
Yu et al. BMC Anesthesiology          (2024) 24:106  
https://doi.org/10.1186/s12871-024-02487-9

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Anesthesiology

Red blood cell transfusion in neurocritical 
patients: a systematic review and meta-analysis
Yun Yu1†, Yuxuan Fu1†, Wenying Li2, Tiantian Sun3, Chan Cheng4, Yingzi Chong5, Ruquan Han1† and 
Weihua Cui1*† 

Abstract 

Background  Anemia can lead to secondary brain damage by reducing arterial oxygen content and brain oxygen 
supply. Patients with acute brain injury have impaired self-regulation. Brain hypoxia may also occur even in mild 
anemia. Red blood cell (RBC) transfusion is associated with increased postoperative complications, poor neurological 
recovery, and mortality in critically ill neurologic patients. Balancing the risks of anemia and red blood cell transfusion-
associated adverse effects is challenging in neurocritical settings.

Methods  We searched the Cochrane Central Register of Controlled Trials (CENTRAL), Embase, and MEDLINE (Pub-
Med) from inception to January 31, 2024. We included all randomized controlled trials (RCTs) assessing liberal ver-
sus restrictive RBC transfusion strategies in neurocritical patients. We included all relevant studies published in English. 
The primary outcome was mortality at intensive care unit (ICU), discharge, and six months.

Results  Of 5195 records retrieved, 84 full-text articles were reviewed, and five eligible studies were included. There 
was no significant difference between the restrictive and liberal transfusion groups in ICU mortality (RR: 2.53, 95% 
CI: 0.53 to 12.13), in-hospital mortality (RR: 2.34, 95% CI: 0.50 to 11.00), mortality at six months (RR: 1.42, 95% CI: 
0.42 to 4.78) and long-term mortality (RR: 1.22, 95% CI: 0.64 to 2.33). The occurrence of neurological adverse events 
and most major non-neurological complications was similar in the two groups. The incidence of deep venous throm-
bosis was lower in the restrictive strategy group (RR: 0.41, 95% CI: 0.18 to 0.91).

Conclusions  Due to the small sample size of current studies, the evidence is insufficiently robust to confirm defini-
tive conclusions for neurocritical patients. Therefore, further investigation is encouraged to define appropriate RBC 
transfusion thresholds in the neurocritical setting.
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Introduction
Common neurocritical diseases include subarach-
noid hemorrhage (SAH), traumatic brain injury (TBI), 
and intracerebral hemorrhage (ICH). Most SAH is caused 
by the rupture of intracranial aneurysms [1]. Aneurysmal 
SAH occurs in 2–16 of every 100,000 people worldwide, 
and the mortality remains as high as 32–67% [2]. Anemia 
occurs in 50% of patients with SAH [3]. Patients under-
going surgical treatment for SAH are at high risk for 
anemia, with 36% to 47% of patients having hemoglobin 
below 10 g/dl in the first four days after surgery [4]. More 
than 10  million people worldwide experience TBI each 
year [5]. Most patients with TBI also have anemia, and 
more than one-third receive red blood cell (RBC) trans-
fusions in the intensive care unit (ICU) [6]. Hypertensive 
ICH is one of the most severe complications of hyper-
tension, with an incidence of 9–28% in Europe and the 
United States and 19–48% in China [7].

The human brain is one of the most oxygen-efficient 
organs, so it is highly susceptible to hypoxic conditions 
[8]. Anemia can lead to secondary brain damage by 
reducing arterial oxygen content and brain oxygen sup-
ply. Although patients with anemia may compensate by 
increasing the rate of oxygen intake, patients with acute 
brain injury have impaired reserve. Therefore, brain 
hypoxia may also occur even in mild anemia [9, 10]. Ane-
mia is an independent risk factor for poor prognosis in 
neurocritical settings [11]. Previous studies have shown 
that in patients with TBI, SAH, and ICH, hemoglobin 
less than 9  g/dl is associated with tissue hypoxia and 
poor prognosis [11]. However, RBC transfusion is asso-
ciated with increased postoperative complications, poor 
neurological recovery, and mortality in critically ill neu-
rologic patients [11–15]. Most of the current evidence 
is based on association studies with no causality. There-
fore, we need to cautiously formulate blood transfusion 
indications suitable for these patients according to their 
characteristics.

