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Transfusions have been in clinical 
use for over 50 years and have 
become an indispensable part of 
modern medical practice, especially 
to allow for more aggressive therapy 
in older, sicker, and debilitated 
patients. 

Considering that, every year, in the 
US over 11 million units of red cells 
are transfused in more than 3 million 
patients, there is a surprising 
paucity of data to guide decisions 
about transfusions. 



The majority of RBCs will be 
administered to elective surgical 
(55%) and chronic/medical anemia 
patients (30%); RBC demand for 
these indications will continue to 
increase as the population ages.

US: the majority (53.3%) of RBC units 
are transfused in elderly patients 
(>65y); France: 57.0%; England: 
57.2%.    

 → There is the need to collect more 
blood.





Anemia is very common in critically ill patients. 

In general, more severely ill patients, as measured by 
either APACHE II or SOFA score, had a low baseline Hb 
level and received more RBC transfusions. 

Older patients are less tolerant of low Hb levels: 
• The compensatory mechanisms that preserve oxygen delivery are generally 
reduced (less able to increase heart rate and stroke volume in response to 
exercise). 
• The higher incidence of coronary artery disease and resulting reduced 
capacity to increase coronary artery blood flow (ischemic cardiac 
dysfunction from even a modest reduction in Hb).

This is likely to lead physicians to a more liberal use of RBCs
in elderly patients (advancing age as transfusion trigger).



???SICUAnemia
Critically ill
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Intensive care utilization increases with age and half of all ICU days are 
currently used by patients older than 65 yrs (Crit Care Med 2004)



Studies demonstrate that:

• 40%-50% of all patients admitted to the ICU will receive 
blood transfusions 

• after 1 week in ICU, 85% of patients will receive at least 1 
RBC unit

• >2/3 of ICU transfusions are not associated with acute 
blood losses



Despite the prevalence of transfusion, there is 
scant evidence of its effectiveness. Some questions still 
remain to be appropriately answered:

Which are the real benefits and risks of transfusion?
Does transfusion improve outcome?
Should cardiac patients be individualized?
Are there well-conducted studies to guide transfusion 
decision making?
Is there a trigger for Hb in critical patients?
Are there alternative methods to avoid transfusion?



Why critically ill patients are anemic? 



Which are the real benefits and risks of transfusion?



Although a much clearer understanding of the 
risks of RBC transfusion has developed since the 
1980s, the risks of anemia and the benefit of RBC 
transfusion are much less well characterized.



RBC transfusion allows rapid volume expansion and 
increased oxygen carrying capacity (to avoid tissue 
ischemia).

RBC transfusion is a life-saving intervention in the 
setting of acute hemorrhage.

… but RBC transfusion is not risk free …

Evidence suggests that blood transfusion may be 
associated with an increased risk of morbidity
(transfusion-trasmissible infections, immunological 
risks, mistransfusion) and mortality.



Infectious Risks

RBC transfusion in 
developed countries has 
probably never been safer 
than today with respect to 
transfusion-transmissible 
viruses (effective 
preventive strategies have 
been implemented).



Non-infectious Risks

Non-infectious adverse 
events remain the most 
common complications 
associated with 
transfusion. The majority 
of these are immune 
mediated.



TRALI

• Noncardiogenic pulmonary edema with 
dyspnea, acute hypoxemia, hypotension, and 
occasionally fever. 
• Incidence per transfused units: 1:1300 to 
1:5000
• Symptoms appear 1 to 6 h after transfusion 
and resolve in less than 48 h.
• Bilateral infiltrates are usually described on 
chest radiograph.
• Mortality: 6-20%

Cause:

Ab nel plasma dell’unità trasfusa diretti contro Ag HLA 
o granulocitari del ricevente o presenza di lipidi 
biologicamente attivi che si liberano durante la 
conservazione di emocomponenti cellulati

→ L’evento finale è un danno endoteliale a livello dei 
capillari polmonari con aumento della permeabilità che 
instaura il quadro tipico di edema polmonare acuto



In addition, in critically ill patients, there is an 
association between blood transfusions and increased 
risk of infections (wound infections, dehiscence, 
pneumonia, osteomyelitis in orthopedic joint 
replacements), earlier recurrence of malignancy (early
metastasis and early death after colon resection for 
colon cancer), multiple-organ dysfunction in trauma 
and surgical patients and death. 



