfusion stratified
by the transfusion threshold (diGerence between the liberal and
restrictive transfusion thresholds: > 2 g/dL and < 2 g/dL) and
restrictive transfusion threshold of less than 7 g/dL versus one
of 8 g/dL to 9 g/dL. We also examined a post hoc subgroup of
participants enrolled with myocardial infarction compared with
all other clinical specialties, and we combined cardiac surgery

with myocardial infarction because of emerging evidence that
participants with acute myocardial infarction might diGer from
other anaemic participants (Carson 2013).

Where appropriate, as part of the exploration for clinical
heterogeneity, we distinguished between adult and paediatric
trials, for example, in analysis of the quantity of blood transfused
(as this would not be directly comparable between adults and
children), or in clinical settings where the widely used paediatric
transfusion protocols diGer.

For the primary outcome, we also compared findings between
registered and unregistered trials.

Sensitivity analysis

We performed a sensitivity analysis to assess the eGects of studies
with a high risk of bias for allocation concealment and blinding of
outcome assessment for the primary outcome only, as in earlier
versions of the review, sensitivity analyses for secondary outcomes
were not informative.

'Summary of findings' tables

We have presented the judgements about the quality of
the evidence in a 'Summary of findings' table (according to
guidelines developed by the GRADE Working Group) (Schünemann
2011). This table includes the following outcomes: number of
people receiving blood transfusions, 30-day mortality, myocardial
infarction, congestive heart failure, cerebrovascular accident
(stroke), rebleeding, pneumonia, and thromboembolism.

R E S U L T S

Description of studies

Results of the search

In the first published version of this review (Hill 2002), we ran
searches to 1999 and identified 10 included studies and one
excluded study. We conducted the first update search in November
2004 but did not identify any new studies at the time. We conducted
additional searches in 2009 and 2011 and identified nine new
included studies. In the last published version (Carson 2012b), we
included a total of 19 studies, excluded one study, listed one as
awaiting classification, and identified two ongoing studies.

We conducted the most recent searches in April 2015, December
2015 and May 2016, which together retrieved 5727 records. AOer
deduplication and screening, we identified 16 new, potentially
relevant studies (Figure 1). On closer inspection two of these
were new reports of studies already included in the 2012
review (So-Osman 2013 and Villanueva 2013), one was previously
awaiting classification (Cooper 2011), and two were previously
listed as ongoing (Carson 2013/NCT01167582; Murphy 2015/
ISRCTN70923932).

For this latest update we considered a total of 35 studies for
inclusion; 14 new studies from searches run to May 2016 and 17
studies already included in the review. We excluded a total of
four studies (two of these, Fortune 1987 and Zygun 2009, were
previously included in the 2012 version of the review).

We also performed a search of the international trial registers in
May 2016 and identified a further 11 studies of interest; nine are
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ongoing and two are completed but unpublished, so we have listed these as awaiting classification. Further updates of this review will
incorporate the results of these studies (as appropriate).
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Figure 1.   PRISMA Flow Diagram
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Figure 1.   (Continued)

 
Included studies

Participants

Thirty-one studies were eligible for inclusion in this review. The
clinical settings were varied: 10 studies were in orthopaedic surgery
(Carson 1998; Carson 2011; Fan 2014; Foss 2009; Gregersen 2015;
Grover 2005; Lotke 1999; Nielsen 2014; Parker 2013; So-Osman
2013); six were in critical care (de Almeida 2015; Hébert 1995;
Hébert 1999; Holst 2014; Lacroix 2007; Walsh 2013); five were in
acute blood loss or trauma (Blair 1986; Fisher 1956; Jairath 2015;
Prick 2014; Villanueva 2013); five were in cardiac surgery (Bracey
1999; Hajjar 2010; Johnson 1992; Murphy 2015; Shehata 2012); two
were in acute coronary syndrome (Carson 2013; Cooper 2011); two
were in leukaemia and haematological malignancies (DeZern 2016;
Webert 2008); and one was in vascular surgery (Bush 1997). One
trial dealt with paediatric participants (Lacroix 2007).

Interventions

There was considerable variation in the definition of restrictive
transfusion strategies specified in the protocols. These varied from
7.0 g/dL to 9.7 g/dL, with two further trials specifying haematocrit
values of 25% or 30% (equivalent to haemoglobin levels of
around 8 g/dL and 10 g/dL respectively). One trial administered
blood for symptoms of anaemia (Parker 2013); and in another
trial in postpartum haemorrhage (included in the acute blood
loss or trauma grouping), no transfusion was administered in
the restrictive group (Prick 2014), although red blood cell (RBC)
transfusion was permitted for severe symptoms of anaemia or if
physicians believed it was indicated. The liberal transfusion triggers
varied: 100% of 'normal red cell volume' (Fisher 1956); two units
of blood irrespective of clinical state (immediately in one trial
(Blair 1986), postoperatively in another (Lotke 1999)); transfusion
suGicient to maintain haemoglobin levels at or above 12 g/dL
(Webert 2008), 11.3 g/dL (Gregersen 2015), 10 g/dL (Bush 1997;
Carson 1998; Carson 2011; Carson 2013; Foss 2009; Grover 2005;
Hébert 1995; Hébert 1999; Hajjar 2010; Jairath 2015; Parker 2013),
9.5 g/dL (Lacroix 2007; Shehata 2012), 9 g/dL (Bracey 1999; de
Almeida 2015; Holst 2014; Murphy 2015; Villanueva 2013; Walsh
2013), 8.9 g/dL (Prick 2014), and 8 g/dL DeZern 2016. Three trials

specified the liberal triggers as haematocrit levels of 32%, Johnson
1992, and 33%, Cooper 2011.

Trial design

In 34 out of 35 trials, the participant was the unit of randomisation
and analysis. One trial used cluster randomisation by hospital
(Jairath 2015). Ten trials included more than 100 participants. Four
trials included over 900 participants (Carson 2011; Holst 2014;
Jairath 2015; Murphy 2015). This systematic review included a total
of 12,587 trial participants.

Excluded studies

From the earlier searches, we excluded one trial confined to
participants with sickle cell disease, because the trigger was
based on the level of sickle haemoglobin, not the haemoglobin or
haematocrit level (Vichinsky 1995).

We excluded two trials included in earlier versions of this review
(Fortune 1987; Zygun 2009), because they were not designed to
evaluate clinical outcomes relevant to this review.

From the most recent searches, we excluded one trial because
participants received concomitant erythropoietin (Robertson
2014), and hence, it did not fulfil the inclusion criteria.

Studies awaiting classification

Brief details of two completed but unpublished studies are shown
in the Studies awaiting classification section.

Ongoing studies

Brief details of nine ongoing studies identified by searching the
international trial registers to May 2016 are shown in the Ongoing
studies section.

Risk of bias in included studies

The 'Risk of bias' tables detail the performance of the studies for
each domain and are summarised in Figure 2 and Figure 3.
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Figure 2.   'Risk of bias' graph: review authors' judgements about each 'Risk of bias' item presented as percentages
across all included studies. Thirty studies are included in this review.
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Figure 3.   'Risk of bias' summary: review authors' judgements about each methodological quality item for each
included study.
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Figure 3.   (Continued)

 
Allocation

Sequence generation

We found low risk of bias for 20 trials, eight of which used computer
randomisation and one of which used a table of random numbers
to generate the allocation sequence for the participants. Another
11 trials used a variety of low-risk methods. Two trials based
the randomisation sequence on hospital record number, and we
judged them to be at high risk of bias, while the remaining nine
trials presented insuGicient information to assess the adequacy of
sequence generation, so we rated them as unclear.

Allocation concealment

We judged the risk of bias for this item to be low for 21 trials
that used central allocation or sealed envelopes if appropriate
safeguards (e.g. sequentially numbered envelopes) were used. We
judged three trials to be at a high risk of bias; one of these trials
used a cluster design, so everyone in hospital knew to which group
all participants had been assigned (Jairath 2015). We rated seven
studies as unclear because the publications did not provide any
information about how allocation was concealed.

Blinding

Performance bias

The nature of the intervention means that blinding of clinicians
involved in the care and administration of blood transfusions would
not have been feasible. The extent to which this could have biased
the results is unclear, but we rated 28 trials as being at unclear risk
of bias for this domain. One trial reported that participants were
blinded to treatment (Foss 2009). Thus, we have rated this study
as being at low risk of bias for this domain. We rated one study as
being at high risk because in a cluster design everyone knows the
assigned group or cluster (Jairath 2015).

Detection bias

Outcomes are optimally assessed when assessors are blinded
to assignment. It is possible to blind the assessment of many
outcomes by using, for example, an adjudication committee. In
contrast, for some outcomes such as death, blinded assessment
is less useful. Since most trials evaluated multiple outcomes, it is
possible that the potential bias for the assessment of one outcome
would diGer to that for another outcome. We classified risk of bias
on the basis of the primary outcome of the trial. We judged the risk
of bias to be low for 15 studies, high for three, and uncertain for 13
trials.

Incomplete outcome data

We rated 24 trials as being at low risk of bias for this domain
as they either had no missing data or performed intention-to-
treat analyses. Five trials reported a small number of exclusions,
although the extent to which this may have introduced bias is
uncertain; thus, we rated these trials as unclear. In two trials, the
risk was high.

Selective reporting

We could not find any evidence of reporting bias. Although we did
not have access to the trial protocols for the majority of trials, the
results for the primary and secondary outcomes, as described in
the methods sections of each trial, appeared clearly and concisely
reported. Trial protocols were available for the trials with which
the authors of this review had some degree of involvement (Carson
1998; Carson 2011; Hébert 1995; Hébert 1999; Lacroix 2007). We did
communicate with one author who provided 30-day mortality data
(Villanueva 2013).

Other potential sources of bias

We identified no other sources of bias.
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E=ects of interventions

See: Summary of findings for the main comparison

There was substantial variation in the completeness of all review
outcomes across the included trials. All of the trials contributed to
the analysis comparing the proportion of participants transfused
in the liberal and restrictive transfusion groups. Despite the
heterogeneity in the methods and transfusion triggers reported in
these randomized trials, it was possible to pool data, to varying
degrees, for each of the review outcomes. See Summary of findings
for the main comparison.

Primary outcome

Thirty-day mortality

Thirty-day mortality is the primary outcome, and 23 trials reported
data (N = 10,537 participants). There was no diGerence in the 30-day
mortality between restrictive and liberal transfusion strategies (risk
ratio (RR) 0.97, 95% confidence interval (CI) 0.81 to 1.16; Analysis
1.1). Heterogeneity between these trials was not significant (Chi2 =
29.75, df = 21 (P = 0.10); I2 = 29%). The funnel plot demonstrates
that the risk ratio for 30-day mortality is symmetrically distributed,
which indicates that there is not likely to be publication bias for this
outcome (Figure 4).

 

Figure 4.   Funnel plot of comparison: 1 Mortality, outcome: 1.1 30-day mortality.

 
Subgroup analysis of 30-day mortality: restrictive threshold of 8 g/dL
to 9 g/dL versus 7 g/dL

We examined 30-day mortality and stratified it by the restrictive
transfusion threshold used in the trials. Fourteen trials, with 4772
participants, used a restrictive threshold of 8 g/dL to 9 g/dL. The
risk ratio for 30-day mortality was 1.05 (95% CI 0.78 to 1.40). Nine
trials, with 5765 participants, used a 7 g/dL restrictive threshold
(Analysis 1.2). The risk ratio for 30-day mortality was 0.94 (95% CI
0.74 to 1.19). The test for subgroup diGerences was not significant
(Chi2 = 0.34, df = 1 (P = 0.56); I2 = 0%), indicating that there was no
diGerence in the mortality risk between the two thresholds.

Subgroup analyses of 30-day mortality: clinical specialty

We examined 30-day mortality and stratified it by the clinical
speciality used in the trials: cardiac surgery, orthopaedic surgery,
vascular surgery, acute blood loss or trauma (analyses for

this grouping for 30-day mortality included gastrointestinal (GI)
bleeding only), critical care, acute myocardial infarction, or
haematological malignancies. The overall risk ratio for 30-day
mortality stratified by clinical specialty was 0.97 (95% CI 0.81 to
1.16; Analysis 1.3). The test for diGerences in 30-day mortality
between the subgroups was not significant (Chi2 = 9.78, df = 6 (P =
0.13); I2 = 38.6%).

In two trials that reported mortality at 30 days in 2221 participants
with acute blood loss or trauma (GI bleeding), the mortality was
significantly lower using the restrictive strategy compared with the
liberal strategy (RR 0.65, 95% CI 0.43 to 0.97; Analysis 1.3).

Two trials recruited 154 participants who had acute myocardial
infarction and evaluated mortality aOer random allocation; for this
subgroup, the mortality risk was higher in the restrictive strategy
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group than in the liberal strategy group (RR 3.88, 95% CI 0.83 to
18.13). We carried out a post hoc subgroup analysis that compared
the 30-day mortality in the two trials that included 154 acute
myocardial infarction participants versus all other participants, but
found no diGerences. The P value for subgroup diGerences was 0.08
(Chi2 = 3.09, df = 1; I2 = 67.6%; Analysis 1.4). Although we observed
a very high risk ratio for the myocardial infarction participants (RR
3.88), the two included studies were very small, and hence, the
pooled estimate is not robust.

In a separate subgroup, we combined five trials, with
3096 participants, those with myocardial infarction and those
undergoing cardiac surgery; the risk ratio for 30-day mortality was
1.28 (95% CI 0.80 to 2.06; Analysis 1.5), and there was very little
heterogeneity (I2 = 12%).

Subgroup analysis of 30-day mortality: registered versus unregistered
trials

Six of the included trials were not registered and were all conducted
before 2000. This was expected, since more recent initiatives for
research transparency dictate that all trials should be registered.
There were no diGerences in the 30-day mortality between the
registered and unregistered trials (Analysis 2.1).

Sensitivity analysis

There were no diGerences in 30-day mortality between trials with
low versus unclear or high risk of bias in two bias domains,
i.e. allocation concealment and blinding of outcome assessment
(Analysis 3.1 and Analysis 4.1 respectively).

Secondary outcomes

Mortality at other time intervals

We analyzed mortality at hospital discharge (N = 5107, 10 trials;
Analysis 5.1), 90 days (N = 3485, four trials; Analysis 5.2), and long
term (N = 2016, one trial). There were no diGerences in mortality
between transfusion strategies at each of the time points (mortality
at hospital discharge: RR 0.86, 95% CI 0.73 to 1.01, Chi2 = 8.67, df =
8 (P = 0.37); I2 = 8%; 90-day mortality: RR 1.15, 95% CI 0.95 to 1.40,
Chi2 = 3.76, df = 3 (P = 0.29); I2 = 20%). In the one trial reporting
long-term mortality (Carson 2013), the hazard ratio was 1.09 (95%
CI 0.95 to 1.25; P = 0.21). The results of mortality analyses at hospital
discharge, 90 days, and long term are consistent with the results for
mortality at 30 days.

Blood transfusions

Historically, exploration of diGerences in the proportion of
participants transfused has been the analysis of preference in
earlier versions of this Cochrane Review. As indicated in the
Methods, we anticipated high levels of heterogeneity in the analysis
of transfusion outcomes, for several reasons. In particular, standard
'control' rates of transfusion practice are very variable across
the clinical specialties in which trials were identified for this
update. These diGering rates of transfusion policy reflect practice
defined in speciality guidelines and recommendations. It is usually
recommended that pooled estimates are not presented when

there is such high heterogeneity. However, we have chosen to
present the pooled results here, and our further justification for
presenting these results for transfusion outcomes is presented in
the Discussion.

Proportion of participants transfused

This analysis demonstrates the diGerence in the proportion of
participants transfused in the liberal and restrictive arms of the
trials. Data on the proportion of transfused participants were
available from 31 trials (12,547 participants). The implementation
of a restrictive transfusion trigger across all trials reduced the
relative risk of receiving a RBC transfusion by 43% (RR 0.57, 95% CI
0.49 to 0.65; Analysis 6.1). Heterogeneity between these trials was
large and significant (Chi2 = 948.58, df = 30 (P < 0.00001); I2 = 97%).

The proportion of participants transfused in the liberal and
restrictive arms of the trials were very diGerent across the diGerent
clinical specialities, with the largest diGerence evident in the
subgroup of participants with acute blood loss (Analysis 6.2). The
test for subgroup diGerences was significant: Chi2 = 175.97, df = 6
(P < 0.00001); I2 = 96.6%. The acute blood loss/trauma subgroup
included diverse underlying illnesses for haemorrhage, including
comorbidities. For example, Prick 2014 recruited young (otherwise
healthy) women with postpartum haemorrhage, while Jairath
2015 enrolled older participants with gastrointestinal bleeding,
characterised by many comorbidities. Prick 2014 contributed to
a large extent to the high heterogeneity in this subgroup, and
temporarily removing it from the analysis reduced heterogeneity
to 77%. By contrast, participants enrolled in the subgroup of
cardiac surgery trials demonstrated less variability in risk of
transfusion across trials, and in this subgroup, we observed no
heterogeneity. In the subgroup of critical care trials, the high
heterogeneity (I2 = 88%) was substantially reduced to 35% by
temporarily removing the paediatric trial (Lacroix 2007). This
sensitivity analysis, although post hoc, highlights how transfusion
policies in this setting diGered from adult protocols in a critical care
setting.

The relative risk of transfusion was higher when the diGerences in
haemoglobin transfusion thresholds between the restrictive and
liberal transfusion arms were 2 g/dL or more, compared with those
in which the diGerence was less than 2 g/dL (test for overall eGect:
Z = 2.17 (P = 0.03); Analysis 6.3).

There was no diGerence in the proportion of participants transfused
between trials that used a restrictive transfusion threshold of 8 g/
dL to 9 g/dL versus less than 7 g/dL (test for subgroup diGerences:
Chi2 = 0.13, df = 1 (P = 0.72); I2 = 0%; Analysis 6.4).

The funnel plot for the proportion of participants transfused
displays a grouping of trials with a risk ratio around 0.5 for receiving
a transfusion in the restrictive transfusion arm (Figure 5), which
is consistent with the overall observation that participants in the
restrictive arm were transfused approximately half as oOen as those
in the liberal arm. As expected, there were no studies in which
participants in the restrictive arm were transfused more than the
liberal arm.
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Figure 5.   Funnel plot of comparison: 2 Blood transfusions, outcome: 2.1 Participants exposed to blood transfusion
(all studies).

 
Quantity of RBCs transfused

Twelve trials reported the quantities of blood transfused. The use
of a restrictive transfusion trigger resulted in an average saving of
1.30 units of RBCs per transfused participant (mean diGerence (MD)
-1.30, 95% CI -1.85 to -0.75; Analysis 6.5). Heterogeneity between
these trials was, again, large and significant (Chi2 = 139.91, df = 11
(P < 0.00001); I2 = 92%).

Haemoglobin or hematocrit concentration

Sixteen trials reported the diGerence in haemoglobin or
haematocrit levels between the liberal and restrictive transfusion
arms. The timing of measurement varied. When we pooled data
(without regard to timing, which was consistent within studies),
participants assigned to a restrictive strategy had a haemoglobin
concentration on average 1.32 g/dL lower than participants
assigned to a liberal transfusion strategy (MD -1.32, 95% CI -1.64 to
-0.99; Analysis 7.1). Heterogeneity between these trials was large
and significant (Chi2 = 867.08, df = 15 (P < 0.00001); I2 = 98%).

Clinical outcomes

Cardiac events

Nine trials reported data on postenrolment cardiac events in 4849
participants. The risks of cardiac events (myocardial infarction,
cardiac arrhythmias, cardiac arrest, pulmonary oedema, and
angina) were not increased by the use of restrictive transfusion
strategies (RR 1.04, 95% CI 0.79 to 1.39; Analysis 8.1). Heterogeneity
between these trials was moderate and significant (Chi2 = 21.25,

df = 8 (P = 0.0007); I2 = 62%). It is possible that participants were
counted in more than one category of this composite outcome
because these disorders are clinically inter-related (for example,
a participant could have angina that might lead to pulmonary
oedema).

Myocardial infarction

Sixteen trials reported the outcome data on myocardial infarction
(fatal and non-fatal) in 8303 participants aOer random allocation to
the liberal or restrictive transfusion arms. There was no diGerence
between the restrictive and liberal transfusion strategies (RR 1.08,
95% CI 0.74 to 1.60; Analysis 8.2). There was no evidence of
heterogeneity between trials (Chi2 = 16.63, df = 15 (P = 0.34); I2 =
10%).

Congestive heart failure

Twelve trials reported data for congestive heart failure in 6257
participants. There was no significant diGerence between the
restrictive and liberal transfusion strategies (RR 0.78, 95% CI 0.45 to
1.35; Analysis 8.3). Heterogeneity between the trials was moderate
and significant (Chi2 = 20.98, df = 10 (P = 0.02); I2 = 52%).

Cerebrovascular accident: stroke

Thirteen trials reported data for stroke in 7343 participants. There
was no diGerence between transfusion strategies (RR 0.78, 95% CI
0.53 to 1.14; Analysis 8.4). Heterogeneity between the trials was not
significant (Chi2 = 9.28, df = 12 (P = 0.67); I2 = 0%).
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Rebleeding

Six trials reported data for rebleeding in 3108 participants. There
was no diGerence between the restrictive and liberal transfusion
strategies (RR 0.75, 95% CI 0.51 to 1.10; Analysis 8.5). Heterogeneity
between these trials was statistically significant (Chi2 = 11.95, df = 5
(P = 0.04); I2 = 58%). In participants with acute blood loss or trauma,
the risk of developing recurrent bleeding associated with restrictive
transfusion was about half that of liberal transfusion (RR 0.75, 95%
CI 0.51 to 1.10).

Sepsis/bacteraemia

Seven trials reported data for sepsis/bacteraemia in 3963
participants. There was no diGerence between the restrictive and
liberal transfusion strategies (RR 1.03, 95% CI 0.79 to 1.35; Analysis
8.6). Heterogeneity between these trials was not statistically
significant (Chi2 = 6.28, df = 5 (P = 0.28); I2 = 20%).

Pneumonia

Fourteen trials reported data for pneumonia in 6277 participants.
There was no diGerence between the restrictive and liberal
transfusion strategies (RR 0.94, 95% CI 0.80 to 1.11; Analysis 8.7).
Heterogeneity between these trials was not statistically significant
(Chi2 = 9.83, df = 13 (P = 0.71); I2 = 0.0%).

Pneumonia or wound infection

Fourteen trials reported data for infections in 9574 participants.
The definition of infection was pneumonia or wound infection.
There was no diGerence between the restrictive and liberal
transfusion strategies (RR 0.96, 95% CI 0.86 to 1.07; Analysis 8.8).
Heterogeneity between these trials was not statistically significant
(Chi2 = 19.00, df = 13 (P = 0.12); I2 = 32%). Combining pneumonia
with wound infections in the same analysis group has been the
norm historically, but this was primarily due to a lack of suGicient
data to separate these analyses. With the current number of trials
included in the review and the large amount of participants, we
had the ability to examine pneumonia separately rather than as
a composite with wound infection - and demonstrated that the
results are similar.

