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Introduction

Redblood cell (RBC) transfusion practice has changed over
recent decades with the use of still more restrictive strategy
in agreement with revised clinical guidelines and increased

focus on the concept of blood management [1]. The
developments have raised the question if there are sub-
groups of patients, in particular among the critically ill, who
may benefit from an individualized transfusion strategy.

Current critical care practice and its evidence base

The primary driver of RBC transfusions, the transfusion
trigger, in critical care is likely to be hemoglobin (Hb)
values [2, 3]. All the major RBC transfusion trials have
compared restrictive to liberal strategies based on higher
vs. lower Hb thresholds for transfusion [4–6]. This is also
true for the five trials in the ICU setting [7–11] including
a total of 2639 patients. In all five trials Hb of 7 g/dl was
used as the lower transfusion threshold and none of the
trials showed harm with the use of this threshold. Meta-
analysis of the five trials examining mortality at the
longest follow-up time period indicated no heterogeneity
and that using 7 g/dl vs. a higher threshold had no effect
on mortality [relative risk (RR) 0.92, 95 % confidence
interval (CI) 0.82–1.03] (Fig. 1). All five trials showed
that using Hb of 7 g/dl compared to a higher threshold
reduced the number of RBC units transfused and the
number of patients being transfused. The results in the
critical care setting are in line with the general

Fig. 1 Meta-analysis of the effect on mortality of higher vs. lower hemoglobin thresholds for RBC transfusion in randomized clinical
trials in ICU patients. In all trials 7 g/dl was used as the lower threshold for transfusion
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recommendations of Hb of 7–8 g/dl as the ‘universal’
trigger level for transfusion [1].

Three groups of patients may need special considera-
tion, namely those with acute myocardial ischemia, acute
brain injury, and those undergoing elective cardiac surgery.

Patients with acute myocardial ischemia

A meta-analysis including both observational studies and
randomized trials indicated harm [RR 2.04 (95 % CI
1.06–3.93)] with liberal transfusion strategies or transfu-
sion as compared to restrictive transfusion strategy or no
transfusion, but the observational data in this particular
setting are likely to be biased and suffer from uncon-
trolled confounding [12]. To date only two small
randomized controlled trials (RCTs) including a total of
155 patients have compared lower vs. higher Hb thresh-
olds for transfusion in patients with acute myocardial
infarction [13, 14]. Therefore, we urgently need high-
quality trials of lower vs. higher Hb thresholds for RBC
transfusion in this patient group.

Patients with acute brain injury

Few trials have randomized patients with traumatic brain
injury [15, 16]. In the latest published RCT a factorial
design was used to randomize 200 patients with closed
head injury Hb values of 7 vs. 10 g/dl for RBC transfu-
sion and to erythropoietin vs. placebo [16]. Glasgow
Outcome Score at 6 months was comparable in the two
transfusion groups. However, there were fewer throm-
boembolic complications in the restrictive group.

Patients undergoing elective cardiac surgery

A recent high-quality RCT compared the use of an Hb
threshold for transfusion of 7.5 vs. 9 g/dl in 2007 patients
undergoing elective cardiac surgery. There was no dif-
ference in the primary outcome (composite serious
infections or ischemic events), 30-day mortality, or any

other outcome measure except for 90-day mortality,
which was higher in the restrictive group (P = 0.045) [6].
It is still unclear if the latter was a chance finding and the
results have not yet been incorporated into meta-analyses.

Individualization of transfusion based on alternative
triggers

Markers of hypoperfusion togetherwithHbvaluesmight be
useful to guide blood transfusion. Abnormal values of
venous oxygen saturation (SvO2), blood lactate concen-
tration, or ST segment dynamics may identify patients that
may benefit from RBC transfusion at higher Hb levels. In
early septic shock, the combination of low SvO2 and
hematocrit has been recommended as a trigger of transfu-
sion, but the value of this composite trigger is now being
questioned after publication of the ProCESS, ARISE, and
ProMISe trials showing no effect onmortality when used as
part of a complex protocol including higher RBC transfu-
sion rates [17]. None of the other markers have been
assessed in high-quality trials and patient symptoms (e.g.,
dizziness, fatigue, and orthostatic intolerance) are often less
useful in the critical care setting. Taken together, there are
no high-quality data supporting additional triggers to Hb
values for RBC transfusion in critically ill patients.

Blood transfusion should not be individualized
in the majority of critically ill patients

For the majority of critical care patients there is no high-
quality evidence supporting individualized RBC transfu-
sion. A restrictive RBC transfusion strategy appears safe
and results in reduced use of RBCs and fewer patients
being transfused. Thus, a Hb threshold of 7 g/dl should be
regarded as the ‘‘new normal’’ [18] in the critical care
setting, but further consideration may be needed in
patients with myocardial infarction, acute brain injury,
and those undergoing elective cardiac surgery.
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