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Abstract

Background and Obijectives: There is an ongoing controversy regarding the risks of
restrictive and liberal red blood cell (RBC) transfusion strategies. This meta-analysis
assessed whether transfusion at a lower threshold was superior to transfusion at a
higher threshold, with regard to thrombosis-related events, that is, whether these
outcomes can benefit from a restrictive transfusion strategy is debated.

Materials and Methods: We searched PubMed, Cochrane Central Register of Con-
trolled Trials and Scopus from inception up to 31 July 2021. We included randomized
controlled trials (RCTs) in any clinical setting that evaluated the effects of restrictive
versus liberal RBC transfusion in adults. We used random-effects models to calculate
the risk ratios (RRs) and 95% confidence intervals (Cls) based on pooled data.
Results: Thirty RCTs involving 17,334 participants were included. The pooled RR for
thromboembolic events was 0.65 (95% Cl 0.44-0.94; p = 0.020; ? = 0.0%, very
low-quality evidence), favouring the restrictive strategy. There were no significant
differences in cerebrovascular accidents (RR = 0.83; 95% Cl 0.64-1.09; p = 0.180;
I> = 0.0%, very low-quality evidence) or myocardial infarction (RR = 1.05; 95% ClI
0.87-1.26; p = 0.620; I> = 0.0%, low-quality evidence). Subgroup analyses showed
that a restrictive (relative to liberal) strategy reduced (1) thromboembolic events in
RCTs conducted in North America and (2) myocardial infarctions in the subgroup of
RCTs where the restrictive transfusion threshold was 7 g/dl but not in the 8 g/dl sub-
group (with a liberal transfusion threshold of 10 g/dl in both subgroups).
Conclusions: A restrictive (relative to liberal) transfusion strategy may be effective in

reducing venous thrombosis but not arterial thrombosis.

KEYWORDS
cerebrovascular accidents, myocardial infarction, restrictive, thromboembolism, transfusion
strategy
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Highlights

subgroups).

INTRODUCTION

Red blood cell (RBC) transfusion can increase or maintain oxygen
levels in tissues [1], improving anaemia, which can save lives [2, 3].
However, transfusion is associated with several adverse events, such
as thromboembolism [4, 5], cerebrovascular accidents [6] and myocar-
dial infarction [1, 7]. The mechanisms behind these adverse events
include increased circulating RBC mass [1], increased oxidative stress
[4], reduced nitric oxide and/or increased inflammatory mediators [6].
Consequently, an appropriate transfusion strategy should be used to
reduce the adverse events.

Haemoglobin or haematocrit thresholds are commonly used when
deciding whether to perform a transfusion. The most commonly used
trigger for transfusion in the twentieth century was haemoglobin of
10 g/dl or haematocrit of 30% [8]. However, several transfusion guide-
lines suggest that a restrictive transfusion strategy (haemoglobin <7 or
8 g/dl) is suitable in most clinical settings [9-11]. Nevertheless, whether
a restrictive transfusion strategy reduces thrombosis-related events com-
pared to a liberal one remains controversial, with some reviews indicating
no significant differences [11-14] and others indicating that restrictive
strategies decrease cerebrovascular accidents but increase myocardial
infarction [15-17]. However, most of these reviews included only a few
randomized controlled trials (RCTs) or evaluated composite outcomes.

In order to conduct a comprehensive meta-analysis comparing
the restrictive and liberal transfusion strategies with regard to
thrombosis-related events in adults, we included all available RCTs
reporting these outcomes. In addition, we also performed various sub-
group analyses, such as comparing outcomes between different
restrictive transfusion thresholds (with a fixed liberal transfusion
threshold) and among study areas, which were rarely considered in

other meta-analyses.

MATERIALS AND METHODS
Search strategy

We searched PubMed, Cochrane Central Register of Controlled Trials
and Scopus from inception to 31 July 2021, using ([blood

e A restrictive red blood cell transfusion strategy significantly reduced the risk of thromboem-
bolic events, although the Grading of Recommendations Assessment, Development and Eval-
uation quality of evidence was very low.

e For cerebrovascular accidents and myocardial infarction, there were no statistically signifi-
cant differences between restrictive and liberal transfusion strategies.

