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Abstract
Objective: We aimed to determine whether the restrictive 
red-cell transfusion strategy was superior to the liberal one 
in reducing all-cause mortality in critically ill adults. Meth-
ods: The MEDLINE, EMBASE, PubMed, Web of Science, and 
Cochrane Library Central Register of Controlled Trials data-
bases were searched from inception to January 2019 to iden-
tify meta-analyses or systematic reviews and published ran-
domized controlled trials which were restrictive versus lib-
eral blood transfusion with mortality as the endpoint in 
critically ill adults. We used two search routes whereby one 
search was restricted to systematic reviews, reviews, or me-
ta-analysis, and the other was not restricted. There were no 
date restrictions, but language was limited to English and 
the population was restricted to critically ill adults. The data 
of study methods, participant characteristics, and outcomes 
were extracted and analyzed independently by 2 reviewers. 
The main outcome was all-cause mortality. Results: Through 
screening the obtained records, we enrolled 7 randomized 
clinical trials that included information on restrictive versus 

liberal red-cell transfusion and mortality of intensive care 
unit (ICU) patients. Involving a total of 7,363 ICU adult pa-
tients, ICU mortality (risk ratio [RR] 0.82, 95% confidence in-
terval [CI] 0.62, 1.08, p = 0.15), 28/30-day mortality (RR 0.98, 
95% CI 0.84, 1.13, p = 0.74), 60-day mortality (RR 1.01, 95% CI 
0.87, 1.16, p = 0.91), 90-day mortality (RR 1.02, 95% CI 0.92, 
1.14, p = 0.69), 120-day mortality (RR 1.29, 95% CI 0.67, 2.47, 
p = 0.44), and 180-day mortality (RR 0.91, 95% CI 0.75, 1.12,  
p = 0.38) were not statistically significantly different when 
the restrictive transfusion strategy was compared with the 
liberal transfusion strategy. However, we surprisingly dis-
covered that 112 out of 469 (24%) patients who received a 
unit RBC transfusion when hemoglobin was less than 7 g/dL, 
and 142 out of 469 (30.3%) who received a unit of RBC trans-
fused with hemoglobin less than 9 g/dL, had died during 
hospitalization (RR 0.79, 95% CI 0.64, 0.97, p = 0.03). The re-
sults showed that the restrictive transfusion strategy could 
decrease in-hospital mortality compared with the liberal 
transfusion strategy. It was safe to utilize a restrictive transfu-
sion threshold of less than 7 g/dL in stable critically ill adults. 
Conclusions: In this study, we found that the restrictive red-
cell transfusion strategy potentially reduced in-hospital 
mortality in critically ill adults with anemia compared with 
the liberal strategy. © 2020 S. Karger AG, Basel
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Introduction

Red-cell transfusion plays an indispensable role in cor-
recting anemia and blood loss in critically ill patients [1–3]. 
However, as a life-saving therapy, a selection on the strat-
egy of blood transfusion needs to be judiciously assessed in 
terms of trade-offs between benefits and risks. Evidence 
indicated transfusion was associated with adverse events 
and worse outcomes, including transfusion-related infec-
tion [4], acute lung injury [5], multiple organ failure [6], 
and risk of death [7]. Furthermore, multiple transfusions 
of red-cell units placed a heavy economic burden on pa-
tients [8]. Nevertheless, red-cell transfusion remains one of 
the most important treatments to save the lives of criti-
cally ill patients. For the above reasons, therefore, investi-
gators are increasingly focusing on restrictive transfusion 
strategies. The strategy of restrictive red-cell transfusion 
could lessen the number of red-cell units and transfusion 
patients by reducing the threshold to 70 g/L without an ad-
ditional increase of morbidity and mortality in critically ill 
patients [9, 10]. In the study of a model simulation of trans-
fusion-related severe acute complications and costs, the re-
sults showed that the restrictive red-cell transfusion strat-
egy was associated with the reduction of the quantity of 
red-cell transfusion and cost savings [11]. Current recom-
mendations of advocating restrictive blood transfusion are 
primarily based on the Transfusion Requirements in Crit-
ical Care (TRICC) trial. In the TRICC trial, Hébert et al. 
[12] implied that the restrictive transfusion strategy (trans-
fusion if the hemoglobin level is below 70 g/L) was as effec-
tive as and possibly better than the liberal transfusion strat-
egy (transfusion if the hemoglobin level is below 90 g/L) in 
critically ill patients, and had a significantly lower 30-day 
mortality among those patients with an Acute Physiology 
and Chronic Health Evaluation II score < 20 and age less 
than 55 years. The restrictive transfusion strategy was 
proven to be safe in the majority of patients, including 
those diagnosed through oncology, acute upper gastroin-
testinal bleeding, cardiovascular disease, and had hip sur-
gery with risk of cardiovascular disease [13–18]. 

