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Plain English summary
This document, Patient Blood Management Guidelines: Module 6 – Neonatal and Paediatrics, is the 
final in a series of six modules that focus on evidence-based patient blood management. The other five 
modules are Critical Bleeding/Massive Transfusion,1 Perioperative,2 Medical,3 Critical Care4 and Obstetrics 
and Maternity.5 Together, Module 2 (Perioperative)2 and Module 3 (Medical)3 cover all the patient groups 
addressed by the 2001 document Clinical Practice Guidelines on the Use of Blood Components6 (National 
Health and Medical Research Council/Australasian Society of Blood Transfusion, NHMRC/ASBT). Thus, 
the 2001 guidelines have now been replaced.

This document was developed by a Clinical/Consumer Reference Group (CRG) representing specialist 
colleges, organisations and societies, with the active participation of the clinical community.

This plain English summary includes a summary of the:

•	 recommendations that were developed by the CRG, based on evidence from a systematic review

•	 practice points that were developed by the CRG through consensus decision making

•	 expert opinion points that were developed by the CRG through consensus decision making.

Details of the systematic reviews used in the development of this module are given in the two-volume 
technical report that accompanies this document.7–8

Materials relevant to consumers and to clinicians working in neonatal and paediatric services will be 
developed to accompany this module; these materials will be available online and in print. 

 

 

 

Based on evidence 
from the systematic 
review

 

Based on consensus 
of the CRG

No statement made

 Sufficient high 
quality dataYes Yes

Yes

 

 

RecommendationR

PP

EOP

Practice point

Expert opinion 
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No No

No
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Summary of recommendations, practice 
points and expert opinion points
The CRG developed recommendations where sufficient evidence was available from the systematic 
review of the literature. The recommendations have been carefully worded to reflect the strength of the 
body of evidence. Each recommendation has been given a grade, using the following definitions, set by 
the NHMRC:

Grade Definition

Body of evidence can be trusted to guide practice 

Body of evidence can be trusted to guide practice in most situations 

Body of evidence provides some support for recommendation(s) but care should be 
taken in its application

Body of evidence is weak and recommendations must be applied with caution 

The CRG developed practice points where the systematic review found insufficient high-quality data to 
produce evidence-based recommendations, but the CRG felt that clinicians require guidance to ensure 
good clinical practice. The CRG also developed expert opinion points related to the material covered in the 
background questions. Both the practice points and the expert opinion points are based on consensus 
among the members of the CRG.

The summary given here is repeated in Appendix L (linked to clinical condition) and Appendix M (linked to 
age group).

GRade a

GRade b

GRade c

GRade d
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Identifier 
and 
grade

Guidance – recommendations, practice points and expert opinion 
points

Relevant 
section of 
document

RED BlOOD CEll (RBC) TRANSfuSION – INDICATIONS, HB THRESHOlDS AND vOluME 
RBC TRANSfuSION

R1 In paediatric patients, including those who are critically ill, a restrictive 
transfusion strategy is suggested.a, b, c 

a  See PP6 for guidance on a restrictive transfusion strategy.
b  Higher Hb thresholds may be appropriate in very low birth weight and preterm 
neonates.

c  See PP2, PP3 and Appendix f (RBC transfusions in preterm infants) for guidance 
for preterm neonates.

3.2.1,  
3.2.2,  
3.2.6,  
3.2.7

PP1 In neonatal and paediatric patients, the decision to give a RBC 
transfusion should not be dictated by a Hb concentration alone.a The 
decision should also be based on assessment of the patient’s underlying 
condition, anaemia-related signs and symptoms, and response to 
previous transfusions. underlying conditions that may influence the 
decision to transfuse include acquired or congenital cardiac disease, and 
severe respiratory disease.
a  See PP1 in Patient Blood Management Guidelines: Module 3 – Medical.3

3.2.1,  
3.2.6

PP6 In haemodynamically stable paediatric patients (excluding neonates), 
evidence from other patient groups and CRG consensusa suggests that, 
with a:

•	 Hb concentration <70 g/l, RBC transfusion is often appropriate. 
However, transfusion may not be required in well-compensated 
patients or where other specific therapy is available.

•	 Hb concentration of 70–90 g/l, RBC transfusion may be appropriate. 
The decision to transfuse patients should be based on the need to 
relieve clinical signs and symptoms of anaemia, and the patient’s 
response to previous transfusions. 

•	 Hb concentration >90 g/l, RBC transfusion is often unnecessary and 
may be inappropriate.

a  See PP3 in Patient Blood Management Guidelines: Module 4 – Critical Care.4

3.2.2,  
3.2.5,  
3.2.6

PP5 for neonatal and paediatric patients, a specific procedural guideline for 
RBC transfusion should be used that includes the following:

•	 age-specific Hb reference ranges

•	 volume of transfusion and rate of administration

•	 patient monitoring during and after transfusion

•	 transfusion technique (e.g. use of syringe pumps)

•	 recognition and reporting of adverse events.

3.2.2,  
3.2.5,  
3.2.6

GRade c
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PP8 In paediatric patients less than 20 kg, calculate transfusion volume (ml) 
based on weight and desired Hb increment.a

a  See Appendix f (RBC transfusions in preterm infants) and Appendix G 
(Transfusion volume calculation for neonates, infants and small children).

3.2.2,  
3.2.5,  
3.2.6

PP9 In most paediatric patients over 20 kg, transfusion of a single unit 
of RBC, followed by clinical reassessment to determine the need for 
further transfusion, is appropriate. This reassessment will also guide the 
decision on whether to retest the Hb level.a

a  See PP2 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

3.2.2,  
3.2.5,  
3.2.6

PP3 In preterm infants requiring transfusion, there is insufficient evidence to 
support or refute the use of either a restrictive or liberal RBC transfusion 
strategy.

3.2.1

PP2 Neonatal units should use a procedural guidelinea for RBC transfusion in 
preterm infants that includes the following:

•	 age of infant
•	 age-specific Hb reference ranges
•	 Hb or haematocrit
•	 level of respiratory support
•	 ongoing or anticipated red cell loss
•	 nutritional status.
a  See Appendix f (RBC transfusions in preterm infants).

3.2.1

PP4 In neonatal patients, calculate transfusion volume (ml) based on weight 
and desired Hb increment.a

a  See Appendix f (RBC transfusions in preterm infants) and Appendix G 
(Transfusion volume calculation for neonates, infants and small children).

3.2.1

PP12 In neonatal and paediatric patients with critical bleeding requiring 
massive transfusion, use a critical bleeding protocol.a A template protocol 
is provided within the module.b

a  The use of the word ‘protocol’ is not strictly prescriptive.
b  The template given in Appendix K (Critical bleeding protocol) is intended for local 

adaptation. 

3.2.2,  
3.2.6,  
3.2.7

eOP8 Where possible, K-negative RBC should be selected for transfusion for all 
females of childbearing potential who are K negative or whose K antigen 
status is unable to be determined prior to transfusion. This includes fetal 
transfusion.

4.1.2

eOP23 Management of pregnancies at risk of fetal anaemia or 
thrombocytopenia should be undertaken in facilities with appropriate 
expertise in ultrasound imaging and invasive fetal interventions, and that 
have access to specific blood products and neonatal intensive care.

4.2.1
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eOP24 Pregnancies at risk of fetal anaemia should be assessed by Doppler 
ultrasound of the fetal middle cerebral artery peak systolic velocity, to 
determine whether fetal blood sampling and intrauterine transfusion are 
necessary. 

4.2.1

RBC TRANSfuSION – INDICATIONS, HB THRESHOlDS AND vOluME  
RBC TRANSfuSION IN CHRONIC ANAEMIA

R2 In children and adolescents with sickle cell disease who have been 
assessed to be at increased risk of stroke,a a program of prophylactic RBC 
transfusions should be used in order to reduce stroke occurrence.b

a  Assessed by transcranial Doppler ultrasonography9 and MRI.10

b  See PP11 for methods of assessment.

3.2.3

PP11 Children and adolescents with sickle cell disease should be assessed for 
stroke risk using both transcranial Doppler ultrasonography9 and MRI.10

3.2.3

R4 In paediatric patients with sickle cell disease, hydroxyurea should not be 
given for the primary purpose of reducing transfusion incidence.a, b 
a  Although hydroxyurea reduces transfusion incidence, it may not be the optimal 

treatment for prevention of stroke. 
b  See R2 and PP22.

3.3.9

PP22 In paediatric patients over 9 months of age with sickle cell disease, 
hydroxyurea should be offered to reduce vaso-occlusive pain crises and 
acute chest syndromes.

3.3.9

PP7 In paediatric patients with beta thalassaemia, the evidence does 
not support any change to the current practice of maintaining a 
pretransfusion Hb concentration of 90–100 g/l.a

a  See PP23 in Patient Blood Management Guidelines: Module 3 – Medical.3

3.2.3

PP10 In paediatric patients over 20 kg who are chronically transfused (e.g. 
haemoglobinopathies or bone marrow failure syndromes) a single-unit 
approach may not be appropriate. Instead, calculation of the transfusion 
volume (ml) should be based on weight and desired Hb increment. 

3.2.2

eOP9 In both male and female chronically transfused patients, RBC should be 
selected to match RhD, C/c, E/e and K antigen status.

4.1.2

GRade a

GRade b
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REDuCING THE NEED fOR RBC TRANSfuSION 
PlACENTAl TRANSfuSION

PP32 In preterm infants, deferring cord clamping for between 30 seconds and 
3 minutes may reduce transfusion volume and incidence, and incidence 
of intraventricular haemorrhage. However, the effect of this practice 
on other outcomes (death, major morbidity and neurodevelopmental 
outcomes) is uncertain or unknown, particularly in extremely preterm 
infants (e.g. <28 weeks) and in those who require active resuscitation. 

3.5.1

PP33 In term infants, deferring cord clamping for at least 1 minute is likely to 
reduce the risk of iron deficiency at 3–6 months. This intervention should 
be considered in infants who do not require active resuscitation, provided 
that access to phototherapy for jaundice is available.a

a  See McDonald et al (2013).19

3.5.1

REDuCING THE NEED fOR RBC TRANSfuSION  
ORAl AND/OR PARENTERAl IRON

R5 In surgical paediatric patients with or at risk of iron deficiency anaemia, 
preoperative iron therapy is recommended.a 
a  See R4 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

3.3.12

PP24 In neonatal and paediatric surgical patients in whom substantial blood 
loss is anticipated, preoperative anaemia and iron deficiencya should be 
identified, evaluated and managed to minimise RBC transfusion.b

a  Iron deficiency can be present with a normal Hb. 
b  See Appendix H (Paediatric haemoglobin assessment and optimisation template) 

for further information on the optimal dosing strategy.

3.3.12

PP25 To implement PP24, patients should be evaluated as early as possible so 
that scheduling of surgery can be coordinated with optimisation of the 
patient’s Hb and iron stores.

3.3.12

PP13 Preterm and low birth weight infants should receive iron 
supplementation as necessary to achieve the recommended nutrient 
intake. However, routine supplementation in excess of the recommended 
nutrient intake, to reduce transfusion incidence, is not supported.

3.3.2

PP14 Infants and children should receive sufficient dietary iron to achieve the 
adequate intake or recommended daily intake. If the adequate intake 
or recommended daily intake cannot be met by dietary means, iron 
supplementation is advised.

3.3.4

PP15 Infants and children in populations at high riska of iron deficiency should 
be screened for this condition.b

a  See Domellof et al (2014)13 and Pottie et al (2011).14

b  See Section 3.6.

3.3.4

GRade c
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PP16 Infants and children with iron deficiency should be treated with iron 
supplements and dietary modifications.

3.3.4

PP27 Critically ill paediatric patients should receive iron supplementation as 
necessary to achieve the recommended nutrient intake. 

3.3.14

eOP32 from 6 months of age, all infants and children should receive iron-rich 
foods.

4.5.5

eOP33 Cow’s milk should not be given to infants before 12 months of age; from 
12 months of age, cow’s milk intake should not exceed 500 ml per day.

4.5.5

eOP34 Iv iron should be administered according to a protocol relevant to the 
specific product being used:a

•	 Iv iron formulations have different iron concentrations, 
maximum doses, dilutions and rates of administration; they are 
not interchangeable with regard to dose, dilution and rates of 
administration

•	 Iv iron formulations should only ever be administered in an 
appropriate health-care setting with medical personnel and 
resuscitation facilities on site.

a  See Appendix I (Intravenous iron) for further information.

4.5.5

REDuCING THE NEED fOR RBC TRANSfuSION  
ERYTHROPOIESIS STIMulATING AGENTS (ESAs) 

R3 In preterm infants with low birth weight (<2500 g), the routine use of 
ESAs is not advised. 

3.3.1

PP17 In paediatric patients receiving chemotherapy, the routine use of ESAs is 
not advised. 

The use of ESAs may reduce transfusion incidence; however, the 
studies are underpowered to determine their effect on mortality and 
thromboembolic events, which are increased in the adult population.a 
a  See R2 in Patient Blood Management Guidelines: Module 3 – Medical.3

3.3.5

PP18 In paediatric patients with chronic kidney disease, ESA therapy to achieve 
a low to intermediate Hb target may be used to avoid RBC transfusion, 
after consideration of risks and benefits for the individual patient.a, b, c

a  See R4 in Patient Blood Management Guidelines: Module 3 – Medical.3

b  The KDIGO guidelines11 recommend a Hb target of 110–120 g/l for paediatric 
patients and state that individualisation of ESA therapy is reasonable 
because some patients may have improvements in quality of life at higher 
Hb concentration.

c  The NICE guidelines12 recommend a Hb target of 100–120 g/l for children aged 
2 years and older, and 95–115 g/l for children younger than 2 years of age 
(reflecting the lower normal range in that age group).

3.3.7

GRade c
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PP19 In adult patients with chronic kidney disease, ESA therapy to achieve 
a Hb target of >130 g/l is not recommended because of increased 
morbidity; therefore, it is sensible to apply this limit to paediatric 
patients.a

a  See R6 in Patient Blood Management Guidelines: Module 3 – Medical.3

3.3.7

PP20 ESA use is less effective in patients with chronic kidney disease who 
have absolute or functional iron deficiency.a

a  See PP13 in Patient Blood Management Guidelines: Module 3 – Medical.3

3.3.7

PP21 Where ESAs are indicated for the treatment or prevention of anaemia 
in neonatal and paediatric patients, they should be combined with iron 
therapy.

3.3.7

PP23 In neonatal and paediatric surgical patients, an ESA should only be 
prescribed in consultation with a paediatric haematologist, and should be 
combined with iron therapy.

3.3.11

PP26 In critically ill paediatric patients with anaemia, ESAs should not be 
routinely used.a

a  This point is based on the lack of effect of ESAs on mortality in critically ill adult 
patients. See R2 in Patient Blood Management Guidelines: Module 4 – Critical 
Care.4

3.3.13

REDuCING THE NEED fOR RBC TRANSfuSION  
REDuCING THE NEED fOR ExCHANGE TRANSfuSION

R7 In neonates with haemolytic disease of the fetus and newborn, the use 
of IvIg is not recommended. 

3.5.2

PP34 Neonates at risk of haemolytic disease of the fetus and newborn should 
be promptly assessed after birth. Those at high risk of severe jaundice 
should receive intensive phototherapy. 

3.5.2

eOP6 In maternity patients with a fetus affected by haemolytic disease of the 
fetus and newborn who is at high risk of early fetal hydrops or death, a 
course of weekly IvIg should be considered. 

3.5.2

GRade b

8 Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics



REDuCING THE NEED fOR RBC TRANSfuSION  
REDuCING BlOOD lOSS

R8 In paediatric patients undergoing surgery, measures to prevent 
hypothermia should be used.a 
a  See R12 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

3.5.3

R9 In paediatric patients undergoing cardiac surgery with cardiopulmonary 
bypass, the use of antifibrinolytics is suggested.a, b, c

a  Although there is evidence of a reduction in transfusion, there is insufficient 
evidence to determine the risk of thromboembolic complications.

b  Tranexamic acid in this context is approved in Australia. The use of aprotinin in 
this context is considered off label in Australia. Epsilon-aminocaproic acid is not 
licensed for use in Australia.

c  See Appendix J (Tranexamic acid dosing guidance) for further information.

3.5.8

R10 In paediatric patients undergoing surgery for scoliosis in whom 
substantial blood loss is anticipated, the use of antifibrinolytics may be 
considered.a, b 
a  Tranexamic acid in this context is approved in Australia. The use of aprotinin in 

this context is considered off label in Australia. Epsilon-aminocaproic acid is not 
licensed for use in Australia.

b  See Appendix J (Tranexamic acid dosing guidance) for further information.

3.5.8

R11 In paediatric patients undergoing craniofacial surgery in whom 
substantial blood loss is anticipated, the use of antifibrinolytics may be 
considered.a, b 
a  Tranexamic acid in this context is approved in Australia. The use of aprotinin in 

this context is considered off label in Australia. Epsilon-aminocaproic acid is not 
licensed for use in Australia.

b  See Appendix J (Tranexamic acid dosing guidance) for further information.

3.5.8

R12 In paediatric patients undergoing cardiac surgery with cardiopulmonary 
bypass, the routine use of rfvIIa is not recommended. 

3.5.9

PP40 The administration of rfvIIa may be considered in the perioperative 
patient with life-threatening haemorrhage after conventional measures, 
including surgical haemostasis, use of antifibrinolytics and appropriate 
blood component therapy have failed.a, b

a  rfvIIa is not licensed for this use; its use should only be considered in exceptional 
circumstances. 

b  See R22 and PP20 in Patient Blood Management Guidelines: Module 2 – 
Perioperative.2

3.5.9

GRade b
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PP38 In acutely bleeding critically ill paediatric trauma patients, tranexamic 
acid should be administered within 3 hours of injury.a, b 
a  See R3 in Patient Blood Management Guidelines: Module 4 – Critical Care.4

b  See Appendix J (Tranexamic acid dosing guidance) for further information.

3.5.8

PP39 In paediatric trauma patients aged under 12 years, a tranexamic acid 
dose of 15 mg/kg (maximum 1000 mg) infused intravenously over 
10 minutes, followed by 2 mg/kg/hour (maximum 125 mg/hour) until 
bleeding is controlled or for up to 8 hours is suggested.a, b 
a  See the template given in Appendix K (Critical bleeding protocol), which is 

intended for local adaptation. 
b  See Appendix J (Tranexamic acid dosing guidance) for further information.

3.5.8

PP35 In paediatric patients, acute normovolaemic haemodilution has not been 
shown to reduce transfusion or improve clinical outcomes. However, 
if acute normovolaemic haemodilution is used, it requires a local 
procedural guideline that addresses patient selection, vascular access, 
volume of blood withdrawn, choice of replacement fluid, blood storage 
and handling, and timing of reinfusion.

3.5.5

PP36 In paediatric patients undergoing cardiac surgery with cardiopulmonary 
bypass, intraoperative cell salvage may be considered. If intraoperative 
cell salvage is used, it requires a local procedural guideline that should 
include patient selection, use of equipment and reinfusion. All staff 
operating cell salvage devices should receive appropriate training, to 
ensure knowledge of the technique and proficiency in using it.

3.5.6

PP37 In paediatric patients undergoing cardiac surgery with cardiopulmonary 
bypass, viscoelastic point-of-care testing may be considered.

3.5.7

eOP27 Strategies to safely minimise phlebotomy losses should be used for all 
neonatal and paediatric patients. Such strategies may include (where 
safe and feasible):

•	 use of ‘as-needed’ rather than routine sampling
•	 meticulous avoidance of blood overdraw
•	 return of void volumes to sampling lines
•	 use of closed inline sampling devices
•	 judicious use and ‘on-time’ removal of sampling lines
•	 optimal sampling technique and sample handling to minimise 

rejection of samples by laboratory
•	 laboratory equipment that uses the smallest possible sample volumes
•	 use of non-invasive techniques and point-of-care devices
•	 audit compliance and cumulative phlebotomy losses in selected 

groups of patients at regular intervals.

4.3.6
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eOP28 Prothrombin complex concentrates may be considered in neonatal and 
paediatric patients undergoing urgent surgery who are receiving vitamin 
K antagonists.21

4.4.1

eOP29 Prothrombin complex concentrates may be considered to treat bleeding 
in paediatric patients at high risk of volume overload (e.g. those who 
have undergone cardiac surgery on cardiopulmonary bypass).

4.4.1

eOP30 Topical haemostatic agents may be considered in neonatal and paediatric 
surgical patients as an adjuvant to control bleeding.

4.4.2

eOP31 The use of topical haemostatic agents should adhere to the 
manufacturer’s instructions and safety information.

4.4.2

MEASuRES TO REDuCE COAGulOPATHY  
PlATElETS

PP28 In neonatal and paediatric patients, the decision to transfuse platelets 
should take into account the potential risks and benefits. The decision 
should be based not only on laboratory investigations but also on 
assessment of the patient’s clinical condition. factors that may 
influence the decision include active bleeding, medications affecting 
platelet function and coagulation status, and congenital and acquired 
bleeding disorders.

3.4.2–3.4.4, 
3.4.7,  
3.4.13

PP31 In patients undergoing chemotherapy and haematopoietic stem cell 
transplantation, the recommended strategy for prophylactic use of 
platelets is transfusion at a platelet count of <10 × 109/l in the absence 
of risk factors, and at <20 × 109/l in the presence of risk factors  
(e.g. fever, minor bleeding).a

a  See R8 in Patient Blood Management Guidelines: Module 3 – Medical.3

3.4.4

eOP4 In general, neonatal and paediatric patients with a platelet count  
≥50	×	109/l can undergo invasive procedures without any serious 
bleeding; however, lower platelet counts may be tolerated.a

a  See PP17 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

3.4.7

eOP25 Pregnant women who have had a prior pregnancy with fetal or neonatal 
intracranial haemorrhage or thrombocytopenia due to fetal and neonatal 
alloimmune thrombocytopenia should be managed with IvIg.20

4.2.1

eOP26 fetal blood sampling should be considered to assess response to IvIg in 
those who have had a previous child with intracranial haemorrhage due 
to fetal and neonatal alloimmune thrombocytopenia. The risk of fetal 
blood sampling should be balanced against the risk of bleeding due to 
suboptimal IvIg response.

4.2.1
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eOP16 for neonates with known or suspected fetal and neonatal alloimmune 
thrombocytopenia:

•	 urgent platelet transfusion should be given if platelets are below  
30 × 109/l in a term infant or below 50 × 109/l in a preterm infant, 
even in the absence of clinically significant bleeding

•	 if there is active bleeding, a higher threshold should be considered 
(100 × 109/l for intracranial bleeding, and 50 × 109/l for other sites 
of bleeding)

•	 in all cases, a paediatric haematologist should be consulted. 

4.1.5

eOP17 for neonates with known or suspected fetal and neonatal alloimmune 
thrombocytopenia, platelet count response to transfusion should be 
checked within 12 hours.

4.1.5

eOP18 for neonates with known or suspected fetal and neonatal alloimmune 
thrombocytopenia, random donor platelets should be used if antigen-
matched platelets are not immediately available. Continued use of 
random donor platelets is acceptable if antigen-matched platelets 
cannot be obtained. Because of short survival of random donor platelets, 
repeated transfusion is likely to be needed. 

4.1.5

eOP19 for neonates with fetal and neonatal alloimmune thrombocytopenia, IvIg 
may be considered.20

4.1.5

eOP20 for neonatal and paediatric patients with platelet refractoriness 
attributable to non-immune causes such as splenomegaly or infection, 
fresh, ABO-compatible, single-donor apheresis platelets may improve 
platelet increment.

4.1.6

eOP21 If the cause of platelet refractoriness is not obvious, investigation should 
include screening for HlA antibodies. HlA-matched platelets should be 
used if an HlA antibody is detected. 

If the HlA antibody screen is negative or there is a poor response to 
HlA-matched platelets, screening for human platelet antigen antibodies 
should be undertaken, followed by use of human platelet antigen-
matched platelets if positive. 

4.1.6

eOP22 In patients with inherited platelet disorders such as Bernard Soulier 
Syndrome and Glanzmann’s thrombasthenia, platelet transfusions 
should be avoided if possible, to reduce the patient’s risk of 
alloimmunisation. If platelet transfusion is unavoidable the patient 
should receive HlA-matched platelets.

4.1.6
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MEASuRES TO REDuCE COAGulOPATHY 
fRESH fROZEN PlASMA (ffP), CRYOPRECIPITATE OR fIBRINOGEN CONCENTRATE

R6 In neonatal and paediatric patients undergoing cardiac surgery, the 
routine use of an ffP-based pump prime solution is not recommended, 
because it offers no advantages over an albumin-based solution 
in relation to postoperative blood loss, or perioperative transfusion 
requirements. 

3.4.5

PP29 In neonatal and paediatric patients, the decision to transfuse ffP, 
cryoprecipitate or fibrinogen concentrate should take into account the 
potential risks and benefits. The decision should be based not only on 
laboratory investigations but also on assessment of the patient’s clinical 
condition. factors that may influence the decision include active bleeding, 
medications affecting coagulation status, and congenital and acquired 
bleeding disorders.

3.4.1,  
3.4.5,  
3.4.6, 
3.4.8–3.4.12, 
3.4.14, 
3.4.15

PP30 for guidance on the use of ffP in specific patient groups, refer to:a

•	 Patient Blood Management Guidelines: Module 1 – Critical Bleeding/
Massive Transfusion (2011)1

•	 Patient Blood Management Guidelines: Module 2 – Perioperative 
(2012)2

•	 Warfarin Reversal: Consensus Guidelines, on behalf of the Australasian 
Society of Thrombosis and Haemostasis (2004)15

•	 AHCDO guidelines for patients with specific factor deficiencies 
(www.ahcdo.org.au)

•	 Guidelines for the use of fresh-frozen Plasma, Cryoprecipitate and 
Cryosupernatant (2004).16

a  See PP17 in Patient Blood Management Guidelines: Module 3 – Medical.3

3.4.4,  
3.4.5,  
3.4.11

eOP1 In neonatal and paediatric patients undergoing surgery, ffP is only 
indicated for treatment of active bleeding where coagulopathy is a 
contributing factor. Its use should be guided by clinical assessment, 
supplemented by point-of-care or laboratory testing.

3.4.5

eOP2 In	general,	neonatal	and	paediatric	patients	with	an	INR	≤2	can	undergo	
invasive procedures without any serious bleeding; however, higher INRs 
may be tolerated.a

a  See PP17 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

3.4.7

eOP3 Cryoprecipitate should be used to treat active bleeding when the 
fibrinogen level is <1.5 g/l. A target level of 2 g/l may be appropriate in 
certain situations (e.g. when critical bleeding is occurring or anticipated).a

a  The template given in Appendix K (Critical bleeding protocol) is intended for local 
adaptation.

3.4.6

eOP5 Specialist guidelines or haematology advice should be sought for at-risk 
patients undergoing intracranial, intraocular and neuraxial procedures, 
and for patients with severe thrombocytopenia or coagulopathy.

3.4.7

GRade c
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SPECIfIC PRODuCTS fOR SElECTED PATIENTS  
INDICATIONS fOR ‘fRESH’, IRRADIATED OR CYTOMEGAlOvIRuS (CMv) NEGATIvE 
BlOOD PRODuCTS

eOP7 ‘fresh’ (<7 days) RBCs are not advocated for routine use, but may be 
considered in the following clinical situations:

•	 intrauterine transfusion (<5 days, if available)
•	 large-volume transfusion (>25 ml/kg)
•	 exchange transfusion
•	 cardiac surgery
•	 transfusion-dependent chronic anaemia (RBCs <14 days)
•	 where irradiated blood products are used.

4.1.1

eOP10 Irradiated cellular blood products (RBCs and platelets) are used to 
prevent transfusion-associated graft-versus-host disease, and are 
indicated for:

•	 intrauterine transfusion, and recipients of prior intrauterine 
transfusion up to 6 months of age 

•	 suspected or known severe congenital T-cell immunodeficiency 
(e.g. severe combined immunodeficiency)

•	 severe acquired T-cell dysfunction, related to either disease or drug 
therapy (see published guidelines17–18)

•	 human leukocyte antigen-matched cellular blood products 
(RBCs, platelets and granulocytes). 

They may also be considered for:

•	 neonatal exchange transfusion, provided this does not unduly delay 
transfusion

•	 very low birth weight neonates, especially extremely preterm 
(<28 weeks) or extremely low birth weight infants

•	 certain patients undergoing chemotherapy (depending on degree of 
immunosuppression).

4.1.3

eOP11 Stem cells must not be irradiated. 4.1.3

eOP12 Hyperkalaemia may occur when large volumes of irradiated blood are 
transfused. In patients at risk, irradiated blood should be as fresh as 
possible (<7 days) and used within 24 hours of irradiation. 

4.1.3

eOP13 Patients at high risk of transfusion-associated graft-versus-host 
disease should be informed of the need for irradiated blood products. 
Also, alerts should be incorporated in the information systems of the 
health service and transfusion laboratory.

4.1.3
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eOP14 CMv-negative products may be considered in the following situations:

•	 intrauterine transfusion
•	 preterm neonates (up to 28 days after expected date of delivery)
•	 patients with severe combined immunodeficiency who are CMv 

negative 
•	 stem cell transplantation where both donor and recipient are known to 

be CMv negative
•	 granulocyte transfusions for recipients who are CMv seronegative, or 

whose status is unknown.

CMv-negative products are generally not required in other clinical 
settings. 

4.1.4

eOP15 In urgent situations, if CMv-seronegative blood components are not 
available, CMv-unscreened leucodepleted components should be used to 
avoid delays.

4.1.4

CRITICAl BlEEDING 
BEDSIDE AND lABORATORY RESPONSE TO CRITICAl BlEEDING

eOP35 Institutions that provide care for neonates and paediatric patients should 
have a critical bleeding protocol specific to such patients. 

4.6

eOP36 The critical bleeding protocol should outline the essential steps (including 
coordination and communication) to rapidly and effectively manage a 
patient who is at risk of or undergoing critical bleeding. 

4.6

eOP37 The critical bleeding protocol should include weight adjustments to guide 
blood product supply and administration. The clinician, in consultation 
with the haematologist or transfusion specialist, should tailor the type, 
volume and order of products given to the clinical circumstances.

4.6

AHCDO, Australian Haemophilia Centre Directors’ Organisation; CMV, cytomegalovirus; CRG, Clinical/Consumer 
Reference Group; EOP, expert opinion point; ESA, erythropoiesis stimulating agent; FFP, fresh frozen plasma; Hb, 
haemoglobin; HLA, human leucocyte antigen; INR, international normalised ratio; IV, intravenous; IVIg, intravenous 
immunoglobulin; K, Kell; KDIGO, Kidney Disease: Improving Global Outcomes; MRI, magnetic resonance imaging; NICE, 
National Institute for Health and Care Excellence; PP, practice point; R, recommendation; RBC, red blood cell; rFVIIa, 
recombinant activated factor VII
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Patient blood management (PBM) aims to improve clinical outcomes by avoiding 
unnecessary exposure to blood components. It includes the three pillars of:

•	 optimisation	of	blood	volume	and	red	cell	mass

•	 minimisation	of	blood	loss

•	 optimisation	of	the	patient’s	tolerance	of	anaemia.

PBM improves patient outcomes by ensuring that the focus of the patient’s 
medical and surgical management is on improving and conserving the patient’s 
own blood. As a consequence of the better management, patients usually 
require fewer transfusions of donated blood components, thus avoiding 
transfusion-associated complications. 

If blood components are likely to be indicated, transfusion should not be a 
default decision. Instead, the decision on whether to transfuse should be 
carefully considered, taking into account the full range of available therapies, 
and balancing the evidence for efficacy and improved clinical outcome against 
the potential risks (Appendix C). In the process of obtaining informed consent, 
wherever possible a clinician should allow the patient or parent sufficient time 
to ask questions, and should answer those questions.

Definitions
Patient population
for the purposes of this guideline:
•	 neonatal	patients	(≤28	days	of	age)	are	classified	as	follows:

– preterm (<37 weeks of gestation)
– extremely low birth weight (<1000 g)
– very low birth weight (<1500 g)
– low birth weight (<2500 g)

•	 paediatric	patients	(1	month	to	18	years	of	age)	are	classified	as:
– infant (1–23 months of age)
– child (2–12 years of age)
– adolescent (13–18 years of age).

1 Introduction
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1.1 Development of the guidelines
This document, Patient Blood Management Guidelines: Module 6 – Neonatal and Paediatrics, is the 
final in a series of six modules that focus on evidence-based PBM. The other five modules are listed in 
Table 1.1, below. Together, Module 2 (Perioperative)2 and Module 3 (Medical)3 cover all the patient groups 
addressed by the 2001 document Clinical Practice Guidelines on the Use of Blood Components6 (National 
Health and Medical Research Council/Australasian Society of Blood Transfusion, NHMRC/ASBT).

1.1.1 Clinical need for these guidelines
Revision of the 2001 guidelines6 was needed because of:

•	 increasing	evidence	of	transfusion-related	adverse	events,	leading	to	the	emergence	of	new	
practices, including restrictive transfusion strategies and the increased use of alternatives to 
transfusion in the management of anaemia

•	 variable	(and	frequently	poor)	compliance	with	the	recommendations	of	the	2001	guidelines,	
indicated by a high degree of variation in transfusion practices

•	 failure	of	the	2001	guidelines	to	address	a	range	of	clinical	settings	where	blood	management	is	
commonly required, including critical bleeding and massive transfusion, chronic medical conditions, 
obstetrics and paediatrics.

In response to the situation outlined above, the NHMRC, the Australian & New Zealand Society of Blood 
Transfusion (ANZSBT) and the National Blood Authority (NBA)a agreed to develop a series of six patient-
focused, evidence-based modules that together will comprise new PBM guidelines.

The six modules of the guidelines were developed in three phases, as shown in Table 1.1.

Table 1.1 Phases of development of guideline modules

PHASE MODulES

I 1 – Critical Bleeding/Massive Transfusion1

2 – Perioperative2

II 3 – Medical3

4 – Critical Care4

III 5 – Obstetrics and Maternity5

6 – Neonatal and Paediatrics

a  The structure of the Australian blood sector is outlined in Appendix D.

18 Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics



1.2 Structure of the document 
and related materials

1.2.1 The document
This module includes:

•	 recommendations – based on evidence from the systematic review

•	 practice points – based on consensus decision making, where the systematic review found 
insufficient high-quality data to produce evidence-based recommendations, but where clinicians 
require guidance to ensure good clinical practice

•	 expert opinion points – based on consensus decision making, where relevant guidance that is 
outside of the scope of the systematic review is required.

The recommendations, practice points and expert opinion points are summarised in the plain English 
summary. They are also repeated in the appendixes, organised by clinical condition (Appendix L) and by 
age (Appendix M).

 

 

 

Based on evidence 
from the systematic 
review

 

Based on consensus 
of the CRG

No statement made

 Sufficient high 
quality dataYes Yes

Yes

 

 

RecommendationR

PP

EOP

Practice point

Expert opinion 
point

 

 

No No

No
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The remainder of this document includes:

•	 an	outline	of	the	methods	used	to	develop	the	clinical	research	questions,	undertake	a	systematic	
review of the literature, and develop recommendations and practice points (Chapter 2)

•	 clinical	practice	guidance,	setting	out	the	main	findings	of	the	systematic	review	and	other	
considerations documented by the Clinical/Consumer Reference Group (CRG), and recommendations 
and practice points, as appropriate (Chapter 3)

•	 background	questions	(Chapter 4)

•	 recommendations	for	future	directions	(Chapter 5)

•	 information	on	implementing,	evaluating	and	maintaining	the	guidelines	(Chapter 6).

The document also includes appendixes that provide information on membership of the governance 
bodies for guideline development and transfusion risks; an overview of the blood sectors in Australia 
and New Zealand; a process report; information on blood component products; and guidance on 
dosing, assessment and optimisation of various products and situations in the neonatal and paediatric 
population. Finally, the document contains a list of references.

1.2.2 Related materials
Materials relevant to clinicians will be developed to accompany this module; these materials will be 
available online and in print from the NBA.

The technical report that underpins this document is also available online, in two volumes:

•	 Volume 17 
This volume contains background information and the results of the systematic reviews pertaining 
to the clinical questions posed within this guideline.

•	 Volume 28 
This volume contains appendixes that document the literature searches, study-quality appraisal, 
NHMRC evidence statement forms and evidence summaries for the individual studies.
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The development of evidence-based clinical practice guidelines that meet 
NHMRC standards involves developing a set of clinical research questions, 
systematically reviewing the scientific literature for evidence related to those 
questions, and then developing and grading recommendations based on a 
structured assessment of the evidence.22 The methods used in applying this 
process to the development of this module are outlined within this chapter, and 
are given in full in the accompanying technical report. A summary of the overall 
process for development of this module is given in Appendix B.

2 Methods
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2.1 Clinical research questions
2.1.1 Question development summary
Between February and November 2013, the relevant clinical research questions for this module were 
developed, prioritised, combined and refined by the Expert Working Group (EWG), the independent 
systematic review expert and the CRG (Appendix A). The process is described in greater detail in the 
technical reports.7–8 The clinical research questions for systematic review (Box 2.1) were all intervention 
questions structured according to PICO (population, intervention, comparator and outcome) criteria. 
Three main strategies were used to identify potentially relevant literature: electronic database searching, 
manual searching and use of literature recommended by expert members of the CRG. The primary 
databases searched were EMBASE, Medline and the Cochrane Library Database. Additional searches 
were conducted on Health Technology Assessment and guideline websites (e.g. the National Institute 
for Health and Care Excellence [NICE] and the Canadian Agency for Drugs and Technologies in Health 
[CADTH]), clinical trial registries and PreMedline. 

Box 2.1 Systematic review questions
Questions 1–3 are relevant to all six modules of these guidelines; question 4 is specific to 
transfusion in a neonatal and paediatric setting (i.e. to this module).

•	 Question 1 – In neonates/paediatric patients, what is the effect of RBC (allogeneic) 
transfusion on patient outcomes? (Interventional question)

•	 Question 2 – In neonates/paediatric patients, what is the effect of non-transfusion 
interventions to increase the Hb concentration on morbidity, mortality, and need for RBC 
transfusion? (Interventional question)

•	 Question 3 – In neonates/paediatric patients, what is the effect of FFP, cryoprecipitate, 
fibrinogen concentrate, and/or platelet transfusion on patient outcomes? (Interventional 
question)

•	 Question 4 – In neonates/paediatric patients, what is the effect of strategies that minimise 
blood loss and/or reduce the need for RBC transfusion? (Interventional question)

FFP, fresh frozen plasma; Hb, haemoglobin; RBC, red blood cell

2.1.2 Background material
Material relevant to background questions was gathered by consultants, registrars or nurses under the 
supervision of CRG members. Sources included medical textbooks, grey literature, published scientific 
and review articles, series yearbooks and other relevant medical literature; however, systematic review 
processes were not applied. The questions researched are listed in Box 2.2.
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Box 2.2 Background research questions
•	 Background question 1 – For fetal, neonatal or paediatric patients, does selection of specific 

blood products, when compared with routine blood products, improve outcomes?

•	 Background question 2 – In fetuses at risk for thrombocytopenia or anaemia, do particular 
strategies for detection, intrauterine transfusion and other management improve 
outcomes and/or reduce the need for neonatal transfusion? 

•	 Background question 3 – In neonatal and paediatric patients, do non-pharmacological 
blood conservation strategies aimed at minimisation of blood loss from sampling reduce 
the incidence of red cell transfusion?

•	 Background question 4 – In perioperative neonatal and paediatric patients undergoing 
cardiac surgery, do strategies to minimise blood loss reduce the incidence of transfusion?

•	 Background question 5 – In neonates and children, what recommendations should be 
made for the detection, diagnosis and management of iron deficiency anaemia?

•	 Background question 6 – In neonates and children, what recommendations should be 
made for dealing with critical bleeding?

2.2 Review and research

2.2.1 Systematic review process
Systematic reviews were undertaken to attempt to answer the single question specific to PBM in the 
neonatal and paediatric setting, and the three generic questions considered relevant to this module. The 
systematic review questions are listed in Box 2.1.

To answer these questions, comprehensive search strategies were designed, as detailed in Volume 2 
of the technical report.8 Searches were conducted in relevant electronic databases, bibliographies of 
studies identified as relevant and literature recommended by expert members of the CRG. The search 
terms did not specifically search for or limit retrieval of articles to studies that addressed socioeconomic, 
Aboriginal or Torres Strait Islander subgroups. However, the reviewers were required to isolate any 
papers addressing these populations for specific consideration by the CRG. No papers were identified 
that addressed these populations specifically. However, implications for rural and remote areas, and the 
Indigenous population, have been considered and documented in the clinical guidance (Chapter 3).

2.2.2 literature search dates
The systematic reviews for this module included only data from studies that met the relevant inclusion 
criteria, were of adequate quality and were published before the literature search date for each question.8 
Studies were excluded if they were published before 1995 (except primary studies if they were included 
as part of a systematic review). The rationale from the CRG was that papers published before 1995 
were unlikely to reflect the current context of care, due to advances in neonatal and paediatric care. 
Identification of relevant evidence and assessment of evidence was conducted in accordance with the 
Procedures and requirements for meeting the 2011 standard for clinical practice guidelines.23
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2.2.3 Inclusion and exclusion criteria
The questions included in this module were crafted in such a way that they attempted to provide 
answers in clinically relevant areas of uncertainty. They were further refined through consultation among 
the systematic reviewer, CRG, NBA and the independent systematic review expert. Details of research 
question criteria are presented in Volume 1 of the technical report.7

Briefly, inclusion criteria were determined from the PICO criteria that formed the basis of the 
systematically reviewed research questions. Non-English publications were excluded. 

2.3 Development of evidence statements, 
recommendations, practice points 
and expert opinion points

For each research question addressed by the systematic review, the body of evidence was consolidated 
into evidence statements and rated according to the matrix shown in Table 2.1, which considers five 
domains: evidence base, consistency, clinical impact, generalisability and applicability. For included 
studies, evidence base and consistency were derived directly from the literature identified for each 
research question, whereas clinical impact, generalisability and applicability were assessed with guidance 
from the CRG. To ensure that the best available evidence was used, studies of higher levels of evidence 
(i.e. Levels I or II) were included in preference to those presenting lower levels (i.e. Levels III or IV) of 
evidence. This minimised the potential for bias in the evidence base for each systematically reviewed 
question. However, lower level studies were reviewed where evidence was not available in higher level 
studies for any of the primary outcomes.

Evidence statements were only transformed into ‘action-oriented’ recommendations where:

•	 the	body	of	evidence	was	sufficient	–	that	is,	wherever	the	evidence	yielded	support	for	
recommendations of at least NHMRC Grade C (see Table 2.2)

•	 the	question	type	was	interventional	–	that	is,	it	evaluated	the	effectiveness	of	an	intervention.

The recommendations were carefully worded to reflect the strength of the body of evidence.

Where there was insufficient quality or quantity of evidence, it was not possible to develop evidence-
based recommendations. In this situation, the CRG developed practice points through a consensus-based 
process, to guide clinical practice. A number of areas that were not the subject of systematic review but 
were considered important by the CRG were addressed as background questions. In these areas, expert 
opinion points were developed through a process of facilitated discussion and consensus.

For all recommendations, practice points and expert opinion points, consensus was achieved; there were 
no dissenting views.
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Table 2.1 Body of evidence matrix

COMPONENT A ( ) B ( ) C ( ) D (x) NA

Excellent Good Satisfactory Poor Not applicable

Evidence base Several Level I 
or II studies 
with low risk of 
bias

One or two 
Level II studies 
with low risk 
of bias or a 
systematic 
review, or 
multiple Level III 
studies with 
low risk of bias

Level III studies 
with low risk of 
bias, or Level I 
or II studies 
with moderate 
risk of bias

Level IV studies, 
or Level I–III 
studies with 
high risk of bias

Consistency All studies 
consistent

Most studies 
consistent and 
inconsistency 
can be 
explained

Some 
inconsistency 
reflecting 
genuine 
uncertainty 
around clinical 
question

Evidence is 
inconsistent

One study only

Clinical impact Very large Substantial Moderate Slight or 
restricted

Generalisability Population/s 
studied in 
the body of 
evidence are 
the same as 
the target 
population for 
the guideline

Population/s 
studied in 
the body of 
evidence are 
similar to 
the target 
population for 
the guideline

Population/s 
studied in 
the body of 
evidence are 
different to 
the target 
population, but 
it is clinically 
sensible to 
apply this 
evidence to 
the target 
population for 
the guideline

Population/s 
studied in 
the body of 
evidence are 
different to 
the target 
population and 
it is hard to 
judge whether 
it is sensible 
to generalise 
to the target 
population for 
the guideline

Applicability Directly 
applicable to 
the Australian 
health-care 
context

Applicable to 
the Australian 
health-care 
context, with a 
few caveats

Probably 
applicable to 
the Australian 
health-care 
context, with 
some caveats

Not applicable 
to the 
Australian 
health-care 
context

Source: NHMRC 200924
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Table 2.2 Definitions of NHMRC grades for recommendations

Grade Definition

Body of evidence can be trusted to guide practice 

Body of evidence can be trusted to guide practice in most situations 

Body of evidence provides some support for recommendation(s) but care should be 
taken in its application

Body of evidence is weak and recommendations must be applied with caution 

Source: NHMRC 200924

GRade a

GRade b

GRade c

GRade d
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3 Clinical guidance
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3.1 Introduction

3.1.1 Purpose and audience
This document is intended to assist and guide health-care professionals in making clinical decisions 
about blood management in neonatal and paediatric patients. Specific guidelines are needed for these 
age groups because there are considerable physiological differences between neonates and children at 
different developmental stages, and between children and adults. Transfusions can be lifesaving and 
improve health, but can also have adverse consequences. Both the benefits and adverse consequences 
of transfusions in neonatal and paediatric patients may be lifelong. 

This chapter also outlines the need for guidance on:

•	 red	blood	cell	(RBC)	transfusions	in	preterm	infants	(Appendix F)

•	 calculation	of	transfusion	volume	(Appendix G)

•	 paediatric	haemoglobin	(Hb)	assessment	and	optimisation	(Appendix H)

•	 intravenous	iron	(Appendix I)

•	 tranexamic	acid	(TXA)	dosing	(Appendix J)

•	 critical	bleeding	protocol	(Appendix K).

The resources in Appendixes F–K can be adapted to suit the local patient population and health-care 
setting. 

3.1.2 Scope
This chapter provides clinical guidance in the form of recommendations (based on evidence) and practice 
points (based on CRG consensus). The guidance is organised around the four questions that formed 
that basis of the systematic review. Full details of the findings of the systematic review are given in the 
accompanying technical reports.7–8

A diagnostic approach to anaemia in neonatal and paediatric patients is outside the scope of these 
guidelines. Factor replacement specific to patients with haemophilia is covered in other guidelines.25 Fetal 
transfusion is discussed in Chapter 4.

Relevant questions in Modules 1–4 have been considered specifically for neonatal and paediatric 
populations, including the following subgroups: medical, surgical and critical illness. 

3.1.3 Patient population and setting
Patient population
Definitions
For the purposes of this guideline:

•	 neonatal	patients	(≤28	days	of	age)	are	classified	as	follows:

– preterm (<37 weeks of gestation)

– extremely low birth weight (<1000 g)

– very low birth weight (<1500 g)

– low birth weight (<2500 g)
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•	 paediatric	patients	(1	month	to	18	years	of	age)	are	classified	as:

– infant (1–23 months of age)

– child (2–12 years of age)

– adolescent (13–18 years of age).

Aboriginal and Torres Strait Islander populations
The research protocol required the systematic reviewers to isolate included papers that addressed 
Aboriginal or Torres Strait Islander subgroups. No randomised controlled trials (RCTs) have been 
published that addressed the research questions in this population. Observational studies indicate that 
the rate of anaemia is high.26–30 Research is urgently required to inform targeted care. Specific issues 
relating to the care of Aboriginal or Torres Strait Islander children are addressed in Section 3.6, with expert 
opinion points provided.

Settings
The guidance given here applies to all settings where neonatal and paediatric patients are managed, 
including metropolitan, rural or remote areas. Where access to a haematologist or transfusion medicine 
specialist is limited, early consultation or referral is warranted.

3.1.4 formation of evidence statements
The evidence statements given here and in Volume 1 of the technical report7 were created using a 
standard sentence structure, as shown in Table 3.1. This sentence structure was used where possible. 
However, in some cases, the order of the components was changed for clarity and to maintain correct 
grammar. 

Table 3.1 Structure of evidence statements

CONTENT ExAMPlE

1. A definition of the relevant population. In very low birth weight infants (<1500 g) …

2. A description of the intervention. In very low birth weight infants (<1500 g), liberal RBC transfusion …

3.  A description of the effect on the 
outcome of interest.

In very low birth weight infants (<1500 g), liberal RBC transfusion 
may reduce cognitive delays …

4.  Where appropriate, a description of the 
comparator.

In very low birth weight infants (<1500 g), liberal RBC transfusion 
may reduce cognitive delays compared with restrictive RBC 
transfusion.

The description of the effect of the intervention was also standardised, as shown in Table 3.2.
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Table 3.2 Description of interventions

EvIDENCE STRuCTuRE Of STATEMENT ExAMPlE

Sufficiently powered, 
consistent evidence of an 
effect or no effect.

States strongly that there is an effect 
or is no effect.

In very low birth weight infants 
(<1500 g), liberal RBC transfusion 
reduces (or ‘does not reduce’) 
cognitive delays compared with 
restrictive RBC transfusion.

Evidence of an effect, but 
a slight concern about 
underpowering or consistency.

States that there may be an effect. In very low birth weight infants 
(<1500 g), liberal RBC transfusion 
may reduce cognitive delays 
compared with restrictive RBC 
transfusion.

Little evidence available, or 
evidence is conflicting or clearly 
underpowered.

States that the effect is uncertain. In very low birth weight infants 
(<1500 g), the effect of liberal 
RBC transfusion compared with 
restrictive RBC transfusion on 
cognitive delays is uncertain.

No evidence available for 
a particular question or 
outcome.

States that the effect is unknown. In infants, children and adolescents, 
the effect of RBC transfusion 
compared with no transfusion on 
mortality is unknown.

3.2 Effect of RBC transfusion on outcomes

Question 1 (Interventional)
In neonates/paediatric patients, what is the effect of RBC (allogeneic) transfusion on 
patient outcomes?
RBC, red blood cell

Neonatal and paediatric patients are transfused to reduce morbidity and mortality, and improve quality of 
life. The literature search for this question aimed to establish whether receiving a RBC transfusion affects 
patient outcomes. The review examined the effect of RBC transfusions in neonates (both term and 
preterm), infants, children and adolescents. It considered studies that compared RBC transfusion with no 
transfusion or with a different RBC dose, and that compared liberal and restrictive transfusion strategies. 
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3.2.1 Neonatal patients – effect of RBC transfusion on patient 
outcomes

EvIDENCE STATEMENTS –  
preterm and low birth weight infants  
(RBC transfusion) Ev
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ES1.1 In very low birth weight infants (<1500 g), the effect 
of RBC transfusion compared with no transfusion on 
mortality is uncertain.

(See evidence matrix D1.A in Volume 2 of the technical report.)

Na

ES1.2 In preterm infants, the effect of RBC transfusion 
compared with no transfusion on a composite of 
mortality and severe morbidity is unknown.

Na Na Na Na Na 

ES1.3 In preterm infants, the effect of RBC transfusion 
compared with no transfusion on NEC is uncertain.

(See evidence matrix D1.B in Volume 2 of the technical report.)

X X

ES1.4 In preterm infants, the effect of RBC transfusion 
compared with no transfusion on ROP is uncertain.

(See evidence matrix D1.C in Volume 2 of the technical report.)

X X

ES1.5 In very low birth weight infants (<1500 g), the effect of 
RBC transfusion compared with no transfusion on IVH 
is uncertain.

(See evidence matrix D1.D in Volume 2 of the technical report.)

Na

ES1.6 In very low birth weight infants (<1500 g), the effect of 
restrictive RBC transfusion compared with liberal RBC 
transfusion on mortality is uncertain.

(See evidence matrix D1.E in Volume 2 of the technical report.)

Na

ES1.7 In very low birth weight infants (<1500 g), the effect of 
restrictive RBC transfusion compared with liberal RBC 
transfusion on a composite outcome of mortality and 
severe morbidity is uncertain.

(See evidence matrix D1.F in Volume 2 of the technical report.)

X

ES1.8 In very low birth weight infants (<1500 g), there is no 
difference between restrictive RBC transfusion or liberal 
RBC transfusion on the incidence of NEC, ROP or BPD.

(See evidence matrix D1.G in Volume 2 of the technical report.)

Na

ES1.9 In very low birth weight infants (<1500 g), the effect of 
restrictive RBC transfusion compared with liberal RBC 
transfusion on brain injury is uncertain.

(See evidence matrix D1.H in Volume 2 of the technical report.)

Na
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EvIDENCE STATEMENTS –  
preterm and low birth weight infants  
(RBC transfusion) Ev
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ES1.10 In very low birth weight infants (<1500 g), liberal RBC 
transfusion may reduce cognitive delays compared 
with restrictive RBC transfusion.

(See evidence matrix D1.I in Volume 2 of the technical report.)

Na

ES1.11 In very low birth weight infants (<1500 g), the effect of 
restrictive RBC transfusion compared with liberal RBC 
transfusion on neurosensory impairment, cerebral 
palsy, and visual and hearing impairments is uncertain.

(See evidence matrix D1.I in Volume 2 of the technical report.)

Na

BPD, bronchopulmonary dysplasia; ES, evidence statement; IVH, intraventricular haemorrhage; NEC, necrotising 
enterocolitis; RBC, red blood cell; ROP, retinopathy of prematurity 

=A; =B; =C; X=D; Na, not applicable
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RECOMMENDATION – preterm and low birth weight infants (RBC transfusion)

R1 In paediatric patients, including those who are critically ill, a restrictive transfusion 
strategy is suggested.a, b, c 

a  See PP6 for guidance on a restrictive transfusion strategy.
b  Higher Hb thresholds may be appropriate in very low birth weight and preterm neonates.
c  See PP2, PP3 and Appendix f (RBC transfusions in preterm infants) for guidance for preterm 
neonates.

PRACTICE POINTS – preterm and low birth weight infants (RBC transfusion)

PP1 In neonatal and paediatric patients, the decision to give a RBC transfusion should 
not be dictated by a Hb concentration alone.a The decision should also be based 
on assessment of the patient’s underlying condition, anaemia-related signs and 
symptoms, and response to previous transfusions. underlying conditions that may 
influence the decision to transfuse include acquired or congenital cardiac disease, and 
severe respiratory disease.
a  See PP1 in Patient Blood Management Guidelines: Module 3 – Medical.3

PP2 Neonatal units should use a procedural guidelinea for RBC transfusion in preterm 
infants that includes the following:

•	 age of infant

•	 age-specific Hb reference ranges

•	 Hb or haematocrit

•	 level of respiratory support

•	 ongoing or anticipated red cell loss

•	 nutritional status.
a  See Appendix f (RBC transfusions in preterm infants).

PP3 In preterm infants requiring transfusion, there is insufficient evidence to support or 
refute the use of either a restrictive or liberal RBC transfusion strategy.

PP4 In neonatal patients, calculate transfusion volume (ml) based on weight and desired Hb 
increment.a

a  See Appendix f (RBC transfusions in preterm infants) and Appendix G (Transfusion volume 
calculation for neonates, infants and small children).