Why is blood transfusion associated with 
worsened outcome?



Why is blood transfusion associated with 
worsened outcome?

1) The biochemical and biomechanical changes in the RBC during ex 
vivo preservation reduce RBC survival and function (“Storage 
Lesion”). Prolonged RBC storage:
• renders RBC ineffective oxygen carriers
• modifies RBC which cause harm when transfused into vulnerable 
patients via either a proinflammatory effect or the direct toxic effects 
of products of RBC storage.

Fresh Blood (units <14 days old): small community hospitals
Old Blood (units >14 days old): trauma center and large community hospitals where 
blood utilization rates are high

2) Immunouppressive effects of transfused blood: exposure to 
allogeneic leukocytes may trigger an immune system response in 
the recipient.



Mistransfusion

Mistrasfusion occurs in 1:14 000 to 1:18 000 cases, 
with an approximate morbidity and mortality rate of 
1:600.000.
Approximately 50% of the errors occur at the 
clinical level and 30% in the laboratory.



Does transfusion improve outcome?



In all of transfusion medicine, there has been only 1 
large randomized trial to date.

The TRICC trial compared the outcomes of critically ill 
Canadian ICU patients (n.838; mean age 57.6+18.2y) 
managed with a liberal blood transfusion strategy (420 
patients; Hb values maintained between 10-12 g/dl) with a 
restrictive transfusion practice (418 patients; Hb 
maintained between 7-9 g/dl). 



→A restrictive strategy of RBC transfusion is at least 
as effective as the liberal transfusion strategy in 
critically ill patients with the possible exception of 
patients with acute myocardial infarction and 
unstable angina.

→Hb concentrations should be maintained between 
7.0 and 9.0 g/dl in critically ill patients (Hb level of 7 
g/dl represents a “trigger” for transfusions) 



The mortality rate during hospitalization was 
significantly lower in the restrictive strategy group (22.2% 
vs 28.1%, p=0.05) 
(patients received approximately three fewer units of blood than
those in liberal group; ↓ 54% number transfusions).

Overall, 30 days mortality rate was similar in the 
two groups (18.7% vs 23.3%, p=0.11). 



However, the 30 days mortality rate rates were 
significantly lower with the restrictive transfusion strategy
among patients who were less acutely ill -those with an 
APACHE II score <20 (8.7% vs liberal 16.1%, p=0.03)-, and 
among patients who were less than 55 years (5.7% vs liberal 
13%, p=0.02), but not among patients with clinically significant
cardiac disease (AMI, unstable angina) (20.5% vs 22.9%, 
p=0.69). 

Higher in hospital mortality rate associated with liberal transfusion practices is 
striking:
•Cardiac events (MI and pulmonary edema) were more frequent in the liberal strategy 
group than in restrictive during ICU stay (p>0.01) but there were no significant 
differences in the rate of cardiac events (41% vs 44% p=0.86) in the 48h preceding 
death among the patients who died
•immunomodulation or RBC storage lesion? 











ABC trial: prospective, multicentre, observational study 
in 146 Western European ICU.

To define the incidence of anemia and use of RBC 
transfusions in critically ill patients and to explore the 
potential benefits and risks associated with transfusion.

2 study components: “a blood sampling study” (n.1136) 
and an “anemia and blood transfusion study” (n.3534; 
mean (SD) patient age: 61 (17) years, with 33.4% older 
than 70 years). The patients were followed up from 
admission to hospital until day 28 or death.



→ Both ICU and overall mortality rates (28 days)
were significantly higher in patients who has vs had not 
received a transfusion (ICU rates: 18.5% vs 10.1%, 
p<0.001; overall rates: 29% vs 14.9%, p<0.001).

