
49

RECOMMENDATIONS

Blood Transfus 2009; 7: 49-64  DOI 10.2450/2008.0020-08
© SIMTI Servizi Srl

Recommendations for the transfusion of red blood cells

Giancarlo Liumbruno1, Francesco Bennardello2, Angela Lattanzio3, Pierluigi Piccoli4,
Gina Rossetti5

1UU.OO.CC. di Immunoematologia e Medicina Trasfusionale e Patologia Clinica, Ospedale "San Giovanni
Calibita" Fatebenefratelli, Roma;2Servizio di Immunoematologia e Medicina Trasfusionale, Azienda
Ospedaliera “Civile-Maria Paternò Arezzo”, Ragusa, 3Servizio di Immunoematologia e Medicina Trasfusionale,
Azienda Ospedaliera di Carbonara di Bari;4 Servizio di Immunoematologia e Medicina Trasfusionale,  Azien-
da Ospedaliera di Verona;5 Servizio di Immunoematologia e Medicina Trasfusionale,  Azienda Ospedaliera di
Trento; Italy

Introduction
The transfusion of red cell concentrates (RCC) is

indicated in order to achieve a fast increase in the
supply of oxygen to the tissues, when the
concentration of haemoglobin (Hb) is low and/or the
oxygen carrying capacity is reduced, in the presence
of inadequate physiological mechanisms of
compensation (table I)1-14.

Tissue oxygenation depends on various factors:
- the concentration of Hb;
- the saturation of Hb, which, in turn, depends on

the O
2
 tension and the affinity of the Hb for  O

2
;

- the O
2 
requirement, that is, the volume of oxygen

needed by the tissues to carry out their aerobic
function.

Table I – Mechanisms of adaptation to anaemia

Increased cardiac output

Increased coronary artery blood flow

Redistribution of blood flow

Increased oxygen extraction

Increase of red blood cell 2,3-diphosphoglycerate

Clinical factors that affect the physiological
mechanisms of adaptation to anaemia5-8,15-19:
- a reduced increase in cardiac output:

hypovolaemia, coronary artery disease, disorders
of heart valves, congestive heart disease, negative
inotropic drugs;

- decreased capacity to increase the extraction of O
2
:

acute respiratory distress syndrome (ARDS),
sepsis, systemic inflammatory response syndrome
(SIRS), traumatic ischaemia-reperfusion damage
syndrome;

- altered gas exchange: chronic obstructive
pulmonary disease (COPD), ARDS;

- increased consumption of O
2
: fever, pain, stress,

sepsis, SIRS, hyperventilation syndromes.
When there is an indication to correct anaemia,

but the situation is not urgent, strategies other than
transfusion are preferred, such as the use of
haematopoietic drugs (iron, vitamin B

12
, folic acid,

recombinant erythropoietin)5-8,20.
In order to reduce perioperative bleeding, it is

important to suspend treatment with platelet anti-
aggregants, adapt/neutralise anticoagulant therapy and
use drugs such as antifibrinolytics and
desmopressin9,20-23.

Autotransfusion, carried out according to the
criteria set out in the appropriate pre-operative request
schemes (maximum surgical blood order schedule -
MSBOS), and surgical and anaesthetic techniques to
limit blood loss are useful strategies for decreasing
the use of homologous blood (Grade of
recommendation: 1C+)5,6,13,14,20-24.

Parameters for evaluating anaemia
The only indication for the transfusion of RCC is

to correct or prevent tissue hypoxia; thus, the parameter
“of choice” for making decisions should be intracellular
pO

2
17,25,26. This parameter is not, however, usable for

clinical purposes and it is, therefore, necessary to fall
back on “surrogate” parameters, such as Hb and the
haematocrit (Htc). The indication for and the degree
of urgency of RCC transfusions cannot, however, be
defined only on the basis of the values of Hb or the
Htc3-12,14,27, but must be based on a complete evaluation
of the patient’s clinical condition (table II) and the
possible presence of mechanisms compensating for the
anaemia (table I).
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Table II – Clinical parameters to evaluate when
considering a transfusion

Age Cardiac function

Signs and symptoms of anaemia Lung function

Speed of blood loss Ischaemic heart disease

Volume of blood loss Pharmacological treatments

The physiology of red blood cells
The normal daily production of red blood cells

(RBC) in a healthy adult is about 0.25 mL/kg and the
average lifespan of the cells is about 120 days, whereas
that of transfused RBCs is about 50-60 days and can
be significantly shorter in the presence of factors
reducing their survival.

The storage of RCCs leads to a series of metabolic,
biochemical and molecular changes, defined globally
as the storage lesion; the extent of these changes is
related to the duration of the period of storage28-30.

Depletion of 2,3-diphosphoglycerate (2,3-DPG)
occurs within a few days of the start of storage and is
complete within 1 or 2 weeks.

This alteration is reversible: 50% of the 2,3-DPG
is restored by 8 hours after starting the transfusion,
while 24 – 72 hours are necessary for complete
recovery. This can be clinically relevant in patients
who require massive transfusions31-32.

Available forms of RCCs
The following forms of RCCs are available for

the treatment of anaemia (see appendix B)33-35:

1. RBC concentrates.
2. RBC concentrates deprived of the buffy coat.
3. RBC concentrates with additive solutions.
4. RBC concentrates deprived of the buffy coat and

resuspended in additive solutions.
5. Washed RBC.
6. Leucodepleted RBC.
7. Frozen RBC.
8. Apheretic RBC.
9. Irradiated RBC.

Transfusion yield
As a rough guide, in the adult, one unit of RCC

increases the Hb concentration by 1 g/dL and the Htc
by about 3%5-10,36-39. Table III reports the increases in
Hb and Htc according to the patient’s weight and blood
volume.

In children, the transfusion of 5 mL/kg increases
the Hb concentration by about 1 g/dL.

In the case of a lower than expected transfusion
yield, conditions causing the loss, sequestration or
destruction of RBCs should be looked for. Such
conditions include:
- occult bleeding;
- repeated blood sampling (particularly in children);
- fever;
- hypersplenism;
- primary and secondary immunological causes;
- mechanical or other type of haemolysis.

Indications for the transfusion of RCC
The criteria for blood-group compatibility for the

transfusion of RBC are reported in table IV .

Table III – Mean increase in Hb and Htc 24 h after the administration of one unit of red cell concentrate

MALES  (Increase) FEMALES (Increase)

Weight (kg) Volaemia (mL) Hb (g/dL) Htc (%) Volaemia (mL) Hb (g/dL) Htc (%)

20 1,350 2.3 6.6 1,260 2.5 7.0

30 2,025 1.6 4.6 1,890 1.7 5.0

40 2,700 1.2 3.6 2,520 1.3 3.9

50 3,375 1.0 3.0 3,150 1.1 3.2

60 4,050 0.9 2.6 3,780 1.0 2.7

70 4,725 0.8 2.2 4,410 0.8 2.3

80 5,400 0.7 2.0 5,040 0.7 2.0

90 6,075 0.6 1.7 5,670 0.6 1.8

100 6,750 0.5 1.5 6,300 0.5 1.6
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Table IV – Transfusion therapy with RBC: selection of the
ABO phenotype of units to transfuse

ABO phenotype ABO phenotype of units to
of the recipient transfuse (in order of preference)

O O

A A, O

B B, O

AB AB, A, B, O

1. Transfusion of RCCs  in acute anaemia
The decision to transfuse RBCs is based on the

concentration of Hb, the amount of blood loss and
the clinical condition of the patient1-12,14,25,40-49.