Hb, haemoglobin; PP, practice point; R, recommendation; RBC, red blood cell

Background
Most transfusions in neonates and infants born preterm are small-volume transfusions (10–20 mL/kg) 
given to treat anaemia of prematurity, with the aim of improving tissue oxygenation. However, the effects 
of this intervention on patient outcomes remain uncertain. There is considerable variability in practice in 
relation to Hb thresholds and other indications for RBC transfusion. 

Neonates may also receive large-volume transfusion; for example, exchange transfusion to prevent 
kernicterus, or pump priming for cardiac surgery and extracorporeal membrane oxygenation (ECMO). 

GRade c

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics 37

Clinical guidance
3



RBC transfusion versus no transfusion (or different RBC dose) in neonates
This review did not identify any Level I or II studies that compared RBC transfusion with no transfusion or 
different RBC doses in neonates and infants born preterm. Therefore, the evidence base comprised two 
systematic reviews of Level III studies (one of poor quality31 and one of good quality32) and 14 Level III-2 
studies.33–46

Mortality
One retrospective cohort study investigated factors associated with survival among 194 preterm infants 
with very low birth weight admitted to the neonatal intensive care unit (NICU).43 It reported no significant 
difference among those who received a transfusion (63.1%) compared with those not transfused (65.5%).

One retrospective cohort study of fair quality assessed the association between RBC transfusion and 
mortality among 1077 preterm infants with very low birth weight (defined as birth weight <1250 g).36 
After controlling for variables independently associated with higher neonatal morbidity, the authors 
concluded that:

•	 the	relative	risk	of	in-hospital	mortality	remained	significantly	increased	among	infants	who	received	
at least one RBC transfusion before day 28 of life

•	 the	relative	risk	of	death	beyond	the	neonatal	period	remained	significant	among	infants	who	
received more than two RBC transfusions during their hospital stay, compared with infants who 
received one or two RBC transfusions.

Composite of mortality and severe morbidity
No studies compared RBC transfusion with no transfusion in preterm infants, and reported on a 
composite of mortality and severe morbidity such as bronchopulmonary dysplasia (BPD), necrotising 
enterocolitis (NEC), retinopathy of prematurity (ROP) or brain injury on ultrasound.

Severe morbidity 
BPD
No studies compared RBC transfusion with no transfusion in preterm infants, and reported on the 
outcome of BPD.

NEC
Two systematic reviews of Level III studies31–32 and four additional Level III-2 cohort and case–control 
studies35; 37; 44–45 examined the association between RBC transfusion and NEC in preterm infants. Both of 
the systematic reviews reported a significant association between RBC transfusion and NEC; however, 
the Level III studies reported conflicting results. The relationship between RBC transfusion and NEC is 
unclear because:

•	 the	relationship	between	the	timing	of	administration	of	transfusion	and	development	of	NEC	varied	
between studies; in some studies, onset of NEC may have occurred before transfusion, and in others, 
some cases of NEC occurred so long after transfusion that the relationship between the two was 
unclear

•	 in	some	studies,	there	was	a	high	risk	of	bias	because	of	incomplete	reporting	of	outcome	data

•	 observational	studies	cannot	rule	out	the	possibility	of	common	risk	factors	for	transfusion	and	
development of NEC that could result in association without causation.

ROP
Six Level III studies of poor to fair quality examined the association between RBC transfusion and ROP in 
preterm infants.38–42; 46 After adjusting for potential confounders, three studies40–41; 46 reported a significant 
association between RBC transfusion and ROP, but the other three studies38–39; 42 found that the 
association between RBC transfusion and the incidence of ROP was no longer significant.
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Brain injury on ultrasound 
One Level III study examined the association between RBC transfusion and severe intraventricular 
haemorrhage (IVH) in preterm infants.34 The study assessed various risk factors associated with the 
development of severe IVH, and reported a significant association between RBC transfusion and the 
development of severe IVH by 1 month. However, this association is uncertain because it is based on a 
single retrospective case–control study that has not been reproduced.

Neurodevelopmental disability
No studies compared RBC transfusion to no transfusion in preterm infants, and reported on 
neurodevelopmental disability. 

Transfusion-related serious adverse events
No studies compared RBC transfusion with no transfusion in preterm infants, and reported on 
transfusion-related serious adverse events such as transfusion-associated circulatory overload (TACO), 
transfusion-related acute lung injury (TRALI), haemolytic transfusion reactions, transfusion-transmitted 
infections, transfusion-associated graft-versus-host disease (TAGVHD) and anaphylactic reactions.

Restrictive RBC transfusion versus liberal RBC transfusion in neonates
Four good-quality Level I studies compared a restrictive RBC transfusion protocol with a liberal protocol 
in preterm or very low birth weight infants.47–50 All four systematic reviews included data from three 
RCTs,51–53 involving a total of 590 very low birth weight infants. No additional Level II studies were 
identified that reported outcomes relevant to the research question.

Mortality
All studies reported no significant difference between a restrictive and a liberal RBC transfusion strategy 
on the outcome of mortality.

Composite of mortality and severe morbidity
The review by Whyte (2011)50 assessed the effect of different transfusion strategies on a composite of 
mortality and severe morbidity before first hospital discharge. It reported no significant difference in 
death or severe morbidity. Whyte (2011)50 also reported data on a composite of mortality and severe 
brain injury before first hospital discharge, and again found no statistically significant difference between 
restrictive and liberal transfusion strategies.

In a predefined follow-up to the PINT 200653 study, Whyte (2011)50 assessed a composite of mortality 
and cognitive delay, defined as a mental development index (MDI) <70 (>2 standard deviations below 
age norm) at 18–21 months post-transfusion. No significant difference was found between infants 
randomised to a restrictive or a liberal RBC transfusion strategy at birth, although the point estimate 
leaned in favour of liberal transfusion. A post-hoc analysis that assessed a composite of mortality and 
cognitive delay demonstrated statistical significance. 

Severe morbidity 
Five Level II studies compared restrictive and liberal transfusion strategies among preterm infants, and 
reported severe morbidity outcomes including ROP, BPD and NEC.51–55 None of the studies reported 
significant differences in these outcomes.

Brain injury on ultrasound
Two systematic reviews did not demonstrate any significant difference in brain injury between 
transfusion strategies.48; 50

Neurodevelopmental disability
One fair-quality Level II study (Whyte 2009)56 compared restrictive and liberal transfusion strategies in 
relation to neurodevelopmental disability in preterm infants. This study followed up the infants enrolled 
in the PINT 200653 study at 18–21 months post-transfusion. It found no significant difference between 
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restrictive and liberal RBC transfusion strategies for cerebral palsy, severe visual and hearing impairment, 
or any neurosensory impairment.

Transfusion-related serious adverse events
One Level II study with insufficient power to detect a difference in transfusion-related serious adverse 
events reported no cases of TACO, TRALI, haemolytic transfusion reactions, transfusion-transmitted 
infections, TAGVHD or anaphylactic reactions.51

Clinical commentary – effect of RBC transfusion on patient outcomes in neonates
In preterm infants, the physiological decline in circulating RBCs is more pronounced than in term infants. 
Factors contributing to anaemia of prematurity include rapid growth, inadequate erythropoiesis and the 
phlebotomy blood losses that may occur within the first few weeks of life. The anaemia can be treated 
with RBC transfusions, which raise Hb levels and help to increase red cell mass. However, concerns have 
been raised about the use of RBC transfusions in preterm infants, because of a potential association with 
various adverse events (e.g. ROP, BPD, NEC and IVH) to which preterm infants are particularly vulnerable. 
Further, the use and dosing of transfusion varies widely, because neither the appropriate Hb thresholds 
nor the other triggers for RBC transfusion have a strong evidence basis. 

Based on the absence of benefit for a liberal transfusion strategy (in paediatric and adult critically ill 
patients), and concerns about the potential adverse events associated with transfusion, the CRG suggests 
a restrictive strategy for paediatric patients other than very low birth weight neonates.

The current systematic review suggests that transfusion in preterm infants is associated with increased 
in-hospital mortality. However, the increase in relative risk is modest and could be attributable to 
unmeasured confounding variables. There is no evidence to support an association between RBC 
transfusion and BPD, ROP or neurodevelopmental disability. A number of studies have reported a 
relationship between RBC transfusion and NEC in preterm neonates. In contrast, RCTs comparing 
restrictive versus liberal transfusion strategies in this population suggest that a more liberal transfusion 
strategy does not increase the risk of NEC. Therefore, although observational studies of preterm patients 
suggest an association between RBC transfusion and NEC, causation has not been established.

Overall, it is unclear whether the general use of RBC transfusion should be guided by a restrictive or a 
liberal transfusion strategy. Recent evidence highlights the contribution to improved clinical outcomes of 
higher oxygen saturation targets in the neonatal period.57 However, the oxygen saturation targets used 
in the studies comparing restrictive and liberal strategies were not clearly specified. Hence, in the setting 
of contemporary oxygen saturation targets of 91–95%, the effect of a restrictive versus liberal transfusion 
strategy on patient outcomes remains unknown.

In the current systematic review, no significant difference between restrictive and liberal RBC transfusion 
strategies was observed for neonatal mortality. However, post-hoc analysis of the PINT 2006 study53 suggested 
that a liberal transfusion threshold led to reductions in both cognitive delay and the composite of mortality 
and cognitive delay. Further evidence will become available from two large RCTs currently underway.58–59 These 
RCTs, which are using the higher oxygen saturation target band, aim to determine the effect of restrictive versus 
liberal transfusion thresholds on neonatal morbidity, mortality and developmental outcomes.
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3.2.2 Infants, children and adolescents – effect of RBC transfusion on 
patient outcomes

EvIDENCE STATEMENTS –  
infants, children and adolescents (RBC transfusion) Ev
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ES1.12 In infants, children and adolescents, the effect of RBC 
transfusion compared with no transfusion on mortality 
is unknown.

Na Na Na Na Na 

ES1.13 In infants, children and adolescents, the effect of 
restrictive RBC transfusion compared with liberal RBC 
transfusion on mortality is unknown.

Na Na Na Na Na 

ES, evidence statement; RBC, red blood cell 
=A; =B; =C; X=D; Na, not applicable

RECOMMENDATION – infants, children and adolescents (RBC transfusion)

R1 In paediatric patients, including those who are critically ill, a restrictive transfusion 
strategy is suggested.a, b, c 

a  See PP6 for guidance on a restrictive transfusion strategy.
b  Higher Hb thresholds may be appropriate in very low birth weight and preterm neonates.
c  See PP2, PP3 and Appendix f (RBC transfusions in preterm infants) for guidance for preterm 
neonates.

GRade c
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PRACTICE POINTS – infants, children and adolescents (RBC transfusion)

PP5 for neonatal and paediatric patients, a specific procedural guideline for RBC transfusion 
should be used that includes the following:

•	 age-specific Hb reference ranges

•	 volume of transfusion and rate of administration

•	 patient monitoring during and after transfusion

•	 transfusion technique (e.g. use of syringe pumps)

•	 recognition and reporting of adverse events.

PP6 In haemodynamically stable paediatric patients (excluding neonates), evidence from 
other patient groups and CRG consensusa suggests that, with a:

•	 Hb concentration <70 g/l, RBC transfusion is often appropriate. However, 
transfusion may not be required in well-compensated patients or where other 
specific therapy is available.

•	 Hb concentration of 70–90 g/l, RBC transfusion may be appropriate. The decision 
to transfuse patients should be based on the need to relieve clinical signs and 
symptoms of anaemia, and the patient’s response to previous transfusions. 

•	 Hb concentration >90 g/l, RBC transfusion is often unnecessary and may be 
inappropriate.

a  See PP3 in Patient Blood Management Guidelines: Module 4 – Critical Care.4

PP8 In paediatric patients less than 20 kg, calculate transfusion volume (ml) based on 
weight and desired Hb increment.a

a  See Appendix f (RBC transfusions in preterm infants) and Appendix G (Transfusion volume 
calculation for neonates, infants and small children).

PP9 In most paediatric patients over 20 kg, transfusion of a single unit of RBC, followed by 
clinical reassessment to determine the need for further transfusion, is appropriate. This 
reassessment will also guide the decision on whether to retest the Hb level.a

a  See PP2 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

PP10 In paediatric patients over 20 kg who are chronically transfused (e.g. 
haemoglobinopathies or bone marrow failure syndromes) a single-unit approach may 
not be appropriate. Instead, calculation of the transfusion volume (ml) should be based 
on weight and desired Hb increment. 

PP12 In neonatal and paediatric patients with critical bleeding requiring massive transfusion, 
use a critical bleeding protocol.a A template protocol is provided within the module.b

a  The use of the word ‘protocol’ is not strictly prescriptive.
b  The template given in Appendix K (Critical bleeding protocol) is intended for local adaptation. 

CRG, Clinical/Consumer Reference Group; Hb, haemoglobin; PP, practice point; R, recommendation; RBC, red blood cell
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Background
Paediatric patients – including infants, children and adolescents – do not often receive RBC transfusions. 
The paediatric groups that most commonly receive RBC transfusions are:

•	 haemato-oncology	patients	receiving	myelosuppressive	chemotherapy

•	 paediatric	intensive	care	unit	(PICU)	patients,	particularly	those	undergoing	cardiac	surgery

•	 patients	with	congenital	anaemia	or	haemoglobinopathies	receiving	chronic	transfusions.	

The systematic review identified no studies that compared the safety and effectiveness of RBC 
transfusions with transfusion (or with different dose) in infants, children or adolescents.

Restrictive RBC transfusion versus liberal RBC transfusion in infants, children and 
adolescents
The systematic review identified no studies that compared safety and efficacy of restrictive and liberal 
transfusion strategies in paediatric medical patients. 

One Level I study60 examined the effect of transfusion thresholds on clinical outcomes in surgical and 
medical patients of any age (excluding neonates). The review identified 19 RCTs, one of which61 was in a 
critical-care paediatric population and is considered below (see Section 3.2.7).

The findings of the Carson (2012)60 review were largely based on adult surgical patients; hence, their 
generalisability to the paediatric medical population is limited. That review indicated that a restrictive 
transfusion strategy reduced both the risk of receiving a RBC transfusion and the volume of RBCs 
transfused. However, the included studies varied in their definition of a restrictive and liberal transfusion 
policy. No difference between the strategies was detected in relation to rate of adverse events 
(i.e. mortality, pneumonia and thromboembolism); however, in-hospital mortality was lower with a 
restrictive than with a liberal transfusion policy. 

Clinical commentary – effect of RBC transfusion on patient outcomes in infants, 
children and adolescents
In the absence of direct evidence to support recommendations for the medical paediatric population, 
evidence from other patient groups, expert CRG consensus and other modules in this series (Medical,3 
Perioperative2 and Critical Care4) was applied to derive a series of practice points. 

Based on the absence of benefit for a liberal transfusion strategy (in paediatric and adult critically 
ill patients), and concerns about the potential adverse events associated with transfusion, the CRG 
suggests a restrictive strategy for most patients.
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3.2.3 Medical: neonatal and paediatric patients with sickle cell disease 
– effect of RBC transfusion on patient outcomes

EvIDENCE STATEMENTS –  
SCD (RBC transfusion) Ev
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ES1.14 In neonates and infants with SCD, the effect of RBC 
transfusion compared with no transfusion on mortality 
is unknown.

Na Na Na Na Na 

ES1.15 In children and adolescents with SCD, the effect of RBC 
transfusion compared with no transfusion on mortality 
is uncertain.

(See evidence matrix D1.J in Volume 2 of the technical report.)

Na

ES1.16 In neonates and infants with SCD, the effect of RBC 
transfusion compared with no transfusion on stroke 
occurrence is unknown.

Na Na Na Na Na 

ES1.17 In children and adolescents with sickle cell anaemia or 
sickle beta thalassaemia who have been assessed to be 
at increased risk of stroke (as assessed by transcranial 
Doppler ultrasonography9 and MRI10), ongoing 
prophylactic RBC transfusion compared with no RBC 
transfusion (or cessation of RBC transfusions) reduces 
stroke occurrence.

(See evidence matrix D1.K in Volume 2 of the technical report.)

 

ES1.18 In neonatal and paediatric patients with SCD, the effect 
of restrictive RBC transfusion compared with liberal 
RBC transfusion on mortality is unknown.

Na Na Na Na Na 

ES1.19 In neonatal and paediatric patients with SCD, the effect 
of restrictive RBC transfusion compared with liberal 
RBC transfusion on stroke is unknown.

Na Na Na Na Na 

ES, evidence statement; RBC, red blood cell; SCD, sickle cell disease

=A; =B; =C; X=D; Na, not applicable

RECOMMENDATION – sickle cell disease (RBC transfusion)

R2 In children and adolescents with sickle cell disease who have been assessed to be at 
increased risk of stroke,a a program of prophylactic RBC transfusions should be used in 
order to reduce stroke occurrence.b

a  Assessed by transcranial Doppler ultrasonography9 and MRI.10

b  See PP11 for methods of assessment.

GRade a
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PRACTICE POINTS – sickle cell disease (RBC transfusion)

PP7 In paediatric patients with beta thalassaemia, the evidence does not support any 
change to the current practice of maintaining a pretransfusion Hb concentration of 
90–100 g/l.a

a  See PP23 in Patient Blood Management Guidelines: Module 3 – Medical.3

PP11 Children and adolescents with sickle cell disease should be assessed for stroke risk 
using both transcranial Doppler ultrasonography9 and MRI.10

Hb, haemoglobin; MRI, magnetic resonance imaging; PP, practice point; R, recommendation; RBC, red blood cell

Background
Sickle cell disease (SCD) is caused by homozygous inheritance of the HbS allele or compound 
heterozygous inheritance of that allele with another abnormality of the beta globin gene, such as HbC 
or beta thalassaemia. Important clinical manifestations of SCD in paediatric patients include splenic 
sequestration, haemolysis, aplastic crises, priapism, infection, stroke and recurrent painful vaso-occlusive 
episodes such as dactylitis and acute chest syndrome. Most children with SCD in developed countries will 
survive to adulthood; however, life expectancy may be reduced. 

RBC transfusions are an important treatment strategy in the management of acute SCD complications 
and in the prevention of long-lasting complications such as stroke. During childhood, at least 20% of 
children with SCD will have silent ischaemic lesions that are visible on magnetic resonance imaging (MRI), 
and these lesions are associated with an increased incidence of clinical stroke.62–63

Regular RBC transfusion usually leads to iron overload, which is typically treated with iron chelation. SCD 
patients are also at significant risk of haemolytic transfusion reactions and red cell alloimmunisation. 
High rates of alloimmunisation are seen in SCD patients receiving chronic transfusions, because 
of the high transfusion rates in these patients, and antigenic differences between donor and 
recipient populations. 

RBC transfusion versus no transfusion (or different RBC dose) in paediatric patients 
with SCD 
Two good-quality systematic reviews examined the effect of RBC transfusion in paediatric patients with 
SCD.64–65 These reviews included two good-quality Level II studies: the Stroke Prevention Trial in Sickle 
Cell Anaemia (STOP) trial,9 which randomised children (aged 2–16 years) at high risk of stroke based 
on transcranial Doppler (TCD) screening to either RBC transfusion or standard care (no transfusion); 
and the STOP 2 trial,66 which randomised children (aged 2–16 years) at high risk of stroke to continued 
RBC transfusions or cessation of transfusion therapy after 30 months of transfusions (halted 
transfusion group). 

Two additional Level II studies of fair to poor quality were identified by the literature review.10; 67 The SIT 
trial (Silent Cerebral Infarct Multi-Center Clinical Trial) compared the effect of RBC transfusions with no 
transfusion on cerebral infarction among paediatric patients (aged 5–15 years) with SCD and at least one 
infarct-like lesion detected by MRI.10 The second trial reported stroke incidence and silent infarct data 
from the STOP cohort at 36 months.67

Mortality
Three Level II studies reported mortality and found no significant difference between treatment 
groups.9–10; 66 However, the studies were underpowered for this outcome. 
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Stroke
Two systematic reviews64–65 and the two RCTs10; 67 examined the effect of RBC transfusions on stroke 
incidence. A meta-analysis for stroke incidence was not performed because of differences in patient 
populations and study design. 

The STOP trial demonstrated a significantly reduced risk of stroke in children with SCD and abnormal 
TCD velocities who commenced regular blood transfusions, compared with those who received no 
transfusion.9

The STOP 2 trial was closed early owing to concerns about the increased risk of stroke in the halted 
transfusion group.66 More strokes were reported in the halted transfusion group, although this did not 
reach statistical significance. However, in the halted transfusion group, the number of patients reverting 
to abnormal TCD velocities increased, implying increased stroke risk.

The 36-month follow-up study from the original STOP cohort found that long-term transfusion therapy 
continued to reduce the risk of stroke.67

In children with SCD and known silent infarcts in the SIT trial, regular RBC transfusion compared with 
standard care (no transfusion) reduced the rate of neurological events, including cerebral infarction and 
transient ischaemic attacks.10

Transfusion-related serious adverse events
One Level I study64 and the SIT trial10 reported the incidence of transfusion-related serious adverse 
events, including RBC alloimmunisation and transfusion reactions. As would be expected, transfusion-
related serious adverse events, including alloimmunisation, and febrile and non-febrile transfusion 
reactions were much higher in the groups exposed to more transfusions.

functional or performance measures
No studies reported functional or performance measures.

Clinical commentary – effect of RBC transfusion in paediatric patients with SCD
Children and adolescents with SCD at high risk of stroke should commence a long-term chronic 
transfusion program to reduce their risk of stroke occurrence (see R2). This recommendation accords 
with the recent National Institutes of Health (NIH) guidelines on management of SCD,68 which 
recommend that children with HbSS or HbS/B0 thalassaemia and elevated TCD should be referred for 
chronic transfusion therapy. 

Paediatric patients with SCD should be assessed for their risk of stroke by TCD and MRI (see PP11). 
MRI is included because of the high number of children with evidence of silent cerebral ischaemia 
without clinical symptoms enrolled in the SIT trial. That trial screened 1074 eligible participants (aged 
5–15 years) with MRI, and found that 379 children and adolescents (35%) had evidence of silent infarction 
without clinical symptoms. The current NIH guidelines do not recommend screening of patients with 
genotypes HbS/B+ thalassaemia or HbSC, or screening of asymptomatic children with MRI. However, 
the NIH guidelines were based on a literature review up to July 2014, which did not capture the SIT 
trial publication.10

The Phase III TCD With Transfusions Changing to Hydroxyurea (TWiTCH) trial69 is a non-inferiority trial 
comparing RBC transfusion to hydroxyurea in paediatric patients with SCD. The trial was stopped early, 
because hydroxyurea was found to be as effective as transfusions in lowering the mean TCD velocity of 
blood flow. Complete data, including the secondary outcome of primary stroke, are not yet available.

In view of increased RBC alloimmunisation in patients with SCD undergoing long-term transfusion, 
patients should have an extended RBC phenotype before their first transfusion. For specific guidance 
on transfusion support, refer to the ANZSBT Guidelines for transfusion laboratory practice in the 
pretransfusion, antenatal and perinatal setting [under development] and background question 1 
(Section 4.1).
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3.2.4 Medical: neonatal and paediatric patients with beta thalassaemia – 
effect of RBC transfusion on patient outcomes

Background
Beta thalassaemia major is an inherited disorder of reduced beta globin chain synthesis that causes 
severe anaemia. The aim of RBC transfusion in this condition is to treat severe anaemia, prevent early 
mortality, and promote growth, development, wellbeing and quality of life. It includes minimising or 
preventing bone marrow expansion that leads to bone deformities such as maxillary hyperplasia and 
extramedullary haematopoiesis causing hepatosplenomegaly.

RBC transfusion versus no transfusion (or different dose) in paediatric patients with 
beta thalassaemia
This systematic review did not identify any Level I or Level II studies in paediatric patients with beta 
thalassaemia. Module 3 (Medical3) identified two prospective cohort studies70–71 and one retrospective 
cohort study72 that investigated the relationship between pretransfusion Hb concentration and 
transfusion volume in patients with beta thalassaemia. Masera et al (1982)70 found that patients with a 
mean pretransfusion Hb concentration of 102 g/L required significantly lower transfusion volumes than 
those with higher pretransfusion Hb levels. 

Clinical commentary – effect of RBC transfusion in paediatric patients with 
beta thalassaemia
In patients with beta thalassaemia, the widely adopted pretransfusion Hb concentration of 90–100 g/L 
was developed empirically after trials of lower Hb levels were found to lead to complications (e.g. bone 
marrow expansion) from undertransfusion.
In paediatric patients with beta thalassaemia, the evidence does not support any change to the current 
practice of maintaining a pretransfusion Hb concentration of 90–100 g/L. In those receiving a chronic 
transfusion program (e.g. beta thalassaemia or haemoglobinopathies) transfusion volume (mL) should be 
based on weight and desired Hb increment (see Appendix G).

3.2.5 Medical: paediatric patients with cancer – effect of RBC 
transfusion on patient outcomes

EvIDENCE STATEMENTS –  
anaemia associated with cancer (RBC transfusion) Ev
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ES1.20 In neonatal patients with anaemia associated with 
cancer, the effect of RBC transfusion compared with no 
transfusion on mortality is unknown.

Na Na Na Na Na 

ES1.21 In paediatric patients with anaemia associated with 
cancer, the effect of RBC transfusion compared with no 
transfusion on mortality is uncertain.

(See evidence matrix D1.L in Volume 2 of the technical report.)

X Na Na X

ES1.22 In neonatal and paediatric patients with anaemia 
associated with cancer, the effect of restrictive RBC 
transfusion compared with liberal RBC transfusion on 
mortality is unknown.

Na Na Na Na Na 

ES, evidence statement; RBC, red blood cell 
=A; =B; =C; X=D; Na, not applicable 
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PRACTICE POINTS – anaemia associated with cancer (RBC transfusion)

PP5 for neonatal and paediatric patients, a specific procedural guideline for RBC transfusion 
should be used that includes the following:

•	 age-specific Hb reference ranges

•	 volume of transfusion and rate of administration

•	 patient monitoring during and after transfusion

•	 transfusion technique (e.g. use of syringe pumps)

•	 recognition and reporting of adverse events.

PP6 In haemodynamically stable paediatric patients (excluding neonates), evidence from 
other patient groups and CRG consensusa suggests that, with a:

•	 Hb concentration <70 g/l, RBC transfusion is often appropriate. However, transfusion 
may not be required in well-compensated patients or where other specific therapy is 
available.

•	 Hb concentration of 70–90 g/l, RBC transfusion may be appropriate. The decision 
to transfuse patients should be based on the need to relieve clinical signs and 
symptoms of anaemia, and the patient’s response to previous transfusions. 

•	 Hb concentration >90 g/l, RBC transfusion is often unnecessary and may be 
inappropriate.

a  See PP3 in Patient Blood Management Guidelines: Module 4 – Critical Care.4

PP8 In paediatric patients less than 20 kg, calculate transfusion volume (ml) based on 
weight and desired Hb increment.a

a  See Appendix f (RBC transfusions in preterm infants) and Appendix G (Transfusion volume 
calculation for neonates, infants and small children).

PP9 In most paediatric patients over 20 kg, transfusion of a single unit of RBC, followed by 
clinical reassessment to determine the need for further transfusion, is appropriate. This 
reassessment will also guide the decision on whether to retest the Hb level.a

a  See PP2 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

CRG, Clinical/Consumer Reference Group; Hb, haemoglobin; PP, practice point; RBC, red blood cell

Background
Paediatric patients with cancer often develop anaemia as a result of bone marrow infiltration 
by malignancy, or treatments such as chemotherapy, radiation and haematopoietic stem cell 
transplantation. Anaemia can increase symptoms of fatigue, and may affect functional status and quality 
of life.

The most frequent treatment used to treat cancer-induced anaemia or chemotherapy-induced anaemia 
is RBC transfusion. This treatment can rapidly correct anaemia and the associated symptoms; however, 
the effect may be temporary, and all patients receiving regular transfusions are at risk of transfusion 
reactions, circulatory overload, infection and alloimmunisation. 
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RBC transfusion versus no transfusion (or different RBC dose) in paediatric patients 
with cancer
One poor-quality retrospective longitudinal study (Level III) compared the effect of cumulative transfusion 
of more than five units of RBC with transfusion of one to five units or no transfusion on overall survival in 
children (aged <15 years) with acute lymphoblastic leukaemia.73

Mortality
The Level III study reported an increased risk of mortality in those transfused with more than five units of 
RBCs; however, the study was underpowered. 

Clinical commentary – effect of RBC transfusion in paediatric patients with cancer
This literature review provided insufficient evidence to formulate recommendations. However, guidance 
relating to paediatric patients with cancer can be found in several practice points (see PP5, PP6, PP8 
and PP9).

Paediatric patients with cancer are at risk of concurrent nutritional deficiencies such as iron deficiency, 
which may contribute to their anaemia. These deficiencies should be screened for and treated 
appropriately.

3.2.6 Neonatal and paediatric patients undergoing surgery – effect of 
RBC transfusion on patient outcomes

EvIDENCE STATEMENTS –  
surgical (RBC transfusion) Ev
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ES1.27 In neonatal patients undergoing surgery, the effect 
of RBC transfusion compared with no transfusion on 
mortality is unknown.

Na Na Na Na Na 

ES1.28 In paediatric patients (<16 kg) undergoing cardiac 
surgery, the effect of RBC transfusion compared with 
no transfusion on mortality is uncertain.

(See evidence matrix D1.N in Volume 2 of the technical report.)

Na Na

ES1.29 In paediatric patients who have received a liver 
transplant, the effect of RBC transfusion compared 
with no transfusion on mortality is uncertain.

(See evidence matrix D1.O in Volume 2 of the technical report.)

Na Na

ES1.30 In neonatal and paediatric patients undergoing surgery, 
the effect of RBC transfusion compared with no 
transfusion on new or progressive MODS is unknown.

Na Na Na Na Na 

ES1.31 In neonatal and paediatric patients undergoing surgery, 
the effect of restrictive RBC transfusion compared with 
liberal RBC transfusion on mortality is uncertain.

(See evidence matrix D1.P in Volume 2 of the technical report.)

Na
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EvIDENCE STATEMENTS –  
surgical (RBC transfusion) Ev
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ES1.32 In neonatal and paediatric patients undergoing surgery, 
the effect of restrictive RBC transfusion compared with 
liberal RBC transfusion on new or progressive MODS is 
uncertain.

(See evidence matrix D1.Q in Volume 2 of the technical report.)

Na Na

ES, evidence statement; MODS, multiple organ dysfunction syndrome; RBC, red blood cell 

=A; =B; =C; X=D; Na, not applicable

RECOMMENDATION – surgical (RBC transfusion)

R1 In paediatric patients, including those who are critically ill, a restrictive transfusion 
strategy is suggested.a, b, c 

a  See PP6 for guidance on a restrictive transfusion strategy.
b  Higher Hb thresholds may be appropriate in very low birth weight and preterm neonates.
c  See PP2, PP3 and Appendix f (RBC transfusions in preterm infants) for guidance for preterm 
neonates.

PRACTICE POINTS – surgical (RBC transfusion)

PP1 In neonatal and paediatric patients, the decision to give a RBC transfusion should 
not be dictated by a Hb concentration alone.a The decision should also be based 
on assessment of the patient’s underlying condition, anaemia-related signs and 
symptoms, and response to previous transfusions. underlying conditions that may 
influence the decision to transfuse include acquired or congenital cardiac disease, and 
severe respiratory disease.
a  See PP1 in Patient Blood Management Guidelines: Module 3 – Medical.3

PP3 In preterm infants requiring transfusion, there is insufficient evidence to support or 
refute the use of either a restrictive or liberal RBC transfusion strategy.

PP5 for neonatal and paediatric patients, a specific procedural guideline for RBC transfusion 
should be used that includes the following:

•	 age-specific Hb reference ranges

•	 volume of transfusion and rate of administration

•	 patient monitoring during and after transfusion

•	 transfusion technique (e.g. use of syringe pumps)

•	 recognition and reporting of adverse events.

GRade c
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PRACTICE POINTS – surgical (RBC transfusion)

PP6 In haemodynamically stable paediatric patients (excluding neonates), evidence from 
other patient groups and CRG consensusa suggests that, with a:

•	 Hb concentration <70 g/l, RBC transfusion is often appropriate. However, transfusion 
may not be required in well-compensated patients or where other specific therapy is 
available.

•	 Hb concentration of 70–90 g/l, RBC transfusion may be appropriate. The decision 
to transfuse patients should be based on the need to relieve clinical signs and 
symptoms of anaemia, and the patient’s response to previous transfusions. 

•	 Hb concentration >90 g/l, RBC transfusion is often unnecessary and may be 
inappropriate.

a  See PP3 in Patient Blood Management Guidelines: Module 4 – Critical Care.4

PP8 In paediatric patients less than 20 kg, calculate transfusion volume (ml) based on 
weight and desired Hb increment.a

a  See Appendix f (RBC transfusions in preterm infants) and Appendix G (Transfusion volume 
calculation for neonates, infants and small children).

PP9 In most paediatric patients over 20 kg, transfusion of a single unit of RBC, followed by 
clinical reassessment to determine the need for further transfusion, is appropriate. This 
reassessment will also guide the decision on whether to retest the Hb level.a 
a  See PP2 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

PP12 In neonatal and paediatric patients with critical bleeding requiring massive transfusion, 
use a critical bleeding protocol.a A template protocol is provided within the module.b

a  The use of the word ‘protocol’ is not strictly prescriptive.
b  The template given in Appendix K (Critical bleeding protocol) is intended for local adaptation. 

CRG, Clinical/Consumer Reference Group; Hb, haemoglobin; PP, practice point; R, recommendation; RBC, red blood cell

Background
Paediatric patients undergoing major surgery are at risk of blood loss. Hence, they may require 
perioperative RBC transfusion to improve tissue oxygenation, and to treat hypovolaemia and anaemia.

Neonates and paediatric patients undergoing cardiothoracic surgery for congenital cardiac disease are 
at significant risk of perioperative bleeding. These patients may be hypoxic and polycythaemic, and 
have altered coagulation profiles. Their surgeries are complex, often necessitating long cardiopulmonary 
bypass (CPB) times and extended periods of hypothermia. 

CPB often requires large volumes of blood to prime the CPB circuit, to prevent dilutional anaemia at the 
start of the surgery. CPB causes platelet dysfunction, a dilutional coagulopathy and abnormal fibrinolysis. 
All of these factors contribute to the higher bleeding tendency and increased transfusion requirements 
seen in this patient population. 

Other paediatric surgical procedures associated with significant blood loss that may necessitate RBC 
transfusion include liver transplantation, and surgery for scoliosis or craniosynostosis. 
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RBC transfusion versus no transfusion (or different RBC dose) in neonatal and 
paediatric patients undergoing surgery
The review identified three Level III-2 studies of fair to good quality that compared RBC transfusion 
with no transfusion (or alternate dose) in neonatal and paediatric patients undergoing surgery.74–76 Two 
studies were conducted in the neonatal and paediatric cardiac surgery setting74; 76 and one in paediatric 
liver transplantation patients.75

Mortality
Mortality rates were low in the three included studies, and the studies were underpowered for this 
outcome.74–76 Two studies reported mortality in cardiac surgery patients.74; 76 Kneyber (2013)74 found that 
RBC transfusion had no effect on mortality, whereas Redlin (2013)76 reported higher mortality rates in 
those patients receiving intraoperative transfusion compared with those receiving postoperative or no 
transfusion. In paediatric patients undergoing liver transplantation surgery, mortality rates increased in 
proportion to the number of RBC units received both during and after surgery.75

New or progressive multiple organ dysfunction syndrome
No evidence was identified related to multiple organ dysfunction syndrome (MODS). 

Restrictive RBC transfusion versus liberal RBC transfusion in neonatal and paediatric 
patients undergoing surgery
One Level I study compared a restrictive and liberal RBC transfusion strategy in neonatal or paediatric 
patients undergoing cardiac surgery for congenital heart disease.77 The review identified two Level 
II studies78–79 of poor to good quality. It also identified one good-quality Level II trial80 that reviewed 
postoperative general surgery patients, and another trial81 that met the inclusion criteria of this 
systematic review, but was stopped early and did not provide usable data.

Two of the Level II studies79–80 reported data from two separate subgroups enrolled in the TRIPICU 
(Transfusion Requirements in Pediatric Intensive Care Units) study,61 which is reported in the critical care 
section (Section 3.2.7). 

Mortality
Three Level II studies reported mortality and did not find a significant difference between transfusion 
strategies.78–80

New or progressive MODS
Two Level II studies reported outcomes for MODS.79–80 Both found no significant difference in new or 
progressive MODS between transfusion strategies.

Transfusion-related serious adverse events
One Level II study reported transfusion-related serious adverse events.79 It found no significant 
difference in the number of transfusion reactions between transfusion groups, but was underpowered 
for this outcome.
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Clinical commentary – effect of RBC transfusion in neonatal and paediatric patients 
undergoing surgery
In the absence of direct evidence to support recommendations for RBC transfusion in neonatal and 
paediatric patients undergoing surgery, evidence from other patient groups, expert CRG consensus and 
other modules in this series (Medical,3 Perioperative2 and Critical Care4) was applied to derive a series of 
practice points (see R1 and PPs 1, 3, 5, 6, 8, 9 and 12).

In neonatal and paediatric surgical patients in whom substantial blood loss is anticipated, preoperative 
anaemia and iron deficiency should be identified, evaluated and managed to minimise RBC transfusion. 

RBC transfusions may be administered in the perioperative period to replace blood loss and treat 
anaemia. Neonates and paediatric patients have age-dependent normal reference ranges for Hb; 
however, the optimal Hb threshold for transfusion is unknown. 

Any transfusion has potential risks such as transfusion reactions, circulatory overload, infection and 
alloimmunisation. 

3.2.7 Critically ill neonatal and paediatric patients – effect of RBC 
transfusion on patient outcomes

EvIDENCE STATEMENTS –  
critically ill (RBC transfusion) Ev
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ES1.33 In critically ill neonatal and paediatric patients, the effect 
of RBC transfusion compared with no transfusion on 
mortality is uncertain.

(See evidence matrix D1.R in Volume 2 of the technical report.)

X

ES1.34 In critically ill neonatal and paediatric patients, the effect 
of RBC transfusion compared with no transfusion on 
new or progressive MODS is unknown.

Na Na Na Na Na 

ES1.35 In critically ill neonatal and paediatric patients, 
restrictive RBC transfusion compared with liberal RBC 
transfusion does not appear to have an effect on new 
or progressive MODS.

(See evidence matrix D1.S in Volume 2 of the technical report.)

Na Na

ES1.36 In critically ill neonatal and paediatric patients, 
restrictive RBC transfusion compared with liberal 
RBC transfusion does not appear to have an effect on 
mortality.

(See evidence matrix D1.T in Volume 2 of the technical report.)

Na Na

ES, evidence statement; MODS, multiple organ dysfunction syndrome; RBC, red blood cell 

=A; =B; =C; X=D; Na, not applicable
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RECOMMENDATION – critically ill (RBC transfusion)

R1 In paediatric patients, including those who are critically ill, a restrictive transfusion 
strategy is suggested.a, b, c 

a  See PP6 for guidance on a restrictive transfusion strategy.
b  Higher Hb thresholds may be appropriate in very low birth weight and preterm neonates.
c  See PP2, PP3 and Appendix f (RBC transfusions in preterm infants) for guidance for preterm 
neonates.

PRACTICE POINT – critically ill (RBC transfusion)

PP12 In neonatal and paediatric patients with critical bleeding requiring massive transfusion, 
use a critical bleeding protocol.a A template protocol is provided within the module.b

a  The use of the word ‘protocol’ is not strictly prescriptive.
 b  The template given in Appendix K (Critical bleeding protocol) is intended for local adaptation.

Hb, haemoglobin; PP, practice point; R, recommendation; RBC, red blood cell

Background
Neonatal and paediatric patients are at risk of anaemia in the critical-care setting because of factors such 
as the underlying illness, small circulating blood volume, proportionally high phlebotomy losses, surgical 
or trauma-related blood loss and malnutrition. In infants, physiological anaemia may also contribute.

Critically ill neonates and children have high rates of RBC transfusion. Such transfusion may be lifesaving 
and should not be withheld in the actively bleeding or haemodynamically unstable patient. However, 
for patients with mild to moderate anaemia without haemodynamic compromise, the benefit of RBC 
transfusion is uncertain. 

Any transfusion has potential risks such as transfusion reactions, circulatory overload, infection and 
alloimmunisation.

RBC transfusion versus no transfusion (or different RBC dose) in critically ill neonatal 
and paediatric patients
The review identified three retrospective cohort studies (Level III-2) of poor to fair quality that compared 
the effect of RBC transfusions with no transfusion in critically ill neonatal and paediatric patients.82–84 Of 
the three studies, one involved paediatric patients with traumatic brain injury,82 one infants and children 
with blunt abdominal trauma and liver laceration,83 and one paediatric trauma patients.84

The three studies demonstrated an association between RBC transfusion and mortality.82–84 However, 
it was not possible to undertake a meta-analysis because of variable study characteristics, patient 
populations and the presence of confounders in the high mortality groups. 

This literature review identified no studies that assessed the safety and efficacy of RBC transfusion 
compared with no RBC transfusion in relation to MODS in critically ill patients. 

Only one study reported rates of transfusion-related serious adverse events; it reported nine febrile 
reactions among 81 transfused patients.84

Restrictive RBC transfusion versus liberal RBC transfusion in critically ill neonatal and 
paediatric patients
Two good-quality systematic reviews compared the effect of a restrictive and a liberal RBC transfusion 
strategy in critically ill patients.85–86 Of these, one85 reviewed the transfusion threshold on clinical 
outcomes in surgical and medical patients of any age (excluding neonates); the other86 included 
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neurocritically ill adult and paediatric patients admitted to intensive care unit (ICU). Both reviews 
included the paediatric RCT TRIPICU61 – a good-quality multicentre RCT of critically ill paediatric patients 
aged 3 days to 14 years who were randomised to a restrictive (70 g/L) or liberal (95 g/L) threshold for 
transfusion.

Mortality
The TRIPICU study reported 28-day mortality and in-PICU mortality.61 Desjardins et al (2012)86 reviewed 
a subgroup of the TRIPICU study. Both analyses found no difference in mortality rates when comparing 
restrictive and liberal transfusion strategies. 

New or progressive MODS
New or progressive MODS was reported in the TRIPICU study;61 and Desjardins et al (2012)86 reported a 
subgroup of this study. Both analyses showed no significant differences for any MODS outcome when 
comparing restrictive and liberal RBC transfusion strategies. 

Transfusion-related serious adverse events
One study reported transfusion-related serious adverse events.61 It did not find a significant difference 
between rates of transfusion reactions, but was underpowered for this outcome. 

Clinical commentary – effect of RBC transfusion in critically ill neonatal and 
paediatric patients
Historically, RBC transfusions are given routinely when the Hb falls below a threshold (often 100 g/L), 
but this practice is based on little evidence. Although observational studies of paediatric patients 
demonstrate an association between RBC transfusion and mortality, causation has not been established.

The TRICC (Transfusion Requirements in Critical Care) trial provided the first clear evidence that a 
restrictive transfusion strategy (transfusion threshold of 70g/L) in adults may be safe. A review then 
showed that a restrictive transfusion strategy in adults reduced the risk of transfusion and exposure to 
blood products.85 It found that restrictive transfusion strategies did not affect the rate of adverse events 
such as mortality, pneumonia, stroke and thromboembolism. It also found that a restrictive transfusion 
strategy was associated with a significant reduction in in-hospital mortality. 

In critically ill paediatric patients, the results of the TRIPICU trial indicate that a restrictive transfusion 
threshold (70 g/L) may be as safe as a liberal Hb trigger (95 g/L), and that a restrictive threshold is 
associated with reduced transfusion incidence.61 The study authors concluded that these findings could 
not be assumed to apply to premature infants, or to children with severe hypoxemia, haemodynamic 
instability, active blood loss or cyanotic heart disease, because such children were not included in 
the study. 

Critically ill neonatal and paediatric patients with congenital heart disease, particularly cyanotic heart 
disease, are often transfused at Hb thresholds higher than other patients of similar age. However, there 
is no evidence on which to base this practice. 

The CRG recommends that a restrictive transfusion strategy be employed in critically ill children (see R1).

In neonatal and paediatric patients with critical bleeding requiring massive transfusion, a critical bleeding 
protocol designed for these age groups should be used (Appendix K).
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3.3 Effect of non-transfusion 
interventions to increase Hb 
concentration on outcomes

Question 2 (Interventional)
In neonates/paediatric patients, what is the effect of non-transfusion 
interventions to increase the Hb concentration on morbidity, mortality, and need 
for RBC transfusion?
Hb, haemoglobin; RBC, red blood cell

In anaemia, lower than normal levels of circulating RBCs mean a lower concentration of Hb in the 
blood, which leads to less oxygen circulating throughout the body, causing symptoms such as extreme 
tiredness, shortness of breath and dizziness. In neonates, anaemia can be associated with poor weight 
gain, decreased activity, tachycardia, apnoea, respiratory distress and feeding problems. In paediatric 
patients, anaemia may also be associated with impaired cognitive and physical development, and 
weakened immunity.

The review examined the effects of three interventions that aim to increase Hb concentration in neonatal 
and paediatric patients: erythropoiesis stimulating agents (ESAs), iron and hydroxyurea (in SCD only). 

3.3.1 Preterm and low birth weight infants – effect of erythropoiesis 
stimulating agents (with or without iron) on outcomes

EvIDENCE STATEMENTS –  
preterm and low birth weight infants  
(ESAs with or without iron) Ev
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ES2.1 In preterm infants with low birth weight (<2500 g), ESA 
therapy (with or without iron) may reduce transfusion 
incidence.

(See evidence matrix D2.A in Volume 2 of the technical report.)

ES2.2 In preterm infants with RhHDFN, the effect of ESA 
therapy (with or without iron) on transfusion incidence 
is uncertain.

(See evidence matrix D2.B in Volume 2 of the technical report.)

Na

ES2.3 In preterm infants with low birth weight (<2500 g), 
ESA therapy (with or without iron) may reduce 
transfusion volume.

(See evidence matrix D2.C in Volume 2 of the technical report.)
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EvIDENCE STATEMENTS –  
preterm and low birth weight infants  
(ESAs with or without iron) Ev
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ES2.4 In preterm infants with low birth weight (<2500 g), 
the effect of ESA therapy (with or without iron) on 
thromboembolic events is unknown.

Na Na Na Na Na 

ES2.5 In preterm infants with low birth weight (<2500 g), the 
effect of ESA therapy (with or without iron) on ROP is 
uncertain.

(See evidence matrix D2.D in Volume 2 of the technical report.)

Na

ES2.6 In preterm infants with low birth weight (<2500 g), the 
effect of ESA therapy (with or without iron) on BPD is 
uncertain.

(See evidence matrix D2.E in Volume 2 of the technical report.)

Na

ES2.7 In preterm infants with low birth weight (<2500 g), the 
effect of ESA therapy (with or without iron) on NEC is 
uncertain.

(See evidence matrix D2.F in Volume 2 of the technical report.)

Na

ES2.8 In preterm infants with low birth weight (<2500 g), the 
effect of ESA therapy (with or without iron) on mortality 
is uncertain.

(See evidence matrix D2.G in Volume 2 of the technical report.)

Na

BPD, bronchopulmonary disease; ES, evidence statement; ESA, erythropoiesis stimulating agent; NEC, necrotising 
enterocolitis; RhHDFN, Rh haemolytic disease of the fetus and newborn; ROP, retinopathy of prematurity

=A; =B; =C; X=D; Na, not applicable

RECOMMENDATION – preterm and low birth weight infants (ESAs with or without iron)

R3 In preterm infants with low birth weight (<2500 g), the routine use of ESAs is not 
advised. 

ESA, erythropoiesis stimulating agent; R, recommendation

Background
To minimise the need for RBC transfusions, ESAs have been used to prevent or treat anaemia of 
prematurity. However, early studies showed that the administration of the ESA recombinant human 
erythropoietin (rHuEPO) can lead to iron deficiency, because blood volume expansion increases the 
demand for iron. Supplemental iron is therefore given in most studies assessing rHuEPO, but there are 
differences between studies in the dosing, timing and route of administration of iron. 
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use of ESAs in preterm infants
The review identified six Level I studies87–92 and four additional Level II studies93–96 that examined the use 
of ESAs in preterm infants. 

Transfusion incidence and volume
The two largest meta-analyses found that patients who received rHuEPO and iron required significantly 
fewer RBC transfusions than patients who received iron alone.97–98 Early rHuEPO (course of treatment 
commencing within the first week of life)98 and late rHuEPO (course of treatment commencing at 
8 days or later)97 resulted in a significantly lower risk of receiving any transfusion compared with no 
rHuEPO or placebo.

rHuEPO treatment commencing in the first week also reduced the mean number of RBC transfusions per 
infant,98 but the evidence for late rHuEPO treatment was less clear.97

Thromboembolic events
No evidence related to thromboembolic events was reported. 

ROP
Three Level I studies assessed the effect of ESAs on ROP.92; 97–98 None of the Level I studies found 
a significant effect of ESAs on ROP (of any level of severity), regardless of whether treatment was 
commenced early or late. However, a post-hoc analysis combining both early and late initiation of 
treatment	found	a	significant	increased	risk	of	severe	ROP	(≥	stage	3)	in	infants	who	received	rHuEPO.98

BPD
Two Level I studies assessed the incidence of BPD in preterm infants administered ESAs.97–98 No effect 
was demonstrated.

NEC
Two Level I studies97–98 and one Level II study93 assessed the incidence of NEC in preterm infants 
administered ESAs. A meta-analysis of these studies performed by this review found no effect of ESAs 
on the incidence of NEC.

Mortality
Two Level I studies87; 98 and one Level II study93 assessed the effect of ESAs on neonatal mortality. A 
meta-analysis performed by this review found no effect of ESAs on all-cause mortality. 

Secondary outcomesb

functional/performance status
One systematic review98 assessed neurodevelopmental outcomes at 18–22 months corrected age 
in preterm infants administered early ESAs. Taken together, the studies were underpowered for 
neurodevelopmental outcomes, and the effect of ESAs on neurodevelopmental outcomes is uncertain.

laboratory measures
Two RCTs reported laboratory measures – Hb, haematocrit (Hct) and ferritin – and found that Hb was 
higher in infants receiving rHuEPO.94–95

b  This evidence has not undergone a strict systematic review process (secondary outcomes were only extracted from 
studies that reported one or more primary outcomes); therefore, these results should be interpreted with caution.
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Clinical commentary – ESAs (with or without iron) in preterm and low birth 
weight infants
This systematic review demonstrates that the number of transfusions is reduced in neonates receiving 
both early (course commencing within the first week of life) and late (commencing after the first week 
of life) rHuEPO with iron therapy. Early ESA treatment also reduced cumulative transfusion volume 
received, whereas the evidence for late administration of ESA was inconsistent. 

There is no evidence that ESAs affect any of the following:

•	 mortality

•	 the	significant	neonatal	morbidities	ROP,	BPD	and	NEC

•	 potential	adverse	events	such	as	thromboembolic	events.	

ROP was a secondary outcome for all the included studies. It is likely that all studies were underpowered 
to identify true differences in ROP rates or severity. Thus, the effect of ESA therapy on ROP is uncertain. 
Further large RCTs are required to conclusively answer this question and address the effect of ESAs on 
long-term outcomes and adverse events.

Evidence of the effect of ESAs on functional and performance status is inconclusive. 

Large heterogeneity was observed in the included studies, most likely reflecting variation in transfusion 
practice. Furthermore, the studies were mainly conducted using transfusion practice that was liberal 
compared to current practice, and the intervention (thrice-weekly subcutaneous injections, increased 
blood sampling and the need for parenteral iron) is burdensome. Therefore, the CRG has recommended 
against the routine use of ESAs (see R3).

3.3.2 Preterm and low birth weight infants – effect of oral and/or 
parenteral iron on outcomes

EvIDENCE STATEMENTS –  
preterm and low birth weight infants  
(oral and/or parenteral iron) Ev
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ES2.9 In preterm infants with very low birth weight (<1500 g), 
the effect of oral iron supplementation compared with 
no oral iron supplementation on transfusion volume or 
incidence is uncertain.

(See evidence matrix D2.H in Volume 2 of the technical report.)

Na

ES2.10 In preterm infants with very low birth weight (<1500 g), 
the effect of oral iron supplementation compared with 
no oral iron supplementation on ROP, BPD and NEC is 
uncertain.

(See evidence matrix D2.I in Volume 2 of the technical report.)

Na

ES2.11 In preterm infants with very low birth weight (<1500 g), 
the effect of oral iron supplementation compared with 
no oral iron supplementation on mortality is uncertain.

(See evidence matrix D2.J in Volume 2 of the technical report.)

Na

BPD, bronchopulmonary disease; ES, evidence statement; NEC, necrotising enterocolitis; ROP, retinopathy of prematurity

=A; =B; =C; X=D; Na, not applicable 
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PRACTICE POINT – preterm and low birth weight infants (oral and/or parenteral iron)

PP13 Preterm and low birth weight infants should receive iron supplementation as necessary 
to achieve the recommended nutrient intake. However, routine supplementation 
in excess of the recommended nutrient intake, to reduce transfusion incidence, is 
not supported.

PP, practice point

Background
Because of rapid growth, low iron stores at birth and losses due to blood sampling, preterm and low birth 
weight infants are at high risk for iron deficiency, which can impair neurodevelopment. However, due to 
immaturity of body organs (including the intestine and liver), they may have very limited ability to regulate 
iron uptake and use in response to iron deficiency or excess, particularly in the first weeks after birth.99 
There is the potential for toxicity if excessive doses are used; enteral iron can compete with zinc and 
copper for absorption,100 potentially causing clinically significant deficiencies, or can have direct adverse 
effects on the gut microbiome. Although evidence that iron supplementation leads to oxidative stress is 
inconsistent in small randomised trials,101 the safe upper limit of iron intake remains uncertain. 

Summary of evidence
Four Level II studies examined the use of oral iron in preterm or low birth weight infants.102–105 No studies 
compared different modes of administration of iron alone or the use of parenteral iron in these groups. 

Transfusion incidence and volume
Taylor et al (2013)102 compared supplemental iron to no supplemental iron in very low birth weight infants 
who were being fed preterm infant formula or breast milk (both of which were fortified to administer at 
least 2 mg/kg/day elemental iron). In another very small study, a group of infants who were mostly fed 
breast milk without iron fortification were randomised to receive supplemental iron or no supplemental 
iron.103 Neither study found an effect of the supplemental iron on transfusion incidence or volume. In 
contrast, Franz et al (2000)105 found a reduction in cumulative transfusion volume in (mostly breast 
milk fed) infants who received supplements to achieve a total iron intake of approximately 3 mg/kg/
day compared to an unsupplemented group who received approximately 0.85 mg/kg/day. Berseth et al 
(2004)104 found that iron supplementation via a human milk fortifier (that aimed to provide iron intakes 
about 3.5 times higher than available from preterm human milk alone) reduced transfusion incidence 
by 15–28 days after the iron fortification was started. Despite some limited evidence that the current 
recommended intake of 2–3 g/kg/day elemental iron reduces the incidence of transfusion, the effect 
of iron therapy that provides supplementation above these intakes on transfusion volume or incidence 
is uncertain. 

