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Restrictive red blood cell transfusion and 
alternatives to transfusion in the critically ill:  
a review of the clinical evidence

Anemia is a common problem in critically ill 
patients. Over 90% of patients admitted to an 
intensive care unit are anemic by the third day 
of their stay. The reasons for anemia are multi­
factorial and include bleeding, iatrogenic blood 
loss through diagnostic phlebotomy and blunted 
erythropoiesis. As a result, many critically ill 
patients are transfused. Indeed, two large mul­
ticenter cohort studies reported that 45% of US 
[1] and 37% of European [2] intensive care unit 
patients are transfused. The primary rationale 
for transfusing critically ill patients with red 
blood cells (RBCs) is to increase oxygen delivery, 
and subsequently improve tissue oxygenation. 
Although RBC transfusions are a life-saving 
therapy in cases of severe anemia and in the 
acutely bleeding patient, the benefits in cases of 
mild and moderate anemia are still debated [3,4]. 
Furthermore, a large body of literature docu­
ments several potential harms associated with 
RBC transfusions [5].

This review will discuss the potential benefits 
and risks of administering RBC transfusions in 
the critically ill. We will also summarize current 
clinical evidence for a restrictive RBC transfu­
sion strategy in critically ill adults, children 
and premature infants, and discuss evidence 
for different RBC conservation strategies in the 
critically ill setting. 

Rationale for red blood cell 
transfusions: potential benefits & risks
There are two main reasons for administer­
ing a RBC transfusion. RBCs are excellent 
volume expanders as they are maintained in 
the intravascular space for prolonged periods. 
More importantly, they are the main transport 
mechanism for oxygen, and are thus an essen­
tial component to ensure optimal delivery of 
oxygen to the tissues [6]. The amount of oxygen 
delivered, either to the whole body or to specific 
organs, is quantified by the product of cardiac 
output and the arterial oxygen content, which is 
almost entirely due to oxygen carried by RBCs. 
The relationship between oxygen delivery and 
oxygen consumption is biphasic [7]. In health, 
the amount of oxygen delivered (DO

2
) to the 

whole body exceeds resting oxygen require­
ments by a factor of 2–4 [8]. Thus, oxygen con­
sumption is independent of oxygen delivery. 
However, there is a point whereby oxygen con­
sumption does become dependent upon oxygen 
delivery; this point is called the critical DO

2 

and corresponds to the anaerobic threshold. Any 
further decrease in oxygen delivery may poten­
tially render the tissues hypoxic and provide a 
setting for the development of multiple organ 
failure. Although RBC transfusions are often 
given to increase oxygen delivery and mitigate 
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tissue ischemia, the ability of RBC transfusions 
to increase oxygen consumption has not been 
consistently demonstrated [8]. 

Allogeneic RBC transfusions have well-
described adverse consequences that can be 
divided into infectious [9–11] and noninfectious 
risks [12,13] (see Table 1). Infectious risks include the 
risk of transmission of HIV, hepatitis B and C, 
human T-cell lymphocyte virus (HTLV), West 
Nile virus and variant Jacob Creutzfeldt disease. 
However, with significant advancements in the 
screening of donors for transmittable diseases, 
these infections via blood components are rare. 
Noninfectious risks include febrile, urticarial and 
hemolytic transfusion reactions, as well as trans­
fusion-related acute lung injury (TRALI) [12,13]. 
There are other potential mechanisms by which 
RBCs may exert additional adverse effects 
that impact mortality and morbidity. These 
include immunomodulation  [14–17], as well as 

biomechanical and biochemical changes that 
occur as the stored RBC ages, and are referred 
to as the red cell storage lesion, that may fur­
ther decrease the ability of the RBC to transport, 
release or deliver oxygen [13,18,19]. 

Clinical evidence for a restrictive red 
blood cell transfusion strategy in the 
critically ill
Several randomized controlled trials have exam­
ined the effects of restrictive RBC transfusion 
practices in nonacutely bleeding adult [20], pedi­
atric [21] and neonatal patient populations [22,23]. 

In adult patients, Hebert et al. randomized 
838 euvolemic critically ill patients with hemo­
globin concentrations of less than 90 g/l to a 
restrictive transfusion strategy (target hemo­
globin of 70–90 g/l with a hemoglobin transfu­
sion threshold of 70 g/l), or a liberal transfu­
sion strategy (target hemoglobin of 100–120 g/l 
with a hemoglobin transfusion threshold of 
100 g/l) in the Transfusion Requirements in 
Critical Care (TRICC) trial [20]. Patients in 
the restrictive arm had lower hemoglobin lev­
els (85 vs 107 g/l, p < 0.01), received fewer red 
cell transfusions (2.6 vs 5.6 units per patient, 
p < 0.01), and had a trend toward a lower mor­
tality at 30 days (18.7 vs 23.3%, p = 0.11). In 
subgroup analyses, a restrictive RBC transfusion 
strategy was superior to a conservative strategy 
for younger patients (<55 years old, p = 0.02) and 
those who were less severely ill (Acute Physiology 
and Chronic Health Score [APACHE II] < 20, 
p = 0.02). The results from this seminal trial 
demonstrated that a restrictive RBC transfusion 
strategy reduces red cell transfusion require­
ments, and is at least as safe, and possibly supe­
rior, to a more liberal approach for critically ill 
adults [20]. We recently published a subgroup 
analysis of 203 trauma patients from the TRICC 
trial [24]. The 30-day all-cause mortality rates 
(10 vs 9% respectively, [p = 0.81]), as well as all 
morbidity measures, were similar between the 
restrictive and liberal transfusion groups. 

A separate subgroup analysis of 67 trauma 
patients from the TRICC trial who had sus­
tained a traumatic brain injury was also con­
ducted by our group because of the concern that 
the injured brain may represent a particularly 
vulnerable organ susceptible to adverse con­
sequences of decreased oxygen transport [25]. 
Despite these concerns, the 30-day all-cause 
mortality rates for the restrictive versus liberal 
transfusion groups (17 vs 13% [risk difference: 
4.1 with 95%  CI: 13.4–21.5]) and all mea­
sures of morbidity were similar. Although the 

Table 1. Infectious and noninfectious 
risks associated with red blood cell 
transfusions.

Risks Incidence (number of 
transfused units)

Infectious risks

Viral infection –

Hepatitis A 1:2,000,000

Hepatitis B 1:31,000*–81,000‡

Hepatitis C 1:1,935,000–3,100,000

HIV (AIDS) 1:2,135,000–4,700,000

HTLV I/II 1:1,900,000

Bacterial 
contamination

1:14,000–28,000

Parasitic infection 1:4,000,000

Prions Rare

Noninfectious risks

Febrile nonhemolytic 
reactions

1:500

Urticarial reactions 1:50–100

Anaphylactic reactions 1:23,000

Hemolytic transfusion 
reactions

1:9000

TRALI 1:1300 – 5000

TACO 1:17,000

Post-transfusion 
purpura

1:143,000

*Risk attributable to window period of Hepatitis B infection 
(before development of positive hepatitis B surface antigen 
[HBsAg]) and chronic HBV carriers with undetectable levels 
of HBsAg.
‡Risk attributable to window period of Hepatitis B infection 
only.
HTLV: Human T-cell lymphotrophic virus;  
TACO: Transfusion-associated circulatory overload;  
TRALI: Transfusion-related acute lung injury. 
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results of these two subgroup analyses of trauma 
patients from the TRICC trial may be interest­
ing, caution is advised in their interpretation, as 
both were derived from subgroup analyses, and 
neither study was adequately powered to evaluate 
for clinically important benefit or harm. 

