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ABSTRACT—Red blood cell (RBC) transfusions are commonplace in the intensive care unit (ICU) with at least 30% of ICU
patients receiving a RBC transfusion at some point during their ICU stay. However, which patients should be transfused and
what transfusion trigger(s) should be used remains unclear. RBC transfusion can be associated with adverse effects, but
anemia is also associated with worse outcomes. Observational studies and randomized controlled trials (RCTs) have been
conducted to try and answer some of the questions surrounding blood transfusion in critically ill patients. The need for blood
transfusion and the benefit/risk ratio vary according to individual patient characteristics, including age and comorbidities, so
large-scale RCTs in heterogeneous groups of patients may not be the most appropriate tool to investigate these issues;
smaller RCTs in carefully defined patient groups may provide more useful information. Rigorous statistical analysis of large,
carefully conducted observational studies will also help enhance our evidence-base in this field.
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INTRODUCTION

patients were older than those who did not receive a transfusion (64 vs. 59 years; P G 0.001) and had longer hospital
lengths of stay (18.5 vs. 10.9 days; P G 0.001). Patients who
received an RBC transfusion had higher ICU (18.5% vs.
10.1%; P G 0.001) and 28-day (29.0% vs. 14.9%; P G 0.001)
mortality rates than did those who did not. In a logistic regression analysis adjusting for age, admitting hemoglobin
level, Acute Physiology and Chronic Health Evaluation II
score, and Sequential Organ Failure Assessment (SOFA)
score, receipt of a transfusion was independently associated
with an increased risk of dying (odds ratio [OR], 1.37; 95%
confidence interval [CI], 1.02Y1.84; P = 0.04). Similarly, in
516 propensity scoreYmatched pairs, mortality rates were
higher in transfused than in nontransfused patients (22.7% vs.
17.1%; P = 0.02).
In the CRIT study conducted in 2000/2001 (2), 44% of the
4,892 patients from 284 ICUs in the United States received at
least 1 transfusion during their ICU stay. Again, RBC transfusion was associated with higher mortality rates than no
transfusion, a difference that remained statistically significant
in a matched propensity analysis in which characteristics including patient demographics, baseline Acute Physiology and
Chronic Health Evaluation II and SOFA scores, origin of admission, admitting diagnoses, medical history, and hospital
length of stay were used to match patients (adjusted mortality
ratio, 1.65; 95% CI, 1.35Y2.03; P G 0.001).
In the European Sepsis Occurrence in Acutely ill Patients
(SOAP) study conducted in 2002 (3), 33% of the 3,147 patients had an RBC transfusion. Patients who had a transfusion
were older (62 vs. 60 years; P = 0.035) and more likely to have
liver cirrhosis or hematologic cancer, to be a surgical admission, and to have sepsis. Interestingly, unlike the two earlier
studies, RBC transfusions were not associated with increased
mortality in multivariate analysis after adjusting for possible
confounders, including age, sex, comorbid diseases, Simplified
Acute Physiology Score II and SOFA score on admission, the

Red blood cell (RBC) transfusions are commonplace in the
intensive care unit (ICU) with at least 30% of ICU patients
receiving an RBC transfusion at some point during their ICU
stay (1Y3). Nevertheless, there is still considerable debate as to
which patients should be transfused and what transfusion
trigger(s) should be implemented. Despite improved blood
transfusion practice in recent years, RBC transfusion can still
be associated with adverse effects, including transmission of
certain infectious diseases and development of immunosuppression. There are also concerns about limited availability of
blood products and the costs of transfusion. However, the
detrimental effects of anemia on outcome are also well established (4), such that the risks and benefits of transfusion versus
anemia need to be carefully evaluated. Over the years, observational studies and randomized controlled trials (RCTs) have
been conducted to try and clarify the relationship between
RBC transfusion and outcomes in critically ill patients and to
define optimal transfusion triggers. Here we discuss some of
this evidence, concentrating on the adult population, and highlight the limitations of these two study types, before briefly
discussing the likely future direction of research in this field.
Observational research

