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Efficacy of red blood cell transfusion in the critically ill:
A systematic review of the literature*

Paul E. Marik, MD, FACP, FCCM, FCCP; Howard L. Corwin, MD, FACP, FCCM, FCCP

Background: Red blood cell (RBC) transfusions are common in
intensive care unit, trauma, and surgical patients. However, the
hematocrit that should be maintained in any particular patient
because the risks of further transfusion of RBC outweigh the
benefits remains unclear.

Objective: A systematic review of the literature to determine
the association between red blood cell transfusion, and morbidity
and mortality in high-risk hospitalized patients.

Data Sources: MEDLINE, Embase, Cochrane Register of Con-
trolled Trials, and citation review of relevant primary and review
articles.

Study Selection: Cohort studies that assessed the independent
effect of RBC transfusion on patient outcomes. From 571 articles
screened, 45 met inclusion criteria and were included for data
extraction.

Data Extraction: Forty-five studies including 272,596 were
identified (the outcomes from one study were reported in four
separate publications). The outcome measures were mortality,
infections, multiorgan dysfunction syndrome, and acute respira-
tory distress syndrome. The overall risks vs. benefits of RBC
transfusion on patient outcome in each study was classified as (i)
risks outweigh benefits, (i) neutral risk, and (iii) benefits out-
weigh risks. The odds ratio and 95% confidence interval for each
outcome measure was recorded if available. The pooled odds
ratios were determined using meta-analytic techniques.

Data Synthesis: Forty-five observational studies with a median
of 687 patients/study (range, 63-78,974) were analyzed. In 42 of
the 45 studies the risks of RBG transfusion outweighed the

benefits; the risk was neutral in two studies with the benefits
outweighing the risks in a subgroup of a single study (elderly
patients with an acute myocardial infarction and a hematocrit
<30%). Seventeen of 18 studies, demonstrated that RBC trans-
fusions were an independent predictor of death; the pooled odds
ratio (12 studies) was 1.7 (95% confidence interval, 1.4—1.9).
Twenty-two studies examined the association between RBC
transfusion and nosocomial infection; in all these studies blood
transfusion was an independent risk factor for infection. The
pooled odds ratio (nine studies) for developing an infectious
complication was 1.8 (95% confidence interval, 1.5-2.2). RBC
transfusions similarly increased the risk of developing multi-
organ dysfunction syndrome (three studies) and acute respiratory
distress syndrome (six studies). The pooled odds ratio for devel-
oping acute respiratory distress syndrome was 2.5 (95% confi-
dence interval, 1.6-3.3).

Conclusions: Despite the inherent limitations in the analysis of
cohort studies, our analysis suggests that in adult, intensive care
unit, trauma, and surgical patients, RBC transfusions are associated
with increased morbidity and mortality and therefore, current trans-
fusion practices may require reevaluation. The risks and benefits of
RBC transfusion should be assessed in every patient before transfu-
sion. (Crit Care Med 2008; 36:2667—2674)

Kev Worps: blood; blood transfusion; anemia; infections; im-
munomodulation; transfusion-related acute lung injury; acute re-
spiratory distress syndrome; mortality; systematic analysis; meta-
analysis

n recent years red blood cell
(RBC) transfusion requirements
in western nations has been in-
creasing because of the increasing
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burden of chronic disease in an aging
population, improvement in life-support
technology, and blood-intensive surgical
procedures (1, 2). In the United States
alone, nearly 15 million units of blood are
donated and 13 million units are trans-
fused annually (2). For much of the last
century, RBC transfusion has been
viewed as having obvious clinical benefit.
However, over the last 20 yrs RBC trans-
fusion practice has come under increased
scrutiny. Initially, this was driven by con-
cerns over transfusion-related infections,
human immunodeficiency virus in par-
ticular. Although the risk of transfusion-
transmitted infections has received con-
siderable attention, the risks of this
complication, with modern blood bank-
ing techniques is now exceedingly remote

(3). On the other hand, it is now becom-
ing clear that there are other important,
less recognized risks of RBC transfusion
related to RBC storage effects and to im-
munomodulating effects of RBC transfu-
sions, which occur in almost all recipi-
ents (4). These immunomodulating
effects may increase the risk of the recip-
ients developing nosocomial infections,
acute lung injury, and the possible devel-
opment of autoimmune diseases later in
life (4, 5). In recent years, the recognition
of these risks has led to a more critical
examination of the benefits associated
with RBC transfusion. This is particularly
important in critically ill, injured, and
postoperative patients, with data in both
adults and children suggesting equiva-
lence, and in some groups superior clin-
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ical outcomes with a lower as opposed to
“standard” transfusion thresholds (6, 7).