Current guidelines recommend restricted RBC trans-
fusion strategies (hemoglobin transfusion threshold of 
7  g/dL) for critical patients with hemodynamic stabil-
ity, except for those with myocardial ischemia [16]. It 
has also been expressed in guidelines that the exist-
ing evidence is insufficient to explain the safety of RBC 
transfusion strategies in neurocritical settings [17–20]. 
Therefore, we conducted an updated systematic review 
and meta-analysis to explore RBC transfusion strategies 
for neurocritical patients.

Materials and methods
Protocol and registration
We followed the principle of Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 

(PRISMA). The registration number of this review was 
CRD42021225043 on the International Prospective Reg-
ister of Systematic Reviews (PROSPERO).

Search methods for the identification of studies
We searched the Cochrane Central Register of Con-
trolled Trials (CENTRAL), Embase, and MEDLINE 
(PubMed). YY and YF performed the search on 31 Janu-
ary 2024. We used sensitivity- and precision-maximizing 
search terms described in the Cochrane Handbook to 
search for eligible studies in Embase and PubMed [21]. 
The search strategies were described in the Supplemental 
Digital Content.

We reviewed the references in all eligible articles and 
reviews to identify further studies. For ongoing studies, 
we searched ClinicalTrials.gov on 3 February 2024. We 
imposed no regional restrictions.

Selection criteria
We included all randomized controlled trials (RCTs) 
assessing liberal versus restrictive RBC transfusion strat-
egies in neurocritical patients, including TBI, ICH, and 
SAH. We included all relevant studies published in Eng-
lish regardless of publication status. We excluded non-
randomized studies, such as cohort studies, which are 
susceptible to bias. We included adult participants (aged 
18 years or older) with TBI, ICH, and aneurysmal SAH, 
either undergoing surgery or not. We excluded those par-
ticipants with severe extracranial trauma.

A liberal strategy for RBC transfusion was used in the 
intervention group. A restrictive strategy for RBC trans-
fusion was applied in the control group. The authors in 
each included study defined the RBC transfusion thresh-
old. Primary outcomes included mortality at ICU, dis-
charge, and six months. Secondary outcomes included 
unfavorable Glasgow Outcome Score (GOS) at six 
months; neurological adverse events; any major non-neu-
rological complications; adverse events; ICU and hospi-
tal lengths of stay. Neurological adverse events included 
vasospasm, stroke and intracranial hypertension requir-
ing therapy. Vasospasm was defined as a middle cerebral 
velocity greater than 120 cm/sec in one vascular territory 
associated with a Lindegaard Index greater than 3 [22]. 
The treatment of intracranial hypertension included the 
administration of hyperosmolar agents, vasopressors, the 
use of hyperventilation, sedation, analgesia, neuromus-
cular blockers, cerebral spinal fluid drainage, diuretics, 
hypothermia, barbiturates or decompressive craniectomy 
[22]. Major non-neurological complications included 
deep venous thrombosis (DVT), acute myocardial infarc-
tion, hypotension, pneumonia, pulmonary embolus, 
acute respiratory distress syndrome and urinary tract 
infection.
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Data collection and analysis
Two review authors (YY and YF) independently per-
formed the search. Two review authors (YY and WL) 
independently screened the search results and sepa-
rately collected the reasons for inclusion or exclusion. 
Two review authors (YF and TS) extracted data inde-
pendently using an electronic data extraction form. Two 
review authors discussed and resolved disagreements. If 
necessary, we consulted with a third review author (WC 
or RH). Two review authors (TS and YC) analyzed data 
independently. YY contacted the corresponding authors 
by e-mail if further information was needed.

Two review authors (YY and CC) independently evalu-
ated the risk of bias in the included studies. We used the 
risk-of-bias tool described in the Cochrane Handbook for 
Systematic Reviews of Interventions [21]. We appraised 
each study according to the following domains: selection 
bias, performance bias, and attrition bias, including ran-
domization and allocation concealment, blinding of par-
ticipants, blinding of outcome assessment, missing data, 
selective reporting, and any other bias. If all domains 
were identified as adequate, the study was rated as having 
a low risk of bias. If one or more domains were assessed 
as inadequate or unclear, the study was rated as having a 
high risk of bias. A risk-of-bias graph with the categories 
of low, high, or unclear risk of bias was made to demon-
strate review authors’ judgments about each risk of bias 
item across all included studies.

