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Aims To determine whether a restrictive strategy of red blood cell (RBC) transfusion at lower haemoglobin concentra-
tions is inferior to a liberal strategy of RBC transfusion at higher haemoglobin concentrations in patients under-
going cardiac surgery.

...................................................................................................................................................................................................
Methods
and results

We conducted a systematic review, meta-analysis, and trial sequential analysis of randomized controlled trials of
the effect of restrictive and liberal RBC transfusion strategies on mortality within 30 days of surgery as the primary
outcome. Secondary outcomes were those potentially resulting from anaemia-induced tissue hypoxia and transfu-
sion outcomes. We searched the electronic databases MEDLINE, EMBASE, and the Cochrane Library until 17
November 2017. Thirteen trials were included. The risk ratio (RR) of mortality derived from 4545 patients
assigned to a restrictive strategy when compared with 4547 transfused according to a liberal strategy was 0.96
[95% confidence interval (CI) 0.76–1.21, I2 = 0]. A restrictive strategy did not have a statistically significant effect on
the risk of myocardial infarction (RR 1.01, 95% CI 0.81–1.26; I2=0), stroke (RR 0.93, 95% CI 0.68–1.27, I2 = 0), renal
failure (RR 0.96, 95% CI 0.76–1.20, I2 = 0), or infection (RR 1.12, 95% CI 0.98–1.29, I2 = 0). Subgroup analysis of
adult and paediatric trials did not show a significant interaction. At approximately 70% of the critical information
size, the meta-analysis of mortality crossed the futility boundary for inferiority of the restrictive strategy.

...................................................................................................................................................................................................
Conclusion The current evidence does not support the notion that restrictive RBC transfusion strategies are inferior to liberal

RBC strategies in patients undergoing cardiac surgery.
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Introduction

Anaemia is common in patients undergoing cardiac surgery.1

Perioperative anaemia in patients undergoing cardiac surgery has

been associated with a significant increase in cardiac (myocardial in-
farction) and non-cardiac (renal failure and stroke) adverse events
and mortality, which is attributed to impaired oxygen delivery and tis-
sue hypoxia, particularly if the anaemia is acute or severe.2,3
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Accordingly, these patients often receive red blood cell (RBC) trans-
fusions in an attempt to increase tissue oxygen delivery.

Red blood cell transfusion, however, is also associated with ad-
verse events. Mortality in transfused patients has been demonstrated
to be higher than non-transfused patients in observational studies.4,5

The increased mortality may be subject to confounding by indication,
but there are a number of complications related to transfusion that
are associated with considerable morbidity and mortality. Non-
infectious risks from transfusion such as transfusion related acute
lung injury tend to occur more frequently in patients having cardiac
surgery,6 which may be due to increased systemic and pulmonary in-
flammation with cardiac surgery and has a high case fatality rate,7

5–13%.8,9 Pulmonary oedema, due to the volume of RBCs transfused,
has also been shown to occur more frequently in patients with critical
illness and cardiovascular disease who were transfused at a haemo-
globin concentration of 100 g/L compared with 70 g/L.10 It is not
known at what haemoglobin threshold a balance between risk of an-
aemia and risk of transfusion is achieved.4

Two large randomized controlled trials (RCTs) have recently been
conducted to address the risks associated with anaemia and RBC
transfusion with discordant results. The Transfusion Indication
Threshold Reduction (TITRe2) trial randomized 2007 patients
undergoing cardiac surgery, with a post-operative haemoglobin level
less than 90 g/L to maintain a haemoglobin concentration of more
than 75 g/L (restrictive strategy) or more than 90 g/L (liberal strat-
egy).11 A statistically significant difference was not apparent in the pri-
mary composite outcome of infection and ischaemic events 3
months following surgery (35.1% of the patients in the restrictive
threshold group and 33.0% of the patients in the liberal-threshold
group) [odds ratio (OR) 1.11, 95% confidence interval (CI), 0.91–
1.34]; but there was a 1.6% absolute difference in a secondary out-
come of mortality favouring the liberal strategy. In this study, how-
ever, patients were randomized following surgery and thus after the
time when a considerable proportion of RBC transfusions occur
(25% in TITRe2) and when potentially there is the highest risk of ad-
verse events secondary to acute haemodilution.