Mean admission APACHE II Score: 14.8 (7.9)

Overall mean pretransfusion Hb level: 8.4 g/dl

-Transfusion may contribute to immunosuppression 

-Variation in storage and preservation techniques of RBC











Prospective, multiple-center, observational cohort study.
To examine the relationship of anemia and RBC 
transfusion to clinical outcomes in critically ill patients 
(4892 patients; average age of 60 years; 35% were >70 
yrs) in 284 USA ICU (medical, surgical, and medical-
surgical). 
Patients were followed for 30 days or until death or discharge 
from the hospital. (Mean pretransfusion Hb level: 8.6+ 1.7g/dl)

Patients who received transfusions had worse
outcome: the number of RBC units transfused is an 
indipendent predictor of worse clinical outcome



The number of RBC units transfused was directly 
related to mortality (ICU and hospital). 

Mortality was:
-10% for patients who received no transfusions and 
-25% among patients who received >6 transfusions.



The number of RBC units transfused was significantly 
associated with increased ICU and hospital LOS
compared with patients who did not receive 
transfusions.

Patients with a transfusion amount of 1-2, 3-4, and >4
units had a corresponding increase in median ICU LOS
of 2.1, 3.8, and 10.1 days, respectively; and an increase
in median hospital LOS of 3.5, 6.7, and 16.6 days,
respectively, as compared with the median ICU LOS of 
4.6 days and hospital LOS of 11.0 days observed in
patients who did not receive transfusions.









Current evidence from studies of the influence of
blood transfusion on efficacy and clinical outcome
is seriously hampered by the absence of a
significant number of adequately powered 
randomized clinical trials.

However, most studies suggest that Hb levels of 7-9 
g/dl are well tolerated by most critically ill patients
and that a transfusion threshold of 7 g/dl is
appropriate.



Should cardiac patients be individualized?



Wu et al, analyzed the relationships among anemia 
(hematocrit <39%), blood transfusion, and mortality in a 
retrospective analysis of nearly 80.000 elderly (>65 years) 
patients hospitalized for acute myocardial infarction.

→Lower admission hematocrit values (<33%) were 
associated with higher 30-day mortality rates.

→Blood transfusion was significantly associated with a 
reduction in 30-day mortality among patients with 
admission hematocrit < 33%.



When we look to the evidence coming from randomized 
controlled trials, there are few available data to clarify the 
topic. Published studies show no relation between higher 
levels of Hb in cardiac patients and lower mortality. 

TRICC Trial: no difference in mortality rate between the 
restrictive and the liberal transfusion strategies in 
patients with CVD (transfusion trigger of 7 g/dl would be 
safe in these patients).





To determine the association between blood 
transfusion and 30-day all-cause mortality, occurrence 
of MI and composite death/MI among patients with 
acute coronary syndromes who develop bleeding, 
anemia, or both during hospital course (24.112 patients 
enrolled in 3 large international trials -GUSTO IIb, 
PURSUIT, PARAGON b trials-).

→ Blood transfusion (ht 25%) in the setting of ACS is 
associated with increased risk for 30-day mortality. Ht 
< 25% may be tolerated without transfusion in 
otherwise stable patients with ischemic heart disease. 



30-day all cause death: 8.0% in transfuse patients vs
3.0% in non transfused (p<0.001)

MI: 25.1% vs 8.1% (p<0.001)

composite death/MI: 29.2% vs 10.0% (p<0.01)





Transfusion in Heart Disease

The question of when to transfuse a patient 
with coexisting cardiac disease thus remains 
unanswered. 

In these patients, the principles of allogenic blood 
transfusion are largely based on early signs of 
impaired oxygenation to specific organs or to entire 
organism. 



Transfusion in Heart Disease

Inadequate oxygenation may become 
manifest locally in the form myocardial ischemia
(new ST-segment depressions > 0.1mV or new ST-
segment elevations > 0.2mV during more than 1 
minute are regarded as markers of myocardial 
ischemia) or globally in the form of a general 
hemodynamic instability (hypotension and 
tachicardia despite normovolemia).

The evidence available at present does not support 
higher transfusion thresholds (9-10 g/dl) in patients 
with cardiovascular diseases.