We performed data analyses using Review Manager 
software (RevMan 5.4). For dichotomous data, we used 
a random effects model to analyze the overall risk ratio 
(RR) with a 95% confidence interval (CI). For continu-
ous data, mean differences (MDs) were used as summary 
statistics in the data analysis. We used Review Manager 
software to pool the data on participants, interventions, 
and outcomes and generated a quantitative summary by 
performing a meta-analysis. Clinical and methodologi-
cal heterogeneity was expected among studies. Conse-
quently, we analyzed the data using a random-effects 
model. If the numerical data were insufficient for a meta-
analysis, we conducted a narrative analysis for each eligi-
ble study.

We evaluated the heterogeneity based on clinical diver-
sity (e.g., type of cerebral hemorrhage, different RBC 
transfusion thresholds) and methodological diversity. If 
necessary, we conducted subgroup or sensitivity analy-
sis to address clinical heterogeneity, including visual 
observation of the forest plots and the I2 statistic [21]. 
An I2 statistic of over 50% indicated high levels of het-
erogeneity, which mandated further analysis. Only five 
studies were involved in the meta-analysis. Therefore, 
we did not make a funnel plot to appraise publication 
or reporting bias qualitatively. As the included studies 

were insufficient, we did not perform subgroup analysis 
according to different diseases, including TBI, ICH, and 
SAH.

“Summary of findings” table and GRADE
We used the principles of the GRADE system to assess 
the quality of the body of evidence associated with the 
primary outcomes. We constructed a “Summary of find-
ings” table using the GRADEpro software [23]. We gen-
erated a “Summary of findings” table for “mortality for 
neurocritical patients” (Supplemental Table 1).

Results
Study selection
There were 5195 bibliographic citations identified after 
we conducted a systematic search for the information fol-
lowing the strategy. After 749 duplicates were excluded, 
our database search identified 4446 potentially relevant 
records. Five studies were considered eligible based on 
the titles, abstracts, and full texts. A flowchart for identi-
fication is shown in Fig. 1.

Characteristics of the included studies
The five included RCTs were published between 2006 and 
2019. Four studies involved patients with TBI [22, 24–26] 
and one with SAH [27]. The sample size of the included 
trials ranged from 44 to 200. Supplemental Table 2 pro-
vides further clarifications of the included studies.

Risk of bias and quality assessment
 Four of the five studies included specific procedures 
for generating random sequences [22, 24–26], and three 
used sealed envelopes for distribution concealment. 
Three studies evaluated postoperative adverse events 
by a blinded researcher [22, 25, 27]. Given the nature of 
the intervention, the investigator could not be blinded 
to the treatment strategy. Four studies did not state how 
they were funded, and it was unclear whether commer-
cial sponsors were involved [22, 24–26]. The other study 
had no apparent commercial involvement [27]. The risk 
of bias is summarized in Fig. 2.

Synthesis of results
Mortality, unfavorable outcomes, neurological complica-
tions, major non-neurological complications, and length 
of ICU or hospital stay with the restrictive strategy and 
the liberal strategy were evaluated in this review.

Mortality at ICU, discharge, six months and long‑term 
mortality
In two of the five studies, mortality during the ICU stay 
was assessed (Fig.  3) [22, 26]. Both studies showed no 
significant difference in mortality during the ICU stay 
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between the restrictive and liberal transfusion groups. 
The combined results of both studies revealed no sig-
nificant difference in ICU mortality between the two 
groups with low heterogeneity (19.2% for restrictive 
strategy vs. 6.8% for liberal strategy, RR: 2.53, 95% CI: 
0.53 to 12.13, I2 = 37%). In two studies that included 
111 patients, mortality at discharge was assessed 
(Fig. 4) [22, 26]. Both studies showed no significant dif-
ference in in-hospital mortality between the restrictive 
and liberal transfusion groups. Overall, the combined 
results of both studies revealed no significant difference 
in in-hospital mortality between the two groups (23.1% 
for restrictive strategy vs. 10.2% for liberal strategy, RR: 
2.34, 95% CI: 0.50 to 11.00, I2 = 48%). In two of the five 
studies, mortality at six months was assessed (Fig.  5) 
[22, 25]. The combined results of both studies revealed 
that there was no significant difference in 6-month 
mortality between the two groups with substantial het-
erogeneity (19.1% for restrictive strategy vs. 16.5% for 
liberal strategy, RR: 1.42, 95% CI: 0.42 to 4.78, I2 = 60%). 
Mortality at 60 days and mortality at 6 months were 
pooled as long-term mortality, including 292 patients. 

There was no significant difference in long-term mor-
tality between the two groups (18.7% for restrictive 
strategy vs. 15.7% for liberal strategy, RR: 1.22, 95% CI: 
0.64 to 2.33, I2 = 22%) (Fig. 6) [22, 25, 26].

