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Abstract

Background The optimal red blood cell transfusion (RBCT) strategy for traumatic brain injury (TBI) patients remains
a topic of debate. This systematic review and meta-analysis aimed to compare the outcomes of a liberal transfusion
strategy versus a restrictive strategy in critically ill patients with TBI.

Methods PubMed, Web of Science, Embase, and Cochrane Library were searched from inception to November 17,
2024. We included randomized controlled trials (RCTs) of critically ill adult patients with TBI, reporting data on RBCT
strategies. The outcomes included intensive care unit (ICU) mortality, long-term mortality, unfavorable functional
outcomes, and the incidence of adverse events, such as transfused acute respiratory distress syndrome (TARDS)

and venous thromboembolism. We also performed subgroup analyses comparing the association between disease
severity and long-term mortality. This review was submitted to PROSPERO (Regjistration number: CRD42024558797).

Results In the results, our analysis revealed that compared to a restrictive transfusion strategy, a liberal strategy did
not significantly reduce the risk of ICU mortality (RR: 0.74; 95% Cl 0.28-1.91; P=0.53) and long-term mortality (RR: 1.02;
95% C10.83-1.25; P=0.87), but it was able to reduce the risk of unfavorable functional outcomes (RR: 0.90; 95% Cl
0.82-0.98; P=0.01), although there may be a false positive error. In addition, the liberal transfusion strategy was associ-
ated with a higher incidence of Transfused Acute Respiratory Distress Syndrome (TARDS) (RR: 1.78; 95% Cl 1.06-2.98;
P=0.03).

Conclusions In critically ill patients with TBI, a liberal RBCT strategy appears to improve functional outcomes but car-
ries the risk of false positive errors. In addition, this strategy does not seem to improve survival and may increase
the risk of TARDS. Despite this, there remains insufficient evidence to recommend either strategy in this population.
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Introduction

Traumatic brain injury (TBI), a head injury caused by
mechanical force, affects over 50 million people annu-
ally worldwide and is a leading cause of mortality among
young individuals [1]. The brain is highly vulnerable
to oxygen deprivation [2]. In TBI patients, anemia can
contribute to secondary brain injury by reducing arte-
rial oxygen content and limiting cerebral oxygen supply
[3]. Impaired autoregulation of cerebral blood flow in
TBI further reduces cerebrovascular reserve, heighten-
ing the risk of brain hypoxia, even in cases of mild ane-
mia [4]. Red blood cell transfusion (RBCT) might benefit
TBI patients by improving oxygen delivery and reducing
brain tissue hypoxia [5]. Transfusion strategies generally
follow liberal or restrictive approaches, with Hb thresh-
olds of 10 g/dL and 7 g/dL, respectively [6].

The optimal red cell transfusion strategies for TBI
patients remain controversial. Although maintaining
higher hemoglobin (Hb) levels has been established not
to improve mortality [7, 8], this notion may not neces-
sarily apply to TBI patients. Numerous studies have
indicated that a liberal transfusion strategy could favora-
bly impact mortality and prognosis in TBI patients
[9-11]. However, Robertson CS et al., in a Randomized
Controlled Trial (RCT), revealed that maintaining Hb
concentration at>10 g/dL not only failed to improve
neurological outcomes at six months in patients with
a closed head injury but may also increase the risk of
thromboembolic events [8]. Furthermore, Turgeon et al.,
through a multicenter RCT, reported that a liberal red
cell transfusion strategy did not lower the risk of unfa-
vorable functional outcomes for TBI patients at 6 months
[6]. In addition, a previous meta-analysis offered more
proof supporting restrictive instead of liberal transfusion
strategies in TBI patients [12]. This systematic review
and meta-analysis aim to synthesize conflicting literature
to define the optimal transfusion Hb threshold for TBI
patients.

Methods

This meta-analysis adhered to the PRISMA guidelines
[13] [the PRISMA checklist can be found in the Supple-
mentary Materials section (Table S1)], and was submitted
to PROSPERO (Registration number: CRD42024558797).

Eligibility criteria

The inclusion criteria were as follows: (1) studies involv-
ing adult (age>18) patients diagnosed with TBI who
require transfusion treatment; (2) studies in which the
liberal and restrictive transfusion strategies are the pri-
mary interventions; (3) studies with mortality [inten-
sive care units (ICU) and long-term mortality (60 days
to 180 days mortality)] and unfavorable functional
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outcomes [assessed using the Glasgow Outcome Scale
(GOS) or Glasgow Outcome Scale-Extended (GOS-E)]
as the endpoint results; (4) clinical RCTs; (5) studies with
transfusion data; and (6) studies published in English.