Patients with cardiovascular disease (n = 357) 
represent another subgroup of patients who 
were analyzed separately in the TRICC trial. 
Overall, the 30-day mortality rate was simi­
lar for the restrictive and liberal transfusion 
groups (23 vs 23%, p = 1.00) [26]. However, 
in 257 patients who had severe ischemic heart 
disease, there was a trend toward an increase in 
30-day mortality in the restrictive as compared 
with the liberal transfusion group (26 vs 21%, 
p = 0.38). The results of two additional large 
retrospective observational studies examin­
ing red cell transfusions in patients with acute 
myocardial infarction are contradictory, with 
one study suggesting that transfusion at higher 
hemoglobin thresholds may be beneficial [27], 
and the second study demonstrating an associa­
tion between RBC transfusion and increased 
mortality [28]. Further large randomized, con­
trolled trials are required in this patient group 
to determine whether a lower hemoglobin trans­
fusion trigger is at least as safe as a more liberal 
trigger in patients with ischemic heart disease. 
A multicenter trial examining RBC transfusion 
triggers in high-risk patients with cardiovascular 
disease and who have sustained a hip fracture 
(the Functional Outcomes in Cardiovascular 
Patients Undergoing Surgical Hip Fracture 
Repair [FOCUS] trial) is nearing completion 
and will further inform this issue [101]. 

Lacroix and colleagues recently published a 
randomized, controlled trial of 637 pediatric 
intensive care unit patients (age range: 3 days 
to 14-years-old) and found that a hemoglobin 
threshold of 70 g/l as compared with a more lib­
eral transfusion threshold of 95 g/l reduced red 
cell transfusion by 44% (0.9 ± 2.6 vs 1.7 ± 2.2 
units per patient, p < 0.001), without differences 
in mortality or in new or progressive multiorgan 
dysfunction between the two groups [21]. 

A single-center, randomized controlled trial of 
100 preterm infants (birth weight 500–1300 g) 
found no differences in survival, patent ductus 
arteriosis, retinopathy or bronchopulmonary 
dysplasia between the study groups [23], but 
there was an significant increase in grade  IV 
intraventricular hemorrhage (4 [14%] versus 0, 
p = 0.054), apneic episodes (>1 apnea episode 
per day: 21 [43%] versus 10 [20%], p = 0.017), 
and a trend toward greater periventricular 

leukomalacia (4 [14% vs 0], p = 0.115) in the 
restrictive as compared with the liberal transfu­
sion group. A subsequent multicenter trial of 451 
premature (<31 weeks) infants with extremely 
low birth weights (<1000  g), the Premature 
Infants in Need of Transfusion (PINT) trial, 
randomized the subjects to varying hemoglo­
bin thresholds according to age (days), method 
of blood sampling (capillary vs central venous 
catheter sampling) and need for respiratory 
support [22]. The differences in the transfu­
sion thresholds for the restrictive and liberal 
groups were between 9 and 20 g/l. Infants in 
the restrictive as compared with the liberal group 
had lower mean hemoglobin levels and a trend 
towards a decreased number of RBC transfu­
sions (4.9 ± 4.2 vs 5.7 ± 5.0, p = 0.07). Infants in 
the restrictive transfusion arm were also exposed 
to fewer RBC donors (2.1 ± 2.0 vs 2.6 ± 2.7, 
p = 0.035). There were no significant differences 
in the primary composite outcome of death, sur­
vival with bronchopulmonary dysplasia, severe 
retinopathy of prematurity or brain injury 
(74 vs 69.7%, p = 0.25) between the restrictive 
versus liberal transfusion groups. When death 
was examined as a separate outcome, there was 
a trend toward an increase in mortality for the 
restrictive as compared with liberal transfusion 
group (21.5 vs 17.5%, respectively; risk differ­
ence: 2.6%; 95% CI: 3.5–8.8%, p  =  0.21). 
These findings should be considered as hypoth­
esis-generating, and require confirmation or 
refutation in future trials to understand whether 
a restrictive transfusion strategy is safe in the 
premature infant population. 

Alternatives to red blood cell 
transfusions for patients with  
subacute anemia: blood  
conservation strategies
There are a number of alternatives to RBC trans­
fusion that may be directly applicable to the crit­
ically ill patient [29,30] (Table 2). They include the 
use of artificial oxygen carriers (hemoglobin sub­
stitutes and perfluorocarbons) [31,32]; stimulation 
of endogenous production of RBCs with the use 
of erythropoietin [33,34]; reduction of blood loss 
through the use of antifibrinolytics [35], hemo­
static agents [36] and cell salvage [37]; restrictive 
diagnostic phlebotomy with small-volume sam­
ple tubes [38–40]; minimization of routine daily 
phlebotomies; point-of-care microanalysis [41,42]; 
closed blood-sampling techniques [43,44]; and the 
use of audits, educational programs and remind­
ers to help physicians comply to a lower RBC 
transfusion threshold [45–47].
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Artificial oxygen carriers:  
hemoglobin oxygen substitutes  
& perfluorocarbons
Hemoglobin substitutes may delay and/or reduce 
exposure to allogeneic blood in the acutely bleed­
ing trauma patient. There are two classes of hemo­
globin substitutes. These include the hemoglobin 
oxygen-based carriers (HBOCs) and the perfluo­
rocarbons [48,49]. HBOCs differ with respect to 
their molecular size, chemistry, viscosity and oxy­
gen-binding affinity [49]. Advantages of HBOCs 
include their ready availability without the need 
for cross-matching, long shelf-life, ability to be 
stored at room temperature and reduced risk of 
disease transmission [31,50]. Disadvantages include 
their relatively short half-life (24–48 h), interfer­
ence with laboratory measures, and vasoreactivity 
with increased vascular resistance [31]. Potential 
causes for increased vascular resistance include 
scavenging of nitric oxide, enhanced adrener­
gic receptor sensitivity, reduced arterial wall 
shear stress secondary to decreased viscosity and 
reduced oxygen affinity [31,49–53].