Over the last decade or so, several large, multicenter observational studies have investigated the epidemiology of RBC
transfusion in ICU patients. In the Anemia and Blood Transfusion in Critically Ill Patients study (1), conducted in 1999,
37% of the 3,534 patients from western European ICUs received an RBC transfusion during their ICU stay. Transfused
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type of admission (medical or surgical), the presence of sepsis
during the ICU stay, and the country of origin (relative hazard,
0.89; 95% CI, 0.76Y1.05; P = 0.159). Moreover, in 821 pairs of
patients matched according to a propensity score, 30-day survival was higher in transfused patients than in those who did
not receive a transfusion (hazard ratio [HR], 0.73; 95% CI,
0.59Y0.90; P = 0.004). The authors suggested this different
finding compared with earlier studies may have been because
of the greater use of leukoreduction in the SOAP study.
More recent observational data and retrospective analyses
have also given conflicting results. Several studies have shown
that RBC transfusions are associated with worse outcomes. In
a retrospective analysis of data from 941,496 surgical patients
in the United States, intraoperative RBC transfusion was associated with increased mortality (6.3 vs. 1.1%; P G 0.001),
composite morbidity (34.6 vs. 11.8%; P G 0.001), and postoperative length of stay (12.0 vs. 3.54 days; P G 0.001) compared with no intraoperative transfusion (5); these differences
remained significant after propensity-matched analysis. In
retrospective analyses of 666 patients with severe burns (6),
1,150 patients with traumatic brain injury (7) and 4,546
cardiac surgery patients (8), transfusion during the ICU or
hospital stay was also associated with worse outcomes. Others,
however, have demonstrated improved outcomes associated
with transfusion. In a retrospective analysis of prospectively
collected data from 5,925 critically ill surgical patients, Sakr
et al. (9) reported that RBC transfusion was associated with
a lower risk of hospital death after multivariable analysis
(relative risk [RR], 0.96; 95% CI, 0.92Y0.99; P = 0.031), and
in 1,054 patients with community-acquired sepsis, RBC transfusion was associated with a lower risk of 7-day (HR, 0.42;
95% CI, 0.19Y0.50; P = 0.26), 28-day (HR, 0.43; 95% CI,
0.29Y0.62; P G 0.001), and in-hospital (HR, 0.51; 95% CI,
0.39Y0.69; P G 0.001) mortality (10).
The apparent differences in the results of these studies in
relation to the association of transfusion with outcome are
likely to be largely due to the number of variables collected
and thus available for inclusion in the statistical models
assessing the associations. Many of the often very large studies
that reported worse mortality rates actually collected relatively
few data on potential confounders. For example, patients who
require an RBC transfusion are likely to be more severely ill;
thus, if a study shows increased mortality rates in transfused
patients is this actually because of the transfusion, or is it because these patients are anyway more ill and have a greater
risk of dying? If sufficient data about risk factors for death at
and after admission are not collected and adjusted for in multivariate or propensity analysis, the impact of transfusion on
outcome may be overestimated. Rüttinger and colleagues (11)
illustrated this point well in a retrospective analysis of 3,037
surgical ICU patients who required ICU admission. In univariate analysis, the number of RBC transfusions was associated with ICU mortality. In multivariate analysis accounting
for limited confounders, those present only on admission, RBC
transfusion was still found to be associated with worse outcomes (OR, 1.847; 95% CI, 1.263Y2.701; P = 0.002). However, when a second more complex multivariate analysis
was performed adjusting for additional potential confounders

IN

TRANSFUSION MEDICINE

99

present during the ICU stay, RBC transfusion was no longer
associated with mortality (OR, 0.898; 95% CI, 0.532Y1.516;
P = 0.688).