ROP, BPD and NEC 
Three Level II studies found no significant difference in ROP, BPD and NEC between those infants 
(extremely low and very low birth weight) treated with additional iron and those not treated.102–104 
However, all the studies were underpowered for these outcomes. 

Mortality 
Two Level II studies reported all-cause mortality in preterm infants with very low or extremely low birth 
weight but neither study was sufficiently powered to detect differences in mortality.102; 105

Secondary outcomesc

functional or performance status
No studies considered functional or performance status in the relevant populations.

c This evidence has not undergone a strict systematic review process (secondary outcomes were only extracted from 
studies that reported one or more primary outcomes); therefore, these results should be interpreted with caution.
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laboratory measures 
Four Level II studies reported laboratory measures – Hb, Hct and ferritin – in preterm infants with very 
low or extremely low birth weight but found no significant difference reported between treatment 
groups.102–105 The section above on Transfusion incidence and volume explains variations in baseline 
iron intake.

Clinical commentary – oral and/or parenteral iron in preterm and low birth 
weight infants
Consistent with the European Society for Paediatric Gastroenterology Hepatology and Nutrition 
(ESPGHAN) guideline which currently recommends elemental iron intakes for preterm and low birth 
weight infants 2–3 mg/kg/day,106 starting at 2–6 weeks postnatal age, the CRG advises using iron 
supplementation for preterm and low birth weight infants to achieve the recommended nutrient intake 
(RNI) or to treat any iron deficiency that is present (see PP13).a The American Academy of Pediatrics’ 
guidelines are similar, recommending at least 2 mg/kg/day by 1 month of age.107

a ESPGHAN recommends starting iron at 2-4 weeks in extremely low birth weight infants.

3.3.3 Infants, children and adolescents at risk of anaemia –  
effect of erythropoiesis stimulating agents (with or without iron) 
on outcomes

EvIDENCE STATEMENTS –  
infants, children and adolescents  
(ESAs with or without iron) Ev
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ES2.12 In infants and children at risk of anaemia, the effect 
of ESA therapy (with or without iron) on transfusion 
volume or incidence is unknown.

Na Na Na Na Na 

ES2.13 In infants and children at risk of anaemia, the effect of 
ESA therapy (with or without iron) on thromboembolic 
events is unknown.

Na Na Na Na Na 

ES2.14 In infants and children at risk of anaemia, the effect 
of ESA therapy (with or without iron) on mortality is 
unknown.

Na Na Na Na Na 

ES, evidence statement; ESA, erythropoiesis stimulating agent

=A; =B; =C; X=D; Na, not applicable

Summary of evidence
No studies compared ESAs with placebo in infants, children or adolescents with anaemia.
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3.3.4 Infants, children and adolescents at risk of anaemia –  
effect of oral and/or parenteral iron on outcomes

EvIDENCE STATEMENTS –  
infants, children and adolescents  
(oral and/or parenteral iron) Ev

id
en

ce

Co
ns

ist
en

cy

Cl
in

ica
l im

pa
ct

Ge
ne

ra
lis

ab
ilit

y

Ap
pl

ica
bi

lit
y

ES2.15 In infants and children at risk of anaemia, the effect 
of iron therapy compared with no iron therapy on 
transfusion volume or incidence is unknown.

Na Na Na Na Na 

ES2.16 In infants and children at risk of anaemia, oral iron 
supplementation has no effect on mortality.

(See evidence matrix D2.K in Volume 2 of the technical report.)

Na

ES, evidence statement

=A; =B; =C; X=D; Na, not applicable

PRACTICE POINTS – infants, children and adolescents (oral and/or parenteral iron)

PP14 Infants and children should receive sufficient dietary iron to achieve the adequate 
intake or recommended daily intake. If the adequate intake or recommended daily 
intake cannot be met by dietary means, iron supplementation is advised.

PP15 Infants and children in populations at high riska of iron deficiency should be screened 
for this condition.b

a  See Domellof et al (2014)13 and Pottie et al (2011).14

b  See Section 3.6.

PP16 Infants and children with iron deficiency should be treated with iron supplements and 
dietary modifications.

PP, practice point

Background
Iron deficiency is the largest factor contributing to anaemia in all paediatric age groups (except in 
very preterm infants in the first weeks of life, although iron deficiency is an important risk for such 
infants subsequently). In Australia, there is a high prevalence of iron deficiency in children from remote 
Indigenous communities (see Section 3.6). Risk factors for dietary iron deficiency include late introduction 
or insufficient iron-rich foods, prolonged exclusive breast-feeding, early introduction of cow’s milk and 
excessive cow’s milk consumption. Iron deficiency also occurs if there is poor gastrointestinal absorption, 
blood loss or increased iron requirements. Iron supplementation increases Hb and ferritin, and reduces 
the prevalence of iron deficiency and iron deficiency anaemia (IDA). 

Although definitive evidence is lacking, there is reasonable concern about a possible association 
between iron deficiency in childhood and long-term adverse neurocognitive outcomes and behavioural 
difficulties.108
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Summary of evidence
No studies examined the use of parenteral iron or compared different modes of administration of iron.

Two good-quality systematic reviews examined the use of oral iron in infants, children or adolescents at 
risk of developing anaemia.109

Pasricha et al (2013)108 reviewed the safety and efficacy of oral iron compared to control in children aged 
4–23 months on laboratory measures, growth, mortality, and functional or performance status. The 
review included 33 RCTs with usable data, conducted in a variety of clinical settings. 

Okebe et al (2011)109 assessed the effect of daily oral iron supplements (with or without folic acid) 
compared to control in children aged under 18 years living in malaria-endemic regions. The review 
included 71 RCTs, and focused on outcomes of malaria, including severe malaria and mortality. 

Mortality
Both systematic reviews reported mortality as an outcome and found no significant difference in 
mortality in children that received iron versus no iron.108–109

Secondary outcomesd

functional or performance status
One Level I study reported functional and performance measures.108 It found no significant difference 
between treatment groups as assessed by the Bayley Scales of Infant and Toddler Development mental 
development index (MDI) or psychomotor development index (PDI). There was significant heterogeneity 
between the included studies. A subgroup analysis conducted to explore heterogeneity showed evidence 
of benefit on MDI in children with iron deficiency at baseline. 

laboratory measures 
Both systematic reviews found a significant increase in Hb in children administered oral iron.108–109 Also, 
one review reported a reduced prevalence of anaemia, iron deficiency and IDA.108 

Clinical commentary – oral and/or parenteral iron in infants, children and adolescents 
at risk of anaemia
The CRG advises that infants and children should receive sufficient dietary iron to achieve the adequate 
intake (AI) or recommended daily intake (RDI). If the AI or RDI cannot be met by dietary means, iron 
supplementation is advised (see PP14).

A full blood count and ferritin should be used to screen infants and children at risk of iron deficiency 
(see PP15). If iron deficiency is detected, then appropriate iron supplementation and dietary modifications 
should be implemented (see PP16).

Oral iron supplementation at appropriate dosages, for adequate duration, is effective first-line treatment 
of iron deficiency in most infants, children and adolescents. Background question 5 (Section 4.5) has 
additional information on risk factors for iron deficiency, investigation, diagnosis and management of 
iron deficiency. 

d This evidence has not undergone a strict systematic review process (secondary outcomes were only extracted from 
studies that reported one or more primary outcomes); therefore, these results should be interpreted with caution.
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3.3.5 Medical: neonatal and paediatric patients with cancer –  
effect of erythropoiesis stimulating agents (with or without iron) 
on outcomes

EvIDENCE STATEMENTS –  
cancer (ESAs with or without iron) Ev
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ES2.17 In neonatal patients receiving chemotherapy, the effect 
of ESA therapy (with or without iron) on transfusion 
incidence or volume is unknown. 

Na Na Na Na Na 

ES2.18 In paediatric patients receiving chemotherapy, ESA 
therapy (with or without iron) may reduce transfusion 
incidence.
(See evidence matrix D2.L in Volume 2 of the technical report.)

ES2.19 In paediatric patients receiving chemotherapy, 
the effect of ESA therapy (with or without iron) on 
transfusion volume is uncertain.
(See evidence matrix D2.M in Volume 2 of the technical report.)

ES2.20 In neonatal patients receiving chemotherapy, the 
effect of ESA therapy (with or without iron) on 
thromboembolic events is unknown.

Na Na Na Na Na 

ES2.21 In paediatric patients receiving chemotherapy, 
the effect of ESA therapy (with or without iron) on 
thromboembolic events is uncertain.

(See evidence matrix D2.N in Volume 2 of the technical report.)

Na Na

ES2.22 In neonatal patients receiving chemotherapy, the effect 
of ESA therapy (with or without iron) on mortality is 
unknown.

Na Na Na Na Na 

ES2.23 In paediatric patients receiving chemotherapy, the 
effect of ESA therapy (with or without iron) on mortality 
is uncertain.

(See evidence matrix D2.O in Volume 2 of the technical report.)

Na

ES, evidence statement; ESA, erythropoiesis stimulating agent

=A; =B; =C; X=D; Na, not applicable

PRACTICE POINT – cancer (ESAs with or without iron)

PP17 In paediatric patients receiving chemotherapy, the routine use of ESAs is not advised. 

The use of ESAs may reduce transfusion incidence; however, the studies are 
underpowered to determine their effect on mortality and thromboembolic events, which 
are increased in the adult population.a 
a  See R2 in Patient Blood Management Guidelines: Module 3 – Medical.3

ESA, erythropoiesis stimulating agent; PP, practice point; R, recommendation
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Background
Anaemia in children with cancer is a frequent occurrence, and is typically multifactorial. Bone marrow 
suppression may occur as a result of bone marrow infiltration or failure, chemotherapy and radiation 
treatments. Nephrotoxic chemotherapy may cause decreased rHuEPO production. Also, anaemia 
may occur as a result of blood loss secondary to thrombocytopenia or nutritional deficiencies such as 
iron deficiency. 

In adult cancer patients, rHuEPO has been shown to increase Hb, reduce transfusion incidence and improve 
quality of life; however, it is associated with an increased risk of death and thromboembolic events.3

Summary of evidence
Nine studies (Level I) examined the use of ESAs in children with cancer. The evidence from five of these 
studies forms the basis of this review.110–114 The Level I studies included six Level II studies that included 
patients with solid tumours or acute lymphoblastic leukaemia, and compared the use of rHuEPO 
with no rHuEPO.115–121

Transfusion incidence and volume
Four RCTs reported the effect of ESAs on transfusion incidence.116–117; 119–120 Meta-analysis showed that 
transfusion incidence was reduced in children receiving chemotherapy who were given ESA therapy. 

Two small trials reported the effect of ESAs on transfusion volume.115; 117 The results were conflicting.

Thromboembolic events
One RCT reported the incidence of thromboembolic events.119 It found no significant difference between 
those who received ESAs or placebo. 

Mortality
Three trials reported mortality as an outcome.117; 119–120 A meta-analysis of these data showed no 
significant difference on mortality, but the studies were small and underpowered.

Secondary outcomese 
functional or performance status
No evidence was identified related to functional or performance status. 

laboratory measures
Five RCTs studied the effect of ESA therapy on Hb.115–116; 119–120 They reported a significant increase in Hb in 
children administered ESAs. 

Clinical commentary – ESAs (with or without iron) in neonatal and paediatric patients 
with cancer
In the adult cancer population, ESAs have been demonstrated to be effective in treating cancer-induced 
anaemia; however, they have increased associated risks, including death and thromboembolic events.3

A few small paediatric trials have suggested that use of ESAs may lead to lower transfusion 
requirements and improved Hb levels; however, the effect on overall survival is unknown. 

In paediatric patients receiving chemotherapy, the routine use of ESAs is not advised. It is an expensive 
treatment and the paediatric studies are underpowered to determine their effect on mortality and 
thromboembolic events, which are increased in the adult population. 

e This evidence has not undergone a strict systematic review process (secondary outcomes were only extracted from 
studies that reported one or more primary outcomes); therefore, these results should be interpreted with caution.
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3.3.6 Medical: neonatal and paediatric patients with cancer –  
effect of oral and/or parenteral iron on outcomes

EvIDENCE STATEMENTS –  
cancer (oral and/or parenteral iron) Ev
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ES2.24 In neonatal and paediatric patients receiving 
chemotherapy, the effect of iron compared with no iron 
on transfusion incidence or volume is unknown.

Na Na Na Na Na 

ES2.25 In neonatal and paediatric patients receiving 
chemotherapy, the effect of iron compared with no iron 
on mortality is unknown.

Na Na Na Na Na 

ES, evidence statement
=A; =B; =C; X=D; Na, not applicable

Summary of evidence
No studies assessed the safety and efficacy of oral or parenteral iron in neonatal or paediatric cancer patients. 

3.3.7 Medical: neonatal and paediatric patients with kidney disease – 
effect of erythropoiesis stimulating agents (with or without iron) 
on outcomes

EvIDENCE STATEMENTS –  
kidney disease (ESAs with or without iron) Ev
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ES2.26 In neonatal patients with kidney disease, the effect 
of ESA therapy (with or without iron) on transfusion 
incidence or volume is unknown.

Na Na Na Na Na 

ES2.27 In paediatric patients with CKD, the effect of ESA 
therapy (with or without iron) on transfusion incidence 
or volume is unknown.

Na Na Na Na Na 

ES2.28 In paediatric patients with haemolytic uremic 
syndrome, the effect of ESA therapy on transfusion 
incidence is uncertain.
(See evidence matrix D2.P in Volume 2 of the technical report.)

X Na Na

ES2.29 In paediatric patients with haemolytic uremic 
syndrome, the effect of ESA therapy on transfusion 
volume is unknown.

Na Na Na Na Na 

ES2.30 In neonatal and paediatric patients with kidney disease, 
the effect of ESA therapy (with or without iron) on 
thromboembolic events is unknown.

Na Na Na Na Na 

ES2.31 In neonatal and paediatric patients with kidney disease, 
the effect of ESA therapy (with or without iron) on 
mortality is unknown.

Na Na Na Na Na 

CKD, chronic kidney disease; ES, evidence statement; ESA, erythropoiesis stimulating agent
=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINTS – kidney disease (ESAs with or without iron)

PP18 In paediatric patients with chronic kidney disease, ESA therapy to achieve a low to 
intermediate Hb target may be used to avoid RBC transfusion, after consideration of 
risks and benefits for the individual patient.a, b, c

a  See R4 in Patient Blood Management Guidelines: Module 3 – Medical.3

b  The KDIGO guidelines11 recommend a Hb target of 110–120 g/l for paediatric patients and 
state that individualisation of ESA therapy is reasonable because some patients may have 
improvements in quality of life at higher Hb concentration. 

c  The NICE guidelines12 recommend a Hb target of 100–120 g/l for children aged 2 years and older, 
and 95–115 g/l for children younger than 2 years of age (reflecting the lower normal range in that 
age group).

PP19 In adult patients with chronic kidney disease, ESA therapy to achieve a Hb target of 
>130 g/l is not recommended because of increased morbidity; therefore, it is sensible 
to apply this limit to paediatric patients.a

a  See R6 in Patient Blood Management Guidelines: Module 3 – Medical.3

PP20 ESA use is less effective in patients with chronic kidney disease who have absolute or 
functional iron deficiency.a

a  See PP13 in Patient Blood Management Guidelines: Module 3 – Medical.3

PP21 Where ESAs are indicated for the treatment or prevention of anaemia in neonatal and 
paediatric patients, they should be combined with iron therapy.

ESA, erythropoiesis stimulating agent; Hb, haemoglobin; KDIGO, Kidney Disease: Improving Global Outcomes;  
NICE, National Institute for Health and Care Excellence; PP, practice point; RBC, red blood cell; R, recommendation

Background
Anaemia is a common problem in children with chronic kidney disease (CKD), and as glomerular filtration 
rate (GFR) declines, the risk of anaemia increases. In this population, anaemia is mainly due to decreased 
production of rHuEPO. Iron deficiency is the next most important cause of anaemia associated with 
kidney disease, and may result from blood loss secondary to phlebotomy, dialysis and nutritional 
insufficiency. 

Anaemia in children with CKD is associated with increased risk of morbidity, mortality and decreased quality 
of life. rHuEPO and iron supplementation are used to treat anaemia associated with kidney disease. 

In adults with CKD (both non-dialysis and dialysis dependent) ESAs correct anaemia, reduce the incidence 
of RBC transfusion and improve the quality of life of dialysis dependent patients.3

Summary of evidence
Three systematic reviews examined the use of ESAs in children with cancer.11; 122–123 However, these 
reviews provided no usable data.

One small Level II trial assessed the use of rHuEPO in children with acute renal failure due to haemolytic 
uremic syndrome.124

Thromboembolic events
No studies reported thromboembolic events in the relevant population.

Mortality
No evidence was identified related to mortality. 
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Secondary outcomesf 
functional or performance status
No evidence was identified related to functional or performance status. 

laboratory measures
Pape (2009)124 reported Hb at discharge, but the study was small and underpowered. 

Clinical commentary – ESAs (with or without iron) in neonatal and paediatric patients 
with kidney disease
Clinical practice guidelines published by Kidney Disease: Improving Global Outcomes (KDIGO)11 and the 
United Kingdom’s (UK’s) National Institute for Health and Care Excellence (NICE)12 assessing anaemia 
management in CKD noted that there is little evidence relating to the management of CKD in children. 
The guidelines stated that more data are needed on suitable ESA treatment regimens, and the optimal 
iron levels for guiding monitoring and treatment adjustments to avoid adverse outcomes. 

The KDIGO guidelines11 suggest that, in paediatric CKD patients receiving ESA, a Hb in the range of 
110–120 g/L be targeted. These guidelines recommend that all patients receiving ESAs also receive iron 
supplementation, to maintain a transferrin saturation of >20% and ferritin >100 mg. 

The NICE guidelines12 advise a target Hb range of 100–120 g/L for children aged 2 years and older, and of 
95–115 g/L for children aged under 2 years. They also recommend that ESAs should not be initiated in 
the presence of absolute iron deficiency without treating the iron deficiency. 

f This evidence has not undergone a strict systematic review process (secondary outcomes were only extracted from 
studies that reported one or more primary outcomes); therefore, these results should be interpreted with caution.
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3.3.8 Medical: neonatal and paediatric patients with kidney disease – 
effect of oral and/or parenteral iron on outcomes

EvIDENCE STATEMENTS –  
kidney disease (oral and/or parenteral iron) Ev
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ES2.32 In neonatal and paediatric patients with kidney disease, 
the effect of iron compared with no iron on transfusion 
incidence or volume is unknown.

Na Na Na Na Na 

ES2.33 In neonatal and paediatric patients with kidney disease, 
the effect of iron compared with no iron on mortality is 
unknown.

Na Na Na Na Na 

ES2.34 In paediatric patients with CKD receiving maintenance 
rHuEPO therapy, the effect of IV iron compared with 
oral iron on transfusion incidence is uncertain.

(See evidence matrix D2.Q in Volume 2 of the technical report.)

X Na Na

ES2.35 In paediatric patients with CKD receiving maintenance 
rHuEPO therapy, the effect of IV iron compared with 
oral iron on thromboembolic events is unknown.

Na Na Na Na Na 

ES2.36 In paediatric patients with CKD receiving maintenance 
rHuEPO therapy, the effect of IV iron compared with 
oral iron on mortality is unknown.

Na Na Na Na Na 

CKD, chronic kidney disease; ES, evidence statement; rHuEPO, recombinant human erythropoietin; IV, intravenous

=A; =B; =C; X=D; Na, not applicable

Summary of evidence
level I evidence
One systematic review was identified; however, it contained no usable paediatric data.125

One Level II study compared intravenous (IV) iron and oral iron in infants and children aged under 20 
years who were on haemodialysis and receiving rHuEPO.126

Transfusion incidence and volume
The RCT reported transfusion incidence; however, it was underpowered and no transfusions were 
reported in either group.126

Thromboembolic events
No studies reported thromboembolic events in the relevant population.

Mortality
No evidence was identified related to mortality. 

Secondary outcomes
functional or performance status
No evidence was identified related to functional or performance status. 
laboratory measures
The RCT found no significant difference in Hb in children administered IV or oral iron; however, IV iron was 
associated with a greater increase in ferritin.126 
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Clinical commentary – oral or parenteral iron in neonatal and paediatric patients with 
kidney disease 
In adults with CKD, there is strong evidence that IV iron increases ferritin and transferrin saturations 
compared with oral iron, with only a small increase in Hb.125 IV iron was associated with significantly 
reduced ESA requirements and no significant difference in mortality. 

Both the KDIGO and NICE guidelines note that there is little evidence relating to the management of CKD 
in children.11–12

The KDIGO guidelines recommend that all paediatric patients on ESA therapy receive iron 
supplementation to maintain a transferrin saturation >20% and ferritin >100 mg.11

The NICE guidelines recommend correcting and maintaining iron status in people with anaemia due 
to CKD who are receiving ESA therapy.12 Such patients should be offered iron therapy to achieve <6% 
hypochromic RBCs or a reticulocyte Hb content (or equivalent) above 29 pg (unless serum ferritin is 
>800 mcg/L). 

The NICE guidelines also recommend that children who are iron deficient and receiving ESA therapy and 
haemodialysis should be offered IV iron.12 For children who are not receiving haemodialysis, oral iron 
should be considered. If the child is intolerant or the target Hb levels are not reached within 3 months, IV 
iron should be offered. The guidelines suggest that the approach used in children with CKD receiving ESAs 
(i.e. IV iron administered at a low dose and high frequency) may be more appropriate for all children. 

There is no evidence and very limited experience to guide the commencement of iron supplementation 
and consideration of ESA therapy in neonates (<28 days of age) with severe CKD.

3.3.9 Medical: neonatal and paediatric patients with sickle cell disease 
– effect of hydroxyurea

EvIDENCE STATEMENTS –  
SCD (hydroxyurea) Ev
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ES2.47 In neonatal patients with SCD, the effect of hydroxyurea 
on transfusion incidence or volume is unknown. Na Na Na Na Na 

ES2.48 In paediatric patients with SCD, hydroxyurea decreases 
the incidence of transfusions.

(See evidence matrix D2.U in Volume 2 of the technical report.)

ES2.49 In neonatal patients with SCD, the effect of hydroxyurea 
on stroke is unknown. Na Na Na Na Na 

ES2.50 In paediatric patients with SCD, the effect of 
hydroxyurea on stroke is uncertain.

(See evidence matrix D2.V in Volume 2 of the technical report.)

Na Na

ES, evidence statement; SCD, sickle cell disease

=A; =B; =C; X=D; Na, not applicable
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RECOMMENDATION – sickle cell disease (hydroxyurea)

R4 In paediatric patients with sickle cell disease, hydroxyurea should not be given for the 
primary purpose of reducing transfusion incidence.a, b 
a  Although hydroxyurea reduces transfusion incidence, it may not be the optimal treatment for 

prevention of stroke. 
b  See R2 and PP22.

PRACTICE POINT – sickle cell disease (hydroxyurea)

PP22 In paediatric patients over 9 months of age with sickle cell disease, hydroxyurea should 
be offered to reduce vaso-occlusive pain crises and acute chest syndromes.

PP, practice point; R, recommendation

Background
SCD is a condition caused by inheritance of the HbS allele, either in the homozygous form or through 
compound heterozygous inheritance with another beta globin gene abnormality such as HbC or beta 
thalassaemia. The aberrant haemoglobin (HbS) polymerises in the deoxygenated form and alters the red 
cell into a sickle shape. These sickled cells can get trapped in blood vessels, leading to vaso-occlusion and 
tissue ischaemia. 

Important clinical manifestations of SCD in paediatric patients include recurrent painful vaso-occlusive 
episodes (e.g. dactylitis, bone pain, abdominal pain and acute chest syndrome), splenic sequestration, 
haemolysis, aplastic crises, priapism, infection and stroke. 

Most children with SCD in developed countries will survive to adulthood; however, patients with SCD still 
have a significantly reduced life expectancy. 

Hydroxyurea is recognised as a disease-modifying agent, and safety and efficacy in adults is well 
established.127 It has been reported to reduce vaso-occlusive crises including acute chest crises, decrease 
hospitalisation and improve quality of life. 

Summary of evidence
Three systematic reviews examined the use of hydroxyurea in children with SCD, but did not provide 
usable data.128–130

Two eligible Level II studies were identified.131–132 One was a small single-centre trial conducted in India, 
comparing hydroxyurea to placebo in 5–18 year olds with severe SCD.131 The other was a multicentre trial 
(BABY HUG) that assessed the safety and efficacy in hydroxyurea in infants aged 9 to 18 months with 
SCD, irrespective of severity.132

Transfusion incidence and volume
Both studies reported a significant reduction in transfusion incidence in those children who received 
hydroxyurea.131–132

Stroke
One study found no significant difference in rates of clinical stroke in a 2-year period.132

GRade b
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Secondary outcomesg

functional or performance status
One study analysed neurodevelopment using the Bayley Scales of Infant and Toddler Development 
mental development index (MDI) and Vineland Adaptive Behaviour Scales.132 It reported no significant 
differences between treatment groups. 

laboratory measures 
Both studies reported that hydroxyurea increased total Hb and fetal Hb concentrations.131–132 

vaso-occlusive events and acute chest crises
One study reported that hydroxyurea decreased total painful episodes and dactylitis.132 Pain was nearly 
twice as frequent and dactylitis five times more common in children receiving placebo. The other study 
reported a decrease in average number of vaso-occlusive crises.131 

The study by Wang et al (2011)132 reported that hydroxyurea decreased the number of infants who 
experienced acute chest syndrome. 

Clinical commentary – hydroxyurea in neonatal and paediatric patients with SCD
Hydroxyurea was found to be effective in reducing transfusion incidence. However, for Australian 
patients with SCD and their treating clinicians, reducing the incidence of transfusion may be of much 
less importance than the considerable effect that hydroxyurea has on reducing the frequency of 
vaso-occlusive crises, dactylitis, acute chest syndrome and hospitalisation. Nevertheless, the effect of 
hydroxyurea on reducing exposure to RBC transfusion is still of some importance, because it reduces the 
risk of transfusion-related adverse events, including alloimmunisation. There is a known increased risk of 
mild and usually reversible cytopaenias in children treated with hydroxyurea; these should be screened 
for and managed appropriately. 

The NIH guidelines recommend that all patients with sickle cell anaemia and their family members be 
educated about hydroxyurea.68 In infants aged 9 months and older, and in children and adolescents with 
sickle cell anaemia, treatment with hydroxyurea should be offered, regardless of clinical severity of the 
disease, to reduce SCD-related complications such as pain, dactylitis, acute chest syndrome and anaemia.68 

In paediatric patients with SCD who are at increased risk of stroke – as defined by elevated TCD velocities 
or silent infarcts seen on MRI – prophylactic RBC transfusions are recommended to reduce stroke 
risk. The Phase III TWiTCH trial69 is a non-inferiority trial comparing RBC transfusion to hydroxyurea 
in paediatric patients with SCD. The trial was stopped early, because hydroxyurea was found to be as 
effective as transfusions in lowering the mean TCD velocity of blood flow. Complete data, including the 
secondary outcome of primary stroke, are not yet available. 

3.3.10 Medical: neonatal and paediatric patients undergoing  
surgery – general

Background
Paediatric patients undergoing major surgery are at risk of blood loss and may require perioperative RBC 
transfusion to improve tissue oxygen delivery. 

Paediatric patients undergoing elective surgery with a risk of substantial blood loss should have their 
full blood count and iron stores assessed preoperatively. Where preoperative anaemia is identified, it is 
important to determine its aetiology, so that appropriate therapy can be given. 

g This evidence has not undergone a strict systematic review process (secondary outcomes were only extracted from 
studies that reported one or more primary outcomes); therefore, these results should be interpreted with caution.
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3.3.11 Medical: neonatal and paediatric patients undergoing surgery 
– effect of erythropoiesis stimulating agents (without or 
without iron) on outcomes

EvIDENCE STATEMENTS –  
surgical (ESAs with or without iron) Ev
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ES2.51 In neonatal patients requiring surgery, the effect of 
ESA therapy (with or without iron) on transfusion 
incidence or volume is uncertain.

(See evidence matrix D2.W in Volume 2 of the technical 
report.)

X Na

ES2.52 In paediatric patients requiring surgery, the effect 
of ESA therapy (with or without iron) on transfusion 
incidence is uncertain.

(See evidence matrix D2.W in Volume 2 of the technical 
report.)

X Na

ES2.53 In paediatric patients requiring surgery, the effect 
of ESA therapy (with or without iron) on transfusion 
volume is unknown.

Na Na Na Na Na 

ES2.54 In neonatal patients requiring cardiac surgery, the 
effect of ESA therapy compared with no ESA therapy 
on thromboembolic events is uncertain.

(See evidence matrix D2.X in Volume 2 of the technical report.)

Na Na

ES2.55 In neonatal patients requiring noncardiac surgery, 
the effect of ESA therapy (with or without iron) on 
thromboembolic events is unknown.

Na Na Na Na Na 

ES2.56 In paediatric patients requiring surgery, the effect of 
ESA therapy (with or without iron) on thromboembolic 
events is unknown.

Na Na Na Na Na 

ES2.57 In neonatal patients requiring cardiac surgery, the 
effect of ESA therapy compared with no ESA therapy 
on mortality is uncertain.

(See evidence matrix D2.Y in Volume 2 of the technical report.)

Na Na

ES2.58 In neonatal patients requiring noncardiac surgery, 
the effect of ESA therapy (with or without iron) on 
mortality is unknown.

Na Na Na Na Na 

ES2.59 In paediatric patients requiring surgery, the effect 
of ESA therapy (with or without iron) on mortality is 
unknown.

Na Na Na Na Na 

ES, evidence statement; ESA, erythropoiesis stimulating agent

=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINT – surgical (ESAs with or without iron)

PP23 In neonatal and paediatric surgical patients, an ESA should only be prescribed in 
consultation with a paediatric haematologist, and should be combined with iron 
therapy.

ESA, erythropoiesis stimulating agent; PP, practice point

Summary of evidence
Three Level II studies of variable quality were identified.133–135 Two studies133–134 were conducted in the 
neonatal setting; the other135 was in infants and small children undergoing craniosynostosis repair.

Transfusion incidence and volume
Two trials reported the effect of ESAs on transfusion incidence or volume.134–135 The trials reported 
conflicting results; however, both trials were small and underpowered. 

Thromboembolic events
One study reported that ESAs had no effect on the incidence of cerebral infarction and dural sinus 
thrombosis in neonatal cardiac surgery patients.133 No studies reported thromboembolic events in other 
infants or older children undergoing surgery. 

Mortality
One study found no difference in mortality, but was small and underpowered.133 No studies reported 
mortality rates in other infants or older children. 

Secondary outcomesh 
functional or performance status
One study found no difference in neurodevelopmental outcomes, but was underpowered.133 No studies 
reported functional or performance measures in other infants or older children. 

laboratory measures 
One study reported an increase in Hb from baseline in children undergoing craniofacical surgery who 
were administered rHuEPO.135

h  This evidence has not undergone a strict systematic review process (secondary outcomes were only extracted from 
studies that reported one or more primary outcomes); therefore, these results should be interpreted with caution.
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3.3.12 Medical: neonatal and paediatric patients undergoing surgery – 
effect of oral and/or parenteral iron on outcomes

EvIDENCE STATEMENTS –  
surgical (oral and/or parenteral iron) Ev

id
en

ce

Co
ns

ist
en

cy

Cl
in

ica
l im

pa
ct

Ge
ne

ra
lis

ab
ilit

y

Ap
pl

ica
bi

lit
y

ES2.60 In neonatal and paediatric patients undergoing surgery, 
the effect of iron compared with no iron on transfusion 
incidence or volume is unknown.

Na Na Na Na Na

ES2.61 In neonatal and paediatric patients undergoing surgery, 
the effect of iron compared with no iron on mortality is 
unknown.

Na Na Na Na Na

ES, evidence statement

=A; =B; =C; X=D; Na, not applicable

RECOMMENDATION – surgical (oral and/or parenteral iron)

R5 In surgical paediatric patients with or at risk of iron deficiency anaemia, preoperative 
iron therapy is recommended.a 
a  See R4 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

PRACTICE POINTS – surgical (oral and/or parenteral iron)

PP24 In neonatal and paediatric surgical patients in whom substantial blood loss is 
anticipated, preoperative anaemia and iron deficiencya should be identified, evaluated 
and managed to minimise RBC transfusion.b
a  Iron deficiency can be present with a normal Hb.
b  See Appendix H (Paediatric haemoglobin assessment and optimisation template) for further 

information on the optimal dosing strategy.

PP25 To implement PP24, patients should be evaluated as early as possible so that 
scheduling of surgery can be coordinated with optimisation of the patient’s Hb and 
iron stores.

Hb, haemoglobin; PP, practice point; R, recommendation; RBC, red blood cell

Summary of evidence
No studies reviewed the safety and efficacy of oral or IV iron in neonatal or paediatric patients 
undergoing surgery. 

Clinical commentary – oral or parenteral iron in neonatal and paediatric patients 
undergoing surgery
With the paucity of evidence in the paediatric surgical setting, a recommendation was based on the 
evidence from the adult literature.2 Routine testing for iron deficiency is not recommended for all 
infants and children who are scheduled for major surgery, but risk factors should be assessed and 
algorithm-based laboratory investigation and treatment should be undertaken in patients who are at risk 
(see Appendix H).

GRade c
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3.3.13 Critically ill term and near term neonatal patientsi and paediatric 
patients – general

Background
Critically ill neonates and children admitted to the ICU are at high risk of receiving a red cell transfusion, 
often in the setting of stable anaemia. 

Neonatal and paediatric patients are at risk of anaemia in the critical-care setting because of the 
physiological anaemia of newborns, smaller blood volumes, proportionally higher phlebotomy losses from 
blood testing and discard volumes (central venous access and arterial lines), surgical related blood loss 
and malnutrition. 

Iron is one of the main regulators of erythropoiesis; therefore, low iron stores and nutritional intake may 
limit Hb recovery. ESAs promote the bone marrow production of RBCs. 

Although RBC transfusions may be associated with risk and morbidity, in the adult population, 
alternatives to transfusion such as ESA therapy are not without complications. 

3.3.14 Critically ill term and near term neonatal and paediatric patients 
– effect of erythropoiesis stimulating agents, with or without 
iron, on outcomes

EvIDENCE STATEMENTS –  
critically ill (ESAs with or without iron) Ev
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ES2.62 In critically ill neonatal patients, the effect of ESA 
therapy (with or without iron) on transfusion incidence 
or volume is unknown.

Na Na Na Na Na 

ES2.63 In critically ill paediatric patients, the effect of ESA 
therapy plus iron compared with iron alone on 
transfusion volume or incidence is uncertain.

(See evidence matrix D2.Z in Volume 2 of the technical report.)

Na

ES2.64 In critically ill neonatal and paediatric patients, 
the effect of ESA therapy (with or without iron) on 
thromboembolic events is unknown.

Na Na Na Na Na 

ES2.65 In critically ill paediatric patients with acute respiratory 
failure, the effect of ESA therapy plus iron compared 
with iron alone on mortality is uncertain.

(See evidence matrix D2.AA in Volume 2 of the technical report.)

Na Na

ES2.66 In critically ill neonatal patients, the effect of ESA 
therapy (with or without iron) on mortality is unknown. Na Na Na Na Na 

ES, evidence statement; ESA, erythropoiesis stimulating agent

=A; =B; =C; X=D; Na, not applicable

i Premature and low birth weight infants are covered in the previous section.
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PRACTICE POINT – critically ill (ESAs with or without iron)

PP26 In critically ill paediatric patients with anaemia, ESAs should not be routinely used.a

a  This point is based on the lack of effect of ESAs on mortality in critically ill adult patients. See R2 
in Patient Blood Management Guidelines: Module 4 – Critical Care.4

ESA, erythropoiesis stimulating agent; PP, practice point; R, recommendation

Summary of evidence
Two Level II trials of poor and fair quality examined the use of ESAs in critically ill paediatric patients.136–137

Transfusion incidence and volume
Both trials reported transfusion incidence.136–137 A meta-analysis of these studies showed no significant 
difference in incidence of RBC transfusions or mean transfusions per patient.

One study reported that ESA treatment did not alter transfusion volume.137 However, our re-analysis 
using the results reported in the paper indicated a significant benefit of rHuEPO with iron for reducing the 
volume of RBC transfused. 

Thromboembolic events
No trials assessed the incidence of thromboembolic events. 

Mortality
One trial reported mortality rates.137 No deaths occurred in either treatment arm. 

Secondary outcomesj 
functional or performance status
No studies reported functional or performance status. 

laboratory measures 
Both studies reported laboratory measures – Hct and ferritin – but with conflicting results.136–137 

3.3.15 Critically ill term and near term neonatal patients and paediatric 
patients – effect of oral and/or parenteral iron, on outcomes

EvIDENCE STATEMENTS –  
critically ill (oral and/or parenteral iron) Ev
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ES2.67 In critically ill neonatal and paediatric patients, the 
effect of iron compared with no iron on transfusion 
incidence or volume is unknown.

Na Na Na Na Na 

ES2.68 In critically ill neonatal and paediatric patients, the 
effect of iron compared with no iron on mortality is 
unknown.

Na Na Na Na Na 

ES, evidence statement

=A; =B; =C; X=D; Na, not applicable

j This evidence has not undergone a strict systematic review process (secondary outcomes were only extracted from 
studies that reported one or more primary outcomes); therefore, these results should be interpreted with caution.
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PRACTICE POINT – critically ill (oral and/or parenteral iron)

PP27 Critically ill paediatric patients should receive iron supplementation as necessary to 
achieve the recommended nutrient intake. 

PP, practice point

Summary of evidence
No studies assessed the use of oral or IV iron in critically ill neonatal or paediatric patients. 

Clinical commentary – oral and/or parenteral iron in critically ill term and near term 
neonatal patients and paediatric patients
It is important that critically ill neonatal and paediatric patients continue to receive sufficient dietary iron 
to achieve the adequate intake (AI) or recommended daily intake (RDI). If the AI or RDI cannot be met by 
dietary means, iron supplementation is advised. 
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3.4  Effect of blood components 
on outcomes

Question 3 (Interventional)
In neonates/paediatric patients, what is the effect of ffP, cryoprecipitate, fibrinogen 
concentrate, and/or platelet transfusion on patient outcomes?
FFP, fresh frozen plasma

Background
The systematic review examined the evidence for five interventions in neonatal and paediatric patients: 
fresh frozen plasma (FFP), cryoprecipitate, fibrinogen concentrate, platelet transfusion or combinations of 
these products. 

FFP contains all the coagulation factors present in normal plasma and is primarily transfused in the 
neonatal and paediatric setting to correct abnormalities of coagulation. 

The administration of FFP has been associated with a range of side effects including infection, allergic 
reactions, haemolysis, TACO and TRALI. Therefore, the risks and benefits of FFP transfusion need to be 
carefully considered before use.

Cryoprecipitate is administered to patients to correct hypofibrinogenaemia. Primary triggers for 
transfusion of cryoprecipitate include:

•	 haemostatic	support	during	massive	blood	loss
•	 low	fibrinogen	and	active	bleeding	before	or	during	an	invasive	procedure
•	 dysfibrinogenaemia	(structural	abnormalities	of	the	fibrinogen	molecule	that	cause	dysfunction)	
•	 active	bleeding	before	or	during	an	invasive	procedure.

Fibrinogen may also be administered to patients with hypofibrinogenaemia.k

Platelet transfusions are frequently used to correct thrombocytopenia in critically ill patients. The use of 
platelet transfusion has been associated with a range of side effects including bacterial infection (due to 
contamination), allergic reactions, febrile reactions, venous thromboembolism, TRALI and TACO. Therefore, 
the risks and benefits of platelet transfusion in critically ill patients need to be carefully considered before 
use. Primary triggers for transfusion of platelets are:

•	 low	platelet	count	and	active	bleeding	before	or	during	an	invasive	procedure
•	 prophylaxis	after	chemotherapy
•	 bone	marrow	transplant
•	 known	or	suspected	disorder	(acquired	or	inherited)	affecting	platelet	function.

Overall, two Level I studies, six Level II studies and seven Level III studies were identified in the systematic 
review.

The search identified no literature specifically pertaining to Australia’s Aboriginal and Torres Strait Islander 
peoples relevant to this research question.

k The Jurisdictional Blood Committee recently approved the addition of fibrinogen concentrate for patients with 
congenital fibrinogen deficiency to the list of products funded and supplied under the national blood arrangements 
administered by the NBA. Fibrinogen concentrate became available for treatment of congenital fibrinogen deficiency 
under the NBA arrangements from 1 July 2014.
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3.4.1 Preterm and low birth weight infants – effects of fresh frozen 
plasma on outcomes

EvIDENCE STATEMENTS –  
preterm and low birth weight infants (ffP) Ev
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ES3.1 In preterm (<32 weeks) or very low birth weight infants 
(<1500 g), the effect of FFP compared with no FFP on 
mortality is uncertain.

(See evidence matrix D3.A in Volume 2 of the technical report.)

Na

ES3.2 In preterm (<32 weeks) or very low birth weight infants 
(<1500 g), the effect of FFP compared with no FFP on 
IVH is uncertain.

(See evidence matrix D3.B in Volume 2 of the technical report.)

Na

ES3.3 In preterm (<37 weeks) infants, the effect of FFP 
compared with no FFP on transfusion-related serious 
adverse events is unknown.

Na Na Na Na Na 

ES3.4 In preterm (<37 weeks) infants, the effect of FFP 
compared with no FFP on transfusion volume or 
incidence is unknown.

Na Na Na Na Na 

ES3.5 In preterm (<37 weeks) infants, the effect of FFP 
compared with a different FFP transfusion strategy on 
mortality is unknown.

Na Na Na Na Na 

ES3.6 In preterm (<37 weeks) infants, the effect of FFP 
compared with a different FFP transfusion strategy on 
bleeding events is unknown.

Na Na Na Na Na 

ES3.7 In preterm (<37 weeks) infants, the effect of FFP 
compared with a different FFP transfusion strategy 
on transfusion-related serious adverse events is 
unknown.

Na Na Na Na Na 

ES3.8 In preterm (<37 weeks) infants, the effect of FFP 
compared with a different FFP transfusion strategy on 
transfusion volume or incidence is unknown.

Na Na Na Na Na 

ES, evidence statement; FFP, fresh frozen plasma; IVH, intraventricular haemorrhage

=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINT – preterm and low birth weight infants (ffP)

PP29 In neonatal and paediatric patients, the decision to transfuse ffP, cryoprecipitate or 
fibrinogen concentrate should take into account the potential risks and benefits. The 
decision should be based not only on laboratory investigations but also on assessment 
of the patient’s clinical condition. factors that may influence the decision include 
active bleeding, medications affecting coagulation status, and congenital and acquired 
bleeding disorders.

FFP, fresh frozen plasma; PP, practice point

Summary of evidence
level I evidence
One good-quality Level I study that included four Level II studies was identified.138

The review included 940 preterm infants of very low birth weight or born at or before 32 weeks gestation, 
and who were less than 72 hours old. The authors examined the effect of volume expansion using FFP 
compared with a control group (no treatment) on mortality and peri/intraventricular haemorrhage (P/IVH).

level II evidence
One Level II study that was conducted by the Northern Neonatal Nursing Initiative (NNNI) was retrieved 
for further analysis.139 This was a fair-quality multicentre RCT conducted in 18 UK maternity units that 
recruited 776 preterm infants born less than 32 weeks gestation. The three-armed trial compared the 
effect of prophylactic FFP (20 mL/kg followed by 10 mL/kg after 24 hours) or an inert gelatin plasma 
substitute (Gelofusine) to a maintenance infusion of 10% dextrose (control). Outcomes included mortality 
and P/IVH at 6 weeks.

Mortality
The Level I study138 assessed the incidence of mortality in preterm infants administered FFP compared with 
no FFP or placebo in a meta-analysis of three RCTs and found no difference between treatment groups. 

The Level II study139 found no difference in mortality before 6 weeks or before discharge, or in cause-specific 
mortality before discharge attributed to respiratory distress, IVH, necrotising enterocolitis or other causes. 

There was a follow-up of survivors from the first NNNI trial, 2 years after the intervention.140 Subgroup 
analyses were performed for cause-specific mortality in infants aged 1–23 months. There was no 
significant difference in mortality due to chronic lung disease, sudden unexpected death, infection or 
other causes.

Bleeding events
A meta-analysis of 120 preterm infants born before 32 weeks gestation found no difference in incidence 
of P/IVH (any grade) in infants administered FFP compared with a no-treatment control group.138 There 
was also no significant difference in P/IVH (any grade) and P/IVH grade 2–4; however, the comparisons 
were both underpowered. 

The initial NNNI trial139 also found that, among scanned infants surviving 6 weeks, there was no 
significant difference in IVH (any grade), subependymal IVH or severe IVH. 

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
No studies reported transfusion volume or incidence. 

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics 81

Clinical guidance
3



Clinical commentary – use of ffP in preterm and low birth weight infants
The limited information available suggests that the routine administration of FFP has no effect on 
mortality and on prevention of IVH in preterm infants. Nevertheless, FFP may have a role in the 
treatment of clinical bleeding where coagulopathy is a contributing factor. When prescribing FFP, both 
risks and benefits should be considered. 

3.4.2 Preterm and low birth weight infants – effects of platelet 
transfusion on outcomes

EvIDENCE STATEMENTS –  
preterm and low birth weight infants  
(platelet transfusion) Ev
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ES3.9 In preterm (<32 weeks) or extremely low birth weight 
(<1000 g) infants, the effect of platelet transfusion 
compared with no platelet transfusion on mortality is 
uncertain. 

(See evidence matrix D3.C in Volume 2 of the technical report.)

X

ES3.10 In neonates with thrombocytopenia admitted to 
NICU, platelet transfusion may be associated with 
an increased risk of IVH compared with no platelet 
transfusion. 

(See evidence matrix D3.D in Volume 2 of the technical report.)

X

ES3.11 In preterm (<37 weeks) infants, the effect of platelet 
transfusion compared with no platelet transfusion on 
bleeding events other than IVH is unknown.

Na Na Na Na Na 

ES3.12 In preterm (<37 weeks) infants, the effect of platelet 
transfusion compared with no platelet transfusion 
on transfusion-related serious adverse events is 
unknown.

Na Na Na Na Na 

ES3.13 In preterm (<37 weeks) infants, the effect of platelet 
transfusion compared with no platelet transfusion on 
transfusion volume or incidence is unknown.

Na Na Na Na Na 

ES, evidence statement; IVH, intraventricular haemorrhage; NICU, neonatal intensive care unit

=A; =B; =C; X=D; Na, not applicable

PRACTICE POINT – preterm and low birth weight infants (platelet transfusion)

PP28 In neonatal and paediatric patients, the decision to transfuse platelets should 
take into account the potential risks and benefits. The decision should be based 
not only on laboratory investigations but also on assessment of the patient’s 
clinical condition. factors that may influence the decision include active bleeding, 
medications affecting platelet function and coagulation status, and congenital and 
acquired bleeding disorders.

PP, practice point
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Summary of evidence
The review identified three Level III cohort studies comparing platelet transfusion strategies in neonatal 
and paediatric patients:

•	 A	good-quality	retrospective	cohort	study	of	1600	neonates	with	thrombocytopenia	in	multiple	
NICUs, conducted in the United States of America (USA).141 The study investigated the effect of 
platelet transfusion versus no platelet transfusion on mortality. 

•	 A	poor-quality	nested	case–control	study	in	a	single	NICU	in	the	USA	of	164	preterm	infants	born	
at or before 32 weeks gestation.142 Cases were defined as participants with thrombocytopenia 
(platelet	count	≤150	×	109/L) and controls as those without thrombocytopenia. Of the 94 included 
cases,	12	were	defined	as	having	mild	thrombocytopenia	(100–150	×	109/L), 34 with moderate 
(50–100	×	109/L),	and	48	with	severe	(<50	×	109/L). The authors examined whether platelet 
transfusion had an effect on IVH by days 7 and 14 of life, sepsis, NEC, thrombocytopenia-associated 
bleeding and mortality before discharge. 

•	 A	poor-quality	retrospective	cohort	study	of	284	extremely	low	birth	weight	(≤1000	g)	preterm	
infants from multiple NICUs in the USA.143 The authors examined the effect of platelet transfusion on 
mortality during and after thrombocytopenia. Data were collected from electronic medical records, 
case mix, pharmacy and laboratory systems. 

Mortality
The good-quality study found a significant increase (apparently dose dependent) in mortality 
associated with platelet transfusion.141 The nested study also found a significant increase in 
mortality associated with platelet transfusion.142 In contrast, the third study demonstrated no 
association between mortality and platelet transfusion.143

Bleeding events
One study141 demonstrated a significant increase in severe IVH (grade 3–4) associated with platelet 
transfusion. Similarly, one study142 demonstrated a significant increase in IVH associated with platelet 
transfusion.

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
No studies reported transfusion volume or incidence. 
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3.4.3 Preterm and low birth weight infants – effects of platelet 
transfusion using a different transfusion strategy on outcomes

EvIDENCE STATEMENTS –  
preterm and low birth weight infants  
(platelet transfusion using a different platelet 
transfusion strategy) Ev
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ES3.14 In preterm (<32 weeks) infants, the effect of a restrictive 
platelet transfusion strategy compared with a liberal 
platelet transfusion strategy on mortality is uncertain.

(See evidence matrix D3.E in Volume 2 of the technical report.)

Na Na

ES3.15 In preterm (<32 weeks) infants, the effect of a restrictive 
platelet transfusion strategy compared with a liberal 
platelet transfusion strategy on bleeding events is 
uncertain.

(See evidence matrix D3.F in Volume 2 of the technical report.)

Na Na

ES3.16 In preterm (<37 weeks) infants, the effect of a restrictive 
platelet transfusion strategy compared with a liberal 
platelet transfusion strategy on transfusion-related 
serious adverse events is unknown.

Na Na Na Na Na 

ES3.17 In preterm (<37 weeks) infants, the effect of a restrictive 
platelet transfusion strategy compared with a liberal 
platelet transfusion strategy on RBC transfusion 
volume or incidence is unknown.

Na Na Na Na Na 

ES, evidence statement; RBC, red blood cell

=A; =B; =C; X=D; Na, not applicable

PRACTICE POINT – preterm and low birth weight infants (platelet transfusion)

PP28 In neonatal and paediatric patients, the decision to transfuse platelets should take 
into account the potential risks and benefits. The decision should be based not only 
on laboratory investigations but also on assessment of the patient’s clinical condition. 
factors that may influence the decision include active bleeding, medications affecting 
platelet function and coagulation status, and congenital and acquired bleeding 
disorders.

PP, practice point

Summary of evidence
The review identified one fair-quality Level III study, conducted in two NICUs in the Netherlands.144 
It included 679 premature infants born before 32 weeks gestation, and examined the effect of 
restrictive	platelet	transfusion	(transfused	when	active	haemorrhage	and	platelet	count	<50	×	109/L) 
compared with liberal platelet transfusion (transfused according to predefined platelet count threshold) 
on mortality, IVH (all grades) and major haemorrhage. 
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Mortality
The study found no significant difference in overall mortality between restrictive and liberal platelet 
transfusion groups.144

Bleeding events
In infants with cranial ultrasounds available, the study found no significant difference in IVH incidence in 
preterm infants allocated to a restrictive or liberal platelet transfusion strategy.144 In a subgroup analysis 
of thrombocytopenic patients, there was no significant difference in IVH (grade 1 or 2) or severe IVH 
(grade 3 or 4).

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
No studies reported transfusion volume or incidence. 

Clinical commentary – platelet transfusion in preterm and low birth weight infants 
Platelet transfusion is often used in severely thrombocytopenic preterm infants to prevent or treat IVH 
or other active bleeding. However, there is no clear evidence of benefit or harm from this treatment. 
The appropriate threshold for platelet transfusion will depend on clinical circumstances. Suggested 
thresholds	for	stable	patients	range	from	20–50	×	109/L. For the appropriate platelet threshold for 
prevention of bleeding, results of a large RCT (PlaNet-2) are awaited.145 When prescribing platelet 
transfusion, both risks and benefits should be considered. 

3.4.4 Paediatric patients with cancer – effects of platelet transfusion 
on outcomes

EvIDENCE STATEMENTS –  
cancer (platelet transfusion) Ev
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ES3.18 In paediatric patients with cancer, the effect of platelet 
transfusion compared with no platelet transfusion on 
mortality is unknown.

Na Na Na Na Na 

ES3.19 In paediatric patients with cancer, the effect of platelet 
transfusion compared with no platelet transfusion on 
bleeding events is unknown.

Na Na Na Na Na 

ES3.20 In paediatric patients with cancer, the effect of platelet 
transfusion compared with no platelet transfusion 
on transfusion-related serious adverse events is 
unknown.

Na Na Na Na Na 

ES3.21 In paediatric patients with cancer, the effect of platelet 
transfusion compared with no platelet transfusion on 
transfusion volume or incidence is unknown.

Na Na Na Na Na 
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EvIDENCE STATEMENTS –  
cancer (platelet transfusion) Ev
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ES3.22 In paediatric patients with acute leukaemia, the 
effect of a prophylactic platelet transfusion strategy 
compared with platelet transfusion in response to 
bleeding on mortality is uncertain.

(See evidence matrix D3.G in Volume 2 of the technical report.)

X Na Na

ES3.23 In paediatric patients with acute leukaemia, the 
effect of a prophylactic platelet transfusion strategy 
compared with platelet transfusion in response to 
bleeding on significant bleeding events is uncertain.

(See evidence matrix D3.H in Volume 2 of the technical report.)

X Na Na

ES3.24 In paediatric patients with acute leukaemia, the 
effect of a prophylactic platelet transfusion strategy 
compared with platelet transfusion in response to 
bleeding on transfusion-related serious adverse events 
is unknown.

Na Na Na Na Na 

ES3.25 In paediatric patients with acute leukaemia, the 
effect of a prophylactic platelet transfusion strategy 
compared with platelet transfusion in response to 
bleeding on the incidence of platelet transfusions is 
uncertain.

(See evidence matrix D3.I in Volume 2 of the technical report.)

X Na Na

ES3.26 In paediatric patients with acute leukaemia, the 
effect of a prophylactic platelet transfusion strategy 
compared with platelet transfusion in response to 
bleeding on the incidence of RBC transfusions is 
unknown.

Na Na Na Na Na 

ES3.27 In paediatric patients with acute leukaemia, the 
effect of a prophylactic platelet transfusion strategy 
compared with platelet transfusion in response to 
bleeding on transfusion volume is unknown.

Na Na Na Na Na 

ES, evidence statement; RBC, red blood cell 

=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINTS – cancer (platelet transfusion)

PP28 In neonatal and paediatric patients, the decision to transfuse platelets should take 
into account the potential risks and benefits. The decision should be based not only 
on laboratory investigations but also on assessment of the patient’s clinical condition. 
factors that may influence the decision include active bleeding, medications affecting 
platelet function and coagulation status, and congenital and acquired bleeding disorders.

PP31 In patients undergoing chemotherapy and haematopoietic stem cell transplantation, 
the recommended strategy for prophylactic use of platelets is transfusion at a platelet 
count of <10 × 109/l in the absence of risk factors, and at <20 × 109/l in the presence of 
risk factors (e.g. fever, minor bleeding).a

a See R8 in Patient Blood Management Guidelines: Module 3 – Medical.3

PP, practice point; R, recommendation

Summary of evidence
level I evidence
One good-quality Level I study was identified.146 Of the 13 studies included in the review, two were in 
solely paediatric populations and involved children hospitalised with previously untreated acute myeloid 
leukaemia or acute lymphoblastic leukaemia.147–148 Only one study met our inclusion criteria.147 The review 
authors rated this study as having an overall unclear risk of bias.