Anemia is prevalent in critically ill patients, and the 
hemoglobin concentration is a very important reference 
standard for red-cell transfusion [19]. The insufficiency 
of reliable clinical and laboratory evidence on red-cell 
transfusion may lead to the hemoglobin concentration 
becoming the main trigger for red-cell transfusion for in-
tensivists [20]. Actually, for those critically ill patients 
with non-bleeding diseases, the hemoglobin threshold of 
70 g/L or lower concentration could be well tolerated 
without the trend of worse survival [21–23]. Clinical 
guidelines from the American Association of Blood Banks 
(AABB) also recommended the criteria of red-cell trans-
fusion with hemoglobin concentrations of 70 g/L or less 
in critically ill adults [24]. After the TRICC trials, Holst et 

al. [25] indicated that 90-day mortality and rates of isch-
emic events were similar between restrictive and liberal 
transfusion pilots among intensive care unit (ICU) pa-
tients with septic shock. The results of both randomized 
controlled trials (RCTs) also showed that similar mortal-
ity occurred in transfusion and restrictive transfusion 
groups and the restrictive transfusion strategy was safe 
compared with liberal transfusion in stable pediatric ICU 
patients [26, 27]. It seemed that the hemoglobin concen-
tration trigger of 70 g/L had become an accepted transfu-
sion practice in patients with stable hemodynamics and 
the absence of active bleeding and unstable angina.

However, in an RCT on patients admitted to the ICU 
after major surgery for abdominal cancer, researchers 
found that liberal transfusion had lower mortality at 30 
and 60 days, and a reduced incidence of intraabdominal 
infection and cardiovascular events compared with re-
strictive transfusion [28]. Simultaneously, the Transfu-
sion Requirements in Critically Ill Oncologic Patients 
Randomized Controlled Trial (TRICOP) also indicated 
that liberal transfusion had a trend toward a survival ben-
efit in critically ill patients compared with the restrictive 
transfusion strategy [29]. Furthermore, RCTs using trans-
fusion triggers are in principle limited by the fact that they 
do not control for normovolemia while allocating differ-
ent transfusion strategies on the basis of hemoglobin con-
centrations. Therefore, these conflicting conclusions had 
created uncertainty among clinicians regarding transfu-
sion practice. We aimed to examine whether a restrictive 
transfusion strategy was superior to a liberal transfusion 
strategy in reducing mortality among ICU patients.

Methods

The target literature we retrieved included the comparison be-
tween a restrictive transfusion strategy and liberal transfusion 
strategy, with outcomes including mortality.

Search Methods
Two search routes were adopted to respectively identify cor-

relative studies in the MEDLINE, EMBASE, PubMed, Web of Sci-
ence, and the Cochrane Library Central Register of Controlled Tri-
als databases from inception to January 12, 2019, with the key-
words: “blood,” “erythrocyte*,” “red cell*,” “red blood cell*,” 
“RBC,” “whole blood,” “erythrocyte transfusion,” “transfusion,” 
“restrictive,” “restrict*,” “conservative,” and “liberal.” One search 
route was limited to meta-analyses or systematic reviews, and the 
other was restricted to published RCTs. Finally, eligible RCTs were 
selected from these two search routes. We did not cover addition-
al unpublished data or unpublished studies. There were no date 
restrictions, but language was restricted to English and the popula-
tion was restricted to critically ill adults.

Selection Criteria
We enrolled those RCTs involving critically ill adults receiving 

restrictive red-cell transfusion or liberal red-cell transfusion and 
reporting mortality. The inclusion criteria were: (1) age of 18 years 
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Fig. 1. Study flow chart.
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or more; (2) hemoglobin concentration of 90 g/L or less after ad-
mission to an ICU; (3) comparison between restrictive and liber- 
al red blood cell transfusion; (4) all-cause mortality was reported 
as an endpoint. The exclusion criteria were: (1) unable to retrieve 
the full articles; (2) the study did not meet the inclusion criteria; 
(3) the trial did not contain adequate data for inclusion; (4) studies 
of neonates and children in ICUs.