Randomized controlled research

Many claim that the best way of demonstrating the potential
benefits of any intervention is the RCT. The most cited and
best known of the RCTs within this field is the Transfusion
Requirements in Critical Care (TRICC) study by Hebert et al.
(12) published more than 10 years ago. This study indicated
that a restrictive strategy (RBC transfusion only when hemoglobin level decreased G7 g/dL) was at least as good as a liberal
strategy (RBC transfusion when hemoglobin concentration
decreased G10 g/dL) with hospital mortality rates of 22.2% and.
28.1%, respectively (P = 0.05). The results from Hebert et al.,
combined with increasing concerns about infectious and immunosuppressive risks of RBC transfusions, led to a general
change in attitudes to RBC transfusion, and guidelines now
recommend lower transfusion triggers than previously practiced (13). In a subanalysis of the TRICC data from 203 trauma
patients, 30-day mortality rates, development of multiple organ dysfunction, and length of ICU stay were all similar in
restrictive and liberal groups, suggesting a restrictive approach
may be safe in these patients (14). Indeed, recent European
guidelines for management of bleeding following major trauma
(15) recommend a target hemoglobin of 7 to 9 g/dL (grade 1C),
based largely on the results of this study. However, in a reanalysis
of the data from the TRICC study, Deans et al. (16) showed a
higher mortality rate in patients with ischemic heart disease who
were in the restrictive strategy group compared with those in the
liberal group, in contrast to the global results of the study (12),
suggesting that in patients with ischemic heart disease a more
liberal approach to transfusion may be warranted.
There have been no other large randomized studies on
transfusion strategies in general ICU populations since the
TRICC study (12), largely for logistical reasons. Indeed, already in the TRICC study, only 13% of the 6,451 patients
screened were randomized, limiting considerably the generalizability of these results (17). The European SOAP group of
investigators started a randomized study to compare hemoglobin thresholds but abandoned it because enrollment was
very slow, and too many patients were being excluded because
physicians found it difficult to randomly assign certain types
of patients to one or other transfusion strategy (18).
Other RCTs have been conducted in more specific groups of
patients and given conflicting results. An RCT in 502 cardiac
surgery patients demonstrated the noninferiority of a restrictive strategy of RBC transfusion, using a hematocrit of 24% as
threshold, compared with a more liberal strategy using a hematocrit of 30% as threshold (19); regardless of the strategy,
the number of transfused RBC units was an independent risk
factor for death in these patients (HR for each additional unit
transfused 1.2; 95% CI, 1.1Y1.4; P = 0.002). In 2016 patients
with cardiovascular disease, a liberal RBC transfusion strategy
(hemoglobin threshold of 10 g/dL) had no beneficial effects, as
assessed by survival or ability to walk across a room without
human assistance, on 60-day follow-up, compared with a
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restrictive approach (symptoms of anemia or at physician discretion for a hemoglobin level of G8 g/dL) after hip surgery
(35.2% vs. 34.7%; not statistically significant) (20). However,
this study included a population with very few risk factors,
especially after an amendment was implemented because recruitment was very slow. A recent pilot study in 100 elderly,
mechanically ventilated ICU patients showed a trend to reduced 180-day mortality in patients managed using a restrictive (hemoglobin trigger, 7.0 g/dL) compared with a more
liberal (9.0 g/dL) RBC transfusion strategy (RR, 0.68; 95% CI,
0.44Y1.05; P = 0.073) (21).
Results may be different in certain diseases. As an example,
in a small study in 44 neurosurgical patients, Naidech et al.
(22) showed that targeting a higher hemoglobin level (11.5 g/dL)
in patients with subarachnoid hemorrhage was as safe as
targeting a lower hemoglobin level (10 g/dL) and may have
reduced the incidence of cortical cerebral infarction (30% vs.
41%; not statistically significant). In addition, in patients undergoing major cancer surgery, a liberal RBC transfusion
strategy (hemoglobin trigger, 9 g/dL) was associated with fewer
major postoperative complications compared with a restrictive
strategy (hemoglobin trigger, 7 g/dL) (Pinheiro de Almeida
et al., unpublished data). A study comparing restrictive (RBC
transfusion at hemoglobin e7 g/dL) versus liberal (RBC transfusion at hemoglobin e9 g/dL) transfusion practice in patients
with septic shock is ongoing (Transfusion Requirements in
Septic Shock trial, NCT 01485315).