e Subgroup analyses showed that the restrictive (relative to liberal) transfusion strategy
reduced (1) thromboembolic events in trials conducted in North America and (2) myocardial
infarctions in the subgroup of trials where the restrictive transfusion threshold was 7 g/dl
but not in the 8 g/dl subgroup (with a liberal transfusion threshold of 10 g/dl in both

transfusion*] OR [red blood cell] or RBC or transfus® or haemoglobin)
AND (trigger* OR threshold* OR liberal OR restrict* OR strateg®)
AND ([randomized controlled trial*] OR [controlled clinical trial*] OR
[clinical trial*] OR [randomized trial*] OR trial*). We checked the refer-
ences of included RCTs for additional relevant articles. The complete
search strategy is provided in the Supplementary Material. After
records were imported into the EndNote software, duplicate records
were removed. Two reviewers (M.M. and C.X.Z.) independently
screened the titles and abstracts of the relevant studies. Thereafter,
full-text versions were retrieved to further assess eligibility. Disagree-
ments were settled by discussing with other reviewers (J.G.X., Z.C.Z.,
H.D.L.and O.C.O.).

Study selection

The eligibility criteria were (1) RCT, (2) compared liberal and restrictive
transfusion strategies, (3) reported thrombosis-related events and
(4) patients aged 216 years. For RCTs that generated multiple

publications, we excluded duplicate patients and outcome data.

Data extraction

Two authors (M.M. and C.X.Z.) independently extracted information
about the first author, year of publication, study area (continent where
the patients were recruited from), sample size, transfusion thresholds,
demographics, medications and clinical outcomes using a data
extraction form. Disagreements were resolved based on reaching a

consensus among all authors.

Outcome definitions

Thrombosis-related events can occur in veins or arteries. For venous
thrombosis, we included thromboembolic events comprising deep
vein thrombosis, pulmonary embolism and thromboembolism. For
arterial thrombosis, we included cerebrovascular accidents (stroke or

transient ischaemic attack, cerebrovascular attack or cerebral
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ischaemia) and myocardial infarction (myocardial infarction, acute
myocardial infarction, acute myocardial ischaemia or stent thrombo-

sis). Detailed definitions are provided in Table S1.

Risk of bias and quality

Two authors (M.M. and C.X.Z.) independently assessed the risk of bias
(RoB) in the outcomes in the RCTs (categorized as ‘low’, ‘some con-
cerns’ or ‘high’) using the revised Cochrane RoB tool (RoB 2) [18, 19].
As the assessment of each RoB domain for each included outcome in
any given RCT was the same, we present the RoB results by RCT
instead of by outcome in each RCT. The following domains were
assessed: randomization process, deviations from intended interven-
tions, missing outcome data, outcome measurement and selection of
the reported result.

We also assessed the overall quality of evidence of each outcome
(categorized as ‘very low’, ‘low’, ‘moderate’ or ‘high’) using the Grad-
ing of Recommendations Assessment, Development and Evaluation
(GRADE) criteria [20].

Statistical analysis

Mantel-Haenszel risk ratios (RRs) with 95% confidence intervals (Cls)
were calculated based on pooled data. Thereafter, we performed sub-
group analyses by clinical setting, transfusion threshold, transfusion
timing (intra- and post-operatively, peri-operatively, post-operatively
or during the hospital/intensive care unit [ICU] stay), transfusion type
(leucocyte-reduced or non-leucocyte-reduced RBCs) and study area
(continent where the patients were recruited from). To test for statis-
tical heterogeneity, 12 (50% or 85% indicates moderate or substantial
heterogeneity, respectively) and y2 (p < 0.05 indicates significant het-
erogeneity) were calculated. Random-effect models were used to
account for clinical heterogeneity. Several sensitivity analyses were
performed to explore various aspects of the trials and review method-
ology. First, we excluded each trial one at a time and recalculated the
pooled effects. Excluding one trial at a time can help investigate how
each individual study affects the overall effect size and identify influ-
ential studies. Second, we excluded trials with high RoB. Third, we
excluded trials from each clinical setting (ICU treatment, cardiac sur-
gery, orthopaedic surgery, vascular surgery, upper gastrointestinal
bleeding treatment and cancer treatment) in turn. Fourth, we limited
the analysis to trials using specific transfusion thresholds (restrictive
transfusion threshold [RTT] = 7, RTT > 7 g/dl, RTT = 7 or 8 g/dl with
liberal transfusion threshold [LTT] = 9 g/dl, RTT = 7 or 8 g/dl with
LTT = 10 g/dl). Fifth, we excluded trials that involved transfusion dur-
ing the hospital/ICU stay without a clear indication of transfusion
timing. Sixth, we excluded trials that did not report on transfusion
type (i.e., whether the RBC transfusion was leucocyte-reduced) and
trials that involved either leucocyte-reduced or non-leucocyte-
reduced RBCs. Seventh, we excluded trials from each continent

in turn.