Despite the increased scrutiny of
transfusion practices, RBC transfusions
remain common with up to 45% of pa-
tients being transfused in the intensive
care unit (ICU) (8, 9). The goal of this
systematic review was (1) to evaluate the
association between RBC transfusions
and clinical outcome among hospitalized
patients, and (2) to determine which pa-
tients (if any) may benefit from a RBC
transfusion. We restricted this analysis to
adult patients. The primary outcome was
mortality, however, secondary outcomes
included acquired infections, acute respi-
ratory distress syndrome (ARDS), and
multiorgan dysfunction syndrome. As the
Canadian Critical Care Trials Group study
(Transfusion Requirements in Critical
Care [TRICC]) (6) is the only prospective,
adequately powered, randomized study
which has investigated the impact of
blood transfusion on patient outcome,
our analysis was limited to observational
studies. Although meta-analysis of ran-
domized control studies are preferable to
meta-analysis of observational studies, a
systematic review of observational studies
provide a tool for synthesizing clinical
data in the absence of randomized con-
trolled studies. Our meta-analysis was
conducted in accord with the consensus
recommendations by the Meta-analysis of
Observational Studies in Epidemiology
Group (10).

METHODS

Identification of Trials. The analysis was
restricted to those observational studies that
performed multivariate analysis with mortal-
ity and/or the risk of infections, multiorgan
dysfunction syndrome, or ARDS as the end-
points. The aim was to identify all relevant
observational trials that reported the impact of
RBC transfusion on these clinical outcomes. A
multimethod approach was used to identify
relevant studies. The National Library of Med-
icine’s MEDLINE database was searched for
relevant studies in any language published be-
tween 1966 and June 2007 using the following
medical subject headings and keywords: blood
transfusion (explode), erythrocyte, AND mor-
tality, ARDS, infection, multiple organ failure,
critical care, intensive care, “wound or in-
jury,” surgery, and “all adult.” In addition,
Embase and the Cochrane Database of Sys-
tematic Reviews were searched. Bibliographies
of all selected articles and review articles that
included information on RBC transfusion
were reviewed for other relevant articles. This
search strategy was done iteratively, until no
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new potential citations were found on review
of the reference lists of retrieved articles.

Data Extraction and Analysis. Both au-
thors independently abstracted data from all
studies using a standardized form. Data were
abstracted on study design, study size, popu-
lation, and the effect of blood transfusion on
the end points of interest. In addition to the
major outcome variables, the myocardial in-
farction rate and neurologic outcome scores
were recorded in the neurosurgical and car-
diac studies, respectively. ARDS were defined
according to the American-European Consen-
sus Committee Report (11), and infection and
sepsis were defined according to the American
College of Chest Physicians/Society of Critical
Care Medicine Consensus Conference (12).
The hospital mortality was recorded. The over-
all risks vs. benefits of RBC transfusion on
patient outcome in each study was classified as
(1) risks outweigh benefits, (2) neutral risk,
and (3) benefits outweigh risks. This assess-
ment was based on the study end points, such
that if the risk of complications or death was
statistically higher with blood transfusion, the
risks were considered to outweigh the bene-
fits. Likewise, if any outcome variable statisti-
cally favored blood transfusion (in the absence
of any harmful effect) the benefits of RBC
transfusion were considered to outweigh the
risks. A study was considered neutral risk if
blood transfusion had neither beneficial nor
harmful effects. The reinfarction rate and neu-
rologic outcome scores were additionally used
in the assessment of the cardiac and neuro-
surgical studies, respectively. Disagreements
regarding values or analysis were resolved by
discussion between the reviewers.