The main therapeutic strategy in the treatment of
acute haemorrhage is to prevent or correct
hypovolaemic shock. In order to ensure tissue
oxygenation it is essential to restore circulatory
volume by infusing crystalloids/colloids in sufficient
amounts to maintain a satisfactory blood flow and
blood pressure.

A loss of less than 15% of the blood volume does
not normally produce symptoms nor does it require
transfusion, unless there is pre-existing anaemia (table
V) (Grade of recommendation: 2C+)5-10,49.

When the loss of volume is between 15 and 30% a
compensatory tachycardia develops and the
transfusion of RCCs is indicated only in the presence
of pre-existing anaemia or concomitant cardiac or
pulmonary disease (table V) (Grade of
recommendation: 2C+)5-10,49.

Blood volume losses exceeding 30% can cause
shock and when the volume loss is more than 40%,
the shock is severe.

The probability of having to administer RCC
transfusion therapy increases notably when the
volume loss is between 30-40%, even though volume
replacement alone may be sufficient in previously
healthy subjects (table V) (Grade of recommendation:
2C+)5-10,49 .

Transfusion becomes a life-saving intervention
when the blood volume loss is more than 40% (table
V) (Grade of recommendation: 2C+)5-10,49.

Subjects with Hb concentrations below 6 g/dL
almost always require transfusion therapy. In stabilised
patients with Hb values between 6 and 10 g/dL, the
decision whether to transfuse is based on an evaluation
of clinical status; patients with values above 10 g/dL
rarely require transfusion (Grade of recommendation:
1A)5-10,14,41-45,49.

It should also be remembered that patients with
acute haemorrhage can have normal, or even high,
Htc values until the plasma volume is restored; the
clinical evaluation of the patient in this situation is,
therefore, extremely important (Grade of
recommendation: 2C+)5-10,48,49.

Among patients in intensive care, no significant
differences were found in 30-day mortality rates
between those in whom ‘restrictive’ transfusion
therapy was used and those in whom the transfusion
therapy was applied ‘liberally’ (triggering Hb values
between 7-8 g/dL  and around 10 g/dL, respectively).
There is evidence that a restrictive regime does not
cause significant increases in mortality, cardiac
morbidity or duration of hospitalisation. Patients with
underlying cardiovascular disease represent a possible
exception (Grade of recommendation: 1C+)5-

12,14,21,23,27,40-47,50-52.

Table V – Decisional criteria for transfusion in acute anaemia (GoR: grade of recommendation)

Class of Percentage reduction mL * Indication for the transfusion of RCCs GoR
haemorrhage in blood volume

Class I < 15 % < 750 Not necessary, unless pre-existing anaemia 2C+

Class II 15-30 % 750-1,500 Not necessary, unless pre-existing anaemia 2C+

and/or cardiopulmonary disease

Class III 30-40 % 1,500-2,000 Probably necessary 2C+

Class IV > 40 % > 2,000 Necessary 2C+

* In an adult weighing 70 kg with a circulatory volume of 5,000 mL.
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2. Transfusion of RCCs in chronic anaemia
In chronic anaemia there are increases in the

content of 2,3-DPG in the red blood cells, with a shift
towards the right in the Hb dissociation curve, and in
the cardiac output and respiratory rate. For these
reasons, it is rarely necessary to transfuse patients with
Hb values above 8 g/dL (Table VI) (Grade of
recommendation: 1A)5-12,14,27,43-46.

The aetiopathogenesis of this type of anaemia must
always be determined in order to treat it, if possible,
with therapy other than transfusion [haematinics in
forms due to deficiency (iron, vitamin B

12
, folates)

and/or erythropoietin in chronic renal failure or
myelodysplastic syndromes].

When there is a marked decrease in oxygenation
because of abnormalities in cardiovascular or
respiratory function, a Hb threshold above 8 g/dL can
be considered as the trigger for transfusion treatment
(Table VI) (Grade of recommendation: 2C+)8,11,12.

In patients undergoing chemotherapy or
radiotherapy, who cannot wait for the effect of
treatment with erythropoietin or in whom this
hormone cannot be used because of specific receptors
for it on the malignant cells, a suggested transfusion
threshold is a Hb concentration of 10 g/dL, to
counteract the protective effect of hypoxia on the
neoplasia and  to improve the pharmacokinetics of
some chemotherapeutic agents in conditions of
anaemia (Table VI) (Grade of recommendation:
2C+)53-66.

The transfusion threshold in thalassaemia  is
generally 9-9.5 g/dL of Hb, in order to guarantee a
balance between inhibition of bone marrow
erythropoiesis and iron overload from transfusion
therapy (Table VI) (Grade of recommendation:
2C+)8,10,67-70.

In sickle cell disease the fundamental indications
for transfusion therapy with RBC are anaemia and
vascular occlusion.

Transfusion therapy is not normally indicated in
patients with Hb values > 7 g/dL (Grade of
recommendation: 2C+)8,10,67,71-82.

In the presence of vascular occlusion, the aim of
transfusion therapy is to prevent or stop intravascular
sickling by dilution or replacement of the pathological
circulating RBCs with normal RBCs; sickle cell
patients must be transfused with RCCs lacking Hb S.
It is improbable that these patients develop vaso-
occlusion when the percentage of Hb S is below 30-
40%. Red cell exchange is indicated for planned major
surgery, ocular surgery and to prevent or treat acute
vaso-occlusive crises (Grade of recommendation:
2C+)8,10,67,71-82.

In thrombocytopenic patients transfusion therapy
with RCC is indicated to maintain the Htc around 30%
and to reduce the risk of haemorrhage (Grade of
recommendation: 1C+)83-95.

3. Transfusion of RCC in surgery
Patients in good clinical condition and with Hb values

≥  10 g/dL rarely require perioperative transfusions, while
patients with Hb levels around 7 g/dL often do (Grade
of recommendation: 1C+)5-14,20-25,96-102.

However, all decisions concerning transfusions in the
case of surgery must take into consideration other factors:
the type of operation, the extent and speed of blood loss,
the presence of concomitant clinical conditions (age of
the patient, heart disease, respiratory disorders).

In all cases in which the use of allogeneic blood is
predictable and/or necessary, it is suggested that the
requested number of units of RCC does not exceed
that of the MSBOS indication for that particular
operation (Grade of recommendation: 2C+)13,21-23.

As an initial reference, the indications from the
British Committee for Standards in Haematology
Blood Transfusion Task Force are proposed. These
guidelines report the maximum acceptable request in
standard operating conditions and in the presence of

Table VI - Decisional criteria for transfusion in chronic anaemia (GoR: grade of recommendation)

Hb value GoR

Hb < 8 g/dL After evaluation of the aetiopathogenesis and consideration of possible alternatives to transfusion   1A

Hb 8-10 g/dL Transfuse RBC when there is a marked decrease in oxygenation (abnormal cardiocirculatory 2C+
or respiratory function)
Patients undergoing chemo-radiotherapy or thrombocytopenic patients 1C+

Hb 9-9.5 g/dL Thalassaemic patients 2C+

Liumbruno G et al
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Table VII – Proposed Maximum Surgical Blood Order Schedule (MSBOS) for different operations.