Funnel plots and Egger’s regression were used to assess publica-
tion bias. The analyses were performed in Stata 14.0 and Review

Manager 5.3.

RESULTS

Included RCTs

The search strategy (Figure S1) identified 2358 articles. After remov-
ing duplicates, there were 1750 articles. After screening the titles/
abstracts, 119 were selected to be reviewed in full. Thirty RCTs
(described in Tables 1 and S2), with 17,334 participants (8576 in
restrictive groups and 8637 in liberal groups) were included [21-50].
The RCTs were published between 1992 and 2021. The mean age
ranged from 35 to 82.3 years.

Clinical settings varied: 10 involved patients undergoing cardiac
surgery [27, 32-35, 37, 40, 47-49], 7 involved patients undergoing
orthopaedic surgery [23, 24, 26, 38, 45, 46, 50], 7 involved patients
treated in ICUs [21, 22, 25, 28, 29, 39, 42], 3 involved patients under-
going vascular surgery [31, 36, 44], 2 involved patients with upper
gastrointestinal bleeding [30, 41] and 1 involved patients undergoing
cancer treatment [43]. Additionally, 23 RCTs included cardiovascular
disease as a baseline characteristic [21-24, 26-30, 32, 35-38, 40, 42,
44-50], 12 excluded patients with anaemia or bleeding [21, 26-29,
41, 42, 45-49], 1 excluded patients with too high transfusion rate
[22] and 1 included patients with high transfusion rates [40].

Regarding RTT and LTT, the haemoglobin RTT ranged from 7.0 to
9.0 g/dl [21-26, 28-30, 33-47, 49, 50], with four additional RCTs
specifying haematocrit values of 24% or 25% [27, 31, 32, 48]. The
haemoglobin LTT ranged from 8.5 to 10.0 g/dl [21-26, 28-30,
33-47, 49, 50], with four additional RCTs specifying haematocrit
values of 28%, 30% or 32% [27, 31, 32, 48]. In four RCTs, transfusion
was also permitted for symptoms of anaemia in the restrictive group
[45-47, 50]. RCTs were divided into the following pairs of subgroups
based on RTT alone or RTT plus LTT: (1) RTT = 7 g/dl versus
RTT > 7 g/dl; (2) RTT = 7 g/dl and LTT = 9 g/dl versus RTT = 8 g/dl
and LTT = 9 g/dl and (3) RTT = 7 g/dl and LTT = 10 g/dI versus
RTT =8 g/dland LTT = 10 g/dlI.

Specific transfusion timing was reported in 13 RCTs: 3 transfused
intra- and post-operatively [35, 40, 44]; 6 transfused post-operatively
[31, 33, 36, 37, 45, 46] and 4 transfused peri-operatively [23, 27, 34,
43]. For the remaining RCTs, 12 transfused during the hospital/ICU
stay [21, 22, 25, 28, 29, 32, 39, 41, 42, 47-49] and the transfusion
timing was not reported by the others [24, 26, 30, 38, 50]. Regarding
transfusion type, 12 RCTs used leucocyte-reduced RBCs [21, 22, 26,
29, 36, 39, 41, 42, 46-49], 4 used non-leucocyte-reduced RBCs [23,
25, 27, 28] and the remaining 14 did not provide this information [24,
30-35, 37, 38, 40, 43-45, 50]. Regarding the study area, 12 RCTs
were conducted in Europe [23, 24, 26, 29, 30, 34, 36-38, 41, 42, 49],
9 in North America [28, 31, 33, 39, 40, 44, 46-48], 4 in South America
[21, 22, 25, 27], 2 in Asia [43, 50] and the remaining 3 recruited
patients across several different continents [32, 35, 45].
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Outcomes
Thromboembolic events

Based on 13 RCTs (3976 participants) reporting on thromboembolic
events, the risk was significantly lower in the restrictive group than
the liberal group (RR = 0.65; 95% CI 0.44-0.94; p = 0.020; Figure 1).
Study heterogeneity was not significant (y2 = 10.79; degrees of free-
dom [df] = 12 [p = 0.55]; 1% = 0.0%). Subgroup analyses were then
performed. Regarding the clinical setting, there was no significant dif-
ference in thromboembolic events between the two transfusion strat-
egies in any clinical setting subgroup assessed (Figure S2).

Regarding transfusion threshold, there was no significant differ-
ence in thromboembolic events between the two transfusion strategies
in the RTT = 7 g/dl or RTT > 7 g/dI subgroups (Figure S3). However,
the risk of thromboembolic events was significantly lower in the restric-
tive (relative to liberal) transfusion group in the RTT = 7 g/dl and
LTT = 10 g/dl subgroup (RR = 0.37; 95% CI 0.17-0.79; Figure S4) but
not the RTT = 8 g/dl and LTT = 10 g/dI subgroup; nevertheless, there
was only one RCT included in the former subgroup.