Search strategy

Four databases (PubMed, Web of Science, Embase, and
Cochrane Library) were comprehensively searched for
studies on blood transfusion strategies employed in TBI
patients, from inception to November 17, 2024. Two
authors independently screened the included studies.
Other relevant journals were also reviewed manually. The
key search terms were “Traumatic Brain Injury’, “TBI

» oo« » o«

“head trauma’, “acute brain injury’, “acute traumatic
brain injury’, “anemia’, “transfusion’, “blood transfusion’,
“hemoglobin transfusion’, “Red Blood Cell Transfusion’,
and “randomized controlled trial” Supplementary Mate-

rials (Table S2) detail our digital search strategy.

Data extraction

Data were compiled using MS Excel. Two independent
authors extracted the required information [J] W and
X-H L] via literature screening. A consensus was reached
through discussion between the authors in instances of
disagreement regarding a study, with a third author [J-Q
Y] consulted to resolve the dispute through arbitration
should no consensus be reached. The extracted data from
each trial included first author, publication date, study
setting and design, diagnosis, sample content, Glasgow
Coma Score (GCS) upon admission, target Hb concen-
tration, outcome measures, and follow-up duration.

Bias risk assessment

Bias risk assessment was conducted using the Cochrane
Collaboration’s risk of bias assessment tool and the
Cochrane Risk of Bias version 2 (ROB2) [14]. Specifically,
the Cochrane Collaboration’s risk of bias assessment
tool was used to evaluate random sequence generation,
allocation concealment, participant and staff blinding,
outcome assessment blinding, incomplete results data
management, and selective outcome reporting, among
other biases (Fig. S1). The entire ROB2 assessment was
classified into three categories: low bias risk, moderate
concerns, and high bias risk (Fig. S2). Furthermore, the
adapted Jadad scoring system was employed to evaluate
article quality (Table S3).

Outcomes

The primary outcomes were mortality and unfavorable
functional outcomes. Unfavorable functional outcomes
were assessed using the GOS or GOS-E. The GOS is
the most widely utilized clinician-reported outcome in
acute head injury, and the GOS-E is recommended as the
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preferred outcome measure for major trauma and head
injury [15]. Notably, GOS scores ranged from 1 to 5, with
scores of 1, 2, and 3 indicating death, vegetative state,
and severe disability, respectively [15, 16]. The GOS-E
is an ordinal scale with scores ranging from 1 (death) to
8 (indicating a complete return to normal life). Adverse
functional outcomes were defined as GOS-E<4 [17, 18].
The secondary outcomes were Transfused Acute Respira-
tory Distress Syndrome (TARDS) incidences and venous
thromboembolic morbidity.

Statistical analysis

Statistical analyses for this meta-analysis were conducted
using Review Manager 5.4. Considering clinical hetero-
geneity, risk ratios and 95% confidence intervals (CI) for
dichotomous outcome data were determined using a ran-
dom-effects model. Study heterogeneity was evaluated
using the obtained P value and I” statistics, with the I* sta-
tistic indicating the proportion of total variation in effect
estimates attributed to inter-study differences. Notably,
an I value >75% indicated substantial heterogeneity and
differences with P<0.05 between the two groups were
deemed statistically significant. We performed a sub-
group analysis to explore the association between disease
severity (moderate to severe TBI versus mild TBI) and
long-term mortality. The Z value represented the overall
statistical test result. Since only six studies were included
in this meta-analysis, a funnel plot was not generated for
qualitative assessment of publication or report bias. In
addition, a sensitivity analysis was conducted to identify
any individual study that might have exerted a dispropor-
tionate influence on the analysis (STATA 18).

Trial sequential analysis

To reduce the risk of type I errors, a Trial Sequential
Analysis (TSA) was conducted to estimate the necessary
information for such studies, potentially allowing for the
timely termination of similar research and avoidance of
medical resource wastage. A one-tailed testing strategy
with a Type I error rate of 5% and 80% statistical power
was used to pool and evaluate long-term mortality and
functional outcome data from the included studies. The
TSA was performed using the TSA software (version
0.9.5.10 Beta).

Evidence certainty

The Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) system [19] was used to
evaluate the certainty of evidence for the analyzed out-
comes. Evidence quality was categorized as high, mod-
erate, low, or very low, considering factors, such as risk
of bias, inconsistency, indirectness, imprecision, and
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publication bias. The GRADEpro software was used to
create the GRADE evidence profile table.

Results

Initially, a total of 304 records were obtained. Following
deduplication, 235 records remained. Furthermore, 207
studies that did not meet the predetermined criteria were
excluded after a thorough review of titles. The remaining
full-text articles were then screened, after which only six
studies were included in the final analysis (Fig. 1). The list
of excluded studies and the reason for exclusion are pre-
sented in Table S4.