General surgery
Cholecystectomy and exploration of the bile duct; abdominal wall repair; vagotomy (*) T&S
Explorative laparotomy 2
Oesophagectomy 4
Laparotomic repair of hiatus hernia; gastrostomy and enterostomy; gastric resections T&S
Total gastrectomy 2
Oesophagogastrectomy 4
Hepatic resections 2
Hepatectomy 4
Rectal resection via the abdominal-perineal route 4
Anterior resection of the rectum 2
Ileal resections 4
Resections of the colon, hemicolectomy, colectomy 2
Simple mastectomy; thyroidectomy; parathyroidectomy; liver biopsy; splenectomy T&S
Excision of adrenal gland 3
Pancreatectomy 4
Kidney transplant; bone marrow harvest 2

Thoracic surgery
Lung biopsy; mediastinoscopy; explorative thoracotomy T&S
Pneumectomy; lobectomy; pleural decortication 2

Cardiovascular surgery
Amputation of a leg; sympathectomy; femoral thromboendoarterectomy (TEA); carotid TEA T&S
Aorto-femoral by-pass 2
Aorto-iliac by-pass 4
Abdominal aorta aneurysmectomy 4
Thoracic aorta aneurysmectomy 6
Saphenectomy; varicectomy T&S
Valve replacements; aorto-coronary by-pass 4

Neurosurgery
Pituitary gland surgery; laminectomy for lumbosacral hernia discs; shunts for hydrocephalus T&S
Excision of meningioma 2
Excision of primary/secondary brain tumours 2
Chronic subdural haematoma; cranioplasty T&S
Cerebral aneurysmectomy 2

Urology
Transurethral resection of prostate (TURP); transurethral resection of bladder T&S
Open adenomectomy of prostate 2
Radical prostatectomy 4
Cystectomy 4
Radical nephrectomy 2
Percutaneous pyelolithotomy T&S

Obstetrics/Gynaecology
Caesarean section; abdominal/vaginal hysterectomy T&S
Laparo-hysterectomy with bilateral removal of adnexae 4
Pelviectomy 6
Asportation of a vesicular mole 2

Orthopaedic surgery
Osteotomy/bone biopsy T&S
Bone graft from iliac crest; spinal column arthrodesis 2
Hip, knee, shoulder, elbow prosthesis 2
Removal of hip synthesis systems, femoral nails T&S
Hip prosthesis replacement 4

 (*) T&S = Type and Screen (Type = typing the red blood cells, with determination of ABO groups and Rh type; Screen = search for irregular
red blood cell antibodies)

Recommendations for the transfusion of red blood cells
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good transfusion practice (table VII).
It is to be hoped that the MSBOS in every health

care structure is adapted to the local reality.
The MSBOS also serves as a guide for the

indication for autotransfusion. Autotransfusion must
be limited to cases of elective surgery for which the
predicted transfusion requirements are at least two
units of RCCs and for which there is enough time to
collect the autologous units and allow haematopoietic
recovery (Grade of recommendation: 2C)13,21-23.

4. Transfusion of RCCs in bone marrow
transplantation
The need for RCC transfusions in bone marrow

transplantation (BMT) varies greatly from patient to
patient. All patients who are candidates for BMT must
be transfused only with leucocyte-depleted red cells
that are preferably of the same group and phenotype
(Grade of recommendation: 2C+)103-108.

Blood components filtered with the latest
generation filters, able to reduce the leucocyte content
by 99.9%, are a valid alternative to cytomegalovirus
(CMV)-negative blood components (Grade of
recommendation: 1C)105,106,108.

All patients undergoing allogeneic BMT should be
transfused with irradiated blood components until the
start of their conditioning chemotherapy or
radiotherapy. This indication also continues until graft-
versus-host disease (GvHD) prophylaxis is given:
usually for 6 months or until the lymphocyte count
exceeds 1,000/µL. Patients transplanted for combined
immunodeficiency disease or with chronic GvHD, must
receive irradiated blood components for a longer period,
even for as long as 2 years (Grade of recommendation:
2C+)105,109-111.

In transplanted patients, the aim of transfusion
during the phase of thrombocytopenia is to maintain
the Htc around 30% to reduce the risk of haemorrhage
(Grade of recommendation: 1C+)83-95.

The ABO/D group of RCCs to be transfused during
allogeneic BMT must be contemporaneously
compatible with the donor’s and recipient’s group
(Grade of recommendation: 1C+)104,107.

5. Transfusion of RCCs in neonates
Units of smaller volume (25-100 mL) can be

prepared for children by fractionating a standard unit
of RCCs into several aliquots; these aliquots can be
transfused in succession, in this way reducing the

number of donors to which the recipient is exposed38.
RCCs used in the neonatal period must be

leucodepleted, preferably at the time of collection
(prestorage), but at any rate, within 72 hours of
collection (Grade of recommendation: 1C)38,67,112,113.

In order to prevent GvHD, RCCs must be
irradiated when used in the situations listed in the
paragraph concerning irradiated RCCs (see appendix
B) (Grade of recommendation: 2C+)38,67,109-111.

The threshold value of Hb in the neonate (10 g/dL)
is higher than that in the adult and even higher (12-13
g/dL) in the first 24 hours of life or in the presence of
cardiac or respiratory failure. The generally
recommended doses of RCCs are 5–20 mL/kg.

For further details refer to the recommendations
jointly issued by the Italian Society of Neonatology
and the Italian Society of Trasfusion Medicine.

Inappropriate indications for the use of RCCs
- Anaemia with Hb above 10 g/dL (in the absence

of specific risk factors related to the patient’s
clinical characteristics) 3-12,14,27,67;

- to expand circulatory volume;
- to replace haematinics (iron, vitamin B

12
, folates);

- for re-constituent purposes;
- to accelerate the healing of wounds.

Monitoring indices for clinical auditing
The use of transfusion therapy with RCCs in the

following situations:
- Anaemia with Hb > 10 g/dL.
- To expand circulatory volume.
- To replace haematinics.

Indications for specifically treated RCCs
1. Leucodepleted RCCs

The indications for the use of leucodepleted blood
components are currently under debate and need to
be confirmed by the results of controlled clinical trials.
- Consolidated indications (Grade of

recommendation: 1C)67,105,106,108.
1. Prevention of febrile non-haemolytic transfusion

reactions (FNHTRs) caused by the presence of
antibodies to white blood cells:
- patients with recurrent FNHTR;
- patients who need prolonged transfusion

support.
2. Reduction of the incidence of CMV infections in:

- CMV-negative patients with congenital or

Liumbruno G et al

Blood Transfus 2009; 7: 49-64  DOI 10.2450/2008.0020-08



55

acquired immunodeficiency;
- CMV-negative recipients of a BMT from a

CMV-negative donor;
- pregnant women, independently of their CMV

serological status, given the possible
immunomodulatory effect of the transfusion
(re-activation of CMV).

3. Reduction of the risk of rejection in candidates
for haematopoietic stem cell transplantation.

4. Prevention of refractoriness to platelet transfusion.
5. Intrauterine transfusions and transfusions to

premature babies, neonates, and paediatric patients
up to 1 year old.

- Possible indications
1. Candidates for renal transplantation: the use of

leucodepleted red cells prevents HLA
alloimmunisation and avoids the risk of
transmission of CMV106-108.

2. Immunomodulation: there is not sufficient
evidence to recommend routine use of
leucodepleted RBCs in surgical patients, with the
aim of preventing post-operative infections or
recurrent neoplasms105,106,108,114-116.