Diaspirin cross-linked hemoglobin (DCLHb) 
was the first modified tetrameric human hemo­
globin solution to complete a Phase III random­
ized controlled trial in severely critically ill trau­
matic hemorrhagic shock patients [51]. This trial 
was stopped after an interim analysis demon­
strated a higher mortality in the DCLHb group 
compared with saline controls (38 vs 15% at 48 h 
[p = 0.01], 46 vs 17% at 28 days [p = 0.003]). 
Several explanations for higher mortality in 
the DCLHb group were put forth, and include 
methodological issues as well as an observed 
increase in vascular resistance. DCLHb has since 
been removed from the market. Polyheme® is 
another HBOC that was recently evaluated in 
a multicenter, randomized, controlled trial that 
included 714 patients with blunt trauma who 
were hypotensive in the pre-hospital setting. In 
comparison with the control group that received 
crystalloid infusions, there was a trend toward 
an increased 30-day mortality in the Polyheme 
group (13.4 vs 9.6% for the Polyheme and control 
groups, respectively, p = 0.127) [54]. Myocardial 
infarctions reported by the site investigators were 
also higher in the Polyheme as compared with the 
control group (3 vs 1% respectively, p < 0.05). 
However, a post hoc and blinded committee of 
experts adjudicated these events and found no 
differences in myocardial events between the two 
study groups. 

A recent systematic review by Natanson and 
colleagues examined all published and unpub­
lished randomized, controlled clinical trials of 

HBOCs and found a 30% increase in the risk of 
death and a threefold increase in the risk of myo­
cardial infarction associated with HBOCs [55]. 
However, this systematic review has been criti­
cized for pooling data on heterogeneous patient 
populations, different types and doses of HBOCs 
and varying control populations [56–58]. A newer 
generation HBOC, Hemospan®, is purported to 
not have adverse effects on vascular resistance, 
and is currently undergoing evaluation in clini­
cal trials [59]. There is no doubt that there is a real 
need to identify alternatives to RBC transfusions 
in the acutely bleeding critically ill patient with 
high risk of death and no immediately available 
blood [49]. However, future research with newer 
generation HBOCs need to ascertain that the 
risk of death from exposure to these products 
is less than the risk of death that is associated 
with usual care treatments for a given injury or 
disease [60]. 

Perfluorocarbons are another class of hemo­
globin substitutes that have undergone evaluation 
in Phase II and III trials for acute normovolemic 
hemodilution in the cardiac and noncardiac sur­
gical setting [31,49]. These compounds are attrac­
tive, since they transport both oxygen and carbon 
dioxide, and can release oxygen to the tissues at 
approximately twice the rate at which oxygen dis­
sociates from hemoglobin. The perfluorocarbon 
particles are very small (0.16 µm), and thus may 
be of added value not only in the anemia setting, 
but also in the setting of extreme vascular stenosis 
[61]. Perfluorocarbons have a long shelf-life, and 
no risk of transmission of blood-borne infec­
tions. However, the linear relationship between 
O

2
 partial pressure in blood and O

2 
content 

on perflurocarbons requires administration of 
100% inspired oxygen to provide effective per­
flurocarbon-oxygenation delivery [31]. Such high 
inspired oxygen concentrations may induce acute 
lung injury [62]. Oxygent™ (perflubron [Alliance 
Pharmaceutical Corp., CA, USA]) is a second-
generation perflurocarbon that has been evalu­
ated in Phase II and III studies in cardiac and 
noncardiac surgical settings [63]. Results suggest 
that these compounds may reduce the incidence 
of reaching the intraoperative RBC transfusion 
trigger, and in some studies a reduction in the 
number of allogeneic RBCs transfused. Reported 
adverse effects appear to be mild, and include a 
dose-dependent flu-like syndrome and a transient 
drop in platelet counts that has not effected the 
coagulation system or bleeding [63]. A Phase III 
study in cardiac surgery in 2001 was suspended 
owing to reported adverse neurological effects, 
although an expert panel felt the adverse effects 
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were more likely due to rapid blood harvesting 
in the early cardiopulmonary bypass procedure 
rather than the perfluorocarbon itself [61]. The 
full efficacy and safety profile of perfluorocarbon-
based substitutes, and their potential role in criti­
cally ill patients remains to be clarified through 
future studies [63]. 

Erythropoietin
Recombinant erythropoietin has also been 
used for the treatment of critically ill patients to 
increase hemoglobin levels and avoid blood trans­
fusions [64]. Erythropoietin stimulates the pro­
duction of RBCs over a period of days, and hence 
is not useful in preventing acute blood loss [45]. In 
the most recently published trial, Corwin et al. 
randomized 1460 critically ill patients to receive 
40,000 units of recombinant erythropoietin or 
placebo weekly for up to 3 weeks. Patients receiv­
ing erythropoietin had greater increases in hemo­
globin levels (15.8 ± 19.7 g/l vs 12.0 ± 18.3 g/l, 
p < 0.001) [65]. However, in contrast to previous 
trials, there were no differences in the number of 
patients receiving RBC transfusions or the num­
ber of units transfused. This failure to affect RBC 
transfusion requirements was attributed to the use 
of a more restrictive transfusion strategy. There 
were no differences in mortality (adjusted hazard 
ratio 0.79; 95% CI: 0.56–1.10) but there was a 
significant increase in clinically relevant thrombo­
vascular events in patients who received erythro­
poietin (hazard ratio: 1.41; 95% CI: 1.06–1.86). 
Although a subgroup analysis of 402 patients 
with trauma from this trial found a significantly 
lower mortality in the erythropoietin group as 
compared with the control group (adjusted haz­
ard ratio: 0.37; 95% CI: 0.19–0.72), random­
ized controlled trials in the critically ill trauma 
patient population are required to determine 
whether erythropoietin is helpful or harmful in 
these patients [66]. Based on the clinical evidence 
to date, erythropoietin can not be recommended 
for use in the critically ill. 

A recent meta-analysis of nine trials in the 
critically ill also found that erythropoietin in 
comparison with placebo does not influence 
mortality (odds ratio: 0.86; 95% CI: 0.71–1.05) 
[64,66]. The meta-analysis did not reveal an 
increase in thrombotic events among patients 
treated with erythropoietin. 

Cell salvage
Intra-operative RBC salvage is a well-recognized 
blood conservation strategy [67], but has limited 
applicability to critically ill patients. Postoperative 
blood recovery and transfusion from sterile 

surgical drains in cardiac surgery has shown only 
a marginal reduction in RBC transfusion reduc­
tion (relative risk: 0.85; 95% CI: 0.79–0.92) [68]. 
The feasibility and effectiveness of these tech­
niques for other critically ill patients with acute 
blood loss would be limited.