Thromboembolism

Ten trials reported data for thromboembolism in 4019 participants.
We calculated the risk ratio using the Peto method because the risk
of thromboembolism was less than 1%. There was no diGerence
between the restrictive and liberal transfusion strategies (RR 0.76,
95% CI 0.40 to 1.45; Analysis 8.9). Heterogeneity between these
trials was not statistically significant (Chi2 = 5.78, df = 9 (P = 0.76);
I2 = 0%).

Renal failure

Ten trials reported data for renal failure in 5929 participants.
There was no diGerence between the restrictive and liberal
transfusion strategies (RR 1.04, 95% CI 0.92 to 1.18; Analysis 8.10).
Heterogeneity between these trials was not statistically significant
(Chi2 = 9.13, df = 9 (P = 0.43); I2 = 1%).

Mental confusion

Six trials reported data for mental confusion in 1344 participants.
There was no diGerence between the restrictive and liberal
transfusion strategies (RR 0.92, 95% CI 0.65 to 1.30; Analysis 8.11).

Heterogeneity between these trials was not statistically significant
(Chi2 = 5.53, df = 5 (P = 0.36); I2 = 10%).

Functional recovery

Four trials reported functional outcomes in orthopaedic surgery
participants. The functional measures were diGerent in the trials,
and hence, we could not pool them into a meta-analysis, and only
the numerical values from each trial are presented in graphs. Death
or inability to walk at 30 days (RR 1.04, 95% CI 0.95 to 1.14) or 60
days (RR 0.99, 95% CI 0.87 to 1.11) was not significant between
transfusion strategies (Analysis 9.1 - pooled results not shown). No
other measures of function were reported as significant between
transfusion strategies in the single studies for each of the categories
(Analysis 9.2 - pooled results not shown).

D I S C U S S I O N

Summary of main results

We identified 31 randomized controlled trials that compared
outcomes in participants allocated to receive transfusions of
red blood cells (RBCs) at diGerent haemoglobin concentration
thresholds. These trials were undertaken between 1956 and
2016 and enrolled 12,587 participants across diverse patient
populations. In the past four years, the number of participants in
published trials evaluating transfusion thresholds has doubled.

The results of the meta-analyses indicated that restrictive
transfusion strategies led to a reduction of more than one-third
(43%) in the number of participants receiving at least one unit of
blood, a red blood cell (RBC) transfusion requirement that was
approximately 1.3 units lower, and a haemoglobin concentration
that was around 1.32 g/dL lower than in the liberal transfusion
groups. Most importantly, the meta-analyses provided no evidence
that restrictive transfusion policies harmed the participants or that
they benefited from the use of liberal transfusion policies, within
the parameters defined in the trials. Put another way, there was
no evidence of an impact on clinically important outcomes when
following a restrictive RBC transfusion policy compared with a
liberal RBC transfusion policy. These findings may encourage the
wider adoption of restrictive transfusion strategies, which would
contribute to preserving blood supply.

Given the significant increase (a doubling) in the number of
participants enrolled in transfusion threshold trials since this
Cochrane Review was last published, this review has suGicient
power to allow the primary outcome to be changed to 30-
day mortality. This increase also provided the opportunity
to explore subgroups of participants with diGerent underlying
diseases, to ascertain whether the eGects of RBC transfusion by
haemoglobin thresholds are consistent across clinical specialities.
This is important because there are pathophysiological reasons
to postulate why transfusion might impact clinical outcomes
diGerently in diGerent patient populations, due to factors such
as duration of anaemia (short term in critical illness versus long-
term transfusion dependence in bone marrow failure) or presence
or not of an underlying restriction in cardiac function. Overall,
across nearly all subgroups, the results indicated that risk of
death and other adverse events were not impacted by either
liberal or restrictive transfusion thresholds. Transfusion strategy
did not influence the risk of cardiovascular events, including
myocardial infarction, congestive heart failure, or stroke, although
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heterogeneity was observed in the trials that evaluated congestive
heart failure (P = 0.01; I2 = 57%).

In two subgroups of participant – those with acute blood loss
and those with acute myocardial infarction, mortality may be
influenced by a liberal or restrictive transfusion strategy, though the
test for diGerences in 30-day mortality between the subgroups was
not significant (P = 0.13; I2 = 41.2%). To be specific, in three trials (N
= 1522) in participants with gastrointestinal bleeding (included in
the acute blood loss or trauma grouping), a restrictive transfusion
strategy was associated with a 35% lower risk of 30-day mortality
than a liberal transfusion strategy. The mechanism responsible
for this significantly reduced risk of death may be due to a lower
risk of rebleeding under restrictive transfusion regimens (risk ratio
(RR) 0.65, 95% confidence interval (CI) 0.43 to 0.97; Analysis 1.3.4).
The reason for this eGect is not known, but may reflect higher
vascular pressures following transfusion in the liberal transfusion
group compared with the restrictive transfusion group. Participants
enrolled with acute myocardial infarction constituted the other
subgroup with apparently diGerent results for 30-day mortality.
Two small trials included these participants (N = 154) for which the
30-day mortality was 3.88 times higher in the restrictive transfusion
group than in the liberal transfusion group (95% CI 0.83 to 18.13).
These findings only provide a signal, since the results were not
statistically significant and were based on a small number of
participants.

Studies that used a restrictive threshold of 7 g/dL enrolled
approximately half of the trial participants, and the other half used
8 g/dL as the restrictive threshold for transfusion. Most participants
in the 7 g/dL restrictive transfusion threshold trials were based
in critical care settings. The specialties were more varied in trials
that tested an 8 g/dL restrictive transfusion threshold and included
orthopaedic and cardiac surgery, gastrointestinal bleeding, and
acute myocardial infarction. However, there was no apparent
diGerence in the risk of death at 30 days between the two strata.

We compared 30-day mortality in trials where the diGerence
between the liberal and restrictive transfusion thresholds was at
least 2 g/dL with those trials where the diGerence was less than 2 g/
dL. Again, there was no evidence of dose-eGect of RBC transfusion
by diGerent trigger levels of haemoglobin concentration on clinical
outcomes.

In this review, we compared the risk of infection in three ways
but did not find evidence of a reduced risk of infection associated
with restrictive transfusion. We combined pneumonia with wound
infection (because they were the most common infections) and
also examined sepsis or bacteraemia, and pneumonia (alone);
the comparative risks of infection between the two transfusion
strategies were nearly identical for all of these analyses. These
results varied significantly from our prior analyses that had
reported an elevated risk of infection in the liberal transfusion
group (Rohde 2014). The change may be due to the incorporation
of information from a recently reported cardiac surgery trial that
had a large number of infections distributed equally between the
liberal and restrictive transfusion strategies (Murphy 2015). Future
trials may contribute to the power needed to examine subgroups.

Four trials assessed functional recovery, which used diGerent
measures, so meta-analysis was not appropriate.

Overall completeness and applicability of evidence

With the expanding number of trials, the completeness of the
evidence is increasing, and clinical trials have now evaluated
many of the most common clinical specialities in which RBCs
are transfused. Thus, the findings from this review are widely
applicable to most clinical subgroups. However, we lack knowledge
about the safety of diGerent transfusion thresholds in groups
of patients who frequently receive transfusion, but trials have
not included. These understudied groups include those people
with acute coronary syndrome, myocardial infarction, neurological
injury/traumatic brain injury, acute neurological disorders, stroke,
thrombocytopenia, cancer, haematological malignancies, and
bone marrow failure.

Quality of the evidence

Overall, the quality of the evidence across the trials is good
and shows improvement over time. The number of trials and
participants enrolled has increased substantially, and the precision
of the eGect of transfusion has improved since the 2012 update
of this review. We found relatively little heterogeneity for each
clinical outcome across all analyses. However, we observed a
significant amount of heterogeneity in the analyses evaluating the
proportion of participants transfused, quantity of RBCs transfused,
and diGerences in haemoglobin/haematocrit concentrations. It is
conventional practice not to pool studies when there is such a
large amount of heterogeneity; however, we chose to present the
pooled results for these transfusion outcomes for several reasons.
Firstly, the impact of restrictive transfusion on the proportion
of participants transfused only varied by the magnitude of the
reduction in transfusion, not the direction. In all of the trials,
participants in the restrictive transfusion group received fewer
transfusions, although the amount varied because the transfusion
protocols were diGerent and the clinical specialties required
diGerent frequencies of transfusion. Secondly, we expected the
heterogeneity because of the variety of specialities for the clinical
trials, including age; degree of comorbidities; and importantly,
the policies for standard transfusion practice, which in turn
reflect speciality-specific guidelines and recommendations. At
one extreme, nearly all participants, if not all, with leukaemia
and cancer were transfused (DeZern 2016). Transfusion risk in
participants in critical care, Hébert 1995; Hébert 1999; Lacroix 2007,
or with acute blood loss, Villanueva 2013, was about 50% at the
time of the studies.

In summary, we have chosen to present the pooled results for
outcomes of transfusion because we are evaluating the eGect of
restrictive transfusion practice, and all study estimates for changes
in transfusion are consistently in the same direction, and the
substantial heterogeneity reflects the diversity in the strength of
the estimates, rather than the eGicacy of the policy. The reasons
for the diversity in the strength of the trial estimates lies in the
known and expected clinical specialities and the diGerent practice
guidelines used by diGerent specialties. The subgroup explorations
for transfusion outcomes reported earlier demonstrated these
diGerences. The recognised diGerences in transfusion risk and
amount by clinical specialities are a further justification for the
more detailed analysis of all outcomes by clinical subgroups in this
review, which we prespecified.
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Potential biases in the review process

We performed extensive searches in an attempt to identify all
eligible trials irrespective of publication status. Inspection of the
funnel plots did not identify a major risk of publication bias (Figure
4; Figure 5).

'Risk of bias' evaluations revealed varying methodological issues
between trials. We applied Cochrane methodology for defining
high or low risk of bias to all trials, but acknowledged a number
of challenges, including how to assign a single level of bias
for multiple outcomes, for example, incomplete data or blinding
(masking). Blinding the use of transfusion at the bedside is diGicult
to achieve unless study personnel are assigned to each participant,
which would be an expensive procedure. The importance of
blinding will diGer according to the choice of primary trial outcome.
For example, mortality is a hard endpoint and less open to bias than
other functional outcomes.

Outcome assessment by observers who are blind to the treatment
group is probably the most rigorous practical approach. Fourteen
of the trials reviewed here reported this approach. Maintaining
the integrity of the randomisation process becomes important if
the trial is not to over-estimate the benefit of the intervention
(Schulz 1995). Some studies in this review did not report the
methods used to conceal the allocation sequence from the treating
clinicians. Ten trials used centralised allocation, and eight others
used randomisation codes in sealed envelopes.

It is important to acknowledge limitations that apply to the findings
of this review. The randomized trials may not have adequately
evaluated some clinical outcomes specifically relevant to the use
of RBC transfusions. DiGerent grades of severity of cardiovascular
events, such as myocardial infarction, congestive heart failure or
stroke, or risk of overall infection, will occur in participants and
may present in ways that are not always clinically overt and so
are more subjective in interpretation. This is important because
RBC transfusions may have both harmful and beneficial eGects on
the risk of these outcomes, for example, balancing prothrombotic
tendencies against protective mechanisms to limit restrictions in
myocardial oxygen delivery. Future studies need to establish robust
definitions of all outcomes. The identified trials only evaluated
the eGect of transfusion in participants in hospital and not in
outpatients in whom function and fatigue may be more important
endpoints. Despite the large number of participants included in
these trials, there remains inadequate power for many outcomes.
Finally, a core rationale for RBC transfusion is to improve tissue and
cellular oxygenation, but technologies for monitoring this directly
are not available routinely; therefore, haemoglobin concentration
is applied as a surrogate marker of need for transfusion, but it may
not be a reliable biomarker.

Agreements and disagreements with other studies or
reviews

The results of this review are consistent with other recent published
systematic reviews. Holst 2015 recently identified 31 trials, with
a total of 9813 randomized participants. We included 31 trials in
our review, including a large, recently published trial in cardiac
surgery (Murphy 2015), and a small pilot study in participants
with haematological malignancies (DeZern 2016), but unlike Holst,
we excluded studies in neonates (in whom the physiological
responses to anaemia are considered very diGerent from children

and adults). The authors of Holst 2015 reported that restrictive
transfusion strategies were associated with a reduction in the
number of RBC units transfused and number of participants being
transfused, with no eGect on outcomes, including mortality, overall
morbidity, and myocardial infarction. Restrictive compared with
liberal transfusion strategies were not associated with risk of death
(RR 0.86, 95% CI 0.74 to 1.01; 5707 participants), overall morbidity
(RR 0.98, 95% CI 0.85 to 1.12; 4517 participants), or fatal or non-
fatal myocardial infarction (RR 1.28, 95% CI 0.66 to 2.49; 4730
participants). The inclusion of trials with unclear or high risk of bias
did not aGect results.

A number of systematic reviews have specifically examined
participant subgroups. A review by Fominskiy aimed to assess
the eGect of liberal and restrictive RBC transfusion strategies
on mortality in perioperative and critically ill adult participants
through a meta-analysis of relevant trials (Fominskiy 2015).
Seventeen studies enrolled 7552 participants in perioperative
settings, while 10 trials enrolled 3469 participants in critically ill
settings. Participants in the perioperative period in the liberal
transfusion strategy group had lower all-cause mortality when
compared with those allocated to the restrictive transfusion
strategy group (odds ratio (OR) 0.81, 95% CI 0.66 to 1.00; P = 0.05;
I2 = 25%; number needed to treat for additional beneficial outcome
= 97). There was no diGerence in mortality among critically ill
participants receiving a liberal transfusion strategy when compared
with the restrictive transfusion strategy (OR 1.10, 95% CI 0.99 to
1.23; P = 0.07; I2 = 34%). The interpretation of systematic reviews
that report only subgroups of the wider trial literature should be
approached with some caution, to ensure that the patterns of
findings are not inappropriately selective.

The results of these trials need to be viewed against large
observational studies that compared clinical outcomes at varying
haemoglobin levels in transfused and non-transfused participants,
finding conflicting results. In a study of 2202 participants
undergoing coronary bypass surgery, the liberal transfusion
group had a higher incidence of myocardial infarction than the
conservative transfusion group (Spiess 1998). In a study of 8787
hip fracture participants, there was no diGerence in short- or
long-term mortality between participants transfused and not
transfused (Carson 1998). In a study of 4470 intensive care unit
participants, mortality was reduced in those receiving transfusion
of up to six units of blood (Hébert 1997). A retrospective study
of 78,974 Medicare beneficiaries found that blood transfusion was
associated with a lower short-term mortality rate among elderly
patients with acute myocardial infarction if the haematocrit on
admission was 30% or lower, and that blood transfusion may be
eGective with a haematocrit level as high as 33% on admission
(Wu 2001). A study of 310,311 participants 65 years of age or
older who underwent major non-cardiac surgery found a 1.6%
increase in 30-day postoperative mortality for each 1% decrease
in preoperative haematocrit (Wu 2007). Another study of 239,286
participants 65 years of age or older who underwent major
non-cardiac surgery found intraoperative blood transfusion was
associated with a reduction in mortality in those with preoperative
haematocrit levels of less than 24%, or in those with blood
loss exceeding 500 mL (Wu 2010). The main limitation of these
observational studies is that there may be residual confounding
by indication, despite the extensive statistical adjustment of the
results. It is possible that diGerences in participant characteristics
between those that were transfused and non-transfused may not
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have been identified or adequately adjusted for. This point is
emphasised by the fact that a randomized controlled trial and an
observational study (Hébert 1999 and Hébert 1997 respectively)
in intensive care participants, performed by the same group of
investigators, came to opposite conclusions. Even more convincing
is how diGerent - and potentially biased - the results of the
meta-analyses of observational data are; Chatterjee 2013 and
Marik 2008 found a large increase in risk of death associated
with transfusion. In contrast, the results of the meta-analysis of
clinical trials performed in this review showed no increased risk of
death with liberal transfusion thresholds compared with restrictive
transfusion thresholds. Despite recent assertions to the contrary
(Benson 2000; Concato 2000), we believe that adequately powered,
rigorously performed, randomized clinical trials are the only way of
overcoming these limitations.

The transfusion policies reviewed here represent fairly small
modifications to routine clinical practice. They are consistent with
the recommendations of published clinical practice guidelines
(AAGBI 2008; ASA 2006; BCTMAG 2003; Carson 2012a; Napolitano
2009; NBUGI 2001; Retter 2013; STSBCGTF 2011). The transfusion
triggers (in terms of haemoglobin levels) were most oOen
in the range of 7 g/dL to 10 g/dL. In fact, the 'restrictive'
transfusion triggers in some trials were equivalent to the 'liberal'
triggers used in other trials. Nevertheless, the trials documented
significant reductions in the risk of RBC transfusion and worthwhile
blood conservation. These eGects are similar to what has
been documented in meta-analyses of trials of blood-sparing
techniques, such as cell salvage, Carless 2010a, and antifibrinolytic
drugs, Henry 2011. Adoption of a conservative transfusion
threshold appears to be as eGective as these technologies in
avoiding the need for transfusion and is likely to cost less.

Some guidelines have recommended RBC transfusion for
symptoms or haemodynamic instability, rather than for a specific
trigger haemoglobin level (AAGBI 2008; ASA 2006; Napolitano 2009;
NBUGI 2001). A pilot study involving 84 participants tested this
approach to transfusion (Carson 1998), as well as a trial involving
2016 participants (Carson 2011), and a 110-participant trial in acute
myocardial infarction (Carson 2013), in which participants could
be transfused if they exhibited symptoms or had a haemoglobin
concentration less than 8 g/dL. These studies found no diGerence
in functional recovery, mortality, or morbidity in participants in
the restrictive (symptomatic) transfusion group in the orthopaedic
surgery trials (Carson 1998; Carson 2011); though in the trial
involving participants with acute myocardial infarction (Carson
2013), there was a tendency toward worse outcomes in the
restrictive transfusion group.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Analysis of the published evidence shows that transfusing at
a restrictive strategy of 7 g/dL to 8 g/dL, compared with a
liberal haemoglobin threshold of 9 g/dL to 10 g/dL, across a
broad range of hospitalised patients does not adversely aGect
clinical outcomes, including 30-day mortality, cardiac morbidity,
and infection. Evidence of a possible exception came from two
small trials in participants with acute myocardial infarction, which
suggested the possibility of increased 30-day mortality with a
restrictive transfusion threshold of 8 g/dL. Given there is no
evidence of additional benefit of red blood cell (RBC) transfusion

at higher haemoglobin concentration thresholds (9 g/dL to 10 g/
dL), and that blood for transfusion is a costly and a scarce biological
resource with finite risks, a restrictive transfusion trigger policy (7
g/dL to 8 g/dL) could be widely adopted. A restrictive transfusion
policy is not associated with increased adverse events and reduces
the risk of exposure to RBC transfusion and the total number of
units transfused. There is insuGicient evidence to evaluate the
eGect of the diGerent strategies on functional recovery.

There was mixed evidence for adverse events associated with
restrictive transfusion policies in two subsets of participants only.
Firstly, as mentioned above, for two small trials that recruited
participants with acute myocardial infarction, there was a raised
risk for 30-day mortality with restrictive transfusion, although
in participants undergoing cardiac surgery, the risk of 30-day
mortality was not elevated. Secondly, in participants with acute
blood loss from gastrointestinal bleeding, there may be a lower
risk of 30-day mortality with restrictive transfusion, but this
requires confirmation. There were very limited data for participants
with acute coronary syndrome, myocardial infarction, neurological
injury/traumatic brain injury, acute neurological disorders, stroke,
thrombocytopenia, cancer, haematological malignancies, and
bone marrow failure. Many people in the latter categories will
be transfusion-dependent for prolonged periods of time and if
concomitant bone marrow failure occurs will have a very diGerent
pathophysiology to other patient groups.

The trial interventions were split equally on the haemoglobin
concentration used to define the restrictive transfusion group.
About half of the trials used a 7 g/dL threshold, and the other
half used a restrictive transfusion threshold of 8 g/dL to 9 g/dL.
Therefore, it is unclear whether a 7 g/dL threshold could be used
in most adult patients or only in critical care patients where most
of those trials were conducted. Our clinical impression is that most
adult patients would probably tolerate the lower 7 g/dL threshold,
but specific trial data do not exist for some patient populations, and
it is possible that an 8 g/dL threshold might improve function or
reduce cardiovascular events. Thus, it is reasonable for clinicians
to use an 8 g/dL threshold in settings where trial data for a 7 g/
dL threshold are not available, such as orthopaedic surgery and in
patients with cardiovascular disease.

In countries where there are concerns about the microbiological
screening and safety of donated blood, the existing data constitute
a stronger basis for avoiding liberal RBC transfusion in many clinical
settings. The benefits of minimising allogeneic RBC transfusion are
likely to be greatest where there is doubt about the safety of the
blood supply.

Implications for research

Further randomized trials should not be aimed at addressing
the safety of RBC transfusion policies within the range of
haemoglobin thresholds tested in the trials identified in this
review or in unselected groups of patients across broad clinical
settings. Rather, additional trials should be targeted to address
specific research questions, where the strength of evidence-based
recommendations has significant uncertainty, as highlighted in this
review. Subsets of patients where there is currently no adequately
powered randomized controlled trial data to inform optimal RBC
transfusion treatment include those with acute cardiovascular
disease, neurological disorders including (traumatic) brain injury,
and haematological and other malignancies. Outcomes of
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importance in trials would be mortality, but also functional
and bleeding endpoints, specifically in transfusion-dependent
participants with cancer and haemological malignancies. We
believe that in these clinical groups, the clinical goals and
pathophysiology preclude generalisation from the completed
studies included in this review. Trials are also needed to evaluate
lower haemoglobin concentrations such as 6.0 g/dL, especially
in countries with suboptimal blood safety and inadequate blood
supply. Further research is needed to identify methods to measure
oxygen delivery to vital organs directly. All trials should be large
enough to measure the impact of lower thresholds on clinical
outcomes and should apply consistent definitions for all clinical
outcomes, such as myocardial infarction and ischaemic heart
disease.
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Methods Randomised controlled trial

Participants 50 consecutive participants with severe upper gastrointestinal haemorrhage were randomized to 1 of 2
groups:

• Liberal group: n = 24; mean (SD) age = 64 (17.6) years

• Restrictive group: n = 26; mean (SD) age = 60 (17.8) years

Interventions • The liberal group received at least 2 units of red blood cells immediately at admission and during their
first 24 hours in hospital.

• The restrictive group were not transfused red blood cells unless the Hb was less than 8.0 g/dL or shock
persisted after initial resuscitation with Haemaccel.