Unfavorable outcomes
Data on unfavorable GOS outcomes at six months were 
obtained from two trials (Supplemental Figure  1) [22, 
25], including 225 patients, and no clear evidence of 
differences was seen between the two groups (57.3% 
for restrictive strategy vs. 61.7% for liberal strategy, 
RR: 1.03, 95% CI: 0.62 to 1.73, I2 = 59%). Independ-
ence at three months was reported from one study 
and dependence at three months was calculated [27]. 
Dependence at 3 months and unfavorable GOS out-
comes at six months were pooled as long-term unfa-
vorable outcomes, including 269 patients [22, 25, 27]. 
The combined results showed no significant difference 
between the two groups (49.6% for restrictive strategy 
vs. 54.4% for liberal strategy, RR: 0.96, 95% CI: 0.69 to 
1.34, I2 = 19%) (Supplemental Figure 2).

Fig. 1  Flowchart. RCT, randomized controlled trial
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Patients transfused
Three studies reported the number of patients who 
received red blood cell transfusions (Supplemental Fig-
ure 3) [22, 25, 27]. The overall incidence was 57.9% in the 
restrictive strategy group and 79.7% in the liberal strategy 
group (RR: 0.74, 95% CI: 0.59 to 0.92, I2 = 55%). In two of 
the five studies, the red blood cell units per patient were 
assessed (Supplemental Figure 4) [22, 26]. The combined 
results showed that red blood cell units per patient in the 
restrictive strategy group were significantly lower than 
those in the liberal group (MD: -2.37, 95% CI: -3.94 to 
-0.81, I2 = 77%).

Neurological adverse events
Vasospasm
Two studies reported this outcome (Supplemental Fig-
ure  5) [22, 27]. Overall, the results showed no signifi-
cant difference in the incidence of cerebral vasospasm 
between the two groups (RR: 1.82, 95% CI: 0.50 to 6.67, 
I2 = 69%).

Stroke
Stroke incidence has been reported in three studies (Sup-
plemental Figure  6) [22, 25, 27]. The combined results 
showed no significant difference in the incidence of 
stroke between the two groups (RR: 0.99, 95% CI: 0.40 to 
2.48, I2 = 9%).

Fig. 2  Risk of bias summary

Fig. 3  The impact of different transfusion strategies on mortality at ICU. ICU, Intensive care unit

Fig. 4  The impact of different transfusion strategies on mortality at discharge



Page 6 of 10Yu et al. BMC Anesthesiology          (2024) 24:106 

Intracranial hypertension requiring therapy
The incidence of increased intracranial hypertension 
requiring treatment was assessed in two of the five 
studies (Supplemental Figure  7) [22, 25]. There was 
no significant difference in the incidence between the 
two groups (RR: 1.01, 95% CI: 0.82 to 1.25, I2 = 41%). 
However, the incidence of cranial hypertension varied 
widely across all studies, ranging from 100% to 39.4%.

Major nonneurological complications
The incidence of DVT was reported in two studies 
involving 244 participants (Supplemental Figure  8) 
[22, 25]. The values of overall incidence were 5.7% and 
15.6% in the restrictive strategy group and the liberal 
strategy group, respectively (RR: 0.41, 95% CI: 0.18 
to 0.91, I2 = 0%). There was no significant difference 
between the two groups in acute myocardial infarc-
tion (Supplemental Figure 9) (RR: 1.02, 95% CI: 0.06 to 
16.09), hypotension (Supplemental Figure 10) (RR: 1.05, 
95% CI: 0.85 to 1.29, I2 = 0%), pneumonia (Supplemen-
tal Figure 11) (RR: 0.93, 95% CI: 0.50 to 1.72, I2 = 21%), 
pulmonary embolus (Supplemental Figure  12) (RR: 
0.32, 95% CI: 0.06 to 1.68, I2 = 0%), acute respiratory 
distress syndrome (ARDS) (Supplemental Figure  13) 
(RR: 1.05, 95% CI: 0.40 to 2.76, I2 = 48%), and urinary 
tract infection (Supplemental Figure 14) (RR: 0.60, 95% 
CI: 0.08 to 4.65, I2 = 51%).

ICU and hospital lengths of stay
Two studies involving 111 participants provided ICU 
length of stay and hospital length of stay as skewed 
data [22, 26]. Gobatto 2019 [22] and McIntyre 2006 
[26] demonstrated no difference between the restric-
tive strategy group and the liberal strategy group in 
the length of ICU stay (in days) (16 (13–18) versus 21 
(9–30) and 10 (5–21) versus 8 (5–11), respectively). 
Additionally, there was no difference in the length of 
hospital stay (in days) (42 (23–76) versus 35 (21–63) 
and 27 (14, 39) versus 30.5 (17, 47), respectively).