Regarding transfusion timing, no significant difference was
observed in thromboembolic events between the two transfusion
strategies in the intra- and post-operative, peri-operative or post-
operative subgroups (Figure S5). Regarding transfusion type, there
was no significant difference in thromboembolic events between the

two transfusion strategies in the non-leucocyte-reduced or leucocyte-

liberal) group in trials conducted in North America (RR = 0.50; 95% Cl
0.28-0.87; Figure S7) but not in trials conducted in Europe, South
America and Asia.

Sensitivity analysis showed that, after removing the trial by Rob-
ertson et al. [39] or Jairath et al. [30], there was no longer a significant
difference in thromboembolism between the restrictive and liberal
groups. Likewise, there was no longer a significant difference in
thromboembolism after removing trials involving ICU treatment,
orthopaedic surgery, or upper gastrointestinal bleeding treatment, or
after limiting the analysis to trials reporting on transfusion timing
(intra- and post-operative, peri-operative or post-operative), trials
reporting on transfusion type (leucocyte-reduced or non-leucocyte-
reduced RBCs) and non-North American trials. Limiting the analysis to
trials involving ‘low’/‘some concerns’ RoB; RTT = 7 or 8 g/dl with
LTT = 10 g/dl; and RTT = 7 g/dl and LTT = 10 g/d| maintained the
significant decrease in thromboembolism for the restrictive (relative

to liberal) strategy.

Cerebrovascular accidents

Based on 21 RCTs (14,509 participants) reporting on cerebrovascular
accidents, the risk did not differ by restrictive versus liberal strategy
(RR = 0.83; 95% Cl 0.64-1.09; p = 0.180) (Figure 2). Study heteroge-
neity was not significant (y 2 = 13.47; df = 20 [p = 0.860]; I* = 0.0%).

There were no differences in cerebrovascular accidents between

reduced RBC subgroups (Figure Sé). Lastly, regarding the study area, the transfusion strategies in any of the subgroup analyses
there were fewer thromboembolic events in the restrictive (relative to (Figures S8-514).
Restrictive Liberal Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

1.1.1 all

Almeida 2015 1 101 1 97 1.9% 0.96 [0.06-15.14]

Carson 1998 1 42 0 42 1.4% 3.00[0.13-71.61]

Carson 2011 8 1007 12 1005 17.8% 0.67 [0.27-1.62] — =

Carson 2013 0 54 1 55 1.4% 0.34 [0.01-8.15]

Fan 2014 1 94 2 92 2.5% 0.49 [0.05-5.30]

Foss 2009 1 60 2 60 2.5% 0.50 [0.05-5.37]

Gobatto 2019 1 23 4 21 3.2% 0.23 [0.03-1.88] —

Grover 2006 7 109 5 109 11.3% 1.40 [0.46-4.28] I

Jairath 2015 9 242 23 350 24.9% 0.57[0.27-1.20] — &

Nielsen 2014 0 30 1 33 1.4% 0.37 [0.02-8.65]

Robertson 2014 8 99 22 101 24.4% 0.37[0.17-0.79] —

Shehata 2012 1 25 0 25 1.4% 3.00[0.13-70.30]

Walsh 2013 6 51 2 49 5.9% 2.88[0.61-13.60] -

Subtotal (95% CI) 1937 2039 100.0% 0.65 [0.44-0.94] <&

Total events 44 75

Heterogeneity: 2= 0.00; y2=10.79, df =12 (p = 0.55); 1> = 0%

Test for overall effect: Z=2.28 (p = 0.02)

Total (95% CI) 1937 2039 100.0% 0.65 [0.44, 0.94] <&

Total events 44 75

Heterogeneity: 2= 0.00; 4?=10.79, df = 12 (p = 0.55); 1> = 0% 0.:005 Oil 1=0 260

Test for overall effect: Z=2.28 (p = 0.02)
Test for subgroup differences: Not applicable

Favours [restrictive] Favours [liberal]