Characteristics of included research

The six studies [6, 8, 9, 20-22] included in this meta-
analysis compared TBI patients who underwent the
liberal transfusion strategy to those who received the
restrictive transfusion strategy. Table 1 details the com-
prehensive characteristics of the included studies, which
were published between 2006 and 2024. The sample sizes
across the individual studies ranged between 44 and
734. Furthermore, among these six RCTs, four [6, 8, 20,
21] compared the effects of the liberal transfusion strat-
egy (Hb>10 g/dL) to those of the restrictive transfusion
strategy (Hb>7 g/dL). In two trials [9, 22], the target Hb
concentration was>9 g/dL for the liberal transfusion
strategy.

Mortality

Three studies [6, 9, 20] encompassing 847 patients
reported ICU mortality. Nonetheless, there was no sta-
tistically significant difference in mortality between
the groups subjected to liberal and restrictive transfu-
sion strategies (RR: 0.74; 95% CI 0.28-1.91; P=0.53),
with moderate heterogeneity possibly present (I*=48%)
(Fig. 2a). Moreover, long-term mortality, defined as
mortality occurring after between 60 and 180 days, was
reported in five studies [6, 8, 9, 20, 21], with no significant
disparity found between the two groups (RR: 1.02; 95%
CI 0.83-1.25; P=0.87), as well as a possible low heteroge-
neity (I?=0%) (Fig. 2b). According to the TSA results, the
Required Information Size (RIS) for these investigations
was 3797 participants. Moreover, the Z-curve did not
cross the conventional boundary, as well as the TSA and
RIS lines, highlighting the need for additional research to
corroborate the influence of different transfusion strate-
gies on long-term mortality in TBI patients (Fig. S3).

Unfavorable functional outcomes

Three trials assessed the impact of various transfu-
sion strategies on functional outcomes [6, 9, 22]. Nota-
bly, 371/621 (60%) patients who underwent the liberal
transfusion strategy and 414/620 (67%) patients who



Wang et al. European Journal of Medical Research (2025) 30:220

Page 4 of 11

Records identified through database
searching: PubMed (n=20),
Cochrane Library (n=117), Embase
(n=61), Web of Science (n=104)
(n=302)

Additional records identified through
others sources(n=2)

235 of records after duplicates removed

207 records were excluded due to they

235 of records screened

did not meet the criteria after
reviewing the titles

22 of full-text articles excluded, with

28 of full-text articles
assessed for eligibility

reasons:
Abstract only: 5

Observational study: 1
Unable to access: 3
Not RCT:12

6 of studies included in
quantitative synthesis
(meta-analysis)

Not TBI:1

[ Included ] [ Eligibility ] [ Screening ] [Identiﬁcation]

Fig. 1 Study flow diagram detailing the literature search

underwent the restrictive transfusion strategy experi-
enced unfavorable outcomes. The results showed that
the liberal transfusion strategy can reduce the risk of
unfavorable outcomes compared to the restrictive strat-
egy (RR: 0.90; 95%CI 0.82-0.98; P=0.01), with low het-
erogeneity possibly present (?=0%) (Fig. 3). According
to the TSA results, the RIS for these investigations was
6036 participants. The Z-curve crossed the traditional
boundary but did not reach the TSA and RIS lines, which
indicates that the results may be prone to false positives,
and additional research is necessary for further validation
(Fig. S4).

Secondary outcomes

TARDS

Three studies [6, 8, 9] involving 980 patients reported
38 and 20 TARDS cases in the liberal and restrictive
transfusion strategy groups, respectively. Furthermore,
the liberal transfusion strategy group exhibited a sig-
nificant increase in TARDS risk (RR 1.78, 95% CI 1.06—
2.98, P=0.03), with low heterogeneity possibly present
(P=1%) (Fig. 4a).

Venous thromboembolism

Venous thromboembolism comprises deep vein throm-
bosis and pulmonary embolism. Three studies [6, 8,
9] reported venous thromboembolism incidence and

pooled analysis revealed no significant difference in
venous thromboembolism incidence between the two
groups (RR:1.80; 95% CI 0.70-4.62; P=0.22), with a
substantial heterogeneity possibly present (I*=68%)
(Fig. 4b).

Subgroup analyses exploring the association

between disease severity and long-term mortality

Patients were further stratified into two subgroups based
on disease severity, with moderate to severe TBI defined
as a GCS score ranging from 3 to 12. A comparison of
the various transfusion strategies with long-term mor-
tality was conducted within both subgroups. Accord-
ing to the results, transfusion strategy did not correlate
significantly with long-term mortality in patients with
moderate to severe TBI (RR: 0.86; 95% CI 0.52-1.42;
P=0.56). In patients with mild TBI, no statistical differ-
ences between the liberal transfusion strategy versus the
restrictive transfusion strategy (RR: 1.19; 95% CI 0.62—
2.28; P=0.60). There appeared to be minimal variability
observed between the two subgroups in terms of hetero-
geneity (*=0%) (Fig. 5).