The Transfusion Requirements in Cardiac Surgery III (TRICS III)
trial randomized patients undergoing cardiac surgery with cardiopul-
monary bypass to a restrictive strategy of a haemoglobin transfusion
threshold of less than 75 g/L intra-operatively and post-operatively,
or a liberal strategy of a haemoglobin threshold less than 95 g/L intra-
operatively and post-operatively, while in an intensive care unit (ICU)
and less than 85 g/L on a non-ICU ward.12 Non-inferiority was estab-
lished in the primary composite outcome of mortality and renal/myo-
cardial or neurological events [11.4% of the restrictive group and
12.5% of the liberal group (absolute risk difference -1.11%; 95% CI
-2.93 to 0.72%)], and no significant differences were found for 28 day
mortality [3.0% in the restrictive group and 3.6% in the liberal group
(OR 0.85, 95% CI 0.62–1.16)].

Because of the uncertainty regarding RBC transfusion thresholds
in patients undergoing cardiac surgery, we undertook a systematic re-
view and meta-analysis to assess the effect of restrictive transfusion
strategies compared with liberal strategies on all-cause mortality.
Secondary outcomes included stroke, myocardial infarction, renal
failure, infections, arrhythmias, bleeding outcomes, duration of hos-
pital and ICU length of stay, proportion of patients transfused, and
the number of units transfused.

Methods

We previously conducted a systematic review of transfusion thresh-
olds in cardiac and vascular surgery.13 This current systematic review
incorporates RCTs focusing on transfusion thresholds in cardiac sur-
gery and includes recent significant trials. The systematic review was
reported according to PRISMA guidelines.14

Study identification
Three databases were searched for relevant studies from 1 March
2012, the Cochrane Central Register of Controlled Trials
(CENTRAL) The Cochrane Library until 17 November 2017, Issue
10; MEDLINE (Ovid) from 1950 to 17 November 2017; and
EMBASE [Ovid] from 1950 to 17 November 2017. The search was
not restricted for trials by date, language, or publication status. We
also searched the reference lists of relevant reviews, published
articles, available online conference proceedings (Annual Meetings
of the American Society of Anesthesiologists, Canadian
Anesthesiologists Society, European Society of Anaesthesiology,
American Society of Hematology, European Hematology
Association, Society of Critical Care Medicine, Society of
Cardiovascular Anesthesiologists, and European Association of
Cardiothoracic Anaesthesiology), and practice guidelines (American
Society of Anesthesiologists, National Institute for Clinical
Excellence, and Society of Thoracic Surgeons/Society of
Cardiovascular Anesthesiologists), as well as the reference lists of all
included trials for further studies. The full search criteria can be found
in the Supplementary material online.

Eligibility criteria
Randomized controlled trials were included if all the following criteria
were fulfilled: included patients undergoing cardiac surgery whereby
patients received RBCs at a lower haemoglobin concentration or
haematocrit level (restrictive group), and were compared with
patients who received RBCs at a higher haemoglobin concentration
or haematocrit (liberal group); and included one of the primary or
secondary outcomes. Trials were excluded if the effect of the transfu-
sion strategy could not be elicited due to multiple interventions or if
none of the outcomes of interest were reported.

Study selection and data collection
Two reviewers (N.M. and N.S.) independently screened citations to
select trials that met inclusion criteria and abstracted data including
funding, patient characteristics, the transfusion thresholds, and out-
comes. Disagreements were resolved by consensus. Studies were
not blinded to author, journal or institution.

Risk of bias assessment
Individual studies were assessed in duplicate using the Cochrane
Collaboration’s risk of bias tool.15 We assessed the following
domains for each study: sequence generation, allocation conceal-
ment, blinding, incomplete outcome data, and selective outcome
reporting. Risk of bias was considered ‘low’, ‘unclear’ (indicating un-
clear or unknown risk of bias), and ‘high’ risk of bias.
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Data synthesis
Data were combined from all studies to estimate the pooled risk
ratio (RR) and associated 95% CIs for the binary outcomes of all-
cause mortality, myocardial infarction, stroke, acute renal failure,
infections, arrhythmias, and transfusion. Mortality data were based
on hospital deaths or deaths up to 30 days of follow-up. Definitions

for the secondary outcomes were those reported by the authors in
each trial.

We used the weighted mean difference (WMD) with 95% CIs to
estimate the effect on the continuous outcomes of units of blood
transfused, blood loss, and ICU and hospital length of stay. When not
reported, we imputed sample means and standard deviations using

Figure 1 Study selection.