The study by Murphy et al (1982)147 investigated the effect of therapeutic platelet transfusions 
(administered only in presence of bleeding) compared with a prophylactic platelet transfusion, 
administered	to	maintain	platelet	count	above	20	×	109/L, on all mortality (from all causes and bleeding). 

Mortality
The study reported no significant difference on mortality overall and due to bleeding; however, it was 
underpowered.147

Bleeding events
The study found no significant difference between therapeutic platelet transfusion administered in the 
presence of bleeding compared with prophylactic platelet transfusion administered to maintain platelet 
count	above	20	×	109/L	on	children	with	≥1	significant	bleeding	event	(patients	with	acute	myeloid	
leukaemia or acute lymphoblastic leukaemia).147 

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
The study found no significant difference between therapeutic platelet transfusion administered in the 
presence of bleeding and prophylactic platelet transfusion administered to maintain platelet count above 
20	×	109/L on mean number of platelet transfusions per course of chemotherapy.147 

Clinical commentary – platelet transfusion in paediatric patients with cancer
Given the lack of reliable evidence in paediatric patients of the effect of prophylactic platelet transfusion, 
it is reasonable to use evidence from adult patients (see PP31). This is consistent with two new sets of 
guidelines applicable to children.149–150
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3.4.5 Neonatal and paediatric patients undergoing surgery –  
effects of fresh frozen plasma on outcomes 

EvIDENCE STATEMENTS –  
surgical (ffP) Ev
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ES3.28 In paediatric liver transplant patients, any association 
between FFP transfusion and mortality is uncertain.

(See evidence matrix D3.J in Volume 2 of the technical report.)

Na X

ES3.29 In paediatric patients undergoing surgery other than 
liver transplant, the effect of FFP compared with no 
FFP on mortality is unknown.

Na Na Na Na Na 

ES3.30 In neonatal patients undergoing surgery, the effect of 
FFP compared with no FFP on mortality is unknown. Na Na Na Na Na 

ES3.31 In neonatal and paediatric patients undergoing cardiac 
surgery, the use of an FFP-based pump priming fluid 
compared with an albumin-based fluid does not reduce 
postoperative blood loss.

(See evidence matrix D3.K in Volume 2 of the technical report.)

Na

ES3.32 In neonatal and paediatric patients undergoing 
noncardiac surgery, the effect of FFP compared with no 
FFP on bleeding events is unknown.

Na Na Na Na Na 

ES3.33 In neonatal and paediatric patients undergoing 
surgery, the effect of FFP compared with no FFP 
on transfusion-related serious adverse events is 
unknown.

Na Na Na Na Na 

ES3.34 In neonatal and paediatric patients undergoing cardiac 
surgery, the use of an FFP-based pump priming fluid 
compared with an albumin-based fluid does not reduce 
intraoperative or postoperative transfusion volume or 
incidence.

(See evidence matrix D3.L in Volume 2 of the technical report.)

Na

ES3.35 In neonatal and paediatric patients undergoing 
noncardiac surgery the effect of FFP compared with no 
FFP on transfusion volume and incidence is unknown.

Na Na Na Na Na 

ES3.36 In neonatal and paediatric patients undergoing surgery, 
the effect of a restrictive versus liberal FFP transfusion 
strategy on mortality is unknown.

Na Na Na Na Na 

ES3.37 In neonatal and paediatric patients undergoing surgery, 
the effect of a restrictive versus liberal FFP transfusion 
strategy on bleeding events is unknown.

Na Na Na Na Na 

ES3.38 In neonatal and paediatric patients undergoing surgery, 
the effect of a restrictive versus liberal FFP transfusion 
strategy on transfusion-related serious adverse events 
is unknown.

Na Na Na Na Na 
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EvIDENCE STATEMENTS –  
surgical (ffP) Ev
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ES3.39 In neonatal and paediatric patients undergoing surgery, 
the effect of a restrictive versus liberal FFP transfusion 
strategy on transfusion volume and incidence is 
unknown.

Na Na Na Na Na 

ES, evidence statement; FFP, fresh frozen plasma 

=A; =B; =C; X=D; Na, not applicable

RECOMMENDATION – surgical (fresh frozen Plasma)

R6 In neonatal and paediatric patients undergoing cardiac surgery, the routine use of an 
ffP-based pump prime solution is not recommended, because it offers no advantages 
over an albumin-based solution in relation to postoperative blood loss, or perioperative 
transfusion requirements. 

PRACTICE POINTS – surgical (fresh frozen Plasma)

PP29 In neonatal and paediatric patients, the decision to transfuse ffP, cryoprecipitate or 
fibrinogen concentrate should take into account the potential risks and benefits. The 
decision should be based not only on laboratory investigations but also on assessment 
of the patient’s clinical condition. factors that may influence the decision include 
active bleeding, medications affecting coagulation status, and congenital and acquired 
bleeding disorders.

PP30 for guidance on the use of ffP in specific patient groups, refer to:a

•	 Patient Blood Management Guidelines: Module 1 – Critical Bleeding/Massive 
Transfusion (2011)1

•	 Patient Blood Management Guidelines: Module 2 – Perioperative (2012)2

•	 Warfarin Reversal: Consensus Guidelines, on behalf of the Australasian Society of 
Thrombosis and Haemostasis (2004)15

•	 AHCDO guidelines for patients with specific factor deficiencies (www.ahcdo.org.au)

•	 Guidelines for the use of fresh-frozen Plasma, Cryoprecipitate and 
Cryosupernatant (2004).16

a  See PP17 in Patient Blood Management Guidelines: Module 3 – Medical.3

GRade c
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ExPERT OPINION POINTS – surgical (fresh frozen Plasma)

eOP1 In neonatal and paediatric patients undergoing surgery, ffP is only indicated for 
treatment of active bleeding where coagulopathy is a contributing factor. Its use should 
be guided by clinical assessment, supplemented by point-of-care or laboratory testing.

eOP2 In	general,	neonatal	and	paediatric	patients	with	an	INR	≤2	can	undergo	invasive	
procedures without any serious bleeding; however, higher INRs may be tolerated.a

a See PP17 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

AHCDO, Australian Haemophilia Centre Directors’ Organisation; EOP, expert opinion point; FFP, fresh frozen plasma;  
PP, practice point; R, recommendation

Summary of evidence
The literature search identified three eligible Level II studies: 

•	 a	fair-quality	RCT	of	123	paediatric	patients	aged	1	month	to	16	years	who	required	cardiac	surgery	
with CPB151

•	 a	fair-quality	RCT	of	20	infants	weighing	less	than	8	kg	who	required	CPB	surgery152

•	 a	poor-quality	RCT	of	56	paediatric	patients	weighing	10	kg	or	less	who	required	CPB	surgery.153

One eligible Level III study was identified.75 This was a fair-quality retrospective cohort study in 243 
paediatric liver transplant patients aged <18 years. 

Mortality
In the Level II study, a multivariate cox regression model did not demonstrate any association between 
mortality and postoperative FFP administration.75 In a propensity score adjusted analysis, no association 
between intraoperative FFP use and mortality was observed. 

Bleeding events
The Level II studies of FFP in pump prime reported no significant difference in bleeding events.151–152

In a secondary analysis, one poor-quality RCT 153 reported a significant reduction in postoperative blood 
loss in complex surgery patients (p=0.003) and cyanotic patients (p=0.035) that favoured FFP.145

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
In one Level II study, infants and children who received 1–2 units of FFP in the pump prime required a 
significantly greater volume of blood intraoperatively (p=0.001), and significantly more RBCs in the CPB 
circuit (p=0.002) and after heparin reversal (p=0.047).151 However, patients who received FFP in the pump 
prime required significantly less FFP after heparin reversal (p=0.042). Another Level II study reported that 
total blood products transfused intraoperatively and 24 hours postoperatively were significantly higher in 
patients who received 1 unit of FFP in the pump prime (p=0.035).153

In contrast, the third demonstrated a reduction in blood product administration following the use of FFP 
in the pump prime for infants undergoing cardiac surgery (p=0.05).152 However, in a subgroup analysis 
only the use of cryoprecipitate was significantly lower in infants who received FFP (p<0.0001). There was 
no significant difference for RBCs or platelets.
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Clinical commentary – ffP in neonatal and paediatric patients undergoing surgery 
The effect of the routine use of FFP on mortality, bleeding and transfusion incidence and volume in 
neonatal and paediatric patients undergoing surgery is unclear. Hence, this treatment should be reserved 
for treatment of bleeding where coagulopathy is a contributing factor. Both the risks and benefits of 
administration of FFP should be considered. 

3.4.6 Neonatal and paediatric patients undergoing surgery –  
effects of cryoprecipitate on outcomes 

EvIDENCE STATEMENTS –  
surgical (cryoprecipitate) Ev
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ES3.40 In neonatal and paediatric patients undergoing 
surgery, the effect of cryoprecipitate compared with no 
cryoprecipitate on mortality is unknown.

Na Na Na Na Na 

ES3.41 In neonatal and paediatric patients undergoing 
surgery, the effect of cryoprecipitate compared with no 
cryoprecipitate on bleeding events is unknown.

Na Na Na Na Na 

ES3.42 In neonatal and paediatric patients undergoing 
surgery, the effect of cryoprecipitate compared with no 
cryoprecipitate on transfusion-related serious adverse 
events is unknown.

Na Na Na Na Na 

ES3.43 In neonatal and paediatric patients undergoing 
surgery, the effect of cryoprecipitate compared with no 
cryoprecipitate on transfusion volume or incidence is 
unknown.

Na Na Na Na Na 

ES3.44 In neonatal and paediatric patients undergoing surgery, 
the effect of a restrictive versus liberal cryoprecipitate 
transfusion strategy on mortality is unknown.

Na Na Na Na Na 

ES3.45 In neonatal and paediatric patients undergoing surgery, 
the effect of a restrictive versus liberal cryoprecipitate 
transfusion strategy on bleeding events is unknown.

Na Na Na Na Na 

ES3.46 In neonatal and paediatric patients undergoing surgery, 
the effect of a restrictive versus liberal cryoprecipitate 
transfusion strategy on transfusion-related serious 
adverse events is unknown.

Na Na Na Na Na 

ES3.47 In neonatal and paediatric patients undergoing surgery, 
the effect of a restrictive versus liberal cryoprecipitate 
transfusion strategy on transfusion volume or 
incidence is unknown.

Na Na Na Na Na 

ES, evidence statement

=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINT – surgical (cryoprecipitate)

PP29 In neonatal and paediatric patients, the decision to transfuse ffP, cryoprecipitate or 
fibrinogen concentrate should take into account the potential risks and benefits. The 
decision should be based not only on laboratory investigations but also on assessment 
of the patient’s clinical condition. factors that may influence the decision include 
active bleeding, medications affecting coagulation status, and congenital and acquired 
bleeding disorders.

ExPERT OPINION POINT – surgical (cryoprecipitate)

eOP3 Cryoprecipitate should be used to treat active bleeding when the fibrinogen level is 
<1.5 g/l. A target level of 2 g/l may be appropriate in certain situations (e.g. when 
critical bleeding is occurring or anticipated).a

a  The template given in Appendix K (Critical bleeding protocol) is intended for local adaptation.

EOP, expert opinion point; FFP, fresh frozen plasma; PP, practice point

Summary of evidence
The review identified no studies in the relevant population.

Mortality
No evidence was identified related to mortality. 

Bleeding events
No evidence was identified related to bleeding events. 

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
No studies reported transfusion volume or incidence. 

Clinical commentary – cryoprecipitate in neonatal and paediatric patients 
undergoing surgery
Cryoprecipitate should be used to treat bleeding in the setting of hypofibrinogenaemia. There is no clear 
threshold for clinically significant hypofibrinogenaemia.154 However, in actively bleeding patients, it is 
reasonable to aim for a fibrinogen level of >1.5 g/L. A target level of >2 g/L may be appropriate in certain 
patients; for example, those with major trauma, those receiving large transfusion volumes and neonates.
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3.4.7 Neonatal and paediatric patients undergoing surgery –  
effects of platelets on outcomes 

EvIDENCE STATEMENTS –  
surgical (platelet transfusion) Ev
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ES3.48 In paediatric liver transplant patients, the effect 
of platelet transfusion compared with no platelet 
transfusion on mortality is uncertain.

(See evidence matrix D3.M in Volume 2 of the technical report.)

X Na Na

ES3.49 In paediatric patients undergoing surgery other than 
liver transplant, the effect of platelet transfusion 
compared with no platelet transfusion on mortality is 
unknown.

Na Na Na Na Na

ES3.50 In neonatal patients undergoing surgery, the effect 
of platelet transfusion compared with no platelet 
transfusion on mortality is unknown. 

Na Na Na Na Na 

ES3.51 In neonatal and paediatric patients undergoing surgery, 
the effect of platelet transfusion compared with no 
platelet transfusion on bleeding events is unknown.

Na Na Na Na Na 

ES3.52 In neonatal and paediatric patients undergoing surgery, 
the effect of platelet transfusion compared with no 
platelet transfusion on transfusion-related serious 
adverse events is unknown.

Na Na Na Na Na 

ES3.53 In neonatal and paediatric patients undergoing surgery, 
the effect of platelet transfusion compared with no 
platelet transfusion on transfusion volume or incidence 
is unknown.

Na Na Na Na Na 

ES3.54 In neonatal and paediatric patients undergoing 
surgery, the effect of a restrictive versus liberal platelet 
transfusion strategy on mortality is unknown.

Na Na Na Na Na 

ES3.55 In neonatal and paediatric patients undergoing 
surgery, the effect of a restrictive versus liberal platelet 
transfusion strategy on bleeding events is unknown.

Na Na Na Na Na 

ES3.56 In neonatal and paediatric patients undergoing 
surgery, the effect of a restrictive versus liberal platelet 
transfusion strategy on transfusion-related serious 
adverse events is unknown.

Na Na Na Na Na 

ES3.57 In neonatal and paediatric patients undergoing 
surgery, the effect of a restrictive versus liberal 
platelet transfusion strategy on transfusion volume or 
incidence is unknown.

Na Na Na Na Na 

ES, evidence statement

=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINT – surgical (platelet transfusion)

PP28 In neonatal and paediatric patients, the decision to transfuse platelets should take 
into account the potential risks and benefits. The decision should be based not only 
on laboratory investigations but also on assessment of the patient’s clinical condition. 
factors that may influence the decision include active bleeding, medications affecting 
platelet function and coagulation status, and congenital and acquired bleeding disorders.

ExPERT OPINION POINTS – surgical (platelet transfusion)

eOP4 In	general,	neonatal	and	paediatric	patients	with	a	platelet	count	≥50	×	109/l can 
undergo invasive procedures without any serious bleeding; however, lower platelet 
counts may be tolerated.a

a  See PP17 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

eOP5 Specialist guidelines or haematology advice should be sought for at-risk patients 
undergoing intracranial, intraocular and neuraxial procedures, and for patients with 
severe thrombocytopenia or coagulopathy.

EOP, expert opinion point; PP, practice point

Summary of evidence
The review identified one eligible Level III study.75 This was a fair-quality retrospective cohort study of 
243 paediatric liver transplant patients aged <18 years from deceased brain-dead donors. The authors 
examined the effect on mortality of different doses of preoperative, perioperative and postoperative 
platelet transfusions.

Mortality
The study found no significant difference in mortality at 1 year for intraoperative platelet transfusion 
(≥1	unit)	or	postoperative	platelet	transfusion	(≥1	unit)	compared	with	no	transfusion.75 The authors 
also found no significant difference in mortality between three doses of preoperative platelet 
transfusion (p=0.929).

Bleeding events
No evidence was identified related to bleeding events. 

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
No studies reported transfusion volume or incidence.
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Clinical commentary – use of platelets in neonatal and paediatric patients 
undergoing surgery 
Given the lack of reliable evidence in paediatric patients undergoing surgery of the effect of platelet 
transfusion, it is reasonable to use evidence from adult patients. A preoperative platelet count threshold 
of	50	×	109/L is suggested (see EOP4). A higher threshold may be appropriate where risk of bleeding is 
high,	or	in	selected	patients	(e.g.	100	×	109/L in those undergoing neuraxial surgery or ocular surgery). 

Prophylactic platelets may also be indicated in the presence of platelet dysfunction, depending on the 
severity of the dysfunction but regardless of the platelet count.

3.4.8 Neonatal and paediatric patients undergoing surgery –  
effects of fibrinogen concentrate on outcomes 

EvIDENCE STATEMENTS –  
surgical (fibrinogen concentrate) Ev
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ES3.58 In paediatric liver transplant patients, the effect of a 
higher volume of preoperative fibrinogen concentrate 
compared with a lower volume of preoperative 
fibrinogen concentrate on mortality is uncertain.

(See evidence matrix D3.N in Volume 2 of the technical report.)

Na Na

ES3.59 In paediatric patients undergoing surgery other than 
liver transplant, the effect of fibrinogen concentrate 
compared with no fibrinogen concentrate on mortality 
is unknown.

Na Na Na Na Na 

ES3.60 In neonatal patients undergoing surgery, the effect of 
fibrinogen concentrate compared with no fibrinogen 
concentrate on mortality is unknown.

Na Na Na Na Na 

ES3.61 In neonatal and paediatric patients undergoing surgery, 
the effect of fibrinogen concentrate compared with no 
fibrinogen concentrate on bleeding events is unknown.

Na Na Na Na Na 

ES3.62 In neonatal and paediatric patients undergoing surgery, 
the effect of fibrinogen concentrate compared with no 
fibrinogen concentrate on transfusion-related serious 
adverse events is unknown.

Na Na Na Na Na 

ES3.63 In neonatal and paediatric patients undergoing surgery, 
the effect of fibrinogen concentrate compared with 
no fibrinogen concentrate on transfusion volume or 
incidence is unknown.

Na Na Na Na Na 

ES, evidence statement

=A; =B; =C; X=D; Na, not applicable

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics 95

Clinical guidance
3



PRACTICE POINT – surgical (fibrinogen concentrate)

PP29 In neonatal and paediatric patients, the decision to transfuse ffP, cryoprecipitate or 
fibrinogen concentrate should take into account the potential risks and benefits. The 
decision should be based not only on laboratory investigations but also on assessment 
of the patient’s clinical condition. factors that may influence the decision include 
active bleeding, medications affecting coagulation status, and congenital and acquired 
bleeding disorders.

FFP, fresh frozen plasma; PP, practice point

Summary of evidence
One Level I study was identified that evaluated the safety and effectiveness of fibrinogen concentrate in 
bleeding patients.155 The analysis included both adult and paediatric populations, and thus did not provide 
any usable data.

The review identified one eligible Level III study that examined the effect of fibrinogen concentrate in 
paediatric patients: a fair-quality retrospective cohort study of 243 paediatric liver transplant patients 
aged less than 18 years.75

Mortality
The study demonstrated no significant difference in mortality at 1 year between three doses of fibrinogen 
concentrate (p=0.308).75

Bleeding events
No evidence was identified related to bleeding events. 

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
No studies reported transfusion volume or incidence. 
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3.4.9 Neonatal and paediatric patients undergoing surgery –  
effects of use of a different fibrinogen strategy on outcomes 

EvIDENCE STATEMENTS –  
surgical (fibrinogen concentrate using a different 
fibrinogen strategy) Ev
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ES3.64 In neonatal patients undergoing surgery, the effect of 
fibrinogen concentrate compared with an alternative 
fibrinogen-containing product on mortality is unknown.

Na Na Na Na Na 

ES3.65 In paediatric patients with acute acquired 
hypofibrinogenaemia after CPB weaning, the effect of 
fibrinogen concentrate compared with cryoprecipitate 
on mortality is uncertain.

(See evidence matrix D3.O in Volume 2 of the technical report.)

Na Na

ES3.66 In paediatric patients with acute acquired 
hypofibrinogenaemia after CPB weaning, the effect of 
fibrinogen concentrate compared with cryoprecipitate 
on bleeding events is uncertain.

(See evidence matrix D3.P in Volume 2 of the technical report.)

Na Na

ES3.67 In neonatal patients undergoing surgery, the effect of 
fibrinogen concentrate compared with an alternative 
fibrinogen-containing product on bleeding events is 
unknown.

Na Na Na Na Na 

ES3.68 In neonatal and paediatric patients undergoing surgery, 
the effect of fibrinogen concentrate compared with 
an alternative fibrinogen-containing product on 
transfusion-related serious adverse events is unknown.

Na Na Na Na Na 

ES3.69 In paediatric patients with acute acquired 
hypofibrinogenaemia after CPB weaning, fibrinogen 
concentrate compared with cryoprecipitate may reduce 
transfusion incidence.

(See evidence matrix D3.Q in Volume 2 of the technical report.)

Na X

ES3.70 In paediatric patients with acute acquired 
hypofibrinogenaemia after CPB weaning, the effect of 
fibrinogen concentrate compared with cryoprecipitate 
on transfusion volume is unknown.

Na Na Na Na Na 

ES3.71 In neonatal patients undergoing surgery, the effect of 
fibrinogen concentrate compared with an alternative 
fibrinogen-containing product on transfusion volume or 
incidence is unknown.

Na Na Na Na Na 

CPB, cardiopulmonary bypass; ES, evidence statement

=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINT – surgical (fibrinogen concentrate using a different fibrinogen strategy)

PP29 In neonatal and paediatric patients, the decision to transfuse ffP, cryoprecipitate or 
fibrinogen concentrate should take into account the potential risks and benefits. The 
decision should be based not only on laboratory investigations but also on assessment 
of the patient’s clinical condition. factors that may influence the decision include 
active bleeding, medications affecting coagulation status, and congenital and acquired 
bleeding disorders.

FFP, fresh frozen plasma; PP, practice point

Summary of evidence
The review identified one good-quality RCT at a single hospital in Brazil.156 It included 63 children 
aged under 7 years who underwent cardiac surgery with CPB, and examined the effect of fibrinogen 
concentrate (60 mg/kg) compared with cryoprecipitate (10 mL/kg) on mortality, bleeding, transfusion 
requirements and thromboembolic events. The authors noted that limitations of the study included the 
small sample size and single-centre design.

Mortality
The study reported no deaths in the cohort.156 

Bleeding events
The study found no significant difference in 48-hour blood loss (intraoperative and 46-hour drainage) 
between fibrinogen concentrate and cryoprecipitate (p=0.672). 

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
The study found a significant difference in postoperative transfusion incidence between children who 
received fibrinogen concentrate (86.7%) and those who received cryoprecipitate (100.0%) (p=0.046).156

Secondary outcomes
Thromboembolic events
The study found no significant difference in any thromboembolic event, including stroke, acute myocardial 
infarction, deep venous thrombosis and pulmonary embolism.156

Clinical commentary – use of fibrinogen in neonatal and paediatric patients 
undergoing surgery
Fibrinogen concentrate has been shown to be a safe and effective treatment for correction of 
hypofibrinogenaemia with a low rate of serious adverse events. In other countries, it is used exclusively 
as a replacement for cryoprecipitate. However, it is not currently licensed for use in any setting other than 
genetic deficiency.
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3.4.10 Neonatal and paediatric patients undergoing surgery –  
effects of combination therapy on outcomes 

EvIDENCE STATEMENTS –  
surgical (combination ffP, cryoprecipitate, platelet 
transfusion or fibrinogen concentrate) Ev
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ES3.72 In neonatal and paediatric patients undergoing surgery, 
the effect of a combination of FFP, cryoprecipitate, 
platelet transfusion or fibrinogen concentrate 
compared with a different combination on mortality is 
unknown.

Na Na Na Na Na 

ES3.73 In neonatal and paediatric patients undergoing surgery, 
the effect of a combination of FFP, cryoprecipitate, 
platelet transfusion or fibrinogen concentrate 
compared with a different combination on bleeding 
events is unknown.

Na Na Na Na Na 

ES3.74 In neonatal and paediatric patients undergoing surgery, 
the effect of a combination of FFP, cryoprecipitate, 
platelet transfusion or fibrinogen concentrate 
compared with a different combination on transfusion-
related serious adverse events is unknown.

Na Na Na Na Na 

ES3.75 In neonatal and paediatric patients undergoing surgery, 
the effect of a combination of FFP, cryoprecipitate, 
platelet transfusion or fibrinogen concentrate 
compared with a different combination on transfusion 
volume or incidence is unknown.

Na Na Na Na Na 

ES, evidence statement; FFP, fresh frozen plasma 

=A; =B; =C; X=D; Na, not applicable

PRACTICE POINT – surgical (combination therapy)

PP29 In neonatal and paediatric patients, the decision to transfuse ffP, cryoprecipitate or 
fibrinogen concentrate should take into account the potential risks and benefits. The decision 
should be based not only on laboratory investigations but also on assessment of the 
patient’s clinical condition. factors that may influence the decision include active bleeding, 
medications affecting coagulation status, and congenital and acquired bleeding disorders.

FFP, fresh frozen plasma; PP, practice point

Summary of evidence
The review identified no eligible studies.

Mortality
No evidence was identified related to mortality. 

Bleeding events
No evidence was identified related to bleeding events. 

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 
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Transfusion volume or incidence
No studies reported transfusion volume or incidence. 

Clinical commentary – combination therapy in neonatal and paediatric patients 
undergoing surgery
Combined use of cryoprecipitate, platelets and FFP may be appropriate in settings where there is active 
bleeding and evidence of coagulopathy and thrombocytopenia (or platelet dysfunction). Use should be 
guided by clinical assessment in association with viscoelastic point-of-care (POC) testing or laboratory 
results (or both).

3.4.11 Critically ill neonatal and paediatric patients – effects of fresh 
frozen plasma on outcomes 

EvIDENCE STATEMENTS –  
critically ill (ffP) Ev
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ES3.76 In critically ill neonatal and paediatric patients, the 
effect of FFP compared with no FFP on mortality is 
uncertain.

(See evidence matrix D3.R in Volume 2 of the technical report.)

X

ES3.77 In critically ill neonatal and paediatric patients, the 
effect of FFP compared with no FFP on bleeding events 
is unknown.

Na Na Na Na Na 

ES3.78 In critically ill neonatal and paediatric patients, the 
effect of FFP compared with no FFP on transfusion-
related serious adverse events is unknown.

Na Na Na Na Na 

ES3.79 In critically ill neonatal and paediatric patients, the 
effect of FFP compared with no FFP on transfusion 
volume or incidence is unknown.

Na Na Na Na Na 

ES3.80 In critically ill neonatal and paediatric patients, 
the effect of FFP compared with a different FFP 
transfusion strategy on mortality is unknown.

Na Na Na Na Na 

ES3.81 In critically ill neonatal and paediatric patients, 
the effect of FFP compared with a different FFP 
transfusion strategy on bleeding events is unknown.

Na Na Na Na Na 

ES3.82 In critically ill neonatal and paediatric patients, 
the effect of FFP compared with a different FFP 
transfusion strategy on transfusion-related serious 
adverse events is unknown.

Na Na Na Na Na 

ES3.83 In critically ill neonatal and paediatric patients, 
the effect of FFP compared with a different FFP 
transfusion strategy on transfusion volume or 
incidence is unknown.

Na Na Na Na Na 

ES, evidence statement; FFP, fresh frozen plasma 

=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINTS – critically ill (ffP)

PP29 In neonatal and paediatric patients, the decision to transfuse ffP, cryoprecipitate or 
fibrinogen concentrate should take into account the potential risks and benefits. The 
decision should be based not only on laboratory investigations but also on assessment 
of the patient’s clinical condition. factors that may influence the decision include 
active bleeding, medications affecting coagulation status, and congenital and acquired 
bleeding disorders.

PP30 for guidance on the use of ffP in specific patient groups, refer to:a

•	 Patient Blood Management Guidelines: Module 1 – Critical Bleeding/Massive 
Transfusion (2011)1

•	 Patient Blood Management Guidelines: Module 2 – Perioperative (2012)2

•	 Warfarin Reversal: Consensus Guidelines, on behalf of the Australasian Society of 
Thrombosis and Haemostasis (2004)15

•	 AHCDO guidelines for patients with specific factor deficiencies (www.ahcdo.org.au)
•	 Guidelines for the use of fresh-frozen Plasma, Cryoprecipitate and  

Cryosupernatant (2004).16

a  See PP17 in Patient Blood Management Guidelines: Module 3 – Medical.3

AHCDO, Australian Haemophilia Centre Directors’ Organisation; FFP, fresh frozen plasma; PP, practice point

Summary of evidence
This review identified two eligible Level III studies that examined the effect of FFP compared with no FFP 
in critically ill paediatric patients, both of good quality:
•	 a	retrospective	analysis	of	315	paediatric	patients	with	acute	lung	injury	in	two	PICUs	in	the	USA	that	

compared mortality and ventilation outcomes among patients who received FFP and those who 
did not157

•	 a	prospective	cohort	study	conducted	at	a	single	PICU	in	Canada	that	included	831	paediatric	
intensive care patients aged under 18 years, and examined the effect of FFP on a number of clinical 
outcomes including mortality.158

Mortality
In a multivariate analysis adjusted for paediatric risk of mortality (PRISM III) scores, one study 
demonstrated no significant association between FFP transfusion and mortality (p=0.09).157 In the other 
study, although a mortality rate of 16.0% was reported in those children administered FFP and 1.8% in 
those not given FFP, the effect was not significant after adjusting for potential confounders.158

Bleeding events
No evidence was identified related to bleeding events. 

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events.

Transfusion volume or incidence
No studies reported transfusion volume or incidence.

Clinical commentary – effects of ffP in critically ill neonatal and paediatric patients 
There is limited evidence on the effect of the routine use of FFP in critically ill neonatal and paediatric 
patients. FFP use should be reserved for the treatment of active bleeding where coagulopathy is a 
contributing factor. Careful consideration of the risks and benefits of platelets in this setting is advised.
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3.4.12 Critically ill neonatal and paediatric patients – effects of 
cryoprecipitate on outcomes 

EvIDENCE STATEMENTS –  
critically ill (cryoprecipitate) Ev
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ES3.84 In critically ill neonatal and paediatric patients, 
the effect of cryoprecipitate compared with no 
cryoprecipitate on mortality is unknown.

Na Na Na Na Na 

ES3.85 In critically ill neonatal and paediatric patients, 
the effect of cryoprecipitate compared with no 
cryoprecipitate on bleeding events is unknown.

Na Na Na Na Na 

ES3.86 In critically ill neonatal and paediatric patients, 
the effect of cryoprecipitate compared with no 
cryoprecipitate on transfusion-related serious adverse 
events is unknown.

Na Na Na Na Na 

ES3.87 In critically ill neonatal and paediatric patients, 
the effect of cryoprecipitate compared with no 
cryoprecipitate on transfusion volume or incidence 
is unknown.

Na Na Na Na Na 

ES3.88 In critically ill neonatal and paediatric patients, the 
effect of cryoprecipitate compared with a different 
cryoprecipitate transfusion strategy on mortality is 
unknown.

Na Na Na Na Na 

ES3.89 In critically ill neonatal and paediatric patients, the 
effect of cryoprecipitate compared with a different 
cryoprecipitate transfusion strategy on bleeding events 
is unknown.

Na Na Na Na Na 

ES3.90 In critically ill neonatal and paediatric patients, the 
effect of cryoprecipitate compared with a different 
cryoprecipitate transfusion strategy on transfusion-
related serious adverse events is unknown.

Na Na Na Na Na 

ES3.91 In critically ill neonatal and paediatric patients, the 
effect of cryoprecipitate compared with a different 
cryoprecipitate transfusion strategy on transfusion 
volume or incidence is unknown.

Na Na Na Na Na 

ES, evidence statement

=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINT – critically ill (cryoprecipitate)

PP29 In neonatal and paediatric patients, the decision to transfuse ffP, cryoprecipitate or 
fibrinogen concentrate should take into account the potential risks and benefits. The 
decision should be based not only on laboratory investigations but also on assessment 
of the patient’s clinical condition. factors that may influence the decision include 
active bleeding, medications affecting coagulation status, and congenital and acquired 
bleeding disorders.

FFP, fresh frozen plasma; PP, practice point

Summary of evidence
No eligible studies were identified.

Mortality
No evidence was identified related to mortality. 

Bleeding events
No evidence was identified related to bleeding events. 

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
No studies reported transfusion volume or incidence. 

Clinical commentary – effects of cryoprecipitate in critically ill neonatal and 
paediatric patients 
Cryoprecipitate should be used to treat active bleeding in the setting of hypofibrinogenaemia. There is 
no clear threshold for clinically significant hypofibrinogenaemia.154 However, it is reasonable to aim for a 
fibrinogen level of >1.5 g/L. A target level of >2 g/L may be appropriate in certain patients; for example, 
neonates and those receiving large transfusion volumes.
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3.4.13 Critically ill neonatal and paediatric patients – effects of platelets 
on outcomes 

EvIDENCE STATEMENTS –  
critically ill (platelet transfusion) Ev
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ES3.92 In critically ill neonatal and paediatric patients, the 
effect of platelet transfusion compared with no platelet 
transfusion on mortality is uncertain.

(See evidence matrix D3.S in Volume 2 of the technical report.)

Na Na 

ES3.93 In critically ill neonatal and paediatric patients, the 
effect of platelet transfusion compared with no platelet 
transfusion on bleeding events is unknown.

Na Na Na Na Na 

ES3.94 In critically ill neonatal and paediatric patients, the 
effect of platelet transfusion compared with no platelet 
transfusion on transfusion-related serious adverse 
events is unknown.

Na Na Na Na Na 

ES3.95 In critically ill neonatal and paediatric patients, the 
effect of platelet transfusion compared with no platelet 
transfusion on transfusion volume or incidence is 
unknown.

Na Na Na Na Na 

ES3.96 In critically ill neonatal and paediatric patients, the 
effect of platelet transfusion compared with a different 
platelet transfusion strategy on mortality is unknown.

Na Na Na Na Na 

ES3.97 In critically ill neonatal and paediatric patients, the 
effect of platelet transfusion compared with a different 
platelet transfusion strategy on bleeding events is 
unknown.

Na Na Na Na Na 

ES3.98 In critically ill neonatal and paediatric patients, the 
effect of platelet transfusion compared with a different 
platelet transfusion strategy on transfusion-related 
serious adverse events is unknown.

Na Na Na Na Na 

ES3.99 In critically ill neonatal and paediatric patients, the 
effect of platelet transfusion compared with a different 
platelet transfusion strategy on transfusion volume or 
incidence is unknown.

Na Na Na Na Na 

ES, evidence statement

=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINT – critically ill (platelet transfusion)

PP28 In neonatal and paediatric patients, the decision to transfuse platelets should take 
into account the potential risks and benefits. The decision should be based not only 
on laboratory investigations but also on assessment of the patient’s clinical condition. 
factors that may influence the decision include active bleeding, medications affecting 
platelet function and coagulation status, and congenital and acquired bleeding disorders.

PP, practice point

Summary of evidence
The review identified one good-quality Level III study: a retrospective analysis of 315 paediatric patients 
with acute lung injury in two PICUs in the USA.157 The authors compared mortality and ventilation 
outcomes among patients who received platelets and those who did not.

Mortality
In a multivariate analysis, no difference in mortality was observed.157

Bleeding events
No evidence was identified related to bleeding events. 

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
No studies reported transfusion volume or incidence. 

Clinical commentary – platelet transfusion in critically ill neonatal and paediatric 
patients
Prophylactic platelet transfusion is often used in neonates and paediatric patients with critical illness. 
However, there is limited evidence in this patient group and it is therefore reasonable to apply evidence 
from studies in adult patients.

Suggested thresholds are:

•	 in	stable	patients	without	bleeding,	10	×	109/L 

•	 in	a	nonbleeding	patient	with	risk	factors	(sepsis,	renal	failure,	medications)	for	bleeding,	20	×	109/L 

•	 in	patients	undergoing	invasive	procedures,	50	×	109/L.

In patients in whom there is active bleeding, higher thresholds may be appropriate.

For perioperative patients, see Section 3.4.7.

For patients with fetal and neonatal alloimmune thrombocytopenia (FNAIT), see Section 4.1.5.

Careful consideration of the risks and benefits of platelets in critically ill neonatal and paediatric 
patients is advised. Platelet transfusions are not indicated in all cases of thrombocytopenia, and may 
be contraindicated or ineffective in certain conditions (e.g. in immune thrombocytopenia, thrombotic 
thrombocytopenia purpura and heparin-induced thrombocytopenia). 
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3.4.14 Critically ill neonatal and paediatric patients – effects of 
fibrinogen concentrate on outcomes 

EvIDENCE STATEMENTS –  
critically ill (fibrinogen concentrate) Ev

id
en

ce

Co
ns

ist
en

cy

Cl
in

ica
l im

pa
ct

Ge
ne

ra
lis

ab
ilit

y

Ap
pl

ica
bi

lit
y

ES3.100 In critically ill neonatal and paediatric patients, the 
effect of fibrinogen concentrate compared with no 
fibrinogen concentrate on mortality is unknown.

Na Na Na Na Na 

ES3.101 In critically ill neonatal and paediatric patients, the 
effect of fibrinogen concentrate compared with no 
fibrinogen concentrate on bleeding events is unknown.

Na Na Na Na Na 

ES3.102 In critically ill neonatal and paediatric patients, the 
effect of fibrinogen concentrate compared with no 
fibrinogen concentrate on transfusion-related serious 
adverse events is unknown.

Na Na Na Na Na 

ES3.103 In critically ill neonatal and paediatric patients, the 
effect of fibrinogen concentrate compared with no 
fibrinogen concentrate on transfusion volume or 
incidence is unknown.

Na Na Na Na Na 

ES3.104 In critically ill neonatal and paediatric patients, the 
effect of fibrinogen concentrate compared with a 
different fibrinogen concentrate transfusion strategy 
on mortality is unknown.

Na Na Na Na Na 

ES3.105 In critically ill neonatal and paediatric patients, the 
effect of fibrinogen concentrate compared with a 
different fibrinogen concentrate transfusion strategy 
on bleeding events is unknown.

Na Na Na Na Na 

ES3.106 In critically ill neonatal and paediatric patients, the 
effect of fibrinogen concentrate compared with a 
different fibrinogen concentrate transfusion strategy 
on transfusion-related serious adverse events is 
unknown.

Na Na Na Na Na 

ES3.107 In critically ill neonatal and paediatric patients, the 
effect of fibrinogen concentrate compared with a 
different fibrinogen concentrate transfusion strategy 
on transfusion volume or incidence is unknown.

Na Na Na Na Na 

ES, evidence statement

=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINT – critically ill (fibrinogen concentrate)

PP29 In neonatal and paediatric patients, the decision to transfuse ffP, cryoprecipitate or 
fibrinogen concentrate should take into account the potential risks and benefits. The 
decision should be based not only on laboratory investigations but also on assessment 
of the patient’s clinical condition. factors that may influence the decision include 
active bleeding, medications affecting coagulation status, and congenital and acquired 
bleeding disorders.

FFP, fresh frozen plasma; PP, practice point

Summary of evidence
This review identified no eligible studies for this population. 

Mortality
No evidence was identified related to mortality. 

Bleeding events
No evidence was identified related to bleeding events. 

Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
No studies reported transfusion volume or incidence. 

Clinical commentary – fibrinogen concentrate in critically ill neonatal and 
paediatric patients
Fibrinogen concentrate has been shown to be a safe and effective treatment for correction of 
hypofibrinogenaemia with a low rate of serious adverse events. In other countries, it is used exclusively as 
a replacement for cryoprecipitate.l, m

l Cryoprecipitate and fibrinogen concentrate are therapeutic interventions used in the correction of low fibrinogen levels.
m The Jurisdictional Blood Committee recently approved the addition of fibrinogen concentrate for patients with 

congenital fibrinogen deficiency to the list of products funded and supplied under the national blood arrangements 
administered by the NBA. Fibrinogen concentrate became available for treatment of congenital fibrinogen deficiency 
under the NBA arrangements from 1 July 2014.
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3.4.15 Critically ill neonatal and paediatric patients –  
effects of combination therapy on outcomes 

EvIDENCE STATEMENTS –  
critically ill (combination of ffP, cryoprecipitate, 
platelet transfusion or fibrinogen concentrate) Ev
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ES3.108 In critically ill neonatal and paediatric patients, the 
effect of a combination of FFP, cryoprecipitate, platelet 
transfusion or fibrinogen concentrate compared with a 
different combination on mortality is unknown.

Na Na Na Na Na 

ES3.109 In critically ill neonatal and paediatric patients, the 
effect of a combination of FFP, cryoprecipitate, platelet 
transfusion or fibrinogen concentrate compared with a 
different combination on bleeding events is unknown.

Na Na Na Na Na 

ES3.110 In critically ill neonatal and paediatric patients, the 
effect of a combination of FFP, cryoprecipitate, platelet 
transfusion or fibrinogen concentrate compared with 
a different combination on transfusion-related serious 
adverse events is unknown.

Na Na Na Na Na 

ES3.111 In critically ill neonatal and paediatric patients, the 
effect of a combination of FFP, cryoprecipitate, platelet 
transfusion or fibrinogen concentrate compared with 
a different combination on transfusion volume or 
incidence is unknown.

Na Na Na Na Na 

ES, evidence statement; FFP, fresh frozen plasma 

=A; =B; =C; X=D; Na, not applicable

PRACTICE POINT – critically ill (combination therapy)

PP29 In neonatal and paediatric patients, the decision to transfuse ffP, cryoprecipitate 
or fibrinogen concentrate should take into account the potential risks and benefits. 
The decision should be based not only on laboratory investigations but also on 
assessment of the patient’s clinical condition. factors that may influence the decision 
include active bleeding, medications affecting coagulation status, and congenital and 
acquired bleeding disorders.

FFP, fresh frozen plasma; PP, practice point

Summary of evidence
This review identified no eligible studies for this population. 

Mortality
No evidence was identified related to mortality. 

Bleeding events
No evidence was identified related to bleeding events. 
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Transfusion-related serious adverse events
No studies reported transfusion-related serious adverse events. 

Transfusion volume or incidence
No studies reported transfusion volume or incidence. 

Clinical commentary – combination therapy in critically ill neonatal and 
paediatric patients
Combined use of cryoprecipitate, platelets and FFP may be appropriate in settings where there is active 
bleeding and evidence of coagulopathy and thrombocytopenia (or platelet dysfunction). Use should be 
guided by clinical assessment in association with viscoelastic POC testing or laboratory results (or both).
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3.5 Use of blood conservation strategies

Question 4 (Interventional)
In neonates/paediatric patients, what is the effect of strategies that minimise blood 
loss and/or reduce the need for RBC transfusion?
RBC, red blood cell

Neonatal and paediatric patients have smaller absolute blood volumes and red cell mass than older 
patients. Therefore, depletion of RBCs through blood loss or haemolysis can have a proportionately 
greater influence on the patient’s subsequent incidence of transfusion. 

Many hospitalised neonatal and paediatric patients are at risk of blood loss, which places them at risk 
for transfusion. Three populations were considered for Question 4: preterm and term infants needing 
neonatal intensive care, neonatal and paediatric patients undergoing surgery, and critically ill neonatal 
and paediatric patients.

The following interventions were considered for their potential to improve outcomes and reduce 
transfusion requirements: 

•	 two	specific	to	neonates:	

– placental transfusion to increase the circulating blood volume and red cell mass

– intravenous immunoglobulin (IVIg) to reduce haemolysis in infants born with neonatal 
alloimmune haemolysis (widely known as haemolytic disease of the fetus and newborn [HDFN])

•	 several	pertaining	to	all	neonatal	and	paediatric	patients	undergoing	surgery:

– prevention of hypothermia

– controlled induced hypotension compared with no induced hypotension

– acute normovolaemic haemodilution (ANH) 

– intraoperative cell salvage 

– viscoelastic POC testing

– antifibrinolytics

– recombinant activated factor VII (rFVIIa) (cardiac and extracorporeal membrane oxygenation 
[ECMO] patients only)

– miniaturised CPB systems compared with standard-sized systems

•	 two	interventions	for	critically	ill	paediatric	patients:

– rFVIIa compared with no rFVIIa (cardiac and ECMO patients only)

– viscoelastic POC testing.

The search identified no literature specifically pertaining to Australia’s Aboriginal and Torres Strait Islander 
peoples relevant to this research question.

110 Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics



3.5.1 Preterm and term infants – effect of placental transfusion 
on outcomes

EvIDENCE STATEMENTS –  
preterm and term infants (placental transfusion) Ev

id
en

ce

Co
ns

ist
en

cy

Cl
in

ica
l im

pa
ct

Ge
ne

ra
lis

ab
ilit

y

Ap
pl

ica
bi

lit
y

ES4.1 In preterm infants, placental transfusion compared 
with no placental transfusion may reduce transfusion 
volume and incidence.
(See evidence matrix D4.A in Volume 2 of the technical report.)

ES4.2 In preterm and term infants, the effect of placental 
transfusion compared with no placental transfusion on 
mortality is uncertain.
(See evidence matrix D4.B in Volume 2 of the technical report.)

Na

ES, evidence statement 

=A; =B; =C; X=D; Na, not applicable

PRACTICE POINTS – preterm and term infants (placental transfusion)

PP32 In preterm infants, deferring cord clamping for between 30 seconds and 3 minutes may 
reduce transfusion volume and incidence, and incidence of intraventricular haemorrhage. 
However, the effect of this practice on other outcomes (death, major morbidity and 
neurodevelopmental outcomes) is uncertain or unknown, particularly in extremely 
preterm infants (e.g. <28 weeks) and in those who require active resuscitation. 

PP33 In term infants, deferring cord clamping for at least 1 minute is likely to reduce the risk of 
iron deficiency at 3–6 months. This intervention should be considered in infants who do not 
require active resuscitation, provided that access to phototherapy for jaundice is available.a

a  See McDonald et al (2013).19

PP, practice point

Background
In newborn infants, the number of RBCs in circulation decreases after birth. Infants born before term 
have an exaggerated decrease in Hb due to several factors, including loss of RBCs due to shortened 
red cell survival and frequent withdrawal of blood, reduced erythropoietin response to anaemia due to 
immaturity and, in some cases, severity of illness. In addition, rapid growth – faster in the second and 
early third trimester of pregnancy than at any other time of life – contributes to anaemia of prematurity 
when this growth needs to take place ex utero. Placental transfusion may provide the infant with 
additional blood volume and RBCs, and thus protect against such anaemia. The amount of blood returned 
to the infant depends on when the cord is clamped. There is uncertainty about whether the level at which 
the infant is held (above or below the mother’s abdomen) before clamping is important.159–160

Summary of evidence
This review identified five relevant Level I studies of varying quality.19; 161–164 Two studies were of good 
quality, and provided the most comprehensive evidence for preterm infants.161; 164 The included Level I 
studies assessed 20 Level II studies that reported outcomes relevant to the research question. This 
systematic review identified two additional Level II studies.165–166
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Transfusion incidence and volume 
This review performed a meta-analysis to evaluate all studies (including the two additional RCTs 
identified). The analysis showed that placental transfusion significantly reduced the incidence of RBC 
transfusions and the mean number of RBC transfusions. No significant differences in transfusion volume 
were reported in any of the included studies.

Mortality
An updated meta-analysis that evaluated the effect of placental transfusion on mortality in preterm 
infants demonstrated no significant difference in mortality following placental transfusion. 

IvH
This review performed a meta-analysis that included all identified RCTs and that assessed the effect 
of placental transfusion in preterm infants on IVH (all grades) grouped by gestational age at birth. The 
analyses showed a significant effect favouring placental transfusion on the incidence of IVH (all grades) 
but not severe IVH.

Clinical commentary – placental transfusion in preterm and term infants
In preterm infants, deferred cord clamping appears to reduce the incidence of subsequent transfusion, 
through mechanisms that may include increasing blood volume at birth or decreasing severity of illness. 
However, concerns remain about the risks and benefits of routinely deferring cord clamping for all 
preterm infants. These concerns can be summarised as follows:

Trial quality and selection bias. The evidence in relation to preterm infants comprises a number of 
small, underpowered trials of variable quality. The inclusion and exclusion criteria varied, but several 
studies specifically excluded multiple births, infants born by caesarean section and infants who were 
compromised in utero or were judged to be depressed at birth. These are clinically and numerically 
important subgroups of preterm births. 

High transfusion rates in the included studies. The incidence of transfusion in <32 week infants in 
this review was 49% in the group who had deferred cord clamping or cord milking to achieve placental 
transfusion, and 66% in the immediate cord clamping group. A population-based study in New South 
Wales, where deferred cord clamping was not routinely practised, identified a transfusion rate of 33%.167 
These findings suggest that more restrictive transfusion strategies, or other practices in Australian 
neonatal units that affect transfusion incidence, will result in a smaller effect of deferred cord clamping 
on subsequent transfusion than is indicated by this review. 

Timing of cord clamping in relation to onset of breathing. The published randomised trials have not taken 
onset of breathing into account as a potential confounder. Trials are underway to address some of the 
considerable uncertainty that remains as to the balance of risks and benefits in infants who do not start 
to breathe effectively within the first 30–60 seconds after birth, in relation to whether:

•	 deferred	cord	clamping	should	take	precedence	over	manoeuvres	to	support	breathing	or	not

•	 assisted	ventilation	(and	other	resuscitation	steps,	if	needed)	can	and	should	be	provided	while	the	
cord remains unclamped

•	 cord	milking	(either	before	clamping	the	cord	or	from	a	long	segment	of	cord	that	remains	attached	
to the baby) is a safe and effective alternative to deferred cord clamping. 

This review found that the effect of deferred cord clamping on mortality is uncertain, but there was 
a benefit in reducing IVH (of any grade). However, the effect of deferred cord clamping on other 
neurodevelopmental outcomes, particularly longer term outcomes, remains unknown. 
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3.5.2 Preterm and term infants – effect of intravenous 
immunoglobulin for haemolytic disease on outcomes

EvIDENCE STATEMENTS –  
haemolytic disease (IvIg) Ev
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ES4.3 In infants with alloimmune haemolytic disease, the 
effect of IVIg compared with no IVIg on exchange 
transfusion incidence is uncertain.

(See evidence matrix D4.C in Volume 2 of the technical report.)

Na

ES4.4 In infants with alloimmune haemolytic disease, the 
effect of IVIg compared with no IVIg on mortality is 
uncertain.

(See evidence matrix D4.D in Volume 2 of the technical report.)

Na

ES, evidence statement; IVIg, intravenous immunoglobulin

=A; =B; =C; X=D; Na, not applicable

RECOMMENDATION – haemolytic disease (IvIg)

R7 In neonates with haemolytic disease of the fetus and newborn, the use of IvIg is not 
recommended. 

PRACTICE POINT – haemolytic disease (IvIg)

PP34 Neonates at risk of haemolytic disease of the fetus and newborn should be promptly 
assessed after birth. Those at high risk of severe jaundice should receive intensive 
phototherapy. 

ExPERT OPINION POINT – haemolytic disease (IvIg)

eOP6 In maternity patients with a fetus affected by haemolytic disease of the fetus and 
newborn who is at high risk of early fetal hydrops or death, a course of weekly IvIg 
should be considered. 

EOP, expert opinion point; IVIg, intravenous immunoglobulin; PP, practice point, R, recommendation

Background
Haemolytic disease of the fetus and newborn (HDFN) is characterised by a breakdown of RBCs by 
maternal antibodies. During pregnancy, some of the mother’s antibodies are transported across the 
placenta and enter the fetal circulation. Antibodies to the RhD, Rhc and Kell antigen are the most 
common causes of severe HDFN in Australia. 

Anaemia is the most significant problem in utero (see Section 4.2.1) because excess fetal bilirubin crosses 
the placenta and is eliminated by the mother. However, bilirubin levels can rise rapidly after birth, leading 

GRade b
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to the need for intensive phototherapy and exchange transfusion. Exchange transfusions are associated 
with an increased risk of neonatal morbidity and mortality. Since IVIg can compete with alloantibodies 
for Fc receptors on cells that mediate RBC breakdown,168 it has been proposed that it can reduce the 
incidence of exchange transfusion.

Summary of evidence
One good-quality Level I study that included 12 RCTs was identified.169 No additional Level II studies 
were identified.

Exchange transfusion incidence
The systematic review assessed the effect of IVIg on the incidence of exchange transfusion in term 
and preterm neonates with HDFN secondary to Rh or ABO incompatibility.169 It performed separate 
meta-analyses in Rh and ABO incompatible patients. A significant reduction in exchange transfusion 
incidence following IVIg was reported (p<0.00001); however, in a sensitivity analysis that included only 
RCTs assessed to have an overall low risk of bias, the significant difference was not observed (p=0.37). 
In a subanalysis of RCTs involving preterm neonates only, there was no significant difference between 
treatment groups for the incidence of exchange transfusions.

The review also assessed number of exchange transfusions per infant.169 A sensitivity analysis of RCTs 
assessed to have an overall low risk of bias found no significant difference on the number of exchange 
transfusions per infant.

Mortality
No deaths were reported in the included studies.169 

Clinical commentary – IvIg for haemolytic disease in preterm and term infants
Administering IVIg to newborns has been postulated to reduce the severity of haemolysis with HDFN. 
The combined results of all trials suggest that IVIg can reduce the incidence of exchange transfusion 
(ET) in infants with HDFN; however, the earlier trials were generally of low quality.169 When only the trials 
at low risk of bias were considered, there was no effect of IVIg on reducing incidence of ET or any other 
outcome of importance (e.g. peak bilirubin, duration of phototherapy or need for top-up transfusion). 
None of the trials was powered to assess rare (but potentially life-threatening) adverse effects such as 
TRALI, the risk of which is likely to increase with transfusion of plasma products. The recent, high-quality 
trials specified the use of intensive phototherapy, which is the most effective neonatal treatment to 
reduce the need for ET. 

Although the review suggested a benefit of IVIg in reducing ET for jaundice due to ABO incompatibility, 
the studies were also of low quality.169 It seems unlikely that IVIg would be of benefit in ABO haemolysis 
(which is typically milder) if there is no benefit in RhD HDFN. With the availability of intensive 
phototherapy, ABO incompatibility has become an increasingly uncommon indication for ET in 
Australia,170 and it rarely causes anaemia.171
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3.5.3 Neonatal and paediatric patients undergoing surgery –  
effect of prevention of hypothermia on outcomes

EvIDENCE STATEMENTS –  
surgical (prevention of hypothermia) Ev
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ES4.5 In paediatric patients undergoing cardiac surgery with 
CPB, the effect of preventing hypothermia compared 
with no prevention of hypothermia on mortality is 
uncertain.

(See evidence matrix D4.E in Volume 2 of the technical report.)

Na Na

ES4.6 In paediatric patients undergoing noncardiac surgery, 
the effect of preventing hypothermia compared with no 
prevention of hypothermia on mortality is unknown.

Na Na Na Na Na 

ES4.7 In paediatric patients undergoing cardiac surgery with 
CPB, the effect of preventing hypothermia compared 
with no prevention of hypothermia on transfusion 
volume or incidence is uncertain.

(See evidence matrix D4.F in Volume 2 of the technical report.)

Na Na

ES4.8 In paediatric patients undergoing noncardiac surgery, 
the effect of preventing hypothermia compared with no 
prevention of hypothermia on transfusion volume or 
incidence is unknown.

