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Ab s t r Ac t
Anemia of multifactorial etiology is common among critically ill patients and several arbitrary transfusion thresholds have been proposed. 
Transfusion of red blood cells has been well established to increase morbidity and even mortality among critically ill patients. Several randomized 
controlled studies have evaluated the use of a restrictive compared to a more liberal transfusion strategy in the critically ill. A transfusion threshold 
of 7 g/dL appears to be generally safe, especially in the younger age group without significant comorbidities. Besides, a restrictive transfusion 
strategy reduces the incidence of transfusion-related complications. However, the decision to transfuse needs to be individualized depending 
on the clinical situation, balancing putative benefits against possible complications.
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In t r o d u c t I o n
Transfusion of red blood cells is one of the age-old, iconic practices 
in medicine. Until recently, clinicians believed that a hemoglobin 
of 10 g/dL was an appropriate lower threshold among critically ill 
patients. Approximately 40% of patients admitted to the intensive 
care unit receive transfusion with red blood cells (RBCs), with the 
majority of transfusions for anemia unrelated to acute hemorrhage.1 
RBCs are transfused to augment oxygen delivery, based on the 
assumption that critically ill patients do not tolerate an oxygen debt. 
Although there is a clear association between anemia and increased 
mortality among critically ill patients,2 it is unclear if correction of 
anemia with RBC transfusions improves survival in patients who 
are not actively bleeding. 

rI s k s vs be n e f I ts o f RBC  tr A n s f u s I o n
Oxygen bound to hemoglobin is carried by RBCs to the tissues; 
any drop in the hemoglobin level may potentially impair oxygen 
delivery. Compensatory mechanisms lead to an increase in cardiac 
output, resulting in increased oxygen delivery; besides, tissues 
respond with an increase in oxygen extraction. Healthy young 
adults may tolerate hemoglobin levels of up to 4 g/dL in the 
absence of hypovolemia.3 However, in critically ill patients and in 
those with underlying comorbidities, compensatory mechanisms 
may be inefficient. The hemoglobin level at which compensatory 
mechanisms fail, leading to impaired oxygen consumption may be 
considered to the “critical” level at which RBC transfusions may be 
required. However, in a clinical setting, it is difficult to ascertain a 
critical level. Hence, arbitrary thresholds have been proposed for 
prophylactic RBC transfusion among critically ill patients. 

Several complications are associated with transfusion that 
may offset any benefit derived from improved oxygen delivery. 
Transfusion-associated lung injury and circulatory overload may 
have a significant adverse impact among critically ill patients. 
Immunosuppression related to transfusion may increase the risk of 
bacterial infections, especially among postoperative patients.4 The 
incidence of nosocomial infections may be related to the number 
of units transfused.5 Clearly, any possible benefit from transfusion 

needs to be balanced against possible complications that may 
adversely impact outcomes. Table 1 summarizes the important 
randomized controlled trials that have compared hemoglobin 
thresholds in critically ill patients. 

tr A n s f u s I o n th r e s h o l d I n Ge n e r A l 
cr I t I c A l Il l n e s s
Hemoglobin thresholds are commonly used in deciding the 
requirement for RBC transfusion. The clinical condition, age, or 
presence of comorbidities generally seem to influence clinician 
judgment regarding transfusion practice.6 However, there is 
uncertainty regarding the point at which the benefits of improved 
oxygen carriage outweigh the risks associated with transfusion. The 
conventionally held dogma of RBC transfusion below a threshold 
of 10 g/dL was challenged by the Transfusion Requirements In 
Critical Care (TRICC) trial.7 This multicentric, Canadian study enrolled 
838 patients, who were randomized to a liberal or a restrictive 
transfusion strategy. In the liberal group, RBCs were transfused if the 
hemoglobin level dropped below 10 g/dL, with the maintenance of 
hemoglobin levels between 10 g/dL and 12 g/dL. In the restrictive 
group, the trigger for transfusion was a hemoglobin less than 
7.0 g/dL, with the maintenance of hemoglobin concentration 
between 7 g/dL and 9 g/dL. All-cause mortality at 30 days, the 
primary outcome, was similar in both groups. Kaplan–Meir survival 
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Table 1: Important randomized controlled studies that have compared restrictive vs. liberal transfusion strategies among critically ill patients

Authors, year of publication Clinical setting Restrictive trigger Liberal trigger Main findings
Hébert et al. (1999) General intensive care Hb 7 g/dL Hb 10 g/dL No difference in all-cause mortality at 30 d. 