Outcomes Blood usage (units), rebleeding, mortality, clotting times, Hct on admission/discharge, kaolin cephalin
clotting time after 24 hours, impedance clotting time after 24 hours

Blair 1986 
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Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The trial reported no information regarding this domain.

Allocation concealment
(selection bias)

Unclear risk The trial reported no information regarding this domain.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The trial reported no information regarding this domain.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk The trial reported no information regarding this domain.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk There were no missing data.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases identified.

Blair 1986  (Continued)

 
 

Methods Randomised controlled trial

Participants 428 consecutive participants undergoing elective primary coronary artery bypass graO surgery were
randomly assigned to 1 of 2 groups:

• Liberal group: n = 212; M/F = 82/18; mean (SD) age = 61 (11) years

• Restrictive group: n = 216; M/F = 83/17; mean (SD) age = 62 (11) years

Interventions • The liberal group received transfusions on the instructions of their individual physicians, who consid-
ered the clinical assessment of the participant and the institutional guidelines, which proposed a Hb
level < 9.0 g/dL as the postoperative threshold for RBC transfusion.

• The restrictive group received a RBC transfusion in the postoperative period at a Hb level < 8.0 g/dL.

Outcomes Mortality, length of hospital stay, blood usage (units), blood loss, complications, infection rates, cardiac
events

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Bracey 1999 
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Random sequence genera-
tion (selection bias)

High risk Participants were randomly assigned on the basis of the last digit of their med-
ical record number.

Allocation concealment
(selection bias)

High risk There was inadequate concealment (record number).

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The trial reported no information regarding this domain.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The outcome of mortality allows a judgement of low risk of bias. Morbidity in-
formation was collected from the hospital database. The trial provided no in-
formation regarding the survey questionnaire.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The trial used intention-to-treat analysis and reported the exclusion of a small
number of participants.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases identified.

Bracey 1999  (Continued)

 
 

Methods Randomised controlled trial

Participants 99 participants undergoing elective aortic or infrainguinal arterial reconstruction were randomized to 1
of 2 groups:

• Liberal group: n = 49; M/F = 41/8; mean (SD) age = 64 (11) years

• Restrictive group: n = 50; M/F = 32/18; mean (SD) age = 66 (10) years

Interventions • The liberal group had their Hb concentrations maintained at or above 10.0 g/dL.

• The restrictive group were transfused only when their Hb concentration fell below 9.0 g/dL.

Outcomes Primary endpoints were myocardial ischaemia, myocardial infarction, and death.

Secondary endpoints were length of intensive care unit stay, hospital stay, and graO patency.

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The trial reported no information regarding this domain.

Allocation concealment
(selection bias)

High risk Sealed envelopes were chosen at random for participant assignment.

Blinding of participants
and personnel (perfor-
mance bias) 

Unclear risk Both surgeons and anaesthesiologists were informed of the group of randomi-
sation.

Bush 1997 
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All outcomes

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk The trial reported no information regarding this domain.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The outcome data appeared to be complete.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases identified.

Bush 1997  (Continued)

 
 

Methods Randomised controlled trial

Participants 84 hip fracture participants undergoing surgical repair who had postoperative Hb levels < 10.0 g/dL
were randomly assigned to 1 of 2 groups:

• Liberal group: n = 42; M/F = 9/33; mean (SD) age = 81.3 (8.1) years

• Restrictive group: n = 42; M/F = 11/31; mean (SD) age = 83.3 (10.8) years

Interventions • The liberal group received 1 unit of packed RBC at the time of random assignment and as much blood
as necessary to keep the Hb level above 10.0 g/dL.

• The restrictive group received a RBC transfusion for symptoms of anaemia or for a Hb level that
dropped below 8.0 g/dL.

Outcomes Mortality, length of hospital stay, blood usage (units), complications, pneumonia, stroke, thromboem-
bolism

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation schedules were stratified by clinical site and cardiovascular
disease state. The randomisation was designed in blocks of 2 to 8 participants
to avoid imbalance within a site.

Allocation concealment
(selection bias)

Low risk Study personnel at the clinical sites randomly assigned participants by con-
tacting the data co-ordinating centre's 24-hour automated telephone service.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk There was no blinding of participants or personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The primary outcome of mortality allowed a judgement of low risk of bias. Al-
though function was assessed blinded, the morbidity outcomes were not as-
sessed blindly.

Carson 1998 
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk There were minimal missing data.

Selective reporting (re-
porting bias)

Low risk The trial reported all outcomes.

Other bias Low risk No other biases identified.

Carson 1998  (Continued)

 
 

Methods Randomised, unblinded, parallel, 2-group, multicentre trial

Participants Participants aged 50 years or older, who were undergoing surgical repair of a hip fracture, with Hb con-
centrations below 10.0 g/dL within 3 days after surgery and who had clinical evidence of cardiovascular
disease or cardiovascular risk factors

Sample size = 2016

Interventions • The liberal group received packed RBC when their haemoglobin level dropped below 10.0 g/dL.

• The restrictive ('symptomatic strategy') group received transfusion if they developed symptoms of
anaemia or if Hb fell below 8.0 g/dL.

Outcomes The primary outcome was inability to walk 10 feet (or across a room) without human assistance or
death prior to closure of the window for 60-day mortality. Other outcomes were Hb concentration,
acute coronary syndrome (ACS), in-hospital myocardial infarction, unstable angina or death, disposi-
tion on discharge, survival, functional measures, fatigue/energy, readmission to hospital, pneumonia,
wound infection, thromboembolism, stroke or transient ischaemic attack, cognition (Gruber-Baldini),
mortality at 30 days, and long-term mortality (Carson 2014).

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Data co-ordinating centre staG prepared randomisation schedules for each site
using randomly ordered block sizes of 2, 4, 6, or 8.

Allocation concealment
(selection bias)

Low risk The trial used an automated telephone randomisation system.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk After random allocation, clinical site staG, clinicians, and participants were not
blinded to treatment assignment.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The primary and secondary outcomes were assessed blinded to treatment as-
signment.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk There was nearly complete reporting data for primary outcomes and most sec-
ondary outcomes.

Carson 2011 
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Selective reporting (re-
porting bias)

Low risk There was complete reporting.

Other bias Low risk No other biases identified.

Carson 2011  (Continued)

 
 

Methods Randomised clinical trial

Participants Participants with acute myocardial infarction or undergoing cardiac catheterisation with Hg less than
10 g/dL

• Liberal group: n = 55; mean (SD) age = 67.3 (13.6) years

• Restrictive group: n = 55; mean (SD) age = 74.3 (11.1) years

Interventions • The liberal group received 1 unit of red blood cells following randomisation and enough blood to
maintain haemoglobin above 10 g/dL.

• The restrictive group received transfusion if participants developed symptoms of anaemia or if Hg fell
below 8 g/dL.

Outcomes Primary outcomes were death, myocardial infarction, and unscheduled revascularisation.

Secondary outcomes were 30-day and 6-month mortality, long-term mortality, myocardial infarction,
congestive heart failure, stroke, thromboembolism, and pneumonia.

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A computer programme generated allocation sequence.

Allocation concealment
(selection bias)

Low risk The trial used central telephone randomisation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants and physicians were not blinded, but this was unlikely to impact
the trial.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk All primary and most secondary outcomes were assessed blindly.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Only 1 of 110 participants was lost to follow-up.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Other bias Low risk No other biases identified.

Carson 2013 
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Methods Randomised clinical trial

Participants 45 participants with acute myocardial infarction and haematocrit less than 30%

• Liberal: n = 21; mean (SD) age = 76.4 (13.5) years

• Restrictive: n = 24; mean (SD) age = 70.3 (14.3) years

Interventions Liberal transfusion: transfusion occurred when haematocrit < 30% to maintain 30% to 33%.

Conservative transfusion: transfusion occurred when haematocrit < 24% to maintain 24% to 27%.

Outcomes The primary clinical safety measurements were in-hospital death, recurrent myocardial infarction, or
new or worsening congestive heart failure.

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The paper did not describe random sequence generation.

Allocation concealment
(selection bias)

Low risk The trial used consecutively numbered opaque envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants and investigators were not blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk A local investigator determined the outcomes.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk There was complete in-hospital follow-up. 3 of 45 participants were lost to fol-
low-up at 30 days.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases identified.

Cooper 2011 

 
 

Methods Randomised clinical trial

Participants Adult participants who underwent a major surgical procedure for abdominal cancer and required post-
operative care in the ICU

• Liberal: n = 97; mean age (SD) = 64 (14) years

• Restrictive: n = 101; mean age (SD) = 64 (12) years

de Almeida 2015 
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Interventions While in the ICU, the liberal transfusion group received transfusion when Hg < 9 g/dL, and the restric-
tive transfusion group received transfusion when Hg < 7 g/dL.

Outcomes The primary outcome was a composite of all-cause mortality or severe clinical complications within 30
days. Severe clinical complications included major cardiovascular complications, septic shock, acute
kidney injury requiring renal replacement therapy, ARDS, and reoperation.

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The chief statistician ensured random sequence generation.

Allocation concealment
(selection bias)

Low risk The trial used opaque envelopes that were opened sequentially.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Clinicians or participants were not blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The participants and the study investigators who classified outcomes and
those who conducted the follow-up telephone assessments were blinded to
the study-group assignments and had no access to transfusion data.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No attrition bias was apparent.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases identified.

de Almeida 2015  (Continued)

 
 

Methods Randomised clinical trial

Participants Acute leukaemia participants (acute myeloid leukaemia, acute lymphoblastic leukaemia/lymphoma,
acute promyelocytic leukaemia, treatment-related myeloid neoplasm, high-grade myelodysplastic syn-
drome) more than 18 years of age admitted to the inpatient leukaemia services with plans for inpatient
myelosuppressive chemotherapy

• Liberal: n = 30; mean age (interquartile range) = 62.5 (55.2 to 67.8) years

• Restrictive: n = 59; mean age (interquartile range) = 56 (45.5 to 67) years

Interventions 2 participants were assigned to the restrictive (LOW) Hb trigger (7 g/ dL) for every 1 participant as-
signed to the higher (HIGH) Hb trigger (8 g/dL) (90 (participants randomized 2:1).

Outcomes Primary outcomes: feasibility defined a priori as achieving the following 4 criteria: 1) more than 50% of
the eligible participants consented, 2) more than 75% of the participants randomized to the 7 g/dL arm
tolerated the transfusion trigger, 3) fewer than 15% of participants crossed over from the lower transfu-

DeZern 2016 
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sion threshold arm to the higher transfusion threshold arm, and 4) no indications for the need to pause
the study for safety concerns

Secondary outcomes included fatigue, bleeding, response to therapy, vital status on day 60, length of
hospital stay (days), and the number of units of RBCs and PLTs transfused per participant. The trial au-
thor provided the 30-day mortality.

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer software generated the random number sequence.

Allocation concealment
(selection bias)

Low risk Sealed opaque sequentially numbered envelopes were opened upon deter-
mination of inclusion for each participant in the trial. An investigator who did
not enrol or consent participants for the trial performed the randomisation se-
quence and creation and numbering of the envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants and personnel were not blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Risk varied by outcome. Detection bias was low risk for the outcome of mortal-
ity; other secondary outcomes had a high risk.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No attrition bias was apparent.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other bias was apparent.

DeZern 2016  (Continued)

 
 

Methods Randomised clinical trial

Participants 186 participants 65 years of age or older undergoing elective unilateral total hip replacement

• Liberal group: n = 92; mean (SD) age = 75 (6) years

• Restrictive group: n = 94; mean (SD) age = 73 (7) years

Interventions • The liberal group received transfusion to maintain Hg greater than 10 g/dL.

• The restrictive group received transfusion for Hg less than 8 g/dL or when symptoms of anaemia de-
veloped.

Outcomes Delirium, cerebrovascular accident, cardiac failure, myocardial infarction, pulmonary embolism, pneu-
monia, superficial wound infection, urinary tract infection, acute renal failure

Notes -

Fan 2014 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The trial used a random number table.

Allocation concealment
(selection bias)

Low risk The trial used a sealed envelope technique.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The blinding of participants and personnel was not described.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk The blinding of outcome assessment was not described.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk There was a low rate of missing data.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other bias was apparent.

Fan 2014  (Continued)

 
 

Methods Randomised controlled trial

Participants 22 trauma participants were randomly allocated to 1 of 2 groups:

• Liberal group: n = 10

• Restrictive group: n = 12

NB: no demographic data were reported.

Interventions • In the liberal group, the aim was to achieve 100% or more of the RBC volume at the end of resuscita-
tion.

• In the restrictive group, an attempt was made to leave the RBC volume at the end of resuscitation at
70% to 80% of normal.

Outcomes Blood usage (units), blood loss, wound healing, elevated temperature, number of participants trans-
fused, Hb levels

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The use of random sequence generation was not described.

Fisher 1956 
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Allocation concealment
(selection bias)

Unclear risk The trial used sealed envelopes. When the participant was considered eligible
for the trial, they were placed in a severity grade and an envelope was opened
to decide which transfusion schedule was to be used.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Blinding of participants and personnel was not addressed.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not addressed.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The data set appeared to be complete.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Fisher 1956  (Continued)

 
 

Methods Randomised controlled trial

Participants 120 hip fracture participants were randomly allocated to 1 of 2 groups:

• Liberal group: n = 60; M/F = 14/46; mean (SD) age = 81 (6.8) years

• Restrictive group: n = 60; M/F = 14/46; mean (SD) age = 81 (7.3) years

Interventions • The liberal group received packed RBC when the Hb level dropped below 10.0 g/dL.

• The restrictive group received packed RBC when the Hb level dropped below 8.0 g/dL.

Outcomes Ambulatory capacity, mortality, length of stay, cardiac complications, infectious complications

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The trial used a computer-generated list.

Allocation concealment
(selection bias)

Unclear risk The trial used sealed envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The trial reported that participants were blinded. Clinicians could not imple-
ment the protocol.

Blinding of outcome as-
sessment (detection bias) 

Low risk The physiotherapist who performed ambulation assessment was blinded.

Foss 2009 
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All outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 13 of 100 participants did not have ambulation assessment.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Foss 2009  (Continued)

 
 

Methods Randomised clinical trial

Participants Participants aged 65 years or older undergoing hip fracture surgery and who had postoperative Hb lev-
els between 9.7 g/dL and 11.3 g/dL during the first 6 postoperative days

• Liberal: n = 140; mean age (SD) = 88 (6.9) years

• Restrictive: n = 144; mean age (SD) = 86 (6.8) years

Interventions The liberal transfusion group received transfusion when Hb was less than 11.3 g/dL, and the restrictive
transfusion group received transfusion when Hg was less than 9.7 g/dL.

Outcomes The primary outcome was recovery from physical disabilities, with 3 tools being used to measure phys-
ical performance: Modified Barthel index, New Mobility score and cumulated ambulation score, total
number of infections (pneumonia, urinary tract infection, other), cognition, depression, quality of life,
modified Barthels index, and comprehensive frailty index.

Notes 3 publications reported results.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random sequence generation was not specifically stated, but it was likely
since a clinical trial support system was used.

Allocation concealment
(selection bias)

Low risk A web-based randomisation system was used.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The participants were blinded but not the clinicians.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The assessor was blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The outcome data appeared to be complete.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Gregersen 2015 
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Other bias Low risk No other biases were apparent.

Gregersen 2015  (Continued)

 
 

Methods Randomised controlled trial

Participants 260 participants undergoing elective lower limb joint replacement surgery were randomly allocated to
1 of 2 groups:

• Liberal group: n = 109; M/F = 55/54; mean (SD) age = 71.5 (7.6) years

• Restrictive group: n = 109; M/F = 48/61; mean (SD) age = 70.7 (7.1) years

Interventions • The liberal group received packed RBC when the Hb level dropped below 10.0 g/dL, and the Hb con-
centration was maintained at between 10.0 g/dL to 12.0 g/dL.

• The restrictive group received packed RBC when the Hb level dropped below 8.0 g/dL, and the Hb
concentration was maintained at between 8.0 g/dL to 9.5 g/dL.

Outcomes Ischaemic load, blood load, Hb concentration, number of units transfused, length of hospital stay, ad-
verse events, new infections requiring antibiotic therapy

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The trial used a random numbers table.

Allocation concealment
(selection bias)

Unclear risk The trial used sealed envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The anaesthetists and surgical team responsible for treatment were aware of
allocation.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcome assessment was blind.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Of a recruited 260 participants, outcome data were presented for 218. The
missing 42 participants did not have analysable tape recordings.

Selective reporting (re-
porting bias)

Unclear risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Grover 2006 

 
 

Methods Randomised clinical trial

Hajjar 2010 
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Participants 502 adult participants who underwent cardiac surgery with cardiopulmonary bypass

• Liberal group: n = 257; M/F = 161/92; mean (SD) age = 60.7 (12.5) years

• Restrictive group: n = 255; M/F = 149/100; mean (SD) age = 58.6 (12.5) years

Interventions • The liberal group were transfused RBC if the haematocrit was less than 30% at any time from the start
of surgery until discharge from the ICU.

• The restrictive group were transfused if haematocrit values were less than 24%.

Outcomes The primary outcome composite endpoint included 30-day all-cause mortality and severe morbidity
(cardiogenic shock; ARDS or acute renal injury requiring dialysis or haemofiltration; respiratory, car-
diac, neurologic, and infectious complications; inflammatory complications; bleeding; ICU and hospital
lengths of stay, RBC transfusions).

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The chief statistician prepared a random number table to use.

Allocation concealment
(selection bias)

Low risk Opaque envelopes were opened sequentially.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants were blinded but not clinicians.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The assessor was blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Intention-to-treat analysis was undertaken. Follow-up was complete.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Hajjar 2010  (Continued)

 
 

Methods Randomised clinical trial

Participants Participants with septic shock and haemoglobin concentration less than 9 g/dL

• Higher threshold: n = 496; age (interquartile range) = 67 (58 to 75) years

• Lower threshold: n = 502; age (interquartile range) = 67 (57 to 73) years

Interventions The intervention was single units of cross-matched, prestorage leukoreduced RBCs when the blood
concentration of haemoglobin had decreased to the assigned transfusion threshold (≤ 7 g/dL (lower

Holst 2014 
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threshold) or ≤ 9 g/dL (higher threshold)). The intervention period was the entire ICU stay, to a maxi-
mum of 90 days after randomisation.

Outcomes The primary outcome was 90-day mortality.

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A centralised computer generated the assignment sequence.

Allocation concealment
(selection bias)

Low risk Use of a centralised computer ensured allocation concealment.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Clinicians were not blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The investigators assessing mortality (the DSMB) and the trial statistician were
blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk There was near-complete follow-up.

Selective reporting (re-
porting bias)

Low risk Reporting was comprehensive.

Other bias Low risk There were no other biases.

Holst 2014  (Continued)

 
 

Methods Randomised controlled trial

Participants 69 normovolaemic critically ill participants admitted to 1 of 5 tertiary level intensive care units with Hb
values < 9.0 g/dL within 72 hours of admission were randomly assigned to 1 of 2 groups:

• Liberal group: n = 36; M/F = 19/17; mean (SD) age = 59 (21) years

• Restrictive group: n = 33; M/F = 14/19; mean (SD) age = 58 (15) years

Interventions • The liberal group were transfused RBC if the Hb level fell to between 10.0 g/dL to 10.5 g/dL. A Hb level
was maintained at between 10.0 g/dL to 12.0 g/dL.

• The restrictive group were transfused RBC if the Hb level fell to between 7.0 g/dL to 7.5 g/dL. A Hb level
was maintained at between 7.0 g/dL to 9.0 g/dL.

Outcomes Mortality, length of hospital stay, length of ICU stay, blood usage (units), complications, Hb levels

Notes -

Risk of bias

Hébert 1995 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were assigned to 1 of 2 groups by consecutive allocation from a
random listing stratified by centre and disease severity.

Allocation concealment
(selection bias)

Unclear risk The trial reported no information regarding this domain.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Blinding of treatment allocation was not feasible, but it was unlikely to have
been important.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not specified.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No attrition bias was apparent.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Hébert 1995  (Continued)

 
 

Methods Randomised controlled trial

Participants 838 critically ill participants with euvolaemia after initial treatment who had Hb concentrations < 9.0 g/
dL within 72 hours after admission to the intensive care unit were randomly assigned to 1 of 2 groups:

• Liberal group: n = 420; M/F = 255/165; mean (SD) age = 58.1 (18.3) years

• Restrictive group: n = 418; M/F = 269/149; mean (SD) age = 57.1 (18.1) years

Interventions • The liberal group were transfused RBC when the Hb concentration fell below 10.0 g/dL. The Hb con-
centration was maintained at between 10.0 g/dL to 12.0 g/dL.

• The restrictive group were transfused RBC if the Hb concentration dropped below 7.0 g/dL. The Hb
concentration was maintained at between 7.0 g/dL to 9.0 g/dL.

Outcomes Mortality, length of hospital stay, length of ICU stay, blood usage (units), complications, infection rates,
cardiac events, pulmonary oedema, pneumonia

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The random order was computer generated.

Allocation concealment
(selection bias)

Low risk The data co-ordinating centre prepared sealed opaque envelopes, which they
distributed to each participating institution where they were opened up se-

Hébert 1999 
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quentially to determine the participants treatment assignment. The envelopes
were returned periodically to the co-ordinating centre for auditing.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk "It was not feasible to mask the assigned transfusion strategy from health care
providers." Participants were ICU patients.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Mortality was the primary outcome. Most outcomes were based on laboratory
measures.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No attrition bias was apparent.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Hébert 1999  (Continued)

 
 

Methods Cluster-randomised trial pilot study involving 6 hospitals

Participants Participants were 18 years of age or older and admitted to 1 of the participating hospitals with upper
gastrointestinal bleeding.

Participants with exsanguinating haemorrhage were excluded. Participants consented to permit data
collection and follow-up.

Interventions The following transfusion strategy was encouraged at each participating hospital:

• Liberal 10 g/dL threshold: n = 533; mean (SD) age = 60.4 (20.0) years

• Restrictive 8 g/dL threshold: n = 403; mean (SD) age = 58.0 (20.3) years

Outcomes Feasibility outcomes included recruitment rates, adherence to transfusion policy, difference in haemo-
globin concentration, RBC exposure, and evidence for selection bias. Clinical outcomes included fur-
ther bleeding, thromboembolic and ischaemic events, number of infections, mortality, serious adverse
events, and health-related quality of life.

Notes This was the only cluster trial in our review. It did not require participants to meet a haemoglobin
threshold for enrolment.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The hospital was randomized, not the individual participant.

Allocation concealment
(selection bias)

High risk The hospital was randomized, so everyone knew which arm the participants
were in.

Blinding of participants
and personnel (perfor-
mance bias) 

High risk The trial was not blinded.

Jairath 2015 
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All outcomes

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Mortality allowed a judgement of low risk of bias. Assessment of other clinical
outcomes was unblinded.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk There was a high percentage of missing data.