To quantitate the effect of blood transfu-
sions on the end points of interest, the odds
ratio (OR) and 95% confidence interval (95%
CI) for the observed effect was recorded if
reported. Comprehensive Meta-analysis 2.0
(Biostat, Englewood, NJ) was used for all anal-
yses; a p value of 0.05 (two-sided) was consid-
ered significant. We calculated the Cochran Q
statistic to test for statistical heterogeneity.
Values of Q significantly >0 (p < 0.1) were
considered evidence of heterogeneity. Because
of anticipated heterogeneity between studies,
the random-effects model was used to deter-
mine the pooled OR, using the adjusted OR
and 95% CI, of each study. Sensitivity analysis
was done by grouping patients according to
major diagnostic groups as follows: trauma,
general surgery, cardiac surgery, neurosur-
gery, orthopedic surgery, acute coronary syn-
drome, and general ICU patients.

RESULTS

The search strategy generated 571 ci-
tations. Of those, 523 did not report the
end points of interest or were not rele-
vant and were excluded. A total of 48
articles from 45 studies, which specifi-
cally reported the association between

Potentially relevant clinical studies screened from
electronic databases (n=571)

»{Studies excluded (wrong topic,
no outcome assessment) (n=424)

A 4

Studies retrieved for more detailed evaluation
from databases (n=147) and other sources (n=2)

Studies excluded (did not report
outcomes of interest, incomplete
data) (n=101)

A4

A 4
Observational studies included in meta-analysis
(n=48)

. |Outcome of one study reported in 4
"|separate manuscripts

A 4
Observational studies included in meta-analysis
(n=45)

A 4

Trauma n=10

General surgery n=12

Cardiac Surgery n=4
Neurosurgery n=2

Orthopedic n=6

Acute coronary syndromes n=3
ICU n=8

Figure 1. The number of studies evaluated at
each stage of the evaluation process. ICU, inten-
sive care unit.

RBC transfusion and one or more rele-
vant end points were identified and in-
cluded in the analysis (8, 9, 13-60). The
results from one study (8) had three sep-
arate subgroup analyses reported (56, 57,
60). The number of trials evaluated at
each stage of the evaluation is illustrated
in Figure 1. A summary of the studies is
listed in Table 1. In total 272,596 patients
were included in the 45 studies; with a
median of 687 patients/study (range, 63
to 78,974). The studies included trauma,
general surgery, cardiac surgery, and
neurosurgery, orthopedic, cardiac, and
general ICU patients. No study reported
the use of leukodepleted blood. There
were no disagreements between the two
reviewers as to study inclusion or data
end point analysis.

In 42 of the 45 studies the risks of RBC
transfusion outweighed the benefits, the
risk was neutral in two studies, with the
benefits outweighing the risks in a sub-
group of a single study (elderly patients
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Table 1. Studies that have reported the outcomes after blood transfusion