BLOOD TRANSFUSION IN
SEPTIC PATIENTS



Transfusion in Septic Patients 

In patients with sepsis, RBC transfusion has 
been commonly used over the last two decades as a 
means to immediately improve systemic oxygen 
delivery and to prevent cellular injury.

However, clinical studies have not consistently 
demonstrated that this therapeutic maneuver is 
accompanied by an increase in oxygen use at either 
the whole-body level or at the level of the individual 
organs.
→ Septic patients do not benefit from a higher Hb
level.





Crit Care, 2001

This study evaluates the hemodynamic data
and oxygen utilization effects (calorimetry to measure 
systemic oxygen consumption; gastric tonometry and gastric 
pH to measure gastric oxygen consumption) obtained 
before and immediately after RBC transfusion or 
albumin infusion in critically ill septic ICU patients.

→Hb increase does not improve either global or 
regional oxygen use in anemic septic patients 
(cellular changes in stored RBC prior to 
transfusion?).





To evaluate the effects of increased oxygen 
delivery on mortality in medical-surgical ICU patients 
(>65y) with severe sepsis or septic shock: 

control group: conventional therapy with a normal targeted value of 
oxygen delivery treatment group (…RBC transfusion if Hb <10 g/dl): 
> targeted value of oxygen delivery (>600 ml/min/m2).

The rate of ICU mortality in the control group patients 
(66%) was similar to that seen in the treatment group 
(74%) (p=0.46).

→ Treatment aimed at maximizing oxygen delivery in these 
patients does not reduce mortality.





Transfusion in Septic Patients 



Transfusion in Septic Patients 

RBC transfusion in septic patients increases oxygen
delivery aut does not usually increase oxygen 
consumption.

In the absence of extenuating circumstances, such as 
myocardial ischemia, severe ipoxemia, acute
hemorrhage, heart disease, or lactic acidosis, the
guidelines recommends that RBC transfusion occur 
when Hb < 7.0 g/dl to target a Hb of 7.0-9.0 g/dl in
adults.





Correcting the decrease in oxygen delivery from
anemia using RBC transfusion has been hypothesized to
help with increased oxygen demands during weaning 
from mechanical ventilation.

TRICC trial: whether a liberal RBC transfusion strategy
(356 patients; age: 59+18.4y; Hb values maintained 
between 10-12 g/dl) improve outcomes related to 
mechanical ventilation.



No significative differences in the duration of
mechanical ventilation (8.3+8.1 days vs 8.3+8.1days; 
p=0.48), in the number of ventilator-free days during the 
30 days of observation once extubated (17.5+10.9 days
vs 16.1+11.4 days; p=0.09), or in the time necessary to 
seccessfully wean and extubate patients from 
mechanical ventilation for at least 24 h (82% vs 78%; 
p=0.19) among those receiving a restrictive transfusion 
strategy vs liberal transfusion strategy.

→ The study does not support the hypothesis that RBC
transfusions improve outcomes from mechanical 
ventilation (Hb 7.0-9.0 g/dl is a reasonable value).





Although traditionally associated with polycythemia, 
COPD has a systemic inflammatory component that 
could interfere with erythropoiesis.

The study (retrospective observational)
describes the prognostic value of the hematocrit in 
2524 patients with severe COPD receiving long-term 
oxygen therapy (LTOT) (mean age: 68+10y men; 
70+10y women). Mean duration of follow up was 10
years.

→ Ht is negatively associated with mortality and
morbility (LOS and admission rate).

Ht < 39% in 12.6% of men; <36% in 8.2% of women) WHO 



Survival was increased when the ht was high and
reached the longher duration in polycythemic patients
(p<0.001)

3-year survival: 

24% if ht <36%
36% if ht 35%-39%
47% if ht 40%-44%
51% if ht 45%-49%
59% if ht 50%-54%
70% if ht >55%





The annual hospital admission rate and the cumulative 
hospital LOS were highest in patients with lowest ht 

admission rate:
ht <35% n.hospitalization/year: 1.41+1.24
ht >55% n.hospitalization/year: 0.96+0.99

LOS: ht <35% n.days in hospital/year: 25.1+35.1 days
ht >55% n.days in hospital/year: 17.5+23.4 days

Whether corrective measures (emotransfusions) in these 
patients are warranted remain to be determined.