Na Na Na Na Na 

CPB, cardiopulmonary bypass; ES, evidence statement 

=A; =B; =C; X=D; Na, not applicable

RECOMMENDATION – surgical (prevention of hypothermia)

R8 In paediatric patients undergoing surgery, measures to prevent hypothermia should be 
used.a 
a  See R12 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

R, recommendation

Background
Prevention of hypothermia in patients undergoing surgery is an important part of good perioperative 
care. Anaesthesia alters thermoregulatory mechanisms, which can lead to hypothermia if active warming 
techniques are not used. Even mild hypothermia can cause adverse effects in adult surgical patients, 
including substantial increases in adverse cardiac outcomes, surgical blood loss, allogeneic transfusion 
and surgical site infections (see Section 3.6.2 and R12 in Module 2 (Perioperative)2). Up to 20% of adult 
surgical patients experience unintended perioperative hypothermia, defined as a core temperature below 
36°C. Paediatric patients are more vulnerable to perioperative hypothermia because they have a reduced 
weight-to-surface-area ratio, lower stores of subcutaneous fat and greater loss of heat from the head 
compared with adults; hence, they require a vigilant proactive approach to maintenance of normothermia. 

GRade b

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics 115

Clinical guidance
3



Summary of evidence
One good-quality Level II study was identified: an RCT of 59 paediatric patients undergoing cardiac 
surgery with CPB.172 The authors examined the effect of normothermia (body temperature maintained at 
35–37°C) compared with hypothermia (body temperature maintained at 28°C) on all-cause in-hospital 
mortality, and RBC transfusion volume and incidence.

Mortality
The study assessed all-cause mortality among 59 paediatric patients undergoing cardiac surgery with 
CPB.172 No deaths were recorded during the study, but it was underpowered for this outcome. 

Transfusion volume and incidence
The study assessed transfusion volume (mL/kg) and incidence among 59 paediatric patients undergoing 
cardiac surgery with CPB.172 No significant differences between groups were reported for RBC transfusion 
incidence and median RBC transfusion volume (9.6 versus 9.5).

Clinical commentary – prevention of hypothermia in neonatal and paediatric patients 
undergoing surgery 
Based on the good evidence in the adult population, active measures to prevent unintentional 
hypothermia in children are recommended. It is unlikely that RCTs examining the effects of hypothermia 
on RBC transfusion in children would be ethically acceptable.

3.5.4 Neonatal and paediatric patients undergoing surgery – effect of 
prevention of controlled induced hypotension on outcomes

EvIDENCE STATEMENTS –  
surgical (deliberate/controlled induced hypotension) Ev
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ES4.9 In paediatric patients undergoing surgery, the effect 
of deliberate induced hypotension compared with 
no deliberate induced hypotension on mortality is 
unknown.

Na Na Na Na Na 

ES4.10 In paediatric patients undergoing surgery, the effect 
of deliberate induced hypotension compared with 
no deliberate induced hypotension on transfusion 
incidence is uncertain.
(See evidence matrix D4.G in Volume 2 of the technical report.)

X Na Na

ES4.11 In paediatric patients undergoing surgery, the effect of 
deliberate induced hypotension compared with no 
deliberate induced hypotension on transfusion volume is 
unknown.

Na Na Na Na Na 

ES4.12 In paediatric patients undergoing surgery, the effect 
of deliberate induced hypotension compared with no 
deliberate induced hypotension on bleeding events is 
uncertain.
(See evidence matrix D4.H in Volume 2 of the technical report.)

X Na

ES, evidence statement 

=A; =B; =C; X=D; Na, not applicable
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Background
Controlled induced hypotension involves deliberately lowering a patient’s mean arterial blood pressure to 
below normal, aiming to limit blood loss or improve the surgical field. In paediatrics, its use is common in 
scoliosis surgery.

Summary of evidence
One poor-quality Level II study was identified.173 The study enrolled 50 adolescent patients aged 
13–15 years who were undergoing osteotomy or genioplasty.

Transfusion volume or incidence 
No studies reported transfusion volume or incidence.

Bleeding events
A significant difference favouring induced hypotension was reported for estimated blood loss by the 
surgeon and by the anaesthetist. A significant difference favouring induced hypotension was also 
reported for average estimated blood loss and surgical field rating.

Clinical commentary – controlled induced hypotension in neonatal and paediatric 
patients undergoing surgery
There is little evidence on safety and efficacy to guide the use of controlled induced hypotension in 
paediatric surgery. It is difficult to extrapolate evidence from the adult population to the paediatric 
population, because the types of surgery where controlled induced hypotension is advantageous in adults 
are not relevant in paediatrics. 

In paediatric surgery, the use of controlled hypotension needs to be balanced against the risk of causing 
reduced perfusion of the spinal cord and other organs. 

3.5.5 Neonatal and paediatric patients undergoing surgery –  
effect of acute normovolaemic haemodilution on outcomes

EvIDENCE STATEMENTS –  
surgical (ANH) Ev
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ES4.13 In paediatric patients undergoing surgery, the effect of 
ANH compared with no ANH on mortality is unknown. Na Na Na Na Na 

ES4.14 In paediatric patients undergoing surgery, the effect of 
ANH compared with no ANH on transfusion volume 
and incidence is uncertain.

(See evidence matrix D4.I in Volume 2 of the technical report.)

Na

ANH, acute normovolaemic haemodilution; ES, evidence statement 

=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINT – surgical (acute normovolaemic haemodilution)

PP35 In paediatric patients, acute normovolaemic haemodilution has not been shown to 
reduce transfusion or improve clinical outcomes. However, if acute normovolaemic 
haemodilution is used, it requires a local procedural guideline that addresses patient 
selection, vascular access, volume of blood withdrawn, choice of replacement fluid, 
blood storage and handling, and timing of reinfusion.

PP, practice point

Background
ANH is a blood conservation technique that aims to reduce allogeneic transfusion requirements in 
patients scheduled for elective surgery. For the purposes of this review, ANH was defined as the removal 
of a patient’s blood shortly after induction of anaesthesia, with maintenance of normovolaemia using 
crystalloid or colloid replacement, then reinfusion of the patient’s blood during or shortly after surgery. 
This autologous whole blood (which is kept at room temperature) has a greater concentration of better 
functioning platelets and clotting factors than banked blood. Hence, it may be helpful in correcting 
coagulopathy as well as improving Hct and decreasing the risk of allogeneic transfusion. 

In infants, particularly those aged under 6 months, there may be greater safety issues with ANH because 
of their inability to compensate for acute anaemia or blood loss.

Summary of evidence
The systematic review identified three Level II studies that examined the safety and effectiveness of ANH 
in paediatric patients undergoing surgery:

•	 one	of	fair	quality,	conducted	in	paediatric	patients	undergoing	cardiac	surgery174

•	 one	of	poor	quality,	conducted	in	paediatric	patients	undergoing	craniofacial	repair	surgery175

•	 one	of	poor	quality,	studying	adolescents	undergoing	surgery	for	scoliosis	concentration.176

Mortality
No studies reported the effect of ANH on mortality in neonatal and paediatric patients undergoing surgery.

Transfusion volume and incidence
Friesen et al (2006)174 reported no significant difference in RBC transfusion incidence during surgery with 
CPB or after surgery with CPB.174

Hans et al (2000)175 assessed transfusion volume and incidence in 34 paediatric patients scheduled for 
surgical repair for scaphocephaly or pachycephaly. No significant difference was reported for transfusion 
incidence or transfusion volume.

Lisander et al (1996)176 assessed transfusion volume in 23 adolescents undergoing scoliosis surgery and 
found no significant difference in the number of donor blood units transfused.

Clinical commentary – ANH in neonatal and paediatric patients undergoing surgery
There is little evidence on the use of ANH in paediatric surgery; therefore, the effect on transfusion 
incidence or volume is uncertain. If this technique is used, a local procedural guideline needs to be in place 
to ensure patient safety (see R14 and PP12 in Module 2 (Perioperative)2).
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3.5.6 Neonatal and paediatric patients undergoing surgery –  
effect of intraoperative cell salvage on outcomes

EvIDENCE STATEMENTS –  
surgical (intraoperative cell salvage) Ev
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ES4.15 In paediatric patients undergoing cardiac surgery with 
CPB, the effect of intraoperative cell salvage compared 
with no intraoperative cell salvage on mortality is 
uncertain.

(See evidence matrix D4.J in Volume 2 of the technical report.)

Na

ES4.16 In paediatric patients undergoing noncardiac surgery, 
the effect of intraoperative cell salvage compared with 
no intraoperative cell salvage on mortality is unknown.

Na Na Na Na Na 

ES4.17 In paediatric patients undergoing cardiac surgery with 
CPB, intraoperative cell salvage compared with no 
intraoperative cell salvage may reduce transfusion 
volume and incidence.

(See evidence matrix D4.K in Volume 2 of the technical report.)

ES4.18 In paediatric patients undergoing noncardiac surgery, 
the effect of intraoperative cell salvage compared with 
no intraoperative cell salvage on transfusion volume 
and incidence is uncertain.

(See evidence matrix D4.K in Volume 2 of the technical report.)

X Na Na

CPB, cardiopulmonary bypass; ES, evidence statement 

=A; =B; =C; X=D; Na, not applicable

PRACTICE POINT – surgical (intraoperative cell salvage)

PP36 In paediatric patients undergoing cardiac surgery with cardiopulmonary bypass, 
intraoperative cell salvage may be considered. If intraoperative cell salvage is used, 
it requires a local procedural guideline that should include patient selection, use of 
equipment and reinfusion. All staff operating cell salvage devices should receive 
appropriate training, to ensure knowledge of the technique and proficiency in using it.

PP, practice point

Background
Intraoperative cell salvage involves collection of blood lost during surgery. In patients undergoing CPB, 
the residual volume of blood in the circuit can also be salvaged. The collected blood is then mixed with 
an anticoagulant solution containing either heparin or citrate to prevent clotting. As blood enters the 
collection reservoir, it is filtered to remove large particulate debris. Before salvaged blood can be reinfused 
back into the patient, it must be centrifuged and washed to produce RBCs suspended in saline. 

Summary of evidence
This review identified three Level II studies: one of good quality177 and two of poor quality.176; 178
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Mortality
None of the three included studies were sufficiently powered to detect any difference in mortality.

Transfusion volume and incidence
Cholette et al (2013)177 assessed transfusion needs among 106 children scheduled for cardiac surgery 
with CPB. Cell salvage (including use of residual CPB circuit volume) reduced the mean number of RBCs 
transfused within 24 hours post-surgery and 48 hours post-surgery; however, the effect did not remain 
statistically significant at 7 days post-surgery. In this study, the cell-saver blood was safely stored and 
used for 24 hours after collection.

Lisander et al (1996)176 reported no significant difference in the mean number of donor blood units 
transfused among 24 adolescents undergoing surgery for scoliosis. Being a pilot, this study was not 
powered to assess differences in clinical outcomes.

Ye et al (2013)178 assessed the median volume of perioperative allogeneic RBC transfused in 309 
paediatric patients scheduled for open heart surgery with CPB and reported a significant effect favouring 
cell salvage (1.5 versus 2.5, p=0.000).

Clinical commentary – intraoperative cell salvage in neonatal and paediatric patients 
undergoing surgery
Limited evidence in paediatric cardiac surgical patients undergoing CPB suggests a reduction in RBC 
transfusion incidence and coagulant product administration, and fewer donor exposures in the first 48 
hours in the cell salvage group. Further studies are required before the routine use of this technique could 
be advised (see R15 and PP13 in Module 2 (Perioperative)2).

3.5.7 Neonatal and paediatric patients undergoing surgery –  
effect of viscoelastic point-of-care testing on outcomes

EvIDENCE STATEMENTS –  
surgical (viscoelastic POC testing) Ev
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ES4.19 In paediatric patients undergoing surgery, the effect of 
viscoelastic POC testing compared with no viscoelastic 
POC testing on mortality is unknown.

Na Na Na Na Na 

ES4.20 In paediatric patients undergoing surgery, the effect of 
viscoelastic POC testing compared with no viscoelastic 
POC testing on transfusion volume or incidence is 
unknown.

Na Na Na Na Na 

ES4.21 In paediatric patients undergoing surgery, the effect of 
viscoelastic POC testing compared with no viscoelastic 
POC testing on bleeding events is unknown.

Na Na Na Na Na 

ES, evidence statement; POC, point-of-care

=A; =B; =C; X=D; Na, not applicable
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PRACTICE POINT – surgical (viscoelastic point-of-care testing)

PP37 In paediatric patients undergoing cardiac surgery with cardiopulmonary bypass, 
viscoelastic point-of-care testing may be considered.

PP, practice point

Background
Viscoelastic POC testing includes thromboelastography (TEG) and rotational thromboelastometry 
(ROTEM). These tests measure clot development, stabilisation and dissolution (fibrinolysis), which reflect 
in vivo haemostasis. In paediatric patients undergoing surgery, these techniques offer improvements 
over traditional laboratory testing in the assessment of bleeding patients. 

Summary of evidence
This review identified no eligible studies.

Clinical commentary – viscoelastic POC testing in neonatal and paediatric patients 
undergoing surgery
One small RCT that evaluated the use of viscoelastic POC testing in paediatric patients undergoing 
cardiac surgery with CPB was published after the cut-off date of this systematic review.179 The study 
demonstrated a reduction in postoperative transfusion requirements with algorithm-guided blood 
product management that included viscoelastic POC testing. Further studies are required to clarify the 
role of this technology.

3.5.8 Neonatal and paediatric patients undergoing surgery –  
effect of antifibrinolytics on outcomes

EvIDENCE STATEMENTS –  
surgical (antifibrinolytics) Ev
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ES4.22 In paediatric patients undergoing surgery, the effect of 
antifibrinolytics compared with no antifibrinolytics on 
mortality is uncertain.

(See evidence matrix D4.L in Volume 2 of the technical report.)

Na

ES4.23 In paediatric patients undergoing cardiac surgery, 
antifibrinolytics compared with no antifibrinolytics 
reduce transfusion volume and incidence.

(See evidence matrix D4.M in Volume 2 of the technical report.)

ES4.24 In paediatric patients undergoing surgery for scoliosis, 
antifibrinolytics compared with no antifibrinolytics may 
reduce transfusion volume.

(See evidence matrix D4.N in Volume 2 of the technical report.)
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EvIDENCE STATEMENTS –  
surgical (antifibrinolytics) Ev
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ES4.25 In paediatric patients undergoing surgery for scoliosis, 
the effect of antifibrinolytics compared with no 
antifibrinolytics on transfusion incidence is uncertain.

(See evidence matrix D4.N in Volume 2 of the technical report.)

Na

ES4.26 In paediatric patients undergoing craniofacial surgery, 
antifibrinolytics compared with no antifibrinolytics may 
reduce transfusion volume.

(See evidence matrix D4.O in Volume 2 of the technical report.)

ES4.27 In paediatric patients undergoing craniofacial surgery, 
the effect of antifibrinolytics compared with no 
antifibrinolytics on transfusion incidence is uncertain.

(See evidence matrix D4.O in Volume 2 of the technical report.)

Na

ES4.28 In paediatric patients undergoing primary 
adenoidectomy, the effect of topical TXA compared with 
no TXA on transfusion incidence is uncertain.

(See evidence matrix D4.P in Volume 2 of the technical report.)

Na Na

ES4.29 In paediatric patients undergoing surgery, the effect of 
antifibrinolytics compared with no antifibrinolytics on 
thromboembolic events is uncertain.

(See evidence matrix D4.Q in Volume 2 of the technical report.)

Na

ES4.30 In paediatric patients undergoing cardiac surgery, 
the effect of antifibrinolytics compared with no 
antifibrinolytics on postoperative blood loss in uncertain.

(See evidence matrix D4.R in Volume 2 of the technical report.)

Na

ES4.31 In paediatric patients undergoing surgery for scoliosis, 
antifibrinolytics compared with no antifibrinolytics may 
reduce blood loss.

(See evidence matrix D4.S in Volume 2 of the technical report.)

ES4.32 In paediatric patients undergoing craniofacial surgery, 
antifibrinolytics compared with no antifibrinolytics 
reduce perioperative blood loss.

(See evidence matrix D4.T in Volume 2 of the technical report.)

ES4.33 In paediatric patients undergoing ENT surgery, 
antifibrinolytics compared with no antifibrinolytics may 
reduce perioperative blood loss.

(See evidence matrix D4.U in Volume 2 of the technical report.)

X

ENT, ear, nose and throat; ES, evidence statement; TXA, tranexamic acid

=A; =B; =C; X=D; Na, not applicable
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RECOMMENDATION – surgical (antifibrinolytics)

R9 In paediatric patients undergoing cardiac surgery with cardiopulmonary bypass, the use 
of antifibrinolytics is suggested.a, b, c

a  Although there is evidence of a reduction in transfusion, there is insufficient evidence to 
determine the risk of thromboembolic complications.

b  Tranexamic acid in this context is approved in Australia. The use of aprotinin in this context is 
considered off label in Australia. Epsilon-aminocaproic acid is not licensed for use in Australia.

c  See Appendix J (Tranexamic acid dosing guidance) for further information.

R10 In paediatric patients undergoing surgery for scoliosis in whom substantial blood loss is 
anticipated, the use of antifibrinolytics may be considered.a, b 
a  Tranexamic acid in this context is approved in Australia. The use of aprotinin in this context is 

considered off label in Australia. Epsilon-aminocaproic acid is not licensed for use in Australia.
b  See Appendix J (Tranexamic acid dosing guidance) for further information.

R11 In paediatric patients undergoing craniofacial surgery in whom substantial blood loss is 
anticipated, the use of antifibrinolytics may be considered.a, b 

a  Tranexamic acid in this context is approved in Australia. The use of aprotinin in this context is 
considered off label in Australia. Epsilon-aminocaproic acid is not licensed for use in Australia.

b  See Appendix J (Tranexamic acid dosing guidance) for further information.

PRACTICE POINTS – surgical (antifibrinolytics)

PP38 In acutely bleeding critically ill paediatric trauma patients, tranexamic acid should be 
administered within 3 hours of injury.a, b 
a  See R3 in Patient Blood Management Guidelines: Module 4 – Critical Care.4

b  See Appendix J (Tranexamic acid dosing guidance) for further information.

PP39 In paediatric trauma patients aged under 12 years, a tranexamic acid dose of 15 mg/kg 
(maximum 1000 mg) infused intravenously over 10 minutes, followed by 2 mg/kg/hour 
(maximum 125 mg/hour) until bleeding is controlled or for up to 8 hours is suggested.a, b

a  See the template given in Appendix K (Critical bleeding protocol), which is intended for local 
adaptation. 

b  See Appendix J (Tranexamic acid dosing guidance) for further information.

PP, practice point; R, recommendation

Background
Antifibrinolytics such as aprotinin, tranexamic acid (TXA) and epsilon-aminocaproic acid (EACA) may 
reduce perioperative bleeding by inhibiting fibrin degradation. 

Aprotinin inhibits fibrinolysis by inactivation of plasmin and other proteolytic enzymes. Before 2007, 
aprotinin was commonly used in both cardiac surgery and major noncardiac surgery to reduce blood 
loss and blood transfusion. However, it was withdrawn from the market following the release of results 
from the Blood Conservation Using Antifibrinolytics in a Randomised Trial (BART), which showed that in 
high-risk adult cardiac surgical patients undergoing complex cardiac surgery, mortality was higher with 
aprotinin than with lysine analogues. This finding resulted in the early termination of this study. However, 
there has been subsequent criticism of the design of the BART and controversy over its findings.

GRade c

GRade c

GRade c
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Aprotinin remains on the Australian Register of Therapeutic Goods but is not being supplied or marketed 
by the Australian sponsor.

TXA inhibits the activation of plasminogen to plasmin, thus reducing fibrin degradation. The use of TXA 
is recommended in adult patients undergoing cardiac surgery or noncardiac surgery in which significant 
blood loss is anticipated. TXA tablets and solution for injection are approved in Australia for a number of 
indications including cardiac surgery, traumatic hyphaema and patients with coagulopathy undergoing 
minor surgery. 

EACA reduces fibrinolysis by inhibiting proteolytic enzymes. It reduces allogeneic blood transfusion in 
adult cardiac surgery patients. However, it is not available or licensed for use in Australia.

Summary of evidence
Six Level I studies that assessed the safety and effectiveness of antifibrinolytics (aprotinin, TXA or EACA) in 
paediatric patients undergoing surgery were identified.180–185 A further two Level I studies186–187 were identified 
in the review but did not provide any data additional to the included Level I studies. Thirty included Level II 
studies reviewed the evidence for the use of antifibrinolytics in paediatric patients undergoing a variety of 
surgeries including cardiac, scoliosis, craniofacial, and ear, nose and throat (ENT) surgery.

•	 Cardiac surgery – Three good-quality Level I studies provided the evidence for paediatric patients 
undergoing cardiac surgery.180–181; 183 One assessed aprotinin in paediatric patients aged under 18 
years with congenital heart disease undergoing open heart surgery with CPB.180 It included 12 RCTs 
involving 626 infants and children. The other assessed TXA in paediatric patients aged under 18 years 
undergoing cardiac surgery and included data from eight RCTs involving 848 infants and children.181 

•	 Scoliosis surgery – One good-quality Level I study provided evidence for the effect of antifibrinolytics 
(aprotinin, TXA or EACA) in paediatric patients undergoing scoliosis surgery.185

•	 Craniofacial surgery – One fair-quality Level I study provided evidence for the effect of 
antifibrinolytics in paediatric patients undergoing craniofacial surgery.184

•	 ENT surgery – One good-quality Level I study assessed the effect of topical administration of TXA 
in patients of any age undergoing ENT surgery.182 It identified 29 RCTs, only one of which was in 
paediatric patients. It enrolled 400 children undergoing primary isolated adenoidectomy and provided 
evidence for the effect of TXA in ENT surgery on transfusion incidence and blood loss. 

The systematic review identified 12 Level II studies, additional to the 30 Level II studies identified and 
assessed by the included Level I studies. Those studies were in patients undergoing either cardiac, 
scoliosis, craniofacial or ENT surgery.

•	 Seven	additional	Level	II	studies	provided	evidence	for	paediatric	patients	undergoing	cardiac	
surgery.188–194 All were fair to poor quality. 

•	 Two	additional	Level	II	studies	provided	evidence	for	paediatric	patients	undergoing	scoliosis	surgery:	
one of poor quality195 and one of good quality.196

•	 Two	additional	Level	II	studies	provided	evidence	for	paediatric	patients	undergoing	craniofacial	
surgery: a fair-quality RCT197 and a good-quality RCT.198

•	 Two	additional	Level	II	studies	provided	evidence	for	paediatric	patients	undergoing	ENT	surgery:	a	
good-quality RCT211 and a fair-quality RCT.199

Mortality
Cardiac surgery
No included study reported a significant difference in mortality.

Scoliosis surgery
No deaths were reported in the included studies. 
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Craniofacial surgery

No deaths were reported in the included studies. 

ENT surgery
No deaths were reported in the included study.

Transfusion volume and incidence 
Cardiac surgery 

Transfusion volume
•	 A	meta-analysis	of	six	trials	reported	no	significant	difference	in	blood	transfusion	volume.180

•	 Faraoni	et	al	(2012)181 conducted several meta-analyses investigating 24-hour postoperative 
transfusion volume. No difference in transfusion volume was observed when studies with a high risk 
of bias were excluded. 

•	 Schouten	et	al	(2009)183 reported a significant difference in RBC transfusion volume favouring aprotinin.
•	 Ferreira	et	al	(2010)190 reported no significant difference in intraoperative RBC transfusion volume.
•	 Flaujac	et	al	(2007)191 reported a significant difference in 24-hour postoperative transfusion volume 

favouring aprotinin (18 mL/kg versus 30 mL/kg, p=0.01).
•	 Sarupria	et	al	(2013)192 reported a significant difference favouring high-dose EACA over placebo for 

intraoperative transfusion volume of RBCs and FFP and total transfusion volume of RBCs and FFP. 
•	 Singh	et	al	(2001)193 compared two doses of aprotinin in 75 paediatric cyanotic patients with tetralogy 

of Fallot undergoing total correction with CPB. A significant difference favouring aprotinin was reported 
for blood transfusion volume (two doses: 1.1 ± 1.1, one dose: 0.91 ± 0.75 versus 2.2 ± 1.0, p<0.05).

Transfusion incidence
A meta-analysis (including several sensitivity and subgroup analyses) of 404 paediatric patients with 
congenital heart disease undergoing open heart surgery with CPB was conducted.180 An analysis of good-
quality studies and studies with an objective transfusion protocol found significant differences favouring 
the use of aprotinin.

An assessment of postoperative transfusion volume and incidence in 20 infants undergoing primary 
corrective cardiac surgery with CPB reported no significant difference for 24-hour postoperative 
transfusion incidence of RBCs (60% versus 100%, p=0.06).191

An assessment of 120 paediatric patients with tetralogy of Fallot undergoing corrective surgery found 
that EACA reduced the incidence of RBC transfusion (75.0% versus 97.3%, p=0.01).192

Scoliosis surgery 

Transfusion volume
A meta-analysis of five trials with 207 paediatric patients reported a significant reduction of volume of 
blood transfused following the administration of antifibrinolytics (aprotinin, TXA or EACA).185 Subanalyses 
of the different antifibrinolytic agents found that all reduced transfusion volume: aprotinin (p=0.0015),  
TXA (p=0.0081) and EACA (p=0.042).

One additional RCT provided evidence for transfusion volume.195 It reported a significant difference in 
autologous blood units transfused, favouring EACA (p=0.002).

Transfusion incidence
A meta-analysis of four trials with 163 patients found no significant difference in transfusion incidence 
(p=0.28).200–203 No significant difference in transfusion incidence for the different antifibrinolytic agents 
was found in subanalyses. For allogeneic transfusion incidence, there was a significant difference 
favouring aprotinin, but not TXA or EACA.
In paediatric patients aged 11–18 years with idiopathic scoliosis who were scheduled for posterior spinal 
fusion, there was no difference in allogeneic transfusion incidence (no events in either group).195
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Craniofacial surgery 
One systematic review184 included data from two Level II studies204–205 and one Level III study.206 
An additional two Level II studies were identified.197–198

Transfusion volume
A study of 138 children undergoing craniosynostosis surgery included a meta-analysis to assess RBC 
transfusion volume, and found a significant difference favouring TXA (p=0.0004).184 

Two additional Level II studies provided evidence for transfusion volume.184 One study reported significant 
differences for total intraoperative RBC transfusion volume (380 ± 90 versus 550 ± 200, p=0.004) and 
intraoperative RBC transfusion volume by weight (40 ± 10 versus 60 ± 20, p=0.05), favouring aprotinin.197 
The other study reported significant differences in intraoperative blood transfusion volume (32 ± 25 
versus 52 ± 34, p=0.04) and postoperative RBC transfusion volume (33 ± 24 versus 57 ± 38, p=0.03) which 
favoured aprotinin.198

An updated meta-analysis was performed. A significant reduction in RBC transfusion volume was 
demonstrated.

Transfusion incidence
One study assessed transfusion incidence in 26 paediatric patients undergoing major reconstructive 
craniofacial surgery.197 No difference in postoperative RBC was demonstrated.

One study in the USA assessed transfusion incidence in 39 paediatric patients aged 1 month to 12 years 
who were undergoing craniofacial reconstruction.198 No significant difference was observed.

ENT surgery 
One Level I study182 that included evidence from one Level II study207 provided evidence for transfusion 
volume or incidence in paediatric patients undergoing ENT surgery.

Transfusion incidence
One study of 400 children undergoing primary isolated adenoidectomy found no significant difference in 
transfusion incidence between the topical TXA and placebo groups.207

Thromboembolic events
One Level I study,185 which included one Level II study208 and three Level II studies,191; 195; 197 provided 
evidence for thromboembolic events.

One study assessed thromboembolic events in paediatric patients undergoing cardiac surgery.191 
It included 20 infants undergoing primary corrective cardiac surgery with CPB. No thrombotic events were 
reported in either study group. 

Two studies assessed paediatric patients undergoing scoliosis surgery.195; 208 In one study, no deep venous 
thrombosis (DVT) occurred in the aprotinin group (0%) compared with three DVTs in the placebo group 
(13%).208 This result was not significant (p=0.21). The other study reported no events of venous thrombosis 
or thromboemboli during the study period.195

One study measured thrombotic complications in 26 paediatric patients undergoing major reconstructive 
craniofacial surgery.197 No events were reported.

Bleeding events
Cardiac surgery 
Two Level I studies provided evidence for blood loss in paediatric patients undergoing cardiac surgery.180–181 

No significant difference in postoperative chest tube drainage was reported in a meta-analysis of 11 trials 
that included 571 paediatric patients with congenital heart disease undergoing open heart surgery 
with CPB.180 
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A meta-analysis of trials of 848 paediatric patients reporting 24-hour postoperative blood loss found no 
significant difference between the TXA and placebo groups (p=0.11).209 Two sensitivity analyses were also 
conducted; the first excluded a study by Chauhan et al (2004a)210 and the second excluded all studies by 
Chauhan and colleagues. This was to reduce possible bias introduced by these authors, whose studies 
dominated the original meta-analysis. Two sensitivity analyses (one of which included seven trials and 
the other five trials) favoured TXA. A subgroup analysis of acyanotic patients showed no significant 
difference (p=0.47).209 
Five additional Level II studies provided evidence for postoperative blood loss.
One study assessed blood loss in 80 children with tetralogy of Fallot undergoing intracardiac repair.188 
It found a significant difference in 24-hour postoperative blood loss favouring TXA (p<0.01). In the TXA 
group, there were two cases (5.0%) of excessive bleeding (>5 mL/kg) due to hyperfibrinolysis, compared to 
five cases (12.5%) in the control group. This result was not significant.
A study measuring 48-hour postoperative bleeding in 19 paediatric patients with congenital heart 
disease undergoing cardiac surgery with CPB found no significant difference.190

Blood loss was assessed in 120 paediatric patients undergoing cardiac surgery with CPB for tetralogy 
of Fallot in a three-arm study of high-dose EACA, low-dose EACA and placebo.192 When high-dose and 
low-dose EACA were compared, significant differences were found in favour of low-dose EACA for 6-hour 
postoperative blood loss (108.45 ± 61.45 versus 32.75 ± 26.02, p<0.01), cumulative 12-hour postoperative 
blood loss (172.37 ± 71.56 versus 50.50 ± 42.30, p<0.01) and cumulative 24-hour postoperative blood loss 
(223.95 ± 83.96 versus 69.00 ± 50.01, p<0.01). However, when high-dose EACA was compared to placebo, 
only 6-hour postoperative blood loss reached significance in favour of EACA (108.45 ± 61.45 versus  
137.84 ± 52.50, p<0.05). No significant difference was found in cumulative 12-hour or 24-hour 
postoperative blood loss. 
One study assessed total blood loss and 24-hour chest tube drainage among 75 paediatric cyanotic 
patients with tetralogy of Fallot undergoing total correction with CPB using either one or two doses 
of aprotinin.193 There was a significant difference in total blood loss (two doses: 221.4 ± 60.3, one dose: 
254.2 ± 22.6 versus 426.0 ± 92.0; p<0.05) and 24-hour chest tube drainage (two doses: 164.3 ± 25.7, 
one dose: 145.2 ± 20.5 versus 321.0 ± 23.0, p<0.05), favouring aprotinin. 
Blood loss was measured in 62 paediatric patients with cyanotic congenital heart disease and a right-
to-left shunt undergoing open heart surgery.194 There was no significant difference in total postoperative 
blood loss (195.63 ± 188.03 versus 186.30 ± 163.78, p=0.5) or postoperative blood loss by weight 
(12.51 ± 13.20 versus 10.68 ± 6.38, p=0.5). 

Scoliosis surgery
A meta-analysis of five trials that enrolled 163 paediatric patients undergoing scoliosis surgery found a 
significant difference for total blood loss, favouring antifibrinolytics (aprotinin, TXA or EACA) (p<0.00001).185 
One study196 assessed 125 patients with adolescent idiopathic scoliosis undergoing posterior spinal 
arthrodesis in a three-armed RCT. When TXA or EACA were compared to placebo, there was no 
significant difference in drain volume. However, there were significant differences in total blood loss 
(1663.0 ± 882 versus 2116.0 ± 1202, p=0.019) and intraoperative estimated blood loss (776 versus 
1080, p=0.019), favouring TXA or EACA. That study also compared TXA with placebo and EACA with 
placebo.196 For TXA, there was no significant difference in intraoperative estimated blood loss, but 
significant differences were observed for total blood loss (1531 ± 911 versus 2116 ± 1201, p=0.015), 
drain volume (789 ± 449 versus 1034 ± 559, p=0.027) and intraoperative estimated blood loss with 
mean arterial pressure <75 mmHg (715 versus 1124, p=0.042), all favouring TXA. For EACA, the only 
significant difference was in intraoperative estimated blood loss (769 ± 1080, p=0.037), favouring EACA. 
No significant differences were observed for total blood loss, drain volume or intraoperative estimated 
blood loss with mean arterial pressure <75 mmHg. 

Craniofacial surgery 
One poor-quality Level I study184 that included two Level II studies and two Level III studies, plus an 
additional two Level II studies197–198 were identified. 
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A meta-analysis of 138 children undergoing craniosynostosis surgery to assess perioperative blood loss 
found a significant difference favouring TXA (p=0.0006).184

Drain output (mL) at various times following surgery was measured in 26 paediatric patients undergoing 
major reconstructive craniofacial surgery.197 No significant differences were reported.

Since Level III evidence did not meet the inclusion criteria for this overview, we performed our own 
meta-analysis of Level II studies, which excluded the Level III studies included in the Level I study.184 
This analysis demonstrated a significant reduction in postoperative blood loss (p<0.0001).

ENT surgery 
This review identified one Level I study182 that included one Level II study207 and two Level II studies199; 211 
for ENT surgery.

A study of 400 children undergoing primary isolated adenoidectomy found a significant difference in 
blood loss, favouring topical TXA.207

In an assessment of blood loss in 95 children scheduled for adenotonsillectomy, an intention-to-treat 
analysis of total intraoperative bleeding showed no difference between groups.211

An assessment of surgical field ratings among children with chronic rhinosinusitis undergoing endoscopic 
sinus surgery found a reduction in moderate bleeding (surgical field rating grade 3) favouring TXA at 
15 minutes (16.0% versus 48.0%, p=0.0006) and 30 minutes after beginning surgery (4.0% versus 42.0%, 
p<0.0001).199 There was also a significant difference in bleeding volume, favouring TXA (102 ± 19 versus 
153 ± 23, p<0.0001). 

Clinical commentary – antifibrinolytics in neonatal and paediatric patients 
undergoing surgery
The effect of antifibrinolytics on mortality in neonatal and paediatric patients is unknown. The included 
studies found no difference in mortality but were underpowered. Effects on transfusion volume were 
as follows:

•	 In	paediatric	cardiac	surgery,	the	use	of	antifibrinolytics	reduced	transfusion	volume.	The	strong	
evidence in the adult cardiac surgery population provides additional support to the suggestion that 
antifibrinolytics be used in paediatric patients undergoing cardiac surgery.

•	 In	scoliosis	surgery,	antifibrinolytics	reduce	transfusion	volume.	The	reduction	was	clinically	
significant, and was similar for aprotinin, TXA and EACA.

•	 In	craniofacial	surgery,	aprotinin	and	TXA	reduce	transfusion	volume.	
•	 In	ENT	surgery,	topical	TXA	did	not	reduce	transfusion	incidence.

There are dose-dependent safety concerns for the use of antifibrinolytic drugs in adults; these include 
increased mortality, renal dysfunction, thrombosis, seizures and hypersensitivity. It is uncertain whether 
these concerns extend to the paediatric population. Neonates and those with central venous access 
devices in place may be at increased risk of thrombosis. However, the studies included in this review were 
underpowered to determine the risk of these adverse events. 

A large retrospective cohort study in children undergoing congenital heart surgery did not find any difference 
in mortality or need for dialysis in children receiving aprotinin compared to those not receiving aprotinin.212

Antifibrinolytics should be used at a dose that results in the greatest reduction of blood loss with the 
fewest side effects. The regimens of antifibrinolytics in this systematic review varied markedly between 
studies in dose, timing of boluses and use of infusions. There is little information on pharmacokinetics 
and pharmacodynamics of aprotinin in paediatrics. Data on TXA pharmacokinetics and dose required to 
inhibit hyperfibrinolysis in paediatrics are now emerging in craniofacial and cardiac surgery.213–214 Future 
dose regimens will probably be based on age and weight.
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3.5.9 Neonatal and paediatric patients undergoing surgery –  
effect of recombinant activated factor vII on outcomes

EvIDENCE STATEMENTS –  
surgical (rfvIIa) Ev
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ES4.34 In infants aged <1 year requiring cardiac surgery with 
CPB, the effect of prophylactic rFVIIa compared with no 
rFVIIa on mortality is uncertain.

(See evidence matrix D4.V in Volume 2 of the technical report.)

Na Na

ES4.35 In paediatric patients aged >1 year undergoing cardiac 
surgery, the effect of rFVIIa compared with no rFVIIa on 
mortality is unknown.

Na Na Na Na Na 

ES4.36 In infants aged <1 year requiring cardiac surgery with 
CPB, the effect of prophylactic rFVIIa compared with no 
rFVIIa on transfusion incidence is uncertain. 

(See evidence matrix D4.W in Volume 2 of the technical report.)

Na Na

ES4.37 In paediatric patients aged >1 year undergoing cardiac 
surgery, the effect of rFVIIa compared with no rFVIIa on 
transfusion volume and incidence is unknown.

Na Na Na Na Na 

ES4.38 In infants aged <1 year requiring cardiac surgery with 
CPB, the effect of prophylactic rFVIIa compared with no 
rFVIIa on thromboembolic events is uncertain.

(See evidence matrix D4.X in Volume 2 of the technical report.)

Na Na

ES4.39 In paediatric patients aged >1 year undergoing cardiac 
surgery, the effect of rFVIIa compared with no rFVIIa on 
thromboembolic events is unknown.

Na Na Na Na Na 

ES4.40 In paediatric patients undergoing cardiac surgery, the 
effect of rFVIIa compared with no rFVIIa on bleeding 
events is unknown.

Na Na Na Na Na 

CPB, cardiopulmonary bypass; ES, evidence statement; rFVIIa, recombinant activated factor VII

=A; =B; =C; X=D; Na, not applicable

RECOMMENDATION – surgical (rfvIIa)

R12 In paediatric patients undergoing cardiac surgery with cardiopulmonary bypass, the 
routine use of rfvIIa is not recommended. 

GRade c
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PRACTICE POINT – surgical (rfvIIa)

PP40 The administration of rfvIIa may be considered in the perioperative patient with life-
threatening haemorrhage after conventional measures, including surgical haemostasis, 
use of antifibrinolytics and appropriate blood component therapy have failed.a, b

a  rfvIIa is not licensed for this use; its use should only be considered in exceptional circumstances. 
b  See R22 and PP20 in Patient Blood Management Guidelines: Module 2 – Perioperative.2

PP, practice point, R, recommendation; rFVIIa, recombinant activated factor VII

Background
rFVIIa activates the formation of prothrombinase complex. It has a local mode of action in areas where 
tissue factor or phospholipid are exposed. At pharmacological doses, rFVIIa bypasses conventional 
steps in the coagulation cascade and acts directly on activated platelets at the injury site, leading to the 
generation of a fully stabilised fibrin clot. 

Summary of evidence
One good-quality systematic review215 that included one RCT216 was identified. Patients in the RCT were 
infants under 1 year of age with congenital heart disease who required surgery with CPB.

Mortality
No deaths were reported in the included study.

Transfusion volume and incidence
The study reported no difference in transfusion incidence.216 Transfusion volume was not reported.

Thromboembolic events
No thromboembolic events were reported in the included studies.

Bleeding events
No bleeding events were reported in the included studies.

Clinical commentary – rfvIIa in neonatal and paediatric patients undergoing surgery
There is limited evidence regarding the use of rFVIIa in paediatric patients. There are concerns about 
safety, particularly about thromboembolic events. Its routine use is not advised; however, it may have a 
role in patients with life-threatening haemorrhage, where conventional measures have been ineffective. 
In Australia, rFVIIa is not licensed for use in major bleeding, and its role should be limited to exceptional 
circumstances. 
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3.5.10 Neonatal and paediatric patients undergoing surgery – effect of 
miniaturised cardiopulmonary bypass systems on outcomes

EvIDENCE STATEMENTS –  
surgical (miniaturised CPB systems) Ev
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ES4.41 In infants aged <1 year undergoing cardiac surgery with 
CPB and extracorporeal circulation support, the effect of 
a miniaturised CPB system compared with a standard-
sized system on mortality is uncertain.

(See evidence matrix D4.Y in Volume 2 of the technical report.)

X Na Na

ES4.42 In paediatric patients aged >1 year undergoing cardiac 
surgery with CPB, the effect of a miniaturised CPB 
system compared with a standard-sized system on 
mortality is unknown.

Na Na Na Na Na 

ES4.43 In infants aged <1 year undergoing cardiac surgery with 
CPB and extracorporeal circulation support, the effect of 
a miniaturised CPB system compared with a standard-
sized system on transfusion volume is uncertain.

(See evidence matrix D4.Z in Volume 2 of the technical report.)

X Na

ES4.44 In infants aged <1 year undergoing cardiac surgery with 
CPB and extracorporeal circulation support, the effect of 
a miniaturised CPB system compared with a standard-
sized system on transfusion incidence is unknown.

Na Na Na Na Na 

ES4.45 In paediatric patients aged >1 year undergoing cardiac 
surgery with CPB, the effect of a miniaturised CPB 
system compared with a standard-sized system on 
transfusion volume and incidence is unknown.

Na Na Na Na Na 

CPB, cardiopulmonary bypass; ES, evidence statement 

=A; =B; =C; X=D; Na, not applicable

Background
Miniaturised CPB systems may reduce the systemic inflammatory response, haemodilution and 
coagulopathy often seen with standard-sized CPB systems. In paediatric patients undergoing surgery 
this may lead to reduced transfusion volume or incidence and risk of mortality.

Summary of evidence
One poor-quality RCT involving 60 paediatric patients under 1 year of age scheduled for cardiac surgery 
with CPB was identified.217

Mortality
No deaths were reported in the included study.

Transfusion volume and incidence
The study reported no significant difference in the volume of RBCs transfused.217 
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3.5.11 Critically ill neonatal and paediatric patients – effect of recombinant 
activated factor vII on outcomes

EvIDENCE STATEMENTS –  
critically ill (rfvIIa) Ev
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ES4.46 In critically ill paediatric patients, the effect of rFVIIa 
compared with no rFVIIa on mortality is unknown. Na Na Na Na Na 

ES4.47 In critically ill paediatric patients, the effect of rFVIIa 
compared with no rFVIIa on transfusion volume or 
incidence is unknown.

Na Na Na Na Na 

ES4.48 In critically ill paediatric patients, the effect of rFVIIa 
compared with no rFVIIa on thromboembolic events is 
unknown.

Na Na Na Na Na 

ES4.49 In critically ill paediatric patients, the effect of rFVIIa 
compared with no rFVIIa on bleeding events is 
unknown.

Na Na Na Na Na 

ES, evidence statement; rFVIIa, recombinant activated factor VII

=A; =B; =C; X=D; Na, not applicable

Background
rFVIIa activates the formation of prothrombinase complex. It has a local mode of action in areas where 
tissue factor or phospholipid are exposed. At pharmacological doses, rFVIIa bypasses conventional 
steps in the coagulation cascade and acts directly on activated platelets at the injury site, leading to the 
generation of a fully stabilised fibrin clot. 

Summary of evidence
This review did not identify any eligible Level I or Level II studies.

Clinical commentary – rfvIIa in critically ill paediatric patients
There is limited evidence regarding the use of rFVIIa in paediatric patients. There are concerns about 
safety, particularly about thromboembolic events. Its routine use is not advised; however, it may 
have a role in patients with life-threatening haemorrhage, including trauma patients and those on 
extracorporeal life support (ECLS), where conventional measures have been ineffective. In Australia, rFVIIa 
is not licensed for use in major bleeding, and its role should be limited to exceptional circumstances. 
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3.5.12 Critically ill neonatal and paediatric patients – effect of viscoelastic 
point-of-care testing on outcomes 

EvIDENCE STATEMENTS –  
critically ill (viscoelastic POC testing) Ev
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ES4.50 In critically ill paediatric patients, the effect of 
viscoelastic POC testing compared with no viscoelastic 
POC testing on mortality is unknown.

Na Na Na Na Na 

ES4.51 In critically ill paediatric patients, the effect of 
viscoelastic POC testing compared with no viscoelastic 
POC testing on transfusion volume or incidence is 
unknown.

Na Na Na Na Na 

ES4.52 In critically ill paediatric patients, the effect of 
viscoelastic POC testing compared with no viscoelastic 
POC testing on bleeding events is unknown.

Na Na Na Na Na 

ES, evidence statement; POC, point-of-care 

=A; =B; =C; X=D; Na, not applicable

Background
Viscoelastic POC testing includes TEG and ROTEM. These tests measure clot development, stabilisation 
and dissolution (fibrinolysis), which reflect in vivo haemostasis. In critically ill paediatric patients, these 
techniques offer improvements over traditional laboratory testing in the assessment of bleeding patients. 

Summary of evidence
This review did not identify any eligible Level I or Level II studies.

Clinical commentary – viscoelastic POC testing in critically ill paediatric patients
Further studies are required to clarify the role of viscoelastic POC testing in neonatal and paediatric 
critical-care patients, including those undergoing ECLS.
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3.6 Considerations for Aboriginal 
and Torres Strait Islander 
neonates and children

3.6.1 Key points
As recipients of health care, Aboriginal and Torres Strait Islander (referred to hereafter as Indigenous) 
neonates and children are entitled to culturally safe health care.n Also, the distance between the 
neonate’s or child’s residence and the health-care service should be considered. These aspects apply to 
this and the previous five modules in these guidelines.

All the recommendations, practice points and expert opinion points identified in this module apply to 
Indigenous neonates and children. Additional information is given here to highlight the effect of social 
determinants in relation to anaemia in Indigenous children.

Indigenous women and babies in Australia continue to have poor maternal and infant outcomes.219 
Maternal factors affect the child’s risk of iron deficiency and anaemia. These factors include: 

•	 higher	fertility	rate	(2.6%	Indigenous	versus	1.9%	non-Indigenous	in	2009)228 and higher parity 
•	 more	frequent	teenage	births	(21%	Indigenous	versus	4%	non-Indigenous	in	2009)228

•	 more	limited	access	to	affordable	nutritious	food228

•	 higher	rates	of	medical	comorbidities,	such	as	chronic	renal	disease,	diabetes,	chronic	vascular	
disease and rheumatic heart disease228

•	 higher	rates	of	hookworm	in	certain	communities229

•	 higher	rates	of	Helicobacter pylori.230

Other factors that disproportionately affect Indigenous Australians include:

•	 more	likely	to	live	in	remote	communities228; 231

•	 less	likely	to	participate	in	preventative	health	care228

•	 less	engagement	in	antenatal	care	(due	to	a	variety	of	factors	including	lack	of	culturally	safe	
services, financial barriers, transport issues and other community or family commitments that take 
priority)231

•	 more	frequent	single-parent	families228

•	 higher	smoking	rate.228; 231

These factors may contribute to the higher frequency of low birth weight and preterm birth than in non-
Indigenous women (13.8% versus 8.1%).228; 231

There is a high prevalence of IDA in children from remote Indigenous communities.28 A retrospective 
cohort study of 398 Indigenous infants from remote northern Australia found that 68% of children were 
anaemic.27 Also, the Early Childhood Nutrition and Anaemia Prevention Project found that nearly 90% of 
infants and young children were anaemic at least once between 6 months and 2 years of age.26

n For this module, cultural safety is defined as the ‘effective (health care) of a person/family from another culture 
by a (health professional) who has undertaken a process of reflection on (their) own cultural identity and (that) 
recognises the impact of the (health professional’s) culture on their own (health professional’s) practice’. Unsafe 
cultural practice is defined as ‘any action which diminishes, demeans or disempowers the cultural identity and 
wellbeing of an individual’218 (p.6). The terminology as well as the meaning of culturally secure care is extensively 
described in the literature219–227 and can be confusing for the non-expert.
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Risk factors for Indigenous children to develop iron deficiency include maternal iron deficiency, low birth 
weight, late or insufficient introduction of iron-rich solids and a higher burden of infectious disease such 
as hookworm infection.28; 30; 232 Babies born to Indigenous women are twice as likely to be of low birth 
weight, which is a risk factor for iron deficiency and anaemia.

Maternal nutritional status exerts a significant influence on fetal iron status, emphasising the importance 
of maternal iron sufficiency in reducing the risk of anaemia in the child.233 Indigenous women who live in 
remote areas were significantly more likely to have low Hb levels than those in non-remote areas (10.1% 
compared with 6.9%).232 Because Indigenous babies are considered to be at a higher risk of IDA, deferred 
cord clamping should be considered (see Section 3.5.1).

A number of gaps in the evidence have been identified in this module, and an overriding consideration is 
the paucity of studies that specifically identify Indigenous neonates and children among the participants.

The Congress of Aboriginal and Torres Strait Islander Nurses and Midwives (CATSINaM), the Australian 
College of Midwives and CRANA Pluso provide the following points:p

•	 Care	should	be	person-centred,	with	Australian	Indigenous	neonates,	children	and	their	families	
acknowledged as individuals with needs, values and preferences that must be considered within 
health-care decisions that are considered nonurgent.

•	 Care	should	be	honest,	with	transparency	of	information	and	options	around	standard	practices	
at the time of birthing (e.g. deferred cord clamping or collection of cord blood), so that Australian 
Indigenous women (and parents) can make informed choices that suit their infants and children.

•	 Care	should	be	respectful,	with	choice	and	flexibility	for	Australian	Indigenous	parents	and	legal	
guardians, and parents and guardians should be supported within those choices (e.g. through 
initiatives to increase safety away from health services, and to increase cultural aspects within 
services).

•	 Care	should	be	provided	with	cultural	integrity	and	safety,	and	coordinated	according	to	the	needs	
of the Australian Indigenous neonate and child; these should include cultural, emotional and 
psychosocial needs, as well as clinical needs.

•	 Care	should	be	collaborative	and	multidisciplinary,	with	health	professionals	respectfully	placing	
Australian Indigenous parents, legal guardians and families at the centre of the service being 
provided.

o CRANA Plus is a professional organisation representing Australian rural and remote nurses and midwives  
(see https://crana.org.au/).

p This is a draft list that has been adapted and reproduced here with permission.
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The CRG developed background questions in relation to PBM for neonatal and 
paediatric patients. Key issues in relation to neonatal and paediatric patients are:

•	 	their	changing	body	composition	and	physiology	related	to	development	and	
growth, which means that the risks and benefits for this population can differ from 
those that apply to adult patients

•	 	the	potential	for	lifelong	consequences	of	treatments	given	during	infancy	and	
childhood

•	 	certain	disorders	that	are	unique	to	infancy	and	childhood.	

Background questions 1 and 3 address the special vulnerability of young patients. The 
first question addresses the circumstances in which the use of blood products that 
have been selected on the basis of specific characteristics or that have been specially 
treated may improve short or long-term outcomes. The third question relates to the 
fact that blood loss due to phlebotomy and sampling lines can substantially contribute 
to the risk of anaemia and incidence of transfusion in neonatal and paediatric patients 
who undergo prolonged hospitalisation, have high severity of illness or have chronic 
conditions. The question explores methods to miminise these losses.

Background question 2 addresses fetal transfusion, which was the earliest form of fetal 
treatment and remains among the most successful. 

Background questions 4 and 6 cover issues that have been addressed as general or 
specific questions for other modules, but in which there are substantial differences 
between adults and children that lead to uncertainties about whether adult evidence 
can be extrapolated. Because there are low levels of evidence in relation to children, 
these questions have been readdressed in this module as background questions. 
The main issues are the use of haemostatic agents to prevent excessive blood loss in 
neonatal and paediatric patients undergoing major surgery (Background question 4), 
and the need to adapt the massive transfusion protocol developed in Module 1 (Critical 
Bleeding/Massive Transfusion1) for neonatal and paediatric patients (Background 
question 6). The massive transfusion protocol has been renamed here as a ‘critical 
bleeding protocol’ to more accurately reflect the clinical problem, rather than just one of 
the modalities used to address it. 

Infants and children have particular risk factors for IDA. Background question 5 
explores these risk factors and provides guidance about iron therapy. 

4 Background 
questions
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4.1 Selection of blood products

Background question 1
for fetal, neonatal or paediatric patients, does selection of specific blood products, 
when compared with routine blood products, improve outcomes?

4.1.1 use of ‘fresh’ RBCs in fetal, neonatal or paediatric patients

For	fetal,	neonatal	or	paediatric	patients,	do	‘fresh’	(≤7	days)	RBCs,	when	compared	with	older	
RBCs, improve outcomes?
RBC, red blood cell

Retrospective and prospective studies have raised concerns that patients receiving older blood have an 
increased mortality compared to patients receiving newer stored units. 

Refrigerated storage results in a ‘storage lesion’, characterised by metabolic derangements, changes in RBC 
shape and rheology, loss of membrane carbohydrates, oxidative injury to lipids and proteins, changes in 
oxygen affinity and delivery, increased adhesion of RBCs to endothelial cells, and reduced lifespan.234 There 
are also secondary risks of rising concentrations of potassium and plasticiser, and shedding of active proteins, 
lipids and microvesicles.234 Together, these storage-related changes could increase the risks and reduce 
benefits of transfusion, but it is not clear whether they have a significant effect on clinical outcomes.235 The 
circumstances in which guidelines have suggested use of fresher RBCs are those in which:

•	 toxic	effects	may	be	magnified	by	the	patient’s	immaturity	or	by	the	size,	rapidity	or	frequency	of	
transfusion

•	 even	small	increases	in	the	longevity	of	the	transfused	RBCs	may	be	a	major	advantage.	

There is insufficient evidence on which to base strong recommendations for the use of ‘fresh’ RBCs 
in fetal, neonatal or paediatric patients. Nevertheless, the circumstances in which ‘fresh’ RBCs are 
recommended in previous guidelines include:

•	 fetal	intrauterine	transfusion	(IUT)236–238

•	 exchange	transfusion	and	large-volume	(e.g.	>25	mL/kg)	transfusion	of	neonates	and	infants	under	
1 year of age239–241

•	 infants	and	children	undergoing	cardiac	surgery	using	CPB
•	 chronically	transfused	patients.242

For infants and children undergoing cardiac surgery using CPB, a retrospective study reported lower rates 
of major complications in those in whom ‘fresh blood’ (<4 days old) was used to prime the CPB circuit.243

For neonatal patients undergoing top-up transfusion, a randomised trial found no difference in 
mortality or acute organ dysfunction between infants receiving RBCs stored for <7 days (mean 5.1 days) 
and those receiving older RBCs (mean 14.6 days).244 In contrast, in observational studies, transfusion of 
older RBCs in PICU patients has been associated with increased incidence of multiorgan failure and PICU 
length of stay.245–246

In the chronically transfused patient, it is desirable to maximise the RBC in vivo survival time. It is thought 
that by transfusing fresher RBCs, the RBC will last for longer, potentially extending the transfusion 
interval.243–244; 247 
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ExPERT OPINION POINT – ‘fresh’ RBCs in fetal, neonatal and paediatric patients

eOP7 ‘fresh’ (<7 days) RBCs are not advocated for routine use, but may be considered in 
the following clinical situations:

•	 intrauterine transfusion (<5 days, if available)
•	 large-volume transfusion (>25 ml/kg)
•	 exchange transfusion
•	 cardiac surgery
•	 transfusion-dependent chronic anaemia (RBCs <14 days)
•	 where irradiated blood products are used.