Collection and Extraction of Data
After duplicate records were removed via mechanical and man-

ual methods, 2 reviewers screened the retrieved results through 
titles and abstracts. If it was difficult to decide whether the study 
met the inclusion criteria through the titles and abstracts, it was 
necessary to gain access to the full text to further evaluate. Data 
from the trials, including author, country, designs, methods, sam-
ple size, participant characteristics, interventions, and mortality, 
were extracted and analyzed independently by 2 reviewers. The 
primary outcome was mortality of critically ill adults with anemia 
in the study, and we had not developed the secondary outcomes. 
We extracted the data of mortality at 28/30-, 60-, 90-, 120-, and 
180-day follow-up endpoints. 

Risk of Bias Assessment
We used the Cochrane Risk of Bias Tool to assess each includ-

ed study, and their methodological design was also assessed with 
the following specific elements: (1) randomization sequence gen-
eration (selection bias); (2) allocation concealment (selection 

bias); (3) blinding for study personnel and participants (perfor-
mance bias); (4) blinding of outcome assessors (performance bias); 
(5) incomplete reporting of data (attrition bias); (6) selective re-
porting (reporting bias), and (7) other sources of bias. A study was 
considered at low risk of bias if each risk of bias item was rated as 
low risk with the exception of blinding, because blinding of hemo-
globin threshold-guided transfusion is difficult. Other studies 
were assessed as unclear or at high risk of bias.

Statistical Analyses
All statistical analyses were performed using RevMan version 

5.3 and the Mantel-Haenszel method and a fixed-effects or a ran-
dom-effects model. We calculated risk ratios (RRs) for dichot
omous variables, with 95% confidence intervals (CI). A p value  
< 0.05 was considered statistically significant and all statistical tests 
were two-sided. Heterogeneity among studies was examined using 
χ2 and I2 tests, and heterogeneity existed with p ≤ 0.1.

Results

Figure 1 shows the study flow chart and details the ex-
plicit searching and screening procedure. Through 
searching five databases in the meta-analysis route and 
six databases in the RCT route, there were 2,023 and 8,980 
search results obtained, respectively; 1,042 and 5,522 re-

Fig. 2.  a Risk of bias graph. b Risk of bias 
summary. Outcomes of liberal versus re-
strictive transfusion in critically ill adults.



Zhang/Zheng/Yu/GuTransfus Med Hemother 2021;48:60–6864
DOI: 10.1159/000506751

sults remained after omitting duplicate records. In the 
search records of meta-analyses or systematic reviews, 
973 records were removed after checking topics and ab-
stracts and 69 potentially eligible records remained based 
on the inclusion criteria. Among them, 65 records were 

excluded because they were a traditional (not systematic) 
review, guideline or recommendation, unrelated topic, 
cohort study, RCT, or featured a non-target population; 
4 systematic reviews or meta-analyses embracing 41 trials 
met the inclusion criteria. Finally, 5 of the 41 trials met 

Fig. 3. Restrictive versus liberal transfusion 
in critically ill adults for: ICU mortality (a), 
in-hospital mortality (b), 28/30-day mor-
tality (c), 60-day mortality (d), 90-day 
mortality (e), 120-day mortality (f), and 
180-day mortality (g).
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the eligibility criteria. In the published RCT route, 189 out 
of 5,522 search results were potentially eligible. After de-
leting irrelevant records of systematic reviews or meta-
analyses, unrelated topics, meeting abstracts or guide-
lines, news or commentaries, study protocols, pilot stud-
ies, secondary studies, retrospective studies, and 
non-target population, 4 trials met the inclusion criteria. 
Eventually, 7 RCTs which included restrictive blood 
transfusion versus liberal blood transfusion and mortal-
ity among critically ill adults were enrolled in this meta-
analysis and 2 were removed because of duplication [12, 
25, 28–32]. A study which completely satisfied the inclu-
sion criteria was ruled out because only the abstract was 
available. Another study that was a secondary analysis of 
the TRICC trial was also discarded [33].