2.  Irradiated RCCs
Irradiation, at the dose of 25-50 Gy, is currently

the only method available for preventing transfusion-
related GvHD33,34,67,103,105,109-111. The only unfavourable
effect of irradiating RBCs is hyperkalaemia, due to
the accelerated release of potassium from the
erythrocytes. This effect is of little relevance in adults,
but can cause serious problems in the case of
intrauterine transfusions or exchange transfusions.

The main indications for irradiated RCCs are listed
in the appendix B (Grade of recommendation:
2C+)33,34,67,103,105,109-111.

3.  Washed RCCs
- Patients with IgA deficiency (Grade of

recommendation: 2C)33,34,117.
- Prevention of allergic reactions not sensitive to

antihistamine drugs (Grade of recommendation:
2C) 33,34,117.

- Post-transfusion febrile reactions, present even
when leucodepleted RBCs are used (Grade of
recommendation: 2C) 33,34,115.

4.  Frozen RCCs
- Patients with complex immunohaematological

profiles in the absence of compatible donors
(Grade of recommendation: 2C)33,34,118.

Adverse reactions
Transfusion therapy with RCCs can cause adverse

reactions, which are classified on the basis of their
aetiopathogenesis and the time of occurrence with
respect to the transfusion1,5,8-10,14,27.
1. Immediate immunological mechanisms:

- acute haemolytic reactions;
- febrile non-haemolytic reactions;
- allergic reactions (anaphylaxis, urticaria);
- acute non-cardiogenic pulmonary oedema

(transfusion-related acute lung injury –
TRALI).

2. Delayed immunological mechanisms:
- delayed haemolytic reactions;
- GvHD;
- post-transfusion purpura;
- alloimmunisation.

3. Immediate non-immunological mechanisms:
- reaction to bacterial contamination;
- circulatory overload;
- non-immunological haemolysis.

4. Delayed non-immunological mechanisms
- iron overload;
- post-transfusion infections: possible, but very

rare, viral diseases and infections by protozoa
(in particular malaria).

References
1) Petz LD, Swisher SN, Kleinman S, et al. Clinical

Practice of Transfusion Medicine, 3th ed, New York,
NY, Churchill Livingstone; 1996.

2) Wardrop CA, Holland BM, Jones JG. Consensus on red
cell transfusion. BMJ 1995; 311: 962-3.

3) Calder L, Hebert PC, Carter AO, Graham ID. Review
of published recommendations and guidelines for the
transfusions of allogeneic red blood cells and plasma.
Can Med Assoc J 1997; 156 (Suppl 11): S1-8.

4) Hebert PC, Schweitzer I, Calder L, et al. Review of the
clinical practice literature on allogeneic red blood cell
transfusion. Can Med Assoc J 1997; 156 (Suppl 11):
S9-26.

5) American Society of Anestesiologists Task Force on
Blood Component Therapy: Practice guidelines for
blood component therapy. Anesthesiology 1996; 84:
732-47.

6) Expert Working Group. Guidelines for red blood cell
and plasma transfusion for adults and children. Can Med
Assoc J 1997; 156 (Suppl 11): S1-24.

7) Simon TL, Alverson DC, AuBuchon J, et al. Practice

Recommendations for the transfusion of red blood cells

Blood Transfus 2009; 7: 49-64  DOI 10.2450/2008.0020-08



56

parameter for the use of red blood cell transfusions:
developed by the red blood cell administration practice
guidelines development task force of the College of
American Pathologists. Arch Pathol Lab Med 1998;
122: 130-8.

8) British Committee for Standards in Haematology Blood
Transfusion Task Force. Guidelines for the clinical use
of red cell transfusions. Br J Haematol 2001; 113: 24-
31.

9) Clinical practice guidelines on the use of blood
components (red blood cells, platelets, fresh frozen
plasma, cryoprecipitate). Endorsed September 2001.
National Health and Medical Research Council,
Australasian Society of Blood Transfusion Inc.
Available at: http://www.nhmrc.gov.au/publications/
synopses/_files/cp78.pdf.

10) Practice guidelines for blood transfusion: a compilation
from recent peer-reviewed literature. American Red
Cross 2002. Available at: http://chapters.redcross.org/
br/indianaoh/hospitals/transfusion guidelines.htm.re.

11) Hill SR, Carless PA, Henry DA, et al. Transfusion
thresholds and other strategies for guiding allogeneic
red blood cell transfusion. Cochrane Database Syst Rev
2002; 2: CD002042.

12) Carson JL, Hill S, Carless P, et al. Transfusion triggers:
a systematic review of the literature. Transfus Med Rev
2002; 16: 187-99.

13) British Committee for Standards in Haematology.
Guidelines for policies on alternatives to allogeneic
blood transfusion. 2006. Available at: http://
www.bcshguidelines.com/pdf/Predeposi_310806.pdf.

14) Istituto Superiore di Sanità. Atti del convegno nazionale
buon uso del sangue, Roma, 25-26 febbraio 2003.
Rapporti ISTISAN 04/10. Available at: http//www.iss.it.

15) Hebert PC, Hu LQ, Biro GP. Review of physiologic
mechanisms in response to anemia. Can Med Assoc J
1997; 156 (Suppl 11): S27- 40.

16) Hebert PC, Van der Linden P, Biro G, Hu LQ.
Physiologic aspects of anemia. Crit Care Clin 2004;
20: 187-212.

17) Hameed SM, Aird WC. Oxygen delivery. Crit Care Med
2003; 31: S658-67.

18) Ellis CG, Jagger J, Sharpe M. The microcirculation as a
functional system. Crit Care 2005; 9: S3-8.

19) Wallis JP. Nitric oxide and blood: a review. Transfus
Med 2005; 15: 1-11.

20) Practice guidelines for perioperative blood transfusion
and adjuvant therapies: an updated report by the
American Society of Anestesiologists Task Force on
perioperative blood transfusion and adjuvant therapies.
Anesthesiology 2006; 105: 198-208.

21) Scottish Intercollegiate Guidelines Network.
Perioperative blood transfusion for elective surgery;
October 2001. Available at: http://www.sign.ac.uk/pdf/
sign54.pdf.

22) British Committee for Standards in Haematology Blood
Transfusion Task Force. Guidelines for implementation
of a maximum surgical blood order schedule. Clin Lab
Haemat 1990; 12: 321-7.

23) McFarland JG. Perioperative blood transfusions:
indications and options. Chest 1999; 115 (Suppl 5):
S113-21.

24) Huet C, Salmi LR, Fergusson D, et al. 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 1999;
89: 861-9.

25) Siegemund M, van Bommel J, Ince C. Assessment of
regional tissue oxygenation. Intensive Care Med 1999;
25: 1044-60.

26) Huang YC. Monitoring oxygen delivery in the critically
ill. Chest 2005; 128: 554S-60S.

27) Prinoth O. Servizio Aziendale di Immunoematologia e
Trasfusione – Comprensorio Sanitario di Bolzano.
Terapia con emocomponenti e plasmaderivati: linee
guida ed aspetti medico-legali. Gennaio 2007. Available
at: http://www.asbz.it/portal/it/document/IT/direzione/
LINEE%20GUIDA%20ALLA%20TRASFUSIONE-
ITALIANE%20(integrale).pdf.

28) Chin-Yee I, Arya N, d’Almeida MS. The red cell storage
lesion and its implication for transfusion. Transfus Sci
1997; 18: 447-58.