EOP, expert opinion point; RBC, red blood cell

4.1.2 Kell antigen system
Antibodies against Kell (K) blood group antigens can cause severe transfusion reactions and HDFN. 
Anti-K antibodies develop as a result of blood transfusion (50–88% of sensitisations), or through 
pregnancy.248–249

Avoiding transfusion-related K sensitisation of women and girls who may bear children is an important 
priority. Where possible, K-negative RBCs should be selected for transfusion for all females of 
childbearing potential who are K negative or whose K antigen status is unable to be determined prior to 
transfusion. In Australia, donor K status is generally indicated on the blood product label. 

To reduce the risk of alloimmunisation and transfusion reactions, both male and female chronically 
transfused patients (e.g. patients with haemoglobinopathies or congenital anaemia) should have 
an extended phenotype performed (e.g. Rh, K, Kidd, Duffy and Ss) before their first RBC transfusion. 
Transfusions should be routinely matched for K, Rh (D, C, c, E, e) antigens and (where readily available) 
red cell phenotype.242; 249

ExPERT OPINION POINTS – Kell antigen system

eOP8 Where possible, K-negative RBC should be selected for transfusion for all females of 
childbearing potential who are K negative or whose K antigen status is unable to be 
determined prior to transfusion. This includes fetal transfusion.

eOP9 In both male and female chronically transfused patients, RBC should be selected to 
match RhD, C/c, E/e and K antigen status.

EOP, expert opinion point; K, Kell; RBC, red blood cell

4.1.3 use of irradiated cellular blood products in neonates and children
TAGVHD is a rare and usually fatal complication of transfusion of cellular blood products. It is caused by 
failure to destroy donor T lymphocytes, which then proliferate and cause an immune response. TAGVHD 
occurs in immunocompromised recipients; it may also occur in immunocompetent recipients of products 
from a related or human leucocyte antigen (HLA)-matched donor.

TAGVHD is prevented by using irradiated (with 25 Gy gamma radiation) cellular blood components; 
leucodepletion alone is insufficient. It is not necessary to irradiate acellular products such as 
FFP, cryoprecipitate, IVIg, albumin and factor concentrates. Blood stem cells for the purposes of 
transplantation must not be irradiated. 
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Table 4.1 Indications for irradiation of cellular products

ABSOluTE INDICATIONS

(RBCS, PlATElETS AND GRANulOCYTES 
MuST BE IRRADIATED)

RElATIvE INDICATIONS 

(IRRADIATION Of CEllulAR PRODuCTS 
MAY BE CONSIDERED)

fetus and neonate •	 IUT17

•	 IUT and subsequent transfusions up to 
the age of 6 months17

•	 Neonatal exchange transfusion 
(provided no critical delay in 
transfusion)

•	 Neonates with a birth weight of 
≤1300	g	(especially	if	gestation	
<28 weeks or birth weight <900 g)17

Immunodeficiency •	 Known or suspected congenital cellular 
immunodeficiency (e.g. SCID, Wiskott 
Aldrich syndrome, ataxia telangiectasia 
and 22q11 deletion syndromes)

Specific blood 
products

•	 HLA-matched cellular products other 
than stem cells

•	 Blood components donated by first or 
second-degree relatives

Stem cell 
transplantation

•	 Allogeneic and autologous 
transplantation

•	 See relevant guidelines17–18; 249 for 
advice on when use of irradiated 
products can cease

Chemotherapy and 
malignancy17

•	 Hodgkin lymphoma – indefinitely

•	 Treatment with purine analogues – 
indefinitely

•	 Treatment with Alemtuzumab (anti-
CD52) therapy – at least 12 months 
from last dose

•	 Treatment with ATG – 
recommendations for duration are not 
available, consider indefinitely

•	 All other patients undergoing 
chemotherapy should be decided on an 
individual basis, taking into account the 
intensity of the immunosuppression

ATG, antithymocyte globulin; HLA, human leucocyte antigen; IUT, intrauterine transfusion; RBC, red blood cell; SCID, 
severe combined immunodeficiency

Circumstances where irradiated cellular blood products are not required 
Irradiated cellular blood products are not required in:

•	 HIV	infection

•	 humoral	immunodeficiency

•	 patients	treated	with	Rituximab

•	 patients	undergoing	solid	organ	transplantation.
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Cautions in relation to use of irradiated cellular blood products
Irradiation of RBCs used for large-volume transfusion may increase the risk of hyperkalaemia; therefore, 
the risk of TAGVHD should be balanced against this risk. To minimise the risk of hyperkalaemia in 
large-volume transfusion, irradiated RBCs should be as fresh as possible (<7 days old) and should be 
transfused within 24 hours of irradiation. 

ExPERT OPINION POINTS – irradiated cellular blood products

eOP10 Irradiated cellular blood products (RBCs and platelets) are used to prevent transfusion-
associated graft-versus-host disease, and are indicated for:

•	 intrauterine transfusion, and recipients of prior intrauterine transfusion up to 
6 months of age 

•	 suspected or known severe congenital T-cell immunodeficiency (e.g. severe 
combined immunodeficiency)

•	 severe acquired T-cell dysfunction, related to either disease or drug therapy (see 
published guidelines17–18)

•	 human leukocyte antigen-matched cellular blood products (RBCs, platelets and 
granulocytes). 

They may also be considered for:

•	 neonatal exchange transfusion, provided this does not unduly delay transfusion

•	 very low birth weight neonates, especially extremely preterm (<28 weeks) or 
extremely low birth weight infants

•	 certain patients undergoing chemotherapy (depending on degree of 
immunosuppression).

eOP11 Stem cells must not be irradiated.

eOP12 Hyperkalaemia may occur when large volumes of irradiated blood are transfused. In 
patients at risk, irradiated blood should be as fresh as possible (<7 days) and used 
within 24 hours of irradiation. 

eOP13 Patients at high risk of transfusion-associated graft-versus-host disease should be 
informed of the need for irradiated blood products. Also, alerts should be incorporated 
in the information systems of the health service and transfusion laboratory.

EOP, expert opinion point; RBC, red blood cell

4.1.4 use of cytomegalovirus-negative blood products

for fetal, neonatal or paediatric patients, does selection of specific blood products  
(e.g. CMv-negative blood products), when compared with routine blood products, 
improve outcomes? 
CMV, cytomegalovirus

Cytomegalovirus (CMV) is common; it gives rise to chronic, persistent and (for the most part) 
asymptomatic infection. However, CMV infection can be serious or life-threatening in the fetus or 
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newborn, and in patients with severe T-cell deficiency. CMV can be transmitted by cellular blood products, 
but the risk of transfusion-transmitted CMV infection has reduced as the use of fresh whole blood has 
diminished and the use of leucodepleted blood components has become routine. 

The risk of CMV transmission through blood products is significantly reduced by either donor screening 
for CMV or prestorage leucodepletion.250–252 However, CMV transmission can still occur from CMV-
seronegative products due to collection from donors who are in the window period between acquisition of 
virus and seroconversion (who may have high viral load). Transmission from seropositive leucodepleted 
products can occur due to failure of the leucodepletion filter.253–254

Selection of CMv-negative blood products
Neonates and intrauterine transfusions 
Guidelines for neonates vary widely, and include recommendations both for and against routine 
use of CMV-seronegative products.236–237; 255–257 With routine leucodepletion, it is likely that the risk of 
transmission from cellular blood products is low,253 whereas maternal breast milk represents a common 
source of infection. 

Bone marrow transplant, solid organ transplant, and other haematology and oncology 
patients
Use of CMV-seronegative screened blood components and leucoreduced blood components are probably 
equivalent in these populations, and both result in a low rate of transmission.257–259 The statement from 
the UK’s Advisory Committee on the Safety of Blood, Tissues and Organs (SaBTO) notes that CMV-
seronegative RBCs and platelets can be replaced with standard prestorage leucodepleted components 
for all these patient groups, including those who may require a transplant in the future.257

The routine use of CMV PCR monitoring in seronegative bone marrow transplant patients (and their donors) 
allows early detection and treatment of CMV infection (either primary acquired or transfusion related).

HIv and immunodeficient patients
The SaBTO statement concludes that prestorage leucodepletion is sufficient to prevent the transmission 
of CMV in HIV-infected patients. In patients with severe combined immunodeficiency (SCID) who are CMV 
negative, the use of CMV-negative products should be considered. 

Granulocyte transfusions 
CMV-positive granulocyte transfusions have the potential to transmit large amounts of intracellular 
CMV. Leucodepletion is contraindicated (because it would deplete the granulocytes); therefore, CMV-
seronegative granulocytes should be provided for recipients who are CMV seronegative or whose status 
is unknown.257 
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ExPERT OPINION POINTS – CMv-negative cellular products

eOP14 CMv-negative products may be considered in the following situations:

•	 intrauterine transfusion 

•	 preterm neonates (up to 28 days after expected date of delivery)

•	 patients with severe combined immunodeficiency who are CMv negative 

•	 stem cell transplantation where both donor and recipient are known to be 
CMv negative

•	 granulocyte transfusions for recipients who are CMv seronegative, or whose status 
is unknown. 

CMv-negative products are generally not required in other clinical settings. 

eOP15 In urgent situations, if CMv-seronegative blood components are not available, 
CMv-unscreened leucodepleted components should be used to avoid delays.

CMV, cytomegalovirus; EOP, expert opinion point

4.1.5  use of human platelet antigen-matched platelets
The human platelet antigens (HPAs) are formed by single nucleotide polymorphisms (SNPs) in the 
platelet glycoprotein genes. These variant glycoproteins can lead to the formation of anti-HPA antibodies 
when people are exposed to a glycoprotein that does not occur on their own platelets. These exposures 
are usually secondary to pregnancy or platelet transfusion.

Numerous HPAs have been reported.260 In Caucasian populations, the most common alloantibodies are 
directed against HPA-1a, followed by anti-HPA-5b.261–262 Other alloantibodies may occur more frequently 
in non-Caucasian populations.263

HPAs have been implicated in fetal and neonatal alloimmune thrombocytopenia (FNAIT), post-
transfusion purpura (PTP) and, rarely, immune-mediated platelet refractoriness.

FNAIT is the leading cause of severe thrombocytopenia in the fetus and neonate and of intracranial 
haemorrhage (ICH) in term infants.264–265 It usually results from maternal alloimmunisation against the 
paternal platelet antigen, leading to the formation of immunoglobulin G (IgG)-class antibodies that can 
cross the placenta. 

Untreated FNAIT is associated with a high rate of ICH (~25%), with most occurring before birth; postnatally, 
the risk is greatest in the first 8 days.265 However, thrombocytopenia can last for several weeks.

Prompt recognition and treatment of FNAIT is vital because of the high risk of ICH.265–266 Investigation of 
the parent’s HPA type and compatibility testing should be undertaken in suspected cases. 

Optimal thresholds for platelet transfusion are uncertain.47 Guidelines from the British Committee for 
Standards	in	Haematology	recommend	a	platelet	threshold	of	30	×	109/L in term neonates,236 and 
50	×	109/L in preterm neonates.266 A higher threshold is considered appropriate if there is active bleeding 
(50	×	109/L,	or	100	×	109/L for intracranial bleeding). 

Antigen-negative platelets are likely to be effective in 95% of cases.154; 265; 267–268 If antigen-negative 
platelets are unavailable, random donor platelets should be used. Maternal platelets are no longer 
recommended because there are significant logistical issues that delay transfusion.265–266; 269
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ExPERT OPINION POINTS – use of human platelet antigen-matched platelets

eOP16 for neonates with known or suspected fetal and neonatal alloimmune 
thrombocytopenia:

•	 urgent platelet transfusion should be given if platelets are below 30 × 109/l in a 
term infant or below 50 × 109/l in a preterm infant, even in the absence of clinically 
significant bleeding

•	 if there is active bleeding, a higher threshold should be considered (100 × 109/l for 
intracranial bleeding, and 50 × 109/l for other sites of bleeding). 

•	 in all cases, a paediatric haematologist should be consulted. 

eOP17 for neonates with known or suspected fetal and neonatal alloimmune 
thrombocytopenia, platelet count response to transfusion should be checked within 
12 hours.

eOP18 for neonates with known or suspected fetal and neonatal alloimmune 
thrombocytopenia, random donor platelets should be used if antigen-matched platelets 
are not immediately available. Continued use of random donor platelets is acceptable 
if antigen-matched platelets cannot be obtained. Because of short survival of random 
donor platelets, repeated transfusion is likely to be needed. 

eOP19 for neonates with fetal and neonatal alloimmune thrombocytopenia, IvIg may be 
considered.20

EOP, expert opinion point; IVIg, intravenous immunoglobulin

4.1.6  use of human leucocyte antigen-matched platelets
The human leucocyte antigen (HLA)-matching of platelets should be considered for management of 
platelet refractoriness. For practical purposes, platelet refractoriness is defined by an absolute platelet 
increment	of	less	than	10–20	×	109/L, 1 hour post-platelet transfusion, on two consecutive occasions. 

Most cases of platelet refractoriness are due to non-immune causes such as splenomegaly, fever, 
infection, disseminated intravascular coagulation, veno-occlusive disease and graft-versus-host disease. 
The use of fresh, ABO-compatible, single-donor apheresis platelets (as opposed to a pooled product) may 
improve platelet increments. In these cases, the usual practice is to continue daily platelet transfusions 
where prophylaxis is indicated, although it is not known whether this approach provides benefit when 
compared to withholding transfusion. 

In a minority of cases, platelet refractoriness is attributable to immune causes.270 Since the introduction 
of leucodepleted platelets, the incidence of alloimmunisation due to immune causes has decreased.271 
Immune platelet refractoriness is most commonly attributable to antibodies to HLAs, and less often to 
antibodies to HPAs. 

Initial investigation of platelet refractoriness should include screening for HLA antibodies. ABO-
compatible, apheresis platelets should be used while waiting for the results of HLA antibody screen. 
Where there are HLA antibodies, HLA-matched platelets should be used. If HLA antibodies are not 
detected or there is a poor response to HLA-matched platelets and no obvious non-immune cause, 
testing for HPA antibodies should be undertaken. If HPA antibodies are detected, then HPA-matched 
platelets should be used.150

Current recommendations are for patients with inherited platelet disorders (e.g. Bernard Soulier 
Syndrome or Glanzmann’s thrombasthenia) to avoid transfusion if possible, to reduce the risk of 
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alloimmunisation. If there is significant bleeding that has not responded to other treatments, then these 
patients should receive HLA-matched platelets, because of the potential need for repeated platelet 
transfusions and the consequent increase in risk of alloimmunisation.272–273 These recommendations 
may be revised in the future because of the reduction in HLA alloimmunisation due to universal 
leucodepletion.154

ExPERT OPINION POINTS – use of human leukocyte antigen-matched platelets

eOP20 for neonatal and paediatric patients with platelet refractoriness attributable to non-
immune causes such as splenomegaly or infection, fresh, ABO-compatible, single-
donor apheresis platelets may improve platelet increment.

eOP21 If the cause of platelet refractoriness is not obvious, investigation should include 
screening for HlA antibodies. HlA-matched platelets should be used if an HlA 
antibody is detected. 

If the HlA antibody screen is negative or there is a poor response to HlA-matched 
platelets, screening for human platelet antigen antibodies should be undertaken, 
followed by use of human platelet antigen-matched platelets if positive. 

eOP22 In patients with inherited platelet disorders such as Bernard Soulier Syndrome and 
Glanzmann’s thrombasthenia, platelet transfusions should be avoided if possible, to 
reduce the patient’s risk of alloimmunisation. If platelet transfusion is unavoidable the 
patient should receive HlA-matched platelets.

EOP, expert opinion point; HLA, human leucocyte antigen

4.1.7  Washed RBCs
Washing of RBCs before transfusion is undertaken to remove substances (antibodies, plasma proteins, 
additive solutions, increased levels of electrolytes, other cellular metabolites or cytokines) that may be 
harmful to some patients.255 Washed units contain 10–20% less RBCs than the original units, but are 
also depleted of 99% of plasma proteins and have reduced amounts of additive solution and extracellular 
potassium. Other potential benefits include reduced immunomodulatory effects of transfusion.274–276 
In regard to risks, RBCs may be damaged during the process and thus be more susceptible to haemolysis.47

Washed RBCs can be provided by the Blood Service; however, washing is time and resource intensive, 
adding 1–2 hours to the product preparation time.23 For patients undergoing surgery, a cell salvage 
machine can be used to wash RBCs if skilled personnel and equipment are available.

In IUT, washed RBCs packed to a Hct of 75–85% can be used to reduce the volume transfused to the 
fetus.277 In paediatric patients receiving large-volume transfusion, washed RBCs may have advantages, 
but these must be weighed against the increased preparation time.238 In paediatric patients undergoing 
cardiac surgery, a systematic review that included three small and heterogeneous trials (two using cells 
washed in the blood bank and one using a cell-saver technique) comparing washed and unwashed 
RBCs was inconclusive.77 In chronically transfused patients, washed RBCs may be considered for the 
management of severe transfusion reactions, including those due to IgA deficiency.77; 278–280

For most small-volume transfusions, the risk of hyperkalaemia is extremely low,281 and the safety of 
additive solutions used for RBCs is established.238 Therefore, routine washing for removal of potassium or 
additive solution is not necessary.238 

Overall, there is insufficient evidence to determine whether washed RBCs improve outcomes in fetal, 
neonatal or paediatric patients.
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4.2 Fetal transfusion

Background question 2
In fetuses at risk for thrombocytopenia or anaemia, do particular strategies for 
detection, intrauterine transfusion and other management improve outcomes and/or 
reduce the need for neonatal transfusion? 

4.2.1 Introduction
IUT of RBCs or platelets can reduce perinatal morbidity and mortality associated with severe fetal 
anaemia or thrombocytopenia. The most common causes of severe fetal anaemia and thrombocytopenia 
that may require IUT are described below, although the use of IUT is not restricted to these aetiologies. 

fetal anaemia 
HDFN occurs when maternal alloimmunisation against RBC antigens (most commonly RhD, Rhc 
and Kell) leads to the formation of IgG antibodies that can cross the placenta and cause fetal RBC 
haemolysis.171; 282–283 Severe anaemia can also occur as a result of fetal infection with parvovirus B19, 
and other rarer causes.

Where there is a risk of anaemia due to HDFN or other causes, women should be referred to a maternal 
fetal medicine specialist for regular ultrasound surveillance that includes Doppler assessment of the 
middle cerebral artery (MCA) peak systolic velocity (PSV), to monitor for signs of severe fetal anaemia 
undergoing IUT.284 In cases of severe fetal anaemia, IUT with RBCs can prevent hydrops and fetal death, 
and promote prolongation of the pregnancy. Repeat transfusions may be needed, with timing based on 
empiric time intervals or on MCA PSV values.285–286

fetal thrombocytopenia
IUT of platelets can be used to treat severe fetal thrombocytopenia due to FNAIT, with the aim of reducing 
the risk of neonatal ICH. Due to the high risk associated with fetal blood sampling (FBS) and intrauterine 
platelet transfusion, there has been a move away from platelet IUT and towards non-invasive treatments, 
especially maternal IVIg. Platelet IUT should be considered in cases of FNAIT where there is recent fetal ICH 
or a previous history of a severely affected fetus, or in cases refractory to maternal IVIg therapy.287

Potential complications of IuT 
The overall complication rate of 3.1% includes the potential for fetal loss (1.6–1.7% per procedure).288–289 
In HDFN, each IUT can expose the mother to fetal RBCs, resulting in an increase in the mother’s antibody 
titre, and potentially worsening the disease process. Before 18 weeks gestation, IUT is technically difficult. 
Beyond 35 weeks gestation, the risk to the fetus from IUT should be weighed against the risks from early 
delivery and postnatal treatment.
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Table 4.2 Products for intrauterine transfusion 

BOTH RBCS AND PlATElETS

•	 Leucodepleted
•	 CMV negative (although leucodepletion may suffice – see Section 4.1.4)
•	 Irradiated to prevent TAGVHD

RBCS PlATElETS

•	 Plasma reduced (Hct 0.70–0.85) 
•	 Citrate phosphate dextrose anticoagulant 

(theoretical risk of toxicity from other additive 
solutions)

•	 <5 days old
•	 Group O with low-titre haemolysins (or ABO 

identical with the fetus)
•	 RhD and Kell negative, and RBC antigen negative for 

maternal alloantibodies
•	 Indirect antiglobulin test cross match compatible 

with the mother’s plasma

•	 Compatible with any maternal alloantibody 
(e.g. anti-HPA)

•	 Concentration	1000–2100	×	109/L

CMV, cytomegalovirus; Hct, haematocrit; HPA, human platelet antigen; RBC, red blood cell; TAGVHD, transfusion-
associated graft-versus-host disease

Adapted from UK Blood Services (2013)249

ExPERT OPINION POINTS – fetal transfusion

eOP23 Management of pregnancies at risk of fetal anaemia or thrombocytopenia should be 
undertaken in facilities with appropriate expertise in ultrasound imaging and invasive 
fetal interventions, and that have access to specific blood products and neonatal 
intensive care.

eOP24 Pregnancies at risk of fetal anaemia should be assessed by Doppler ultrasound of the 
fetal middle cerebral artery peak systolic velocity, to determine whether fetal blood 
sampling and intrauterine transfusion are necessary. 

eOP25 Pregnant women who have had a prior pregnancy with fetal or neonatal intracranial 
haemorrhage or thrombocytopenia due to fetal and neonatal alloimmune 
thrombocytopenia should be managed with IvIg.20

eOP26 fetal blood sampling should be considered to assess response to IvIg in those who 
have had a previous child with intracranial haemorrhage due to fetal and neonatal 
alloimmune thrombocytopenia. The risk of fetal blood sampling should be balanced 
against the risk of bleeding due to suboptimal IvIg response.

EOP, expert opinion point; IVIg, intravenous immunoglobulin
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4.3 Non-pharmacologic blood 
conservation strategies

Background question 3
In neonatal and paediatric patients, do non-pharmacological blood conservation 
strategies aimed at minimisation of blood loss from sampling reduce the incidence of 
red cell transfusion?

4.3.1  Introduction
Phlebotomy blood loss accounts for most of the total blood loss in children in all age groups during 
hospitalisation, and is significantly associated with RBC transfusion requirements.290 Strategies aimed at 
minimisation of blood loss from sampling should therefore be part of routine blood conservation efforts.

4.3.2  Early removal of sampling lines
After adjusting for severity of illness in neonates requiring intensive care, indwelling arterial lines are 
significantly associated with increased phlebotomy blood loss.291 In an observational study, overdrawn 
blood sampling (in excess of laboratory requirements) was higher for central venous lines than 
indwelling arterial lines, peripheral IV catheters or peripheral draws.292 However, the safety and efficacy 
of early removal of sampling lines have not been evaluated in children. A balance of risks associated 
with indwelling vascular lines, and the difficulty of obtaining samples via other routes should be taken 
into account. 

4.3.3  Avoiding excess phlebotomy volumes
Phlebotomy losses can be up to 25% in excess of the need for the analytical procedure in NICU patients, 
and up to 375% in PICU patients, where the highest losses (in mL/kg) are in the youngest patients.292–293 

Steps to minimise cumulative phlebotomy volumes include:294

•	 adherence	to	minimum	sample	volumes	needed	for	analysis
•	 careful	sampling,	labelling	and	handling	technique,	to	reduce	sample	rejection	by	the	laboratory
•	 use	of	paediatric	collection	tubes
•	 automated	laboratory	equipment	capable	of	analysing	smaller	blood	samples
•	 use	of	non-invasive	or	POC	techniques	to	estimate	Hb,	coagulation	status,	blood	gases	and	

other analytes. 
Also, see Section 4.3.6. 

4.3.4  As-needed or rationalisation of blood sampling
There is a strong correlation between severity of critical illness and blood sampling in both NICU and PICU 
patients.290; 295 Therefore, in some patients, large phlebotomy losses are an inevitable result of appropriate 
investigation and monitoring. Nevertheless, strategies that involve rationalisation of laboratory tests 
have been shown to be safe and effective in adult patients,296–298 and are widely recommended (although 
they have not been empirically tested) for chronically or critically ill neonatal and paediatric patients.299–303
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4.3.5  Replacement or avoidance of discard or void volumes in 
sampling lines

Returning void volumes in sampling lines is traditional practice in many NICUs and PICUs. Passive 
backflow or active aspiration methods can minimise iatrogenic blood loss and yield reliable analytical 
results in children.304 Closed inline blood conservation devices have been demonstrated in adults to 
be safe and effective in reducing phlebotomy volumes.305 Thus, they have the potential to reduce RBC 
transfusion requirements for children, but their cost-effectiveness is untested.305–306

4.3.6  Non-invasive techniques for testing of Hb, blood gases 
and other analytes

An inline ex vivo blood gas and chemistry monitoring system (VIA-LVM, VIA Medical, Austin, Texas, 
USA) attached to an umbilical arterial catheter has been studied in neonates and infants. The system 
significantly reduced phlebotomy volumes and requirement for transfusion of volume and RBCs in very 
low birth weight infants.307–308 Such inline blood analysis devices have become standard in neonatal and 
paediatric ECLS, but they have not been routinely used in non-ECLS patients. Optimal use of non-invasive 
techniques such as the respiratory function monitoring capabilities of contemporary ventilators, end-
tidal carbon dioxide (ETCO2) monitoring and transcutaneous and regional oxygen saturation (TcSO2, rSO2) 
monitoring has the potential to reduce phlebotomy losses. 

ExPERT OPINION POINT – strategies for minimisation of blood loss

eOP27 Strategies to safely minimise phlebotomy losses should be used for all neonatal and 
paediatric patients. Such strategies may include (where safe and feasible):

•	 use of ‘as-needed’ rather than routine sampling

•	 meticulous avoidance of blood overdraw

•	 return of void volumes to sampling lines

•	 use of closed inline sampling devices

•	 judicious use and ‘on-time’ removal of sampling lines

•	 optimal sampling technique and sample handling to minimise rejection of samples 
by laboratory

•	 laboratory equipment that uses the smallest possible sample volumes

•	 use of non-invasive techniques and point-of-care devices

•	 audit compliance and cumulative phlebotomy losses in selected groups of patients at 
regular intervals.

EOP, expert opinion point

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics 149

Background questions
4



4.4 Strategies to minimise blood 
loss in cardiac surgery

Background question 4
In perioperative neonatal and paediatric patients undergoing cardiac surgery, do 
strategies to minimise blood loss reduce the incidence of transfusion?

4.4.1  Prothrombin complex concentrate
The prothrombin complex concentrate (PCC) available in Australiaq contains factors II, IX and X. Because 
its content of factor VII is clinically insignificant, it is considered a ‘3-factor PCC’.309–310

The Australasian Society of Thrombosis and Haemostasis recently updated its advice on reversal of 
vitamin K antagonist (VKA) in patients with high international normalised ratio, bleeding and in the 
perioperative setting.21 In adults, PCC can quickly and reliably reverse the effects of VKA, with the caveat 
that 3-factor PCC might need to be supplemented with FFP transfusion, as a source of factor VII.311–312 
There are no trials or studies addressing safety and dosing in children; also, 3-factor and 4-factor 
PCC have not been compared.313 Nevertheless, PCC may have a role in urgent surgery where there is 
insufficient time for reversal of VKA using vitamin K. On the basis of observational studies in paediatric314 
and adult315 patients, low-dose PCC may have a role in controlling bleeding post-CPB.

The use of PCC in lieu of FFP has the potential to reduce the risk of transfusion-associated adverse 
reactions in neonatal and paediatric patients undergoing surgery.60; 316–326 

ExPERT OPINION POINTS – strategies for minimisation of blood loss

eOP28 Prothrombin complex concentrates may be considered in neonatal and paediatric 
patients undergoing urgent surgery who are receiving vitamin K antagonists.21

eOP29 Prothrombin complex concentrates may be considered to treat bleeding in paediatric 
patients at high risk of volume overload (e.g. those who have undergone cardiac surgery 
on cardiopulmonary bypass).

EOP, expert opinion point

4.4.2  Topical haemostatic agents
Topical haemostatic agents (THAs) can be used in surgery to prevent or control bleeding, as one element 
of an approach to blood conservation (see Box 4.1).327–328

There are a variety of different THAs on the market, with distinct mechanisms of action and 
characteristics. Some act by compression (pads or cloth-like materials), others by sealing off a bleeding 
area. They are used mostly for vascular anastomoses, localised oozing spots and at the sternum, when 
other measures to control haemostasis have failed. In general, THAs decrease the time needed to obtain 
haemostasis.

q The PCC available in Australia is produced by CSL Limited, and distributed by the Australian Red Cross Blood Service.
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Use of these products depends on the surgeon’s preference, availability, type of bleeding (arterial or 
capillary), patient coagulation status (normal or deranged), and tissue or compartment where the product 
will be used.329

The various products have different applications, mechanisms of action and risks.15; 309; 330–338 Thus, it 
is critical to follow the manufacturer’s instructions for use, and consider the product-specific safety 
information.

Box 4.1 Strategies to improve blood conservation in paediatric cardiac surgeryr

•	 Careful	planning	of	the	surgical	procedure,	taking	blood	conservation	into	account

•	 Meticulous	surgical	technique

•	 Judicious	use	of	diathermy	and	other	electrosurgical	technologies

•	 Systemic	antifibrinolytics	(e.g.	TXA)	

•	 Controlled	intraoperative	hypotension

•	 Judicious	use	of	THAs	(e.g.	thrombin,	collagen	and	fibrin	glue)

•	 Strategies	to	facilitate	chest	re-entry	(e.g.	closure	or	reconstitution	of	the	pericardium,	and	
protection of the innominate vein)

•	 Strategies	to	decrease	mediastinal	adhesions	(e.g.	use	of	dissolvable	suture	material	where	
appropriate)

•	 Consideration	of	the	use	of	reduced	CPB	prime	volume	and	smaller	circuits

•	 Haemofiltration	or	modified	ultrafiltration	for	cases	operated	on	under	CPB339

•	 Cell	salvage	of	residual	CPB	blood340

Quality of the evidence
There are few studies of THAs in paediatric patients.309; 336; 341–357 Recent blood conservation guidelines for 
adults, from the Society of Thoracic Surgeons and Society of Cardiovascular Anesthesiologists in the USA, 
suggest that the use of THA may be considered based on level C evidence (consensus opinion of experts, 
case studies or standard of care).353

ExPERT OPINION POINTS – topical haemostatic agents

eOP30 Topical haemostatic agents may be considered in neonatal and paediatric surgical 
patients as an adjuvant to control bleeding.

eOP31 The use of topical haemostatic agents should adhere to the manufacturer’s instructions 
and safety information.

EOP, expert opinion point

r Adapted from Box 3.1 in Patient Blood Management Guidelines: Module 2 – Perioperative.2
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4.5 Iron deficiency anaemia

Background question 5
In neonates and children, what recommendations should be made for the detection, 
diagnosis and management of iron deficiency anaemia?

In Australia, the prevalence of anaemia in children under the age of 5 years is about 8%, corresponding 
to over 100 000 preschool children.358 Iron deficiency is the largest contributing factor to anaemia in all 
paediatric age groups.359

The prevalence of IDA in children from remote Indigenous communities is high28 (see Section 3.6). 
A retrospective cohort study found that 68% of Indigenous infants from remote northern Australia were 
anaemic.27 The Early Childhood Nutrition and Anaemia Prevention Project found that nearly 90% of 
Indigenous infants and young children were anaemic at least once between 6 months and 2 years of age.26 

Factors that put children at risk of developing IDA include maternal iron deficiency, late or insufficient 
introduction of iron-rich solids, increased iron requirements, poor intestinal iron absorption and increased 
loss of iron due to blood loss. 

4.5.1 Iron requirements in infants and children
Term infants
Term infants generally have sufficient iron stores to meet their requirements for the first 4–6 months of 
life,13; 360 by which time they should be receiving iron-rich solids. Exclusively breast fed term infants require 
no iron supplementation in the first 6 months of life, provided their mother has sufficient dietary intake. 
Formula-fed infants should receive an iron-fortified formula. 

Preterm and low birth weight infants 
Neonatal iron stores are largely laid down during the third trimester of pregnancy;361 therefore, most 
preterm infants are at risk of subsequent iron deficiency. Iron supplementation should begin in 
infants born before 32 weeks gestation by 4 weeks of chronological age, once enteral feeds have been 
established.106 Preterm infants have a daily requirement of 2–3 mg/kg/day of elemental iron, which can 
usually be met by iron supplementation until there is adequate dietary iron intake.106

Regardless of gestational age, low birth weight infants, particularly those weighing <1800 g, have 
inadequate iron stores at birth,106; 362 and should receive iron supplementation until 6 months of age 
(corrected for gestation at birth). 

Iron requirements in infants
From 6 months of age, all infants and toddlers should receive iron-rich solids.13; 360 If there is a delay 
in starting iron-rich solids, low-dose oral iron supplementation (1 mg/kg/day) is recommended until 
appropriate dietary sources are introduced.360
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Table 4.3  Iron requirements in neonates and infants

AGE IRON 
REQuIREMENT fEEDING SuPPlEMENTATION

Term; 0–6 months AI

0.2 mg per day

Breast milk Not routinely required

Iron-fortified formula

Term; 6–12 
months

RDI

11 mg per day

Breast milk then iron-rich foods Not routinely required

Formula then iron-rich foods

Preterm 
(<32 weeks) or 
low birth weight 
infants; from 
1–12 months

2–3 mg per day 
provided as either 
of the feeding 
options given in 
the next column

Iron-fortified formula with iron-
rich foods from appropriate age

1–2 mg/kg/day of elemental iron 
until adequate daily iron intake 
~6–12 months (corrected for 
gestation)

Breast milk, with iron-rich foods 
from appropriate age

2-3 mg/kg/day of elemental iron 
until adequate daily iron intake 
~6–12 months (corrected for 
gestation)

AI, adequate intake; RDI, recommended daily intake  
Based on guidelines106; 360; 363

Children and adolescents
Iron requirements are highest during periods of rapid growth (e.g. in the first 2 years of life and in 
adolescence). Routine iron supplementation is generally not required in children >1 year of age. 

4.5.2 Iron deficiency in infants and children
Infants and children with IDA typically present with a subacute or chronic history of progressive pallor, 
fatigue, irritability, pica, reduced feeding, decreased activity, poor concentration or worsened school 
performance. Evaluation of a child with iron deficiency should include assessment of possible causes.

4.5.3 Diagnosis of iron deficiency anaemia
Anaemia is defined as a Hb concentration below the lower limit of the normal reference range, and varies 
according to age and sex. Laboratory diagnosis of IDA in paediatric patients must take into consideration 
age-specific reference ranges for full blood count and serum ferritin. It is not appropriate to use adult 
reference ranges.

Patients with iron deficiency will typically have a reduced mean corpuscular volume (MCV) and mean 
corpuscular Hb (MCH). A similar hypochromic microcytosis (with or without anaemia) may also be seen 
in carriers of beta thalassaemia; therefore, microcytosis should not be used in isolation to diagnose iron 
deficiency. 

Serum ferritin is the most useful screening test to assess iron stores; a reduced serum ferritin (<20 µg/L) 
indicates inadequate iron stores.364 Serum iron levels are highly variable and should not be used to 
diagnose iron deficiency.

Serum ferritin is an acute-phase reactant, and a normal result does not exclude iron deficiency in the 
presence of coexisting infection, inflammation or liver disease. Concurrent assessment of the C-reactive 
protein can be useful to exclude concurrent inflammation. Serum ferritin levels of <50 µg/L should 
raise suspicion of iron deficiency in children with chronic disease and in high-risk populations such as 
Indigenous Australians.365
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4.5.4 Iron therapy in infants, children and adolescents
There is a lack of RCTs on the treatment of IDA in the paediatric population. Trials that are focused on the 
iron formulation, dose, adverse effects, adherence and total length of therapy are needed to better inform 
treatment decisions.366

RBC transfusion is rarely indicated solely for treatment of IDA, and should be limited to cases with 
haemodynamic compromise. All patients with IDA, whether or not transfused, should have iron 
supplementation, to both correct anaemia and replenish body stores.367–369

Iron supplementation options
Dietary therapy
Iron deficiency in infants and toddlers is primarily a nutritional disorder.360 Hence, measures to improve 
dietary intake of iron-rich foods are fundamental.360; 370 Dietary changes alone are usually inadequate to 
treat IDA.368

Standard cow’s milk, goat’s milk and soy milk have a low iron content and should not be offered to infants 
under 12 months of age.13 From 12 months of age, cow’s milk intake should not exceed 500 mL per day.13 
In non-breast fed infants in the first 2 years of life, iron-fortified formula can play a role in the prevention 
and treatment of IDA.360 

Oral iron therapy
Oral iron therapy is safe and effective as first-line therapy in most patients with iron deficiency or IDA.368 
The recommended dose for the treatment of IDA in children is 3–6 mg/kg/day of elemental iron.360; 368; 371 
The dose of iron should take into account the degree of anaemia and weight of the child.

Table 4.4  Quick dose reference to provide 3 mg/kg/day (for severe iron deficiency anaemia,  
consider 6 mg/kg/day)

WEIGHT (KG) fERRO-lIQuID 
(30 MG/5 Ml)

fEfOl® DElAYED RElEASE 
CAPSulES ‘SPANSulES’ 
87.4 MG

fERRO-GRADuMET

<10 0.5 mL/kg/day NA NA

10–19 kg 5 mL per day Half spansule 5 days/week NA

20–29 kg 10 mL per day Whole spansule 5 days/week NA

30–39 kg 15 mL per day Whole spansule daily 1 tablet/day

>40 20 mL per day 1.5 spansules daily 1–2 tablets/day

Adapted from Royal Children’s Hospital, Melbourne

Table 4.5 Paediatric appropriate iron formulations in Australia

fORMulATION NAME ElEMENTAl IRON 
CONTENT NOTES

Ferrous sulfate oral 
liquid

Ferro-Liquid 6 mg/mL Maximum daily dose 1 mL/kg

Ferrous sulfate delayed 
release capsules or 
spansules (270 mg)

Fefol® 87.4 mg Spansules can be opened and sprinkled on 
food to give lower doses

They should not be crushed or chewed

Ferrous sulfate (325 mg) Ferro-
Gradumet

105 mg May be appropriate and tolerated by the older 
child or adolescent

Adapted from Royal Children’s Hospital, Melbourne
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In relation to iron supplementation options, the following considerations apply:

•	 each	oral	iron	preparation	contains	a	different	elemental	iron	dose

•	 over-the-counter	multivitamin	or	mineral	supplements	should	not	be	used	to	treat	IDA	because	the	
iron content is low

•	 compliance	and	tolerability	of	iron	preparations	may	be	an	issue	with	children:360

– lower doses or intermittent dosing may be as effective and better tolerated360; 368

– daily iron dose may be divided into 2–3 doses360; 372

– oral iron is best absorbed on an empty stomach, ideally 1 hour before or 2 hours after food

– consider giving iron preparation with vitamin C (e.g. orange juice) to improve absorption

– gastrointestinal upset may be reduced by taking iron with food or at night and increasing the 
dose gradually

– oral iron is best avoided in patients with inflammatory bowel disease due to side effects, poor 
absorption and exacerbation of inflammation2

•	 iron	formulations	can	cause	temporary	staining	of	the	teeth;	brushing	teeth	with	baking	soda	may	
ameliorate this

•	 response	and	compliance	should	be	monitored	by	measuring	Hb	and	reticulocyte	count

•	 oral	iron	should	be	continued	for	3	months	after	anaemia	has	been	corrected,	to	
replenish stores.368–369; 371

Intramuscular iron therapy
Use of intramuscular (IM) iron is discouraged.367–368 IM iron is effective but painful, may be associated with 
permanent skin staining and is no safer than IV infusion.368

Iv iron therapy
IV iron should be considered in the following circumstances:2; 368–369

•	 persistent	iron	deficiency	despite	oral	therapy	

•	 contraindications	to	oral	iron,	or	serious	issues	with	compliance	or	tolerance	(adverse	effects)

•	 comorbidities	affecting	absorption	(e.g.	intestinal	mucosal	disorders	and	short	gut	syndrome)	or	
bone marrow response

•	 patients	receiving	ESAs

•	 ongoing	blood	loss	that	exceeds	iron	absorptive	capacity

•	 requirement	for	rapid	iron	repletion	(e.g.	prevention	of	physiological	decompensation,	or	
preoperatively for non-deferrable surgery)

•	 genetic	disorders	of	iron	transport.

The iron preparations available in Australia are:

•	 ferric	carboxymaltose:	Ferinject®

•	 iron	sucrose:	Venofer®

•	 iron	polymaltose:	Ferrosig®.
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•	 Check	prescription	and	vials	carefully	as	there	are	many	different	forms	of	IV	iron	

preparations.

•	 Iron	formulations	have	different	iron	concentrations,	maximum	doses,	dilutions	and	rates	
of administration and are not interchangeable with regard to dose, dilution and rates of 
administration. 

IV iron should be administered according to a protocol relevant to the specific product used. IV iron 
sucrose has been shown to be a safe and effective means to treat iron deficiency in children who cannot 
receive or do not respond to oral iron because of intolerance, poor adherence or iron malabsorption.373

A retrospective observational study reported that ferric carboxymaltose was well tolerated and effective 
in correcting IDA in children aged 0–18 years with inflammatory bowel disease.374

The necessary dose of IV iron is calculated based on the patient’s estimated total body iron deficit. Total 
iron dose per infusion differs among iron products. Hence, the iron dose per infusion should take into 
account the degree of anaemia, the patient’s weight and the type of IV iron preparation.

Allergic and anaphylactic reactions to IV iron (especially to iron polymaltose) are widely reported.368–369 
Therefore, IV iron should always be administered in an appropriate health-care setting with medical 
personnel and resuscitation facilities on site. Premedication with steroids and antihistamine may be 
considered. Drug extravasation has been reported in the paediatric setting as a result of iron infusion, and 
can cause irreversible skin staining.375

Oral iron is not generally required after administration of IV iron if a sufficient dose has been given.

4.5.5 Iron toxicity
Iron must be recognised as a potentially lethal medication because it is more toxic than most other 
prescription medications.376 Iron overdose in children may be fatal, and iron formulations should be handled 
and stored appropriately, out of reach of children. In the event of suspected or definite iron ingestion, urgent 
medical attention should be sought. Information on management of iron toxicity is available.372

ExPERT OPINION POINTS – iron therapy

eOP32 from 6 months of age, all infants and children should receive iron-rich foods.

eOP33 Cow’s milk should not be given to infants before 12 months of age; from 12 months of 
age, cow’s milk intake should not exceed 500 ml per day.

eOP34 Iv iron should be administered according to a protocol relevant to the specific product 
being used: a

•	 Iv iron formulations have different iron concentrations, maximum doses, dilutions 
and rates of administration; they are not interchangeable with regard to dose, 
dilution and rates of administration

•	 Iv iron formulations should only ever be administered in an appropriate health-care 
setting with medical personnel and resuscitation facilities on site.

a  See Appendix I (Intravenous iron) for further information.

EOP, expert opinion point; IV, intravenous
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4.6 Critical bleeding 

Background question 6
In neonates and children, what recommendations should be made for dealing with 
critical bleeding?

The definition of critical bleeding is not well established in neonatal and paediatric patients. Also, the 
evidence about which interventions and strategies result in the best outcomes is limited to case reports, 
case series, single-centre experience and small retrospective reports.377–380

As with adult patients, critical bleeding most commonly occurs in the setting of accidental and non-
accidental trauma, major surgeries (particularly cardiac and spinal surgeries, selected neurosurgical 
procedures and liver transplantation) and gastrointestinal haemorrhage. In neonatal patients, 
exsanguination due to antepartum or intrapartum fetal haemorrhage, and massive subgaleal 
haemorrhage are uncommon conditions but are among the indications for large-volume transfusion. 

The guideline Patient Blood Management Guidelines: Module 1 – Critical Bleeding/Massive Transfusion1 
provides general information and advice. However, on the whole, the evidence is of a low level and is 
derived from studies on adult populations; thus, it may not be directly applicable to children and neonates.

In the paediatric population, there are age-related physiological variations (particularly in the haemostatic 
system) that may exacerbate the effects of critical bleeding and large-volume transfusion. These 
physiological variations are likely to have the greatest impact in neonates, infants and young children. 

There is also a marked variation in blood volume with age. It has been suggested that paediatric massive 
transfusion be defined as transfusion of more than 50% total blood volume (TBV) in 3 hours, transfusion 
of more than 100% TBV in 24 hours or transfusion support to replace ongoing blood loss of more than 
10% TBV per minute.381 Given the age and weight-related variations in body mass and blood volume, 
transfusion volumes and the content of critical bleeding protocol packs should be adjusted for age or 
weight (or both).

Treating clinicians should be mindful that anticoagulant-preservative solutions affect acid–base status and 
can cause hypocalcaemia, and that hypothermia impairs global coagulation (including platelet function). 

Institutions should develop a critical bleeding protocol specific for neonatal and paediatric patients that 
takes into account the following issues:

•	 guidance	on	when	to	activate
•	 who	to	contact	and	how	to	contact	them	(relevant	phone	numbers)
•	 roles	and	responsibilities
•	 prompts	for	safety	measures,	such	as	using	large-bore	cannulas	where	possible	
•	 age	or	weight-adjusted:

– content of the critical bleeding protocol packs
– volumes or doses of blood products used

•	 definition	of	the	products	to	be	included	in	initial,	second	and	subsequent	packs	(e.g.	red	cell	
concentrate, FFP, platelets and cryoprecipitate)

•	 indications	for	or	timing	of	cryoprecipitate	use	
•	 when	viscoelastic	POC	testing	(TEG/ROTEM)	is	used,	a	definition	of	its	role
•	 definition	of	responsibilities	for	deactivation	of	critical	bleeding	protocol,	with	relevant	

contact information.
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It may be useful to develop parallel protocols for laboratory and clinical management. The latter should 
include product dosing and administration at the bedside. The clinical pathway should include guidance 
on when to undertake laboratory testing, which tests to request, interpretation of results, and effect on 
product selection and dose.

ExPERT OPINION POINTS – critical bleeding protocol

eOP35 Institutions that provide care for neonates and paediatric patients should have a critical 
bleeding protocol specific to such patients. 

eOP36 The critical bleeding protocol should outline the essential steps (including coordination 
and communication) to rapidly and effectively manage a patient who is at risk of or 
undergoing critical bleeding. 

eOP37 The critical bleeding protocol should include weight adjustments to guide blood product 
supply and administration. The clinician, in consultation with the haematologist or 
transfusion specialist, should tailor the type, volume and order of products given to the 
clinical circumstances.

EOP, expert opinion point
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The systematic review for this module found sufficient evidence to make 
recommendations for or against the use of a number of interventions in neonatal or 
paediatric patients or both. These included RBC transfusion, ESAs, hydroxyurea, ffP in 
cardiac patients, IvIg, prevention of hypothermia and antifibrinolytics. However, some of 
these recommendations were drawn from the evidence in adult populations. In others, 
although evidence from neonatal or paediatric populations supported a recommendation, 
further research is needed to strengthen that evidence or to improve guidance about its 
application. furthermore, despite the potential for long-term consequences of neonatal 
and paediatric interventions, most studies addressed only short-term outcomes, which 
were often insufficient to determine the overall balance of risks and benefits.

The review has highlighted that there is insufficient high-quality evidence for when 
to use RBC transfusions in neonatal and paediatric populations, particularly among 
general medical and critically ill patients. It found insufficient evidence to make 
recommendations for clinical practice in several key areas, including:

•	 the	use	of	ESAs	in	children	(other	than	preterm	neonates)

•	 the	use	of	parenteral	iron,	FFP,	fibrinogen	concentrate	and	cryoprecipitate	
in children

•	 thresholds	for	platelet	transfusion	and	dose	of	platelets	to	administer	in	
thrombocytopenic patients. 

In some research areas, gaps identified in this review are the subject of current 
research; for example:

•	 the	Transfusion	of	Prematures	(TOP)	trial58 and the Effects of transfusion 
thresholds on neurocognitive outcome of extremely low birth weight infants 
(ETTNO) trial59 will address the effect of transfusion thresholds in preterm and low 
birth weight infants

•	 the	TWiTCH	trial69 will address questions relating to the use of hydroxyurea in SCDs

•	 	the	PlaNet-2	trial145 will address thresholds for platelet transfusion in preterm 
neonates.

There were numerous evidence statements where the evidence is uncertain or unknown. 
These areas, which are outlined below, may present avenues for further research.

s  The Phase III TWiTCH trial comparing RBC transfusion to hydroxyurea in paediatric SCD patients was 
stopped early because hydroxyurea was found to be as effective as transfusions in lowering the mean TCD 
velocity of blood flow. Complete data, including the secondary outcome of primary stroke, are not available. 
We await publication of the full trial results before a reassessment of the current recommendations (R2 
and R4) and practice points (PP11) are made.

5 Future directions
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5.1 Evidence gaps and areas for  
future research

There is a need for further research in the following areas:

•	 in	the	neonatal	and	paediatric	population	in	general:

– the relative roles of cryoprecipitate, FFP and fibrinogen concentrate in the management of 
coagulopathy with or without bleeding

– the appropriate dose of cryoprecipitate, FFP and fibrinogen concentrate in the management of 
coagulopathy with or without bleeding

– the appropriate transfusion thresholds for platelet transfusion in the management of 
thrombocytopenic patients with or without bleeding

– the appropriate dose of platelets in the management of thrombocytopenic patients with or 
without bleeding

– the appropriate roles of factor concentrates in reducing RBC transfusion in the management of 
coagulopathy with or without bleeding

•	 in	preterm	infants:

– use of ESAs, using contemporary transfusion thresholds and addressing potential adverse 
effects and long-term outcomes

– optimal dosing and timing of starting iron supplementation 

– the effect of RBC transfusion on the outcomes of BPD and NEC

– the effect of ESA therapy on ROP, and on long-term outcomes and adverse events

– the role of the routine use of deferred cord clamping

•	 in	neonates:

– the use of deferred cord clamping where there is limited access to safe blood for transfusion or 
phototherapy for jaundice (this is particularly relevant to the Indigenous community because of 
the high level of IDA)

– alternatives to deferred cord clamping (e.g. cord stripping or milking)

•	 in	infants	with	delayed	onset	of	enteral	feeding,	the	role	of	parenteral	iron	in	terms	of	whether	
early intervention might prevent the need for later iron supplementation or reduce the incidence of 
transfusion, and what the long-term outcomes might be

•	 in	infants	and	children	at	risk	for	anaemia,	the	dose,	duration,	mode	of	administration,	and	long-term	
effects of iron supplementation 

•	 in	paediatric	patients	with	cancer,	in	the	palliative	care	setting,	the	effects	of	ESAs	on	quality	of	life	

•	 in	children	with	CKD,	the	long-term	safety	of	ESAs	

•	 in	paediatric	patients	with	SCD:

– the effect of hydroxyurea on stroke prevention (clinical and subclinical)

– optimal strategies for identifying patients at high risk of silent and asymptomatic stroke

•	 in	paediatric	patients	who	are	chronically	transfused	(e.g.	those	with	acquired	or	inherited	bone	
marrow failure or anaemia syndromes), evidence to guide particular Hb thresholds
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•	 the	effects	of	restrictive	transfusions	strategies	in:

– critically ill neonates

– surgical patients

– cardiac surgical patients 

– oncology patients

•	 alloimmunisation	in	regularly	transfused	patients

•	 in	maternity	patients,	the	use	of	IVIg	to	prevent	HDFN

•	 in	neonates	and	infants	undergoing	surgery,	the	role	of	viscoelastic	POC	testing

•	 in	paediatric	patients	undergoing	spinal	surgery,	the	role	of	reduced	hypotension	

•	 in	paediatric	patients	undergoing	surgery	in	which	substantial	blood	loss	is	anticipated,	the	role	of:

– ANH

– intraoperative cell salvage

– viscoelastic POC testing

•	 in	patients	with	congenital	or	acquired	bleeding	disorders	undergoing	surgery,	the	use	of	
antifibrinolytics

•	 in	paediatric	patients	of	different	age	groups	and	in	different	surgical	settings,	the	pharmacokinetics	
and dosing of antifibrinolytics

•	 in	paediatric	patients,	the	use	of	miniaturised	CPB	systems	compared	to	standard-sized	systems.
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6 Implementing, 
evaluating and 
maintaining the 
guidelines 
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6.1 Implementation strategies
The NBA, in collaboration with the Steering Committee, developed a plan to guide appropriate 
communication on the implementation of this module. The plan identifies target audiences for the 
module, strategies and tools for effective implementation, communication channels and key messages.

Economic issues were considered when formulating the evidence-based recommendations within each 
module, and these recommendations will have cost implications. R2 is likely to change current practice; 
however, the resource implications of the additional MRI and TCD screening for SCD are expected to be 
low, given the size of the relevant population and the small number of scans required. The NBA, together 
with the Jurisdictional Blood Committee and key stakeholders, developed the National Patient Blood 
Management Guidelines Implementation Strategy 2013–17382 to facilitate uptake of the guidelines.

The implementation strategy includes the development of tools to support the introduction of PBM 
practices in the clinical setting. The tools are being developed with the help of a network of clinicians with 
an interest in PBM. The NBA has also funded the development of online courses within the BloodSafe 
eLearning Australia program (e.g. on IDA, PBM, critical bleeding and perioperative). In addition, the NBA, 
in collaboration with the Australian Commission on Safety and Quality in Health Care (ACSQHC), has 
developed a hospital guide to support the implementation of the National Safety and Quality Health 
Service Standards.383 The guide provides links to the PBM guidelines and tools, and the BloodSafe 
eLearning Australia courses. These resources provide tools to support uptake of the recommendations in 
this module.

The National Blood Sector Education and Training Strategy 2013-16384 outlines a plan to work with 
current education and training providers to address the growing demand for high-quality, well-tailored 
education, training and health-promotion materials to support the implementation of evidence-based 
practice and attainment of health service accreditation under the new National Safety and Quality 
Health Service (NSQHS) Standards.385 The National Education and Training (NEAT) Committee has been 
established to support the implementation of the strategy.384 The NBA will engage with key stakeholders 
in the sector and enter into collaborations, joint arrangements and outsourcing to meet the key 
strategies identified for 2013–16. 

Continued re-evaluation of the guidelines is necessary to reduce variation in practice patterns, support 
appropriate use of blood component therapy and reduce inappropriate exposure of patients to blood 
components.386 A plan was designed to evaluate implementation of the six modules of the guidelines and 
to determine:

•	 the	extent	to	which	the	guidelines	influence	changes	in	clinical	practice	and	health	outcomes

•	 what	factors	(if	any)	contribute	to	noncompliance	with	the	guidelines.

A literature review and interviews were conducted with experts in guideline development in Australia and 
internationally. The recommendations from the evaluation report were used to investigate and pilot more 
time-efficient and cost-effective methods of guideline development. 

The NBA has surveyed users of the PBM guidelines and is monitoring emerging technologies. It is also 
working with the NHMRC, Cochrane Collaboration and other clinical research groups who have published 
systematic reviews relevant to the topic to pilot more streamlined processes, in a targeted update of 
Module 1 – Critical Bleeding/Massive Transfusion1 in 2015–16.