Sensitivity analysis

To ascertain the impact of individual trials on the over-
all results, the included studies were systematically
and qualitatively assessed for sensitivity. There was no
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Fig. 2 Effects of different transfusion strategies on mortality. M—H, Mantel-Haenszel method; Cl, confidence interval. a Effects of different
transfusion strategies on ICU mortality. b Effects of different transfusion strategies on long-term mortality

Favours liberal strategy ~ Favours restrictive strategy

_Study or Subgroup Events Total Events T
Gobatto 2019 8 21 13 23 1.7%
Taccone 2024 138 236 161 239 37.2%
Turgeon 2024 225 364 240 358 61.1%
Total (95% CI) 621 620 100.0%
Total events 371 414

Heterogeneity: Tau? = 0.00; Chi? = 1.20, df =2 (P = 0.55); I = 0%
Test for overall effect: Z =2.52 (P = 0.01)

Risk Ratio

Risk Ratio

0.67[0.35, 1.29]
0.87[0.76, 1.00]
0.92[0.83, 1.03]

0.90 [0.82, 0.98]

0.2 0.5 1 2 5 10
Favours liberal strategy Favours restrictive strategy

0.1

Fig. 3 Risk ratio of unfavorable functional outcomes in the LTS group versus the RTS group. M—H, Mantel-Haenszel method; Cl, confidence interval

significant influence from any single study, confirm-
ing the consistency of the findings (Additional file: Figs.
$5-59).

GRADE certainty assessments

There was no significant difference in the impact of dif-
ferent transfusion strategies on ICU and long-term mor-
tality in TBI patients (with low certainty of evidence).
Furthermore, the certainty of evidence for the effects of
liberal transfusion strategies on GOS/GOS-E, TARDS,
and venous thromboembolism was low (Fig. S10).

Discussion

Our results show that the liberal transfusion strategy may
improve functional outcomes in TBI patients, although
there is a potential for false-positive results. In addition,
this strategy does not reduce ICU mortality or long-term

mortality and may increase the risk of TARDS. Further-
more, the subgroup analysis results indicate that regard-
less of the severity of TBI, a liberal transfusion strategy
does not improve the mortality in patients with TBL
Nonetheless, this study had limited data, necessitating
additional research to establish the most appropriate
transfusion approach for TBI patients.

Multiple studies have reported anemia as a common
occurrence among TBI patients. Several observational
studies implied an association between Hb<9 g/dL and
unfavorable outcomes in TBI patients [23, 24]. In addi-
tion, anemia was reported as a significant etiological fac-
tor contributing to secondary injury in TBI patients [8].
Anemia has been recognized as an independent risk fac-
tor for unfavorable outcomes in critically ill neurological
patients [24].
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Test for overall effect: Z = 2.17 (P = 0.03)

b. Venous thromboembolism
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Fig. 4 Effects of different transfusion strategies on secondary outcome. M-H, Mantel-Haenszel method; Cl, confidence interval. a Risk ratio of ARDS
in the LTS group versus the RTS group. b Risk ratio of venous thromboembolic in the LTS group versus the RTS group
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Fig. 5 Forest plot of the relationship between disease severity and long-term mortality

Besides increasing arterial oxygen saturation, improv-
ing Hb levels is the other crucial strategy for enhancing
tissue oxygen delivery [24]. While evidence indicates that
maintaining higher Hb concentrations has been reported
to not necessarily confer an advantage to the most criti-
cally ill patients [7, 25]. However, a restrictive transfu-
sion strategy may worsen the condition of patients with
moderate to severe brain injuries [20]. In TBI patients,
maintaining elevated Hb levels can improve cerebral
oxygenation, mitigate the anemia-induced increase in

intracranial pressure [26], and contribute to a higher
blood pressure (BP), thus ensuring cerebral perfusion
pressure (CPP) [8]. Preliminary research findings have
linked the liberal transfusion strategy to a better progno-
sis in TBI patients [10, 11]. For instance, a single-center
RCT involving 44 patients revealed that patients in the
liberal transfusion strategy group had a lower ICU mor-
tality rate and better neurological functional outcomes at
six months [9]. A recent large-scale multicenter RCT also
suggested that those who received a liberal transfusion
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strategy were less likely to have an unfavorable func-
tional outcome than those who received a restrictive
strategy [22]. Our meta-analysis results also indicated
that a liberal transfusion strategy might have lowered the
risk of unfavorable functional outcomes in TBI patients
(P=0.01), these findings are in contrast with those of
Florez-Perdomo et al., a meta-analysis that reviewed four
studies and found no significant difference in mortal-
ity rates between the liberal and restrictive transfusion
groups [27]. Furthermore, the analysis of TSA results
demonstrated the possibility of false positive errors in
this conclusion, suggesting the necessity for further
research to validate these findings. A.F. Turgeon et al.
found no significant difference in mortality or neurologi-
cal outcomes at 6 months between patients receiving a
liberal transfusion strategy and those receiving a restric-
tive strategy in a randomized controlled trial involving
742 participants [6]. Herein (a meta-analysis comprising
847 and 1245 patients for the ICU and long-term mor-
tality analyses, respectively), we found no statistically
significant differences in ICU and long-term mortality
between the two transfusion intervention groups.