Significantly lower mortality in patients younger 
than 55 years and with lower baseline severity of 
illness with a restrictive strategy

Hajjar et al. (2010) Postcardiac surgical Hct 24% Hct 30% No difference in the composite primary 
outcome of 30-day all-cause mortality, ARDS, 
cardiogenic shock, and AKI requiring RRT 

Carson et al.
(2011)

Following hip surgery Hb 8 g/dL Hb 10 g/dL No difference in mortality or the ability to walk a 
distance of 10 feet, unassisted, at 60 days

Walsh et al. (2013) Patients of 55 years or 
more, requiring 4 or 
more days of ventilation

Hb 7 g/dL Hb 9 g/dL Trend towards lower mortality at 180 days with a 
restrictive strategy

Holst et al. (2014) Septic shock Hb 7 g/dL Hb 9 g/dL No difference in 90-day mortality. No difference 
in ischemic events, severe adverse reactions, or 
the requirement for life support

ARDS, acute respiratory distress syndrome; AKI, acute kidney injury; RRT, renal replacement therapy

curves during the 30-day period revealed significantly less mortality 
among patients who were less severely ill, with an APACHE II score 
of 20 or less, and for patients younger than 55 years. The in-hospital 
mortality, one of the secondary outcomes, was also lower in the 
restrictive group; however, there was no difference in mortality at 
60 days. This landmark trial generated a considerable rethink on 
transfusion strategies in the critically ill and substantially influenced 
clinical practice. 

A recent meta-analysis included 19,049 mixed medical-surgical 
patients from 37 randomized controlled trials.8 Although different 
transfusion thresholds were used in individual studies, restrictive 
thresholds were commonly between 7 g/dL and 8 g/dL and liberal 
thresholds between 9 g/dL and 10 g/dL. Restrictive strategies 
reduced the probability of receiving a transfusion by 41%, with no 
difference in 30-day mortality, the primary endpoint. No difference 
was observed in the infection rates, functional recovery, and 
duration of intensive care unit or hospital stay. Furthermore, there 
was no increase in the risk in acute myocardial infarction among 
those who received a restricted transfusion strategy. Based on 
these studies, a restrictive transfusion strategy with a hemoglobin 
threshold of 7–8 g/dL may be recommended for most critically ill 
patients.

Thresholds for Specific Patient Populations
Septic Patients
Sepsis is defined as life-threatening organ dysfunction arising from 
a dysregulated host response to an infective illness.9 Rivers et al. 
evaluated the efficacy of a “bundled” approach in patients with 
severe sepsis and septic shock.10 One of the interventions in the 
bundle was RBC transfusion to a target of 10 g/dL if the central 
venous oxygen saturation remained less than 70%. Patients who 
received early goal-directed therapy (EGDT) had significantly 
better clinical outcomes. This led to the widespread use of a liberal 
transfusion strategy during the early phase of resuscitation in 
patients with septic shock. However, as this approach included a 
combination of several interventions, the effectiveness of individual 
components of the bundle was difficult to discern. Besides, the 
findings of the TRICC trial, which favored a restrictive transfusion 
strategy, was not available to the investigators. 

The ProCESS, ARISE, and ProMISe trials compared EGDT to 
protocolized or usual care. The control arms of these studies 

used a lower hemoglobin threshold, with reduced transfusion 
requirements; however, there was no significant difference in 
clinical outcomes in patients who received protocolized or usual 
care.11 These trials suggested that transfusion of RBCs aiming 
for higher hemoglobin thresholds may not improve outcomes 
during the early phase of sepsis resuscitation. The Transfusion 
Requirements in Septic Shock (TRISS) trial provided more robust 
evidence supporting a restrictive strategy.12 This study included 
998 patients with septic shock who were randomized to receive 
leukoreduced RBC transfusions at thresholds of 7–9 g/dL in the 
restrictive and liberal arms, respectively. During ICU stay, the 
restrictive group received a median of one unit of RBCs (interquartile 
range: 0–3), compared to four (interquartile range: 2–7) in the 
liberal group. The primary endpoint, the 90-day mortality, did not 
differ between groups. Furthermore, there was no difference in 
the incidence of ischemic events, severe adverse reactions, or the 
requirement for life support. In light of these studies, there is robust 
evidence to support a restrictive transfusion strategy in patients 
with septic shock.