FIGURE 1 Comparison of thromboembolic events between restrictive and liberal transfusion strategies in randomized controlled trials
(RCTs). Size of squares for risk ratio reflects weight of RCT in pooled analysis. Horizontal bars represent 95% confidence intervals (Cls). Risk ratio
>1.0 favours liberal transfusion strategy. df, degrees of freedom; M-H, Mantel-Haenszel; Random, random-effects model
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Restrictive Liberal Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 all
Almeida 2015 3 101 0 97 0.8% 6.73[0.35-128.52]
Bergamin 2017 3 151 2 149 2.3% 1.48 [0.25-8.73] e
Bracey 1999 11 212 9 216 9.7% 1.25[0.53-2.94] —
Carson 1998 0 42 1 42 0.7% 0.33 [0.01-7.96]
Carson 2011 3 1007 8 1005 4.1% 0.37[0.10-1.41] e
Carson 2013 0 54 1 55 0.7% 0.34 [0.01-8.15]
Ducrocq 2021 2 342 2 324 1.9% 0.95 [0.13-6.69] —
Fan 2014 1 94 2 92 1.3% 0.49 [0.05-5.30] ——
Foss 2009 1 60 1 60 0.9% 1.00 [0.06-15.62]
Gobatto 2019 0 23 2 21 0.8% 0.18 [0.01-3.61]
Hajjar 2010 2 249 4 253 2.5% 0.51[0.09-2.75] S
Holst 2014 4 488 10 489 5.4% 0.40[0.13-1.27] — T
Johnson 1992 1 20 0 18 0.7% 2.71[0.12-62.70]
Koch 2017 1 363 3 354 1.4% 0.33 [0.03-3.11] —
Mazer 2017 45 2428 49 2429 44.5% 0.92 [0.62-1.37] b
Murphy 2015 15 989 17 985 15.1% 0.88 [0.44-1.75] =
Mgller 2019 1 29 0 29 0.7% 3.00[0.13-70.74]
Robertson 2014 1 99 2 101 1.3% 0.51 [0.05-5.54] I
Shehata 2012 3 25 0 25 0.8% 7.00[0.38-128.87]
Villanueva 2013 3 444 6 445 3.8% 0.50[0.13-1.99] — 71
Walsh 2013 0 51 1 49 0.7% 0.32[0.01-7.68]
Subtotal (95% CI) 7271 7238 100.0% 0.83 [0.64-1.09] ¢
Total events 100 120
Heterogeneity: 2= 0.00; 2= 13.47, df = 20 (p = 0.86); 2= 0%
Test for overall effect: Z=1.35 (p = 0.18)
Total (95% ClI) 7271 7238 100.0% 0.83 [0.64, 1.09] ¢
Total events 100 120
Heterogeneity: 2= 0.00; y2=13.47, df = 20 (p = 0.86); 1> = 0% o 0105 0:1 110 260

Test for overall effect: Z=1.35 (p = 0.18)
Test for subgroup differences: Not applicable

Favours [restrictive] Favours [liberal]

FIGURE 2 Comparison of cerebrovascular accidents between restrictive and liberal transfusion strategies in randomized controlled trials
(RCTs). Size of squares for risk ratio reflects weight of RCT in pooled analysis. Horizontal bars represent 95% confidence intervals (Cls). Risk ratio

>1.0 favours liberal transfusion strategy. df, degrees of freedom; M-H,

The risk of cerebrovascular accidents became significantly
lower in the restrictive (relative to liberal) group when limiting that
analysis to trials that reported on transfusion type (leucocyte-
reduced or non-leucocyte-reduced RBCs); however, removing trials
involving either leucocyte-reduced RBCs or non-leucocyte-reduced
RBCs resulted in no significant difference. Other sensitivity ana-
lyses for cerebrovascular accidents did not differ from the overall

pooled results.

Myocardial infarction

Based on 25 RCTs (14,829 participants) reporting on myocardial
infarction, the risk did not differ by restrictive versus liberal strategy
(RR = 1.05; 95% Cl 0.87-1.26; p = 0.620) (Figure 3). Study heteroge-
neity was not significant (y2 = 21.13; df = 22 [p = 0.510]; I? = 0%).
The risk of myocardial infarction was significantly lower in the restric-
tive (relative to liberal) transfusion group in the RTT = 7 g/dl and
LTT = 10 g/dl subgroup (RR = 0.32; 95% Cl 0.11-0.93) but not in the
RTT = 8 g/dl and LTT = 10 g/dI subgroup (Figure S18). Regarding the
other subgroup analyses, there were no differences in myocardial
infarction between the transfusion strategies (Figures S15-S17 and
S$19-521).

Mantel-Haenszel; Random, random-effects model

The difference in myocardial infarction between the restrictive
and liberal groups was still non-significant when limiting the analysis
to trials involving RTT = 7 or 8 g/dl with LTT = 10 g/dI, but further
limiting the analysis to trials involving RTT = 7 g/dl and LTT = 10 g/dI
showed that the restrictive (relative to liberal) group had a signifi-
cantly reduced risk of myocardial infarction. Other sensitivity analyses
for myocardial infarction did not show differences from the overall

pooled results.