Table 1 lists the baseline characteristics of the 7 includ-
ed RCTs. These involved 7,363 critically ill patients, of 
which 3,686 were randomly assigned to a restrictive trans-
fusion group and 3,677 represented a liberal transfusion 
group. Three of the 7 trials had APACHE II score data 
showing less severe illness. The number of deaths in the 
transfusion groups was extracted from the analysis, and 
is not included in the table. There were 2 pilot studies in 
the enrolled studies that reported the rate of death fol-
lowed up on the 120th and 180th days. 

The risk of bias assessment is shown in Figure 3. Four 
studies were assessed at low risk of bias [25, 28, 29, 32] 
and 3 at high risk of bias [12, 31, 30]. It was next to impos-
sible to implement blinding for participants and person-
nel. There was significant inter-study heterogeneity in the 

Table 1. Characteristics of the included RCTs
a Study details and APACHE II scores
Study Country Sample size, n Age, years Male, n (%) APACHE II score

restrictive 
transfusion

liberal  
transfusion

restrictive 
transfusion

liberal 
transfusion

restrictive 
transfusion

liberal 
transfusion

restrictive 
transfusion

liberal 
transfusion

Mazer [32], 2017 European 2,430 2,430 72±10 72±10 1,553 (63.9) 1,586 (65.3)
Bergamin [29], 2017 Brazil 151 149 61.4±13.5 61.6±12.9 84 (56.0) 70 (47.0)
de Ameida [28], 2015 Brazil 101 97 64±12 64±14 55 (54.5) 55 (56.7)
Hébert [30], 1995 Canada 33 36 58.6±15 59±21 14 (42.0) 19 (53.0) 20±6.2 21±7.2
Hébert [12], 1999 Canada 418 420 57.1±18.1 58.1±18.3 269 (64.0) 255 (61.0) 20.9±7.3 21.3±8.1
Holst [25], 2014 Multinational

(Europe)
502 496 67 (57–73) 67 (58–75) 272 (54.2) 259 (52.2)

Walsh [31], 2013 UK 51 49 67±7 68±8 36 (70.6) 24 (49.0) 20.2±6.6† 21.5±6.4

b SOFA scores, hemoglobin (Hb), methods, and interventions
Study SOFA score Baseline Hb, g/dL Methods and patients Interventions (restrictive transfusion vs.  

liberal transfusion)
restrictive
transfusion

liberal
transfusion

restrictive
transfusion

liberal
transfusion

Mazer [32], 2017 – – 13.1±1.8 13.1±1.7 An international, open-label, non-inferiority 
RCT with participants 18 years of age or 
older who were scheduled to undergo 
cardiac surgery

Randomized to restrictive RBC transfusion 
(trigger Hb 7.5 g/dL) versus liberal RBC 
transfusion (trigger Hb 9.5 g/dL)

Bergamin [29], 2017 7 (5–9) 6 (5–9) 9.6 9.7 Single center, patients >18 years old with a 
diagnosis of solid cancer and fulfilling the 
criteria for septic shock in the first 6 h after 
ICU admission

Randomized to restrictive RBC transfusion 
(trigger Hb 7 g/dL) versus liberal RBC 
transfusion (trigger Hb 9 g/dL)

de Almeida [28], 2015 – – 11.2 11.0 Randomized, patients >18 years old who had 
a major surgical procedure for abdominal 
cancer and required postoperative care in 
the ICU

Randomized to restrictive RBC transfusion 
(trigger Hb 7 g/dL) or liberal RBC transfusion 
(trigger Hb 9 g/dL)

Hébert [30], 1995 – – – – Multicenter, pilot trial, patients >18 years 
old who were admitted to ICU, were 
expected to stay more than 24 h, and had an 
Hb ≤9 g/dL within 72 h after admission

Randomized to restrictive RBC transfusion 
(trigger Hb 7 g/dL; target 7–10 g/dL) or liberal 
RBC transfusion (trigger Hb 10 g/dL; target 
10–12 g/dL)

Hébert [12], 1999 7.4 7.6 8.2 8.2 Multicenter, patients >18 years old who were 
admitted to ICU, who were expected to stay 
more than 24 h, and had an Hb ≤9 g/dL 
within 72 h after admission

Randomized to either restrictive RBC 
transfusion (trigger Hb 7 g/dL; target 7–9 g/
dL) or liberal RBC transfusion (trigger Hb 10 
g/dL; target 10–12 g/dl)