Figure 2 Risk of bias summary.
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the available summary statistics described in each study according to
an approximate Bayesian computation model (see Supplementary ma-
terial online).16 Primary analyses were based on inverse variance fixed
effect models, results from DerSimonian–Laird random-effects mod-
els17 are provided for comparison. A continuity correction of 0.5 was
used in case of zero events in one group. We constructed funnel plots,
plotting log RRs of mortality against their standard errors, to examine
small-study effects, including reporting biases.18 Statistical heterogen-
eity was assessed by the Cochran’s Q-test and I2, which is the percent-
age of total between-study variability due to heterogeneity rather than
chance. Substantial estimable heterogeneity was a priori considered to
be present when I2 was more than 50%.19 We then conducted a trial
sequential analysis20 to determine whether the results of our meta-

analysis on all cause-mortality (in-hospital and up to 30 days) were fu-
tile as to the inferiority of the restrictive strategy when compared with
liberal strategy and conclusive as to the non-inferiority of the restrict-
ive strategy, using an event rate of 3%, a relative risk increase of 30%,
power of 80%, and a one-sided alpha of 0.025 for both one-sided
questions (see Supplementary material online).

Subgroup and sensitivity analysis
Subgroup analyses were planned a priori to examine potential differ-
ences in adult vs. paediatric trials. As intra-operative blood loss and/
or haemodilution results in an acute reduction in haemoglobin levels,
which is considered to be potentially harmful to patients with cardiac
disease, the time-point of randomization could be associated with
estimates of treatment effects. We, therefore, also conducted a pre-
specified sensitivity analyses to compare estimates from trials that
assessed transfusion triggers during and after surgery compared with
trials where transfusion triggers were only applied post-operatively.

All analyses were conducted using Review Manager software
(Version 5.3, The Cochrane Collaboration, Oxford, UK) and Stata
(Release 14, College Station, TX, USA).

Results

Search results
We identified an additional 220 citations in the literature since our
prior systematic review (Figure 1). Six additional studies and two con-
ference proceedings fulfilled inclusion criteria11,12,21–31 for a total of
13 studies that were included—eight focused on adults and five
included paediatric patients.

Study characteristics
Supplementary material online, Table S1 describes the study charac-
teristics. The sample sizes ranged from 50–5092 adults to 43–162
neonates and children. Two studies in adults were above 1000
patients.11,12 The entire perioperative period was considered for
haemoglobin thresholds in five trials focusing on adult cardiac
patients,12,21,24,26,31 whereas the remainder compared post-operative
haemoglobin thresholds. Only one paediatric trial compared peri-
operative haemoglobin thresholds.23 Eleven trials had haemoglobin
thresholds that differed by approximately 20 g/L, whereas two adult
RCTs had a 10 g/L difference between restrictive and liberal thresh-
olds.21,28 Five adult trials included patients undergoing elective car-
diac surgery only.11,21,26,28,31

Risk of bias
Figures 2 and 3 describe the risk of bias according to each study and a
summary of the risk of bias, respectively. Supplementary material on-
line, Table S2 provides the rationale for the risk of bias assessment.
Twenty-three percent of trials used blinded outcome assessment,
31% random sequence generation, and 38% allocation concealment.
None of the RCTs were blinded to both clinical personnel and
participants.

Mortality
Data for mortality were provided by 11 trials, but two studies had
zero events in both arms and could not be included in the

Figure 3 Risk of bias for each study.
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Figure 4 Mortality within 30 days of surgery in randomized controlled trials of adult and paediatric cardiac surgery patients. Fixed-effects meta-
analysis.

Figure 5 Sensitivity analysis for mortality according to intra-operative or post-operative randomization. Fixed-effects meta-analysis.
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meta-analysis (Figure 4). The funnel plot did not show evidence of
asymmetry (Supplementary material online, Figure S1). The pooled
estimate included 4545 patients receiving restrictive transfusion and
4547 transfused according to a liberal threshold. No difference in
mortality within 30 days of surgery was observed between groups
(RR 0.96, 95% CI 0.76–1.21; I2 = 0), with 133 (2.9%) deaths in the re-
strictive arm, and 139 (3%) deaths in the liberal arm. One RCT con-
tributed to 60% of the weight in the analysis.12

Cardiovascular, renal, and infection-
related events
Transfusion strategy did not have a statistically significant effect on
the risk of myocardial infarction (RR 1.01, 95% CI 0.81–1.26, I2 = 0),
stroke (RR 0.93, 95% CI 0.68–1.27, I2 = 0), renal failure (RR 0.96, 95%
CI 0.76–1.20, I2 = 0), infection (RR 1.12, 95% CI 0.98–1.29, I2 = 0), or
arrhythmia (RR 0.97, 95% CI 0.91–1.04, I2 = 31%) (Supplementary
material online, Figures S2–S6).