Traumatic Brain Injury 
Maintenance of adequate oxygen delivery is crucial in traumatic 
brain injury (TBI) as the brain is dependent on aerobic metabolism. 
Autoregulation protects the normal brain against ischemic insults 
within a limited range of cerebral perfusion pressures. The blood-
brain barrier also prevents cerebral damage related to harmful 
systemic effects. However, these protective mechanisms are 
disrupted in TBI. A post hoc analysis of the TRICC trial included 
67 patients with moderate to severe TBI. No mortality reduction 
was observed with a transfusion threshold of 10 g/dL compared 
to 7 g/dL among these patients. Robertson et al. conducted a 
randomized controlled trial to evaluate the effect of erythropoietin 
and transfusion thresholds of 7 vs 10 g/dL in patients with TBI.13 No 
improvement in neurological outcomes was observed with either 
erythropoietin administration or the maintenance of a hemoglobin 
concentration of more than 10 g/dL. Furthermore, adverse events 
were more common when RBC transfusion was carried out at a 
threshold of 10 g/dL. Currently, there is no consensus on the optimal 
transfusion strategy in moderate to severe TBI. The Hemoglobin 
Transfusion Threshold in Traumatic Brain Injury Optimization (The 
HEMOTION trial) is recruiting patients with TBI and is scheduled to 
complete recruitment by 2021.
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Patients with Acute Respiratory Failure on Mechanical 
Ventilation 
Transfusion practices vary in patients with acute respiratory failure 
who require mechanical ventilation. It is unclear if a more liberal 
transfusion strategy may be appropriate with the widespread 
use and enhanced safety of leukodepleted blood and improved 
techniques of blood storage. The RELIEVE trial enrolled 100 
patients, 55 years and older requiring 4 or more days of mechanical 
ventilation from six intensive care units in the United Kingdom.14 
Patients were randomized to maintain a hemoglobin level between 
7.1 g/dL and 9.0 g/dL with a trigger of 7 g/dL for RBC transfusion 
or to maintain a hemoglobin level between 9.1 g/dL and 11.0 g/dL 
with a trigger of 9 g/dL. This strategy was followed for the duration 
of stay in the ICU after enrolment, or 14 days, whichever was 
longer. The study was meant to assess feasibility and not powered 
for outcomes. However, there was a trend toward lower 180-day 
mortality in the restrictive group (55 vs. 37%, CI: 0.44–1.05). The 
trend toward lower mortality with the restrictive strategy remained 
on post hoc-adjusted analysis that included age, gender, presence of 
ischemic heart disease, the APACHE II score, and non-neurological 
SOFA scores. Adequately powered randomized controlled trials are 
clearly required to confirm the potential benefits of a restrictive 
transfusion strategy in patients with acute respiratory failure who 
require a longer duration of mechanical ventilation. 

Cardiovascular Disease 
The myocardium has a limited capacity to utilize glycogen for 
the anerobic production of adenosine triphosphate. Besides, 
glycogen stores are rapidly depleted under ischemic conditions. 
In critically ill patients, coronary blood flow may be compromised 
due to hypotension and reduced organ perfusion; besides, the 
use of catecholamines to support the circulation may increase 
the oxygen demand. Anemia has been well established to cause 
increased mortality in acute myocardial infarction.15 In a pilot 
randomized study, 110 patients with acute coronary syndrome or 
stable angina with a hemoglobin of less than 10 g/dL undergoing 
cardiac catheterization were enrolled. In the liberal group, red 
cells were transfused to maintain the hemoglobin level more than 
10 g/dL, while in the restrictive arm, patients were transfused 
in the presence of symptoms due to anemia or to maintain the 
hemoglobin above 8 g/dL. The composite primary outcome of 
death, myocardial infarction, and emergency revascularization up 
to 30 days after randomization was lower in the liberal transfusion 
group although it did not reach statistical significance. A more 
definitive trial with adequate sample size is required to evaluate the 
appropriate transfusion strategy in acute coronary syndrome. Based 
on the limited evidence currently available, a higher transfusion 
threshold of 8 g/dL appears reasonable in patients with acute 
coronary syndrome. 