Antifibrinolytics
Antifibrinolytic and hemostatic agents may have a 
place in reducing blood loss in the acutely bleed­
ing critically ill patient. The three antifibrinolytic 
agents are aprotinin, tranexamic acid and amino­
caproic acid. A recent multicenter, blinded, rand­
omized, controlled trial in 2331 high-risk cardiac 
surgical patients examined aprotinin, tranexamic 
acid and aminocaproic acid, with a primary out­
come of massive bleeding (Blood Conservation 
Using Antifibrinolytics in a Randomized Trial 
[BART]). There was a trend toward a reduction 
in massive bleeding in the aprotinin as compared 
with tranexamic or aminocaproic acid groups 
(relative risk of aprotinin compared with both 
groups: 0.79; 95% CI: 0.59–1.05). However, the 
trial was stopped early by an independent Data 
Safety and Monitoring Board, because 30-day 
mortality was higher in the aprotinin group (rela­
tive risk of aprotinin compared with both groups: 
1.53; 95% CI: 1.06–2.22) [69]. A post hoc analy­
sis suggested that the excess death in the apro­
tinin group may be due to cardiac causes (rela­
tive risk: 2.19, 95% CI: 1.25–3.84 for aprotinin 
compared with the aminocaproic acid and trans­
exemic acid groups combined). Aprotinin has 
since been temporarily removed from the market, 
and is only available by special access [102]. A large 
multicenter, randomized controlled trial evaluat­
ing the role of tranexamic acid versus placebo on 
death and transfusion requirements in 20,000 
critically ill trauma patients at risk of hemor­
rhage is currently ongoing, and will provide some 
definitive evidence as to the efficacy of tranexamic 
acid utility in trauma (Clinical Randomisation of 
an Antifibrinolytic in Significant Haemorrhage 
[CRASH II] study) [103].

Recombinant Factor VIIa
Recombinant activated Factor VII (VIIa) is a 
coagulation factor concentrate that is approved 
for use in patients with factor deficiencies (hemo­
philia) or those with factor inhibitors in Europe 
for congenital platelet disorders [70]. Numerous 
case reports and series involving peri-operative 
and trauma patients, those with massive trans­
fusion, liver disease and gastrointestinal bleed­
ing, have reported reduced blood loss after 
use of recombinant Factor VIIa [70]. However, 
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randomized, controlled trials have evaluated 
recombinant Factor VIIa in critically ill trauma 
patients [36,71], gastrointestinal bleeding [72], 
cardiac surgery [73], liver transplantation and 
resection [74,75], and intracranial hemorrhage 
[76]. A recent systematic review examined the 
evidence for prophylactic and therapeutic use 
of recombinant Factor VIIa in nonhemophilia 
patients, and concluded that its effectiveness 
as a hemostatic agent remains uncertain [77]. 
In this review, the pooled estimates for adverse 
outcomes showed trends for increased thrombo­
embolic complications (relative risk:  1.28; 
95% CI: 0.84–1.95), cardiovascular events (rela­
tive risk: 2.18, 95% CI: 0.82–5.79) and stroke 
(relative risk: 2.02; 95% CI: 0.57–7.17).

Boffard and colleagues recently published 
two parallel multicenter randomized control­
led trials that examined recombinant Factor 
VIIa versus placebo in blunt (n = 143) and pen­
etrating (n = 134) trauma victims [36]. Patients 
receiving eight units of at least six RBC trans­
fusions within 4 h of hospital admission were 
randomized to receive recombinant Factor VIIa 
(200 µg/kg) or placebo following the eighth unit 
of RBCs, with addditional doses (100 µg/kg) 1 
and 3 h later or placebo. Overall, there were no 
significant differences in RBC transfusions. In 
patients surviving for more than 48 h, the pri­
mary outcome of RBC transfusions, the trans­
fusion was reduced by 2.6 units (90% confi­
dence interval: 0.7–4.6, p = 0.02) in the blunt 
trauma group and 1.0 unit (90% confidence 
interval: 0.0–4.6, p = 0.10) in the penetrating 
trauma group. No differences in mortality or 
thromboembolic events between groups were 
noted, but the trial was not powered to evaluate 
these end points. Narayan and colleagues con­
ducted a double-blind, randomized controlled 
trial of 97 patients with traumatic intracerebral 
hemorrhage, and compared escalating doses of 
Factor VIIa versus placebo. No differences in 
death were found between the study groups, but 
there was a trend toward an increase in throm­
boembolic events for the combined doses of 
Factor VIIa as compared with placebo (odds 
ratio: 3.3; 95% CI: 0.69–16.2) [71].

Bosch et al. evaluated the use recombinant 
Factor VIIa in a randomized controlled trial of 
245 patients with upper gastrointestinal bleed­
ing and cirrhosis [72]. In addition to endoscopy 
and standard care, patients were randomized to 
receive eight doses of 100 µg/kg of recombinant 
Factor VIIa or placebo over 30 h. No differences 
in acute bleeding within 24 h, rebleeding, RBC 
transfusions or death were observed. 

For patients with cerebrovascular accidents 
due to intracranial hemorrhage, a Phase II multi­
center randomized, double-blind, dose-finding 
study of recombinant Factor VIIa (n  =  399) 
showed a reduction in mortality (overall odds 
ratio:  1.8, 95%  CI:  1.1–3.0) and disability 
using the modified Rankin score (odds ratio: 
2.2, 95% CI: 1.3–3.8) [76]. There was a non­
significant increase in thrombotic events in 
patients receiving recombinant Factor VIIa. A 
subsequent multicenter randomized control­
led trial comparing two doses of recombinant 
Factor VIIa (20 µg/kg and 80 µg/kg) versus 
placebo in 841 patients with intracranial hem­
orrhage did not show similar benefits in reduc­
ing morbidity and mortality, but did demon­
strate a significant increase in arterial events in 
the Factor VIIa 80 µg/kg group as compared 
with placebo (25 [8%] vs 11 [4%] respectively, 
p = 0.04) [78]. 

Based on the studies to date, the routine use of 
recombinant Factor VIIa for critically ill patient 
populations cannot be recommended owing to 
a lack of clinical benefit from published clinical 
trials and because of the potential for harm, spe­
cifically thrombotic risks. However, use in spe­
cific patients with massive uncontrolled bleeding 
who are nonresponsive to standard treatments 
and conventional blood components may still be 
considered, but the lack of evidence for benefit, 
the cost and the potential risks of thrombotic 
complications need to be carefully considered [79].

Preventative strategies to minimize 
blood loss in the critically Ill
�� Blood loss due to phlebotomy

Diagnostic phlebotomy is an important cause 
of blood loss, and hence anemia in critically ill 
patients [1,2,29]. There appears to be a correla­
tion between the severity of illness and both the 
number of blood draws and the total amount of 
phlebotomized blood [2,29]. A recent large study 
of 145 European intensive care units showed that 
phlebotomies were associated with an average 
blood loss of 41.1 ml/day [2]. In one study of 
patients admitted to an intensive care unit for 
more than 3 days, phlebotomy accounted for 
17% of the total blood loss [80]. In two American 
retrospective studies, phlebotomy accounted for 
50% of the variation in the amount of RBCs 
transfused [81,82]. 

Small-volume blood collection tubes 
and minimization of discarded blood
The use of small-volume (pediatric) blood col­
lection tubes, the elimination or reduction of 
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initial blood discard with indwelling catheters, 
and altering test order behavior are strategies that 
may reduce iatrogenic blood loss in the critically 
ill [83]. In two studies that examined the use of 
pediatric blood collection tubes, the use of these 
tubes reduced the extracted volume by 37 [84] 
and 47% [40] and, in one study, resulted in a sig­
nificant reduction in the proportion of patients 
transfused [84]. Point-of-care testing may further 
reduce the volume of samples for diagnostic test­
ing. In addition to improved turnaround and 
decreased personnel time, these bedside diag­
nostic tests often require less than 0.5 ml. As the 
reliability and affordability of these technologies 
improve, they may become a valuable addition 
to blood conservation strategies. 