Are there alternative methods to avoid transfusion?



→There is a paucity of randomized, controlled clinical trials 
evaluating the clinical outcomes and evaluating the cost-
effectiveness of blood transfusion alternatives.

A number of blood conservation strategies have been used
in the treatment of acute blood loss in critically ill patients.

These strategies are generally secondary measures that 
complement the primary treatment aimed at achieving 
hemostasis (i.e. surgery, endoscopy → most critical factor in
stopping bleeding and reducing the need for blood 
transfusion).











Erytropoietin use in critically ill patients

A major feature of anemia in critical illness is the
failure of circulating erytropoietin concentrations 
to increase appropriately in response to a
reduction in the patient’s Hb concentration.

These observations have suggested that 
administering pharmacological doses of
erytropoietin will increase the Hb concentration in
critically ill patients through stimulation of
erytropoiesis and thus decrease their need for 
RBC transfusions.







The utility of erytropoietin-receptor agonists in the 
setting of critical illness is unclear despite the
publication of several randomized controlled 
trials. 

At this time, the authors do not recommend the 
routine use of erytropoietin-receptor agonists in
these patients because of a very small decrease
in the use of RBC transfusions and insufficient 
evidence to determine whether treatment results
in clinically important benefits (decreased 
mortality, LOS, duration of mechanical ventilation, 
major adverse events).



TRANSFUSION GUIDELINES

Guidelines for blood transfusion have been issued by 
several organizations, including:

National Institute of Health Consensus Conference
American College of Physicians
American Society of Anesthesiology
Canadian Medical Association
British Society for Haematology



British Committee for Standards in Haematology
Blood Transfusion Task Force

General Principles

There is no universal “trigger” for RBC transfusions (a given concentration of 
Hb at which transfusion red cells is appropriate for all patients). Clinical 
judgement plays a vital role in the decision to transfuse.



1) ACUTE BLOOD LOSS  (SURGERY, TRAUMA OR BLEEDING)

The effects of anemia must be considered separately from the
reduction in blood volume alone. Maintenance of normovolemia is
the single most important strategy for ensuring adequate tissue 
perfusion.
A blood volume loss of:
• 15% → no need for transfusion unless blood loss is
(750 ml) superimposed on pre-existing anemia or the

patient is unable to compensate because of 
severe cardiac or respiratory disease

15-30% → need to transfuse crystalloids or synthetic 
(800-1500 ml) colloid; need for RBC transfusion is unlikely 

unless the patient has pre-existing anemia,
reduced cardiorespiratory reserve or blood 
loss continues



1) ACUTE BLOOD LOSS  (SURGERY, TRAUMA OR BLEEDING)

A blood volume loss of:

30-40% → rapid volume replacement is required with 
(1500-2000 ml) crystalloids or synthetic colloids, and 

RBC transfusion will probably necessary

• >40% → is life-threatening and volume replacement, 
(>2000 ml) including RBC transfusion, is required



1) ACUTE BLOOD LOSS  (SURGERY, TRAUMA OR BLEEDING)

• Hb > 10 g/dl → transfusion is rarely indicated

• Hb < 7 g/dl   → transfusion is almost always indicated 
(stable patients: 2 units of blood → clinical situation and 
Hb concentration should be reassessed)

• Hb 7-10 g/dl → indications for transfusion should be 
based on the patient’s risk of
inadequate oxygenation from ongoing 
bleeding and/or high-risk factors

In patients who may tolerate anemia poorly, e.g. patients >65y,
cardiovascular or respiratory disease, transfusions are indicated 
when Hb becomes <8 g/dl.  