The future for research

Overall, the evidence for or against RBC transfusions is in
fact relatively limited. In a meta-analysis conducted using a
literature search until February 2011, 19 RCTs in which patients were randomized to treatment according to a clear
transfusion Btrigger[ were identified (23). The results showed
that restrictive strategies were associated with a statistically
significant reduction in hospital mortality (RR, 0.77; 95% CI,
0.62Y0.95; P = 0.018) but not 30-day mortality (RR, 0.85; 95%
CI, 0.70Y1.03; P = 0.097) or hospital length of stay (mean
difference, 0.11; 95% CI, j0.16 to 0.38; P = 0.42). Moreover,
although there was little heterogeneity among studies for the
mortality outcome variable, two trials (12, 20) dominated the
analysis, providing 75% of the statistical information. As these
two studies were performed in specific populations, i.e., elderly
patients undergoing hip replacement surgery (20) and ICU
patients (12), the results of this meta-analysis may not apply to
other groups of patients (23).
So how can we improve our evidence base? What should the
next steps be in terms of future observational studies or RCTs?
We do not think we need a repeat RCT on lower versus higher
hemoglobin thresholds for RBC transfusion in all ICU patients. It is difficult to demonstrate an effect on outcome in
interventional studies that are conducted in heterogeneous
populations because, regardless of the effectiveness of the
randomization strategy, almost inevitably some patients will
benefit from the intervention being tested, whereas others
will have no response, and some will have an adverse reaction
(17). Moreover, it would be very difficult to conduct a truly
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randomized study of transfusion triggers in a nonspecific
general population of ICU patients. As demonstrated in the
discontinued SOAP transfusion study, physicians are reluctant
to randomize certain patients to one or other group, e.g., randomizing an elderly patient with heart disease to a restrictive
strategy or a young previously healthy trauma patient to a
liberal strategy would be seen as unacceptable by many physicians (18). As such, protocol deviations would rapidly become the norm in such a study, if indeed such patients were
included in the first place, and the results would therefore be
difficult to generalize. In contrast, observational studies have
no exclusion criteria, and all patients are included, making the
results much more globally applicable and relevant. In addition, informed consent is generally not needed for an observational study, enabling all patients to be included at an earlier
stage than if consent has to be obtained and again maximizing
the potential patient population that can be included.
The randomization process has been promoted as being the
best way to limit the influence of confounders by ensuring that
the study groups are comparable at baseline. Indeed, the RCT
is placed at the top of most of the hierarchical systems used to
grade evidence, raised to such a status that other study types
have been neglected or are distrusted. But observational studies
have advantages over RCTs in terms of clinical relevance and
generalizability and when well conducted and carefully analyzed and interpreted can provide important and useful information regarding ICU practice. Importantly, to reduce the
effects of confounders and bias as much as possible in future
observational studies, rigorous statistical techniques should be
applied. Various approaches can be used to adjust for confounding, both at the study design phase (e.g., restriction or matching)
and at the analytical phase (e.g., stratification, propensity scores,
and multivariable adjustment). Each of these strategies has advantages and limitations, and the most appropriate statistical test
will vary according to the type of population included, the study
design, and the outcome of interest (11, 24, 25).
No study type is perfect for every clinical situation or research question, and this factor must be taken into account
when assessing the available evidence. As Prof Rawlins (26)
stated in his 2008 Harveian Oration, BExperiment, observation,
and mathematics, individually and collectively, have a crucial
role in providing the evidential basis for modern therapeuticsI.
Hierarchies of evidence should be replaced by acceptingVindeed
embracingVa diversity of approaches.[
CONCLUSIONS
As for many other therapeutic interventions, the RBC
transfusion Bpendulum[ has swung from fairly liberal use
through restricted use and is perhaps beginning to swing back
again with the realization that restricted approaches may perhaps be too restrictive in some groups of patients. To further
evaluate the optimal approach to RBC transfusion, gaps in our
knowledge of the risks and benefits of RBC transfusions in
specific clinical situations must be filled, using a combination
of observational and randomized controlled research techniques. Importantly, the point at which patients should be transfused will not be identical for all patients; hence, large-scale

Copyright © 2014 by the Shock Society. Unauthorized reproduction of this article is prohibited.