166 Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics



6.2 Endorsement
A list of colleges and societies that have endorsed this module of the guidelines will be available on the 
NBA website.t 

6.3 Scheduled review and update
This module will be reviewed and amended in 2021 unless an issue arises (e.g. new clinical evidence 
relevant to practice) that triggers a need for an earlier review. The outcomes of the pilot to update 
Module 1 – Critical Bleeding/Massive Transfusion1 in 2015–16 may mean that new methods and 
processes will be available to update the PBM guidelines earlier than the scheduled 5-year review period.

The PBM Guidelines Project Manager at the NBA will convene the group of experts to undertake the 
review, and is the person to contact about major issues, events or practice changes. 

To provide feedback and inform future reviews of this module, please send any comments on its content 
or implementation, or on the accompanying materials, to:

 Email: guidelines@blood.gov.au

 Mail:  Patient Blood Management Guidelines 
National Blood Authority 
Locked Bag 8430 
Canberra ACT 2601

 Fax: +61 2 6151 5300

Any correspondence will be forwarded to the project manager for consideration in the next 
scheduled review. 

t  http://www.blood.gov.au/
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Appendix A
Governance
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A1 Governance structure
A multilevel management framework was established by the National Blood Authority (NBA) to 
coordinate the development of the new patient blood management (PBM) guidelines. The management 
framework consists of:

•	 a	Steering	Committee,	which	was	responsible	for	the	initial	development	and	governance	of	
the entire project; this has now become the PBM Steering Committee, which oversees the 
implementation strategy for the PBM guidelines

•	 an	Expert	Working	Group	(EWG),	responsible	for	providing	advice	on	scope,	clinical	oversight	and	
integration of the six modules 

•	 Clinical/Consumer	Reference	Groups	(CRGs)	–	one	for	each	of	the	six	modules,	with	membership	
including representation from relevant colleges, societies and consumer groups, to provide expert 
knowledge and input 

•	 systematic	reviewers	and	a	technical	writer,	contracted	by	the	NBA	to	review	the	literature	and	
develop a draft of each module

•	 an	independent	systematic	review	expert,	to	provide	advice	and	mentoring	to	the	systematic	
reviewers, technical writer and CRGs; and to ensure that the development process and the guidelines 
produced comply with National Health and Medical Research Council (NHMRC) requirements.

The NBA provided the secretariat, project funding and project management. Section A3 of this appendix 
lists the membership of the bodies involved in governance of the guidelines. Details of how the guidelines 
will be implemented and updated are provided in Chapter 6. 
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A1.1 Management framework for guideline development
Figure A1 illustrates the management framework used to manage the development of the six modules 
of the guidelines, described in Chapter 1.

figure A1 Management framework for development of the guidelines

CRG, Clinical/Consumer Reference Group; EWG, Expert Working Group; NBA, National Blood Authority; PBM, Patient 
Blood Management
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A2 Terms of reference

Steering Committee
The overarching Steering Committee was originally established in 2009 to provide coordination and 
direction for development of the guidelines. In 2012–13, its role and membership was reviewed and a 
PBM Steering Committee was established to: 

•	 provide	information	through	the	NBA	to	the	Jurisdictional	Blood	Committee	

•	 review	resources	that	are	developed	as	part	of	the	PBM	guidelines	implementation	strategy

•	 provide	expert	advice	on:

– the design and delivery of PBM activities 

– PBM implementation and evaluation initiatives 

– system-based approaches to sustain PBM practices

– the management, administration and use of fresh and other blood products excluding normal 
polyvalent immunoglobulin and clotting factors

– education and training priorities 

– practice performance improvement 

– data and system requirements

•	 influence	the	uptake	of	PBM	practice	

•	 improve	intergovernmental	coordination	and	cooperation	on	PBM	implementation	activities

•	 monitor	guideline	development	projects	to	ensure	they	meet	their	objectives

•	 link	the	PBM	program	activities	to	deliver	the	priorities	for	the	National Safety and Quality Health 
Service (NSQHS) Standards383

•	 integrate	the	PBM	program	with	the	Australian	Commission	on	Safety	and	Quality	in	Health	Care	
(ACSQHC) initiatives for delivery to health providers and their safety and quality framework

•	 network	with	other	NBA	committees	to	share	information.	

Expert Working Group
The EWG was established in 2008 to advise the original Steering Committee about the scope and 
structure of the guidelines, and determine the focus of the systematic review of the literature. In 2012–13, 
its role and membership was reviewed and the new terms of reference were to provide advice to the NBA 
on the scope of the modules, and approve the focus of the systematic review questions and literature 
search strategies. Each member of the EWG is responsible for overseeing the conduct of the systematic 
review in relation to their area of practice as either a member or Chair of the relevant CRG. Each EWG 
member is responsible for ensuring that the scope of the modules is appropriate, and that they address 
areas of clinical need.

The role of the EWG is to:

•	 formulate	the	generic	clinical	questions	to	be	answered	in	all	modules	by	the	literature	review	(under	
the guidance of the systematic reviewers)

•	 identify	the	need	for	CRGs,	participating	in	or	chairing	these	groups	as	required,	and	identifying	and	
nominating additional CRG members as required

172 Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics



•	 consider	the	specific	clinical	questions	and	systematic	review	specifications	developed	by	the	CRGs	
and, if necessary, make recommendations to the NBA on revisions

•	 consider	the	scope	of	the	project	as	referred	by	the	CRGs	and,	if	necessary,	make	recommendations	
to the NBA on revisions

•	 consider	and	provide	advice	to	the	NBA	as	to	whether	interests	declared	by	Chairs	of	the	CRGs	
present a conflict and suggest strategies to manage these declarations

•	 consider	and	provide	advice,	as	requested	by	CRG	Chairs,	about	interests	declared	by	members	of	the	
CRG, to assist the Chair to manage declared interests to minimise potential bias in clinical practice 
guidance. 

Clinical/Consumer Reference Groups
The CRGs provide clinical and consumer input to the systematic review, draft the module and provide 
guidance on relevant additional clinician and consumer information. The role of each CRG is to:

•	 under	the	guidance	of	the	systematic	reviewers,	formulate	the	specific	clinical	question	for	their	module

•	 under	the	guidance	of	the	systematic	reviewers,	define	the	literature	search	strategies	for	all	the	
clinical questions

•	 review	the	medical	literature

•	 provide	advice	on	current	practice	in	their	area	of	expertise

•	 under	the	guidance	of	the	systematic	reviewers	and	medical	writer,	formulate	evidence-based	
recommendations based on the results of the review

•	 under	the	guidance	of	the	systematic	reviewers	and	medical	writer,	formulate	practice	points	based	
on expert consensus opinion

•	 under	the	guidance	of	the	systematic	reviewers,	ensure	their	analysis	and	grading	of	the	literature	
and recommendations follows NHMRC procedures and meets the 2011 standards

•	 define	the	structure	of	the	module

•	 take	responsibility	for	drafting	content	of	the	module	in	their	area	of	expertise	(as	assigned	by	the	
Chair and agreed by all members)

•	 under	the	guidance	of	the	systematic	reviewers	and	medical	writer,	draft	the	content	of	the	module

•	 review	public	consultation	feedback	and	make	changes	as	required

•	 propose	relevant	additional	clinician	and	consumer	materials	

•	 propose	tools	and	strategies	to	support	implementation.	
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Consumer selection process
An open recruitment process was used to seek interested consumers to participate on the CRG. The 
consumer representative and Indigenous representative positions were advertised on the NBA website, 
and forwarded to the Consumer Health Forum and major consumer organisations in each state and 
territory in Australia. Applications were reviewed by the NBA Executive Director – Fresh, Data and Clinical 
Development; Director – Blood Sector Clinical Development; PBM Guidelines Project Manager; and the 
Chair of the CRG. Upon notification and acceptance of their selection on the group, the representatives 
were provided with an orientation pack, and a face-to-face meeting was held (where possible) before the 
first meeting. The following documentation was provided:

•	 an	abbreviations	and	definitions	list	(including	NHMRC	and	systematic	review	terminology)

•	 a	summary	of	the	blood	sector	governance	structure	and	major	stakeholders

•	 an	overview	of	the	Australian	health-care	system

•	 frequently	asked	questions	(FAQ):	‘What	are	the	PBM	guidelines?’

•	 an	overview	of	the	NBA

•	 a	background	on	the	PBM	guidelines

•	 NHMRC	tables:

– levels of evidence hierarchy

– ratings for the body of evidence

– grades for recommendations

•	 hard	copies	of	each	previous	module

•	 links	to	relevant	pages	and	documents	about	PBM	on	the	NBA	website.

Systematic reviewers and technical writers
The NBA contracted systematic reviewers and technical writers to conduct systematic reviews of the 
scientific literature, and provide technical writing services to produce each module and associated 
deliverables, including technical reports.
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A3 Membership of bodies involved 
in governance of the guidelines

Steering Committee
A/Prof Lilon Bandler Independent clinical expert – general practitioner 

Ms Karen Carey Consumers Health Forum – consumer representative

Dr James Daly Clinical and laboratory haematologist, Australian & New Zealand 
Society of Blood Transfusion

Dr Steve Flecknoe-Brown Independent clinical expert – senior consultant physician and 
haematologist 

Ms Trudi Gallagher Independent clinical expert – clinical nurse consultant and 
jurisdictional PBM coordinator

Professor James Isbister Chair, independent clinical academic expert and honorary 
haematology and transfusion medicine consultant

Dr Kerry Gunn Specialist anaesthetist – PBM expert in anaesthetics

Ms Kathy Meleady Director, Commonwealth Programs, Australian Commission on 
Safety and Quality in Health Care

Ms Bronwyn Pearce Independent clinical expert – clinical nurse consultant 

Dr Beverley Rowbotham Independent clinical expert – haematologist – private pathology

Dr Rashmi Sharma Independent clinical expert – general practitioner

Ms Tracey Spigiel Nurse – Australian Red Cross Blood Service

Dr Amanda Thomson Independent clinical expert – haematologist

Dr Simon Towler Intensive care specialist; PBM expert and immediate past Chair

Expert Working Group
A/Prof Mark Dean Royal Australasian College of Physicians, and Haematology Society 

of Australia & New Zealand

A/Prof Craig French Australian & New Zealand Intensive Care Society, and College of 
Intensive Care Medicine of Australia and New Zealand

A/Prof Helen Liley Royal Australasian College of Physicians (Paediatrics and Child 
Health Division), and Perinatal Society of Australia & New Zealand

A/Prof Larry McNicol Australian and New Zealand College of Anaesthetists

Dr Helen Savoia Royal Australian and New Zealand College of Obstetricians and 
Gynaecologists

Dr Amanda Thomson Australian & New Zealand Society of Blood Transfusion
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Clinical/Consumer Reference Group – neonatal and paediatrics module
Prof Donald Bowden Haematologist Thalassaemia Australia

Dr Gemma Crighton Paediatric haematologist Haematology Society of 
Australia & New Zealand

Mr Shannon Farmer PBM consultant Not applicable

Dr Chris Fraser Paediatric oncologist Royal Australasian College 
of Physicians, and Australian 
and New Zealand Children’s 
Haematology/Oncology Group

A/Prof Craig French Intensive care physician Australian and New Zealand 
Intensive Care Society, and 
College of Intensive Care 
Medicine of Australia and New 
Zealand

Dr Glenn Gardener Obstetrician and maternal fetal 
medicine specialist

Perinatal Society of Australia 
and New Zealand, and Royal 
Australian and New Zealand 
College of Obstetricians and 
Gynaecologists

Dr Susan Hale Paediatric cardiac anaesthetist Independent clinical expert

A/Prof Helen Liley Neonatologist Royal Australian College of 
Physicians (Paediatrics and 
Child Health Division), and 
Perinatal Society of Australia 
and New Zealand

Prof Rhonda Marriott Aboriginal and Torres Strait 
Islander representative

Not applicable

Ms Lauren Porter Consumer representative Not applicable

Dr Sylvio Provenzano Paediatric cardiac surgeon Royal Australasian College of 
Surgeons

Prof Linda Shields Professor of nursing Australian College of Children 
and Young People’s Nurses

A/Prof Michael Stark Consultant neonatologist Perinatal Society of Australia 
and New Zealand

Dr Christian Stocker Paediatric intensivist College of Intensive Care 
Medicine of Australia and New 
Zealand

Dr Amanda Thomson Haematologist Australian & New Zealand 
Society of Blood Transfusion

Dr Bronwyn Williams Haematologist Royal College of Pathologists of 
Australasia
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Background researchers – neonatal and paediatrics module
Background question 1

Dr Amy Kier Consultant neonatologist  
(Supervisor, Dr Michael Stark)

Dr David Risson Neonatal fellow – Mater Mothers’ Hospital  
(Supervisor, Dr Bronwyn Williams)

Ms Diana Moore Clinical safety officer – transfusion and blood management,  
Mater Health Services  
(Supervisor, Dr Bronwyn Williams)

Dr Pauline Higgins Haematology registrar – Pathology Queensland 
(Supervisor, Dr Bronwyn Williams)

Dr Trisha Soosay Raj Paediatric oncology fellow – Lady Cilento Children’s Hospital, 
Brisbane  
(Supervisor, Dr Chris Fraser)

Background question 2

Dr Kirsten Gaerty Fellow in maternal fetal medicine  
(Supervisor, Dr Glenn Gardener)

Background question 3

Ms Grace Rayne Registered Nurse, Royal Brisbane and Women’s Hospital 
(Supervisor, Dr Christian Stocker)

Background question 4

Ms Molly Oldeen Paediatric cardiac perfusionist  
(Supervisor, Dr Sylvio Provenzano)

Dr Benjamin Bierbach Adult cardiatric and paediatric cardiothoracic surgeon  
(Supervisor, Dr Sylvio Provenzano)

Background question 5

Ms Rosalind Lock Lecturer, School of Nursing, Midwifery and Nutrition  
(Supervisor, Prof Linda Shields)

Dr David Hughes Haematology registrar, Royal Children’s Hospital, Melbourne 
(Supervisor, Dr Gemma Crighton)
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Appendix B
Process report
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B1 Development process 
and methodology

Further information on the development process and methods is included in Chapters 1 and 2, and 
Appendix A.

B2 Research phase
Relevant clinical research questions were developed, prioritised, combined and refined by the EWG and 
the CRG for this guideline, and further refined through consultation among the systematic reviewer, 
CRG, NBA and independent systematic review expert. These processes are outlined in further detail in 
Chapter 1 and Appendix A.

B3 Methodology
Methods are outlined in Chapter 2, with greater detail given in the technical reports.387–388

B4 Consensus process
Consensus process for developing practice points and expert opinion
In circumstances where no evidence was identified, practice points were developed by the CRG through 
a consensus-based process. Where relevant guidance that was outside of the scope of the systematic 
review was required, consensus-based ‘expert opinion’ was included (e.g. background research in 
Chapter 4).

Guiding principles and values, and ‘ground rules’ were established, and the following process was used to 
develop practice points and expert opinion through consensus.

Stage 1 – Introduction. The Chair described the consensus process, participants’ roles and responsibilities, 
ground rules and the guiding principles.

Stage 2 – Open discussion. The Chair opened the floor to a general discussion and suggestions for 
practice point/expert opinion wording. The Chair provided an opportunity for concerns or issues to be 
raised.

Stage 3 – Resolve concerns. The Chair had the first option to resolve the listed concerns by clarifying or 
changing the wording, or seeing whether those with concerns will stand aside (i.e. ‘had concerns, but 
could live with them’). Where concerns were not resolved and the time was short, the discussion was 
carried over to a later meeting.

Stage 4 – first call for consensus. The Chair called for consensus.

Stage 5 – Second call for consensus. If consensus was not reached, the CRG considered the consensus 
process guiding principles and values, and: 

•	 the	member	withdrew	the	concern	and	consensus	was	reached	
•	 the	member	stood	aside	and	the	differing	schools	of	thought	were	documented
•	 the	member	was	not	willing	to	withdraw	the	concern	or	stand	aside,	and	the	CRG	declared	itself	

blocked – the practice point or expert opinion was not accepted.
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B5 Conflict of interest
All members of the PBM Steering Committee, CRG, EWG and systematic review team declared any 
interests before starting work on the guidelines. New declarations were required to be declared to the 
Chair before the start of each meeting as a standing agenda item on each day of a meeting. The NBA 
keeps a register of all declared interests. If an interest is declared, and the Chair decides that it should be 
considered by the CRG, the CRG decides by consensus whether it affects the proceedings. If the interest is 
considered to be competing or in conflict, the Chair directly manages the participation of that member in 
relation to discussions and decisions pertaining to the declared interest. 

Unlike the pecuniary interests declared by CRG members that are published in the PBM guidelines, 
declarations of a more personal nature can be made in confidence to the NBA. These declarations are 
forwarded to the Chair, and this is followed by a discussion with the CRG member, who is required to sign 
and agree to the enactment of an action management plan. At this time, the Chair determines whether 
the declaration:

a) is an actual or perceived conflict of interest

b) requires disclosure to the other members

c) can be managed without jeopardising the rigorous methodology process and accurate reporting of 
the evidence in the guidelines

d) requires the member to be excluded from certain or all discussions, or

e) requires the member to stand down from their role on the CRG.

The recommendation of the Chair is forwarded to the NBA General Manager for final decision. Any and 
all perceived or actual conflict of interest declarations made in confidence and subsequent management 
action plans are treated as sensitive personal information and, as such, are not made public and are not 
published in the guideline.

The declarations listed below were made during the guideline development process. 

A/Prof Donald 
Bowden

A/Prof Bowden received research support and partial sponsorship to the 
American Society of Haematology Annual Scientific Meeting from Novartis 
Pharmaceuticals.

Dr Gemma Crighton Nil.

Mr Shannon Farmer Mr Farmer is a consultant in PBM and during 2006–2013 was a contracted 
consultant to the Western Australia Department of Health Patient Blood 
Management Program. He has received lecturing/consulting honoraria or 
travel support from:

•	 AdvancMed	(United	States	of	America	[USA])
•	 Australian	Jurisdictional	Blood	Committee	
•	 Australian	NBA	
•	 Australia	Pacific	Health	Group
•	 Australian	Red	Cross	Blood	Service
•	 Beijing	Municipal	Health	Bureau	(China)
•	 Department	of	Health	New	South	Wales
•	 Department	of	Health	Queensland
•	 Department	of	Health	South	Australia
•	 Department	of	Health	Western	Australia
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Mr Shannon Farmer 
(Continued)

•	 Freemantle	General	Practice	Network,	Western	Australia
•	 Janssen-Cilag	(Australia)
•	 Haematology	Society	of	Australia	and	New	Zealand/Australia	
•	 	Johnson	&	Johnson,	ETHICON	Biosurgery	(Australia,	Europe,	Asia	Pacific	&	

USA)
•	 Medical	Society	for	Blood	Management	(Europe)
•	 	Medtel	Pty	Ltd	(Australia)
•	 National	Blood	Authority	(Australia)
•	 Australian	&	New	Zealand	Society	of	Blood	Transfusion	(Australia)
•	 Novo	Nordisk	(Australia)
•	 Society	for	the	Advancement	of	Blood	Management	(USA)
•	 Vifor	Pharma	(Europe).

In 2008 he served on J&J ETHICON Biosurgery International Ad Board for PBM. 
He is a chief investigator and a principal investigator for two State Health 
Research Advisory Council (SHRAC) research grants:

•	 	Primary	care	and	tertiary	care	clinicians	working	with	patients	to	ensure	
they are ”Fit for Surgery” 

•	 	Intravenous iRon or placebO for aNaeMiA in iNtensive care: a randomised 
controlled study: The IRONMAN Study.

He is also an associate investigator for one NHMRC research grant:

•	 Patient	Blood	Management	in	Critical	Illness	and	Trauma.

He is a Board Member and General Secretary for the Medical Society for Blood 
Management and a member of two international professional societies: 
Society for the Advancement of Blood Management (SABM) and Network 
for the Advancement of Transfusion Alternatives (NATA). He is also a board 
member for the Australasian Association for Blood Conservation.

He has received honorarium for Book Chapter, Thieme, Stuttgart, Germany. 
Honorarium for Book Chapter, Elsevier Science, USA.

Mr Farmer was also on an Expert Panel, European Commission, European 
Guide on ”Good Practices in the Field of Blood” and ”European Union Guide for 
Member States on Good Practices for Patient Blood Management (EU-PBM)”. 
Consumers, Health and Food Executive Agency (CHAFEA) of the European 
Commission.

Dr Chris Fraser Nil.

A/Prof Craig French A/Prof French received research funding from Wyeth between 2004 and 
2008 provided to Western Health while he was an employee. He was a chief 
investigator on the TRANSFUSE and Erythropoietin in Traumatic Brain Injury 
studies, both of which received project grant funding from the NHMRC. He has 
also received research grants from the NHMRC, Health Research Council of 
New Zealand (HRCNZ), Eli Lilly and Bayer. He was appointed to the Australian 
Red Cross Blood Service Advisory Board in 2011 and as a Blood Service Fellow 
in 2012.
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Dr Glenn Gardener Dr Gardener has received travel grants from GE, Philips and STOR2 all related 
to obstetric imaging and fetal therapy. 

Dr Gardener also has shares in CSL.

Dr Susan Hale Nil.

A/Prof Helen Liley A/Prof Liley received travel, accommodation and registration from the NBA 
and the Australian Government Department of Health, for the Western 
Australian Patient Blood Management Conference in Perth in 2014, to present 
a talk: ‘What about the Children – is there a place for PBM in their care?’ 

A/Prof Liley is the Mater Mothers’ Hospital site principal investigator on the 
NHMRC-funded randomised controlled trial Australian Placental Transfusion 
Study (APTS), which is examining timing of cord clamping in very low birth 
weight infants.

Prof Rhonda 
Marriott

Prof Marriott is the Aboriginal and Torres Strait Islander representative chief 
investigator on a NHMRC-funded project that will also investigate anaemia in 
Aboriginal children titled ”Improving primary care for Aboriginal mothers and 
babies in the Kimberley region of Western Australia: a population and region 
based cluster randomised trial driven by local health service providers”.

Ms Lauren Porter Nil.

Dr Sylvio 
Provenzano

Dr Provenzano was involved in a project studying potential benefit of cell 
salvage in patients under 6 kg. No financial or technical support from any 
company.

Prof Linda Shields Nil.

Dr Michael Stark Nil.

Dr Christian Stocker Nil.

Dr Amanda 
Thomson

Dr Thomson is an employee of the Australian Red Cross Blood Service and 
BloodSafe eLearning Australia. 

Dr Bronwyn 
Williams

Nil.

The Chair considered these declarations and determined that all except one did not constitute a conflict 
of interest. In that instance, a management action plan was established. 

The Chair’s declarations were reviewed by the co-Chairs of the EWG and were not considered a conflict 
of interest.

None of the NBA and Optum staff had any declarations.
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B6 Public consultation
Public consultation was conducted for 8 weeks from 31 August to 23 October 2015, during which time 
the draft module was available on the NBA website.u Notification was posted in The Weekend Australian 
national newspaper, and the NBA invited a range of stakeholders, committees, working groups and 
interested people to provide submissions via email. A full list is detailed in the public consultation 
submissions report.

A formal letter advising of public consultation was sent to the organisations with a representative on the 
CRG. An email was sent to the following:

•	 members	of	each	of	the	previous	and	current	EWG,	CRGs,	independent	systematic	reviewer,	
Haemovigilance Advisory Committee, National Education and Training Committee and PBM Steering 
Committee

•	 relevant	colleges,	societies	and	other	health	organisations

•	 individuals	registered	to	receive	PBM	guideline	updates	

•	 Therapeutic	Goods	Administration

•	 Director	General/Chief	Executive/Secretary	of	each	state,	territory	and	health	department

•	 Pharmaceutical	Benefits	Advisory	Committee

•	 Medical	Services	Advisory	Committee

•	 Australian	Red	Cross	Blood	Service

•	 Consumers	Health	Forum	of	Australia	and	the	major	consumer	organisation	in	each	state	
and territory.

Thirteen submissions were received. The CRG met in November 2015 to consider all the public 
consultation submissions and, where necessary, revise this module in accordance with the submissions. 
Changes were made to the module to address comments and concerns raised in submissions, and to 
improve clarity. 

u  http://www.blood.gov.au/
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B7 Finalising the guidelines

AGREE II assessment
The Appraisal of Guidelines for REsearch & Evaluation (AGREE) II instrument was developed to address 
the issue of variability in guideline quality and assesses the methodological rigour and transparency in 
which a guideline is developed.389 The post-public consultation version of the module was sent to two 
Australian reviewers, independent to the guideline development process, who used the AGREE II tool to 
assess the quality and usability of the module against international quality standards.

Both AGREE II assessors recommended the guideline for use, with one reviewer providing a rating of six 
out of seven and the other reviewer providing a rating of seven out of seven.

Additional review
The final drafts of the module and technical reports were reviewed by a guidelines development expert 
(formerly a Guidelines Assessment Register consultant) to assess compliance with NHMRC requirements 
for externally developed guidelines. The module and accompanying documents were then sent to the 
NHMRC for methodological and independent peer review on 23 December 2015.

NHMRC approval
Approval from the NHMRC was received on 21 March 2016.
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Appendix C
Transfusion risks in the 
context of patient blood 
management
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Traditionally, it has been assumed that blood transfusion benefits patients; however, a benefit has not 
been demonstrable in many clinical scenarios. In addition, evidence is accumulating that serious non-
viral adverse events, such as transfusion-associated circulatory overload (TACO) or transfusion-related 
acute lung injury (TRALI), are more common than previously thought, and that more recently identified 
conditions (e.g. transfusion-related immunomodulation) may cause patients harm. 

The risk of transmission of infectious diseases through blood transfusion has reduced significantly in 
recent years, through improved manufacturing and laboratory processes. However, there is potential for 
transfusion of an unrecognised infectious agent. 

Despite improvements in systems management, there remains a risk of transfusion-related harm due 
to administrative error. Such an error has the potential to result in acute haemolytic reaction from ABO 
incompatibility, which may be fatal.

If the patient requires therapy for anaemia, thrombocytopenia or coagulopathy, transfusion should 
not be a default decision. Instead, the decision on whether to transfuse should be carefully considered, 
and should:

•	 take	into	account	the	full	range	of	available	therapies

•	 balance	the	evidence	for	efficacy	and	improved	clinical	outcome	against	the	risks

•	 take	into	account	patient	values	and	choices.

In the process of obtaining informed consent, a clinician should allow the patient sufficient time to ask 
questions, and should answer those questions. If the patient is unable to speak or understand English, 
the clinician may need to involve an interpreter. In certain contexts, a trained medical interpreter may be 
required (rather than a family member or a friend). Written information and diagrams may be appropriate 
in certain circumstances to aid understanding.

All elements of the consent process should reflect local state, territory or national requirements. 

Table C.1 summarises transfusion risks, and Table C.2 presents the Calman Chart, which may be useful to 
clinicians for explaining risks to patients.390
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Table C.1 Transfusion risks 

TRANSfuSION RISK ESTIMATED RATEa 

(HIGHEST TO lOWEST RISK) CAlMAN RATINGb

Transfusion-associated circulatory 
overload (iatrogenic)

Up to 1 in 100 transfusions High

Transfusion-related acute lung injury 1 in 1200–190,000 Low to minimal

Haemolytic reactions Delayed: 1 in 2500–11,000

Acute: 1 in 76,000

Fatal: Less than 1 in 1.8 million

Low to very low

Very low

Negligible

Anaphylactoid reactions or anaphylaxis  
(usually due to IgA deficiency)

1 in 20,000–50,000 Very low

Bacterial sepsis: platelets At least 1 in 75,000 Very low

Bacterial sepsis: red blood cells At least 1 in 500,000 Minimal

Hepatitis B virus Approximately 1 in 557,000 Minimal

Hepatitis C virus Less than 1 in 1 million Negligible

Human immunodeficiency virus Less than 1 in 1 million Negligible

Human T-lymphotropic virus  
(types 1 and 2)

Less than 1 in 1 million Negligible

Malaria Less than 1 in 1 million Negligible

Variant Creutzfeldt-Jakob disease  
(not tested)

Possible, not yet reported in Australia Negligible

Transfusion-associated graft-versus-
host disease 

Rare Negligible

Transfusion-related immune modulation Not quantified Unknown

IgA, immunoglobulin A
a  Risk per unit transfused unless otherwise specified
b  See Calman 1996390 
Source: Australian Red Cross Blood Service website (www.transfusion.com.au, accessed 29 October 2015) 
Note: The above estimates may change over time. See the Australian Red Cross Blood Service website 
(www.transfusion.com.au) for the most recent risk estimates. 

Table C.2 Calman Charta (united Kingdom risk per 1 year) 

RATING RATE ExAMPlE

Negligible ≤1	in	1,000,000 Death from lightning strike

Minimal 1 in 100,000–1,000,000 Death from train accident

Very low 1 in 10,000–100,000 Death from an accident at work

Low 1 in 1,000–10,000 Death from a road accident

Moderate 1 in 100–1,000 Death from smoking 10 cigarettes per day

High ≥1	in	100 Transmission of chicken pox to susceptible household contacts

a  See Calman 1996390
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Appendix D
Blood sectors
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D1 Australian blood sector

Council of Australian Governments Health Council 
The Council of Australian Governments (COAG) promotes policy reforms that are of national significance, 
or that need coordinated action by all Australian governments. The COAG Health Council (CHC) comprises 
health ministers from all jurisdictions, and is one of eight COAG Councils. The Commonwealth and 
state and territory health ministers on the CHC work in partnership to improve health outcomes for all 
Australians, and ensure the sustainability of the Australian health system.

The CHC’s responsibilities include the oversight and management of the Australian blood sector, including 
national policy and financial decisions in relation to the supply of blood and blood products, and the 
determination of which products and services can be bought with public funds. The CHC oversees the 
implementation of the National Blood Agreement (described below), and is supported in its roles by the 
Australian Health Ministers’ Advisory Council (AHMAC).

Australian Health Ministers’ Advisory Council 
The Australian Health Ministers' Advisory Council (AHMAC) provides support to the CHC. It advises the 
health ministers on strategic matters relating to the coordination of health services across the nation 
and, as necessary, with New Zealand. The AHMAC considers blood sector matters referred to it by the 
Jurisdictional Blood Committee through the Hospitals Principal Committee, and reports as necessary to 
the CHC. The AHMAC has no statutory power, and decisions are reached by consensus.

Hospitals Principal Committee 
The Hospitals Principal Committee (HPC) considers and provides advice to the AHMAC on a range of 
issues. Areas covered include:

•	 all	activities	that	largely	relate	to	hospital	care	including	emergency	departments,	outpatient	care,	
inpatient care and alternatives to hospital care

•	 implementation	of	the	health	reform	agenda	as	it	applies	to	hospital	care

•	 clinical,	technical	and	medicoethical	developments

•	 the	appropriateness,	likely	impact,	policy	implications,	effectiveness	and	safety	of	clinical	and	
technical developments.

Jurisdictional Blood Committee
All Australian governments are represented on the Jurisdictional Blood Committee (JBC), which was 
established by the National Blood Agreement in 2003.391 The committee:

•	 is	the	conduit	between	governments	and	the	NBA

•	 represents	the	Australian	state	and	territory	governments’	positions	on:

– blood policy, demand, supply planning and product distribution

– funding 

– evidence-based approaches to emerging products, services and technologies

•	 oversees	the	NBA’s	role	in	blood	supply	contracting.

The committee is the primary body responsible for providing advice and support on these matters to the 
CHC through the AHMAC.
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National Blood Authority
The National Blood Authority (NBA) was established in 2003 as an Australian Government agency within 
the health and ageing portfolio. It is responsible for ensuring the adequate, safe, secure and affordable 
supply of blood and blood products. The role of the NBA is outlined in the National Blood Authority Act 
2003 and the National Blood Agreement.

Part 5 of the National Blood Agreement requires the development and implementation of specific safety 
and quality strategies, including development, implementation and review of evidence-based national 
clinical practice guidelines for blood, blood products and blood-related services. The aim is to encourage 
best practice in the management and use of such products and services.

Therapeutic Goods Administration
The Therapeutic Goods Administration (TGA) is the regulator for blood and blood products in Australia, 
and is responsible for:

•	 regulating	the	sector	in	terms	of	the	safety	and	quality	of	blood	and	blood	products	under	the	
Therapeutic Goods Act 1989

•	 auditing	good	manufacturing	practice

•	 issuing	product	recalls

•	 modifying	safety	standards	

•	 issuing	directives	such	as	donor	deferral.

Australian Red Cross Blood Service
The Australian Red Cross Blood Service (Blood Service) was established as a national organisation in 
1996. It is responsible for collecting, processing and distributing blood and blood components sourced 
from voluntary donors in Australia. The Blood Service works alongside Australian regulators, government 
departments, and commercial and professional organisations, and with international bodies, to 
constantly review and improve the safety and provision of blood and blood components in Australia. The 
Blood Service also has significant transfusion medicine expertise and clinical involvement.
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D2 New Zealand blood sector

Ministry of Health
The New Zealand Minister of Health is the government owner of the New Zealand Blood Service (NZBS). 
The Minister appoints the NZBS Board and approves the Statement of Intent and Output Agreement. 

The Ministry of Health monitors the performance of the NZBS, and works closely with the organisation in 
setting the overall strategic direction for the provision of blood and blood products in New Zealand. 

Medsafe
Medsafe is the regulator for blood and blood products in New Zealand. Medsafe is responsible for:

•	 regulating	the	sector	in	terms	of	the	safety	and	quality	of	blood	and	blood	products	under	the	
Medicines Act 1981 and Medicines Regulations 1984

•	 auditing	and	licensing	blood	centres	in	accordance	with	good	manufacturing	practice

•	 issuing	product	recalls

•	 approving	changes	to	the	NZBS	Collection	and	Manufacturing	Standards.

New Zealand Blood Service
The New Zealand Blood Service (NZBS) is a Crown Entity established under the New Zealand Public 
Health and Disability Act 2000. Its legislated purpose and core activity is the safe, timely, high-quality and 
efficient provision of blood and blood products to clinicians for the people of New Zealand. It also provides 
related services, including matching of patients and donors before organ or tissue transplantation, and 
provision of tissue banking (skin, bone and stem cell services). 

The NZBS Board is appointed by, and responsible to, the Minister of Health, and performs strategic and 
governance functions in accordance with the Act. 

The NZBS works closely with regulators, the Ministry of Health and international agencies to monitor 
international developments in the field of transfusion medicine, to develop national policies and to 
implement them as appropriate in the New Zealand setting. 

In addition to its role in collecting, processing and distribution of blood and blood products, the NZBS is 
actively involved in the provision of blood banking and clinical services within New Zealand’s major hospitals. 
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for information on blood products available in Australia, see the website of the 
Australian Red Cross Blood Service (www.transfusion.com.au).

for information on blood products available in New Zealand, see the website of 
the New Zealand Blood Service (www.nzblood.co.nz).

Appendix E
Product information
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This appendix provides clinical guidance from the Clinical/Consumer Reference Group (CRG) on 
haemoglobin (Hb) thresholds for transfusion of preterm infants. 

In the absence of clear evidence from high-quality trials, there is wide variation in such thresholds in 
international practice, as demonstrated by a recent survey of 1018 neonatologists in 22 countries.392 
For infants of extremely low birth weight or <28 weeks gestation, most neonatologists favoured Hb 
thresholds for transfusion of 95–120 g/L for infants not receiving mechanical ventilation, then decreasing 
thresholds over subsequent weeks. They favoured higher thresholds for infants receiving increased 
respiratory support in the form of supplemental oxygen. 

New information is expected from large randomised controlled trials that are currently underway. 
Meanwhile, the CRG suggests that the values given in Table F.1 represent a reasonable approach to 
transfusion thresholds for preterm infants. 

Table f.1 Haemoglobin threshold for preterm infants

POSTNATAl 
WEEK

Hb (g/l)

NO RESPIRATORY SuPPORT
RESPIRATORY SuPPORT  

(e.g. supplemental oxygen, high-flow nasal 
cannula, CPAP, positive-pressure ventilation)

1 100–120 110–130

2 85–110 100–125

≥3 70–100 85–110

CPAP, continuous positive airway pressure; Hb, haemoglobin

The threshold for transfusion within these ranges may be influenced by the presence of symptoms and 
other factors such as:

•	 anticipated	blood	loss	(e.g.	haemolysis,	phlebotomy	or	surgery)

•	 quality	of	nutrition

•	 severity	of	illness

•	 site	of	sampling	–	Hb	measured	on	blood	samples	obtained	from	a	large	artery	or	from	veins	tends	
to be lower than that from free-flowing capillary samples.393 

In general, the decision to transfuse should be based on laboratory measurement of Hb rather than 
on estimates obtained from blood gas analysers, except in cases of clinical urgency. For guidance in 
calculating volume to transfuse, see Appendix G. 
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Transfusion volume 
calculation for neonates, 
infants and small children
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In calculating transfusion volume for neonates, infants and small children:
•	 the	dose	or	transfusion	volume	of	blood	components	for	neonates,	infants	and	children	should	be	

carefully calculated and prescribed in mL (not in ‘units’), with a specified transfusion rate
•	 an	administration	rate	of	up	to	6	mL/kg/hour	(for	a	20	mL/kg	transfusion)	or	5	mL/kg/hour	(for	

a 15 mL/kg transfusion) will allow proper checking procedures and completion of the transfusion 
within the 4 hours that RBCs can be out of a blood refrigerator.

Transfusion volume can be calculated using the following formula:394

Transfusion volume (ml) = patient’s weight x EBv × (desired Hb – patient’s Hb) / Hb of donor unit

where:
•	 weight	is	in	kg
•	 the	patient’s	estimated	blood	volume	(EBV)	is	in	mL/kg	–	this	decreases	with	age,	from	 

100–120 mL/kg in extremely preterm infants, to 80–85 mL/kg in term infants and about  
70 mL/kg in older infants and children

•	 desired	Hb	and	patient’s	Hb	is	in	g/L
•	 haematocrit	(Hct)	can	be	substituted	for	Hb	in	the	formula,	provided	it	is	used	throughout;	Hb	can	be	

estimated	from	Hct	using	the	formula	Hb	=	Hct	×	1000/3.

Table G.1 Hct values

CEll TYPE HCT ± SD [RANGE]

Paediatric RBCs leucocyte depleted 0.63 ± 0.03 [0.5–0.7]

RBCs leucocyte depleted 0.59 ± 0.03 [0.5–0.7]

Hct, haematocrit; RBC, red blood cell; SD, standard deviation 
Source: Australian Red Cross Blood Service data (1 July 2013 to 30 June 2014)v

Neonates
In neonates typical transfusion dose is 10–20mL/kg (where the upper end of the range applies to severe 
anaemia, expected ongoing risk factors or concurrent bleeding).

Table G.2 Approximate Hb increments that can be expected following transfusion in neonates

ESTIMATED Hb (g/l) AfTER TRANSfuSION

CuRRENT Hb (g/l) TRANSfuSION Of  
10 ml/kg

TRANSfuSION Of  
15 ml/kg 

TRANSfuSION Of  
20 ml/kg 

very preterm neonate with estimated blood volume 100 ml/kg

70 91 102 112

80 101 112 122

90 111 122 132

Term neonate with estimated blood volume 80 ml/kg

70 96 109 123

80 106 119 133

90 116 129 143

Hb, haemoglobin

v http://www.transfusion.com.au/blood_products/components/red_cells
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Infants and children less than 20 kg beyond the neonatal period
In infants and children less than 20 kg beyond the neonatal period, blood volume and Hb of donor unit are 
usually estimated to be similar for all patients, rather than varying transfusion by transfusion. Therefore, 
the formula can be simplified to the following:

Transfusion volume (ml) =  
patient’s weight (kg) × (desired Hb [g/l] – patient’s Hb [g/l]) × transfusion factor (0.5)

Based on the typical Hct for Australian RBCs (see above), and assuming EBV = 70 mL/kg the ‘transfusion 
factor’ of 0.5 is suggested. Studies have shown that when calculating the transfusion volume that a 
transfusion factor of 0.3 and 0.4 are insufficient to achieve the desired Hb increment, and that a factor of 
0.4.8 or 0. 5.02 is more appropriate.395–396

A transfusion of 10 mL/kg is often sufficient and will increase Hb by approximately 20 g/L. 
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Table H.1 Age-specific differential diagnoses in children with iron deficiency

INfANTS CHIlDREN ADOlESCENT

Inadequate dietary iron 

•	 Late introduction of iron-rich 
solids 

•	 Early introduction  
(i.e. <12 months) of  cow’s milk 

•	 Vegetarian or vegan diet

Inadequate dietary iron 

•	 Vegetarian or vegan diet

Inadequate dietary iron 

•	 Vegetarian or vegan diet

Increased iron requirements 

•	 Catch-up growth if premature 
or low birth weighta

•	 Rapid growth period

Increased iron requirements 

•	 Rapid growth period

Increased iron requirements 

•	 Rapid growth period
•	 Pregnancy
•	 Extreme athletes

Intestinal blood loss

•	 Cow’s milk protein intolerance
•	 Meckel’s diverticulum
•	 Inflammatory bowel disease
•	 Parasitic infection
Other chronic blood loss such as 
epistaxis, or renal or pulmonary 
blood loss

Intestinal blood loss

•	 Meckel’s diverticulum
•	 Inflammatory bowel disease
•	 Parasitic infectionb 
Other chronic blood loss such as 
epistaxis, or renal or pulmonary 
blood loss

Intestinal blood loss

•	 Inflammatory bowel disease
•	 Parasitic infection
•	 Menorrhagia
Other chronic blood loss such as 
epistaxis, or renal or pulmonary 
blood loss

Reduced absorption

•	 Coeliac disease
•	 Inflammatory bowel disease 
•	 Gastric or intestinal surgeries
•	 Helicobacter pylori infection

Reduced absorption

•	 Coeliac disease
•	 Inflammatory bowel disease 
•	 Gastric or intestinal surgeries
•	 Helicobacter pylori infection

Reduced absorption

•	 Coeliac disease
•	 Inflammatory bowel disease 
•	 Gastric or intestinal surgeries
•	 Helicobacter pylori infection
•	 Dietary factor (tannins)

a   Antenatal risk factors that predispose an infant to iron deficiency include maternal iron deficiency, maternal diabetes 
mellitus, smoking and multiple pregnancies. Perinatal factors that predispose an infant to iron deficiency include 
low birth weight, prematurity, feto-maternal haemorrhage, twin-to-twin transfusion or other blood loss including 
placental abruption, subgaleal haemorrhage or iatrogenic blood loss. 

b  Giardia and hookworm infection
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I1 Introduction

I1.1 Purpose
To ensure safe and appropriate administration of intravenous (IV) iron polymaltose, iron sucrose and 
iron carboxymaltose. Note that this guidance is based on practice guidelines from the Royal Children’s 
Hospital, Mebourne.397–399

I1.2 Procedure
•	 Check	for	previous	adverse	reactions	to	IV	iron	before	commencing	infusion.
•	 Refer	to	package	insert	to	ensure	familiarity	with	adverse	event	profile	for	the	specific	product.
•	 Ensure	that	child	and	parent	understand	procedure:

– obtain verbal consent to procedure
– ensure that child and parent are aware of possible adverse reactions.

•	 Ensure	that	medication	and	treatment	orders	are	correctly	written	up	by	the	medical	officer.
•	 Ensure	that	oxygen	and	resuscitation	equipment	are	in	working	order.
•	 Ensure	that	there	is	an	order	for	PRN	adrenaline	0.01	mg/kg	intramuscular	(IM)	1:1000	in	the	event	

of anaphylaxis.
•	 Establish	patient	IV	access	and	ensure	that	the	IV	is	working	well.
•	 Take	blood	specimens	as	requested.
•	 Commence	infusion	and	observations	as	per	protocol.
•	 Monitor	for	any	local	or	systemic	adverse	reactions.
•	 If	there	are	signs	of	an	adverse	reaction	or	anaphylaxis,	cease	the	infusion	immediately.
•	 Contact	the	treating	medical	officer	or	call	the	medical	emergency	team	(MET).
•	 Treat	symptomatically,	and	administer	oxygen,	IV	fluids	and	adrenaline	as	required.

I1.3 Precautions 
•	 Ensure	that	all	staff	are	familiar	with	MET	criteria	and	can	recognise	when	to	initiate	a	MET	call.
•	 Do	not	administer	iron	infusions	out	of	hours	unless	they	are	urgently	required	and	staffing	levels	

are appropriate.
•	 Place	the	patient	in	a	clinical	area	where	the	patient	can	be	closely	monitored	throughout	the	

duration of the infusion. 
•	 Ensure	that	patients	undergoing	iron	infusions	are	not	on	oral	iron	therapy,	and	that	they	do	not	

recommence oral iron therapy until 1 week after the last dose of parenteral therapy. 
•	 For	iron	sucrose	and	iron	polymaltose:

– consider premedications: 
•	 ceterizine	(0.125	mg/kg	oral;	maximum	10	mg)
•	 hydrocortisone	(2–4	mg/kg	IV;	maximum	100	mg)

– be aware that concomitant therapy with an angiotensin-converting enzyme (ACE) inhibitor may 
increase the incidence of adverse effects.
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I1.4 Contraindications
•	 Previous	allergic	reactions	to	iron	therapy.
•	 Severe	liver	dysfunction.
•	 Iron	overload.

I1.5 Observations
•	 Baseline	weight.
•	 Baseline	temperature,	respiratory	rate,	pulse	and	blood	pressure.
•	 Direct	observation	for	the	first	15	minutes.
•	 For	the	remainder	of	the	infusion,	observe:

– blood pressure every 15 minutes
– heart rate for 60 minutes then hourly.

•	 Monitor	for	signs	of	anaphylaxis,	headache,	nausea,	hypotension,	joint	and	muscle	pain	or	signs	of	
extravasation.

I1.6 Discharge
•	 Ensure	patient	meets	discharge	criteria.

AlERT
•	 	Check	prescription	and	vials	carefully	as	there	are	many	different	forms	of	IV	iron	

preparations.

•	 Iron	formulations	have	different	iron	concentrations,	maximum	doses,	dilutions	and	rates	
of administration and are not interchangeable with regard to dose, dilution and rates of 
administration. 
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I2 Iron carboxymaltose (Ferinject) dose397 
Presentation
Two ampoule sizes:

•	 100	mg/2	mL

•	 500	mg/10	mL.

Maximum dose
•	 Total	or	cumulative	dose	–	may	need	to	be	administered	over	several	doses	at	weekly	intervals.

•	 Maximum	dose	–	20	mg/kg	capped	at	1000	mg/week.

Administration
•	 Dilute	using	0.9%	sodium	chloride:

– maximum concentration 5 mg/mL

– minimum concentration 2 mg/mL.

•	 For	children	under	14	years	of	age,	use	a	maximum	dose	of	20	mg/kg/week,	and	round	down	to	the	
nearest ampoule (to a maximum of 1000 mg/week). 

•	 Administer	over	at	least	15	minutes.

Table I.1 Total dose (mg of Iv iron carboxymaltose) based on Hb concentration and body weight

DOSES ARE 
IN mg BODY WEIGHT (kg)

Hb (g/l) 35 40 45 50 55 60 65 70 75 80

60 1200 1300 1400 1500 1600 1700 1900 2100 2200 2300

75 1100 1200 1300 1400 1400 1500 1600 1800 1900 2000

90 1000 1000 1100 1200 1200 1300 1400 1600 1600 1700

105b 800 900 900 1000 1000 1100 1200 1300 1400 1400

Maximum 
dose/ 
weeka

700 800 900 1000 1000 1000 1000 1000 1000 1000

Hb, haemoglobin; IV, intravenous
a  Maximum dose is 20 mg/kg (to a maximum of 1000 mg/week).
b  Pink shading indicates that the infusion can be given in a single dose; in all other instances, the dose needs to be split 

over more than 1 week.
Source: Royal Children’s Hospital, Melbourne (2013)397

The use of Ferinject in children constitutes an "off label" use of this product. Product Information approved by 
the Australian Therapeutic Goods Administration for Ferinject provides that the use of Ferinject has not been 
studied in children and therefore is not recommended in children under 14 years.  However, the information in 
these Guidelines refers to best available evidence374 and current clinical practice protocols397 that support the 
safety and efficacy of this product for paediatric use. When considering these Guidelines, clinicians should use 
their professional judgement to consider this evidence, taking into account the preferences of the individual or 
their carer.
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I3 Iron sucrose (Venofer) dose398

Presentation
•	 Ampoule	of	5	mL	is	equivalent	to	100	mg	of	iron	(i.e.	20	mg/mL).

Maximum dose
•	 Maximum	dose	per	infusion	is	7	mg/kg	of	iron	(0.35	mL/kg)	capped	at	300	mg	(15	mL).373

•	 This	maximum	dose	is	suitable	for	iron	deficiency	anaemia,	lower	doses	may	be	appropriate	in	
maintenance therapy in chronic kidney disease.

Table I.2 Total dose (ml of Iv iron sucrose) based on Hb concentration and body weight 

DOSES ARE IN 
ml (20 mg/
ml solution)

BODY WEIGHT (kg)

Hb (g/l) 5 10 15 20 25 30 35 40 45 50 55 60 65 70

60 8 16 24 32 40 48 63 68 74 79 84 90 95 101

75 7 14 21 28 35 42 57 61 66 70 75 79 84 88

90 6 12 19 25 31 37 50 54 57 61 65 68 72 75

105 5 11 16 21 26 32 44 47 49 52 55 57 60 63

Max dose/ 
infusiona

ml 1.75 3.5 5.25 7.0 8.75 10.5 12.25 14 15 15 15 15 15 15

mg 35 70 105 140 175 210 245 280 300 300 300 300 300 300

Hb, haemoglobin; IV, intravenous
a  Maximum dose per infusion is 7 mg/kg (to a maximum of 300 mg).373

Source: Royal Children’s Hospital, Melbourne (2012)398

Administration
To calculate the number of doses to be given, divide the total dose of IV iron sucrose in the upper part of 
the table by the maximum dose of IV iron sucrose per infusion (in mL) in the lower part of the table. Do 
not give more than three doses per week.

Children (>1 month of age): 

•	 For	body	weight	5–10	kg,	dilute	doses <100 mg 1:1 with normal saline, infuse over 30 minutes.
•	 For	body	weight	15–25	kg,	dilute	doses 100–200 mg in 200 mL normal saline, infuse over 60 minutes.
•	 For	body	weight	30–70	kg,	dilute	doses 200–300 mg in 300 mL normal saline, infuse over 90 minutes. 

The use of Venofer in children constitutes an "off label" use of this product. Product Information approved by the 
Australian Therapeutic Goods Administration for Venofer provides that the safety and efficacy of Venofer in children 
has not been established. However, the information in these Guidelines refers to best available evidence373 and 
current clinical protocols398 that support the safety and efficacy of this product for paediatric use. When considering 
these Guidelines, clinicians should use their professional judgement to consider this evidence, taking into account 
the preferences of the individual or their carer.
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I4 Iron polymaltose (Ferrosig) dose399

Presentation
•	 Ampoule	=	2	mL	of	iron	polymaltose	=	100	mg	of	iron.

Dose
•	 See	Table	I.3.	None	of	the	doses	in	the	table	exceed	the	recommended	maximum	dose	of	 

2500 mg/infusion.

Administration
•	 Dilute	with	0.9%	sodium	chloride	to	a	maximum	concentration	of	5	mg/mL.
•	 Standard	infusion	(500	mL	0.9%	saline):

– commence infusion at 40 mL/hour for 75 minutes (50 mL)
– then increase by 20 mL/hour 15 minutely to a maximum rate of 120 mL/hour.

•	 For	smaller	patients	or	fluid	restricted	(250	mL	0.9%	saline):
– commence infusion at 20 mL/hour for 75 minutes (25 mL)
– then grade up by 10 mL/hour to a maximum rate of 60 mL/hour.

Table I.3 Dose (ml of Iv iron polymaltose) based on Hb concentration and body weight

DOSES ARE 
IN ml (100 
mg/ml 
solution)a

BODY WEIGHT (kg)

Hb (g/l) 5 10 15 20 25 30 35 40 45 50 55 60 65 70

60 3 6 10 13 16 19 25 27 30 32 34 36 38 40

75 3 6 9 11 14 17 23 24 26 28 30 32 33 35

90 3 5 7 10 12 15 20 22 23 24 26 27 29 30

105 2 4 6 8 11 13 18 19 20 21 22 23 24 25

Hb, haemoglobin; IV, intravenous
a  Maximum dose 2500 mg/infusion
Source: Royal Children’s Hospital, Melbourne (2012)399

Administration
•	 Use	Hb	closest	to	patient’s	Hb.
•	 Doses	coloured	blue may be diluted in 250 mL of 0.9% sodium chloride.
•	 Doses	coloured	red may be diluted in 500 mL of 0.9% sodium chloride.
•	 Doses	coloured	purple need dilution in 1000 mL of 0.9% sodium chloride.
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This appendix provides guidance from the Clinical/Consumer Reference Group 
(CRG) on tranexamic acid (TxA) dosing in various paediatric patient groups. 
Evidence for appropriate paediatric dosing is available for craniofacial surgery,205 
and pragmatic dosing regimens are suggested for trauma400 and scoliosis 
surgery,185 but not for cardiac surgery.

Appendix J
Tranexamic acid 
dosing guidance
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J1 Surgery other than cardiac
Table J.1 Guidance on tranexamic dosing in surgical paediatric patients other than cardiac

PATIENT GROuP
lOADING DOSE  

(mg/kg over 10 minutes, up to a 
maximum of 1 g)

INfuSION  
(mg/kg/hour)

Traumaa 15 2

Craniofacial surgery 10 5

Scoliosis surgery 10 5

a  Commencing within 3 hours of trauma and continuing for at least 8 hours or until bleeding stops.

J2 Cardiac surgery
There is a lack of evidence for appropriate target plasma concentrations for TXA in paediatric cardiac 
surgery; hence, no specific guidance on dosing can be given for this patient group. However, a safe and 
effective dose regimen is likely to need to take into account factors such as age, weight, pump prime 
volume and use of ultrafiltration. A loading dose followed by a continuous infusion is more likely than 
intermittent boluses to produce stable plasma concentrations.214
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RED BlOOD CEll (RBC) TRANSfuSION – INDICATIONS, HB THRESHOlDS AND vOluME 
RBC TRANSfuSION

R1 In paediatric patients, including those who are critically 
ill, a restrictive transfusion strategy is suggested.a, b, c 

a  See PP6 for guidance on a restrictive transfusion 
strategy.

b  Higher Hb thresholds may be appropriate in very low 
birth weight and preterm neonates.

c  See PP2, PP3 and Appendix f (RBC transfusions in 
preterm infants) for guidance for preterm neonates.

PP1 In neonatal and paediatric patients, the decision to 
give a RBC transfusion should not be dictated by a 
Hb concentration alone.a The decision should also 
be based on assessment of the patient’s underlying 
condition, anaemia-related signs and symptoms, 
and response to previous transfusions. underlying 
conditions that may influence the decision to transfuse 
include acquired or congenital cardiac disease, and 
severe respiratory disease.
a  See PP1 in Patient Blood Management Guidelines: 

Module 3 – Medical.3

PP6 In haemodynamically stable paediatric patients 
(excluding neonates), evidence from other patient 
groups and CRG consensusa suggests that, with a:
•	 Hb concentration <70 g/l, RBC transfusion is often 

appropriate. However, transfusion may not be 
required in well-compensated patients or where 
other specific therapy is available.