Holst [25], 2014 10 (8–12) 10 (8–13) 8.4 8.4 Multicenter, patients >18 years old who were 
in the ICU, fulfilled the criteria for septic 
shock, and had an Hb ≤9 g/dL

Randomized to restrictive RBC transfusion 
(trigger Hb 7 g/dL) or liberal RBC transfusion 
(trigger Hb 9 g/dL)

Walsh [31], 2013 7 (2–17) 5 (2–14) 8.2 8.3 Multicenter, pilot trial, patients >55 years 
old who were admitted to ICU requiring at 
least 4 days of mechanical ventilation and 
had an Hb ≤9 g/dL

Randomized to restrictive RBC transfusion 
(trigger Hb 7 g/dL; target 7–9 g/dL) or liberal 
RBC transfusion (trigger Hb 9 g/dL; target 
9–11 g/dL)

Data are presented as the mean ± SD or n (%). Scores on the Acute Physiology and Chronic Health Evaluation II (APACHE II) range from 0 to 71, with higher scores indicating a higher risk of death. The 
Sequential Organ Failure Assessment (SOFA) has subscores ranging from 0 to 4 for each of six organ systems (cerebral, circulation, pulmonary, hepatic, renal, and coagulation); the aggregated score ranges from 0 
to 24, with higher scores indicating more severe organ failure.
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results of 28/30-day mortality (p = 0.008, I2 = 71%), 60-
day mortality (p = 0.007, I2 = 75%), and 90-day mortality 
(p = 0.05, I2 = 74%). Publication bias was not considered 
because the number of eligible studies was less than ten. 

Mortality was the only variable in the meta-analysis. 
We obtained and analyzed mortality during ICU and 
hospital stays, covering 28/30-, 60-, 90-, 120-, and 180-
day mortality of the 7 enrolled trials (Fig. 2). 

ICU Mortality
Three trials analyzed mortality during the ICU stay, 

including 1,007 critically ill patients [12, 30, 31]. There 
were 75 out of 502 patients who received restrictive trans-
fusions, and 92 out of 505 who received liberal transfu-
sions died (RR 0.82, 95% CI 0.62, 1.08, p = 0.15). 

In-Hospital Mortality 
Mortality during hospitalization was reported in 2 

studies with a total of 938 patients [12, 31]. The rate of 
death was 24% (112 out of 469 patients) in the restrictive 
transfusion group, and 30.3% (142 out of 469 patients) in 
the liberal transfusion group. The RR for the relationship 
between transfusion strategies and mortality was 0.79 
(95% CI 0.64, 0.97, p = 0.03) with little heterogeneity  
(I2 = 0%, p = 0.88).

28/30-Day Mortality
Six eligible studies with 6,361 patients reported 28/30-

day mortality. Among them, 2 studies showed 28-day 
mortality [29, 32] and the other four reported 30-day 
mortality [12, 28, 30, 31]. After the 28/30-day follow-up, 
279 out of 3,181 patients in the restrictive transfusion 
group and 285 out of 3,180 patients in the liberal transfu-
sion group had died (RR 0.98, 95% CI 0.84, 1.13, p = 0.74).

60-Day Mortality
The 60-day mortality was reported in four trials, in-

volving 1,436 patients [12, 28, 29, 31]. On day 60, death 
had occurred in 232 out of 721 patients in the restrictive 
transfusion arm and in 228 out of 715 patients in the lib-
eral transfusion arm (RR 1.01, 95% CI 0.87, 1.16, p = 
0.91).

90-Day Mortality
Bergamin et al. [29] and Holst et al. [25] reported mor-

tality rates on the 90th day of follow-up. The number of 
deaths was 322 out of 653 patients in the restrictive strat-
egy and 311 out of 645 patients in the liberal strategy (RR 
1.02, 95% CI 0.92, 1.14, p = 0.69). 

120- and 180-Day Mortality
One study conducted follow-up until the 120th day, 

and 2 studies continued until the 180th day after transfu-
sion and presented mortality data [30, 31, 34]. The 120-

day (RR 1.29, 95% CI 0.67, 2.47, p = 0.44) and 180-day 
mortality rates (RR 0.91, 95% CI 0.75, 1.12, p = 0.38) were 
similar between the restrictive and liberal transfusion 
groups. 