SHOCK MAY 2014

RESEARCH & RCTS IN TRANSFUSION MEDICINE

RCTs in heterogeneous groups of patients are unlikely to provide valid answers for application in general clinical practice,
but smaller RCTs in carefully defined patient groups will help
define optimal RBC transfusion strategies in these patients.
Other answers will be revealed by carefully conducted, rigorous
statistical analysis of large, carefully conducted observational
studies. Data from well-conducted observational studies and
RCTs will also provide answers to other critical transfusionrelated questions that are beyond the scope of the current article,
including the ideal ratio between packed RBCs, fresh frozen
plasma and platelet transfusions in the field of damage control
resuscitation, the benefits of fresh versus stored RBCs, and the
exact role of leukoreduction, among others. Decisions to transfuse must be made on an individual patient level, taking into
account factors such as age, comorbid cardiac disease, hemodynamic measurements and tissue perfusion markers, and carefully weighing up the pros and cons. Red blood cell transfusions
should not be guided only by an arbitrarily defined hemoglobin level Btrigger.[
REFERENCES
1. Vincent JL, Baron JF, Reinhart K, Gattinoni L, Thijs L, Webb A, MeierHellmann A, Nollet G, Peres-Bota D: Anemia and blood transfusion in critically
ill patients. JAMA 288:1499Y1507, 2002.
2. Corwin HL, Gettinger A, Pearl RG, Fink MP, Levy MM, Abraham E,
MacIntyre NR, Shabot MM, Duh MS, Shapiro MJ: The CRIT study: anemia
and blood transfusion in the critically illVcurrent clinical practice in the United
States. Crit Care Med 32:39Y52, 2004.
3. Vincent JL, Sakr Y, Sprung C, Harboe S, Damas P: Are blood transfusions
associated with greater mortality rates? Results of the Sepsis Occurrence in
Acutely Ill Patients study. Anesthesiology 108:31Y39, 2008.
4. Hayden SJ, Albert TJ, Watkins TR, Swenson ER: Anemia in critical illness:
insights into etiology, consequences, and management. Am J Respir Crit Care
Med 185:1049Y1057, 2012.
5. Ferraris VA, Davenport DL, Saha SP, Austin PC, Zwischenberger JB: Surgical
outcomes and transfusion of minimal amounts of blood in the operating room.
Arch Surg 147:49Y55, 2012.
6. Palmieri TL, Caruso DM, Foster KN, Cairns BA, Peck MD, Gamelli RL,
Mozingo DW, Kagan RJ, Wahl W, Kemalyan NA, et al.: Effect of blood
transfusion on outcome after major burn injury: a multicenter study. Crit Care
Med 34:1602Y1607, 2006.
7. Salim A, Hadjizacharia P, DuBose J, Brown C, Inaba K, Chan L, Margulies
DR: Role of anemia in traumatic brain injury. J Am Coll Surg 207:398Y406, 2008.
8. Ranucci M, Pazzaglia A, Bianchini C, Bozzetti G, Isgro G: Body size, gender,
and transfusions as determinants of outcome after coronary operations. Ann
Thorac Surg 85:481Y486, 2008.
9. Sakr Y, Lobo S, Knuepfer S, Esser E, Bauer M, Settmacher U, Barz D, Reinhart
K: Anemia and blood transfusion in a surgical intensive care unit. Crit Care
14:R92, 2010.
10. Park DW, Chun BC, Kwon SS, Yoon YK, Choi WS, Sohn JW, Peck KR, Kim
YS, Choi YH, Choi JY, et al.: Red blood cell transfusions are associated with

11.

12.

13.

14.

15.

16.

17.
18.
19.

20.

21.

22.

23.

24.

25.

26.