29) Hebert PC, Chin-Yee I, Fergusson D, et al. A pilot trial
evaluating the clinical effects of prolonged storage of
red cells. Anesth Analg 2005; 100: 1433-8.

30) Tinmouth A, Fergusson D, Chin-Yee I et al. Clinical
consequences of red cell storage lesions in the critically
ill. Transfusion 2006; 46: 2014-27.

31) Hess JR, Rugg N, Joines AD, et al. Buffering and
dilution in red blood cell storage. Transfusion 2006;
46: 50-4.

32) Högman CF, Löf H, Meryman HT. Storage of red blood
cells with improved maintenance of 2,3-
biphosphoglycerate. Transfusion 2006; 46: 1543-52.

33) Council of Europe. Guide to the Preparation, Use and
Quality Assurance of Blood Components.
Recommendation No R (95) 15 on the Preparation, Use
and Quality Assurance of Blood Components, 14th ed,
Strasbourg, Council of Europe Press; 2008.

34) Decreto del Ministro della Salute 3 Marzo 2005.
Caratteristiche e modalità per la donazione di sangue e
di emocomponenti. Gazzetta Ufficiale della Repubblica
Italiana, Serie Generale, n. 85 del 13 aprile 2005.

35) Società Italiana di Medicina Trasfusionale e
Immunoematologia (SIMTI). Standard di Medicina
Trasfusionale. 1st Edition, September 2007. Edizioni
SIMTI, Italy.

36) Elzik ME, Dirschl DR, Dahners LE. Correlation of
transfusion volume to change in hematocrit. Am J
Hematol 2006; 81: 145-6.

37) Davies P, Robertson S, Hedge S, et al. Calculating the
required transfusion volume in children. Transfusion
2007; 47: 212-6.

38) Tripodi G, Antoncecchi S, Fanetti G, et al.
Recommendations on transfusion therapy in
neonatology. Blood Transfus 2006; 4: 158-80.

39) Morris KP, Naqvi N, Davies P, et al. A new formula for

Liumbruno G et al

Blood Transfus 2009; 7: 49-64  DOI 10.2450/2008.0020-08



57

blood transfusion volume in the critically ill. Arch Dis
Child 2005; 90: 724-8.

40) Hebert PC, Wells G, Martin, et al. Variation in red cell
transfusion practice in the intensive care unit: a
multicentre cohort study. Crit Care 1999; 3: 57-63.

41) 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 1999; 340: 409-17.

42) Bracey AW, Radovancevic R, Riggs SA, et al. Lowering
the hemoglobin threshold for transfusion in coronary
artery bypass procedures: effect on patient outcome.
Transfusion 1999; 39: 1070–7.

43) Hebert PC, Yetisir E, Martin C, et al. Is a low transfusion
threshold safe in critically ill patients with
cardiovascular disease? Crit Care Med 2001;
29: 227-34.

44) Wu WC, Rathore SS, Wang Y, et al. Blood transfusion
in elderly patients with acute myocardial infarction. N
Engl J Med 2001; 345: 1230-6.

45) Vincent JL, Baron JF, Reinhart K, et al. Anemia and
blood transfusion in critically ill patients. JAMA 2002;
288: 1499-507.

46) Rao SV, Jollis JG, Harrington RA, et al. Relationship of
blood transfusion and clinical outcomes in patients with
acute coronary syndromes. JAMA 2004; 292: 1555-62.

47) Hebert PC, Fergusson DA. Red blood cell transfusion
in critically ill patients. JAMA 2002; 288: 1525-6.

48) Valeri CR, Dennis RC, Ragno G, et al. Limitations of
the hematocrit level to assess the need for red blood
cell transfusion in hypovolemic anemic patients.
Transfusion 2006; 46: 365-71.

49) British Committee for Standards in Haematology.
Guidelines on the management of massive blood loss.
Br J Haematol 2006; 135: 634-41.

50) Rao SV, Kaul PR, Liao L, et al. Association between
bleeding, blood transfusion, and costs among patients
with non– ST-segment elevation acute coronary
syndromes. Am Heart J 2008; 155: 369-74.

51) Murphy GJ, Reeves BC, Rogers PCA, et al. Increased
mortality, postoperative morbidity, and cost after red
blood cell transfusion in patients having cardiac surgery.
Circulation 2007; 116: 2544-52.

52) Rao SV, Chiswell K, Sun JL, et al. International variation
in the use of blood transfusion in patients with non–
ST-segment elevation acute coronary syndromes. Am
J Cardiol 2008; 101: 25-9.

53) Dicato M. Anemia in cancer: some pathophysiological
aspects. Oncologist 2003; 8 (Suppl 1): 19-21.

54) Van Belle SJ, Cocquyt V. Impact of haemoglobin levels
on the outcome of cancers treated with chemotherapy.
Crit Rev Oncol Hematol 2003; 47: 1-11.

55) Harrison L, Blackwell K. Hypoxia and anemia: factors
in decreased sensitivity to radiation therapy and
chemotherapy? Oncologist 2004; 9 (Suppl 5): 31-40.

56) Varlotto J, Stevenson MA. Anemia, tumor hypoxemia
and the cancer patient. Int J Radiat Oncol Biol Phys
2005; 1: 25-36.

57) Clarke H, Pallister CJ. The impact of anaemia on
outcome in cancer. Clin Lab Haematol 2005; 27: 1-13.

58) Mohyeldin A, Lu H, Dalgard C, et al. Erythropoietin
signalling promotes invasiveness of human head and
neck squamous cell carcinoma. Neoplasia 2005; 7: 537-
43.

59) Park SH, Lee J, Lee SH, et al. Anemia is the strongest
prognostic factor for outcomes of 5-fluorouracil-based
first-line chemotherapy in patients with advanced gastric
cancer. Cancer Chemother Pharmacol 2006; 57: 91-6.

60) Kase S, Yoshida K, Osaki M, et al. Expression of
erythropoietin receptor in human Merkel cell carcinoma
of the eyelid. Anticancer Res 2006; 26: 4535-7.

61) Tampellini M, Saini A, Alabiso I, et al. The role of
haemoglobin level in predicting the response to first-
line chemotherapy in advanced colorectal cancer
patients. Br J Cancer 2006; 95: 13-20.

62) Ferrandina G, Distefano M, Smaniotto D, et al. Anemia
in patients with locally advanced cervical carcinoma
administered preoperative radiochemotherapy:
association with pathological response to treatment and
clinical outcome. Gynecol Oncol 2006; 103: 500-5.

63) Stadler P, Putnik K, Kreimeyer T, et al. Split course
hyperfractionated radio-chemotherapy (SCHARC) for
patients with advanced head and neck cancer: influence
of protocol deviations and hemoglobin on overall
survival, a retrospective analysis. BMC Cancer 2006;
7: 279-86.

64) Vaupel P, Mayer A. Hypoxia and anemia: effects on
tumor biology and treatment resistance. Transfus Clin
Biol 2005; 12: 5-10.

65) Bennett CL, Silver SM, Djulbegovic B, et al. Venous
thromboembolism and mortality associated with
recombinant erythropoietin and darbepoetin
administration for the treatment of cancer-associated
anemia. JAMA 2008; 299: 914-24.

66) European Medicines Agency Post-authorisation
Evaluation of Medicines for Human Use. Public
Statement. Epoetins and the risk of tumour growth
progression and thromboembolic events in cancer
patients and cardiovascular risks in patients with chronic
kidney disease. 2007; Available at: http://
www.emea.europa.eu/pdfs/human/press/pus/
49618807en.pdf.