Current technology exists to eliminate the loss 
of discarded blood associated with indwelling 
catheters. This blood conservation strategy can 
reduce the mean amount of blood lost through 
phlebotomy by 50% [43]. Similar reductions in 
blood loss associated with phlebotomy have been 
demonstrated with automated closed arterial sys­
tems [85–87]. Eliminating the loss of ‘discarded’ 
blood prior to diagnostic phlebotomy was associ­
ated with higher hemoglobin levels in most stud­
ies [43,86,87], but none of the studies reported a 
reduction in RBC transfusions. While this 
may be owing to the small number of patients 
included in these studies, the amount of blood 
saved with these techniques alone may not be 

large enough to avoid RBC transfusion in criti­
cally ill patients. Further research to examine a 
multifaceted strategy to examine effects on blood 
loss and requirements for blood transfusions in 
the critically ill are warranted. 

Conclusion
We have provided an overview of the currently 
available strategies to reduce the utilization of 
RBCs in critically ill patients. Although a num­
ber of strategies exist to reduce RBC transfu­
sion, including pharmacologic hemostatic drugs, 
RBC production stimulants and artificial oxygen 
carriers, the most effective remains the simplest 
and likely least costly. Indeed, blood conserva­
tion strategies that target and limit appropri­
ate use of diagnostic phlebotomy is a simple 
and practical intervention that may reduce the 
burden of anemia among critically ill patients. 
Adoption of a restrictive transfusion threshold is 
the only intervention that has been evaluated in 
large clinical randomized trials, and been found 
to reduce RBC use without increasing morbid­
ity or mortality. Other simple interventions, 
such as audit programs, educational programs 
and/or reminders, can be effective in chang­
ing physician transfusion practice, and could 
be used to increase compliance to adopting a 
lower RBC transfusion threshold. Additional 
pharmacological and mechanical therapies to 
reduce blood loss and the transfusion of blood 

Executive summary

�� Anemia is very common in the critically ill patient. It occurs in approximately 90% of patients.
�� Although the blood system has become much safer over time, there remain many potential noninfectious risks for the physician  

to consider. 
�� There is little clinical evidence that the administration of a red blood cell (RBC) transfusion for the nonacutely bleeding critically ill patient 

improves clinical outcome. 
–	 One possible exception is the critically ill patient with active ischemic heart disease. This subgroup of patients requires further study 

to understand the magnitude of benefit or harm that may be afforded with use of RBCs in this setting.

�� There are several alternatives to RBC transfusions. These include the use of RBC substitutes (hemoglobin-based oxygen substitutes 
[HBOCs]) and perfluorocarbons, erythropoietin, antifibrinolytics, cell salvage and other nonmedicinal strategies to minimize blood loss in 
the critically ill.
–	 There is no evidence from randomized controlled trials that HBOCs or perfluorocarbons improve clinical outcomes in the critically ill 

acutely bleeding patient; a recent systematic review of the literature suggests that the use of HBOCs may be associated with harm 
(increased risk of death and myocardial infarction). 

–	 Evidence from randomized controlled trials suggest that erythropoietin is not effective, and may be associated with an increase in 
thrombotic risk. A subgroup of patients where erythropoietin may be beneficial is the trauma population; future research is required 
to ascertain the effects of erythropoietin in this setting.

–	 A randomized controlled trial is currently ongoing to examine the use of tranexemic acid versus placebo on clinical outcome in the 
trauma setting (CRASH II study). A randomized controlled trial evaluating aprotinin versus aminocaproic acid versus tranexemic acid 
in the cardiac surgical setting was stopped early by an independent Data Safety and Monitoring Board because 30-day mortality 
was higher in the aprotinin group as compared with the aminocaproic and tranexemic acid study groups. Presently, aprotinin has 
been temporarily removed from the market and is available only by special release.

–	 Several other strategies to minimize blood loss that have not been evaluated in large randomized controlled trials, but may be 
effective, include audits, educational programs and reminders for physicians and nurses about their use of blood and transfusion 
thresholds. Other potentially useful strategies include the use of pediatric tubes for blood draws and closed arterial systems to 
minimize blood wastage.



Review McIntyre & Tinmouth

www.futuremedicine.com 755future science group

Restrictive red blood cell transfusion and alternatives to transfusion in the critically ill Review

products may also prove beneficial, but the effec­
tiveness and safety of these interventions requires 
further rigorous evaluations from randomized 
controlled trials. 

Future perspective
There are many potential effects of RBCs that 
go beyond the optimization of oxygen delivery 
and that may afford benefit or harm in the criti­
cally ill. Future research requires an exploration 
of these potential benefits and harms with spe­
cific subpopulations of the critically ill (i.e., isch­
emic heart disease). Future research with RBCs 
should also consider whether the RBC storage 
lesion impacts clinical outcome in the critically 

ill. Further preclinical and clinical research is war­
ranted on new and modified artificial oxygen car­
riers (HBOCs and perfluorocarbons) to examine 
their efficacy and safety in the critically ill.  

Financial & competing interests disclosure
The authors have no relevant affiliations or financial 
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter 
or materials discussed in the manuscript. This includes 
employment, consultancies, honoraria, stock ownership or 
options, expert testimony, grants or patents received or pend-
ing, or royalties.

No writing assistance was utilized in the production of 
this manuscript.

Bibliography
Papers of special note have been highlighted as:
n  of interest
nn  of considerable interest

1	 Corwin HL, Gettinger A, Pearl RG et al.: 
The CRIT Study: anemia and blood 
transfusion in the critically ill – current 
clinical practice in the United States. Crit. 
Care Med. 32(1), 39–52 (2004). 

2	 Vincent JL, Baron J-F, Reinhart K et al.: 
Anemia and blood transfusion in critically ill 
patients. JAMA 288(12), 1499–1507 (2002). 

3	 Blajchman M, Klein H: Looking back in 
anger: retrospection in the face of a 
paradigm shift. Transfus. Med. Rev. 11(1), 
1–5 (1997).

4	 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(1), 31–39 (2008).

5	 Vamvakas EC, Blajchman MA: Transfusion-
related mortality: the ongoing risks of 
allogeneic blood transfusion and the available 
strategies for their prevention. Blood 113(15), 
3406–3417 (2009).

nn	 Excellent review examining the potential 
harms with transfusion.

6	 Henry S, Scalea TM: Resuscitation in the 
new millennium. Surg. Clin. North Am. 
79(6), 1259–1267 (1999).

7	 Ronco JJ, Fenwick JC, Tweeddale MG:  
Does increasing oxygen delivery improve 
outcome in the critically ill? No. Crit. Care 
Clin. 12(3), 645–659 (1996).