Moreover, research evidence suggests that liberal trans-
fusion strategies may have detrimental effects. Specifi-
cally, the risks of transfusion-associated adverse events
increase with the volume of blood products adminis-
tered. It is noteworthy that a previous RCT linked Hb
levels maintained at 10 g/dL with a higher incidence of
thromboembolic events [8]. Transfusion-induced altera-
tions in rheological parameters and the infusion of
pro-inflammatory and pro-thrombotic microparticles
may contribute to thrombosis [28]. In addition, a previ-
ous meta-analysis that involved 30 RCTs revealed that
compared to liberal transfusion approaches, restrictive
blood transfusion strategies may effectively decrease the
risk of venous thrombosis (RR: 0.65; 95% CI 0.44—0.94;
p=0.02) [29]. Nevertheless, our findings indicated that
implementing restrictive transfusion strategies does not
necessarily reduce thromboembolism occurrence in TBI
patients (P=0.22).

Analysis of data from several RCTs revealed that the
liberal transfusion strategy group exhibited a notably
higher TARDS incidence compared to the restrictive
transfusion strategy group (P=0.03), which contradicts
previous studies [6, 8]. However, this does not imply
that the restrictive strategy reduces the incidence of
TARDS. This difference could be attributed to transfu-
sion-associated circulatory overload (TACO) and trans-
fusion-related acute lung injury (TRALI). Both TACO
and TRALI manifest as acute respiratory distress within
6 h of blood transfusion and exhibit pulmonary edema
on chest radiographs [30]. Notably, the pathogenesis of
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TACO and TRALI remains incompletely understood.
Research indicates that the incidence of TACO increases
with blood transfusion volume and total fluid admin-
istered during the perioperative period of non-cardiac
surgery [31]. TRALI depends on patient-related factors
and blood product-related factors [32]. Despite distinct
pathophysiological mechanisms, both TACO and TRALI
could exacerbate pulmonary edema, ultimately leading to
unfavorable outcomes for patients [30].

Establishing clearer thresholds for blood transfusion
based on individual physiological responses could be
crucial in reducing the occurrence of transfusion-related
complications, alleviating anemia-induced secondary
brain injury, and striking a balance between the potential
risks of transfusion and anemia for patients [33]. Brain
tissue oxygenation (PbtO,) has recently garnered sig-
nificant research attention, with 23+7 mmHg suggested
as the normal threshold [34]. Okonkwo et al. conducted
a phase II RCT revealing that compared to ICP-only
treatment, multimodal Intracranial Pressure (ICP)
monitoring along with PbtO, assessment could more
effectively alleviate brain tissue hypoxia in TBI patients
[35]. Furthermore, cerebral microdialysis (CMD) could
be employed as an invasive monitoring approach, ena-
bling continuous tracking of brain metabolism in indi-
viduals with severe TBI [36, 37]. Moreover, CMD could
reduce the risk of metabolic crises at specific Hb levels,
thus guiding transfusion strategies and facilitating indi-
vidualized treatments for TBI patients [38]. Clinically,
personalized transfusion protocols could be developed
based on Hb levels and multimodality neuromonitoring
to improve patient outcomes and reduce transfusion-
related complications.

Considering the possible sources of heterogeneity,
we further conducted a sensitivity analysis. The results
showed that heterogeneity may have originated from the
study of Robertson et al. [8] in the unfavorable functional
outcomes, where the heterogeneity decreased from 47 to
0% after removing this study. This study did not empha-
size the presence of anemia in patients at baseline but
rather maintained Hb levels through different strategies,
which could introduce some bias. Therefore, we excluded
this study when evaluating the functional outcomes. Fur-
thermore, we conducted a subgroup analysis to explore
the sources of heterogeneity, and the results indicated
that disease severity is not a source of heterogeneity.
However, only one study was included in the mild TBI
group, which may introduce a certain degree of bias in
the results.

This study had some limitations. First, despite execut-
ing an exhaustive database search, we only included
studies published in English and did not explore the gray
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literature or reach out to authors to inquire about unpub-
lished studies. Consequently, we cannot definitively
exclude the risk of publication bias. Second, the defini-
tions of liberal and restrictive transfusion thresholds
differed across studies, introducing an element of hetero-
geneity. Third, due to the unavailability of relevant data,
we were unable to compare the volume of blood transfu-
sions between the two groups. Finally, we observed signif-
icant heterogeneity in certain outcomes. Consequently,
we employed a random effects model to aggregate obser-
vations and reduce confounding biases, but this may have
made it challenging to detect differences in conclusion.
Furthermore, sensitivity analyses showed no studies that
deviated significantly from the norm, suggesting that the
results obtained were reasonably dependable. Herein, we
aimed to establish more appropriate transfusion strate-
gies for TBI patients through a meta-analysis of RCTs.
Our findings revealed that liberal transfusion strategies
are associated with an increased incidence of TARDS in
TBI patients. This association may be linked to TACO
and TRALI although distinguishing between these con-
ditions in clinical practice remains challenging. As diag-
nostic tools continue to evolve, future research should
further explore the impact of different transfusion strate-
gies on TBI patients.