Resource utilization
The mean number of units transfused was lower in the restrictive
transfusion approach compared with the liberal counterpart (WMD
-0.90 units, 95% CI -0.95 to -0.85, I2 = 93%). Similarly, the probability
of receiving a transfusion was approximately 30% lower with the re-
strictive compared with the liberal approach (RR 0.69, 95% CI 0.67–
0.71, I2 = 81%) (Supplementary material online, Figures S7, S8).

Blood loss did not differ between groups (WMD 5.61 mL, 95% CI
-18.18 to 29.40, I2 = 0) neither did the duration of hospitalization
(WMD 0.10 day, 95% CI -0.08 to 0.28, I2 = 72%) or length of stay in an
ICU (WMD 0.03 days, 95% CI -0.07 to 0.13, I2 = 27%) (Supplementary
material online, Figures S9–S11). Results from the random-effects pro-
vided similar results (Supplementary material online, Table S2).

Subgroup analysis: adult vs. paediatric
patients
Subgroup analyses of adult compared with paediatric cardiac patients
for all-cause mortality, infections, blood loss, the proportion of

Figure 6 Trial sequential analysis for mortality within 30 days of
surgery for adult and paediatric patients undergoing cardiac surgery
using a fixed-effects model. Trials are added in chronological order
and the most recent studies were the largest studies published. The
information size (9019 patients) was adequate to demonstrate that
the restrictive strategy was not inferior to the liberal strategy (and
that the liberal strategy was not superior to restrictive) as the futility
boundary was crossed (upper panel).

Figure 7 Trial sequential analysis for mortality within 30 days of
surgery for adult patients undergoing cardiac surgery using a fixed
effects model. Trials are added in chronological order and the most
recent studies were the largest studies published. The information
size (8565 patients) was adequate to demonstrate that the restrict-
ive strategy was not inferior to the liberal strategy (and that the lib-
eral strategy was not superior to restrictive) as the futility boundary
was crossed (upper panel).
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patients transfused RBCs, the mean number of RBCs, and duration of
hospitalization and length of stay in an ICU are presented in Figure 4
and Supplementary material online, Figures S5, S7–S11. Risk ratios
demonstrated a lack of difference between adult and paediatric
patients except for the proportion transfused.

Sensitivity analysis according to whether patients were assigned to
a transfusion strategy intra-operatively and post-operatively or only
post-operatively did not show any statistically significant differences
in mortality (P = 0.41) (Figure 5).

Trial sequential analysis
Figures 6 and 7 present trial sequential analyses for fixed-effect meta-
analyses of mortality in all patients and adult patients only, respective-
ly. Having reached approximately 70% of the critical information size
of 12 904 patients, meta-analyses had crossed the futility boundary
for inferiority of the restrictive strategy, but had narrowly missed the
boundary required to be crossed to conclusively establish non-
inferiority of the restrictive strategy. Supplementary material online,
Figures S12 and S13 present trial sequential analyses for random-
effects meta-analyses of all patients and adult patients. Having
reached approximately 50% of the critical information size of 18 434
patients, meta-analyses again both crossed the futility boundary for
inferiority of the restrictive strategy, but now clearly missed the
boundary required to be crossed to conclusively establish non-
inferiority of the restrictive strategy.

Discussion

This meta-analysis and trial sequential analysis of RCTs comparing re-
strictive and liberal RBC transfusion strategies in patients undergoing

cardiac surgery demonstrated that restrictive transfusion strategies
did not result in a statistically significant increased risk of mortality
within 30 days of surgery, myocardial infarction, renal failure, stroke,
infections, or arrhythmias, but restrictive strategies reduced the ex-
posure of patients to RBCs. Based on the currently available evi-
dence, we detected statistical heterogeneity for the proportion of
patients transfused, mean number of units transfused, ICU length of
stay, and hospital length of stay. The statistical heterogeneity in the
proportion transfused and the mean number of units transfused is
not unexpected but does not detract from the anticipated finding
that restrictive strategies reduce the percentage of patients
transfused.