Population, Author, Reference Design Number Outcomes Risk/Benefit OR Reported
Trauma (n = 10)
Edna and Bjerkeset (13) Retrospective cohort 484 Increased infections Risks outweigh benefits No
Moore et al. (14) Prospective cohort 513 Increased MODS Risks outweigh benefits No
Agarwal et al. (15) Retrospective cohort 5366 Increased infection Risks outweigh benefits No
Offner et al. (16, 17) Prospective cohort 63 Increased MODS, infection Risks outweigh benefits No
Claridge et al. (18) Prospective cohort 1593 Increased infection Risks outweigh benefits No
Malone et al. (19) Prospective cohort 15,534 Increased mortality Risks outweigh benefits Yes
Dunn et al. (20) Prospective cohort 9539 Increased SIRS, ICU Risks outweigh benefits Yes
admission, mortality
Silverboard et al. (21) Prospective cohort 102 Increased risk of ARDS, Risks outweigh benefits Yes
mortality
Croce et al. (22) Prospective cohort 9,126 Increased infection, ARDS, Risks outweigh benefits Yes
mortality
Ciesla et al. (23) Prospective cohort 1344 Increased MODS Risks outweigh benefits No
General surgery (n = 12)
Dawes et al. (24) Retrospective cohort 117 Increased risk of infection Risks outweigh benefits No
Tartter (25) Retrospective cohort 343 Increased infection Risks outweigh benefits No
van Pabst et al. (26) Retrospective cohort 164 Increased mortality Risks outweigh benefits No
Wobbes et al. (27) Retrospective cohort 548 <4 units blood, no increased Neutral risk No
infections
4 units blood, increased Risks outweigh benefits No
infections
von Doersten et al. (28) Prospective cohort 104 No increased tumor Neutral risk No
recurrence or infection
Jahnson and Andersson (29) Retrospective cohort 217 Increased mortality (less Risks outweigh benefits Yes
with AB)
Vignali et al. (30) Prospective cohort 161 Increased infection Risks outweigh benefits No
Ford et al. (31) Retrospective cohort 1032 Increased infection Risks outweigh benefits No
Mynster and Nielsen (32) Prospective cohort 303 Increased infections (with ST Risks outweigh benefits No
>21 days)
Mynster et al. (33) Prospective cohort 740 Increased tumor recurrence, Risks outweigh benefits No
mortality
Chang et al. (34) Retrospective cohort 1349 Increased infection, mortality Risks outweigh benefits No
Lebron-Gallardo et al. (35) Retrospective cohort 214 Increased post-operative Risks outweigh benefits No
renal failure
Cardiac surgery (n = 4)
Vamvakas and Carven (36, 37) Retrospective cohort 416 Increased MV, pneumonia Risks outweigh benefits No
Leal-Noval et al. (38) Prospective cohort 738 Increased LOS, MV, Risks outweigh benefits Yes
pneumonia, mortality
Chelemer et al. (39) Prospective cohort 533 Increased bacterial infections Risks outweigh benefits Yes
Koch et al. (40) Prospective cohort 11,963 Increases complications, Risks outweigh benefits Yes
mortality
Neuro-surgery (n = 2)
Smith et al. (41) Prospective cohort 441 Vasospasm, worse Risks outweigh benefits No
neurological outcome
Carlson et al. (42) Retrospective cohort 169 Worse neurological outcome Risks outweigh benefits No
Orthopedic (n = 6)
Murphy et al. (43) Retrospective cohort 84 Increased infection (less with Risks outweigh benefits No
AB)
Fernandez et al. (44) Retrospective cohort 376 Increased infections (less Risks outweigh benefits No
with AB)
Triulzi et al. (45) Prospective cohort 102 Increased infections Risks outweigh benefits No
Carson et al. (46) Retrospective cohort 8787 No change in mortality or Neutral risk Yes
morbidity
Koval et al. (47) Prospective cohort 687 Increased infection (urinary Risks outweigh benefits No
tract)
Carson et al. (48) Retrospective cohort 9598 Increased infections and Risks outweigh benefits No
pneumonia
Acute coronary syndromes (n = 3)
Wu et al. (49) Retrospective cohort 78,974 Decreased mortality with Benefits outweigh risks Yes
Het <33
Increased mortality with Risks outweigh benefits Yes
Hct >36
Rao et al. (50) Prospective cohort 24,112 Increased myocardial Risks outweigh benefits Yes
infarction, mortality
Yang et al. (51) Prospective cohort 74,271 Increased reinfarction, Risks outweigh benefits Yes

mortality
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Table 1.—Continued

Population, Author, Reference Design Number Outcomes Risk/Benefit OR Reported
ICU (n = 8)

Martin et al. (52) Retrospective cohort 698 Increased mortality Risks outweigh benefits No

Vincent et al. (9) Prospective cohort 1136 Increased MODS, mortality Risks outweigh benefits Yes

Taylor et al. (53) Retrospective cohort 1717 Increased LOS, infections, Risks outweigh benefits No
mortality

Corwin et al. (8)¢ Prospective cohort 4892 Increased LOS, mortality Risks outweigh benefits Yes

Taylor et al. (54) Prospective cohort 2085 Increased LOS, infections, Risks outweigh benefits No
mortality

Gajic et al. (55) Retrospective cohort 332 Increased ARDS Risks outweigh benefits Yes

Shorr et al. (56, 57)¢ Prospective cohort — Increased bacteremia, VAP Risks outweigh benefits No

Gong et al. (58) Prospective cohort 688 Increased risk of ARDS Risks outweigh benefits Yes