Selective reporting (re-
porting bias)

Unclear risk No reporting bias was apparent.

Other bias High risk There was differential enrolment by treatment arms.

Jairath 2015  (Continued)

 
 

Methods Randomised controlled trial

Participants 39 autologous blood donors undergoing elective myocardial revascularisation were randomized to 1 of
2 groups:

• Liberal group: n = 18; M/F = 16/2; mean (SD) age = 60.5 (6.9) years

• Restrictive group: n = 20; M = 20; mean (SD) age = 58.2 (7.5) years

Interventions • The liberal group received blood to achieve a Hct value of 32%.

• The restrictive (conservative) group received transfusions for a Hct value less than 25%.

NB: operative management included sequestration of 1 or more units of fresh autologous blood in par-
ticipants with a Hct value greater than 35% who were haemodynamically stable after anaesthetic in-
duction. Red cell conservation was practised through the salvage of oxygenator contents and reinfu-
sion of postoperatively shed mediastinal blood. On the 5th postoperative day, all participants were
asked to complete an exercise treadmill test. A second test was performed the following day.

Outcomes Cardiac events, complications, postoperative blood loss, blood use (total units), allogeneic blood use
(units), autologous blood use (units), all product blood use (units), number of participants receiving
transfusions, mean cardiac index, mean systemic resistance, exercise capacity, Hct levels, length of ICU
stay, length of hospital stay

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk A table of random numbers and an odd-even designation randomized partici-
pants.

Allocation concealment
(selection bias)

Unclear risk It was unclear if assignment was concealed prior to randomisation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Surgeons and anaesthesiologists were blinded as to the group of randomisa-
tion until the participant reached the intensive care unit (ICU).

Johnson 1992 

Transfusion thresholds and other strategies for guiding allogeneic red blood cell transfusion (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

45



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not addressed.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk A small number of exclusions were reported.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Johnson 1992  (Continued)

 
 

Methods Randomised controlled trial

Participants 637 stable critically ill children with Hb concentrations below 9.5 g/dL within 7 days after admission to
an ICU were randomly allocated to 1 of 2 groups:

• Liberal group: n = 317; M/F = 191/126; mean (SD) age = 39.6 (51.9) months

• The restrictive group: n = 320; M/F = 190/130; mean (SD) age = 35.8 (46.2) months

Interventions • The liberal group were transfused RBC when the Hb concentration fell below 9.5 g/dL, with a target
range of 11.0 g/dL to 12.0 g/dL.

• The restrictive group were transfused RBC if the Hb concentration dropped below 7.0 g/dL, with a
target range of 8.5 g/dL to 9.5 g/dL.

Outcomes 28-day mortality, sepsis, transfusion reactions, infections, length of stay

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The trial reported no information regarding this domain.

Allocation concealment
(selection bias)

Low risk Allocation was internet-based and central.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Clinical staG and parents of the participants were aware of the assignments to
study groups.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Mortality was the primary outcome.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk There were very few dropouts.

Lacroix 2007 
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Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Lacroix 2007  (Continued)

 
 

Methods Randomised controlled trial

Participants 152 participants undergoing primary total knee arthroplasty (TKA) were randomly assigned to 1 of 2
groups:

• Liberal group: n = 65; M/F = 19/46; mean age = 69.7 years

• Restrictive group: n = 62; M/F = 20/42; mean age = 68.7 years

Interventions • The liberal group were transfused autologous blood immediately after TKA, beginning in the recovery
room postoperatively.

• The restrictive group were transfused autologous blood when the Hb level had fallen to < 9.0 g/dL.

Outcomes Complications, cardiac events, Hb levels, blood usage (units), mental confusion, lethargy, orthostatic
hypotension, number of participants transfused

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The trial used a computer random number generator.

Allocation concealment
(selection bias)

Unclear risk Allocation concealment was not reported.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Blinding of participants and personnel was not specified.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Assessments were made by a person blind to the group to which the partici-
pant was assigned.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Outcome data appear to have been complete.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Lotke 1999 
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Methods Randomised clinical trial

Participants Participants older than 16 years of age who were undergoing nonemergency cardiac surgery with
haemoglobin level below 9 g/dL

• Liberal: n = 1003; median age (interquartile range) = 70.8, (64.1 to 76.7) years

• Restrictive: n = 1000; median age (interquartile range) = 69.9 (63.1 to 76.0) years

Interventions The liberal transfusion threshold group received transfusion when the haemoglobin level was < 9 g/dL,
and the restrictive transfusion threshold group received transfusion when the haemoglobin level was
less than 7.5 g/dL.

Outcomes The primary outcome was a composite of a serious infection (sepsis or wound infection) or an is-
chaemic event (permanent stroke, myocardial infarction, infarction of the gut, or acute kidney injury)
within 3 months after randomisation. Secondary outcomes included units transfused, infection, is-
chaemic events, acute kidney injury, hospital stay and ICU stay, and cost.

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The use of random sequence generation was not stated.

Allocation concealment
(selection bias)

Low risk The trial used an internet-based system that concealed assignments and used
cohort minimisation to balance assignments according to centre and type of
surgery.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Physicians and nurses were aware of the group assignments. "We intended
participants to be unaware of the group assignments and tested our success
in keeping the study groups blinded by asking the patients if they were aware
of the group they were in." At discharge 15.1% of patients believed they knew
treatment and 75.6% were correct.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcomes were adjudicated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The was a low loss to follow up.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Murphy 2015 

 
 

Methods Randomised clinical trial

Participants Participants were at least 18 years of age and scheduled for elective hip revision surgery.

• Liberal: n = 33; median age (5% to 95% range) = 72 (54 to 89) years

Nielsen 2014 
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• Restrictive: n = 33; median age (5% to 95% range) = 68 (43 to 86) years

Interventions The participants were randomized to a restrictive strategy receiving transfusion of RBC at a Hb of 7.3 g/
dL (4.5 mmol/L) or a liberal strategy receiving transfusion of RBC at a Hb of 8.9 g/dL (5.5 mmol/L). The
target level of haemoglobin in the restrictive group was 7.3 g/dL to 8.9 g/dL and above 8.9 g/dL in the
liberal group.

Outcomes The primary outcome was the 'Timed up and go' test. Other outcomes were pneumonia, wound infec-
tion, gastrointestinal complications, dizziness, hypotension, fatigue, deep vein thrombosis, and fall.

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A dedicated computer program (Idefix) was used after entering participants'
baseline data. The allocation was written on a form, which was kept in the in-
vestigator's office, and the allocation could only be accessed by the investiga-
tor in charge of administrating red blood cells.

Allocation concealment
(selection bias)

Low risk Only 1 investigator had access to the programme. Investigators at the other
hospital had to call this investigator to randomise.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The allocation and Hb during the testing period were concealed from the par-
ticipants but the investigator, the staG in the operating room, and the staG at
the ward could not be blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk The physiotherapist testing the participant was blinded, but it was not stated
who reviewed medical records for other outcomes.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No attrition bias was apparent.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other bias was apparent.

Nielsen 2014  (Continued)

 
 

Methods Randomised clinical trial

Participants Participants 60 years of age or older with hip fracture and whose postoperative haemoglobin level on
postoperative days 1 or 2 was between 8.0 g/dL to 9.5 g/dL

• Liberal: n = 100; mean age (range) = 84.4 (60 to 104) years

• Symptomatic: n = 100; mean age (range) = 84.2 (60 to 97) years

Interventions Liberal transfusion maintained haemoglobin > 10.0 g/dL, or the symptomatic group received transfu-
sion for symptoms of anaemia. These included recurrent vaso-vagal episodes on mobilisation, chest
pain of cardiac origin, congestive cardiac failure, unexplained tachycardia, hypotension or dyspnoea

Parker 2013 
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that was felt to be due to anaemia, decreased urine output that is unresponsive to fluid replacement,
or symptoms felt appropriate by the medical staG.

Outcomes Mobility, mental agility, physical status using the American Society of Anesthesiologists grade

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The random sequence generation was not documented.

Allocation concealment
(selection bias)

Low risk The trial used opaque numbered envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Blinding of participants and personnel was not addressed.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not addressed.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The mobility score was missing for 94 of 200 participants.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Parker 2013  (Continued)

 
 

Methods Randomised controlled trial, not blinded

Participants Postpartum haemorrhage (blood loss of ≥1000 ml or a decrease in Hb concentration of ≥1.9 g/dL, or
both) and had an Hb between 4.8 g/dL and 7.9 g/dL 12 to 24 hours after delivery

• Liberal: n = 258; mean age (SD) = 30.7 (5.0) years

• Non-intervention: n = 261; mean age (SD) = 30.9 (5.3) years

Interventions In the liberal group, participants received at least 1 unit of red blood cells; the trialists aimed to reach
an Hb concentration of at least 8.9 g/dL. In the restrictive group, participants received no transfusion.

Outcomes Primary outcome was physical fatigue 3 days postpartum using the Multidimensional Fatigue Inventory
scale

Notes -

Risk of bias

Prick 2014 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The use of random sequence generation was not stated.

Allocation concealment
(selection bias)

Low risk The trial used a web-based application with block randomisation of variable
block size.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants were not blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk The primary outcome was based on a questionnaire.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 20% of data for the primary outcome was missing.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Prick 2014  (Continued)

 
 

Methods Randomised clinical trial

Participants Adults participants undergoing cardiac surgery with a CARE score (a score for cardiac surgery partic-
ipants used to predict morbidity and mortality) of 3 or 4, or participants of advanced age defined as
greater than or equal to 80 years

• Liberal: n = 25; mean age (SD) = 68.8 (9.2) years

• Restrictive: n = 25; mean age (SD) = 67.2 (11.2) years

Interventions Those on the restrictive transfusion strategy received RBC transfusions if their Hb was 7.0 g/dL or less
during cardiopulmonary bypass and 7.5 g/dL or less postoperatively after bypass. Those on the liberal
transfusion strategy received RBC transfusions if their Hb concentration was 9.5 g/dL or less during and
less than 10 g/dL after bypass.

Outcomes The primary outcome was enrolment rate and overall adherence to the transfusion strategies. Clinical
outcomes were assessed.

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk An independent statistician generated the allocation sequence.

Shehata 2012 
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Allocation concealment
(selection bias)

Low risk Opaque sequential sealed envelopes were opened at the start of surgery.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Clinicians and participants were not blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding for clinical outcomes was not addressed.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Outcome data appeared complete.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Shehata 2012  (Continued)

 
 

Methods Randomised clinical trial

Participants Elective orthopedic surgery

• Liberal: n = 304; mean age (SD) = 70.7 (9.6) years

• Restrictive: n = 299; mean age (SD) = 70.2 (10.3) years

Interventions Restrictive transfusion was compared with liberal transfusion regimens.

Outcomes The primary outcome variable was RBC use. Secondary outcomes included postoperative complica-
tions and quality of life.

Notes We re-analysed the prior report (So-Osman 2010) comparing restrictive versus liberal transfusion.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The trial provided a detailed description of statistical procedures.

Allocation concealment
(selection bias)

Low risk A research nurse opened sealed opaque envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Clinicians caring for the participants were aware of allocation status. There
was no blinding information on participants.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk The trial did not state who collected outcome data.

So-Osman 2013 
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No attrition bias was apparent.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

So-Osman 2013  (Continued)

 
 

Methods Randomised clinical trial

Participants Participants older than 18 years of age who had haematemesis or melena, or both (due to upper GI
bleeding)

• Liberal: n = 445; mean age (SD) = 64 (16) years

• Restrictive: n = 444; mean age (SD) = 66 (15) years

Interventions The restrictive transfusion group was transfused for haemoglobin < 7 g/dL, and the liberal transfusion
group was transfused when Hg was < 9 g/dL. In both groups, 1 unit of RBCs was transfused initially.

Outcomes Death at 45 days

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random sequence generation was computer generated.

Allocation concealment
(selection bias)

Low risk The trial used sealed consecutively numbered, opaque envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Clinicians and participants were not blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Mortality was the primary outcome. Assessors of other outcomes were not
documented to be blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The trial had good follow up.

Selective reporting (re-
porting bias)

Low risk Reporting was complete.

Other bias Low risk No other biases were apparent.

Villanueva 2013 
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Methods Randomised clinical trial

Participants ICU participants aged ≥ 55 years, Hg < 9 g/dL, mechanical ventilation for ≥ 96 hours, and were expected
to require ≥ 24 hours of further mechanical ventilation when assessed

• Liberal: n = 49; mean age (range) = 68 (55 to 83) years

• Restrictive: n = 51; mean age (range) = 67 (56 to 80) years

Interventions The restrictive transfusion group received transfusion with haemoglobin≤ 7.0g/dL and a target Hb con-
centration of 7.1 g/dL to 9.0g/dL, and the liberal transfusion group received transfusions with haemo-
globin ≤ 9.0 g/dL and a target of 9.1 g/dL to 11.0 g/dL during intervention.

Outcomes The primary feasibility outcome was the difference in mean Hb among groups. Clinical outcomes were
assessed.

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Minimisation by centre and the presence of IHD, including a random element,
was used.

Allocation concealment
(selection bias)

Low risk The trial used telephone randomisation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Clinicians were not blinded. Most surviving participants stated that they were
unaware of group allocation at 180 days (restrictive group: 67%; liberal group:
78%); 23% of participants in the restrictive group and 9% in the liberal group
correctly stated their treatment group.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Researchers concealed from group allocation collected questionnaire-based
measures at 60 and 180 days postrandomisation. Assessment of clinical out-
comes was not documented to have been done blindly.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk There was good follow up.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Walsh 2013 

 
 

Methods Randomised controlled trial

Participants 60 adult participants with acute leukaemia were randomly allocated to 1 of 2 groups:

• Liberal group: n = 31; M/F = 14/17; mean (SD) age = 45.3 (16.8) years

• Restrictive group: n = 29; M/F = 1811; mean (SD) age = 50.8 (15.3) years

Interventions • The liberal group were transfused 2 units of RBC when the Hb concentration fell below 12.0 g/dL.

Webert 2008 
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• The restrictive group were transfused 2 units of RBC if the Hb concentration dropped below 8.0 g/dL,
with a target range of 85 to 95 g/dL.

Outcomes Transfusions, bleeding risk, 30-day mortality provided by authors

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Sequence generation was computer-generated.

Allocation concealment
(selection bias)

Low risk Allocation was internet-based and central.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants and clinicians were not blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcomes were assessed blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk There were no missing data.

Selective reporting (re-
porting bias)

Low risk No reporting bias was apparent.

Other bias Low risk No other biases were apparent.

Webert 2008  (Continued)

Abbreviations
ACS = acute coronary syndrome
ARDS = acute respiratory distress syndrome
CARE = Cardiac Anesthesia Risk Evaluation
DSMB = Data Safety Monitoring Board
GI = gastrointestinal
Hb = haemoglobin
Hct = haematocrit
ICU = intensive care unit
IHD = ischaemic heart disease
M/F = male/female
PLTs = platelets
RBC = red blood cells
SD = standard deviation
TKA = total knee arthroplasty
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Fortune 1987 This study measured oxygen utilisation. The trial planned no clinical outcomes of interest.
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Study Reason for exclusion

Robertson 2014 The trial used a 2 x 2 factorial design in which participants received erythropoietin or transfusion at
different thresholds. We were unable to isolate the effect of transfusion from erythropoietin.

Vichinsky 1995 The transfusion trigger was based on the level of sickle haemoglobin (HbS), not the haemoglobin
or haematocrit level.

Zygun 2009 This trial measured oxygen utilisation and planned no clinical outcomes of interest.

Abbreviation
HbS = sickle haemoglobin
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Randomised clinical trial

Participants Participants with myelodysplastic syndrome, transfusion dependent, and life expectancy > 6
months

Interventions Liberal: to maintain haemoglobin concentration

Restrictive: to maintain a haemoglobin level between 8.5 g/dL and 10 g/dL

Outcomes Percentage of compliance of pretransfusion haemoglobin levels and achievement of at least 2 g/dL
difference between liberal and restrictive transfusion

Notes -

ISRCTN26088319 

 
 

Methods Randomised clinical trial

Participants Moderate or severe traumatic brain injury and a haemoglobin level less than 9 g/dL

Interventions Liberal transfusion: transfusion if haemoglobin level was less than 9 g/dL

Restrictive transfusion: transfusion only if haemoglobin level was less than 7 g/dL

Outcomes Primary outcome: haemoglobin difference at 14 days

Notes -

NCT02203292 

 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title A randomized clinical trial of restrictive vs. traditional blood transfusion practices in burn patients

Methods Randomised clinical trial

NCT01079247 
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Participants > 20% TBSA burn with anticipated operation needed on admission

Interventions Liberal transfusion: transfusion to maintain haemoglobin at 10g/dL to 11 g/dL

Restrictive transfusion: transfusion to maintain haemoglobin level at 7g/dL to 8 g/dL

Outcomes Blood stream infection

Starting date February 2010

Contact information Tina L Palmieri, MD

University of California, Davis

Notes -

NCT01079247  (Continued)

 
 

Trial name or title An international, multi-center, randomized controlled trial to assess transfusion thresholds in pa-
tients undergoing cardiac surgery (TRICS-III)

Methods Randomised clinical trial

Participants Cardiac surgery using cardiopulmonary bypass and preoperative European System for Cardiac Op-
eration Risk Evaluation (euroSCORE) of 6 or more

Interventions Liberal: transfusion if haemoglobin level is less than 9.5 g/dL

Restrictive: transfusion if haemoglobin level is less than 7.5 g/dL

Outcomes Composite of any of the following: all-cause mortality, myocardial infarction, new renal failure re-
quiring dialysis, new focal neurological deficit (primary outcomes)

Starting date January 2014

Contact information David Mazer or Nadine Shehata

Notes -

NCT02042898 

 
 

Trial name or title Red blood cell transfusion thresholds and QOL in MDS (EnhanceRBC): a pilot, feasibility Study

Methods Randomised clinical trial

Participants All participants with MDS ≥18 years of age, transfusion dependent: at least 1 transfusion per month
in the last 8 weeks, haemoglobin < 10 g/dL

Interventions Liberal transfusion strategy: to maintain Hb level between 11 g/dL and 12 g/dL

Restrictive transfusion strategy: to maintain Hb level between 8.5 g/dL and 10 g/dL

Outcomes Percentage compliance of q2weekly haemoglobin

NCT02099669 
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Starting date March 2014

Contact information Kristina Commisso

kristina.commisso@sunnybrook.ca

Notes -

NCT02099669  (Continued)

 
 

Trial name or title The transfusion triggers in vascular surgery trial: two different transfusion triggers for postoper-
ative haemoglobin separation and adherence to transfusion strategies in vascular surgery: a ran-
domized clinical feasibility trial

Methods Randomised clinical trial

Participants Open repair of abdominal aorta or infrainguinal arterial bypass

Interventions Restrictive transfusion: transfusion when haemoglobin level is less than 5 mmol/L (approximately
8 g/dL)

Liberal transfusion: transfusion when haemoglobin level is less than 6 mmol/L (approximately 10
g/dL)

Outcomes Postoperative haemoglobin measured at the time of arrival to recovery room or ICU (primary out-
come)

Starting date June 2015

Contact information Anders Moller

dr.andersm@gmail.com

Notes -

NCT02465125 

 
 

Trial name or title Aneurysmal subarachnoid hemorrhage: red blood cell transfusion and outcome - a pilot random-
ized controlled trial (SaHARA pilot)

Methods Randomised clinical trial

Participants Subarachnoid haemorrhage

Interventions Liberal transfusion (10 g/dL) versus restrictive transfusion

Outcomes Randomised rate

Starting date October 2015

Contact information Shane English, MD

senglish@ohri.ca

NCT02483351 
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Notes -

NCT02483351  (Continued)

 
 

Trial name or title Myocardial ischemia and transfusion: a pilot, multi-centre, open label randomized clinical trial of
two commonly used transfusion strategies in patients with myocardial infarction

Methods Randomised clinical trial

Participants Myocardial infarction

Interventions Liberal transfusion: transfusion if haemoglobin level is less than 10 g/dL for up to 30 days postran-
domisation

Restrictive transfusion: transfusion is permitted if haemoglobin level is less than 8 g/dL and re-
quired below 7 g/dL

Outcomes Enrolment rate (primary outcome)

Starting date February 2016

Contact information Paul Hebert

paul.hebert.chum@ssss.gouv.qc.ca

Notes -

NCT02619136 

 
 

Trial name or title Cost-effectiveness and cost-utility of liberal vs restrictive red blood cell transfusion strategies in pa-
tients with acute myocardial infarction and anemia. The REALITY (restrictive and liberaltransfusion
strategies in patients with acute myocardial infarction) randomized trial

Methods Randomised clinical trial

Participants Acute myocardial infarction

Interventions Liberal transfusion: transfusion when haemoglobin ≤ 10

Restrictive transfusion: transfusion when haemoglobin ≤ 8

Outcomes Cost-effectiveness ratio at 30 days

Starting date March 2016

Contact information Phillippe-Gabriel Steg

gabriel.steg@aphp.fr

Notes -

NCT02648113 
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Trial name or title Perioperative transfusion study (PETS): does a liberal transfusion protocol improve outcome in
high-risk cardiovascular patients undergoing non-cardiac surgery?

Methods Randomised clinical trial

Participants Elective high-risk cardiac surgery participants

Interventions Liberal transfusion: 11 g/dL

Restrictive transfusion: 9.7 g/dL

Outcomes Troponin elevation above 99th percentile

Starting date August 2015

Contact information Felix van Lier

Notes -

NTR3244 

 
 

Trial name or title Transfusion of red cells in hematopoietic stem cell transplantation: the TRIST study

Methods Randomised clinical trial stratified by centre and type of transplant

Participants Participants undergoing hematopoietic stem cell transplantation

Interventions Restrictive (target haemoglobin of 7 g/dL to 9 g/dL) or liberal (target haemoglobin of 9 g/dL to 11
g/dL) RBC transfusion strategy, based on daily haemoglobin values up to 100 days post-transplant

Outcomes Feasibility and clinical outcomes including transfusion requirements, transplant-related mortality,
maximum grade of acute graO versus host disease, veno-occlusive disease, serious infections, Bear-
man Toxicity Score, bleeding, quality of life, number of hospitalisations, and number of intensive
care unit admissions.