Comparison to previous reviews
A recent systematic review and meta-analysis of observational cohort
studies suggested that RBC transfusion compared with no transfusion
was associated with higher mortality (OR 2.72, 95% CI 2.11–3.49;
I2 = 93%). The pooled estimate of RCTs appeared to favour liberal
transfusion strategies, but not significantly so (OR 0.70, 95% CI 0.49–
1.02; I2 = 0).32 There were no statistically significant differences in pul-
monary injury, renal injury, or infections. A previous sequential ana-
lysis of restrictive compared with liberal transfusion strategies did not
find a difference in mortality (RR 0.86, 95% CI 0.74–1.01) but sug-
gested that the required information size was not reached.33 Our
pooled results included the addition of two RCTs in adult cardiac sur-
gery patients,11,12 which lead to a robust pooled estimate that did not
favour either a restrictive or a liberal RBC transfusion. The trial se-
quential analysis demonstrated that the required information size
was reached for combined and adult and paediatric trials and was
nearly attained in adult cardiac surgery trials using non-inferiority
margin of 3%.

Limitations of this systematic review and meta-analysis are
acknowledged. We analysed mortality within 30 days of surgery and
not longer term mortality. The absence of definitive long-term data
does not exclude a potential later difference between groups and is
thus a limitation of this analysis. We did not conduct a sensitivity ana-
lysis according to the risk of bias. We combined adult and paediatric
RCTs for some analyses. We did not conduct a subgroup analysis
comparing high risk and low risk cardiac surgery patients.
Nonetheless the estimable statistical heterogeneity was not consid-
ered high for all-cause mortality, our primary outcome despite
including these studies, and a statistically significant difference be-
tween the adult and paediatric patients was not detected. In addition,
we used in-hospital mortality which limited missing data, and mortal-
ity is a well and easily defined outcome.

A restrictive RBC transfusion strategy was not found to be inferior
to a liberal strategy for all-cause mortality. Although the required in-
formation size (i.e. sample size) in the trial sequential analysis was not
reached, the z-curve crossed the futility boundary for inferiority of
the restrictive strategy, which indicates that our results are definitely
not consistent with a 30% relative risk increase of the restrictive
strategy when compared with the liberal strategy. However, our ana-
lysis is not yet conclusive regarding non-inferiority of the restrictive
strategy, i.e. the boundary to conclusively establish that the restrictive
strategy is non-inferior was narrowly missed, even though the 95% CI
of the pooled risk ratio excluded the pre-specified non-inferiority
margin of 1.30 for overall mortality. Restrictive transfusion strategies

Take home figure The current evidence suggests restrictive
transfusion strategies are not inferior to liberal transfusion strategies
in adult and pediatric patients undergoing cardiac surgery. RBC indi-
cates red blood cell; ICU indicates intensive care unit. ICU stay and
hospital stay are reported as days.
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..were also not associated with an increased risk of myocardial infarc-
tion, stroke, infection, or renal failure. Restrictive transfusion strat-
egies have the potential to reduce the proportion of patients
transfused and the mean number of units transfused reducing the
cost associated with blood transfusion. For example, assuming that
78% of patients in the liberal approach receive at least one transfu-
sion (the weighted mean probability across trials), our results imply
that, on average, replacement of the liberal transfusion by the re-
strictive approach would result in a reduction of approximately 242
transfused patients per 1000 surgeries (95% CI 226–259). Even under
more conservative assumptions (i.e. random-effects models), we
found the restrictive transfusions strategy did not show any differen-
ces in clinical outcomes compared with the liberal approach, and our
results appear to be consistent across different scenarios of sensitiv-
ity analyses considered.

Conclusion

In conclusion, the current evidence does not support the notion that
restrictive RBC transfusion strategies are inferior to liberal RBC
transfusion strategies in adult and paediatric patients undergoing car-
diac surgery. Reduction in allogeneic RBC exposure with a restrictive
transfusion strategy has clear resource and economic benefits, and
further economic analyses may also be useful to guide clinical deci-
sion-making.

Supplementary material

Supplementary material is available at European Heart Journal online.
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