Kahn et al. (59) Retrospective cohort 841 Increased risk of ARDS Risks outweigh benefits Yes

Zilberberg et al. (60)¢ Prospective cohort — Increased risk of ARDS Risks outweigh benefits Yes

2Qutcomes of CRIT study reported in 4 separate manuscripts.
AB, autologous blood; ARDS, acute respiratory distress syndrome; LOS, length of hospital stay; MODS, multiorgan dysfunction syndrome; Hct, hematocrit; ST,
storage time; MV, length of mechanical ventilation; SIRS, systematic inflammatory response syndrome; VAP, ventilator associated pneumonia; ICU, intensive care

unit; OR, odds ratio.

with an acute myocardial infarction and a
hematocrit <30%) (49). In general, mul-
tivariate analysis was performed correct-
ing for age and illness severity (Acute
Physiology and Chronic Health Evalua-
tion Score, Injury Severity Score, Se-
quential Organ Failure Assessment score,
etc.). Eighteen studies reported the asso-
ciation between RBC transfusion and
mortality. In 17 studies, RBC transfusion
was an independent predictor of death;
pooled OR (12 studies) was 1.7 (95% CI,
1.4—1.9). The study by Wu et al. (49),
which demonstrated a reduction in mor-
tality with blood transfusion in patients
with an acute myocardial infarction and
HCT <33, and an increased mortality in
patients with a HCT >36 was excluded
from the calculation of the pooled OR
(because of diverging results). The Q sta-
tistic revealed moderate heterogeneity
between studies. Twenty-two studies ex-
amined the association between RBC
transfusion and nosocomial infection; in
all these studies, blood transfusion was
an independent risk factor for infection.
The pooled OR (nine studies) for develop-
ing an infectious complication was 1.8
(95% CI, 1.5-2.2). Moderate heterogene-
ity between studies was present. RBC
transfusions also increased the risk of de-
veloping multiorgan dysfunction syn-
drome (three studies) and ARDS (six
studies). The pooled OR (six studies) for
developing ARDS was 2.5 (95% CI, 1.6—
3.3). The Q statistic was <1, indicating
the absence of heterogeneity between
studies. Data were not available for cal-
culating a pooled OR for multiorgan dys-
function syndrome. Forest plots with OR
(and 95% CI) for mortality, infectious
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Figure 2. Association between blood transfusion and the risk of death (odds ratio [OR] and 95%
confidence interval [CI]). ACS, abdominal compartment syndrome; /CU, intensive care unit.
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Figure 3. Association between blood transfusion and the risk of infectious complications (odds ratio [OR]

and 95% confidence interval [CI]). ICU, intensive care unit.
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Figure 4. Association between blood transfusion and the risk of developing adult respiratory distress
syndrome (odds ratio [OR] and 95% confidence interval [CI]). ICU, intensive care unit.

complications, and ARDS are presented
in Figures 2—4.

DISCUSSION

Our study suggests that across a broad
spectrum of high risk hospitalized pa-
tients, RBC transfusions seem to be asso-
ciated with increased morbidity and mor-
tality. This was true even in trauma
patients, those most likely to benefit from
RBC transfusion. The reasons for the ap-
parent lack of benefit of RBC transfusions
in the patients included in this meta-
analysis cannot be answered from this
review. However, recent interest has fo-
cused on immunomodulating effects of
transfused RBCs and RBC storage lesions
(age of transfused RBCs) as possible
mechanisms. It has been suggested that
leukodepleted blood may have less immu-
nomodulating properties and hence, re-
duce the complications associated with
the transfusion of nonleukodepleted
blood (4, 61, 62). However, there is still
some debate as to the benefit of leukore-
duction (63). Removal of leukocytes from
red cell transfusions may have a small but
potentially important effect on clinical
outcomes, however, cost-effectiveness of
universal leukoreduction has yet to be
proven, especially in lower risk popula-
tions. It should be recognized that the
studies included in our review were per-
formed with nonleukodepleted blood.
Similarly, age of transfused RBCs has also
been suggested as possible explanation
for some of the adverse effects associated
with RBC transfusion. Numerous abnor-
malities have been associated with stor-
age of RBCs, and some studies have sug-
gested that transfusion of “older” RBCs
may be associated with adverse effects
(64-67). If age of transfused RBCs is, in
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fact, important it would have major ram-
ifications on the already limited blood
supply. At this point only limited clinical
evidence is available and thus, a definitive
clinical trial is necessary to answer this
question.