Conclusions

Our meta-analysis revealed that the liberal transfusion
strategy did not reduce mortality but may improve unfa-
vorable outcomes in TBI patients. Furthermore, the lib-
eral blood transfusion strategy could increase TARDS
incidences in TBI patients. It is also noteworthy that this
study had a limited sample size, necessitating additional
research with larger sample sizes to delineate the appro-
priate transfusion threshold for TBI patients.

Abbreviations

BP Blood pressure

@ Confidence interval

CMD Cerebral microdialysis

CpPP Cerebral perfusion pressure

Cao, Arterial oxygen content

GOS Glasgow Outcome Scale

GOS-E Glasgow Outcome Scale-Extended

GCS Glasgow Coma Score

ICU Intensive care unit

ICP Multimodal intracranial pressure

GRADE  Grading of recommendations assessment, development, and
evaluation

Hb Hemoglobin

RCTs Randomized controlled trials

RR Risk ratio

RIS Required information size

RBCT Red blood cell translation

RBCs Red blood cells

PMNs Polymorphonuclear leukocytes

Page 9 of 11

PbtO, Brain tissue oxygenation

TARDS  Transfused acute respiratory distress syndrome
T8I Traumatic brain injury

TSA Trial sequential analysis

TACO Transfusion-associated circulatory overload
TRALI Transfusion-related acute lung injury

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/540001-025-02498-3.

Additional file 1: Figure S1. Risk of bias summary.
Additional file 2: Figure S2. ROB2 Traffic Light for the included RCTs.

Additional file 3: Figure S3.TSA for long-term mortality in randomized
controlled trials: one-sided boundary, the incidence of 16.83% in the
liberal strategy, the incidence of 14.14% in the restrictive strategy, a of 5%,
and power of 80% were set.

Additional file 4: Figure S4. TSA for unfavorable functional outcomes in
randomized controlled trials: one-sided boundary, the incidence of 61.8%
in the liberal strategy, the incidence of 67% in the restrictive strategy, a of
5%, and power of 80% were set.

Additional file 5: Figure S5. Sensitivity analysis of ICU mortality. Cl, confi-
dence interval.

Additional file 6: Figure S6. Sensitivity analysis of long-term mortality. Cl,
confidence interval.

Additional file 7: Figure S7. Sensitivity analysis of unfavorable functional
outcome. Cl, confidence interval.

Additional file 8: Figure S8. Sensitivity analysis of ARDS. Cl, confidence
interval.

Additional file 9: Figure S9. Sensitivity analysis of thromboembolic. Cl,
confidence interval.

Additional file 10: Figure S10. GRADE certainty assessment.

Additional file 11: Table S1. PRISMA Checklist.

Additional file 12: Table S2. Digital content search strategies.

Additional file 13: Table S3. Modified Jadad scoring for the included RCTs.

Additional file 14: Table S4. List of excluded studies and reason for
exclusion.

Acknowledgements
The authors would like to thank the MJEditor (www.mjeditor.com) for provid-
ing polishing services for this manuscript.

Author contributions

JW, JY, and RZ contributed to the conception and design of the study. JW, XL,
and JY performed the data extraction. JW performed statistical analyses and
drafted the manuscript. JY helped to revise the manuscript and technical sup-
port. All authors contributed to approving the submitted version.

Funding

This study was supported by the Jiangsu Provincial Medical Key Discipline
Cultivation Unit (JSDW20221) and the Yangzhou Social Development Project
(YZ2023105).

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.



https://doi.org/10.1186/s40001-025-02498-3
https://doi.org/10.1186/s40001-025-02498-3
http://www.mjeditor.com

Wang et al. European Journal of Medical Research

(2025) 30:220

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Medical College, Yangzhou University, Department of Intensive Care Unit,
Northern Jiangsu People’s Hospital Affiliated to Yangzhou University, No. 98
Nantong West Road, Yangzhou 225001, Jiangsu, China. 2Department of Inten-
sive Care Unit, Northern Jiangsu People’s Hospital Affiliated to Yangzhou
University, No. 98 Nantong West Road, Yangzhou 225001, Jiangsu, China.

Received: 9 July 2024 Accepted: 23 March 2025
Published online: 01 April 2025

References

1.

