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IDA iron deficiency anaemia

IgG immunoglobulin G

IT information technology
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IV intravenous

IVH intraventricular haemorrhage

IVig intravenous immunoglobulin
KDIGO Kidney Disease: Improving Global Outcomes
K Kell

MCA middle cerebral artery
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MET medical emergency team

MODS multiple organ dysfunction syndrome
MRI magnetic resonance imaging

NBA National Blood Authority
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PP practice point

PSV peak systolic velocity

R recommendation
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rkFVila recombinant activated factor VIl
rHUEPO recombinant human erythropoietin
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ROP retinopathy of prematurity

ROTEM rotational thromboelastometry

SCD sickle cell disease

SCID severe combined immunodeficiency
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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,' Perioperative? Medical? Critical Care* and Obstetrics
and Maternity.> Together, Module 2 (Perioperative)’ and Module 3 (Medical)® cover all the patient groups
addressed by the 2001 document Clinical Practice Guidelines on the Use of Blood Components® (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 frfiaa systemati@review
= practice points that were developed by the CRG through consensu
= expert opinion points that were developed by the CRG throug

Details of the systematic reviews used in the development of th
technical report that accompanies this document.”®

Materials relevant to consumers and to clinicians worki
developed to accompany this module; these materia

Based on evidence
from the systematic
review

Recommendation

H Practice point

Expert opinion
point

No statement made
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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

GRADE A Body of evidence can be trusted to guide practice

GRADE B Body of evidence can be trusted to guide practice in most

GRADE C Body of evidence provides some support for rec
taken in its application

GRADE D Body of evidence is weak and recomme i8ns mush be applied with caution

LILL

The CRG developed practice points where the syste
produce evidence-based recommendati [t that clinicians require guidance to ensure
good clinical practice. The CRG also develop points related to the material covered in the
background questions. Both the p ointS@nd the expert opinion points are based on consensus
among the members of the CRG

iC re found insufficient high-quality data to

The summary given here is repedfied in Appen@ix L (linked to clinical condition) and Appendix M (linked to
age group).

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



Identifier Relevant
and Guidance — recommendations, practice points and expert opinion  section of
grade points document

RED BLOOD CELL (RBC) TRANSFUSION — INDICATIONS, HB THRESHOLDS AND VOLUME
RBC TRANSFUSION

In paediatric patients, including those who are critically ill, a restrictive 3.2.1,
transfusion strategy is suggested.>¢ 3.2.2,
GRADE C 3.2.6,

2See PP6 for guidance on a restrictive transfusion strategy. 327

®Higher Hb thresholds may be appropriate in very low birth weight and preterm
neonates.

< See PP2, PP3 and Appendix F (RBC transfusions in preterm infants)fq
for preterm neonates.

In neonatal and paediatric patients, the decision to gi 2.1,
transfusion should not be dictated by a Hb concent g 3.26
decision should also be based on assessment o
condition, anaemia-related signs and symptoms,
previous transfusions. Underlying conditions that

3.2.2,
225,
3.2.6
sfusion is often appropriate.
be required in well-compensated
ific therapy is available
tion of 70-90 g/L, RBC transfusion may be appropriate.
use patients should be based on the need to
n|caI 5|gns and symptoms of anaemia, and the patient's
tration >90 g/L, RBC transfusion is often unnecessary and
e PP3 in Patient Blood Management Guidelines: Module 4 — Critical Care.*
For neonatal and paediatric patients, a specific procedural guideline for 3.2.2,
RBC transfusion should be used that includes the following: 3.2.5,
3.26

= 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.
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In paediatric patients less than 20 kg, calculate transfusion volume (mL)
based on weight and desired Hb increment.2

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

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.?

2 See PP2 in Patient Blood Management Guidelines: Module 2 — Perioperative.?

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

Neonatal units should use a procedural guideline? for transfusi@
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
nutritional status.

Faditric patients with critical bleeding requiring
ansfusion, use a critical bleeding protocol.? A template protocol
in the module.®

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.

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.

3.2.2,
3.2.5,
3.2.6

3.2.2,
3.2.5,
3.2.6

3.2.1

2.1

3.21

3.2.2,
3.2.6,
3.2.7

41.2

4.2.1
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Pregnancies at risk of fetal anaemia should be assessed by Doppler 421
ultrasound of the fetal middle cerebral artery peak systolic velocity, to

determine whether fetal blood sampling and intrauterine transfusion are
necessary.

RBC TRANSFUSION — INDICATIONS, HB THRESHOLDS AND VOLUME
RBC TRANSFUSION IN CHRONIC ANAEMIA

In children and adolescents with sickle cell disease who have been 3.23
assessed to be at increased risk of stroke? a program of prophylactic RBC

GRADE A transfusions should be used in order to reduce stroke occurrence.
2 Assessed by transcranial Doppler ultrasonography® and MRI.™

b See PP11 for methods of assessment.

GRADE B .
2 Although hydroxyurea reduces transfusi

treatment for prevention of stroke.

bSee R2 and PP22.