Starting date March 2011

Contact information Jason Tay, MD

Department of Medicine

University of Calgary

Notes -

Tay 2011 

Abbreviations
Hb = haemoglobin
ICU = intensive care unit
MDS = myelodysplastic syndromes
QOL = quality of life
RBC = red blood cells
TBSA = total body surface area
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D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Mortality at 30 days

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 30-day mortality 23 10537 Risk Ratio (M-H, Random,
95% CI)

0.97 [0.81, 1.16]

2 30-day mortality subgroup by re-
strictive haemoglobin level

23 10537 Risk Ratio (M-H, Random,
95% CI)

0.97 [0.81, 1.16]

2.1 Restrictive < 8 g/dL to 9 g/dL 14 4772 Risk Ratio (M-H, Random,
95% CI)

1.05 [0.78, 1.40]

2.2 Restrictive < 7 g/dL 9 5765 Risk Ratio (M-H, Random,
95% CI)

0.94 [0.74, 1.19]

3 30-day mortality subgroup analy-
sis by clinical specialities

23 10537 Risk Ratio (M-H, Random,
95% CI)

0.97 [0.81, 1.16]

3.1 Cardiac surgery 3 2942 Risk Ratio (M-H, Random,
95% CI)

1.18 [0.77, 1.81]

3.2 Orthopaedic surgery 6 2831 Risk Ratio (M-H, Random,
95% CI)

1.27 [0.72, 2.25]

3.3 Vascular 1 99 Risk Ratio (M-H, Random,
95% CI)

0.98 [0.26, 3.70]

3.4 Acute blood loss/trauma 3 1522 Risk Ratio (M-H, Random,
95% CI)

0.65 [0.43, 0.97]

3.5 Critical care 6 2840 Risk Ratio (M-H, Random,
95% CI)

0.97 [0.75, 1.25]

3.6 Acute myocardial infarction 2 154 Risk Ratio (M-H, Random,
95% CI)

3.88 [0.83, 18.13]

3.7 Haematological malignancies 2 149 Risk Ratio (M-H, Random,
95% CI)

0.37 [0.07, 1.95]

4 30-day mortality by clinical spe-
cialities: myocardial infarction ver-
sus all others

21 10388 Risk Ratio (M-H, Random,
95% CI)

0.99 [0.82, 1.18]

4.1 Myocardial infarction 2 154 Risk Ratio (M-H, Random,
95% CI)

3.88 [0.83, 18.13]

4.2 All but myocardial infarction 19 10234 Risk Ratio (M-H, Random,
95% CI)

0.96 [0.81, 1.15]

5 30-day mortality in participants
with cardiac surgery and myocardial
infarction

5 3096 Risk Ratio (M-H, Random,
95% CI)

1.28 [0.80, 2.06]
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Analysis 1.1.   Comparison 1 Mortality at 30 days, Outcome 1 30-day mortality.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Lotke 1999 0/62 0/65   Not estimable

Blair 1986 0/26 2/24 0.35% 0.19[0.01,3.67]

Foss 2009 5/60 0/60 0.38% 11[0.62,194.63]

Carson 1998 1/42 1/42 0.42% 1[0.06,15.47]

DeZern 2016 1/59 2/30 0.56% 0.25[0.02,2.69]

Webert 2008 1/29 2/31 0.56% 0.53[0.05,5.58]

Cooper 2011 2/23 1/21 0.57% 1.83[0.18,18.7]

Carson 2013 7/55 1/55 0.73% 7[0.89,55.01]

Parker 2013 5/100 3/100 1.51% 1.67[0.41,6.79]

Bracey 1999 3/215 6/222 1.57% 0.52[0.13,2.04]

Bush 1997 4/50 4/49 1.67% 0.98[0.26,3.7]

Hébert 1995 8/33 9/36 3.84% 0.97[0.42,2.22]

de Almeida 2015 23/101 8/97 4.45% 2.76[1.3,5.87]

Lacroix 2007 14/320 14/317 4.75% 0.99[0.48,2.04]

Hajjar 2010 15/249 13/253 4.78% 1.17[0.57,2.41]

Gregersen 2015 21/144 12/140 5.35% 1.7[0.87,3.32]

Walsh 2013 12/51 16/49 5.76% 0.72[0.38,1.36]

Jairath 2015 14/257 25/382 5.8% 0.83[0.44,1.57]

Murphy 2015 26/1000 19/1003 6.52% 1.37[0.76,2.46]

Villanueva 2013 19/416 34/417 7.19% 0.56[0.32,0.97]

Carson 2011 43/1009 52/1007 10.53% 0.83[0.56,1.22]

Hébert 1999 78/418 98/420 14.67% 0.8[0.61,1.04]

Holst 2014 168/502 175/496 18.04% 0.95[0.8,1.13]

   

Total (95% CI) 5221 5316 100% 0.97[0.81,1.16]

Total events: 470 (Restrictive), 497 (Liberal)  

Heterogeneity: Tau2=0.04; Chi2=29.75, df=21(P=0.1); I2=29.42%  

Test for overall effect: Z=0.29(P=0.77)  

Favours restrictive 5000.002 100.1 1 Favours liberal

 
 

Analysis 1.2.   Comparison 1 Mortality at 30 days, Outcome 2 30-
day mortality subgroup by restrictive haemoglobin level.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.2.1 Restrictive < 8 g/dL to 9 g/dL  

Lotke 1999 0/62 0/65   Not estimable

Blair 1986 0/26 2/24 0.35% 0.19[0.01,3.67]

Foss 2009 5/60 0/60 0.38% 11[0.62,194.63]

Carson 1998 1/42 1/42 0.42% 1[0.06,15.47]

Webert 2008 1/29 2/31 0.56% 0.53[0.05,5.58]

Cooper 2011 2/23 1/21 0.57% 1.83[0.18,18.7]

Carson 2013 7/55 1/55 0.73% 7[0.89,55.01]

Parker 2013 5/100 3/100 1.51% 1.67[0.41,6.79]

Bracey 1999 3/215 6/222 1.57% 0.52[0.13,2.04]

Bush 1997 4/50 4/49 1.67% 0.98[0.26,3.7]

Hajjar 2010 15/249 13/253 4.78% 1.17[0.57,2.41]

Favours restrictive 2000.005 100.1 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Gregersen 2015 21/144 12/140 5.35% 1.7[0.87,3.32]

Jairath 2015 14/257 25/382 5.8% 0.83[0.44,1.57]

Carson 2011 43/1009 52/1007 10.53% 0.83[0.56,1.22]

Subtotal (95% CI) 2321 2451 34.22% 1.05[0.78,1.4]

Total events: 121 (Restrictive), 122 (Liberal)  

Heterogeneity: Tau2=0.02; Chi2=13.14, df=12(P=0.36); I2=8.71%  

Test for overall effect: Z=0.31(P=0.76)  

   

1.2.2 Restrictive < 7 g/dL  

DeZern 2016 1/59 2/30 0.56% 0.25[0.02,2.69]

Hébert 1995 8/33 9/36 3.84% 0.97[0.42,2.22]

de Almeida 2015 23/101 8/97 4.45% 2.76[1.3,5.87]

Lacroix 2007 14/320 14/317 4.75% 0.99[0.48,2.04]

Walsh 2013 12/51 16/49 5.76% 0.72[0.38,1.36]

Murphy 2015 26/1000 19/1003 6.52% 1.37[0.76,2.46]

Villanueva 2013 19/416 34/417 7.19% 0.56[0.32,0.97]

Hébert 1999 78/418 98/420 14.67% 0.8[0.61,1.04]

Holst 2014 168/502 175/496 18.04% 0.95[0.8,1.13]

Subtotal (95% CI) 2900 2865 65.78% 0.94[0.74,1.19]

Total events: 349 (Restrictive), 375 (Liberal)  

Heterogeneity: Tau2=0.05; Chi2=16.09, df=8(P=0.04); I2=50.29%  

Test for overall effect: Z=0.53(P=0.59)  

   

Total (95% CI) 5221 5316 100% 0.97[0.81,1.16]

Total events: 470 (Restrictive), 497 (Liberal)  

Heterogeneity: Tau2=0.04; Chi2=29.75, df=21(P=0.1); I2=29.42%  

Test for overall effect: Z=0.29(P=0.77)  

Test for subgroup differences: Chi2=0.34, df=1 (P=0.56), I2=0%  

Favours restrictive 2000.005 100.1 1 Favours liberal

 
 

Analysis 1.3.   Comparison 1 Mortality at 30 days, Outcome 3
30-day mortality subgroup analysis by clinical specialities.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.3.1 Cardiac surgery  

Bracey 1999 3/215 6/222 1.57% 0.52[0.13,2.04]

Hajjar 2010 15/249 13/253 4.78% 1.17[0.57,2.41]

Murphy 2015 26/1000 19/1003 6.52% 1.37[0.76,2.46]

Subtotal (95% CI) 1464 1478 12.87% 1.18[0.77,1.81]

Total events: 44 (Restrictive), 38 (Liberal)  

Heterogeneity: Tau2=0; Chi2=1.65, df=2(P=0.44); I2=0%  

Test for overall effect: Z=0.74(P=0.46)  

   

1.3.2 Orthopaedic surgery  

Carson 1998 1/42 1/42 0.42% 1[0.06,15.47]

Carson 2011 43/1009 52/1007 10.53% 0.83[0.56,1.22]

Foss 2009 5/60 0/60 0.38% 11[0.62,194.63]

Gregersen 2015 21/144 12/140 5.35% 1.7[0.87,3.32]

Favours restrictive 2000.005 100.1 1 Favours liberal

Transfusion thresholds and other strategies for guiding allogeneic red blood cell transfusion (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

63



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Lotke 1999 0/62 0/65   Not estimable

Parker 2013 5/100 3/100 1.51% 1.67[0.41,6.79]

Subtotal (95% CI) 1417 1414 18.19% 1.27[0.72,2.25]

Total events: 75 (Restrictive), 68 (Liberal)  

Heterogeneity: Tau2=0.14; Chi2=6.46, df=4(P=0.17); I2=38.06%  

Test for overall effect: Z=0.82(P=0.41)  

   

1.3.3 Vascular  

Bush 1997 4/50 4/49 1.67% 0.98[0.26,3.7]

Subtotal (95% CI) 50 49 1.67% 0.98[0.26,3.7]

Total events: 4 (Restrictive), 4 (Liberal)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.98)  

   

1.3.4 Acute blood loss/trauma  

Blair 1986 0/26 2/24 0.35% 0.19[0.01,3.67]

Jairath 2015 14/257 25/382 5.8% 0.83[0.44,1.57]

Villanueva 2013 19/416 34/417 7.19% 0.56[0.32,0.97]

Subtotal (95% CI) 699 823 13.34% 0.65[0.43,0.97]

Total events: 33 (Restrictive), 61 (Liberal)  

Heterogeneity: Tau2=0; Chi2=1.55, df=2(P=0.46); I2=0%  

Test for overall effect: Z=2.08(P=0.04)  

   

1.3.5 Critical care  

de Almeida 2015 23/101 8/97 4.45% 2.76[1.3,5.87]

Holst 2014 168/502 175/496 18.04% 0.95[0.8,1.13]

Hébert 1995 8/33 9/36 3.84% 0.97[0.42,2.22]

Hébert 1999 78/418 98/420 14.67% 0.8[0.61,1.04]

Lacroix 2007 14/320 14/317 4.75% 0.99[0.48,2.04]

Walsh 2013 12/51 16/49 5.76% 0.72[0.38,1.36]

Subtotal (95% CI) 1425 1415 51.52% 0.97[0.75,1.25]

Total events: 303 (Restrictive), 320 (Liberal)  

Heterogeneity: Tau2=0.04; Chi2=9.97, df=5(P=0.08); I2=49.83%  

Test for overall effect: Z=0.25(P=0.81)  

   

1.3.6 Acute myocardial infarction  

Carson 2013 7/55 1/55 0.73% 7[0.89,55.01]

Cooper 2011 2/23 1/21 0.57% 1.83[0.18,18.7]

Subtotal (95% CI) 78 76 1.3% 3.88[0.83,18.13]

Total events: 9 (Restrictive), 2 (Liberal)  

Heterogeneity: Tau2=0; Chi2=0.74, df=1(P=0.39); I2=0%  

Test for overall effect: Z=1.72(P=0.09)  

   

1.3.7 Haematological malignancies  

DeZern 2016 1/59 2/30 0.56% 0.25[0.02,2.69]

Webert 2008 1/29 2/31 0.56% 0.53[0.05,5.58]

Subtotal (95% CI) 88 61 1.12% 0.37[0.07,1.95]

Total events: 2 (Restrictive), 4 (Liberal)  

Heterogeneity: Tau2=0; Chi2=0.19, df=1(P=0.66); I2=0%  

Test for overall effect: Z=1.17(P=0.24)  

   

Total (95% CI) 5221 5316 100% 0.97[0.81,1.16]

Favours restrictive 2000.005 100.1 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 470 (Restrictive), 497 (Liberal)  

Heterogeneity: Tau2=0.04; Chi2=29.75, df=21(P=0.1); I2=29.42%  

Test for overall effect: Z=0.29(P=0.77)  

Test for subgroup differences: Chi2=9.78, df=1 (P=0.13), I2=38.63%  

Favours restrictive 2000.005 100.1 1 Favours liberal

 
 

Analysis 1.4.   Comparison 1 Mortality at 30 days, Outcome 4 30-day
mortality by clinical specialities: myocardial infarction versus all others.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.4.1 Myocardial infarction  

Cooper 2011 2/23 1/21 0.6% 1.83[0.18,18.7]

Carson 2013 7/55 1/55 0.76% 7[0.89,55.01]

Subtotal (95% CI) 78 76 1.36% 3.88[0.83,18.13]

Total events: 9 (Restrictive), 2 (Liberal)  

Heterogeneity: Tau2=0; Chi2=0.74, df=1(P=0.39); I2=0%  

Test for overall effect: Z=1.72(P=0.09)  

   

1.4.2 All but myocardial infarction  

Lotke 1999 0/62 0/65   Not estimable

Blair 1986 0/26 2/24 0.37% 0.19[0.01,3.67]

Foss 2009 5/60 0/60 0.4% 11[0.62,194.63]

Carson 1998 1/42 1/42 0.44% 1[0.06,15.47]

Parker 2013 5/100 3/100 1.57% 1.67[0.41,6.79]

Bracey 1999 3/215 6/222 1.63% 0.52[0.13,2.04]

Bush 1997 4/50 4/49 1.73% 0.98[0.26,3.7]

Hébert 1995 8/33 9/36 3.96% 0.97[0.42,2.22]

de Almeida 2015 23/101 8/97 4.58% 2.76[1.3,5.87]

Lacroix 2007 14/320 14/317 4.88% 0.99[0.48,2.04]

Hajjar 2010 15/249 13/253 4.91% 1.17[0.57,2.41]

Gregersen 2015 21/144 12/140 5.49% 1.7[0.87,3.32]

Walsh 2013 12/51 16/49 5.9% 0.72[0.38,1.36]

Jairath 2015 14/257 25/382 5.94% 0.83[0.44,1.57]

Murphy 2015 26/1000 19/1003 6.66% 1.37[0.76,2.46]

Villanueva 2013 19/416 34/417 7.32% 0.56[0.32,0.97]

Carson 2011 43/1009 52/1007 10.61% 0.83[0.56,1.22]

Hébert 1999 78/418 98/420 14.56% 0.8[0.61,1.04]

Holst 2014 168/502 175/496 17.7% 0.95[0.8,1.13]

Subtotal (95% CI) 5055 5179 98.64% 0.96[0.81,1.15]

Total events: 459 (Restrictive), 491 (Liberal)  

Heterogeneity: Tau2=0.03; Chi2=24.33, df=17(P=0.11); I2=30.13%  

Test for overall effect: Z=0.42(P=0.67)  

   

Total (95% CI) 5133 5255 100% 0.99[0.82,1.18]

Total events: 468 (Restrictive), 493 (Liberal)  

Heterogeneity: Tau2=0.04; Chi2=28.37, df=19(P=0.08); I2=33.03%  

Test for overall effect: Z=0.14(P=0.88)  

Test for subgroup differences: Chi2=3.09, df=1 (P=0.08), I2=67.64%  

Favours restrictive 2000.005 100.1 1 Favours liberal
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Analysis 1.5.   Comparison 1 Mortality at 30 days, Outcome 5 30-day
mortality in participants with cardiac surgery and myocardial infarction.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Cooper 2011 2/23 1/21 4.04% 1.83[0.18,18.7]

Carson 2013 7/55 1/55 5.1% 7[0.89,55.01]

Bracey 1999 3/215 6/222 11.05% 0.52[0.13,2.04]

Hajjar 2010 15/249 13/253 33.71% 1.17[0.57,2.41]

Murphy 2015 26/1000 19/1003 46.1% 1.37[0.76,2.46]

   

Total (95% CI) 1542 1554 100% 1.28[0.8,2.06]

Total events: 53 (Restrictive), 40 (Liberal)  

Heterogeneity: Tau2=0.04; Chi2=4.52, df=4(P=0.34); I2=11.53%  

Test for overall effect: Z=1.04(P=0.3)  

Favours restrictive 500.02 100.1 1 Favours liberal

 
 

Comparison 2.   Subgroup analysis by registered trials

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 30-day mortality 21 10350 Risk Ratio (M-H, Random, 95% CI) 0.98 [0.82, 1.18]

1.1 Registered trials 15 8773 Risk Ratio (M-H, Random, 95% CI) 1.06 [0.84, 1.35]

1.2 Unregistered trials 6 1577 Risk Ratio (M-H, Random, 95% CI) 0.80 [0.63, 1.02]

 
 

Analysis 2.1.   Comparison 2 Subgroup analysis by registered trials, Outcome 1 30-day mortality.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.1.1 Registered trials  

Foss 2009 5/60 0/60 0.4% 11[0.62,194.63]

DeZern 2016 1/59 2/30 0.58% 0.25[0.02,2.69]

Cooper 2011 2/23 1/21 0.6% 1.83[0.18,18.7]

Carson 2013 7/55 1/55 0.76% 7[0.89,55.01]

Parker 2013 5/100 3/100 1.57% 1.67[0.41,6.79]

de Almeida 2015 23/101 8/97 4.57% 2.76[1.3,5.87]

Lacroix 2007 14/320 14/317 4.87% 0.99[0.48,2.04]

Hajjar 2010 15/249 13/253 4.89% 1.17[0.57,2.41]

Gregersen 2015 21/144 12/140 5.47% 1.7[0.87,3.32]

Walsh 2013 12/51 16/49 5.88% 0.72[0.38,1.36]

Jairath 2015 14/257 25/382 5.92% 0.83[0.44,1.57]

Murphy 2015 26/1000 19/1003 6.63% 1.37[0.76,2.46]

Villanueva 2013 19/416 34/417 7.29% 0.56[0.32,0.97]

Carson 2011 43/1009 52/1007 10.54% 0.83[0.56,1.22]

Holst 2014 168/502 175/496 17.5% 0.95[0.8,1.13]

Favours restrictive 2000.005 100.1 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Subtotal (95% CI) 4346 4427 77.46% 1.06[0.84,1.35]

Total events: 375 (Restrictive), 375 (Liberal)  

Heterogeneity: Tau2=0.08; Chi2=25.89, df=14(P=0.03); I2=45.92%  

Test for overall effect: Z=0.51(P=0.61)  

   

2.1.2 Unregistered trials  

Blair 1986 0/26 2/24 0.37% 0.19[0.01,3.67]

Carson 1998 1/42 1/42 0.44% 1[0.06,15.47]

Bracey 1999 3/215 6/222 1.63% 0.52[0.13,2.04]

Bush 1997 4/50 4/49 1.73% 0.98[0.26,3.7]

Hébert 1995 8/33 9/36 3.95% 0.97[0.42,2.22]

Hébert 1999 78/418 98/420 14.43% 0.8[0.61,1.04]

Subtotal (95% CI) 784 793 22.54% 0.8[0.63,1.02]

Total events: 94 (Restrictive), 120 (Liberal)  

Heterogeneity: Tau2=0; Chi2=1.64, df=5(P=0.9); I2=0%  

Test for overall effect: Z=1.8(P=0.07)  

   

Total (95% CI) 5130 5220 100% 0.98[0.82,1.18]

Total events: 469 (Restrictive), 495 (Liberal)  

Heterogeneity: Tau2=0.04; Chi2=29.54, df=20(P=0.08); I2=32.29%  

Test for overall effect: Z=0.22(P=0.82)  

Test for subgroup differences: Chi2=2.66, df=1 (P=0.1), I2=62.44%  

Favours restrictive 2000.005 100.1 1 Favours liberal

 
 

Comparison 3.   Sensitivity analysis by allocation concealment

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 30-day mortality 22 10477 Risk Ratio (M-H, Random, 95% CI) 0.98 [0.82, 1.18]

1.1 Low risk 15 8936 Risk Ratio (M-H, Random, 95% CI) 1.01 [0.82, 1.24]

1.2 Unclear or high risk 7 1541 Risk Ratio (M-H, Random, 95% CI) 0.87 [0.56, 1.34]

 
 

Analysis 3.1.   Comparison 3 Sensitivity analysis by allocation concealment, Outcome 1 30-day mortality.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.1.1 Low risk  

Carson 1998 1/42 1/42 0.44% 1[0.06,15.47]

DeZern 2016 1/59 2/30 0.58% 0.25[0.02,2.69]

Cooper 2011 2/23 1/21 0.6% 1.83[0.18,18.7]

Carson 2013 7/55 1/55 0.76% 7[0.89,55.01]

Parker 2013 5/100 3/100 1.57% 1.67[0.41,6.79]

de Almeida 2015 23/101 8/97 4.57% 2.76[1.3,5.87]

Lacroix 2007 14/320 14/317 4.87% 0.99[0.48,2.04]

Favours restrictive 2000.005 100.1 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Hajjar 2010 15/249 13/253 4.89% 1.17[0.57,2.41]

Gregersen 2015 21/144 12/140 5.47% 1.7[0.87,3.32]

Walsh 2013 12/51 16/49 5.88% 0.72[0.38,1.36]

Murphy 2015 26/1000 19/1003 6.63% 1.37[0.76,2.46]

Villanueva 2013 19/416 34/417 7.29% 0.56[0.32,0.97]

Carson 2011 43/1009 52/1007 10.54% 0.83[0.56,1.22]

Hébert 1999 78/418 98/420 14.43% 0.8[0.61,1.04]

Holst 2014 168/502 175/496 17.5% 0.95[0.8,1.13]

Subtotal (95% CI) 4489 4447 86% 1.01[0.82,1.24]

Total events: 435 (Restrictive), 449 (Liberal)  

Heterogeneity: Tau2=0.05; Chi2=24.68, df=14(P=0.04); I2=43.27%  

Test for overall effect: Z=0.07(P=0.94)  

   

3.1.2 Unclear or high risk  

Lotke 1999 0/62 0/65   Not estimable

Blair 1986 0/26 2/24 0.37% 0.19[0.01,3.67]

Foss 2009 5/60 0/60 0.4% 11[0.62,194.63]

Bracey 1999 3/215 6/222 1.63% 0.52[0.13,2.04]

Bush 1997 4/50 4/49 1.73% 0.98[0.26,3.7]

Hébert 1995 8/33 9/36 3.95% 0.97[0.42,2.22]

Jairath 2015 14/257 25/382 5.92% 0.83[0.44,1.57]

Subtotal (95% CI) 703 838 14% 0.87[0.56,1.34]

Total events: 34 (Restrictive), 46 (Liberal)  