•	 Hb concentration of 70–90 g/l, RBC transfusion 
may be appropriate. The decision to transfuse 
patients should be based on the need to relieve 
clinical signs and symptoms of anaemia, and the 
patient’s response to previous transfusions. 

•	 Hb concentration >90 g/l, RBC transfusion is often 
unnecessary and may be inappropriate.

a  See PP3 in Patient Blood Management Guidelines: 
Module 4 – Critical Care.4

PP5 for neonatal and paediatric patients, a specific 
procedural guideline for RBC transfusion should be 
used that includes the following:
•	 age-specific Hb reference ranges
•	 volume of transfusion and rate of administration
•	 patient monitoring during and after transfusion
•	 transfusion technique (e.g. use of syringe pumps)
•	 recognition and reporting of adverse events.

PP8 In paediatric patients less than 20 kg, calculate 
transfusion volume (ml) based on weight and desired 
Hb increment.a
a  See Appendix f (RBC transfusions in preterm infants) 

and Appendix G (Transfusion volume calculation for 
neonates, infants and small children).

GRade c
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PP9 In most paediatric patients over 20 kg, transfusion of 
a single unit of RBC, followed by clinical reassessment 
to determine the need for further transfusion, is 
appropriate. This reassessment will also guide the 
decision on whether to retest the Hb level.a
a  See PP2 in Patient Blood Management Guidelines: 

Module 2 – Perioperative.2

PP3 In preterm infants requiring transfusion, there is 
insufficient evidence to support or refute the use of 
either a restrictive or liberal RBC transfusion strategy.

PP2 Neonatal units should use a procedural guidelinea for 
RBC transfusion in preterm infants that includes the 
following:
•	 age of infant
•	 age-specific Hb reference ranges
•	 Hb or haematocrit
•	 level of respiratory support
•	 ongoing or anticipated red cell loss
•	 nutritional status.
a  See Appendix f (RBC transfusions in preterm infants).

PP4 In neonatal patients, calculate transfusion volume (ml) 
based on weight and desired Hb increment. a
a  See Appendix f (RBC transfusions in preterm infants) 

and Appendix G (Transfusion volume calculation for 
neonates, infants and small children).

PP12 In neonatal and paediatric patients with critical 
bleeding requiring massive transfusion, use a critical 
bleeding protocol.a A template protocol is provided 
within the module.b
a  The use of the word ‘protocol’ is not strictly 

prescriptive.
b  The template given in Appendix K (Critical bleeding 

protocol) is intended for local adaptation. 

eOP8 Where possible, K-negative RBC should be selected 
for transfusion for all females of childbearing potential 
who are K negative or whose K antigen status is 
unable to be determined prior to transfusion. This 
includes fetal transfusion.

eOP23 Management of pregnancies at risk of fetal anaemia 
or thrombocytopenia should be undertaken in facilities 
with appropriate expertise in ultrasound imaging and 
invasive fetal interventions, and that have access to 
specific blood products and neonatal intensive care.

eOP24 Pregnancies at risk of fetal anaemia should be 
assessed by Doppler ultrasound of the fetal middle 
cerebral artery peak systolic velocity, to determine 
whether fetal blood sampling and intrauterine 
transfusion are necessary. 
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RBC TRANSfuSION – INDICATIONS, HB THRESHOlDS AND vOluME  
RBC TRANSfuSION IN CHRONIC ANAEMIA

R2 In children and adolescents with sickle cell disease who 
have been assessed to be at increased risk of stroke,a 
a program of prophylactic RBC transfusions should be 
used in order to reduce stroke occurrence.b
a  Assessed by transcranial Doppler ultrasonography9 

and MRI.10

b  See PP11 for methods of assessment.

PP11 Children and adolescents with sickle cell disease 
should be assessed for stroke risk using both 
transcranial Doppler ultrasonography9 and MRI.10

R4 In paediatric patients with sickle cell disease, 
hydroxyurea should not be given for the primary 
purpose of reducing transfusion incidence.a, b 
a  Although hydroxyurea reduces transfusion incidence, 

it may not be the optimal treatment for prevention 
of stroke. 

b  See R2 and PP22.

PP22 In paediatric patients over 9 months of age with sickle 
cell disease, hydroxyurea should be offered to reduce 
vaso-occlusive pain crises and acute chest syndromes.

PP7 In paediatric patients with beta thalassaemia, 
the evidence does not support any change to the 
current practice of maintaining a pretransfusion Hb 
concentration of 90–100 g/l.a
a  See PP23 in Patient Blood Management Guidelines: 

Module 3 – Medical.3

PP10 In paediatric patients over 20 kg who are chronically 
transfused (e.g. haemoglobinopathies or bone marrow 
failure syndromes) a single-unit approach may not 
be appropriate. Instead, calculation of the transfusion 
volume (ml) should be based on weight and desired 
Hb increment. 

eOP9 In both male and female chronically transfused 
patients, RBC should be selected to match RhD, C/c, 
E/e and K antigen status.

REDuCING THE NEED fOR RBC TRANSfuSION 
PlACENTAl TRANSfuSION

PP32 In preterm infants, deferring cord clamping for between 
30 seconds and 3 minutes may reduce transfusion 
volume and incidence, and incidence of intraventricular 
haemorrhage. However, the effect of this practice 
on other outcomes (death, major morbidity and 
neurodevelopmental outcomes) is uncertain or 
unknown, particularly in extremely preterm infants 
(e.g. <28 weeks) and in those who require active 
resuscitation. 

PP33 In term infants, deferring cord clamping for at least 1 
minute is likely to reduce the risk of iron deficiency at 
3–6 months. This intervention should be considered 
in infants who do not require active resuscitation, 
provided that access to phototherapy for jaundice is 
available.a
a  See McDonald et al (2013).19

GRade a

GRade b
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REDuCING THE NEED fOR RBC TRANSfuSION  
ORAl AND/OR PARENTERAl IRON

R5 In surgical paediatric patients with or at risk of iron 
deficiency anaemia, preoperative iron therapy is 
recommended.a 
a  See R4 in Patient Blood Management Guidelines: 

Module 2 – Perioperative.2

PP24 In neonatal and paediatric surgical patients in whom 
substantial blood loss is anticipated, preoperative 
anaemia and iron deficiencya should be identified, 
evaluated and managed to minimise RBC transfusion.b
a  Iron deficiency can be present with a normal Hb. 
b  See Appendix H (Paediatric haemoglobin assessment 

and optimisation template) for further information on 
the optimal dosing strategy.

PP25 To implement PP24, patients should be evaluated as 
early as possible so that scheduling of surgery can be 
coordinated with optimisation of the patient’s Hb and 
iron stores.

PP13 Preterm and low birth weight infants should receive 
iron supplementation as necessary to achieve the 
recommended nutrient intake. However, routine 
supplementation in excess of the recommended 
nutrient intake, to reduce transfusion incidence, is not 
supported.

PP14 Infants and children should receive sufficient dietary 
iron to achieve the adequate intake or recommended 
daily intake. If the adequate intake or recommended 
daily intake cannot be met by dietary means, iron 
supplementation is advised.

PP15 Infants and children in populations at high riska of iron 
deficiency should be screened for this condition.b
a  See Domellof et al (2014)13 and Pottie et al (2011).14

b  See Section 3.6.

PP16 Infants and children with iron deficiency should 
be treated with iron supplements and dietary 
modifications.

PP27 Critically ill paediatric patients should receive iron 
supplementation as necessary to achieve the 
recommended nutrient intake. 

eOP32 from 6 months of age, all infants and children should 
receive iron-rich foods.

eOP33 Cow’s milk should not be given to infants before 12 
months of age; from 12 months of age, cow’s milk 
intake should not exceed 500 ml per day.

GRade c
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eOP34 Iv iron should be administered according to a protocol 
relevant to the specific product being used:a

•	 Iv iron formulations have different iron 
concentrations, maximum doses, dilutions and rates 
of administration; they are not interchangeable with 
regard to dose, dilution and rates of administration

•	 Iv iron formulations should only ever be 
administered in an appropriate health-care setting 
with medical personnel and resuscitation facilities 
on site.

a  See Appendix I (Intravenous iron) for further 
information.

REDuCING THE NEED fOR RBC TRANSfuSION  
ERYTHROPOIESIS STIMulATING AGENTS (ESAs)

R3 In preterm infants with low birth weight (<2500 g), the 
routine use of ESAs is not advised. 

PP17 In paediatric patients receiving chemotherapy, the 
routine use of ESAs is not advised. 
The use of ESAs may reduce transfusion incidence; 
however, the studies are underpowered to determine 
their effect on mortality and thromboembolic events, 
which are increased in the adult population.a 
a  See R2 in Patient Blood Management Guidelines: 

Module 3 – Medical.3

PP18 In paediatric patients with chronic kidney disease, ESA 
therapy to achieve a low to intermediate Hb target may 
be used to avoid RBC transfusion, after consideration 
of risks and benefits for the individual patient.a, b, c

a  See R4 in Patient Blood Management Guidelines: 
Module 3 – Medical.3

b  The KDIGO guidelines11 recommend a Hb target 
of 110–120 g/l for paediatric patients and state 
that individualisation of ESA therapy is reasonable 
because some patients may have improvements in 
quality of life at higher Hb concentration.

c  The NICE guidelines12 recommend a Hb target of 
100–120 g/l for children aged 2 years and older, and 
95–115 g/l for children younger than 2 years of age 
(reflecting the lower normal range in that age group).

PP19 In adult patients with chronic kidney disease, ESA 
therapy to achieve a Hb target of >130 g/l is not 
recommended because of increased morbidity; 
therefore, it is sensible to apply this limit to paediatric 
patients.a
a  See R6 in Patient Blood Management Guidelines: 

Module 3 – Medical.3

PP20 ESA use is less effective in patients with chronic 
kidney disease who have absolute or functional iron 
deficiency.a
a  See PP13 in Patient Blood Management Guidelines: 

Module 3 – Medical.3

GRade c

234 Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics



fe
ta

l a
nd

 n
eo

na
ta

l 
co

nd
iti

on
s

Pr
ev

en
tin

g 
an

ae
m

ia

Ca
rd

ia
c a

nd
 ca

rd
ia

c 
su

rg
ica

l

Ot
he

r s
ur

gi
ca

l

Cr
iti

ca
lly

 ill
 in

fa
nt

 a
nd

 
ch

ild

Ch
ro

ni
c k

id
ne

y d
ise

as
e

Ot
he

r c
hr

on
ic 

an
ae

m
ia

Ca
nc

er
, c

he
m

ot
he

ra
py

 
an

d 
tra

ns
pl

an
ta

tio
n 

PP21 Where ESAs are indicated for the treatment or 
prevention of anaemia in neonatal and paediatric 
patients, they should be combined with iron therapy.

PP23 In neonatal and paediatric surgical patients, an ESA 
should only be prescribed in consultation with a 
paediatric haematologist, and should be combined with 
iron therapy.

PP26 In critically ill paediatric patients with anaemia, ESAs 
should not be routinely used.a
a  This point is based on the lack of effect of ESAs on 

mortality in critically ill adult patients. See R2 in 
Patient Blood Management Guidelines: Module 4 – 
Critical Care.4

REDuCING THE NEED fOR RBC TRANSfuSION  
REDuCING THE NEED fOR ExCHANGE TRANSfuSION

R7 In neonates with haemolytic disease of the fetus and 
newborn, the use of IvIg is not recommended. 

PP34 Neonates at risk of haemolytic disease of the fetus 
and newborn should be promptly assessed after birth. 
Those at high risk of severe jaundice should receive 
intensive phototherapy. 

eOP6 In maternity patients with a fetus affected by 
haemolytic disease of the fetus and newborn who is 
at high risk of early fetal hydrops or death, a course of 
weekly IvIg should be considered. 

REDuCING THE NEED fOR RBC TRANSfuSION  
REDuCING BlOOD lOSS

R8 In paediatric patients undergoing surgery, measures to 
prevent hypothermia should be used.a 
a  See R12 in Patient Blood Management Guidelines: 

Module 2 – Perioperative.2

R9 In paediatric patients undergoing cardiac surgery with 
cardiopulmonary bypass, the use of antifibrinolytics is 
suggested.a, b, c

a  Although there is evidence of a reduction in 
transfusion, there is insufficient evidence to 
determine the risk of thromboembolic complications.

b  Tranexamic acid in this context is approved in 
Australia. The use of aprotinin in this context 
is considered off label in Australia. Epsilon-
aminocaproic acid is not licensed for use in Australia.

c  See Appendix J (Tranexamic acid dosing guidance) for 
further information.

GRade b

GRade b
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R10 In paediatric patients undergoing surgery for scoliosis 
in whom substantial blood loss is anticipated, the use 
of antifibrinolytics may be considered. a, b 
a  Tranexamic acid in this context is approved in 

Australia. The use of aprotinin in this context 
is considered off label in Australia. Epsilon-
aminocaproic acid is not licensed for use in Australia.

b  See Appendix J (Tranexamic acid dosing guidance) for 
further information.

R11 In paediatric patients undergoing craniofacial surgery 
in whom substantial blood loss is anticipated, the use 
of antifibrinolytics may be considered.a, b 
a  Tranexamic acid in this context is approved in 

Australia. The use of aprotinin in this context 
is considered off label in Australia. Epsilon-
aminocaproic acid is not licensed for use in Australia.

b  See Appendix J (Tranexamic acid dosing guidance) for 
further information.

R12 In paediatric patients undergoing cardiac surgery with 
cardiopulmonary bypass, the routine use of rfvIIa is 
not recommended. 

PP40 The administration of rfvIIa may be considered 
in the perioperative patient with life-threatening 
haemorrhage after conventional measures, including 
surgical haemostasis, use of antifibrinolytics and 
appropriate blood component therapy have failed.a, b

a  rfvIIa is not licensed for this use; its use should only 
be considered in exceptional circumstances. 

b  See R22 and PP20 in Patient Blood Management 
Guidelines: Module 2 – Perioperative.2

PP38 In acutely bleeding critically ill paediatric trauma 
patients, tranexamic acid should be administered 
within 3 hours of injury.a, b 
a  See R3 in Patient Blood Management Guidelines: 

Module 4 – Critical Care.4
b  See Appendix J (Tranexamic acid dosing guidance) for 

further information.

PP39 In paediatric trauma patients aged under 12 years, a 
tranexamic acid dose of 15 mg/kg (maximum 1000 mg) 
infused intravenously over 10 minutes, followed by 
2 mg/kg/hour (maximum 125 mg/hour) until bleeding 
is controlled or for up to 8 hours is suggested.a, b 
a  See the template given in Appendix K (Critical bleeding 

protocol), which is intended for local adaptation. 
b  See Appendix J (Tranexamic acid dosing guidance) for 

further information.

PP35 In paediatric patients, acute normovolaemic 
haemodilution has not been shown to reduce 
transfusion or improve clinical outcomes. However, 
if acute normovolaemic haemodilution is used, it 
requires a local procedural guideline that addresses 
patient selection, vascular access, volume of blood 
withdrawn, choice of replacement fluid, blood storage 
and handling, and timing of reinfusion.

GRade c

GRade c
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PP36 In paediatric patients undergoing cardiac surgery with 
cardiopulmonary bypass, intraoperative cell salvage 
may be considered. If intraoperative cell salvage is 
used, it requires a local procedural guideline that 
should include patient selection, use of equipment 
and reinfusion. All staff operating cell salvage 
devices should receive appropriate training, to ensure 
knowledge of the technique and proficiency in using it.

PP37 In paediatric patients undergoing cardiac surgery with 
cardiopulmonary bypass, viscoelastic point-of-care 
testing may be considered.

eOP27 Strategies to safely minimise phlebotomy losses 
should be used for all neonatal and paediatric patients. 
Such strategies may include (where safe and feasible):
•	 use of ‘as-needed’ rather than routine sampling
•	 meticulous avoidance of blood overdraw
•	 return of void volumes to sampling lines
•	 use of closed inline sampling devices
•	 judicious use and ‘on-time’ removal of sampling lines
•	 optimal sampling technique and sample handling to 

minimise rejection of samples by laboratory
•	 laboratory equipment that uses the smallest 

possible sample volumes
•	 use of non-invasive techniques and point-of-care 

devices
•	 audit compliance and cumulative phlebotomy 

losses in selected groups of patients at regular 
intervals.

eOP28 Prothrombin complex concentrates may be considered 
in neonatal and paediatric patients undergoing urgent 
surgery who are receiving vitamin K antagonists.21

eOP29 Prothrombin complex concentrates may be considered 
to treat bleeding in paediatric patients at high risk 
of volume overload (e.g. those who have undergone 
cardiac surgery on cardiopulmonary bypass).

eOP30 Topical haemostatic agents may be considered 
in neonatal and paediatric surgical patients as an 
adjuvant to control bleeding.

eOP31 The use of topical haemostatic agents should adhere 
to the manufacturer’s instructions and safety 
information.

MEASuRES TO REDuCE COAGulOPATHY  
PlATElETS

PP28 In neonatal and paediatric patients, the decision to 
transfuse platelets should take into account the 
potential risks and benefits. The decision should be 
based not only on laboratory investigations but also on 
assessment of the patient’s clinical condition. factors 
that may influence the decision include active bleeding, 
medications affecting platelet function and coagulation 
status, and congenital and acquired bleeding disorders.
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PP31 In patients undergoing chemotherapy and 
haematopoietic stem cell transplantation, the 
recommended strategy for prophylactic use of platelets 
is transfusion at a platelet count of <10 × 109/l in 
the absence of risk factors, and at <20 × 109/l in the 
presence of risk factors (e.g. fever, minor bleeding).a
a  See R8 in Patient Blood Management Guidelines: 

Module 3 – Medical.3

eOP4 In general, neonatal and paediatric patients with 
a	platelet	count	≥	50	×	109/l can undergo invasive 
procedures without any serious bleeding; however, 
lower platelet counts may be tolerated.a
a  See PP17 in Patient Blood Management Guidelines: 

Module 2 – Perioperative.2

eOP25 Pregnant women who have had a prior pregnancy 
with fetal or neonatal intracranial haemorrhage 
or thrombocytopenia due to fetal and neonatal 
alloimmune thrombocytopenia should be managed 
with IvIg.20

eOP26 fetal blood sampling should be considered to assess 
response to IvIg in those who have had a previous 
child with intracranial haemorrhage due to fetal and 
neonatal alloimmune thrombocytopenia. The risk of 
fetal blood sampling should be balanced against the 
risk of bleeding due to suboptimal IvIg response.

eOP16 for neonates with known or suspected fetal and 
neonatal alloimmune thrombocytopenia:
•	 urgent platelet transfusion should be given if 

platelets are below 30 × 109/l in a term infant or 
below 50 × 109/l in a preterm infant, even in the 
absence of clinically significant bleeding

•	 if there is active bleeding, a higher threshold should 
be considered (100 × 109/l for intracranial bleeding, 
and 50 × 109/l for other sites of bleeding)

•	 in all cases, a paediatric haematologist should be 
consulted. 

eOP17 for neonates with known or suspected fetal and 
neonatal alloimmune thrombocytopenia, platelet count 
response to transfusion should be checked within 
12 hours.

eOP18 for neonates with known or suspected fetal and 
neonatal alloimmune thrombocytopenia, random 
donor platelets should be used if antigen-matched 
platelets are not immediately available. Continued use 
of random donor platelets is acceptable if antigen-
matched platelets cannot be obtained. Because of 
short survival of random donor platelets, repeated 
transfusion is likely to be needed. 

eOP19 for neonates with fetal and neonatal alloimmune 
thrombocytopenia, IvIg may be considered.20

eOP20 for neonatal and paediatric patients with platelet 
refractoriness attributable to non-immune causes 
such as splenomegaly or infection, fresh, ABO-
compatible, single-donor apheresis platelets may 
improve platelet increment.
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eOP21 If the cause of platelet refractoriness is not obvious, 
investigation should include screening for HlA 
antibodies. HlA-matched platelets should be used if 
an HlA antibody is detected. 
If the HlA antibody screen is negative or there is a 
poor response to HlA-matched platelets, screening 
for human platelet antigen antibodies should be 
undertaken, followed by use of human platelet 
antigen-matched platelets if positive. 

eOP22 In patients with inherited platelet disorders such 
as Bernard Soulier Syndrome and Glanzmann’s 
thrombasthenia, platelet transfusions should be 
avoided if possible, to reduce the patient’s risk of 
alloimmunisation. If platelet transfusion is unavoidable 
the patient should receive HlA-matched platelets.

MEASuRES TO REDuCE COAGulOPATHY  
fRESH fROZEN PlASMA (ffP), CRYOPRECIPITATE OR fIBRINOGEN CONCENTRATE

R6 In neonatal and paediatric patients undergoing cardiac 
surgery, the routine use of an ffP-based pump 
prime solution is not recommended, because it offers 
no advantages over an albumin-based solution in 
relation to postoperative blood loss, or perioperative 
transfusion requirements. 

PP29 In neonatal and paediatric patients, the decision 
to transfuse ffP, cryoprecipitate or fibrinogen 
concentrate should take into account the potential 
risks and benefits. The decision should be based 
not only on laboratory investigations but also on 
assessment of the patient’s clinical condition. factors 
that may influence the decision include active bleeding, 
medications affecting coagulation status, and 
congenital and acquired bleeding disorders.

PP30 for guidance on the use of ffP in specific patient 
groups, refer to:a

•	 Patient Blood Management Guidelines: Module 1 – 
Critical Bleeding/Massive Transfusion (2011)1

•	 Patient Blood Management Guidelines: Module 2 – 
Perioperative (2012)2

•	 Warfarin Reversal: Consensus Guidelines, on behalf 
of the Australasian Society of Thrombosis and 
Haemostasis (2004)15

•	 AHCDO guidelines for patients with specific factor 
deficiencies (www.ahcdo.org.au)

•	 Guidelines for the use of fresh-frozen Plasma, 
Cryoprecipitate and Cryosupernatant (2004).16

a  See PP17 in Patient Blood Management Guidelines: 
Module 3 – Medical.3

eOP1 In neonatal and paediatric patients undergoing 
surgery, ffP is only indicated for treatment of active 
bleeding where coagulopathy is a contributing factor. 
Its use should be guided by clinical assessment, 
supplemented by point-of-care or laboratory testing.

GRade c
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eOP2 In general, neonatal and paediatric patients with an 
INR	≤2	can	undergo	invasive	procedures	without	
any serious bleeding; however, higher INRs may be 
tolerated.a
a  See PP17 in Patient Blood Management Guidelines: 

Module 2 – Perioperative.2

eOP3 Cryoprecipitate should be used to treat active bleeding 
when the fibrinogen level is <1.5 g/l. A target level 
of 2 g/l may be appropriate in certain situations 
(e.g. when critical bleeding is occurring or anticipated).a
a  The template given in Appendix K (Critical bleeding 

protocol) is intended for local adaptation.

eOP5 Specialist guidelines or haematology advice should 
be sought for at-risk patients undergoing intracranial, 
intraocular and neuraxial procedures, and for patients 
with severe thrombocytopenia or coagulopathy.

SPECIfIC PRODuCTS fOR SElECTED PATIENTS  
INDICATIONS fOR ‘fRESH’, IRRADIATED OR CYTOMEGAlOvIRuS (CMv) NEGATIvE BlOOD PRODuCTS

eOP7 ‘fresh’ (<7 days) RBCs are not advocated for routine 
use, but may be considered in the following clinical 
situations:
•	 intrauterine transfusion (<5 days, if available)
•	 large-volume transfusion (>25 ml/kg)
•	 exchange transfusion
•	 cardiac surgery
•	 transfusion-dependent chronic anaemia 

(RBCs <14 days)
•	 where irradiated blood products are used.

eOP10 Irradiated cellular blood products (RBCs and platelets) 
are used to prevent transfusion-associated graft-
versus-host disease, and are indicated for:
•	 intrauterine transfusion, and recipients of prior 

intrauterine transfusion up to 6 months of age 
•	 suspected or known severe congenital T-cell 

immunodeficiency (e.g. severe combined 
immunodeficiency)

•	 severe acquired T-cell dysfunction, related to 
either disease or drug therapy (see published 
guidelines17–18)

•	 human leukocyte antigen-matched cellular blood 
products (RBCs, platelets and granulocytes). 

They may also be considered for:
•	 neonatal exchange transfusion, provided this does 

not unduly delay transfusion
•	 very low birth weight neonates, especially 

extremely preterm (<28 weeks) or extremely low 
birth weight infants

•	 certain patients undergoing chemotherapy 
(depending on degree of immunosuppression).

eOP11 Stem cells must not be irradiated.
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eOP12 Hyperkalaemia may occur when large volumes of 
irradiated blood are transfused. In patients at risk, 
irradiated blood should be as fresh as possible 
(<7 days) and used within 24 hours of irradiation. 

eOP13 Patients at high risk of transfusion-associated graft-
versus-host disease should be informed of the need 
for irradiated blood products. Also, alerts should be 
incorporated in the information systems of the health 
service and transfusion laboratory.

eOP14 CMv-negative products may be considered in the 
following situations:
•	 intrauterine transfusion
•	 preterm neonates (up to 28 days after expected date 

of delivery)
•	 patients with severe combined immunodeficiency 

who are CMv negative 
•	 stem cell transplantation where both donor and 

recipient are known to be CMv negative
•	 granulocyte transfusions for recipients who are 

CMv seronegative, or whose status is unknown.
CMv-negative products are generally not required in 
other clinical settings. 

eOP15 In urgent situations, if CMv-seronegative blood 
components are not available, CMv-unscreened 
leucodepleted components should be used to 
avoid delays.

CRITICAl BlEEDING 
BEDSIDE AND lABORATORY RESPONSE TO CRITICAl BlEEDING

eOP35 Institutions that provide care for neonates and 
paediatric patients should have a critical bleeding 
protocol specific to such patients. 

eOP36 The critical bleeding protocol should outline 
the essential steps (including coordination and 
communication) to rapidly and effectively manage a 
patient who is at risk of or undergoing critical bleeding. 

eOP37 The critical bleeding protocol should include weight 
adjustments to guide blood product supply and 
administration. The clinician, in consultation with the 
haematologist or transfusion specialist, should tailor 
the type, volume and order of products given to the 
clinical circumstances.

AHCDO, Australian Haemophilia Centre Directors’ Organisation; CMV, cytomegalovirus; CRG, Clinical/Consumer 
Reference Group; EOP, expert opinion point; ESA, erythropoiesis stimulating agent; FFP, fresh frozen plasma;  
Hb, haemoglobin; HLA, human leucocyte antigen; INR, international normalised ratio; IV, intravenous; IVIg, intravenous 
immunoglobulin; K, Kell; KDIGO, Kidney Disease: Improving Global Outcomes; MRI, magnetic resonance imaging;  
NICE, National Institute for Health and Care Excellence; PP, practice point; R, recommendation; RBC, red blood cell; 
rFVIIa,  recombinant activated factor VII, VLBW, very low birth weight
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RED BlOOD CEll (RBC) TRANSfuSION – INDICATIONS, HB THRESHOlDS AND vOluME 
RBC TRANSfuSION

R1 In paediatric patients, including those who are critically ill, a restrictive 
transfusion strategy is suggested.a, b, c 

a  See PP6 for guidance on a restrictive transfusion strategy.
b  Higher Hb thresholds may be appropriate in very low birth weight and 

preterm neonates.
c  See PP2, PP3 and Appendix f (RBC transfusions in preterm infants)  
for guidance for preterm neonates.

PP1 In neonatal and paediatric patients, the decision to give a RBC 
transfusion should not be dictated by a Hb concentration alone.a 
The decision should also be based on assessment of the patient’s 
underlying condition, anaemia-related signs and symptoms, and 
response to previous transfusions. underlying conditions that may 
influence the decision to transfuse include acquired or congenital 
cardiac disease, and severe respiratory disease.
a  See PP1 in Patient Blood Management Guidelines: Module 3 – 

Medical.3

PP6 In haemodynamically stable paediatric patients (excluding neonates), 
evidence from other patient groups and CRG consensusa suggests that, 
with a:
•	 Hb concentration <70 g/l, RBC transfusion is often appropriate. 

However, transfusion may not be required in well-compensated 
patients or where other specific therapy is available.

•	 Hb concentration of 70–90 g/l, RBC transfusion may be appropriate. 
The decision to transfuse patients should be based on the need to 
relieve clinical signs and symptoms of anaemia, and the patient’s 
response to previous transfusions. 

•	 Hb concentration >90 g/l, RBC transfusion is often unnecessary and 
may be inappropriate.

a  See PP3 in Patient Blood Management Guidelines: Module 4 –  
Critical Care.4

PP5 for neonatal and paediatric patients, a specific procedural guideline for 
RBC transfusion should be used that includes the following:
•	 age-specific Hb reference ranges
•	 volume of transfusion and rate of administration
•	 patient monitoring during and after transfusion
•	 transfusion technique (e.g. use of syringe pumps)
•	 recognition and reporting of adverse events.

PP8 In paediatric patients less than 20 kg, calculate transfusion volume (ml) 
based on weight and desired Hb increment.a
a  See Appendix f (RBC transfusions in preterm infants) and Appendix G 

(Transfusion volume calculation for neonates, infants and small 
children).

GRade c
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PP9 In most paediatric patients over 20 kg, transfusion of a single unit 
of RBC, followed by clinical reassessment to determine the need for 
further transfusion, is appropriate. This reassessment will also guide 
the decision on whether to retest the Hb level.a
a  See PP2 in Patient Blood Management Guidelines: Module 2 – 

Perioperative.2

PP3 In preterm infants requiring transfusion, there is insufficient evidence to 
support or refute the use of either a restrictive or liberal RBC transfusion 
strategy.

PP2 Neonatal units should use a procedural guidelinea for RBC transfusion 
in preterm infants that includes the following:
•	 age of infant
•	 age-specific Hb reference ranges
•	 Hb or haematocrit
•	 level of respiratory support
•	 ongoing or anticipated red cell loss
•	 nutritional status.
a  See Appendix f (RBC transfusions in preterm infants).

PP4 In neonatal patients, calculate transfusion volume (ml) based on weight 
and desired Hb increment.a
a  See Appendix f (RBC transfusions in preterm infants) and Appendix G 

(Transfusion volume calculation for neonates, infants and small children).

PP12 In neonatal and paediatric patients with critical bleeding requiring 
massive transfusion, use a critical bleeding protocol.a A template 
protocol is provided within the module.b
a  The use of the word ‘protocol’ is not strictly prescriptive.
 b  The template given in Appendix K (Critical bleeding protocol) is 

intended for local adaptation. 

eOP8 Where possible, K-negative RBC should be selected for transfusion 
for all females of childbearing potential who are K negative or whose 
K antigen status is unable to be determined prior to transfusion. This 
includes fetal transfusion.

eOP23 Management of pregnancies at risk of fetal anaemia or 
thrombocytopenia should be undertaken in facilities with appropriate 
expertise in ultrasound imaging and invasive fetal interventions, and 
that have access to specific blood products and neonatal intensive care.

eOP24 Pregnancies at risk of fetal anaemia should be assessed by Doppler 
ultrasound of the fetal middle cerebral artery peak systolic velocity, to 
determine whether fetal blood sampling and intrauterine transfusion 
are necessary. 

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics 245

Sum
m

ary w
ith links to age group

M



fe
tu

s

Pr
et

er
m

 v
lB

W
 n

eo
na

te

Ot
he

r n
eo

na
te

In
fa

nt

Ch
ild

 o
r a

do
le

sc
en

t

RBC TRANSfuSION – INDICATIONS, HB THRESHOlDS AND vOluME  
RBC TRANSfuSION IN CHRONIC ANAEMIA

R2 In children and adolescents with sickle cell disease who have been 
assessed to be at increased risk of stroke,a a program of prophylactic 
RBC transfusions should be used in order to reduce stroke occurrence.b
a  Assessed by transcranial Doppler ultrasonography9 and MRI.10

b  See PP11 for methods of assessment.

PP11 Children and adolescents with sickle cell disease should be assessed for 
stroke risk using both transcranial Doppler ultrasonography9 and MRI.10

R4 In paediatric patients with sickle cell disease, hydroxyurea should not be 
given for the primary purpose of reducing transfusion incidence.a, b 
a  Although hydroxyurea reduces transfusion incidence, it may not be the 

optimal treatment for prevention of stroke. 
b  See R2 and PP22.

PP22 In paediatric patients over 9 months of age with sickle cell disease, 
hydroxyurea should be offered to reduce vaso-occlusive pain crises and 
acute chest syndromes.

PP7 In paediatric patients with beta thalassaemia, the evidence does 
not support any change to the current practice of maintaining a 
pretransfusion Hb concentration of 90–100 g/l.a
a  See PP23 in Patient Blood Management Guidelines: Module 3 – 

Medical.3

PP10 In paediatric patients over 20 kg who are chronically transfused (e.g. 
haemoglobinopathies or bone marrow failure syndromes) a single-unit 
approach may not be appropriate. Instead, calculation of the transfusion 
volume (ml) should be based on weight and desired Hb increment. 

eOP9 In both male and female chronically transfused patients, RBC should be 
selected to match RhD, C/c, E/e and K antigen status.

REDuCING THE NEED fOR RBC TRANSfuSION 
PlACENTAl TRANSfuSION

PP32 In preterm infants, deferring cord clamping for between 30 seconds and 
3 minutes may reduce transfusion volume and incidence, and incidence 
of intraventricular haemorrhage. However, the effect of this practice 
on other outcomes (death, major morbidity and neurodevelopmental 
outcomes) is uncertain or unknown, particularly in extremely preterm 
infants (e.g. <28 weeks) and in those who require active resuscitation. 

PP33 In term infants, deferring cord clamping for at least 1 minute is likely 
to reduce the risk of iron deficiency at 3–6 months. This intervention 
should be considered in infants who do not require active resuscitation, 
provided that access to phototherapy for jaundice is available.a
a  See McDonald et al (2013).19

GRade a

GRade b
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REDuCING THE NEED fOR RBC TRANSfuSION  
ORAl AND/OR PARENTERAl IRON

R5 In surgical paediatric patients with or at risk of iron deficiency anaemia, 
preoperative iron therapy is recommended.a 
a  See R4 in Patient Blood Management Guidelines: Module 2 – 

Perioperative.2

PP24 In neonatal and paediatric surgical patients in whom substantial blood 
loss is anticipated, preoperative anaemia and iron deficiencya should be 
identified, evaluated and managed to minimise RBC transfusion.b
a  Iron deficiency can be present with a normal Hb. 
b  See Appendix H (Paediatric haemoglobin assessment and optimisation 

template) for further information on the optimal dosing strategy.

PP25 To implement PP24, patients should be evaluated as early as possible 
so that scheduling of surgery can be coordinated with optimisation of 
the patient’s Hb and iron stores.

PP13 Preterm and low birth weight infants should receive iron 
supplementation as necessary to achieve the recommended 
nutrient intake. However, routine supplementation in excess of the 
recommended nutrient intake, to reduce transfusion incidence, is not 
supported.

PP14 Infants and children should receive sufficient dietary iron to achieve the 
adequate intake or recommended daily intake. If the adequate intake 
or recommended daily intake cannot be met by dietary means, iron 
supplementation is advised.

PP15 Infants and children in populations at high riska of iron deficiency should 
be screened for this condition.b
a  See Domellof et al (2014)13 and Pottie et al (2011).14

b  See Section 3.6.

PP16 Infants and children with iron deficiency should be treated with iron 
supplements and dietary modifications.

PP27 Critically ill paediatric patients should receive iron supplementation as 
necessary to achieve the recommended nutrient intake. 

eOP32 from 6 months of age, all infants and children should receive 
iron-rich foods.

eOP33 Cow’s milk should not be given to infants before 12 months of age; from 
12 months of age, cow’s milk intake should not exceed 500 ml per day.

GRade c
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eOP34 Iv iron should be administered according to a protocol relevant to the 
specific product being used: a

•	 Iv iron formulations have different iron concentrations, 
maximum doses, dilutions and rates of administration; they are 
not interchangeable with regard to dose, dilution and rates of 
administration

•	 Iv iron formulations should only ever be administered in an 
appropriate health-care setting with medical personnel and 
resuscitation facilities on site.

a  See Appendix I (Intravenous iron) for further information.

REDuCING THE NEED fOR RBC TRANSfuSION  
ERYTHROPOIESIS STIMulATING AGENTS (ESAs)

R3 In preterm infants with low birth weight (<2500 g), the routine use of 
ESAs is not advised. 

PP17 In paediatric patients receiving chemotherapy, the routine use of ESAs 
is not advised. 
The use of ESAs may reduce transfusion incidence; however, the 
studies are underpowered to determine their effect on mortality and 
thromboembolic events, which are increased in the adult population.a 
a  See R2 in Patient Blood Management Guidelines: Module 3 – Medical.3

PP18 In paediatric patients with chronic kidney disease, ESA therapy to 
achieve a low to intermediate Hb target may be used to avoid RBC 
transfusion, after consideration of risks and benefits for the individual 
patient.a, b, c

a  See R4 in Patient Blood Management Guidelines: Module 3 – Medical.3
b  The KDIGO guidelines11 recommend a Hb target of 110–120 g/l for 

paediatric patients and state that individualisation of ESA therapy is 
reasonable because some patients may have improvements in quality 
of life at higher Hb concentration.

c  The NICE guidelines12 recommend a Hb target of 100–120 g/l for 
children aged 2 years and older, and 95–115 g/l for children younger 
than 2 years of age (reflecting the lower normal range in that age 
group).

PP19 In adult patients with chronic kidney disease, ESA therapy to achieve 
a Hb target of >130 g/l is not recommended because of increased 
morbidity; therefore, it is sensible to apply this limit to paediatric 
patients.a
a  See R6 in Patient Blood Management Guidelines: Module 3 – Medical.3

PP20 ESA use is less effective in patients with chronic kidney disease who 
have absolute or functional iron deficiency.a
a  See PP13 in Patient Blood Management Guidelines: Module 3 – Medical.3

PP21 Where ESAs are indicated for the treatment or prevention of anaemia 
in neonatal and paediatric patients, they should be combined with iron 
therapy.

GRade c
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PP23 In neonatal and paediatric surgical patients, an ESA should only be 
prescribed in consultation with a paediatric haematologist, and should 
be combined with iron therapy.

PP26 In critically ill paediatric patients with anaemia, ESAs should not be 
routinely used.a
a  This point is based on the lack of effect of ESAs on mortality in critically 

ill adult patients. See R2 in Patient Blood Management Guidelines: 
Module 4 – Critical Care.4

REDuCING THE NEED fOR RBC TRANSfuSION  
REDuCING THE NEED fOR ExCHANGE TRANSfuSION

R7 In neonates with haemolytic disease of the fetus and newborn, the use 
of IvIg is not recommended. 

PP34 Neonates at risk of haemolytic disease of the fetus and newborn should 
be promptly assessed after birth. Those at high risk of severe jaundice 
should receive intensive phototherapy. 

eOP6 In maternity patients with a fetus affected by haemolytic disease of the 
fetus and newborn who is at high risk of early fetal hydrops or death, a 
course of weekly IvIg should be considered. 

REDuCING THE NEED fOR RBC TRANSfuSION  
REDuCING BlOOD lOSS

R8 In paediatric patients undergoing surgery, measures to prevent 
hypothermia should be used.a 
a  See R12 in Patient Blood Management Guidelines: Module 2 – 

Perioperative.2

R9 In paediatric patients undergoing cardiac surgery with cardiopulmonary 
bypass, the use of antifibrinolytics is suggested.a, b, c

a  Although there is evidence of a reduction in transfusion, there is 
insufficient evidence to determine the risk of thromboembolic 
complications.

b  Tranexamic acid in this context is approved in Australia. The use of 
aprotinin in this context is considered off label in Australia. Epsilon-
aminocaproic acid is not licensed for use in Australia.

c  See Appendix J (Tranexamic acid dosing guidance) for further information.

R10 In paediatric patients undergoing surgery for scoliosis in whom 
substantial blood loss is anticipated, the use of antifibrinolytics may be 
considered. a, b 
a  Tranexamic acid in this context is approved in Australia. The use of 

aprotinin in this context is considered off label in Australia. Epsilon-
aminocaproic acid is not licensed for use in Australia.

b  See Appendix J (Tranexamic acid dosing guidance) for further 
information.

GRade b

GRade b

GRade c

GRade c
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R11 In paediatric patients undergoing craniofacial surgery in whom substantial 
blood loss is anticipated, the use of antifibrinolytics may be considered.a, b 
a  Tranexamic acid in this context is approved in Australia. The use of 

aprotinin in this context is considered off label in Australia. Epsilon-
aminocaproic acid is not licensed for use in Australia.

b  See Appendix J (Tranexamic acid dosing guidance) for further information.

R12 In paediatric patients undergoing cardiac surgery with cardiopulmonary 
bypass, the routine use of rfvIIa is not recommended. 

PP40 The administration of rfvIIa may be considered in the perioperative 
patient with life-threatening haemorrhage after conventional measures, 
including surgical haemostasis, use of antifibrinolytics and appropriate 
blood component therapy have failed.a, b

a  rfvIIa is not licensed for this use; its use should only be considered in 
exceptional circumstances. 

b  See R22 and PP20 in Patient Blood Management Guidelines: Module 2 
– Perioperative.2

PP38 In acutely bleeding critically ill paediatric trauma patients, tranexamic 
acid should be administered within 3 hours of injury.a, b 
a  See R3 in Patient Blood Management Guidelines: Module 4 – Critical 

Care.4
b  See Appendix J (Tranexamic acid dosing guidance) for further information.

PP39 In paediatric trauma patients aged under 12 years, a tranexamic acid 
dose of 15 mg/kg (maximum 1000 mg) infused intravenously over 10 
minutes, followed by 2 mg/kg/hour (maximum 125 mg/hour) until 
bleeding is controlled or for up to 8 hours is suggested.a, b 
a  See the template given in Appendix K (Critical bleeding protocol), which 

is intended for local adaptation. 
b  See Appendix J (Tranexamic acid dosing guidance) for further information.

PP35 In paediatric patients, acute normovolaemic haemodilution has not 
been shown to reduce transfusion or improve clinical outcomes. 
However, if acute normovolaemic haemodilution is used, it requires a 
local procedural guideline that addresses patient selection, vascular 
access, volume of blood withdrawn, choice of replacement fluid, blood 
storage and handling, and timing of reinfusion.

PP36 In paediatric patients undergoing cardiac surgery with cardiopulmonary 
bypass, intraoperative cell salvage may be considered. If intraoperative 
cell salvage is used, it requires a local procedural guideline that should 
include patient selection, use of equipment and reinfusion. All staff 
operating cell salvage devices should receive appropriate training, to 
ensure knowledge of the technique and proficiency in using it.

PP37 In paediatric patients undergoing cardiac surgery with cardiopulmonary 
bypass, viscoelastic point-of-care testing may be considered.

GRade c

GRade c
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eOP27 Strategies to safely minimise phlebotomy losses should be used for all 
neonatal and paediatric patients. Such strategies may include (where 
safe and feasible):
•	 use of ‘as-needed’ rather than routine sampling
•	 meticulous avoidance of blood overdraw
•	 return of void volumes to sampling lines
•	 use of closed inline sampling devices
•	 judicious use and ‘on-time’ removal of sampling lines
•	 optimal sampling technique and sample handling to minimise 

rejection of samples by laboratory
•	 laboratory equipment that uses the smallest possible sample 

volumes
•	 use of non-invasive techniques and point-of-care devices
•	 audit compliance and cumulative phlebotomy losses in selected 

groups of patients at regular intervals.

eOP28 Prothrombin complex concentrates may be considered in neonatal 
and paediatric patients undergoing urgent surgery who are receiving 
vitamin K antagonists.21

eOP29 Prothrombin complex concentrates may be considered to treat bleeding 
in paediatric patients at high risk of volume overload (e.g. those who 
have undergone cardiac surgery on cardiopulmonary bypass).

eOP30 Topical haemostatic agents may be considered in neonatal and 
paediatric surgical patients as an adjuvant to control bleeding.

eOP31 The use of topical haemostatic agents should adhere to the 
manufacturer’s instructions and safety information.

MEASuRES TO REDuCE COAGulOPATHY  
PlATElETS

PP28 In neonatal and paediatric patients, the decision to transfuse platelets 
should take into account the potential risks and benefits. The decision 
should be based not only on laboratory investigations but also on 
assessment of the patient’s clinical condition. factors that may 
influence the decision include active bleeding, medications affecting 
platelet function and coagulation status, and congenital and acquired 
bleeding disorders.

PP31 In patients undergoing chemotherapy and haematopoietic stem cell 
transplantation, the recommended strategy for prophylactic use of 
platelets is transfusion at a platelet count of <10 × 109/l in the absence 
of risk factors, and at <20 × 109/l in the presence of risk factors 
(e.g. fever, minor bleeding).a
a  See R8 in Patient Blood Management Guidelines: Module 3 – Medical.3

eOP4 In general, neonatal and paediatric patients with a platelet count  
≥50	×	109/l can undergo invasive procedures without any serious 
bleeding; however, lower platelet counts may be tolerated.a
a  See PP17 in Patient Blood Management Guidelines: Module 2 – 

Perioperative.2
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eOP25 Pregnant women who have had a prior pregnancy with fetal or neonatal 
intracranial haemorrhage or thrombocytopenia due to fetal and 
neonatal alloimmune thrombocytopenia should be managed with IvIg.20

eOP26 fetal blood sampling should be considered to assess response to IvIg in 
those who have had a previous child with intracranial haemorrhage due 
to fetal and neonatal alloimmune thrombocytopenia. The risk of fetal 
blood sampling should be balanced against the risk of bleeding due to 
suboptimal IvIg response.

eOP16 for neonates with known or suspected fetal and neonatal alloimmune 
thrombocytopenia:
•	 urgent platelet transfusion should be given if platelets are below 

30 × 109/l in a term infant or below 50 × 109/l in a preterm infant, 
even in the absence of clinically significant bleeding

•	 if there is active bleeding, a higher threshold should be considered 
(100 × 109/l for intracranial bleeding, and 50 × 109/l for other sites 
of bleeding)

•	 in all cases, a paediatric haematologist should be consulted. 

eOP17 for neonates with known or suspected fetal and neonatal alloimmune 
thrombocytopenia, platelet count response to transfusion should be 
checked within 12 hours.

eOP18 for neonates with known or suspected fetal and neonatal alloimmune 
thrombocytopenia, random donor platelets should be used if antigen-
matched platelets are not immediately available. Continued use of 
random donor platelets is acceptable if antigen-matched platelets 
cannot be obtained. Because of short survival of random donor 
platelets, repeated transfusion is likely to be needed. 

eOP19 for neonates with fetal and neonatal alloimmune thrombocytopenia, 
IvIg may be considered.20

eOP20 for neonatal and paediatric patients with platelet refractoriness 
attributable to non-immune causes such as splenomegaly or infection, 
fresh, ABO-compatible, single-donor apheresis platelets may improve 
platelet increment.

eOP21 If the cause of platelet refractoriness is not obvious, investigation 
should include screening for HlA antibodies. HlA-matched platelets 
should be used if an HlA antibody is detected. 
If the HlA antibody screen is negative or there is a poor response 
to HlA-matched platelets, screening for human platelet antigen 
antibodies should be undertaken, followed by use of human platelet 
antigen-matched platelets if positive. 

eOP22 In patients with inherited platelet disorders such as Bernard Soulier 
Syndrome and Glanzmann’s thrombasthenia, platelet transfusions 
should be avoided if possible, to reduce the patient’s risk of 
alloimmunisation. If platelet transfusion is unavoidable the patient 
should receive HlA-matched platelets.
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MEASuRES TO REDuCE COAGulOPATHY  
fRESH fROZEN PlASMA (ffP), CRYOPRECIPITATE OR fIBRINOGEN CONCENTRATE

R6 In neonatal and paediatric patients undergoing cardiac surgery, the 
routine use of an ffP-based pump prime solution is not recommended, 
because it offers no advantages over an albumin-based solution 
in relation to postoperative blood loss, or perioperative transfusion 
requirements. 

PP29 In neonatal and paediatric patients, the decision to transfuse ffP, 
cryoprecipitate or fibrinogen concentrate should take into account the 
potential risks and benefits. The decision should be based not only 
on laboratory investigations but also on assessment of the patient’s 
clinical condition. factors that may influence the decision include active 
bleeding, medications affecting coagulation status, and congenital and 
acquired bleeding disorders.

PP30 for guidance on the use of ffP in specific patient groups, refer to:a

•	 Patient Blood Management Guidelines: Module 1 – Critical Bleeding/
Massive Transfusion (2011)1

•	 Patient Blood Management Guidelines: Module 2 – Perioperative 
(2012)2

•	 Warfarin Reversal: Consensus Guidelines, on behalf of the 
Australasian Society of Thrombosis and Haemostasis (2004)15

•	 AHCDO guidelines for patients with specific factor deficiencies 
(www.ahcdo.org.au)

•	 Guidelines for the use of fresh-frozen Plasma, Cryoprecipitate and 
Cryosupernatant (2004).16

a  See PP17 in Patient Blood Management Guidelines: Module 3 – 
Medical.3

eOP1 In neonatal and paediatric patients undergoing surgery, ffP is only 
indicated for treatment of active bleeding where coagulopathy is a 
contributing factor. Its use should be guided by clinical assessment, 
supplemented by point-of-care or laboratory testing.

eOP2 In	general,	neonatal	and	paediatric	patients	with	an	INR	≤2	can	undergo	
invasive procedures without any serious bleeding; however, higher INRs 
may be tolerated.a
a  See PP17 in Patient Blood Management Guidelines: Module 2 – 

Perioperative.2

eOP3 Cryoprecipitate should be used to treat active bleeding when the 
fibrinogen level is <1.5 g/l. A target level of 2 g/l may be appropriate 
in certain situations (e.g. when critical bleeding is occurring or 
anticipated).a
a  The template given in Appendix K (Critical bleeding protocol) is 

intended for local adaptation.

eOP5 Specialist guidelines or haematology advice should be sought for at-risk 
patients undergoing intracranial, intraocular and neuraxial procedures, 
and for patients with severe thrombocytopenia or coagulopathy.

GRade c
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SPECIfIC PRODuCTS fOR SElECTED PATIENTS  
INDICATIONS fOR ‘fRESH’, IRRADIATED OR CYTOMEGAlOvIRuS (CMv) NEGATIvE BlOOD PRODuCTS

eOP7 ‘fresh’ (<7 days) RBCs are not advocated for routine use, but may be 
considered in the following clinical situations:
•	 intrauterine transfusion (<5 days, if available)
•	 large-volume transfusion (>25 ml/kg)
•	 exchange transfusion
•	 cardiac surgery
•	 transfusion-dependent chronic anaemia (RBCs <14 days)
•	 where irradiated blood products are used.

eOP10 Irradiated cellular blood products (RBCs and platelets) are used to 
prevent transfusion-associated graft-versus-host disease, and are 
indicated for:
•	 intrauterine transfusion, and recipients of prior intrauterine 

transfusion up to 6 months of age 
•	 suspected or known severe congenital T-cell immunodeficiency 

(e.g. severe combined immunodeficiency)
•	 severe acquired T-cell dysfunction, related to either disease or drug 

therapy (see published guidelines)17–18

•	 human leukocyte antigen-matched cellular blood products (RBCs, 
platelets and granulocytes). 

They may also be considered for:
•	 neonatal exchange transfusion, provided this does not unduly delay 

transfusion
•	 very low birth weight neonates, especially extremely preterm 

(<28 weeks) or extremely low birth weight infants
•	 certain patients undergoing chemotherapy (depending on degree of 

immunosuppression).

eOP11 Stem cells must not be irradiated.

eOP12 Hyperkalaemia may occur when large volumes of irradiated blood are 
transfused. In patients at risk, irradiated blood should be as fresh as 
possible (<7 days) and used within 24 hours of irradiation. 

eOP13 Patients at high risk of transfusion-associated graft-versus-host 
disease should be informed of the need for irradiated blood products. 
Also, alerts should be incorporated in the information systems of the 
health service and transfusion laboratory.
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eOP14 CMv-negative products may be considered in the following situations:
•	 intrauterine transfusion
•	 preterm neonates (up to 28 days after expected date of delivery)
•	 patients with severe combined immunodeficiency who are 

CMv negative 
•	 stem cell transplantation where both donor and recipient are known 

to be CMv negative
•	 granulocyte transfusions for recipients who are CMv seronegative, or 

whose status is unknown.
CMv-negative products are generally not required in other clinical 
settings. 

eOP15 In urgent situations, if CMv-seronegative blood components are not 
available, CMv-unscreened leucodepleted components should be used 
to avoid delays.

CRITICAl BlEEDING 
BEDSIDE AND lABORATORY RESPONSE TO CRITICAl BlEEDING

eOP35 Institutions that provide care for neonates and paediatric patients 
should have a critical bleeding protocol specific to such patients. 

eOP36 The critical bleeding protocol should outline the essential steps 
(including coordination and communication) to rapidly and effectively 
manage a patient who is at risk of or undergoing critical bleeding. 

eOP37 The critical bleeding protocol should include weight adjustments 
to guide blood product supply and administration. The clinician, in 
consultation with the haematologist or transfusion specialist, should 
tailor the type, volume and order of products given to the clinical 
circumstances.

AHCDO, Australian Haemophilia Centre Directors’ Organisation; CMV, cytomegalovirus; CRG, Clinical/Consumer 
Reference Group; EOP, expert opinion point; ESA, erythropoiesis stimulating agent; FFP, fresh frozen plasma;  
Hb, haemoglobin; HLA, human leucocyte antigen; INR, international normalised ratio; IV, intravenous; IVIg, intravenous 
immunoglobulin; K, Kell; KDIGO, Kidney Disease: Improving Global Outcomes; MRI, magnetic resonance imaging;  
NICE, National Institute for Health and Care Excellence; PP, practice point; R, recommendation; RBC, red blood cell; 
rFVIIa,  recombinant activated factor VII
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patients treated with RBC transfusion, 49–53
prevention of hypothermia, 115–116
recombinant activated factor VII, 129–130
scoliosis, see scoliosis
tranexamic acid dosing, 222
viscoelastic point-of-care testing, 120

systematic review process
governance structure, 170
independent expert, 177
Optum team, 178
questions for, 24–25
staff contracted for, 174

T
T-cell dysfunction, 141–142
technical writers and editors, 174, 178
terms of reference, 171
tetralogy of Fallot, 127
Therapeutic Goods Administration, 195
thrombocytopenia, 83, 105, 146, see also fetal 
and neonate alloimmune thrombocytopenia
thromboembolic events, patients undergoing 
surgery, 126
topical haemostatic agents, 11, 150–151
Torres Strait Islanders, see Aboriginal and 
Torres Strait Islander populations
tranexamic acid, see also antifibrinolytics

dosing guidance, 221–222
reducing blood loss, 9–10 
surgery, 123–124
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transfusion-associated circulatory overload 
(iatrogenic), risk of, 191
transfusion-associated graft-versus-host 
disease, 139–140, 191
transfusion-related acute lung injury,  
risk of, 191
transfusion-related immune modulation,  
risk of, 191
transfusion risks, 189–191
transfusions, volume calculation for neonates 
and paediatric patients, 205–207

u
umbilical cord, deferred clamping of, 111–112
update of guidelines, 167

v
variant Creutzfeldt-Jakob disease, risk of, 191
vaso-occlusive crises, treatment with 
hydroxyurea, 72
Venofer, 217
viscoelastic point-of-care testing, 120, 133

W
washed red blood cells, 145
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