Maas AIR, Menon DK, Adelson PD, Andelic N, Bell MJ, Belli A, et al. Trau-
matic brain injury: integrated approaches to improve prevention, clinical
care, and research. Lancet Neurol. 2017;16:987-1048.

YuY, Zhang K, Zhang L, Zong H, Meng L, Han R. Cerebral near-infrared
spectroscopy (NIRS) for perioperative monitoring of brain oxygenation in
children and adults. Cochrane Database Syst Rev. 2018. https://doi.org/
10.1002/14651858.CD010947.pub2.

Gouvéa Bogossian E, Rass V, Lindner A, laquaniello C, Miroz JP, Cavalcante
Dos Santos E, et al. Factors associated with brain tissue oxygenation
changes after RBC transfusion in acute brain injury patients. Crit Care
Med. 2022;50:e539-47.

Badenes R, Oddo M, Suarez JI, Antonelli M, Lipman J, Citerio G, et al.
Hemoglobin concentrations and RBC transfusion thresholds in patients
with acute brain injury: an international survey. Crit Care. 2017,21:159.
Lelubre C, Bouzat P, Crippa IA, Taccone FS. Anemia management after
acute brain injury. Crit Care. 2016,20:152.

Turgeon AF, Fergusson DA, Clayton L, Patton M-P, Neveu X, Walsh TS, et al.

Liberal or restrictive transfusion strategy in patients with traumatic brain
injury. N Engl J Med. 2024;391:722.

Hajjar LA, Vincent J-L, Galas FRBG, Nakamura RE, Silva CMP, Santos MH,
et al. Transfusion requirements after cardiac surgery: the TRACS rand-
omized controlled trial. JAMA. 2010;304:1559.

Robertson CS, Hannay HJ, Yamal JM, Gopinath S, Goodman JC, Tilley BC,
et al. Effect of erythropoietin and transfusion threshold on neurological
recovery after traumatic brain injury: a randomized clinical trial. JAMA.
2014;312:36.

Gobatto ALN, Link MA, Solla DJ, Bassi E, Tierno PF, Paiva W, et al. Transfu-
sion requirements after head trauma: a randomized feasibility controlled
trial. Crit Care. 2019;23:89.

Oddo M, Levine JM, Kumar M, Iglesias K, Frangos S, Maloney-Wilensky

E, et al. Anemia and brain oxygen after severe traumatic brain injury.
Intensive Care Med. 2012;38:1497-504.

Smith MJ, Stiefel MF, Magge S, Frangos S, Bloom S, Gracias V, et al. Packed
red blood cell transfusion increases local cerebral oxygenation. Crit Care
Med. 2005;33:1104-8.

Montgomery EY, Barrie U, Kenfack YJ, Edukugho D, Caruso JP, Rail B, et al.
Transfusion guidelines in traumatic brain injury: a systematic review and
meta-analysis of the currently available evidence. Neurotrauma Rep.
2022;3:554-68.

Moher D. Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Ann Intern Med. 2009;151:264.

Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al.
RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ.
2019;366:14898.

McMillan T, Wilson L, Ponsford J, Levin H, Teasdale G, Bond M. The glas-
gow outcome scale—40 years of application and refinement. Nat Rev
Neurol. 2016;12:477-85.

Chen H, Wu F, Yang P, Shao J, Chen Q, Zheng R. A meta-analysis of the
effects of therapeutic hypothermia in adult patients with traumatic brain
injury. Crit Care. 2019;23:396.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

Page 10 of 11

Nichol A, French C, Little L, Haddad S, Presneill J, Arabi Y, et al. Erythro-
poietin in traumatic brain injury (EPO-TBI): a double-blind randomised
controlled trial. Lancet. 2015;386:2499-506.

Wright DW, Yeatts SD, Silbergleit R, Palesch YY, Hertzberg VS, Frankel M,
et al. Very early administration of progesterone for acute traumatic brain
injury. N Engl J Med. 2014;371:2457-66.

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guide-
lines: 1 introduction—GRADE evidence profiles and summary of findings
tables. J Clin Epidemiol. 2011,64:383-94.

Mclntyre LA, Fergusson DA, Hutchison JS, Pagliarello G, Marshall JC,
Yetisir E, et al. Effect of a liberal versus restrictive transfusion strategy on
mortality in patients with moderate to severe head injury. Neurocrit Care.
2006;5:4-9.

Yamal J-M, Rubin ML, Benoit JS, Tilley BC, Gopinath S, Hannay HJ, et al.
Effect of hemoglobin transfusion threshold on cerebral hemodynamics
and oxygenation. J Neurotrauma. 2015;32:1239-45.

Taccone FS, Rynkowski Bittencourt C, Maller K, Lormans P, Quintana-Diaz
M, Caricato A, et al. Restrictive vs liberal transfusion strategy in patients
with acute brain injury: the TRAIN randomized clinical trial. Jama. 2024.
https://doi.org/10.1001/jama.2024.20424.