Heterogeneity: Tau2=0; Chi2=4.75, df=5(P=0.45); I2=0%  

Test for overall effect: Z=0.65(P=0.52)  

   

Total (95% CI) 5192 5285 100% 0.98[0.82,1.18]

Total events: 469 (Restrictive), 495 (Liberal)  

Heterogeneity: Tau2=0.04; Chi2=29.54, df=20(P=0.08); I2=32.29%  

Test for overall effect: Z=0.22(P=0.82)  

Test for subgroup differences: Chi2=0.38, df=1 (P=0.54), I2=0%  

Favours restrictive 2000.005 100.1 1 Favours liberal

 
 

Comparison 4.   Sensitivity analysis by blinding of outcome assessment

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 30-day mortality 21 10388 Risk Ratio (M-H, Random, 95% CI) 0.99 [0.82, 1.18]

1.1 Low risk 16 9356 Risk Ratio (M-H, Random, 95% CI) 1.00 [0.81, 1.24]

1.2 Unclear or high risk 5 1032 Risk Ratio (M-H, Random, 95% CI) 0.93 [0.56, 1.55]
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Analysis 4.1.   Comparison 4 Sensitivity analysis by blinding of outcome assessment, Outcome 1 30-day mortality.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

4.1.1 Low risk  

Lotke 1999 0/62 0/65   Not estimable

Foss 2009 5/60 0/60 0.4% 11[0.62,194.63]

Carson 1998 1/42 1/42 0.44% 1[0.06,15.47]

Carson 2013 7/55 1/55 0.76% 7[0.89,55.01]

Bracey 1999 3/215 6/222 1.63% 0.52[0.13,2.04]

Hébert 1995 8/33 9/36 3.96% 0.97[0.42,2.22]

de Almeida 2015 23/101 8/97 4.58% 2.76[1.3,5.87]

Lacroix 2007 14/320 14/317 4.88% 0.99[0.48,2.04]

Hajjar 2010 15/249 13/253 4.91% 1.17[0.57,2.41]

Gregersen 2015 21/144 12/140 5.49% 1.7[0.87,3.32]

Walsh 2013 12/51 16/49 5.9% 0.72[0.38,1.36]

Murphy 2015 26/1000 19/1003 6.66% 1.37[0.76,2.46]

Villanueva 2013 19/416 34/417 7.32% 0.56[0.32,0.97]

Carson 2011 43/1009 52/1007 10.61% 0.83[0.56,1.22]

Hébert 1999 78/418 98/420 14.56% 0.8[0.61,1.04]

Holst 2014 168/502 175/496 17.7% 0.95[0.8,1.13]

Subtotal (95% CI) 4677 4679 89.79% 1[0.81,1.24]

Total events: 443 (Restrictive), 458 (Liberal)  

Heterogeneity: Tau2=0.06; Chi2=26.16, df=14(P=0.02); I2=46.49%  

Test for overall effect: Z=0.04(P=0.97)  

   

4.1.2 Unclear or high risk  

Blair 1986 0/26 2/24 0.37% 0.19[0.01,3.67]

Cooper 2011 2/23 1/21 0.6% 1.83[0.18,18.7]

Parker 2013 5/100 3/100 1.57% 1.67[0.41,6.79]

Bush 1997 4/50 4/49 1.73% 0.98[0.26,3.7]

Jairath 2015 14/257 25/382 5.94% 0.83[0.44,1.57]

Subtotal (95% CI) 456 576 10.21% 0.93[0.56,1.55]

Total events: 25 (Restrictive), 35 (Liberal)  

Heterogeneity: Tau2=0; Chi2=2.24, df=4(P=0.69); I2=0%  

Test for overall effect: Z=0.28(P=0.78)  

   

Total (95% CI) 5133 5255 100% 0.99[0.82,1.18]

Total events: 468 (Restrictive), 493 (Liberal)  

Heterogeneity: Tau2=0.04; Chi2=28.37, df=19(P=0.08); I2=33.03%  

Test for overall effect: Z=0.14(P=0.88)  

Test for subgroup differences: Chi2=0.08, df=1 (P=0.78), I2=0%  

Favours restrictive 2000.005 100.1 1 Favours liberal

 
 

Comparison 5.   Mortality: other time intervals

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Hospital mortality 10 5107 Risk Ratio (M-H, Random, 95% CI) 0.86 [0.73, 1.01]

2 90-day mortality 4 3485 Risk Ratio (M-H, Random, 95% CI) 1.15 [0.95, 1.40]
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Analysis 5.1.   Comparison 5 Mortality: other time intervals, Outcome 1 Hospital mortality.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Carson 1998 0/42 0/42   Not estimable

Blair 1986 0/26 2/24 0.29% 0.19[0.01,3.67]

So-Osman 2013 0/299 3/204 0.29% 0.1[0.01,1.88]

Cooper 2011 2/24 1/21 0.47% 1.75[0.17,17.95]

Shehata 2012 4/25 1/25 0.57% 4[0.48,33.33]

Bracey 1999 3/215 6/222 1.35% 0.52[0.13,2.04]

Carson 2011 14/1003 20/999 5.36% 0.7[0.35,1.37]

Walsh 2013 19/51 24/49 11.22% 0.76[0.48,1.2]

Hébert 1999 93/418 118/420 33.91% 0.79[0.63,1]

Holst 2014 151/502 154/496 46.54% 0.97[0.8,1.17]

   

Total (95% CI) 2605 2502 100% 0.86[0.73,1.01]

Total events: 286 (Restrictive), 329 (Liberal)  

Heterogeneity: Tau2=0.01; Chi2=8.67, df=8(P=0.37); I2=7.75%  

Test for overall effect: Z=1.88(P=0.06)  

Favours restrictive 2000.005 100.1 1 Favours liberal

 
 

Analysis 5.2.   Comparison 5 Mortality: other time intervals, Outcome 2 90-day mortality.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Parker 2013 11/100 10/100 5.22% 1.1[0.49,2.47]

Murphy 2015 42/1000 26/1003 13.47% 1.62[1,2.62]

Gregersen 2015 40/144 30/140 17.48% 1.3[0.86,1.96]

Holst 2014 223/496 216/502 63.84% 1.04[0.91,1.2]

   

Total (95% CI) 1740 1745 100% 1.15[0.95,1.4]

Total events: 316 (Restrictive), 282 (Liberal)  

Heterogeneity: Tau2=0.01; Chi2=3.76, df=3(P=0.29); I2=20.11%  

Test for overall effect: Z=1.48(P=0.14)  

Favours restrictive 20.5 1.50.7 1 Favours liberal

 
 

Comparison 6.   Blood transfusions

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Participants exposed to blood
transfusion (all studies)

31 12587 Risk Ratio (M-H, Random,
95% CI)

0.57 [0.49, 0.65]

2 Participants exposed to blood
transfusion by clinical specialties

31 12587 Risk Ratio (M-H, Random,
95% CI)

0.57 [0.49, 0.65]

2.1 Cardiac surgery 5 3021 Risk Ratio (M-H, Random,
95% CI)

0.67 [0.64, 0.70]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.2 Orthopaedic surgery 10 3907 Risk Ratio (M-H, Random,
95% CI)

0.50 [0.38, 0.67]

2.3 Vascular 1 99 Risk Ratio (M-H, Random,
95% CI)

0.91 [0.77, 1.08]

2.4 Acute blood loss/trauma 5 2416 Risk Ratio (M-H, Random,
95% CI)

0.39 [0.23, 0.67]

2.5 Critical care 6 2840 Risk Ratio (M-H, Random,
95% CI)

0.63 [0.55, 0.72]

2.6 Acute myocardial infarction 2 155 Risk Ratio (M-H, Random,
95% CI)

0.40 [0.19, 0.82]

2.7 Haematological malignancies 2 149 Risk Ratio (M-H, Random,
95% CI)

1.00 [0.95, 1.05]

3 Participants exposed to blood
transfusion (by transfusion thresh-
old)

26   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

3.1 Difference between liberal and re-
strictive haemoglobin thresholds ≥ 2
g/dL

19 7683 Risk Ratio (M-H, Random,
95% CI)

0.56 [0.48, 0.65]

3.2 Difference between liberal and re-
strictive haemoglobin thresholds < 2
g/dL

7 3903 Risk Ratio (M-H, Random,
95% CI)

0.79 [0.63, 0.98]

4 Participants exposed to blood
transfusion by transfusion threshold

31 12587 Risk Ratio (M-H, Random,
95% CI)

0.57 [0.49, 0.65]

4.1 Restrictive < 7 g/dL 12 6453 Risk Ratio (M-H, Random,
95% CI)

0.58 [0.47, 0.72]

4.2 Restrictive < 8 g/dL to 9 g/dL 19 6134 Risk Ratio (M-H, Random,
95% CI)

0.55 [0.46, 0.67]

5 Units of blood transfused 12 4674 Mean Difference (IV, Random,
95% CI)

-1.30 [-1.85, -0.75]

 
 

Analysis 6.1.   Comparison 6 Blood transfusions, Outcome 1 Participants exposed to blood transfusion (all studies).

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Parker 2013 11/100 100/100 2.37% 0.11[0.07,0.2]

Prick 2014 33/261 251/258 3.13% 0.13[0.09,0.18]

Blair 1986 5/26 24/24 1.78% 0.21[0.1,0.44]

Lotke 1999 16/62 65/65 2.8% 0.26[0.17,0.4]

Carson 2013 15/55 55/55 2.77% 0.28[0.18,0.43]

Favours restrictive 100.1 50.2 20.5 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Carson 2011 415/1009 974/1007 3.73% 0.43[0.39,0.46]

Carson 1998 19/42 41/42 3.07% 0.46[0.33,0.65]

Lacroix 2007 146/320 310/317 3.66% 0.47[0.41,0.53]

Foss 2009 22/60 44/60 2.97% 0.5[0.35,0.72]

Cooper 2011 13/24 21/21 2.97% 0.55[0.38,0.8]

Hébert 1995 18/33 35/36 3.14% 0.56[0.41,0.77]

Villanueva 2013 219/444 384/445 3.69% 0.57[0.52,0.63]

Shehata 2012 13/25 22/25 2.84% 0.59[0.39,0.88]

Hajjar 2010 118/249 198/253 3.62% 0.61[0.52,0.7]

Holst 2014 326/502 490/496 3.74% 0.66[0.62,0.7]

Hébert 1999 280/418 420/420 3.74% 0.67[0.63,0.72]

Murphy 2015 637/1000 952/1003 3.75% 0.67[0.64,0.7]

de Almeida 2015 33/101 47/97 3.04% 0.67[0.48,0.95]

So-Osman 2013 79/299 119/304 3.39% 0.67[0.53,0.85]

Fisher 1956 8/12 10/10 2.8% 0.68[0.45,1.04]

Jairath 2015 133/403 247/533 3.57% 0.71[0.6,0.84]

Bracey 1999 74/212 104/216 3.41% 0.72[0.58,0.91]

Nielsen 2014 11/30 16/33 2.23% 0.76[0.42,1.36]

Gregersen 2015 109/144 140/140 3.71% 0.76[0.69,0.83]

Johnson 1992 15/20 18/18 3.3% 0.76[0.58,0.99]

Walsh 2013 40/51 49/49 3.61% 0.79[0.68,0.91]

Fan 2014 41/96 52/96 3.21% 0.79[0.59,1.06]

Grover 2006 37/109 46/109 3.05% 0.8[0.57,1.13]

Bush 1997 40/50 43/49 3.56% 0.91[0.77,1.08]

Webert 2008 26/29 29/31 3.6% 0.96[0.82,1.12]

DeZern 2016 59/59 30/30 3.75% 1[0.95,1.05]

   

Total (95% CI) 6245 6342 100% 0.57[0.49,0.65]

Total events: 3011 (Restrictive), 5336 (Liberal)  

Heterogeneity: Tau2=0.13; Chi2=948.58, df=30(P<0.0001); I2=96.84%  

Test for overall effect: Z=8.11(P<0.0001)  

Favours restrictive 100.1 50.2 20.5 1 Favours liberal

 
 

Analysis 6.2.   Comparison 6 Blood transfusions, Outcome 2
Participants exposed to blood transfusion by clinical specialties.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

6.2.1 Cardiac surgery  

Shehata 2012 13/25 22/25 2.84% 0.59[0.39,0.88]

Johnson 1992 15/20 18/18 3.3% 0.76[0.58,0.99]

Bracey 1999 74/212 104/216 3.41% 0.72[0.58,0.91]

Hajjar 2010 118/249 198/253 3.62% 0.61[0.52,0.7]

Murphy 2015 637/1000 952/1003 3.75% 0.67[0.64,0.7]

Subtotal (95% CI) 1506 1515 16.92% 0.67[0.64,0.7]

Total events: 857 (Restrictive), 1294 (Liberal)  

Heterogeneity: Tau2=0; Chi2=3.51, df=4(P=0.48); I2=0%  

Test for overall effect: Z=17.75(P<0.0001)  

   

Favours restrictive 100.1 50.2 20.5 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

6.2.2 Orthopaedic surgery  

Nielsen 2014 11/30 16/33 2.23% 0.76[0.42,1.36]

Parker 2013 11/100 100/100 2.37% 0.11[0.07,0.2]

Lotke 1999 16/62 65/65 2.8% 0.26[0.17,0.4]

Foss 2009 22/60 44/60 2.97% 0.5[0.35,0.72]

Grover 2006 37/109 46/109 3.05% 0.8[0.57,1.13]

Carson 1998 19/42 41/42 3.07% 0.46[0.33,0.65]

Fan 2014 41/96 52/96 3.21% 0.79[0.59,1.06]

So-Osman 2013 79/299 119/304 3.39% 0.67[0.53,0.85]

Gregersen 2015 109/144 140/140 3.71% 0.76[0.69,0.83]

Carson 2011 415/1009 974/1007 3.73% 0.43[0.39,0.46]

Subtotal (95% CI) 1951 1956 30.53% 0.5[0.38,0.67]

Total events: 760 (Restrictive), 1597 (Liberal)  

Heterogeneity: Tau2=0.18; Chi2=169.52, df=9(P<0.0001); I2=94.69%  

Test for overall effect: Z=4.77(P<0.0001)  

   

6.2.3 Vascular  

Bush 1997 40/50 43/49 3.56% 0.91[0.77,1.08]

Subtotal (95% CI) 50 49 3.56% 0.91[0.77,1.08]

Total events: 40 (Restrictive), 43 (Liberal)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.04(P=0.3)  

   

6.2.4 Acute blood loss/trauma  

Blair 1986 5/26 24/24 1.78% 0.21[0.1,0.44]

Fisher 1956 8/12 10/10 2.8% 0.68[0.45,1.04]

Prick 2014 33/261 251/258 3.13% 0.13[0.09,0.18]

Jairath 2015 133/403 247/533 3.57% 0.71[0.6,0.84]

Villanueva 2013 219/444 384/445 3.69% 0.57[0.52,0.63]

Subtotal (95% CI) 1146 1270 14.97% 0.39[0.23,0.67]

Total events: 398 (Restrictive), 916 (Liberal)  

Heterogeneity: Tau2=0.35; Chi2=108.02, df=4(P<0.0001); I2=96.3%  

Test for overall effect: Z=3.39(P=0)  

   

6.2.5 Critical care  

de Almeida 2015 33/101 47/97 3.04% 0.67[0.48,0.95]

Hébert 1995 18/33 35/36 3.14% 0.56[0.41,0.77]

Walsh 2013 40/51 49/49 3.61% 0.79[0.68,0.91]

Lacroix 2007 146/320 310/317 3.66% 0.47[0.41,0.53]

Hébert 1999 280/418 420/420 3.74% 0.67[0.63,0.72]

Holst 2014 326/502 490/496 3.74% 0.66[0.62,0.7]

Subtotal (95% CI) 1425 1415 20.93% 0.63[0.55,0.72]

Total events: 843 (Restrictive), 1351 (Liberal)  

Heterogeneity: Tau2=0.02; Chi2=40.03, df=5(P<0.0001); I2=87.51%  

Test for overall effect: Z=6.48(P<0.0001)  

   

6.2.6 Acute myocardial infarction  

Carson 2013 15/55 55/55 2.77% 0.28[0.18,0.43]

Cooper 2011 13/24 21/21 2.97% 0.55[0.38,0.8]

Subtotal (95% CI) 79 76 5.74% 0.4[0.19,0.82]

Total events: 28 (Restrictive), 76 (Liberal)  

Heterogeneity: Tau2=0.23; Chi2=6.64, df=1(P=0.01); I2=84.94%  

Favours restrictive 100.1 50.2 20.5 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=2.51(P=0.01)  

   

6.2.7 Haematological malignancies  

Webert 2008 26/29 29/31 3.6% 0.96[0.82,1.12]

DeZern 2016 59/59 30/30 3.75% 1[0.95,1.05]

Subtotal (95% CI) 88 61 7.35% 1[0.95,1.05]

Total events: 85 (Restrictive), 59 (Liberal)  

Heterogeneity: Tau2=0; Chi2=0.55, df=1(P=0.46); I2=0%  

Test for overall effect: Z=0.17(P=0.87)  

   

Total (95% CI) 6245 6342 100% 0.57[0.49,0.65]

Total events: 3011 (Restrictive), 5336 (Liberal)  

Heterogeneity: Tau2=0.13; Chi2=948.58, df=30(P<0.0001); I2=96.84%  

Test for overall effect: Z=8.11(P<0.0001)  

Test for subgroup differences: Chi2=175.97, df=1 (P<0.0001), I2=96.59%  

Favours restrictive 100.1 50.2 20.5 1 Favours liberal

 
 

Analysis 6.3.   Comparison 6 Blood transfusions, Outcome 3
Participants exposed to blood transfusion (by transfusion threshold).

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

6.3.1 Difference between liberal and restrictive haemoglobin thresh-
olds ≥ 2 g/dL

 

Carson 2013 15/55 55/55 4.16% 0.28[0.18,0.43]

Shehata 2012 13/25 22/25 4.3% 0.59[0.39,0.88]

Cooper 2011 13/24 21/21 4.54% 0.55[0.38,0.8]

Foss 2009 22/60 44/60 4.55% 0.5[0.35,0.72]

de Almeida 2015 33/101 47/97 4.68% 0.67[0.48,0.95]

Grover 2006 37/109 46/109 4.71% 0.8[0.57,1.13]

Carson 1998 19/42 41/42 4.75% 0.46[0.33,0.65]

Prick 2014 33/261 251/258 4.87% 0.13[0.09,0.18]

Hébert 1995 18/33 35/36 4.89% 0.56[0.41,0.77]

Fan 2014 41/96 52/96 5.03% 0.79[0.59,1.06]

Johnson 1992 15/20 18/18 5.23% 0.76[0.58,0.99]

Webert 2008 26/29 29/31 5.87% 0.96[0.82,1.12]

Walsh 2013 40/51 49/49 5.9% 0.79[0.68,0.91]

Hajjar 2010 118/249 198/253 5.91% 0.61[0.52,0.7]

Lacroix 2007 146/320 310/317 6.01% 0.47[0.41,0.53]

Villanueva 2013 219/444 384/445 6.08% 0.57[0.52,0.63]

Carson 2011 415/1009 974/1007 6.16% 0.43[0.39,0.46]

Hébert 1999 280/418 420/420 6.18% 0.67[0.63,0.72]

Holst 2014 326/502 490/496 6.19% 0.66[0.62,0.7]

Subtotal (95% CI) 3848 3835 100% 0.56[0.48,0.65]

Total events: 1829 (Restrictive), 3486 (Liberal)  

Heterogeneity: Tau2=0.09; Chi2=332.86, df=18(P<0.0001); I2=94.59%  

Test for overall effect: Z=7.64(P<0.0001)  

   

6.3.2 Difference between liberal and restrictive haemoglobin thresh-
olds < 2 g/dL

 

Favours restrictive 100.1 50.2 20.5 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Nielsen 2014 11/30 16/33 7.47% 0.76[0.42,1.36]

Bracey 1999 74/212 104/216 13.91% 0.72[0.58,0.91]

Bush 1997 40/50 43/49 14.91% 0.91[0.77,1.08]

Jairath 2015 133/403 247/533 15.03% 0.71[0.6,0.84]

Gregersen 2015 109/144 144/144 16% 0.76[0.69,0.83]

DeZern 2016 59/59 30/30 16.34% 1[0.95,1.05]

Murphy 2015 637/1000 952/1000 16.35% 0.67[0.64,0.7]

Subtotal (95% CI) 1898 2005 100% 0.79[0.63,0.98]

Total events: 1063 (Restrictive), 1536 (Liberal)  

Heterogeneity: Tau2=0.07; Chi2=199.21, df=6(P<0.0001); I2=96.99%  

Test for overall effect: Z=2.17(P=0.03)  

Favours restrictive 100.1 50.2 20.5 1 Favours liberal

 
 

Analysis 6.4.   Comparison 6 Blood transfusions, Outcome 4
Participants exposed to blood transfusion by transfusion threshold.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

6.4.1 Restrictive < 7 g/dL  

Nielsen 2014 11/30 16/33 2.23% 0.76[0.42,1.36]

Shehata 2012 13/25 22/25 2.84% 0.59[0.39,0.88]

de Almeida 2015 33/101 47/97 3.04% 0.67[0.48,0.95]

Prick 2014 33/261 251/258 3.13% 0.13[0.09,0.18]

Hébert 1995 18/33 35/36 3.14% 0.56[0.41,0.77]

Walsh 2013 40/51 49/49 3.61% 0.79[0.68,0.91]

Lacroix 2007 146/320 310/317 3.66% 0.47[0.41,0.53]

Villanueva 2013 219/444 384/445 3.69% 0.57[0.52,0.63]

Hébert 1999 280/418 420/420 3.74% 0.67[0.63,0.72]

Holst 2014 326/502 490/496 3.74% 0.66[0.62,0.7]

DeZern 2016 59/59 30/30 3.75% 1[0.95,1.05]

Murphy 2015 637/1000 952/1003 3.75% 0.67[0.64,0.7]

Subtotal (95% CI) 3244 3209 40.33% 0.58[0.47,0.72]

Total events: 1815 (Restrictive), 3006 (Liberal)  

Heterogeneity: Tau2=0.12; Chi2=566.47, df=11(P<0.0001); I2=98.06%  

Test for overall effect: Z=5.1(P<0.0001)  

   

6.4.2 Restrictive < 8 g/dL to 9 g/dL  

Blair 1986 5/26 24/24 1.78% 0.21[0.1,0.44]

Parker 2013 11/100 100/100 2.37% 0.11[0.07,0.2]

Carson 2013 15/55 55/55 2.77% 0.28[0.18,0.43]

Fisher 1956 8/12 10/10 2.8% 0.68[0.45,1.04]

Lotke 1999 16/62 65/65 2.8% 0.26[0.17,0.4]

Cooper 2011 13/24 21/21 2.97% 0.55[0.38,0.8]

Foss 2009 22/60 44/60 2.97% 0.5[0.35,0.72]

Grover 2006 37/109 46/109 3.05% 0.8[0.57,1.13]

Carson 1998 19/42 41/42 3.07% 0.46[0.33,0.65]

Fan 2014 41/96 52/96 3.21% 0.79[0.59,1.06]

Johnson 1992 15/20 18/18 3.3% 0.76[0.58,0.99]

So-Osman 2013 79/299 119/304 3.39% 0.67[0.53,0.85]

Favours restrictive 100.1 50.2 20.5 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bracey 1999 74/212 104/216 3.41% 0.72[0.58,0.91]

Bush 1997 40/50 43/49 3.56% 0.91[0.77,1.08]

Jairath 2015 133/403 247/533 3.57% 0.71[0.6,0.84]

Webert 2008 26/29 29/31 3.6% 0.96[0.82,1.12]

Hajjar 2010 118/249 198/253 3.62% 0.61[0.52,0.7]

Gregersen 2015 109/144 140/140 3.71% 0.76[0.69,0.83]

Carson 2011 415/1009 974/1007 3.73% 0.43[0.39,0.46]

Subtotal (95% CI) 3001 3133 59.67% 0.55[0.46,0.67]

Total events: 1196 (Restrictive), 2330 (Liberal)  

Heterogeneity: Tau2=0.15; Chi2=289.56, df=18(P<0.0001); I2=93.78%  

Test for overall effect: Z=6.16(P<0.0001)  

   

Total (95% CI) 6245 6342 100% 0.57[0.49,0.65]

Total events: 3011 (Restrictive), 5336 (Liberal)  

Heterogeneity: Tau2=0.13; Chi2=948.58, df=30(P<0.0001); I2=96.84%  

Test for overall effect: Z=8.11(P<0.0001)  

Test for subgroup differences: Chi2=0.13, df=1 (P=0.72), I2=0%  

Favours restrictive 100.1 50.2 20.5 1 Favours liberal

 
 

Analysis 6.5.   Comparison 6 Blood transfusions, Outcome 5 Units of blood transfused.