Perioperative Patients 
Anemia is generally considered to be associated with poor 
outcomes following cardiac surgery. However, acute kidney injury, 
infections, cardiac, respiratory, and neurological complications 
have been shown to be more common in patients who are 
transfused after cardiac surgery compared to those who do not 
receive transfusions in the postoperative period.16 The Transfusion 
Requirements After Cardiac Surgery (TRACS) study randomized 502 
patients who underwent cardiac surgery under cardiopulmonary 
bypass; RBCs were transfused to maintain a target hematocrit level 

of 30 vs 24%.17 The composite primary outcome included 30-day 
all-cause mortality, acute respiratory distress syndrome, cardiogenic 
shock, and acute kidney injury requiring renal replacement therapy. 
The primary endpoint did not differ between groups; besides, 
the number of units transfused was found to be an independent 
predictor of death or the development of clinical complications 
at 30 days. 

In a multicentric study involving 17 centers in the United 
Kingdom, 2007 patients were randomized to receive transfusions 
at a threshold hemoglobin level of 9 g/dL vs. 7.5 g/dL.18 Patients 
were evaluated for a composite primary outcome including 
serious infection, or an acute ischemic event including stroke, 
acute myocardial infarction, gut ischemia, or acute kidney injury 
up to 3 months post-randomization. Patients randomized to the 
liberal group had nearly twice as many transfusions as those who 
were randomized to the restrictive group. The composite primary 
outcome was not significantly different between groups. The 90-d 
mortality, a secondary outcome, was higher with the restrictive 
strategy. Regardless of the transfusion strategy, the number of 
units transfused was an independent predictor of death or clinical 
complications at 30 days. 

In a more recent, larger randomized controlled trial of cardiac 
surgical patients, a restrictive strategy (transfusion trigger 7.5 g/dL 
beginning with the induction of anesthesia) was compared to a 
more liberal strategy (transfusion trigger <9.5 g/dL in theater or 
ICU or <8.5 g/dL in the ward).19 The composite primary outcome 
included all-cause mortality, acute myocardial infarction, stroke, 
or acute kidney injury requiring dialysis at hospital discharge or 
by day 28. A restrictive strategy was found to be noninferior to a 
more liberal strategy in this study. Based on the available evidence, 
a restrictive strategy with the maintenance of hemoglobin around 
8 g/dL appears to be safe in patients undergoing cardiac surgery. 

In the Functional Outcomes in Cardiovascular Patients 
Undergoing Surgical Hip Fracture Repair (FOCUS) trial, 2016 
patients with cardiovascular risk factors, were assigned to a 
liberal compared to restrictive postoperative transfusion strategy 
following hip surgery.20 Patients in the liberal group were transfused 
to maintain a hemoglobin of >10 g/dL; patients in the restrictive 
group were transfused if they developed symptoms of anemia or 
if the hemoglobin level dropped to less than 8 g/dL. There was no 
difference in mortality or the ability to walk unassisted to a distance 
of 10 feet at 60 days. No difference was noted in the incidence of 
in-hospital acute coronary syndrome or mortality at 3 years. 

Although a recent meta-analysis suggested higher transfusion 
thresholds in perioperative patients,21 and decisions to transfuse 
need individualization, a transfusion trigger of 8 g/dL seems 
appropriate following most types of surgery. 

co n c lu s I o n
Anemia is common among critically ill patients and is usually of 
multifactorial origin; several arbitrary transfusion thresholds have 
been proposed. Blood transfusion has been well established to 
increase morbidity and even mortality among critically ill patients. 
Importantly, a restrictive strategy has not been found lead to harm 
in most clinical situations, compared to a more liberal approach. 
There is a strong body of evidence that suggests tolerance of 
lower levels of hemoglobin than conventionally believed in 
the critically ill. A transfusion threshold of 7 g/dL appears to 
be generally safe, especially in the younger age group without 
significant comorbidities. It is plausible that among patients with 



Red Blood Cell Transfusion Thresholds in Critically Ill Patients

Indian Journal of Critical Care Medicine, September 2019;23 (Suppl 3)S184

acute coronary syndrome, a higher hemoglobin level may be 
required, considering the limited capacity of the myocardium 
to utilize glycogen for the anaerobic production of adenosine 
triphosphate. More robust evidence is required to evaluate 
transfusion requirements in this subgroup of patients. Transfusion 
decisions will clearly need to be individualized depending on the 
clinical situation, balancing putative benefits against possible 
complications.
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