Ongoing studies
By searching the clinical trial registry platforms, we 
identified three ongoing trials without available results 
from the investigators. Supplemental Table  3 provides 
the characteristics of the ongoing trials. One of the 
ongoing studies was conducted in a TBI setting (HEMO-
TION, https://​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT 
03​260478), one study in an SAH setting (SAHaRA, 
https://​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT03​
309579), and one study in an acute brain injury setting 
(TRAIN, https://​clini​caltr​ials.​gov/​ct2/​show/​NCT02​968 
654). Three of these studies recruited participants. Pro-
tocols of these ongoing studies have been published 
[28–30].

Fig. 5  The impact of different transfusion strategies on mortality at six months

Fig. 6  The impact of different transfusion strategies on long-term mortality

https://clinicaltrials.gov/ct2/show/record/NCT03260478
https://clinicaltrials.gov/ct2/show/record/NCT03260478
https://clinicaltrials.gov/ct2/show/record/NCT03309579
https://clinicaltrials.gov/ct2/show/record/NCT03309579
https://clinicaltrials.gov/ct2/show/NCT02968654
https://clinicaltrials.gov/ct2/show/NCT02968654
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Summary of findings
Using the principles of the GRADE system, we found a 
low-quality body of evidence associated with ICU mor-
tality and in-hospital mortality. We found a very low-
quality body of evidence associated with mortality at 6 
months (Supplemental Table 1).

Discussion
The principal finding of our meta-analysis was that there 
was no significant difference between the restrictive 
strategy and liberal strategy in mortality, unfavorable 
outcomes, neurological adverse events, and most major 
non-neurological complications. Fewer patients received 
RBC transfusions in the restrictive strategy group. In 
addition, the incidence of DVT was lower in the restric-
tive strategy group. However, currently available data is 
limited. It remains uncertain which transfusion strategy 
is more appropriate for neurocritical patients.

Causes of anemia in neurocritical patients
Many factors can lead to anemia in critically ill patients. 
In addition to direct blood loss, including venous blood 
dilution caused by fluid resuscitation, inflammatory 
cytokines cause a secondary decrease in erythropoietin 
and a change in red bone marrow precursor cell prolif-
eration and differentiation [31]. Abnormal metabolism of 
folic acid, vitamin B12, iron, and other nutrients can lead 
to reduced erythropoiesis [32]. In severe patients, the 
systemic inflammatory reaction can shorten the lifespan 
of red blood cells, and oxidative stress can directly induce 
RBC apoptosis [32].

Effects of anemia on the central nervous system
Tissue oxygen delivery depends on organ blood flow and 
arterial oxygen content, which is related to hemoglobin 
concentration and oxygen saturation [33]. The oxygen 
supply of the central nervous system depends on several 
variables. Cerebral oxygen availability is the product of 
cerebral blood flow (CBF) and arterial oxygen content 
[11]. Therefore, increasing local blood flow and oxygen 
uptake rate to maintain adequate oxygen is necessary 
during anemia. Under healthy conditions, the oxygen 
uptake rate of brain tissue remains high, which limits its 
ability to compensate by increasing the rate of oxygen 
uptake in anemia [12]. Therefore, the brain compensates 
mainly by dilating cerebral vessels and increasing CBF 
[12]. In healthy volunteers, when hemoglobin drops to 
approximately 5  g/dL, the brain cannot compensate for 
inadequate oxygen delivery by further increasing CBF 
[12, 34]. The end expiratory partial pressure of carbon 
dioxide has an important effect on cerebral blood flow 
regulation [35]. This phenomenon is called cerebral car-
bon dioxide reaction and reflects the capacity of cerebral 

blood vessels to reserve [35]. A prospective study with 
an average follow-up of up to 28 months found a link 
between impaired cerebrovascular reactivity and cerebral 
ischemic events [36]. In acute brain injury, cerebrovascu-
lar self-regulation function is impaired, cerebrovascular 
reserve is insufficient, and hypoxia of brain cells may also 
occur when hemoglobin levels are elevated [12].