Study or subgroup Restrictive Liberal Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Fisher 1956 12 4.8 (6.7) 10 11.3 (6.9) 0.85% -6.5[-12.21,-0.79]

DeZern 2016 59 8.2 (4.2) 30 11.3 (5.4) 3.95% -3.1[-5.31,-0.89]

Bush 1997 50 2.8 (3.1) 49 3.7 (3.5) 6.83% -0.9[-2.2,0.4]

Blair 1986 26 2.6 (3) 24 4.6 (1.5) 6.85% -2[-3.3,-0.7]

Cooper 2011 24 1.6 (2) 21 2.5 (1.3) 8.25% -0.9[-1.87,0.07]

Hébert 1999 418 2.6 (4.1) 420 5.6 (5.3) 9.69% -3[-3.64,-2.36]

Johnson 1992 20 1 (0.9) 18 2.1 (0.9) 9.96% -1.05[-1.62,-0.48]

Villanueva 2013 444 1.5 (2.3) 445 3.7 (3.8) 10.51% -2.2[-2.61,-1.79]

Lacroix 2007 320 0.9 (2.6) 317 1.7 (2.2) 10.62% -0.8[-1.17,-0.43]

Jairath 2015 403 1.2 (2.1) 533 1.9 (2.8) 10.78% -0.7[-1.01,-0.39]

Bracey 1999 212 0.9 (1.5) 216 1.4 (1.8) 10.78% -0.5[-0.81,-0.19]

So-Osman 2013 299 0.8 (1.4) 304 0.9 (1.6) 10.94% -0.08[-0.32,0.16]

   

Total *** 2287   2387   100% -1.3[-1.85,-0.75]

Heterogeneity: Tau2=0.7; Chi2=139.91, df=11(P<0.0001); I2=92.14%  

Test for overall effect: Z=4.66(P<0.0001)  

Favours restrictive 105-10 -5 0 Favours liberal

 
 

Comparison 7.   Haemoglobin concentration

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Haemoglobin concentration 16 7791 Mean Difference (IV, Random,
95% CI)

-1.32 [-1.64, -0.99]
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Analysis 7.1.   Comparison 7 Haemoglobin concentration, Outcome 1 Haemoglobin concentration.

Study or subgroup Restrictive Liberal Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Hajjar 2010 249 9.4 (10.5) 253 10.8 (8.9) 2.44% -1.4[-3.1,0.3]

Blair 1986 26 12.3 (2.4) 24 12.3 (2.6) 3.14% 0[-1.39,1.39]

Fisher 1956 12 11.3 (0.7) 10 15.6 (2) 3.38% -4.3[-5.6,-3]

Bush 1997 50 9.8 (1.3) 49 11 (1.2) 6.27% -1.2[-1.69,-0.71]

Walsh 2013 51 8.8 (1.2) 49 9.8 (0.9) 6.56% -0.94[-1.35,-0.53]

Carson 1998 40 9.7 (0.9) 40 10.7 (0.9) 6.61% -1[-1.39,-0.61]

Grover 2006 109 9.8 (1.2) 107 11.1 (0.9) 6.92% -1.3[-1.59,-1.01]

Carson 2013 55 9.1 (0.8) 55 10.6 (0.7) 6.96% -1.52[-1.79,-1.25]

Jairath 2015 177 9.6 (1.1) 256 10.5 (1.2) 7.08% -0.9[-1.12,-0.68]

So-Osman 2013 299 11.4 (1.3) 304 11.4 (1.2) 7.12% 0[-0.2,0.2]

Villanueva 2013 444 9.2 (1.2) 445 10.1 (1) 7.21% -0.9[-1.05,-0.75]

de Almeida 2015 101 6.8 (0.5) 97 7.9 (0.5) 7.22% -1.1[-1.24,-0.96]

Holst 2014 502 7.6 (1) 496 9.3 (0.9) 7.25% -1.7[-1.82,-1.58]

Hébert 1999 418 8.5 (0.7) 420 10.7 (0.7) 7.27% -2.2[-2.29,-2.11]

Carson 2011 1009 9.6 (1.1) 1007 10.9 (0.9) 7.28% -1.3[-1.39,-1.21]

Lacroix 2007 320 8.7 (0.4) 317 10.8 (0.5) 7.29% -2.1[-2.17,-2.03]

   

Total *** 3862   3929   100% -1.32[-1.64,-0.99]

Heterogeneity: Tau2=0.38; Chi2=867.08, df=15(P<0.0001); I2=98.27%  

Test for overall effect: Z=7.92(P<0.0001)  

Favours restrictive 52.5-5 -2.5 0 Favours liberal

 
 

Comparison 8.   Morbidity: clinical outcomes

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 Cardiac events 9 4849 Risk Ratio (M-H, Random, 95% CI) 1.04 [0.79, 1.39]

2 Myocardial infarction 16 8303 Risk Ratio (M-H, Random, 95% CI) 1.08 [0.74, 1.60]

3 Congestive heart failure 12 6257 Risk Ratio (M-H, Random, 95% CI) 0.78 [0.45, 1.35]

4 Cerebrovascular acci-
dent (CVA) - stroke

13 7343 Risk Ratio (M-H, Random, 95% CI) 0.78 [0.53, 1.14]

5 Rebleeding 6 3108 Risk Ratio (M-H, Random, 95% CI) 0.75 [0.51, 1.10]

6 Sepsis/bacteraemia 7 3963 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.79, 1.35]

7 Pneumonia 14 6277 Risk Ratio (M-H, Random, 95% CI) 0.94 [0.80, 1.11]

8 Pneumonia or wound in-
fection

14 9574 Risk Ratio (M-H, Random, 95% CI) 0.96 [0.86, 1.07]

9 Thromboembolism 10 4019 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.76 [0.40, 1.45]

10 Renal failure 10 5929 Risk Ratio (M-H, Random, 95% CI) 1.04 [0.92, 1.18]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

11 Mental confusion 6 1344 Risk Ratio (M-H, Random, 95% CI) 0.92 [0.65, 1.30]

 
 

Analysis 8.1.   Comparison 8 Morbidity: clinical outcomes, Outcome 1 Cardiac events.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Lotke 1999 2/62 0/65 0.86% 5.24[0.26,106.98]

Johnson 1992 4/20 7/18 5.53% 0.51[0.18,1.47]

de Almeida 2015 14/101 5/97 6.1% 2.69[1.01,7.18]

Bush 1997 8/50 8/49 6.93% 0.98[0.4,2.4]

So-Osman 2013 30/299 27/304 13.21% 1.13[0.69,1.85]

Bracey 1999 44/212 49/216 16.23% 0.91[0.64,1.31]

Carson 2011 76/1009 52/1007 16.66% 1.46[1.04,2.05]

Hajjar 2010 60/249 53/253 17.04% 1.15[0.83,1.59]

Hébert 1999 55/418 88/420 17.43% 0.63[0.46,0.85]

   

Total (95% CI) 2420 2429 100% 1.04[0.79,1.39]

Total events: 293 (Restrictive), 289 (Liberal)  

Heterogeneity: Tau2=0.1; Chi2=21.25, df=8(P=0.01); I2=62.35%  

Test for overall effect: Z=0.3(P=0.76)  

Favours restrictive 1000.01 100.1 1 Favours liberal

 
 

Analysis 8.2.   Comparison 8 Morbidity: clinical outcomes, Outcome 2 Myocardial infarction.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bracey 1999 1/212 0/216 1.44% 3.06[0.13,74.61]

Grover 2006 0/109 1/109 1.44% 0.33[0.01,8.09]

de Almeida 2015 1/101 0/97 1.45% 2.88[0.12,69.91]

Fan 2014 0/94 1/92 1.45% 0.33[0.01,7.91]

Lotke 1999 1/62 0/65 1.45% 3.14[0.13,75.72]

Foss 2009 1/60 0/60 1.45% 3[0.12,72.2]

Shehata 2012 1/25 0/25 1.48% 3[0.13,70.3]

Cooper 2011 0/23 1/19 1.48% 0.28[0.01,6.45]

Johnson 1992 0/20 1/18 1.49% 0.3[0.01,6.97]

Bush 1997 1/50 2/49 2.57% 0.49[0.05,5.23]

Murphy 2015 3/987 4/981 6.11% 0.75[0.17,3.32]

Hébert 1999 3/418 12/420 8.3% 0.25[0.07,0.88]

Carson 2013 7/54 5/55 10.71% 1.43[0.48,4.22]

Holst 2014 13/488 6/489 13.1% 2.17[0.83,5.67]

Villanueva 2013 8/444 13/445 15.25% 0.62[0.26,1.47]

Carson 2011 38/1009 23/1007 30.83% 1.65[0.99,2.75]

   

Total (95% CI) 4156 4147 100% 1.08[0.74,1.6]

Total events: 78 (Restrictive), 69 (Liberal)  

Heterogeneity: Tau2=0.06; Chi2=16.63, df=15(P=0.34); I2=9.79%  

Favours restrictive 5000.002 100.1 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=0.41(P=0.68)  

Favours restrictive 5000.002 100.1 1 Favours liberal

 
 

Analysis 8.3.   Comparison 8 Morbidity: clinical outcomes, Outcome 3 Congestive heart failure.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Holst 2014 0/488 0/489   Not estimable

Johnson 1992 0/20 1/18 2.69% 0.3[0.01,6.97]

Foss 2009 2/60 0/60 2.88% 5[0.25,102]

Lacroix 2007 0/320 5/317 3.11% 0.09[0.01,1.62]

Fan 2014 1/94 1/96 3.37% 1.02[0.06,16.09]

Parker 2013 1/100 2/100 4.31% 0.5[0.05,5.43]

de Almeida 2015 5/101 2/97 7.78% 2.4[0.48,12.08]

Carson 2013 7/54 2/55 8.4% 3.56[0.78,16.4]

Cooper 2011 2/24 8/21 9.09% 0.22[0.05,0.92]

Villanueva 2013 12/444 21/445 17.51% 0.57[0.29,1.15]

Carson 2011 35/1009 27/1007 20.41% 1.29[0.79,2.12]

Hébert 1999 22/418 45/420 20.45% 0.49[0.3,0.8]

   

Total (95% CI) 3132 3125 100% 0.78[0.45,1.35]

Total events: 87 (Restrictive), 114 (Liberal)  

Heterogeneity: Tau2=0.32; Chi2=20.98, df=10(P=0.02); I2=52.32%  

Test for overall effect: Z=0.88(P=0.38)  

Favours restrictive 2000.005 100.1 1 Favours liberal

 
 

Analysis 8.4.   Comparison 8 Morbidity: clinical outcomes, Outcome 4 Cerebrovascular accident (CVA) - stroke.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Parker 2013 0/100 1/100 1.41% 0.33[0.01,8.09]

Carson 2013 0/54 1/55 1.42% 0.34[0.01,8.15]

Carson 1998 0/42 1/42 1.42% 0.33[0.01,7.96]

Johnson 1992 1/20 0/18 1.45% 2.71[0.12,62.7]

de Almeida 2015 3/101 0/97 1.65% 6.73[0.35,128.52]

Shehata 2012 3/25 0/25 1.69% 7[0.38,128.87]

Foss 2009 1/60 1/60 1.9% 1[0.06,15.62]

Fan 2014 1/94 2/92 2.53% 0.49[0.05,5.3]

Villanueva 2013 3/444 6/445 7.53% 0.5[0.13,1.99]

Carson 2011 3/1009 8/1007 8.18% 0.37[0.1,1.41]

Holst 2014 4/488 10/489 10.79% 0.4[0.13,1.27]

Hajjar 2010 15/249 15/253 29.78% 1.02[0.51,2.03]

Murphy 2015 15/989 17/985 30.24% 0.88[0.44,1.75]

   

Total (95% CI) 3675 3668 100% 0.78[0.53,1.14]

Total events: 49 (Restrictive), 62 (Liberal)  

Heterogeneity: Tau2=0; Chi2=9.38, df=12(P=0.67); I2=0%  

Favours restrictive 1000.01 100.1 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=1.3(P=0.19)  

Favours restrictive 1000.01 100.1 1 Favours liberal

 
 

Analysis 8.5.   Comparison 8 Morbidity: clinical outcomes, Outcome 5 Rebleeding.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Shehata 2012 1/25 2/25 2.51% 0.5[0.05,5.17]

Blair 1986 1/26 9/24 3.38% 0.1[0.01,0.75]

Hajjar 2010 12/249 10/253 13.93% 1.22[0.54,2.77]

Jairath 2015 9/257 24/383 15.59% 0.56[0.26,1.18]

Villanueva 2013 45/444 71/445 29.27% 0.64[0.45,0.9]

Holst 2014 147/488 148/489 35.32% 1[0.82,1.2]

   

Total (95% CI) 1489 1619 100% 0.75[0.51,1.1]

Total events: 215 (Restrictive), 264 (Liberal)  

Heterogeneity: Tau2=0.1; Chi2=11.95, df=5(P=0.04); I2=58.15%  

Test for overall effect: Z=1.49(P=0.14)  

Favours restrictive 2000.005 100.1 1 Favours liberal

 
 

Analysis 8.6.   Comparison 8 Morbidity: clinical outcomes, Outcome 6 Sepsis/bacteraemia.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Carson 2013 0/54 0/55   Not estimable

Parker 2013 1/100 0/100 0.7% 3[0.12,72.77]

Shehata 2012 3/25 0/25 0.84% 7[0.38,128.87]

So-Osman 2013 1/299 2/304 1.24% 0.51[0.05,5.58]

de Almeida 2015 22/101 13/97 14.79% 1.63[0.87,3.04]

Hébert 1999 30/418 40/420 23.98% 0.75[0.48,1.19]

Murphy 2015 214/983 210/982 58.45% 1.02[0.86,1.2]

   

Total (95% CI) 1980 1983 100% 1.03[0.79,1.35]

Total events: 271 (Restrictive), 265 (Liberal)  

Heterogeneity: Tau2=0.02; Chi2=6.28, df=5(P=0.28); I2=20.38%  

Test for overall effect: Z=0.22(P=0.83)  

Favours restrictive 1000.01 100.1 1 Favours liberal

 
 

Analysis 8.7.   Comparison 8 Morbidity: clinical outcomes, Outcome 7 Pneumonia.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

So-Osman 2013 0/299 1/304 0.27% 0.34[0.01,8.29]

Carson 2013 2/54 0/55 0.3% 5.09[0.25,103.64]

Favours restrictive 1000.01 100.1 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Carson 1998 0/42 2/42 0.3% 0.2[0.01,4.04]

Nielsen 2014 0/30 4/33 0.33% 0.12[0.01,2.17]

Shehata 2012 4/25 0/25 0.33% 9[0.51,158.85]

Foss 2009 1/60 2/60 0.48% 0.5[0.05,5.37]

Parker 2013 2/100 5/100 1.04% 0.4[0.08,2.01]

Fan 2014 3/94 3/92 1.1% 0.98[0.2,4.72]

de Almeida 2015 8/101 7/97 2.86% 1.1[0.41,2.91]

Lacroix 2007 11/320 10/317 3.83% 1.09[0.47,2.53]

Gregersen 2015 30/144 28/140 12.87% 1.04[0.66,1.65]

Villanueva 2013 43/444 48/445 17.86% 0.9[0.61,1.33]

Carson 2011 48/1009 60/1007 19.91% 0.8[0.55,1.16]

Hébert 1999 87/418 86/420 38.54% 1.02[0.78,1.33]

   

Total (95% CI) 3140 3137 100% 0.94[0.8,1.11]

Total events: 239 (Restrictive), 256 (Liberal)  

Heterogeneity: Tau2=0; Chi2=9.83, df=13(P=0.71); I2=0%  

Test for overall effect: Z=0.74(P=0.46)  

Favours restrictive 1000.01 100.1 1 Favours liberal

 
 

Analysis 8.8.   Comparison 8 Morbidity: clinical outcomes, Outcome 8 Pneumonia or wound infection.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Carson 2013 2/54 0/55 0.13% 5.09[0.25,103.64]

Bracey 1999 5/212 3/216 0.59% 1.7[0.41,7.02]

Foss 2009 6/60 11/60 1.33% 0.55[0.22,1.38]

So-Osman 2013 16/299 31/304 3.15% 0.52[0.29,0.94]

Prick 2014 24/211 22/209 3.53% 1.08[0.63,1.87]

Hajjar 2010 30/249 25/253 4.09% 1.22[0.74,2.01]

de Almeida 2015 31/101 21/97 4.42% 1.42[0.88,2.29]

Hébert 1999 42/418 50/420 6.22% 0.84[0.57,1.24]

Carson 2011 56/1009 74/1007 7.69% 0.76[0.54,1.06]

Lacroix 2007 65/320 79/317 9.45% 0.82[0.61,1.09]

Jairath 2015 67/257 92/383 10.21% 1.09[0.83,1.42]

Villanueva 2013 119/444 135/445 13.78% 0.88[0.72,1.09]

Gregersen 2015 104/144 93/140 17.69% 1.09[0.93,1.27]

Murphy 2015 238/936 240/954 17.72% 1.01[0.87,1.18]

   

Total (95% CI) 4714 4860 100% 0.96[0.86,1.07]

Total events: 805 (Restrictive), 876 (Liberal)  

Heterogeneity: Tau2=0.01; Chi2=19, df=13(P=0.12); I2=31.59%  

Test for overall effect: Z=0.72(P=0.47)  

Favours restrictive 1000.01 100.1 1 Favours liberal

 
 

Transfusion thresholds and other strategies for guiding allogeneic red blood cell transfusion (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

81



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 8.9.   Comparison 8 Morbidity: clinical outcomes, Outcome 9 Thromboembolism.

Study or subgroup Restrictive Liberal Peto Odds Ratio Weight Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI   Peto, Fixed, 95% CI

Carson 2013 0/54 1/55 2.73% 0.14[0,6.95]

So-Osman 2013 0/299 1/304 2.73% 0.14[0,6.93]

Shehata 2012 1/25 0/25 2.73% 7.39[0.15,372.38]

Parker 2013 1/100 0/100 2.73% 7.39[0.15,372.38]

Carson 1998 1/42 0/42 2.73% 7.39[0.15,372.38]

de Almeida 2015 1/101 1/97 5.42% 0.96[0.06,15.47]

Foss 2009 1/60 2/60 8.04% 0.51[0.05,4.97]

Fan 2014 1/94 2/92 8.09% 0.5[0.05,4.85]

Prick 2014 2/226 2/227 10.83% 1[0.14,7.18]

Carson 2011 8/1009 12/1007 54% 0.67[0.28,1.61]

   

Total (95% CI) 2010 2009 100% 0.76[0.4,1.45]

Total events: 16 (Restrictive), 21 (Liberal)  

Heterogeneity: Tau2=0; Chi2=5.78, df=9(P=0.76); I2=0%  

Test for overall effect: Z=0.84(P=0.4)  

Favours restrictive 5000.002 100.1 1 Favours liberal

 
 

Analysis 8.10.   Comparison 8 Morbidity: clinical outcomes, Outcome 10 Renal failure.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Parker 2013 0/100 1/100 0.16% 0.33[0.01,8.09]

Lacroix 2007 2/320 0/317 0.18% 4.95[0.24,102.77]

Fan 2014 2/94 2/92 0.43% 0.98[0.14,6.8]

Bracey 1999 8/212 5/216 1.33% 1.63[0.54,4.9]

Shehata 2012 6/25 5/25 1.47% 1.2[0.42,3.43]

Hajjar 2010 10/249 13/253 2.48% 0.78[0.35,1.75]

de Almeida 2015 44/101 45/97 16.58% 0.94[0.69,1.28]

Villanueva 2013 78/444 97/445 21.83% 0.81[0.62,1.05]

Holst 2014 109/432 88/429 25.43% 1.23[0.96,1.57]

Murphy 2015 140/989 122/989 30.11% 1.15[0.92,1.44]

   

Total (95% CI) 2966 2963 100% 1.04[0.92,1.18]

Total events: 399 (Restrictive), 378 (Liberal)  

Heterogeneity: Tau2=0; Chi2=9.13, df=9(P=0.43); I2=1.4%  

Test for overall effect: Z=0.63(P=0.53)  

Favours restrictive 2000.005 100.1 1 Favours liberal

 
 

Analysis 8.11.   Comparison 8 Morbidity: clinical outcomes, Outcome 11 Mental confusion.

Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Parker 2013 0/100 3/100 1.35% 0.14[0.01,2.73]

Lotke 1999 7/62 2/65 4.9% 3.67[0.79,16.99]

Foss 2009 6/60 5/60 8.77% 1.2[0.39,3.72]

Favours restrictive 2000.005 100.1 1 Favours liberal
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Study or subgroup Restrictive Liberal Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

So-Osman 2013 12/299 12/304 17.27% 1.02[0.46,2.23]

Fan 2014 20/94 22/92 33.29% 0.89[0.52,1.52]

Carson 2011 16/53 22/55 34.42% 0.75[0.45,1.27]

   

Total (95% CI) 668 676 100% 0.92[0.65,1.3]

Total events: 61 (Restrictive), 66 (Liberal)  

Heterogeneity: Tau2=0.02; Chi2=5.53, df=5(P=0.36); I2=9.51%  

Test for overall effect: Z=0.45(P=0.65)  

Favours restrictive 2000.005 100.1 1 Favours liberal

 
 

Comparison 9.   Function and fatigue

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Function 1   Risk Ratio (M-H, Random, 95%
CI)

Totals not select-
ed

1.1 Inability to walk or death at 30
days

1   Risk Ratio (M-H, Random, 95%
CI)

0.0 [0.0, 0.0]

1.2 Inability to walk or death at 60
days

1   Risk Ratio (M-H, Random, 95%
CI)

0.0 [0.0, 0.0]

2 Function and fatigue 3   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

2.1 Lower extremity physical activi-
ties of daily living at 30 days

1   Mean Difference (IV, Random,
95% CI)

0.0 [0.0, 0.0]

2.2 Lower extremity physical activi-
ties of daily living at 60 days

1   Mean Difference (IV, Random,
95% CI)

0.0 [0.0, 0.0]

2.3 Instrumental activities of daily
living at 30 days

1   Mean Difference (IV, Random,
95% CI)

0.0 [0.0, 0.0]

2.4 Instrumental activities of daily
living at 60 days

1   Mean Difference (IV, Random,
95% CI)

0.0 [0.0, 0.0]

2.5 Energy/fatigue at 30 days 1   Mean Difference (IV, Random,
95% CI)

0.0 [0.0, 0.0]

2.6 Energy/fatigue at 60 days 1   Mean Difference (IV, Random,
95% CI)

0.0 [0.0, 0.0]

2.7 EuroQol (EQ-5D) 1   Mean Difference (IV, Random,
95% CI)

0.0 [0.0, 0.0]

2.8 'Timed up and go' test 1   Mean Difference (IV, Random,
95% CI)

0.0 [0.0, 0.0]
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Analysis 9.1.   Comparison 9 Function and fatigue, Outcome 1 Function.

Study or subgroup Favours restrictive Liberal Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

9.1.1 Inability to walk or death at 30 days  

Carson 2011 481/1000 459/995 1.04[0.95,1.14]

   

9.1.2 Inability to walk or death at 60 days  

Carson 2011 347/1001 351/998 0.99[0.87,1.11]

Favours restrictive 111 Favours liberal

 
 

Analysis 9.2.   Comparison 9 Function and fatigue, Outcome 2 Function and fatigue.

Study or subgroup Restrictive Liberal Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

9.2.1 Lower extremity physical activities of daily living at 30 days  

Carson 2011 507 7.4 (3.7) 472 7.2 (3.6) 0.2[-0.26,0.66]

   

9.2.2 Lower extremity physical activities of daily living at 60 days  

Carson 2011 553 5.1 (4.3) 523 5.1 (4.2) 0[-0.51,0.51]

   

9.2.3 Instrumental activities of daily living at 30 days  

Carson 2011 450 3.9 (0.4) 437 3.9 (0.5) 0[-0.06,0.06]

   

9.2.4 Instrumental activities of daily living at 60 days  

Carson 2011 411 3.7 (0.9) 389 3.7 (0.8) 0[-0.12,0.12]

   

9.2.5 Energy/fatigue at 30 days  

Carson 2011 459 38.6 (7.6) 456 38.7 (7.7) -0.1[-1.09,0.89]

   

9.2.6 Energy/fatigue at 60 days  

Carson 2011 525 42.3 (7.4) 544 41.8 (7.3) 0.5[-0.38,1.38]

   

9.2.7 EuroQol (EQ-5D)  

Jairath 2015 176 0.8 (0.3) 139 0.7 (0.3) 0.07[0,0.14]

   

9.2.8 'Timed up and go' test  

Nielsen 2014 25 36 (0) 28 30 (0) Not estimable

Favours restrictive 10.5-1 -0.5 0 Favours liberal

 

 

A P P E N D I C E S

Appendix 1. Search strategies May 2016

CENTRAL in the Cochrane Library
#1 MeSH descriptor: [Blood Transfusion] this term only and with qualifier(s): [Methods - MT, Standards - ST, Trends - TD]
#2 MeSH descriptor: [Erythrocyte Transfusion] this term only and with qualifier(s): [Methods - MT, Standards - ST]
#3 ((transfus* or red cell* or red blood cell* or RBC* or PRBC*) near/5 (trigger* or thresh?old* or target* or restrict* or liberal* or aggressive*
or conservative* or prophylactic* or limit* or protocol* or policy or policies or practic* or indicat* or strateg* or regimen* or criteri* or
standard* or management or program*))
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#4 ((h?emoglobin or h?ematocrit or HB or HCT) near/5 (polic* or practic* or protocol* or trigger* or threshold* or maintain* or indicator*
or strateg* or criteri* or standard*))
#5 (blood near/3 (management or program*))
#6 ((transfus* or red cell* or red blood cell* or RBC* or PRBC*) and (critical* or intensive* or h?emorrhag* or bleed*)):ti
#7 #1 or #2 or #3 or #4 or #5 or #6

MEDLINE (OvidSP)
1. *Blood Transfusion/ad, mt, st, td or *Erythrocyte Transfusion/mt, st, td
2. ((transfus* or red cell* or red blood cell* or RBC* or PRBC*) adj5 (trigger* or thresh?old* or target* or restrict* or liberal* or aggressive*
or conservative* or prophylactic* or limit* or protocol* or policy or policies or practic* or indicat* or strateg* or regimen* or criteri* or
standard* or management or program*)).tw.
3. ((h?emoglobin or h?ematocrit or HB or HCT) adj5 (polic* or practic* or protocol* or trigger* or threshold* or maintain* or indicator* or
strateg* or criteri* or standard*)).tw.
4. (blood adj3 (management or program*)).mp.
5. ((transfus* or red cell* or red blood cell* or RBC* or PRBC*) and (critical* or intensive* or h?emorrhag* or bleed*)).ti.
6. or/1-5
7. randomized controlled trial.pt.
8. controlled clinical trial.pt.
9. randomi*.tw.
10. placebo.ab.
11. clinical trials as topic.sh.
12. randomly.ab.
13. groups.ab.
14. trial.tw.
15. 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14
16. exp animals/ not humans/
17. 15 not 16
18. 6 and 17

Embase (OvidSP)
1. *Blood Transfusion/ or Erythocyte Transfusion/
2. ((red blood cell* or red cell* or RBC* or PRBC*) adj5 (therap* or transfus*)).mp.
3. 1 or 2
4. Standard/ or Gold Standard/
5. 3 and 4
6. ((transfus* or red cell* or red blood cell* or RBC* or PRBC*) adj5 (trigger* or thresh?old* or target* or restrict* or liberal* or aggressive*
or conservative* or prophylactic* or limit* or protocol* or policy or policies or practic* or indicat* or strateg* or regimen* or criteri* or
standard* or management or program*)).tw.
7. ((h?emoglobin or h?ematocrit or HB or HCT) adj5 (polic* or practic* or protocol* or trigger* or threshold* or maintain* or indicator* or
strateg* or criteri* or standard*)).tw.
8. (blood adj3 (management or program*)).mp.
9. ((transfus* or red cell* or red blood cell* or RBC* or PRBC*) and (critical* or intensive* or h?emorrhag* or bleed*)).ti.
10. or/5-9
11. Randomized Controlled Trial/
12. Randomization/
13. Single Blind Procedure/
14. Double Blind Procedure/
15. Crossover Procedure/
16. Placebo/
17. exp Clinical Trial/
18. Prospective Study/
19. (randomi* or double-blind* or single-blind* or RCT*).tw.
20. (random* adj2 (allocat* or assign* or divid* or receiv*)).tw.
21. (crossover* or cross over* or cross-over* or placebo*).tw.
22. ((treble or triple) adj blind*).tw.
23. or/11-22
24. Case Study/
25. case report*.tw.
26. (note or editorial).pt.
27. or/24-26
28. 23 not 27
29. limit 28 to embase
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30. 10 and 29

PubMed (for Epublications ahead of print only)
#1 ((transfus*[TI] OR red cell*[TI] OR red blood cell*[TI] OR RBC*[TI] OR PRBC*) AND (trigger*[TI] OR threshold*[TI] OR target*[TI]
OR restrict*[TI] OR liberal*[TI] OR aggressive*[TI] OR conservative*[TI] OR prophylactic*[TI] OR limit*[TI] OR protocol*[TI] OR policy[TI]
OR policies[TI] OR practic*[TI] OR indicat*[TI] OR strateg*[TI] OR regimen*[TI] OR criteri*[TI] OR standard*[TI] OR management[TI] OR
program*[TI]))
#2 ((hemoglobin[TI] OR haemoglobin[TI] OR hematocrit[TI] OR haematocrit[TI] OR HB[TI] OR HCT[TI]) AND (polic*[TI] OR practic*[TI] OR
protocol*[TI] OR trigger*[TI] OR threshold*[TI] OR maintain*[TI] OR indicator*[TI] OR strateg*[TI] OR criteri*[TI] OR standard*[TI]))
#3 (blood[TI] AND (management[TI] OR program*[TI]))
#4 ((transfus*[TI] OR red cell*[TI] OR red blood cell*[TI] OR RBC*[TI] OR PRBC*[TI]) and (critical*[TI] OR intensive*[TI] OR hemorrhag*[TI]
OR haemorrhage*[TI] OR bleed*[TI]))
#5 #1 OR #2 OR #3 OR #4
#6 (random* OR blind* OR "control group" OR placebo* OR controlled OR groups OR trial* OR "systematic review" OR "meta-analysis" OR
metaanalysis OR "literature search" OR medline OR cochrane OR embase) AND (publisher[sb] OR inprocess[sb] OR pubmednotmedline[sb])
#7 #5 AND #6

Transfusion Evidence Library
Subject Area: Red Cells AND (trigger OR threshold OR target OR restrict OR restrictive OR liberal OR aggressive OR aggressively OR
conservative OR prophylactic OR limit OR limits OR protocol OR policy OR policies OR practice OR indicator OR strategy OR strategies OR
regimen OR criteria OR standard OR management OR program OR programme)
OR
Subject Area: Red Cells AND title:(critical OR critically OR intensive OR intensively OR hemorrhage OR haemorrhage OR hemorrhaging OR
haemorrhaging OR bleed OR bleeding)

Web of Science Conference Proceedings Citation Index - Science (CPCI-S)
((TOPIC: ((transfus* OR "red cell*" OR "red blood cell*" OR RBC* OR PRBC*) NEAR/5 (trigger* OR threshold* OR target* OR restrict* OR
liberal* OR aggressive* OR conservative* OR prophylactic* OR limit* OR protocol* OR policy OR policies OR practic* OR indicat* OR strateg*
OR regimen* OR criteri* OR standard* OR management OR program*)) OR (TOPIC: ((hemoglobin OR haemoglobin OR hematocrit OR
haematocrit OR HB OR HCT) NEAR/5 (polic* OR practic* OR protocol* OR trigger* OR threshold* OR maintain* OR indicator* OR strateg*
OR criteri* OR standard*))) OR (TOPIC: (blood NEAR/3 (management OR program*))) AND (TOPIC: (random* OR blind* OR "control group"
OR placebo* OR "controlled trial" OR "controlled study" OR "controlled clinical trial" OR groups OR trials OR systematic review OR meta-
analysis OR metaanalysis OR "literature search" OR medline OR cochrane OR embase))

Appendix 2. Search strategies ongoing trial registries May 2016

US National Institutes of Health Ongoing Trials Register ClinicalTrials.gov and the World Health Organization International Clinical
Trials Registry Platform (ICTRP)

Title/Intervention=(transfusion and (liberal or restrictive or threshold or Hb or haemoglobin or hemoglobin or haemaglobin or
hemaglobin))

We also conducted an earlier search on the international trial registries in December 2015.

US National Institutes of Health Ongoing Trials Register Clinicaltrials.gov
INFLECT EXACT "Interventional" [STUDY-TYPES] AND ( "blood transfusion" OR "hemoglobin threshold" OR "haemoglobin threshold" OR
"red blood cell transfusion" ) [TREATMENT] AND ( "01/02/2011" : "12/09/2015" ) [FIRST-RECEIVED-DATE]

World Health Organization International Clinical Trials Registry Platform (ICTRP)
Intervention: "blood transfusion" OR "red blood cell transfusion" OR "hemoglobin threshold" OR "haemoglobin threshold"
Recruitment status: ALL
Date of registration: 01/02/2011 to 09/12/2015

ISRCTN Registry
Intervention: "blood transfusion"
Date applied: 01/02/2011 to 09/12/2015

Appendix 3. Search strategies 2011 (for 2012 update)

Cochrane Injuries Group's Specialised Register (searched 1 February 2011)

(Blood or "Red blood cell" or "Red blood cells" or RBC) and (therap* or transfus*) and (polic* or practice or protocol* or trigger* or threshold*
or indicator* or strateg* or criteri* or standard* or restrict* or liberal* or management or program*)
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Cochrane Central Register of Controlled Trials (CENTRAL) (the Cochrane Library 2011, Issue 1)

#1 MeSH descriptor Blood Transfusion, this term only with qualifiers: MT,ST
#2 transfus* near5 (polic* or practic* or protocol* or trigger* or threshold* or indicator* or strateg* or criteri* or standard*)
#3 (Red blood cell* or RBC) near5 (polic* or practic* or protocol* or trigger* or threshold* or indicator* or strateg* or criteri* or standard*)
and (therap* or transfus*)
#4 (H?emoglobin or h?emocrit or HB or HCT) near5 (polic* or practic* or protocol* or trigger* or threshold* or indicator* or strateg* or
criteri* or standard*)
#5 transfus* near5 (restrict* or liberal*)
#6 (blood transfus*) near3 (management or program*)
#7 (#1 OR #2 OR #3 OR #4 OR #5 OR #6)

MEDLINE (Ovid) 1948 to January Week 3 2011

1. *Blood Transfusion/
2. ((Red blood cell* or RBC) adj3 (therap* or transfus*)).mp.
3. 1 or 2
4. exp Reference Standards/
5. standards.fs.
6. methods.fs.
7. 4 or 5 or 6
8. 3 and 7
9. (transfus* adj5 (polic* or practic* or protocol* or trigger* or threshold* or indicator* or strateg* or criteri* or standard*)).mp.
10. ((Red blood cell* or RBC) adj5 (polic* or practic* or protocol* or trigger* or threshold* or indicator* or strateg* or criteri* or
standard*)).mp.
11. ((H?emoglobin or h?emocrit or HB or HCT) adj5 (polic* or practic* or protocol* or trigger* or threshold* or indicator* or strateg* or
criteri* or standard*)).mp.
12. (transfus* adj5 (restrict* or liberal*)).mp.
13. ((blood or transfus*) adj3 (management or program*)).mp.
14. 8 or 9 or 10 or 11 or 12 or 13
15. randomi?ed.ab,ti.
16. randomized controlled trial.pt.
17. controlled clinical trial.pt.
18. placebo.ab.
19. clinical trials as topic.sh.
20. randomly.ab.
21. trial.ti.
22.15 or 16 or 17 or 18 or 19 or 20 or 21
23. (animals not (humans and animals)).sh.
24. 22 not 23
25. 24 and 14

Embase (Ovid) 1980 to 2011 Week 04

1. *Blood Transfusion/
2. ((Red blood cell* or RBC) adj3 (therap* or transfus*)).mp.
3. 1 or 2
4. exp standard/
5. 3 and 4
6. (transfus* adj5 (polic* or practic* or protocol* or trigger* or threshold* or indicator* or strateg* or criteri* or standard*)).mp.
7. ((Red blood cell* or RBC) adj5 (polic* or practic* or protocol* or trigger* or threshold* or indicator* or strateg* or criteri* or
standard*)).mp.
8. ((H?emoglobin or h?emocrit or HB or HCT) adj5 (polic* or practic* or protocol* or trigger* or threshold* or indicator* or strateg* or criteri*
or standard*)).mp.
9. (transfus* adj5 (restrict* or liberal*)).mp.
10. ((blood or transfus*) adj3 (management or program*)).mp.
11. 5 or 6 or 7 or 8 or 9 or 10
12. exp Randomized Controlled Trial/
13. exp controlled clinical trial/
14. randomi?ed.ab,ti.
15. placebo.ab.
16. *Clinical Trial/
17. randomly.ab.
18. trial.ti.
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19. 12 or 13 or 14 or 15 or 16 or 17 or 18
20. exp animal/ not (exp human/ and exp animal/)
21. 19 not 20
22. 11 and 21

ISI Web of Science: Science Citation Index Expanded (SCI-EXPANDED) (1970 to February 2011) and ISI Web of Science: Conference
Proceedings Citation Index - Science (CPCI-S) (1990 to February 2011)

#1 TS=((Blood or "Red blood cell" or "Red blood cells" or RBC or Hemoglobin* or haemoglobin* or haemocrit or hemocrit or HB or HCT)
SAME transfus*)
#2 TS=(polic* or practice or protocol* or trigger* or threshold* or indicator* or strateg* or criteri* or standard* or restrict* or liberal* or
management or program*)
#3 #1 and #2
#4 TS=(randomised OR randomized OR randomly OR random order OR random sequence OR random allocation OR randomly allocated
OR at random OR randomized controlled trial) OR Topic=(controlled clinical trial OR controlled trial OR clinical trial OR placebo)
#5 TS=((singl* OR doubl* OR trebl* OR tripl*) SAME (blind* OR mask*))
#6 #2 or #3
#7 #3 and #6
#8 Topic=(human*)
#9 #7 and #8

W H A T ' S   N E W

 

Date Event Description

27 May 2016 New search has been performed We made the following changes:

1) added 16 new trials;
2) used 30-day mortality as the primary outcome because mor-
tality is a more clinically relevant outcome and the number of
participants enrolled in the trials provided sufficient power to ex-
amine this outcome;
3) added sensitivity analyses to evaluate heterogeneity for trans-
fusion outcomes between trials;
4) changed authors.

27 May 2016 New citation required and conclusions
have changed

The conclusions of the review have changed, and the search date
is now 27 May 2016.

 

H I S T O R Y

Protocol first published: Issue 2, 2000
Review first published: Issue 2, 2002

 

Date Event Description

20 December 2011 New citation required and conclusions
have changed

The searches were updated to February 2011. Data from two new
trials are included and the results have been amended accord-
ingly. One trial was identified through the updated search; the
other had previously been included as an ongoing trial, and the
results recently became available.

The Background section of the review has been updated. The
overall conclusions of the review remain similar, but the clinical
specialties for which the results can be generalised have been ex-
tended.
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Date Event Description

As part of this update, the assessment of methodological quality
used in earlier versions of this review has been replaced with an
assessment of the risk of bias. This amendment is in accordance
with a change in Cochrane's methodological guidance.

The authors of the review have changed.

1 February 2011 New search has been performed The search for studies was updated to February 2011.

9 September 2008 Amended Converted to new review format.

17 November 2004 New search has been performed An updated search for new trials was conducted in November
2004. No new trials for inclusion were identified.

 

C O N T R I B U T I O N S   O F   A U T H O R S

Please note that names are listed alphabetically.

For the 2012 update

Paul Carless (University of Newcastle) performed original database literature searches, screened abstracts and titles for relevant articles,
obtained relevant papers, applied inclusion/exclusion criteria to retrieved papers, extracted data from the trials, quality-assessed trials,
entered data into Meta-View 4.1, entered all study details into Review Manager 5.1 (Review Manager 5b), and co-wrote the review. JeGrey
Carson (Rutgers Robert Wood Johnson Medical School) screened abstracts and titles for relevant articles, obtained relevant papers, applied
inclusion/exclusion criteria to retrieved papers, extracted data from the trials, quality-assessed trials, entered data and all study details
into Review Manager 5.1, and co-wrote the review. Paul Hebert (Ottawa General Hospital) reviewed the manuscript and provided expertise
with analysis and content expert opinion.

For the 2016 review

JeGrey Carson and Simon Stanworth screened the abstracts and titles identified in the searches, applied inclusion and exclusion criteria,
and assessed the quality of the trials. Simon Stanworth led the quality review, and JeGrey Carson entered the data into Review Manager 5.3
(Review Manager 5a), performed the initial analyses, and prepared the first draO of the manuscript. Nareg Roubinian checked the accuracy
of the data and assisted with the manuscript. Dean Fergusson provided methodological and statistical expertise and assisted with the
manuscript. Darrell Triulzi and Paul Hebert reviewed the manuscript and provided content expertise. Carolyn Doree performed additional
literature searches.

D E C L A R A T I O N S   O F   I N T E R E S T

JeGrey Carson reports receiving grant support to his institution from the US National Institutes of Health. He is involved with guideline
development and has received a grant from the US National Institutes of Health to evaluate transfusion thresholds in patients with acute
myocardial infarction.

Carolyn Doree: nothing to declare.

Dean Ferugussion is a Co-Prinical Investigator on the TRICSIII trial, and a member of the Steering Committee for the MINT trial.

Paul Hebert and JeGrey Carson have received a grant from the Canadian Institutes of Health Research for a pilot trial of transfusion in
patients with acute myocardial infarction.

Nareg Roubinian: nothing to declare.

Simon Stanworth has received funding for two RBC transfusion trials in patients with haematological malignancies.

Darryl Triluizi is a member of the Steering Committee for the MINT trial and a member of the scientific advisory board for Fresenius-Kabi.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

The following diGerences applied in this (2016) version of the review.

• The primary outcome has changed in this version of the review from 'the proportion of patients 'at risk' who were transfused with red
blood cells', to '30-day mortality'. Previously, 30-day mortality was a secondary outcome. Now the proportion of participants 'at risk'
who were transfused with red blood cells is a secondary outcome. The primary outcome was changed because mortality is a more
clinically relevant outcome and the number of participants enrolled in trials provided suGicient power to examine this outcome. Sample
size calculations assuming baseline 30-day mortality of 9% for restrictive transfusion, 90% power, alpha level of 0.05, indicate that to
detect a 15%, 20%, or 25% relative decrease in mortality with the use of liberal transfusion, a study needs to enrol 17,500, or 9600, or
6000 participants, respectively.

• We added one new exclusion criterion: we excluded trials that were not designed to include any clinical outcomes relevant to this review.

• We added a new sensitivity analysis: registered studies versus unregistered studies.

• We separated blinding of participants and personnel from blinding of outcome assessment.

• The authors of the review have changed.
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*Practice Guidelines as Topic;  Anemia  [blood]  [therapy];  Erythrocyte Transfusion  [adverse eGects]  [mortality]  [*standards]  [statistics
& numerical data];  Hematocrit  [standards];  Hemoglobin A  [analysis]  [*standards];  Randomized Controlled Trials as Topic;  Reference
Values;  Transplantation, Autologous  [standards];  Transplantation, Homologous  [mortality]  [standards]
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Humans
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