The results of our study need to be
interpreted with caution due to the na-
ture of the studies included in our meta-
analysis. Observational studies lack the
experimental element of random alloca-
tion to an intervention and therefore, rely
on the association between differences in
one characteristic (RBC transfusion) and
differences in outcome. Although multi-
variate analysis may attempt to correct
for imbalances, between those exposed
and not exposed to the characteristic of
interest (RBC transfusion) inherent bias,
may be difficult to eliminate. It could
therefore be argued that blood transfusion
itself is a marker for severity of illness,
which cannot be adjusted by multivariate
analysis. In addition, observational studies
vary considerably in design and analysis. In
analyzing a systematic review of observa-
tional studies, qualitative clinical end-
points (infections, ARDS, risk/benefit ra-
tio) may therefore be as important as
quantitative end-points (68-70). It is im-
portant to recognize that we were able to
identify only a single study in which a
subgroup of patients seemed to benefit
from RBC transfusion. In the vast major-
ity of studies, the risks associated with
blood transfusion outweighed the bene-
fits. This is remarkable, considering the
number of patients who receive a RBC
transfusion worldwide on a daily basis.
Although the pooled OR for mortality and
infectious complications should be inter-
preted with some caution because of het-
erogeneity between studies, the studies

are notable for the consistent direction
(harm) of the treatment effect. This sug-
gests that the findings are likely to be
true (68—-70). As is evident from Figures 2
and 3, the differences in the patient pop-
ulations largely accounts for the variation
in the magnitude of the treatment effect
(harm) and the heterogeneity between
studies.

TRICC (6) is the only prospective, ad-
equately powered, randomized study,
which has investigated the impact of
blood transfusion on outcome in adult
patients (6). The TRICC study compared a
“liberal (10 g/dL)” vs. “restricted (7g/dL)”
transfusion trigger threshold in 838 ICU
patients. In this study, the restrictive
transfusion threshold was at least equiv-
alent, and in some patients (adults <55
yrs of age or Acute Physiology and
Chronic Health Evaluation score <20)
safer than the more liberal transfusion
threshold. A more recent study in pediat-
ric patients reported similar results (7).
Our analysis, in combination with these
trials, raises questions regarding the va-
lidity of the historic assumption that RBC
transfusion is beneficial for critically ill,
injured, and postoperative patients with
anemia. Because of the observational na-
ture of the studies included in our anal-
ysis, additional prospective studies are re-
quired to test the hypothesis that limiting
blood transfusions reduces infections
complications, ARDS, organ failure, and
overall mortality in high-risk hospitalized
patients. It should also be recognized that
the TRICC study had no control group
receiving routine care and studied two
arbitrary fixed treatments for a usually
titrated therapy (71). The American Asso-
ciation of Blood Banking has recom-
mended titrating transfusion require-
ments to parameters of severity of illness
rather than arbitrarily defined hemoglo-
bin levels (72). This recommendation is
in agreement with the more recent rec-
ommendations of the American Society
of Anesthesiologists Task Force, (73) and
the Canadian Guidelines which suggest
“There is no single value of hemoglobin
concentration that justifies or requires
transfusion; an evaluation of the patient’s
clinical situation should also be a factor
in the decision” (74).