Potential risks of transfusion for critically ill patients
Except for transfusion-related pathogen transmission 
and infections, the most harmful adverse reactions in 
neurocritical patients are transfusion-associated circu-
latory overload (TACO) and transfusion-related acute 
lung injury (TRALI) [31, 37]. The incidence of TACO 
and TRALI is 0.06-6% and 5–8% in critically ill patients, 
respectively [31]. The risk increases with an increasing 
amount of blood products transfused. Despite different 
pathophysiological mechanisms, both of these compli-
cations lead to increased pulmonary edema, which may 
decrease survival in critically ill patients [38].

Controversy over transfusion strategies for neurocritical 
patients
However, the current research results are still controver-
sial. The clinical studies examining transfusion thresholds 
in neurocritical patients are weak and results are conflict-
ing [39]. The prospective study found that hemoglobin 
concentrations less than 9  g/dL were associated with 
cerebral hypoxia (OR = 7.92; 95% CI, 2.32 to 27.09) and 
cell dysfunction (OR = 4.24; 95% CI, 1.33 to 13.55) [40]. A 
retrospective cohort study found that hemoglobin levels 
lower than 9  g/dl in patients with severe craniocerebral 
injury were associated with increased mortality (RR = 3.1, 
95% CI 1.5–6.3) [39]. Studies have shown that higher 
hemoglobin levels are associated with improved out-
comes in patients with SAH [4, 41, 42]. A RCT found that 
applying higher target hemoglobin in patients with SAH 
was safe and feasible [27].

A worrying complication of subarachnoid hemor-
rhage is cerebral vasospasm [43, 44]. This is the differ-
ence between patients with aneurysmal subarachnoid 
hemorrhage and other neurocritical patients. In patients 
who rupture for the first time and survive, cerebral 
vasospasm is the leading cause of death [44]. An obser-
vational study found that postoperative RBC transfu-
sion increased the risk of cerebral vasospasm in patients 
with aneurysmal SAH (OR = 1.68; 95% CI, 1.02 to 2.75) 
[45]. A cohort study demonstrated that RBC transfu-
sion did not improve the prognosis of patients with 
SAH after controlling for other confounding factors [3]. 
Erythrocyte transfusion after TBI was associated with an 
increase in mortality (RR = 1.23; 95% CI 1.13–1.33) and 
complications (RR = 1.38; 95% CI 1.32 to 1.44) [46]. Blood 
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transfusion may be associated with other organ injuries, 
leading to poor prognosis. A RCT found that maintain-
ing a hemoglobin concentration greater than 10 g/dl did 
not improve 6-month outcomes in patients with TBI. 
The blood transfusion threshold of 10  g/dl was associ-
ated with a higher incidence of thromboembolic events 
(OR = 0.32; 95% CI 0.12 to 0.79) [25]. A retrospective 
study found a higher incidence of neurological adverse 
events among patients with TBI who received RBC trans-
fusion (RR = 3.40; 95% CI 1.35–8.56) and a longer ICU 
stay (RR = 1.42; 95% CI 1.06 to 1.92) [47]. Moman et al. 
found that RBC transfusion was associated with longer 
hospital and ICU length of stays in TBI patients with 
moderate anemia [48]. A large observational study found 
that, RBC transfusion may be associated with worsened 
long-term neurological outcomes in patients with TBI 
[49]. Of course, this correlation may be due to the fact 
that patients requiring transfusion therapy are more criti-
cally ill. A secondary analysis found that a higher transfu-
sion threshold of 10  g/dl after severe TBI increased the 
risk of severe progressive hemorrhagic injury events [50].

Limitations
This review had several limitations. First, quality of the 
evidence was low or very low due to risk of bias, hetero-
geneity, and small sample sizes. Second, the definition of 
restrictive and liberal RBC transfusion threshold varied 
among studies, which lead to heterogeneity and made the 
results hard to interpret. We need to wait for the results of 
the ongoing studies to clarify optimized transfusion thresh-
old. Until then, it is reasonable to use an individualized 
approach incorporating physiologic and clinical data based 
on the current guidelines. Third, observational studies were 
excluded for potential bias although they could provide 
more real-world information. In addition, patients’ vascular 
reserve needs to be considered in the heterogeneity assess-
ment, but we do not have access to these data.

Conclusions
Anemia is associated with poor prognosis and increased 
mortality in neurocritical patients, and the optimal trans-
fusion threshold is unclear. Due to the small sample size 
of current studies, the evidence is insufficiently robust to 
confirm definitive conclusions for neurocritical patients. 
Therefore, further investigation is encouraged to define 
appropriate RBC transfusion thresholds in the neurocrit-
ical setting.
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