RoB and quality

Twenty trials (66.7%) had ‘some concerns’ or ‘high’ RoB [21, 23, 24,
26, 29-33, 35-38, 40, 41, 43, 46, 47, 49, 50] (Figures 4 and 5). The
main category for some concerns and high RoB was deviations from
intended interventions, which included lack of blinding of participants,
caregivers or outcome assessors (as the nature of blood transfusion
makes it hard to blind them) and insufficient information provided
about the appropriateness of the analysis. The GRADE quality of evi-
dence was judged to be ‘very low’ for thromboembolic events and
cerebrovascular accidents, and ‘low’ for myocardial infarction
(Figure 6). The reasons included inadequate blinding, large variation in

effect and the small number of events.
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Risk ratio

Weight M-H, Random, 95% CI

Risk ratio
M-H, Random, 95% ClI

Restrictive Liberal
Study or subgroup Events Total Events Total
1.3.1 all
Almeida 2015 1 101 0 97 0.3%
Bergamin 2017 4 151 4 149 1.8%
Bracey 1999 1 212 0 216 0.3%
Bush 1997 1 50 2 49 0.6%
Carson 1998 1 42 0 42 0.3%
Carson 2011 38 1008 23 1005 12.7%
Carson 2013 7 54 5 55 2.8%
Cooper 2011 0 24 0 21
Ducrocq 2021 7 342 10 324 3.6%
Fan 2014 0 94 1 92 0.3%
Foss 2009 1 60 0 60 0.3%
Gillies 2020 1 36 0 26 0.3%
Gobatto 2019 0 23 0 21
Grover 2006 0 109 1 109 0.3%
Hebert 1999 3 418 12 420 2.1%
Holst 2014 13 488 6 489 3.6%
Johnson 1992 0 20 1 18 0.3%
Laine 2017 1 40 0 40 0.3%
Mazer 2017 144 2428 144 2429 65.9%
Murphy 2015 3 987 4 981 1.5%
Mgller 2019 2 29 2 29 0.9%
Robertson 2014 1 99 1 101 0.4%
Shehata 2012 1 25 0 25 0.3%
Villanueva 2013 0 444 8 445 0.4%
Zhang 2020 0 162 1 140 0.3%
Subtotal (95% CI) 7446 7383 100.0%
Total events 230 225

Heterogeneity: 2= 0.00; y?=21.13, df =22 (p = 0.51); I>=0%

Test for overall effect: Z=0.50 (p = 0.62)

Total (95% Cl)
Total events

230

7446

225

7383 100.0%

Heterogeneity: 72= 0.00; »?=21.13, df =22 (p = 0.51); I?=0%

Test for overall effect: Z=0.50 (p = 0.62)

Test for subgroup differences: Not applicable

2.88[0.12-69.91]
0.99 [0.25-3.87]
3.06 [0.13-74.61]
0.49 [0.05-5.23]
3.00[0.13-71.61]
1.65 [0.99-2.74]
1.43 [0.48-4.22]
Not estimable
0.66 [0.26-1.72]
0.33[0.01-7.91]
3.00 [0.12-72.20]
2.19[0.09-51.70]
Not estimable
0.33 [0.01-8.09]
0.25 [0.07-0.88]
2.17 [0.83-5.67]
0.30[0.01-6.97]
3.00[0.13-71.51]
1.00 [0.80-1.25]
0.75[0.17-3.32]
1.00 [0.15-6.63]
1.02 [0.06-16.09]
3.00[0.13-70.30]
0.06 [0.00-1.02]
0.29[0.01-7.02]
1.05 [0.87-1.26]

1.05 [0.87, 1.26]

I
L

0.002

0.1 10
Favours [restrictive] Favours [liberal]

500

FIGURE 3 Comparison of myocardial infarction between restrictive and liberal transfusion strategies in randomized controlled trials (RCTs).
Size of squares for risk ratio reflects weight of RCT in pooled analysis. Horizontal bars represent 95% confidence intervals (Cls). Risk ratio >1.0
favours liberal transfusion strategy. df, degrees of freedom; M-H, Mantel-Haenszel; Random, random-effects model

Publication bias

Regarding thromboembolic events and cerebrovascular accidents, no
publication bias was found according to the funnel plots or Egger's
test (Figures S22 and $23). However, the funnel plot for myocardial
infarction showed slight asymmetry (Figure $24), suggesting publica-
tion bias. Nevertheless, Egger’s test for myocardial infarction was not
significant (p = 0.578). Overall, the publication bias regarding this out-
come appears to be small.