8	 Hebert PC, Hu LQ, Biro GP: Review of 
physiologic mechanisms in response to 
anemia. Can. Med. Assoc. J. 156, S27–S40 
(1997).

n	 Good review to understand the different 
physiological responses to anemia. 

9	 Blajchman MA: Incidence and significance of 
the bacterial contamination of blood 
components. Dev. Biol. (Basel) 108, 59–67 
(2002).

10	 Kleinman S, Chan P, Robillard P: Risks 
associated with transfusion of cellular blood 
components in Canada. Transfus. Med. Rev. 
17(2), 120–162 (2003).

11	 Dodd RY, Notari IV EP, Stramer SL: Current 
prevalence and incidence of infectious disease 
markers and estimated window-period risk in 
the American Red Cross blood donor 
population. Transfusion 42, 975–979 (2002).

12	 Silliman CC, Boshkov LK, Mehdizadehkashi Z 
et al.: Transfusion-related acute lung injury: 
epidemiology and a prospective analysis of 
etiologic factors. Blood 101(2), 454–462 
(2003).

13	 Tinmouth A, Fergusson D, Yee IC, Hebert PC; 
ABLE Investigators and the Canadian Critical 
Care Trials Group: Clinical consequences of 
red cell storage in the critically ill. Transfusion 
46(11), 2014–2027 (2006).

14	 Chang H, Hall GA, Geerts WH, 
Greenwood C, McLeod RS, Sher GD: 
Allogeneic red blood cell transfusion is an 
independent risk factor for the development of 
postoperative bacterial infection. Vox Sang. 
78(1), 13–18 (2000).

15	 Hill GE, Frawley WH, Griffith KE, 
Forestner JE, Minei JP: Allogeneic blood 
transfusion increases the risk of postoperative 
bacterial infection: a meta-analysis. J. Trauma 
54(5), 908–914 (2003).

16	 Blajchman MA: Transfusion-associated 
immunomodulation and universal white cell 
reduction: are we putting the cart before the 
horse? Transfusion 39, 665–670 (1999).

17	 Vamvakas EC, Carven JH: Transfusion and 
postoperative pneumonia in coronary artery 
bypass graft surgery: effect of the length of 
storage of transfused red cells. Transfusion 
39(7), 701–710 (1999).

18	 Messmer KF: Acceptable hematocrit levels in 
surgical patients. World J. Surg. 11(1), 41–46 
(1987).

19	 Tinmouth A, Chin-Yee I: The clinical 
consequences of the red cell storage  
lesion. Transfus. Med. Rev. 15(2), 91–107 
(2001).

20	 Hebert PC, Wells G, Blajchman MA et al.: 
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(6), 
409–417 (1999).

nn	 Seminal randomized controlled trial 
examining restrictive versus liberal 
transfusion triggers in critically ill adults. 

21	 Lacroix J, Hebert PC, Hutchison JS et al.: 
Transfusion startegies for patients in pediatric 
intensive care units. N. Engl. J.  Med. 
356(1609), 1619 (2007).

nn	 Seminal randomized controlled trial 
examining restrictive versus liberal 
transfusion triggers in the pediatric  
critically ill. 

22	 Kirpalani H, Whyte RK, Andersen C et al.: 
The premature infants in need of transfusion 
(pint) study: a randomized, controlled trial 
of a restrictive (LOW) versus liberal (HIGH) 
transfusion threshold for extremely low birth 
weight infants. J.  Pediatr. 149(3), 301–307 
(2006).

nn	 The only multicenter randomized  
controlled trial in premature infants  
that has examined variable transfusion 
triggers on clinical outcomes. 

23	 Bell EF, Strauss RG, Widness JA et al.: 
Randomized trial of liberal versus restrictive 
guidelines for red blood cell transfusion in 
preterm infants. Pediatrics 115(6), 1685–1691 
(2005).



Therapy (2009) 6(5)756 future science group

Review McIntyre & Tinmouth Restrictive red blood cell transfusion and alternatives to transfusion in the critically ill Review

24	 McIntyre L, Hebert PC, Wells G et al.: 
Is a restrictive transfusion strategy safe for 
resuscitated and critically ill trauma patients? 
J. Trauma 57(3), 563–568 (2004).

25	 McIntyre LA, Fergusson DA, Hutchison JS 
et al.: Effect of a liberal versus restrictive 
transfusion strategy on mortality in patients 
with moderate to severe head injury. 
Neurocrit. Care 5, 4–9 (2006).

26	 Hebert PC, Yetisir E, Martin C et al.: Is a low 
transfusion threshold safe in critically ill 
patients with cardiovascular diseases? Crit. 
Care Med. 29(2), 227–234 (2001).

n	 A subgroup analysis from the TRICC trial 
that examined critically ill patients with 
ischemic heart disease. 

27	 Wu WC, Rathore SS, Wang Y, Radford MJ, 
Krumholz HM: Blood transfusion in elderly 
patients with acute myocardial infarction. 
N. Engl. J.  Med. 345(17), 1230–1236 (2001).

n	 Observational study from a large  
database that examines hematocrit and  
the associations with risk of acute 
myocardial infarction. 

28	 Rao SV, Jollis JG, Harrington RA et al.: 
Relationship of blood transfusion and clinical 
outcomes in patients with acute coronary 
syndromes. JAMA 292(13), 1555–1562 (2004).

n	 Observational study with patients derived 
from cardiac randomized controlled trials 
that examines the association of blood 
transfusion and clinical outcomes for 
patients with acute coronary syndromes. 

29	 Tinmouth AT, McIntyre LA, Fowler RA: 
Blood conservation strategies to reduce the 
need for red blood cell transfusion in critically 
ill patients. Can. Med. Assoc. J. 178(1), 49–57 
(2008).

30	 Corwin HL: Blood conservation in the 
critically ill patient. Anesthesiol. Clin. North 
America 23(2), 363–372 (2005).

31	 Tremblay LN, Rizoli SB, Brenneman FD: 
Advances in fluid resuscitation of 
hemorrhagic shock. Can. J. Surg. 44(3), 
172–179 (2001).

32	 Spahn DR, Kocian R: Artificial O
2
 carriers: 

status in 2005. Curr. Pharm. Des. 11(31), 
4099–4114 (2005).

33	 Corwin HL, Gettinger A, Pearl RG et al.: 
Efficacy of recombinant human 
erythropoietin in critically ill patients:  
a randomized controlled trial. JAMA 288(22), 
2827–2835 (2002).

34	 Corwin HL, Gettinger A, Rodriguez RM 
et al.: Efficacy of recombinant human 
erythropoietin in the critically ill patient: a 
randomized, double-blind, placebo-controlled 
trial. Crit. Care Med. 27(11), 2346–2350 
(1999).

35	 Coats T, Roberts I, Shakur H: 
Antifibrinolytic drugs for acute traumatic 
injury. Cochrane Database of Syst. Rev. 4 
(2006).

36	 Boffard KD, Riou B, Warren B et al.: 
Recombinant factor VIIa as adjunctive 
therapy for bleeding control in severely 
injured trauma patients: two parallel 
randomized, placebo-controlled, double-blind 
clinical trials. J. Trauma 59(1), 8–15 (2005).

n	 Main evidence examining the use of 
Factor VIIa in the severe trauma setting. 