67) Gibson BE, Todd A, Roberts I, et al. British Committee
for Standards in Hematology Transfusion Task Force.
Transfusion guidelines for neonates and older children.
Br J Haematol 2004; 124: 433-53.

68) Cazzola M, Borgna-Pignatti C, Locatelli F, et al. A
moderate transfusion regimen may reduce iron loading
in beta-thalassaemia major without producing excessive
expansion of erythropoiesis. Transfusion 1997;
37: 135–40.

69) Prati D. Benefits and complications of regular blood
transfusion in patients with beta-thalassaemia major.
Vox Sang 2000; 79: 129–37.

70) Olivieri NF.  The beta-thalassemias. N Engl J Med 1999;
341: 99–109.

71) Josephson CD, Su LL, Hillyer KL, Hillyer CD.
Transfusion in the patient with sickle cell disease: a

Recommendations for the transfusion of red blood cells

Blood Transfus 2009; 7: 49-64  DOI 10.2450/2008.0020-08



58

critical review of the literature and transfusion guideline.
Transfus Med Rev 2007; 21: 118-33.

72) Telen MJ. Principles and problems of transfusion in
sickle cell disease. Semin Hematol 2001; 38: 315–23.

73) Ohene-Frempong K. Indications for red cell transfusion
in sickle cell disease. Semin Hematol 2001; 38: 5-13.

74) Schmalzer EA, Lee JO, Brown AK, et al. Viscosity of
mixtures of sickle and normal red cells at varying
hematocrit levels: implications for transfusion.
Transfusion 1987; 27: 228-33.

75) Emre U, Miller ST, Gutierez M, et al. Effect of
transfusion in acute chest syndrome of sickle cell
disease. J Pediatr 1995; 127: 901-04.

76) Pegelow CH, Adams RJ, McKie V, et al. Risk of
recurrent stroke in patients with sickle cell disease
treated with erythrocyte transfusions. J Pediatr 1995;
126: 896-9.

77) Adams RJ, McVie VC, Hsu L, et al. Prevention of a
first stroke by transfusions in children with sickle cell
anemia and abnormal results on transcranial doppler
ultrasonography. N Engl J Med 1998; 339: 5-11.

78) Cohen AR, Martin MB, Silber JH, et al. A modified
transfusion program for prevention of stroke in  sickle
cell disease. Blood 1992; 79: 1657-61.

79) Riddington C, Williamson T. Preoperative blood
transfusions for sickle cell disease. Cochrane Database
Sys Rev 2001; 3: CD003149.

80) Vichinsky EP, Haberkern CM, Neumayr L, et al. A
comparison of conservative and aggressive transfusion
regimens in the perioperative management of sickle cell
disease. The Preoperative Transfusion in Sickle Cell Disease
Study Group. New Engl J Med 1995; 333: 206-13.

81) Vichinsky EP, Luban LN, Wright E, et al. Prospective
RBC phenotype matching in a stroke-prevention trial
in sickle cell anemia: a multicenter transfusion trial.
Transfusion 2001; 9: 1086-92.

82) Kim HC, Dugan NP, Silber JH, et al. Erytrocytapheresis
therapy to reduce iron overload in chronically transfused
patients with sickle cell disease. Blood 1994; 83: 1136-42.

83) Hellem AJ, Borchgrevink CF, Ames SB. The role of
red cells in haemostasis: the relation between
haematocrit, bleeding time and platelet adhesiveness.
Br J Haematol 1961; 7: 42-50.

84) Livio M, Gotti E, Marchesi D, et al. Uraemic bleeding:
role of anemia and beneficial effect of red cell
transfusions. Lancet 1982; 2: 1013-15.

85) Small M, Lowe GD, Cameron E, Forbes CD.
Contribution of the haematocrit to the bleeding time.
Haemostasis 1983; 13: 379-84.

86) Fernandez F, Goudable C, Sie P, et al. Low haematocrit
and prolonged bleeding time in uraemic patients: effect of
red cell transfusions. Br J Haematol 1985; 59: 139-48.

87) Escolar G, Garrido M, Mazzara R, et al. Experimental
basis for the use of red cell transfusion in the
management of anemic-thrombocytopenic patients.
Transfusion 1988; 28: 406-11.

88) Burns ER, Lawrence C. Bleeding time. A guide to its
diagnostic and clinical utility. Arch Pathol Lab Med
1989; 113: 1219-24.

89) Ho CH. The hemostatic effect of adequate red cell
transfusion in patients with anemia and
thrombocytopenia. Transfusion 1996; 36: 290.

90) Crowley JP, Metzger JB, Valeri CR. The volume of
blood shed during the bleeding time correlates with the
peripheral venous hematocrit. Am J Clin Pathol 1997;
108: 579-84.

91) Valeri CR, Cassidy G, Pivacek LE, et al. Anemia-
induced increase in the bleeding time: implications for
treatment of nonsurgical blood loss. Transfusion 2001;
41: 977-83.

92) British Committee for Standards in Haematology.
Guidelines for the use of platelet transfusions. Br J
Haematol 2003; 122: 10-23.

93) Eugster M, Reinhart WH. The influence of the
haematocrit on primary haemostasis in vitro. Thromb
Haemost 2005; 94: 1213-8.

94) Webert KE, Sigouin CS, Cook RJ, et al. Insights into
the risk of bleeding in thrombocytopenic patients with
acute leukaemia [abstract]. Transfusion 2005; 45: S33.

95) Webert K, Cook RJ, Sigouin CS, et al. The risk of
bleeding in thrombocytopenic patients with acute
myeloid leukaemia. Haematologica 2006; 91: 1530-7.

96) Consensus Conference. Perioperative red cell
transfusion. JAMA 1988; 260: 2700-3.

97) Bush RL, Pevec WC, Holcroft JW. A prospective,
randomized trial limiting perioperative red blood cell
transfusions in vascular patients. Am J Surg 1997; 174:
143-8.

98) Carson JL, Duff A, Berlin JA, et al. Perioperative blood
transfusion and postoperative mortality. JAMA 1998;
279: 199-205.

99) Carson JL, Noveck H, Berlin JA, Gould SA. Mortality
and morbidity in patients with very low postoperative
Hb levels who decline blood transfusion. Transfusion
2002; 42: 812-8.

100) Engelfriet CP, Reesink HW, McCullough J, et al.
Perioperative triggers for red cell transfusions. Vox
Sang 2002; 82: 215-26.

101) Khanna MP, Hebert PC, Fergusson DA. Review of
the clinical practice literature on patient characteristics
associated with perioperative allogeneic red blood cell
transfusion. Transfus Med Rev 2003; 17: 110-9.

102) Madjdpour C, Spahn DR, Weiskopf RB. Anemia and
perioperative red blood cell transfusion: a matter of
tolerance. Crit Care Med 2006; 345 (Suppl 5): S102-
8.

103) Storb R, Weiden PL. Transfusion problems associated
with transplantation. Semin Hematol 1981; 18: 163-
76.

104) Working Party of the British Committee for Standards
in Haematology Blood Transfusion Task Force.
Guidelines for compatibility procedures in blood
transfusion laboratories. Transfus Med 2004; 14: 59-
73.