Griesdale DE, Sekhon MS, Menon DK, Lavinio A, Donnelly J, Robba C,

et al. Hemoglobin area and time index above 90 g/L are associated

with improved 6-month functional outcomes in patients with severe
traumatic brain injury. Neurocrit Care. 2015;23:78-84.

Schmitt E, Meybohm P, NeefV, Baumgarten P, Bayer A, Choorapoikayil

S, et al. Preoperative anaemia and red blood cell transfusion in patients
with aneurysmal subarachnoid and intracerebral haemorrhage—a mul-
ticentre subanalysis of the german PBM network registry. Acta Neurochir
(wien). 2022;164:985-99.

Lacroix J, Hébert PC, Hutchison JS, Hume HA, Tucci M, Ducruet T, et al.
Transfusion strategies for patients in pediatric intensive care units. N Engl
J Med. 2007;356:1609-19.

Tango HK, Schmidt AP, Mizumoto N, Lacava M, Auler JOC. Low hematocrit
levels increase intracranial pressure in an animal model of cryogenic
brain injury. J Trauma Injury Infect Cri Care. 2009,66:720-6.
Florez-Perdomo WA, Garcia-Ballestas E, Martinez-Perez R, Agrawal A,
Deora H, Joaquim AF, et al. Hemoglobin levels as a transfusion criterion in
moderate to severe traumatic brain injury: a systematic review and meta-
analysis. Br J Neurosurg. 2023;37:1473-9.

Goel R, Patel EU, Cushing MM, Frank SM, Ness PM, Takemoto CM,

et al. Association of perioperative red blood cell transfusions with
venous thromboembolism in a North American registry. JAMA Surg.
2018;153:826.

Maimaitiming M, Zhang C, Xie J, Zheng Z, Luo H, Ooi OC. Impact

of restrictive red blood cell transfusion strategy on thrombosis-

related events: a meta-analysis and systematic review. Vox Sang.
2022;117:887-99.

Semple JW, Rebetz J, Kapur R. Transfusion-associated circulatory overload
and transfusion-related acute lung injury. Blood. 2019;133:1840-53.
Clifford L, Jia Q Yadav H, Subramanian A, Wilson GA, Murphy SP, et al.
Characterizing the epidemiology of perioperative transfusion-associated
circulatory overload. Anesthesiology. 2015;122:21-8.

Juffermans NP, Aubron C, Duranteau J, Vlaar APJ, Kor DJ, Muszynski JA,

et al. Transfusion in the mechanically ventilated patient. Intensive Care
Med. 2020;46:2450-7.

Napolitano LM, Kurek S, Luchette FA, Corwin HL, Barie PS, Tisherman

SA, et al. Clinical practice guideline: Red blood cell transfusion in adult
trauma and critical care. Crit Care Med. 2009;37:3124-57.

Pennings FA, Schuurman PR, Van Den Munckhof P, Bouma GJ. Brain
tissue oxygen pressure monitoring in awake patients during func-

tional neurosurgery: the assessment of normal values. J Neurotrauma.
2008;25:1173-7.

Okonkwo DO, Shutter LA, Moore C, Temkin NR, Puccio AM, Madden CJ,
et al. Brain oxygen optimization in severe traumatic brain injury phase-Il:
a phase Il randomized trial. Crit Care Med. 2017;45:1907-14.

Hutchinson PJ, Jalloh |, Helmy A, Carpenter KLH, Rostami E, Bellander B-M,
et al. Consensus statement from the 2014 international microdialysis
forum. Intensive Care Med. 2015;41:1517-28.


https://doi.org/10.1002/14651858.CD010947.pub2
https://doi.org/10.1002/14651858.CD010947.pub2
https://doi.org/10.1001/jama.2024.20424

Wang et al. European Journal of Medical Research (2025) 30:220

37. Stovell MG, Helmy A, Thelin EP, Jalloh I, Hutchinson PJ, Carpenter KLH.
An overview of clinical cerebral microdialysis in acute brain injury. Front
Neurol. 2023;14:1085540.

38. Carteron L, Bouzat P, Oddo M. Cerebral microdialysis monitoring to
improve individualized neurointensive care therapy: an update of recent
clinical data. Front Neurol. 2017;8:601.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11



	Red blood cell transfusion strategy in traumatic brain injury patients: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Eligibility criteria
	Search strategy
	Data extraction
	Bias risk assessment
	Outcomes
	Statistical analysis
	Trial sequential analysis
	Evidence certainty

	Results
	Characteristics of included research
	Mortality
	Unfavorable functional outcomes
	Secondary outcomes
	TARDS
	Venous thromboembolism

	Subgroup analyses exploring the association between disease severity and long-term mortality
	Sensitivity analysis
	GRADE certainty assessments

	Discussion
	Conclusions
	Acknowledgements
	References