In the absence of acute bleeding, are
there any patients who benefit from RBC
transfusion or “When do the risks of ane-
mia outweigh the hazards of transfu-
sion?” In health, the amount of oxygen
delivered to the whole body exceeds rest-
ing oxygen requirements almost four-
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fold. An isolated decrease in hemoglobin
concentration to 10 g/dL, with all other
parameters remaining constant, will re-
sult in an oxygen delivery that remains
approximately twice that of the resting
oxygen consumption. Furthermore, hu-
mans have a remarkable ability to adapt
to anemia by increasing cardiac output
(in the absence of volume depletion), in-
creasing microcirculatory density, and by
increasing red cell synthesis of 2,3-
diphosphoglycerate with a resultant shift
of the oxyhemoglobin dissociation curve
(aids oxygen unloading) and by increas-
ing oxygen extraction. Laboratory studies
have demonstrated that extreme hemodi-
lution is well tolerated in healthy ani-
mals. Animals subjected to acute hemodi-
lution tolerate decreasing hemoglobin
concentrations to 30-50 g/dL, with isch-
emic changes on electrocardiography and
depressed ventricular function below
these levels (75, 76). Because of the high
extraction ratio of oxygen in the coronary
circulation, coronary blood flow seems to
be the major factor, which limits the tol-
erance of low hemoglobin concentra-
tions. In experimental animal models of
coronary stenosis, depressed cardiac
function occurs at hemoglobin concen-
trations between 70 and 100 g/L (76, 77).

Extensive experience in patients who
decline blood for religious reason and in
patients with chronic renal disease, my-
elodysplastic syndromes, and severe auto-
immune hemolytic anemias have con-
firmed that humans tolerate extreme
anemia quite well (78—80). The best data
come from the Jehovah Witness litera-
ture (78). Carson and colleagues (81, 82)
performed a retrospective cohort study in
1958 patients who underwent surgery
and declined blood transfusions for reli-
gious reasons. In those patients without
cardiovascular disease and with a blood
loss of less than 2.0 g/dL, there was no
significant increase in perioperative mor-
tality (for baseline hemoglobin of 6—6.9
g/dL and a decline in hemoglobin of <2
g/dL the OR for death was 1.4; 95% CI,
0.5-4.2). However, in patients with car-
diovascular disease, preoperative anemia
was associated with a significant increase
in perioperative mortality. These data
confirm that humans can adapt to very
low hemoglobin levels with cardiovascu-
lar disease being the major limiting
factor.

In our extensive review of the litera-
ture, only a single subgroup from a single
study reported a beneficial effect associ-
ated with RBC transfusion; elderly pa-
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tients who suffer a myocardial infarction
with a baseline HCT below 33% and who
did not undergo revascularization (49).
Importantly, patients transfused with a
HCT >36 had a higher mortality. This
study has been well criticized for meth-
odologic problems (62). On the other
hand, the study by Rao et al. (50), in
patients with acute coronary syndromes
found worse outcomes in patients trans-
fused with HCT values greater than 25%.
Both the Wu et al. and Rao et al. studies
consistently demonstrate that patients
who receive RBCs at some higher HCT
seem to be harmed by the transfusions.
Additional evidence, ideally from a ran-
domized control trial, is still necessary to
determine optimal transfusion strategies
in this patient population.

Our results suggest that in hemody-
namically stable patients without evi-
dence of acute bleeding, limiting blood
transfusions may reduce morbidity and
mortality. In the absence of acute bleed-
ing, hemoglobin levels consistent with
the TRICC trial (7.0-9.0 g/dL) are well
tolerated (6). Furthermore, current
guidelines suggest titrating transfusion
requirements to parameters of illness se-
verity while taking into account the indi-
vidual patients’ clinical situation (73, 74).
There remains controversy as to the ap-
propriate transfusion thresholds for pa-
tients with ischemic cardiac disease and
in the early resuscitation of patients with
septic shock (71, 83, 84).

CONCLUSION

Current data suggest that RBC trans-
fusions are associated with increased
morbidity and mortality across heteroge-
nous patient groups. There is sparse evi-
dence that routine RBC transfusion in
the nonbleeding patient with a hemoglo-
bin concentration greater than 7.0 g/dL
leads to improved outcome. In general,
we hold that RBC transfusions are only
indicated in hemodynamically stable ICU,
trauma, and surgical patients with a he-
moglobin concentration below 7 g/dL.
However, the need for a RBC transfusion
should be individualized based on a pa-
tient’s clinical circumstances rather than
an arbitrary hemoglobin concentration.
Additional prospective randomized stud-
ies are required to determine the risks
and benefits of RBC transfusion, in vari-
ous disease states, their optimal transfu-
sion triggers, the effects of blood storage
time, and leukodepletion, on clinical out-
comes.
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