There was no statistically significant difference in ICU 
mortality at 28/30, 60, 90, 120, and 180 days when the re-
strictive red-cell transfusion strategy was compared with 
the liberal strategy among critically ill adults with anemia. 
However, in-hospital mortality for the red-cell transfu-
sion strategy was statistically significantly different com-
pared with the liberal strategy in the study.

Discussion

In this meta-analysis, we determined that the restric-
tive red-cell transfusion strategy was potentially superior 
to the liberal one, showing that it will be an option in fu-
ture clinical practice. However, RCTs using transfusion 
triggers are in principle limited by the fact that they do 
not control for normovolemia while allocating different 
transfusion strategies on the basis of hemoglobin concen-
trations.

Theoretically, critically ill adults represent a special 
type of patient suffering from an unstable hemodynamic 
state, multiple organ dysfunction syndrome, or comor-
bidities due to their fragile organ compensatory function, 
which cause most clinicians to hold the view that a greater 
hemoglobin level could facilitate oxygen transport in 
them. This is the essential reason why a great number of 
physicians have devoted themselves to relevant research 
in this area for many years. A lower hemoglobin level may 
mean a poor prognosis in critically ill patients. A recent 
meta-analysis with 27 RCTs including surgical and criti-
cally ill patients suggested that a restrictive transfusion 
strategy was associated with a significantly reduced 30-
day mortality in critically ill patients (OR 0.82, 95% CI 
0.70, 0.97, p = 0.019), but this mortality was increased in 
surgical patients compared with a liberal transfusion strat-
egy (OR 1.31, 95% CI 0.94, 1.82, p = 0.12) [35]. Many stud-
ies suggested that a restrictive transfusion strategy was as 
safe as a liberal transfusion strategy and did not show a 
trend of lower mortality [36–38]. In the TRICC study, the 
results showed that a restrictive red-cell transfusion strat-
egy had a trend of lower in-hospital mortality in critically 
ill adults compared with a liberal strategy, but the 30- and 
60-day mortality rates were negative outcomes, which is 
consistent with our findings [39]. In another meta-analy-
sis that enrolled perioperative and critically ill patients, the 
results showed that there was no difference in all-cause 
mortality among those who received the restrictive red-
cell transfusion strategy versus the liberal one (OR 1.10, 
95% CI 0.99, 1.23; p = 0.07) [40]. In our meta-analysis, all-
cause mortality during an ICU stay and follow-up after 
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28/30, 60, 90, 120, and 180 days were similar between the 
restrictive versus liberal red-cell transfusion strategies. In 
the analysis on 180-day mortality, we added the new fol-
low-up outcomes from the study by Mazer et al. [34] and 
still obtained negative outcomes. In this study, in order to 
avoid selective bias, we also included the RCTs related to 
critically ill patients with cardiovascular diseases or car-
diac surgery since these were prominent patients, despite 
no difference in outcome for this subgroup.

Strengths of Our Meta-Analysis
In this meta-analysis, there were three main priorities 

compared with other studies. Firstly, we performed the 
first meta-analysis in critically ill adults using all-cause 
mortality as the outcome and making a comparison be-
tween the restrictive red-cell transfusion strategy and the 
liberal strategy in order to draw conclusions and settle 
disputes. Secondly, the completeness of data extraction 
strengthened the reliability of our analysis. Finally, the 
diversity of the spectrum of included diseases indicated 
that the results of our study are universally applicable in 
critically ill adults with anemia. 

Weaknesses of our Meta-Analysis
Despite the several strengths mentioned above, some 

limitations should not be ignored in this meta-analysis. 
First of all, despite our target population being restricted 
to critically ill adults, the various categories of disease may 
give rise to potential heterogeneity. Additionally, due to 
the particularity of red-cell transfusion administration, it 
was difficult to implement the blinding method in this 
study. Furthermore, we only selected all-cause mortali- 
ty as the primary outcome without analyzing other sec-
ondary outcomes, which may be insufficient. Finally, al-
though the sample size in the study reached 7,363, it was 
still insufficient compared with other studies. Conse-
quently, it will be pertinent to design a multicenter, large-
sample, clinical controlled trial to overcome these limita-
tions in the future.

Conclusions

In the study, we found that the restrictive red-cell 
transfusion strategy potentially reduced in-hospital mor-
tality in critically ill adults with anemia compared with 
the liberal strategy.
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