DISCUSSION

Our meta-analysis of 30 RCTs compared thrombosis-related complica-
tions between restrictive and liberal transfusion strategies. The inci-
dence of thromboembolic events was lower in the restrictive (relative
to liberal) transfusion group, but there were no differences in cerebro-
vascular accidents or myocardial infarction.

A 2016 Cochrane review reported that restrictive transfusion

strategies decrease the proportion of transfused patients across many

clinical settings without worsening clinical outcomes [51]. Similar
statements were made by Brunskill et al. [15] and Shehata et al. [52]
in their systematic reviews of transfusion thresholds for patients with
hip fractures and patients undergoing cardiac surgery, respectively.
The findings of these reviews suggested that restrictive transfusion
strategies can also effectively reduce adverse events, such as mortal-
ity and infections.

Our meta-analysis focused on the effects of transfusion strategies
on thrombosis-related events. Several meta-analyses have assessed
the effects of different transfusion strategies on thromboembolic
events in various clinical settings [12, 15, 51, 53-55]. For example,
one found no difference in venous thromboembolism between trans-
fusion strategies in adult and paediatric patients (RR = 0.76; 95% Cl
0.41-1.41; p = 0.920) [12]. A study of hip fracture patients also
reported no significant difference in thromboembolism between
transfusion strategies (RR = 1.15; 95% Cl 0.56-2.37; p = 0.710)
(based on low-quality evidence) [15]. Another study on hip fracture
patients similarly reported no difference in thromboembolic events
between transfusion strategies (RR = 0.71; 95% Cl 0.34-1.45;
p = 0.350) [53]. However, these reviews included studies other than
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FIGURE 4 Risk of bias assessment of included randomized controlled trials
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FIGURE 5 Risk of bias summary

Summary of findings:

Restrictive transfusion strategy compared to liberal transfusion strategy in adult patients

Patient or population: adult patients
Setting: inpatient

Intervention: restrictive transfusion strategy
Comparison: liberal transfusion strategy

Anticipated absolute effects”

(95% Cl) No. of c ¢
q 0.0 ertainty o
Outcomes Risk with Risk with Rel(a;;,? gflje‘:t participants the evidence Comments
liberal restrictive ° (studies) (GRADE)
transfusion transfusion
strategy strategy
Thromboembolic 37 per 1000 A (q%:;'é?oo RR 0.65 3976 gzg(?()cv)v
events P (0.44-0.94) (13 RCTs) b
Cerebrovascular 17 per 1000 14(’;‘;:%{3?00 RR 0.83 14,509 S/?E%?CQV
accidents p (0.64—1.09) (21 RCTs) b,
o . 32 per 1,000 RR 1.05 14,829 ®®00
Myocardial infarction 30 per 1000 (27-38) (0.87-1.26) (25 RCTs) Lowab

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative
effect of the intervention (and its 95% ClI).

Cl, confidence interval; RR, risk ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there
is a possibility that it is substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of

effect

Explanations

a. Most studies were not adequately blinded (including participants, personnel, and outcome assessors).

b. Point estimates varied widely across studies.
c. The small number of events occurred in two transfusion groups.

FIGURE 6 Summary of findings (including Grading of Recommendations Assessment, Development and Evaluation [GRADE] quality of

evidence) in included randomized controlled trials

RCTs, and some of the included RCTs did not report specific result in thrombosis by altering the rheologic variables and due to the

haemoglobin- or haematocrit-based transfusion thresholds. We found infusion of pro-inflammatory and pro-thrombotic microparticles [56];

a lower risk of thromboembolic events with the restrictive strategy
(RR = 0.65; 95% CI 0.44-0.94; p = 0.020). RBC transfusions may group analysis also showed that a restrictive (relative to liberal)

thus, lowering the transfusion threshold may reduce the risk. Sub-
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strategy reduced thromboembolic events in RCTs conducted in North
America (RR = 0.50; 95% Cl 0.28-0.87; p = 0.010). The incidence of
venous thrombosis varies among ethnic groups, with lower rates in
Asians, Pacific Islanders and Hispanics than in Whites in the
United States [57]. However, the association between transfusion
strategies and ethnicity needs further investigation. Nevertheless, we
should be cautious when interpreting the effect of a restrictive strat-
egy on thromboembolic events. Sensitivity analyses showed that
there was no longer a difference in thromboembolism between the
restrictive and liberal groups after excluding the trial by Robertson
et al. [39] (conducted in the United States) or Jairath et al. [30]
(conducted in the United Kingdom).