101

lower mortality in patients with severe sepsis and septic shock: a propensitymatched analysis. Crit Care Med 40:3140Y3145, 2012.
Rüttinger D, Wolf H, Kuchenhoff H, Jauch KW, Hartl WH: Red cell transfusion: an essential factor for patient prognosis in surgical critical illness? Shock
28:165Y171, 2007.
Hebert PC, Wells G, Blajchman MA, Marshall J, Martin C, Pagliarello G,
Tweeddale M, Schweitzer I, Yetisir E: A multicenter, randomized, controlled
clinical trial of transfusion requirements in critical care. Transfusion Requirements
in Critical Care Investigators, Canadian Critical Care Trials Group. N Engl J Med
340:409Y417, 1999.
Carson JL, Grossman BJ, Kleinman S, Tinmouth AT, Marques MB, Fung MK,
Holcomb JB, Illoh O, Kaplan LJ, Katz LM, et al.: Red blood cell transfusion: a
clinical practice guideline from the AABB. Ann Intern Med 157:49Y58, 2012.
McIntyre L, Hebert PC, Wells G, Fergusson D, Marshall J, Yetisir E,
Blajchman MJ: Is a restrictive transfusion strategy safe for resuscitated and
critically ill trauma patients? J Trauma 57:563Y568, 2004.
Rossaint R, Bouillon B, Cerny V, Coats TJ, Duranteau J, Fernandez-Mondejar
E, Hunt BJ, Komadina R, Nardi G, Neugebauer E, et al.: Management of
bleeding following major trauma: an updated European guideline. Crit Care
14:R52, 2010.
Deans KJ, Minneci PC, Suffredini AF, Danner RL, Hoffman WD, Ciu X, Klein
HG, Schechter AN, Banks SM, Eichacker PQ, et al.: Randomization in clinical
trials of titrated therapies: unintended consequences of using fixed treatment
protocols. Crit Care Med 35:1509Y1516, 2007.
Vincent JL: We should abandon randomized controlled trials in the intensive
care unit. Crit Care Med 38:S534YS538, 2010.
Vincent JL: Indications for blood transfusions: too complex to base on a single
number? Ann Intern Med 157:71Y72, 2012.
Hajjar LA, Vincent JL, Galas FR, Nakamura RE, Silva CM, Santos MH,
Fukushima J, Kalil FR, Sierra DB, Lopes NH, et al.: Transfusion requirements
after cardiac surgery: the TRACS randomized controlled trial. JAMA 304:
1559Y1567, 2010.
Carson JL, Terrin ML, Noveck H, Sanders DW, Chaitman BR, Rhoads GG,
Nemo G, Dragert K, Beaupre L, Hildebrand K, et al.: Liberal or restrictive transfusion in high-risk patients after hip surgery. N Engl J Med 365:
2453Y2462, 2011.
Walsh TS, Boyd JA, Watson D, Hope D, Lewis S, Krishan A, Forbes JF,
Ramsay P, Pearse R, Wallis C, et al.: Restrictive versus liberal transfusion
strategies for older mechanically ventilated critically ill patients: a randomized
pilot trial. Crit Care Med 41:2354Y2363, 2013.
Naidech AM, Shaibani A, Garg RK, Duran IM, Liebling SM, Bassin SL,
Bendok BR, Bernstein RA, Batjer HH, Alberts MJ: Prospective, randomized
trial of higher goal hemoglobin after subarachnoid hemorrhage. Neurocrit Care
13:313Y320, 2010.
Carson JL, Carless PA, Hebert PC: Transfusion thresholds and other strategies
for guiding allogeneic red blood cell transfusion. Cochrane Database Syst Rev
4:CD002042, 2012.
Kurth T, Walker AM, Glynn RJ, Chan KA, Gaziano JM, Berger K, Robins JM:
Results of multivariable logistic regression, propensity matching, propensity
adjustment, and propensity-based weighting under conditions of nonuniform
effect. Am J Epidemiol 163:262Y270, 2006.
Wunsch H, Linde-Zwirble WT, Angus DC: Methods to adjust for bias and
confounding in critical care health services research involving observational data.
J Crit Care 21:1Y7, 2006.
Rawlins M: De testimonio: on the evidence for decisions about the use of
therapeutic interventions. Lancet 372:2152Y2161, 2008.

Copyright © 2014 by the Shock Society. Unauthorized reproduction of this article is prohibited.