37	 Huet C, Salmi LR, Fergusson D, Koopman-
van Gemert AWMM, Rubens F, Laupacis A: 
A meta-analysis of the effectiveness of cell 
salvage to minimize perioperative allogeneic 
blood transfusion in cardiac and orthopedic 
surgery. International Study of Perioperative 
Transfusion (ISPOT) Investigators. Anesth. 
Analg. 89(4), 861–869 (1999).

38	 Henry ML, Garner WL, Fabri PJ: Iatrogenic 
anemia. Am. J. Surg. 151(3), 362–363 (1986).

39	 Foulke GE, Harlow DJ: Effective measures 
for reducing blood loss from diagnostic 
laboratory tests in intensive care unit patients. 
Crit. Care Med. 17, 1143–1145 (1989).

40	 Smoller BR, Kurskall MS, Horowitz GL: 
Reducing adult phlebotomy blood loss with the 
use of pediatric sized blood collection tubes. 
Am. J. Clin. Pathol. 91(6), 701–703 (1989).

41	 Salem M, Chernow B, Burke R, Stacey JA, 
Slogoff M, Sood S: Bedside diagnostic blood 
testing. Its accuracy, rapidity, and utility in 
blood conservation. JAMA 266(3), 382–389 
(1991).

42	 Alex CP, Manto JC, Garland JS: Clinical 
utility of a bedside blood analyzer for 
measuring blood chemistry values in 
neonates. J. Perinatol. 18(1), 45–48 (1998).

43	 Gleason E, Grossman S, Campbell C: 
Minimizing diagnostic blood loss in critically 
ill patients. Am. J. Crit. Care 1, 85–90 (1992).

44	 Preusser BA, Lash J, Stone KS, 
Winningham ML, Gonyon D, Nickel JT: 
Quantifying the minimum discard sample 
required for accurate arterial blood gases. 
Nurs. Res. 38(5), 276–279 (1989).

45	 Tinmouth A, Macdougall L, Fergusson D 
et al.: Reducing the amount of blood 
transfused: a systematic review of behavioral 
interventions to change physicians’ 
transfusion practices. Arch. Intern. Med. 
165(8), 845–852 (2005).

n	 Good review of behavioral interventions 
aimed to understand and change red blood 
cell transfusion practices. 

46	 Wilson K, Macdougall L, Fergusson D, 
Graham I, Tinmouth A, Hebert PC: The 
effectiveness of interventions to reduce 
physician’s levels of inappropriate transfusion: 

what can be learned from a systematic review of 
the literature. Transfusion 42(9), 1224–1229 
(2002).

47	 French CJ, Bellomo R, Finfer SR, Lipman J, 
Chapman M, Boyce NW: Appropriateness of 
red blood cell transfusion in Australasian 
intensive care practice. Med. J.  Aust. 177(10), 
548–551 (2002).

48	 Winslow RM: Cell-free oxygen carriers: 
scientific foundations, clinical development, 
and new directions. Biochim. Biophys. Acta 
1784(10), 1382–1386 (2008).

49	 Winslow RM: Current status of oxygen 
carriers (‘blood substitutes’): 2006. Vox Sang. 
91(2), 102–110 (2006).

nn	 Excellent review of oxygen carriers. 

50	 Moore EE, Cheng AM, Moore HB, 
Masuno T, Johnson JL: Hemoglobin-based 
oxygen carriers in trauma care: Scientific 
rationale for the US multicenter prehospital 
trial. World J. Surg. 30, 1–11 (2006).

51	 Sloan EP, Koenigsberg M, Gens D et al.: 
Diaspirin cross-linked hemoglobin (DCLHb) 
in the treatment of severe traumatic 
hemorrhagic shock: a randomized controlled 
efficacy trial. JAMA 282(19), 1857–1864 
(1999).

n	 A randomized controlled trial in trauma 
examining hemoglobin-based oxygen carrier 
(HBOC) that was stopped early owing to 
increased mortality in the HBOC group. 

52	 Wettstein R, Cabrales P, Erni D, Tsai AG, 
Winslow RM, Intaglietta M: Resuscitation 
from hemorrhagic shock with MalPEG-
albumin: comparison with MalPEG-
hemoglobin. Shock 22(4), 351–357 (2004). 

53	 Boura C, Caron A, Longrois D, Mertes PM, 
Labrude P, Menu P: Volume expansion with 
modified hemoglobin solution, colloids, or 
crystalloid after hemorrhagic shock in rabbits: 
effects in skeletal muscle oxygen pressure and 
use versus arterial blood velocity and 
resistance. Shock 19(2), 176–182 (2003).

54	 Jacob M, Chappell D, Conzen P, 
Wilkes MM, Becker BF, Rehm M:  
Small-volume resuscitation with 
hyperoncotic albumin: a systematic review of 
randomized clinical trials. Crit. Care 12, 
R34 (2008).

55	 Natanson C, Kern SJ, Lurie P, Banks SM, 
Wolfe SM: Cell-free hemoglobin-based blood 
substitutes and risk of myocardial infarction 
and death: a meta-analysis. JAMA 299(19), 
2304–2312 (2008).

nn	 Systematic review of the literature examines 
harm associated with HBOCs.

56	 Shander A, Javidroozi M, Thompson G: 
Hemoglobin-based blood substitutes and risk 
of myocardial infarction and death. letter to 
editor. JAMA 300(11), 1296–1297 (2008).



Review McIntyre & Tinmouth

www.futuremedicine.com 757future science group

Restrictive red blood cell transfusion and alternatives to transfusion in the critically ill Review

57	 Sauaia A, Moore EE, Banerjee A: 
Hemoglobin-based blood substitutes and risk 
of myocardial infarction and death. Letter to 
editor. JAMA 300(11), 1297 (2008). 

58	 Natanson C, Lurie P, Wolfe SM: 
Hemoglobin-based blood substitutes and risk 
of myocardial infarction and death. Letter to 
editor. JAMA 300(11), 1298–1299 (2008). 

59	 Vandegriff KD, Winslow RM: Hemospan: 
design principles for a new class of oxygen 
therapeutic. Artif. Organs 33(2), 133–138 
(2009).

60	 Fergusson DA, McIntyre L: The future of 
clinical trials evaluating blood substitutes. 
JAMA 299(19), 2324–2326 (2008).

61	 Kocian R, Spahn DR: Haemoglobin, oxygen 
carriers and perioperative organ perfusion. 
Best Prac.t Res. Clin. Anaesthesiol. 22(1), 
63–80 (2008).

62	 Jenkinson SG: Oxygen toxicity. New Horizons 
1, 504–511 (1993).

63	 Larbuisson R, Deby-Dupont G, Lamy M: 
Oxygen carriers in cardiac surgery. Transfus. 
Altern. Transfus. Med. 7(1), 42–57 (2005).