2) PERIOPERATIVE TRANSFUSION

Prior to surgery, the aim should be to manage the patient so as to 
avoid transfusion by treating pre-existing anemia, discontinuing
anti-platelet drugs, reversing coagulation, and considering various 
strategies for autogenic transfusion. Pharmacological agents to 
raise Hb and reduce surgical bleeding should also be used as
appropriate.

Hb > 10 g/dl →transfusion is rarely indicated

Hb < 7 g/dl   → asymptomatic patients may need to be 
transfused if:

• scheduled surgery is expected to produce significant blood loss
• the risks associated with general anesthesia are high



3) CHRONIC ANEMIA

A. The cause of anemia should be established. RBC
transfusion is controindicated if specific replacement therapy 
is possible (iron, vit B12, folic acid, EPO); transfusion should 
only be used under these conditions if the situation is life-
threatening, such as in case of emergency surgery, acute
blood loss, or trauma

B. Anemia secondary to aplasia or bone marrow suppression
in patients with no symptoms of anemia and:
-no high risk factors → Hb of 6-7 g/dl may be sufficient;
-evidence of cardiovascular, pulmonary or cerebral disease →
may need to be transfused with a Hb of > 7g/dl
Patients with symptoms of anemia should be transfused.



SURGICAL PATIENTS





RBC should usually be administered when the Hb
concentration is less than 6 g/dl, especially when the 
anemia is acute.

RBC are usually unnecessary when the Hb
concentration is more than 10 g/dl.

The determination of whether intermediate Hb
concentration (6-10 g/dl) justify or require RBC
transfusion should be based the patient’s risk factors
for complications of inadequate oxygenation (i.e.low
cardiopulmonary reserve and high oxygen 
consumption).





Clinically stable patients:



Acute Blood Loss 



• Chronic Anemia





CONCLUSION

1) Blood transfusion are commonly administered to critically ill 
patients. 
2) They can be life-saving, but they are also associated with 
adverse effects.
3) Reducing the need for blood transfusions and improving the
appropriateness of blood transfusion are important quality-of-
care issues for these patients.
4) A variety of strategies exist to reduce the need for blood 
transfusion.
5) The restrictive transfusion practice is the only intervention 
evaluated in large clinical trials to reduce transfusion 
requirements.
6) Only with knowledge more physicians will be able to adhere 
to the dictum “first, do no harm,” and we will have surplus of
blood for transfusion rather than a shortage.



… don’t transfuse unless you must...



point score ranging from 0 to 71 



point score ranging from 0 to 71 







Characteristics of patients 60+ years admitted to the SICU during 2002 
(n=401) 

Characteristics
(SD)

Age 78.1 +8.8
Gender (female), n (%) 196 (49)
Living alone, n (%) 102 (25.4)
Vision impairment, n (%) 116 (29.0)
Heavy alcohol use, n (%) 20 (5.0)
IADLs lost two wks prior 3.4 +3.0
Barthel Index two wks prior 72.8 +33.0
Barthel Index on adm. 28.8 +35.2
Barthel Index at disch 49.3 +39.4

Main diagnoses, n (%)
Respiratory failure 172 (42.9)
Cardiac disease 111 (27.7)
Stroke 44 (11.0)
GI bleeding 27 (6.7)
Cancer related problems 23 (5.7)
Acute renal failure 16 (4.0)
Others 8 (1.9)



Characteristics of patients 60+ years admitted to the SICU during 2002 
(n=401)

Characteristics M (SD)

MMSE score (0-30) 19.1 +11.0
Charlson Index (0-33) 6.5 +2.0
APACHE II score (0-71) 14.5 +6.0
APACHE -APS (0-33) 9.0 +5.7
S-Albumin (g/dl) 3.3 +0.6
S-Cholesterol (mg/dl) 174.2 +49.7
Drugs (n) 7.6 +3.2
Delirium, n (%) 128 (31.2)
Bladder catheter, n (%) 228 (56.9)
NIMV n (%) 87 (21.7)
LOS in SICU  (hours) 61.8 +62.4
LOS (days) 6.0 +4.9
Mortality in SICU, n (%) 31 (7.7)
Mortality (in Hosp), n (%) 50 (12.5)
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