105) Topics in transfusion medicine. Guidelines. Irradiated
blood products. Leucocyte depletion of blood and
blood components. Australasian Society of Blood
Transfusion Inc. October 1996. Available at: http://

Liumbruno G et al

Blood Transfus 2009; 7: 49-64  DOI 10.2450/2008.0020-08



59

www.anzsbt.org.au/publications/documents/
1996_Vol3_2.pdf.

106) British Committee for Standards in Haematology
Blood Transfusion Task Force. Guidelines on the
clinical use of leukocyte-depleted blood components.
Transfus Med 1998; 8: 59-71.

107) Lapierre V, Kuentz M, Tiberghien P. Allogeneic
peripheral blood hematopoietic stem cell
transplantation: guidelines for red cell immuno-
hematological assessment and transfusion practice.
Société Française de Greffe de Moelle. Bone Marrow
Transplant 2000; 25: 507-12.

108) Ratko TA, Cummings JP, Oberman HA, et al.
Evidence-based recommendations for the use of
WBC-reduced cellular blood components.
Transfusion 2001; 41: 1310-9.

109) British Committee for Standards in Haematology
Blood Transfusion Task Force. Guidelines on gamma
irradiation of blood components for the prevention of
transfusion-associated graft-versus host disease.
Transfus Med 1996; 6: 261-71.

110) Guidelines for gamma irradiation of blood
components. Revised 2003. Australian & New
Zealand Society of Blood Transfusion Inc. Australian
Red Cross Blood Service, New Zealand Blood
Service. Available at: http://www.anzsbt.org.au/
publications/documents/ANZSBTguide_May03.pdf.

111) Gorlin JB, Minz PD. Transfusion-associated graft-vs-
host disease. In: Mintz PD editor. Transfusion
Therapy: Clinical Principles and Practice, Bethesda,
MD: AABB; 2005. p.579-96.

112) Strauss RG. Transfusion approach to neonatal anemia.
NeoReviews 2000; l: 74-80.

113) Roseff SD, Luban NLC, Manno CS. Guidelines for
assessing appropriateness of pediatric transfusion.
Transfusion 2002; 42: 1398-413.

114) Bordin JO, Heddle NM, Blajchman MA. Biologic
effects of leukocytes present in transfused cellular
blood products. Blood 1994; l84: 1703-21.

115) McAlister FA, Clark HD, Wells PS, Lapaucis A.
Perioperative allogeneic blood transfusion does not
cause adverse sequelae in patients with cancer: a meta-
analysis of unconfounded studies. Br J Surg 1998;
85: 171-8.

116) Amato A, Pescatori M. Perioperative blood transfusion
for the recurrence of colorectal cancer. Cochrane
Database Syst Rev 2006; 1: CD005033.

117) Blood transfusion: indications and administration.
Finnish Medical Society Duodecim – Professional
Association. 2000 Mar 30 (revised 2006 Aug 8).
Available at: http://www.guidelines.gov/search/
searchresults.aspx?Type=3&txtSearch=red+cell+
transfusion&num=20.

118) Chaplin H Jr. Frozen red cells revisited. N Engl J Med
1984; 311: 1696-8.

Appendix A

Working methods of the study group and
grades of recommendation

The process of developing these
Recommendations, in compliance with the
indications contained in the methodological
manual of National Programme for Guidelines1,
was based on a systematic review of the
literature and updating of existing
recommendations on the subject: the
recommendations will be discussed in a
multidisciplinary context in a subsequent stage
and in the relevant institutions. Furthermore, an
explicit evaluation of the quality of the proof
and the strength with which the single
recommendations are adopted and implemented
is provided1.

The methodology used to prepare the grades
of recommendations was drawn from that used
by the Consensus Conference of the American
College of Chest Physicians in 20042.

The recommendations are classified by
grade, expressed in Arabic numbers (1,2),
according to their strength, and in letters (A, B,
C), according to the evidence and type of study.

In detail (Table I):
- Grade 1: the authors are certain that the

benefits are greater (or less) than the costs in
terms of risk and financial expenditure. This
is, therefore, a strong recommendation.

- Grade 2: the authors are less certain
concerning the above points and, therefore,
make a weaker recommendation.
As far as regards the classification by letters:

- Grade A: a recommendation derived from
the evidence of numerous, consistent
randomised studies.

- Grade C+: a recommendation derived from
the analysis of observational clinical studies,
but with very consistent results, or from
results unequivocally extrapolated from
randomised studies.

- Grade B: the clinical studies providing the
evidence were randomised, but had
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important limitations (discordant results,
methodological flaws).

- Grade C: the recommendation derives from
an analysis of observational studies, with less
consistent results, or from results
extrapolated with a lower degree of certainty
from randomised studies; recommendations
based on the clinical experience/opinion of
experts are also classified as grade C.
The verb “ recommend” is used for the higher

grades (1A, 1C+, 1B, 1C), while the verb
“ suggest” is used for the lower grades (2A, 2C+,
2B and 2C).

In general, any recommendation other than
Grade 1A implies that the authors recognise that
there are alternative interpretations of the
available evidence and that there are other
clinical policies that can reasonably be
considered appropriate. Furthermore, even the
Grade 1A recommendations cannot be applied
indiscriminately in every circumstance and in
every patient.

The conventional classification of evidence
is based on mathematical and statistical criteria,
assigning the “strength” of evidence, in order,
to: meta-analysis, randomised, controlled,
experimental studies, retrospective analyses,
prospective follow-ups,  transverse population
studies, reviews, anecdotal evidence. This is
correct as far as concerns the purely clinical
studies, particularly therapeutic studies focused
on objective outcome evaluations.

In some fields the recommendations remain
weak; in others, however, data from clinical
studies that have been carried out with
methodological rigour in a sufficiently large
population have enabled the formulation of
specific and more certain recommendations.

Furthermore, it is not always possible to use
the aggregated data from meta-analyses: these
variables increase the margins of individual
decision for each doctor and for each patient.

The recommendations are accompanied by
indicators intended to enable clinical auditing1.

The present document will be revised
annually, to include new information that has
become available in the meantime.

Each member making up the study group has
signed a statement declaring a lack of conflict
of interests, conforming with that adopted by
the National Programmed for Guidelines1.
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Table I- Grades of Recommendations

Grade of Clarity of Risk Methodological strength Implications
Recommendation /Benefit of supporting evidence

1A Clear Randomised controlled trials without Strong recommendation; can apply to most
important limitations patients in most circumstances without

reservation

1C+ Clear No randomised controlled trials Strong recommendation; can apply to most
but strong results from randomised patients in most circumstances
controlled trials can be unequivocally
extrapolated, or overwhelming evidence
from observational studies

1B Clear Randomised controlled trials with Strong recommendations; likely to apply to
important limitations (inconsistent most patients
results, methodological flaws)

1C Clear Observational studies Intermediate-strength recommendation; may
change when stronger evidence is available

2A Unclear Randomised controlled trials Intermediate-strength recommendation;
without important limitations best action may differ depending on

circumstances or patients’ or societal values

2C+ Unclear No randomised controlled trials but Weak recommendation; best action may
strong results from randomised controlled differ depending on circumstances or
trials can be unequivocally extrapolated, patients’ or societal values
or overwhelming evidence from
observational studies

2B Unclear Randomised controlled trials  with Weak recommendation; alternative
important limitations (inconsistent approaches likely to be better for some
results, methodological flaws) patients under some circumstances

2C Unclear Evidence obtained from respected Very weak recommendations; other
authorities or from expert committee alternatives may be equally reasonable
reports or opinion of the group of experts
responsible for these recommendations
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Appendix B

Available forms of red blood cell
concentrates

1. Red blood cell concentrate: a blood
component obtained by removing part of the
plasma (and a variable number of platelets)
from whole blood by centrifugation, without
further manipulation or addition of additive
solutions. This product contains all the RBCs
initially present, most of the leucocytes (2.5
– 3 x 10 9) and a variable number of platelets
(related to the method of centrifugation
used). The Htc is between 65 and 75%, the
minimum Hb content is 45 g. The volume of
a RBC concentrate is 280 ± 50 mL. The
concentrated RBC, prepared without
interrupting the closed circuit, must be stored
at + 4 °C (± 2 °C); the storage period depends
on the type of anticoagulant used (the shelf-
life for units anticoagulated with CPDA-1
solution is 35 days).