We found no significant difference in cerebrovascular acci-
dents between the restrictive and liberal strategies (RR = 0.83;
95% Cl 0.64-1.09; p = 0.180). Curley et al. [58] reported that
transfusion threshold was not associated with the risk of stroke
among five RCTs (RR = 1.15; 95% CI 0.57-2.32; p = 0.510). Like-
wise, there was no significant difference in cerebrovascular acci-
dents between restrictive and liberal strategies in cardiac patients
[59] (RR = 0.97; 95% Cl 0.72-1.30; p = 0.840); however, the
review included only seven RCTs and used neurological complica-
tions as the cerebrovascular accident outcome. In contrast to other
reviews, a review by Chong et al. [17] found that restrictive trans-
fusion strategies were associated with fewer cerebrovascular
accidents in critically ill patients based on six included RCTs
(OR = 0.63; 95% Cl 0.40-0.99; p = 0.040).

We also found that a restrictive strategy did not significantly
affect myocardial infarction (RR = 1.05; 95% Cl 0.87-1.26;
p = 0.620), which is supported by previous meta-analyses [52,
59, 60]. Chen et al. [59] demonstrated that there was no difference in
acute myocardial infarction between restrictive and liberal strategies
in patients undergoing cardiac surgery. Similarly, Simon et al. [60]
found no significant difference in myocardial infarction between the
two transfusion strategies in older patients. However, Yao et al. [61]
found that the incidence of myocardial infarction was lower with a
restrictive (relative to liberal) transfusion strategy in ICU patients
(OR = 0.54; 95% Cl 0.30-0.98; p = 0.040). One of their included
RCTs, conducted by Villanueva et al. [41], had only a small percentage
of patients who were admitted to the ICU, despite the study having
the greatest weight in the meta-analysis. After removing this study,
the significant positive effect of the restrictive transfusion strategy on
myocardial infarction in the review [61] became non-significant, indi-
cating the instability of the effect.

Regarding transfusion type, we found no difference in the risk of
thrombosis-related events between the transfusion strategies in
either the leucocyte-reduced or non-leucocyte-reduced RBC sub-
groups. Regarding study area, the restrictive (relative to liberal) trans-
fusion strategy reduced the risk of thromboembolic events in North
America. This may have occurred because different areas have differ-
ent ethnic groups who had varying levels of thrombosis risks after
transfusion [57], different transfusion guidelines were employed in
different regions and/or the perception of the risk of transfusion

varied across areas [62-65].
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Our meta-analysis has several strengths. First, we conducted a
comprehensive search for RCTs that reported on thrombosis-related
events (thromboembolic events, cerebrovascular accidents and myo-
cardial infarction), which have not been fully analysed in previous
meta-analyses [17, 55]. Second, we included the five most recent
RCTs (published in 2019-2021) conducted in patients with traumatic
brain injury [25], patients undergoing vascular surgery [36], patients in
orthopaedic units [24], patients with acute myocardial infarction and
anaemia [49] and patients undergoing cancer treatment [43]. Lastly,
we used the latest Cochrane RoB tool, RoB 2, to evaluate RoB.

Our meta-analysis also has several limitations. First, the included
RCTs had different RTTs; most were based on haemoglobin level, while
some were based on haematocrit level. Furthermore, the RTTs varied
among RCTs, even though they were based on haemoglobin level.
Most trials used RTTs of 7-8 g/dl, but others used higher RTTs, poten-
tially causing clinical heterogeneity. Second, the participants came from
various clinical settings, leading to different tolerances for transfusion
strategies. Third, thrombosis-related complications (such as thrombo-
embolic events) were pre-specified as outcomes in only 25 of the
30 RCTs. Fourth, the definitions and follow-up time of each outcome
varied across trials. Lastly, the transfusion timing (intra-operative, post-
operative and during hospital/ICU stay) differed among the RCTs.

In conclusion, this meta-analysis demonstrated that restrictive
transfusion strategies had a lower risk of thromboembolic events. The
incidences of cerebrovascular accidents and myocardial infarction were
unaffected by the transfusion strategy. Subgroup analyses indicated
that restrictive (relative to liberal) strategies led to (1) fewer thrombo-
embolic events in RCTs conducted in North America and (2) fewer
myocardial infarctions in the RTT = 7 g/dl and LTT = 10 g/dl subgroup
but not in the RTT = 8 g/dl and LTT = 10 g/dI subgroup. Restrictive
(relative to liberal) transfusion strategies may be effective at reducing
venous thrombosis but not arterial thrombosis. Other interventions are

needed to reduce the incidence of thrombosis-related complications.
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