64	 Zarychanski R, Turgeon AF, McIntyre L, 
Fergusson DA: Erythropoietin-receptor 
agonists in critically ill patients: a meta-
analysis of randomized controlled trials. Can. 
Med. Assoc. J. 177(7), 725–734 (2007).

n	 Good meta-analysis summarizing 
randomized controlled trials of 
erythropoietin in the critically ill. 

65	 Corwin HL, Gettinger A, Fabian TC et al.: 
Efficacy and safety of epoetin a in critically 
ill patients. N. Engl. J. Med. 357(10), 
965–976 (2007).

n	 Good meta-analysis summarizing 
randomized controlled trials of 
erythropoietin in the critically ill. 

66	 Cook D, Crowther M: Targeting anemia with 
erythropoietin during critical illness. N. Engl. 
J. Med. 357(10), 1037–1039 (2007).

67	 Goodnough LT, Brecher ME, Kanter MH, 
Aubuchon JP: Transfusion medicine. Second 
of two parts. Blood conservation. N. Engl. 
J. Med. 340, 525–533 (1999).

68	 Huet C, Salmi LR, Fergusson D, Koopman-
van Gemert AW, Rubens F, Laupacis A:  
A meta-analysis of the effectiveness of cell 
salvage to minimize perioperative allogeneic 
blood transfusion in cardiac and orthopedic 
surgery. International Study of Perioperative 
Transfusion (ISPOT) Investigators. Anesth. 
Analg. 89(4), 861–869 (1999).

69	 Fergusson DA, Hebert PC, Mazer CD et al.: 
A comparison of aprotinin and lysine 
analogues in high-risk cardiac surgery. 
N. Engl. J. Med. 358(22), 2319–2331 (2008).

nn	 A multicenter randomized controlled trial 
that examined three antifibrinolytics in 
high-risk cardiac surgical patients. 

70	 Levi M, Peters M, Buller HR: Efficacy and 
safety of recombinant factor VIIa for 
treatment of severe bleeding: a systematic 
review. Crit. Care Med. 33(4), 883–890 
(2005).

71	 Narayan RK, Maas AI, Marshall LF, 
Servadei F, Skolnick BE, Tillinger MN: 
Recombinant factor VIIA in traumatic 
intracerebral hemorrhage: results of a 
dose-escalation clinical trial. Neurosurgery 
62(4), 776–786 (2008).

72	 Bosch J, Thabut D, Bendtsen F et al.: 
Recombinant factor VIIa for upper 
gastrointestinal bleeding in patients with 
cirrhosis: a randomized, double-blind trial. 
Gastroenterology 127(4), 1123–1130 (2004).

73	 Diprose P, Herbertson MJ, O’Shaughnessy D, 
Gill RS: Activated recombinant factor VII 
after cardiopulmonary bypass reduces 
allogeneic transfusion in complex non-
coronary cardiac surgery: randomized 
double-blind placebo-controlled pilot study. 
Br. J. Anaesth. 95(5), 596–602 (2005).

74	 Planinsic RM, Van der MJ, Testa G et al.: 
Safety and efficacy of a single bolus 
administration of recombinant factor VIIa in 
liver transplantation due to chronic liver 
disease. Liver Transpl. 11(8), 895–900 
(2005).

75	 Lodge JP, Jonas S, Oussoultzoglou E et al.: 
Recombinant coagulation factor VIIa in 
major liver resection: a randomized, 
placebo-controlled, double-blind clinical 
trial. Anesthesiology 102(2), 269–275 
(2005).

76	 Mayer SA, Brun NC, Begtrup K et al.: 
Recombinant activated Factor VII for acute 
intracerebral hemorrhage. N. Engl. J. Med. 
352(8), 777–785 (2005).

nn	 A multicenter randomized controlled trial 
examining the use of Factor VIIa for patients 
with acute intracranial hemorrhage. 

77	 Stanworth SJ, Birchall J, Doree CJ, Hyde C: 
Recombinant factor VIIa for the prevention 
and treatment of bleeding in patients without 
haemophilia. Cochrane Database Syst. Rev. 2, 
CD005011 (2007). 

78	 Mayer SA, Brun NC, Begtrup K et al.: 
Efficacy and safety of recombinant activated 
factor VII for acute intracerebral hemorrhage. 
N. Engl. J. Med. 358(20), 2127–2137 (2008).

79	 Goodnough LT, Lublin DM, Zhang L, 
Despotis G, Eby C: Transfusion medicine 
service policies for recombinant factor VIIa 
administration. Transfusion 44(9), 1325–1331 
(2004).

80	 von Ahsen N, Muller C, Serke S, Frei U, 
Eckardt KU: Important role of nondiagnostic 
blood loss and blunted erythropoietic 
response in the anemia of medical intensive 
care patients. Crit. Care Med. 27(12), 
2630–2639 (1999).

81	 Smoller BR, Kruskall MS: Phlebotomy for 
diagnostic laboratory tests in adults. Pattern 
of use and effect on transfusion requirements. 
N. Engl. J.  Med. 314(19), 1233–1235 (1986).

82	 Corwin HL, Parsonnet KC, Gettinger A: 
RBC transfusion in the ICU. Is there a 
reason? Chest 108(3), 767–771 (1995).

83	 Fowler RA, Berenson M: Blood Conservation 
in the intensive care unit. Crit. Care Med. 
31(12 Suppl.), S715–S720 (2003).

n	 Good review examining blood conservation 
techniques in the critically ill. 

84	 Arkin S, Blei F, Fetten J et al.: Human 
coagulation factor FVIIa (recombinant) in the 
management of limb-threatening bleeds 
unresponsive to alternative therapies: results 
from the NovoSeven emergency-use 
programme in patients with severe 
haemophilia or with acquired inhibitors. 
Blood Coagul. Fibrinolysis 11(3), 255–259 
(2000).

85	 MacIsaac CM, Presneill JJ, Boyce CA, 
Byron KL, Cade JF: The influence of a blood 
conserving device on anaemia in intensive 
care patients. Anaesth. Intensive Care 31(6), 
653–657 (2003).

86	 Peruzzi WT, Parker MA, Lichtenthal PR, 
Cochran-Zull C, Toth B, Blake M: A clinical 
evaluation of a blood conservation device in 
medical intensive care unit patients. Crit. 
Care Med. 21, 501–506 (1993).

87	 Silver MJ, Li YH, Gragg LA, Jubran F, 
Stoller JK: Reduction of blood loss from 
diagnostic sampling in critically ill patients 
using a blood-conserving arterial line system. 
Chest 104(6), 1711–1715 (1993).

�� Websites
101	 US National Institutes of Health, 

ClinicalTrials.org (2009)  
http://clinicaltrials.gov/ct2/show/NCT00071
032?term=FOCUS&cond=hip+fracture&ra
nk=1

102	 Choudhri S: Availability of Trasylol. BAYER 
Canada (2007) 
www.bayer.ca/files/Final%20English%20
Letter.pdf

103	 Clinical randomisation of an antifibrinolytic 
in significant haemorrhage (2006) 
www.crash2.lshtm.ac.uk/