2. Red blood cell concentrate deprived of the
buffy-coat: a blood component obtained by
using centrifugation to separate part of the
plasma and the leucocyte-platelet layer
(buffy-coat - 20 - 60 mL volume) from the
RBCs. The Htc of this blood component is
between 65 and 75%. The unit must contain
the original amount of RBCs, except 10 - 30
mL. The white cell content must be below
1.2 x 109  and the mean platelet count < 20 x
109  per unit. The minimum content of Hb in
each unit is 43 g; the volume is 250 ± 50
mL. The potential duration of storage is the
same as that indicated for the RBC
concentrates.

3. Red blood cell concentrate with additive
solution: a blood component obtained from
whole blood after centrifugation and removal
of the plasma, with subsequent addition of
appropriate nutrient solutions to the RBC
concentrate. The volume of the additive
solution is between 80 and 110 mL. The Htc
depends on the quantity of the additive
solution, the method of centrifugation and

the amount of residual plasma, and must be
between 50 and 70%. Each unit must have a
minimum Hb content of 45 g. The product
contains all the initial starting RBCs and,
unless removed, most of the leucocytes (from
2.5 to 3 x 109) as well as a variable number
of platelets, depending on the method of
centrifugation used. The volume differs
according to the method of preparation used.
The shelf-life is related to the type of additive
solution used (SAG-M: 42 days).

4. Red blood cell concentrate deprived of the
buffy-coat and resuspended in additive
solution: a blood component obtained from
whole blood by centrifugation and removal
of both the plasma and buffy-coat, with
subsequent resuspension of the RBCs in
appropriate nutrient solutions. The volume
of the additive solution is between 80 and
110 mL. The Htc of this blood component
depends on the volume of the additive
solution, on the method of centrifugation
used and on the volume of residual plasma,
and must be between 50 and 70%. Each unit
must contain at least 43 g Hb at the end of
the preparation procedures. The unit must
contain all the initial RBCs, except a portion
of no more than 30 mL. The leucocyte and
platelet counts must be < 1.2 x 109/unit and
< 20 x 109/unit, respectively. The volume
differs in relation to the method of
preparation used. The shelf-life depends on
the additive solution used  (SAG-M: 42
days).

5. Washed red blood cells: a blood component
obtained from whole blood after
centrifugation, removal of the plasma and
subsequent washing with isotonic solutions
at + 4 °C. This is a suspension of RBCs from
which most of the plasma, leucocytes and
platelets have been removed. The Htc can
vary according to clinical needs, but should
remain between 65 and 75%.  At the end of
the washing procedure, each unit must
contain a minimum of 40 g Hb and no more
than 0.3 g of protein. The product must be
stored at + 4 °C (± 2 °C) for as short a period
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as possible, but, in any case, no more than
24 hours, unless methods ensuring the
integrity of the closed circuit are used.

6. Leucodepleted red blood cells: a blood
component obtained by removing most of
the leucocytes from a RCC by in-line pre-
storage filtration or post-storage filtration in
the laboratory or at the bedside. The white
blood cell count must be between < 1 x 106/
unit, but preferably < 0.5 x 106. The Htc must
be between 50 and 70%.  The Hb content
must be at least 40 g. If the system is opened
in order to prepare the product, the storage
period must not exceed 24 hours at + 4 °C
(± 2 °C).

7. Frozen red blood cells: a blood component
obtained by freezing RCCs (within 7 days
of collection) with an appropriate
cryoprotectant and storing at a temperature
between – 60 °C and –80 °C in a mechanical
freezer, if using a method involving a high
concentration of glycerol, or at lower
temperatures in liquid nitrogen, if using a
method involving a low concentration of
glycerol. The frozen RBCs can be preserved
for up to 10 years; their use for transfusion
purposes is dependent on them fulfilling the
criteria for suitability laid out by existing
legislation and that they have been stored at
all times at the correct temperature. The
indications for freezing are: storage of units
of rare groups and phenotypes and, in special
cases, autologous blood. Before being used,
the RBCs are thawed, deglycerolised,
washed, resuspended in physiological saline
or additive solution and used as soon as
possible; they can be stored at + 4 °C (± 2
°C) for no more than 24 hours, unless
methods ensuring the integrity of the closed
circuit are used. The reconstituted unit of
frozen RBCs effectively does not contain
proteins, leucocytes and platelets. The Htc
must be between 65 and 75%. Each unit must
have a Hb content of at least 36 g.

8. Apheretic red blood cells: a blood
component obtained by collecting red blood
cells using an automatic cell separator. With

the cell separators currently in use, the
apheresis units are usually leucodepleted.
Each unit must contain a minimum of 40 g
Hb and have a Htc of 65 - 70%, reduced to
50 - 70% if the RBC are resuspended in
additive solution. The duration and methods
of storage are the same as those for RBC
concentrates.

9. Irradiated red blood cells: a blood
component obtained by irradiating a RCC
with between 25 and 50 Gy radiation. The
irradiation has the purpose of decreasing
lymphocyte viability and is the only method
currently available for preventing
transfusion-related GvHD. The product
should be irradiated within 14 days of
collection and irradiated units must be
transfused within 28 days of collection. In
cases of intrauterine or neonatal transfusion,
or transfusions in patients with or at risk of
hyperkalaemia, the transfusion should be
given within 48 hours of irradiation or the
excess potassium removed from the unit.

Main indications for irradiation of red
cell concentrates
- Intrauterine transfusion and subsequent

transfusion in neonates with a birth weight of
≤  1,500 g and/or gestational age ≤ 30 weeks.

- Congenital cellular immunodeficiency.
- Transfusion with blood components donated

by first or second degree relatives (excluding
stem cells and lymphocyte concentrates).

- Allogeneic transplant (until the end of GvHD
prophylaxis, or a lymphocyte count > 1 x
109/L is reached).

- Bone marrow donation for allogeneic
transplantation (allogeneic blood
components transfused to the donor before
and during explantation).

- Bone marrow or peripheral blood stem cell
(PBSC) autologous transplantation (in the 7
days before collection of bone marrow or
PBSC and up to 3 months after
transplantation or 6 months for patients
undergoing total body irradiation).

- Hodgkin’s lymphoma and patients treated
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with purine analogues (fludarabine,
cladribine and deoxycoformycin).

- The use of irradiated blood components for
patients undergoing chemotherapy should be
decided on an individual basis, taking into
account the intensity of the
immunosuppression.

- When none of the above conditions are
present, it is not necessary to irradiate blood
components transfused to: patients with HIV
infection, aplastic anaemia, patients
undergoing solid organ transplantation,
chemotherapy for non-Hodgkin’s
lymphoma, acute leukaemias and solid
tumours.
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