3.3.9

3.23

3.2.2

glume (mL) should be based on weight and desired Hb increment.

In both male and female chronically transfused patients, RBC should be 41.2
selected to match RhD, C/c, E/e and K antigen status.
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REDUCING THE NEED FOR RBC TRANSFUSION

PLACENTAL TRANSFUSION
In preterm infants, deferring cord clamping for between 30 seconds and 3.5.1
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.
In term infants, deferring cord clamping for at least 1 minute is likely to 3.5.1
reduce the risk of iron deficiency at 3-6 months. This intervention should
be considered in infants who do not require active resuscitation,
that access to phototherapy for jaundice is available.?
aSee McDonald et al (2013)."

REDUCING THE NEED FOR RBC TRANSFUSION
ORAL AND/OR PARENTERAL IRON

preoperative iron therapy is recommen
GRADE C .
2See R4 in Patient Blood Management Gui

3.3.12

In neonatal and paediatric surgical p 3.3.12

loss is anticipated, preop ve a

lobin assessment and optimisation template)
al dosing strategy.

P24, patients should be evaluated as early as possibleso  3.3.12
g C gery can be coordinated with optimisation of the
b and iron stores.

pd [dw birth weight infants should receive iron 332
plemeritation as necessary to achieve the recommended nutrient
take. However, routine supplementation in excess of the recommended
ient intake, to reduce transfusion incidence, is not supported.

Infants and children should receive sufficient dietary iron to achieve the 334
adequate intake or recommended daily intake. If the adequate intake

or recommended daily intake cannot be met by dietary means, iron
supplementation is advised.

Infants and children in populations at high risk? of iron deficiency should 334
be screened for this condition.

aSee Domellof et al (2014)" and Pottie et al (2011)."*

b See Section 3.6.
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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.

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

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.

IV iron should be administered according to a protocol relevant t

specific product being used:

= |V iron formulations have different iron concentration
maximum doses, dilutions and rates of administratj
not interchangeable with regard to dose, dilution
administration

= |V iron formulations should only ever be admini
appropriate health-care setting with
resuscitation facilities on site.

2See Appendix | (Intravenous iro

REDUCING THE NEED FOR RBC TRANSFUSI
ERYTHROPOIESIS STIMULATING AG

In preterm infantgiith low birth
ESAs is not advig@d.
GRADE C

ltients receiving chemotherapy, the routine use of ESAs is

ight (<2500 g), the routine use of

As may reduce transfusion incidence; however, the
tlerpowered to determine their effect on mortality and
bolic events, which are increased in the adult population.?

ee R2 in Patient Blood Management Guidelines: Module 3 — Medical.?

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.>b<

2 See R4 in Patient Blood Management Guidelines: Module 3 — Medical.?

® The KDIGO guidelines' 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.

¢The NICE guidelines' 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).
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In adult patients with chronic kidney disease, ESA therapy to achieve 337
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.?

2 See R6 in Patient Blood Management Guidelines: Module 3 — Medical.?

ESA use is less effective in patients with chronic kidney disease who 3.3.7
have absolute or functional iron deficiency.?

2See PP13 in Patient Blood Management Guidelines: Module 3 — Medical.?

Where ESAs are indicated for the treatment or prevention of anaemia 337
in neonatal and paediatric patients, they should be combined withg

therapy.

E In neonatal and paediatric surgical patients, an ESA sho A1

prescribed in consultation with a paediatric haematol
combined with iron therapy.

In critically ill paediatric patients with anaemia, E BB

routinely used.?

2 This point is based on the lack of effect
patients. See R2 in Patient Blood Mapage
Care*

in critically ill adult
dule 4 — Critical

Guideli

REDUCING THE NEED FOR RBC TR

3.5.2

emolytic disease of the fetus and newborn should  3.5.2
ssessed after birth. Those at high risk of severe jaundice
intensive phototherapy.

aternity patients with a fetus affected by haemolytic disease of the 352
s and newborn who is at high risk of early fetal hydrops or death, a
irse of weekly IVIg should be considered.

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



REDUCING THE NEED FOR RBC TRANSFUSION
REDUCING BLOOD LOSS

In paediatric patients undergoing surgery, measures to prevent 353
hypothermia should be used.?

GRADE B

2 See R12 in Patient Blood Management Guidelines: Module 2 — Perioperative.?

In paediatric patients undergoing cardiac surgery with cardiopulmonary 3.5.8
bypass, the use of antifibrinolytics is suggested.>><

GRADE C

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

® Tranexamic acid in this context is approved in Australia. The use of ap
this context is considered off label in Australia. Epsilon-aminocaproi
licensed for use in Australia.

< See Appendix J (Tranexamic acid dosing guidance) for furt

In paediatric patients undergoing surgery for sco 358
substantial blood loss is anticipated, the use of an y be
GRADE C considered.>®

2 Tranexamic acid in this context is approv@ehi se of aprotinin in

this context is considered off label i i caproic acid is not

licensed for use in Australia.
® See Appendix J (Tranexamic aci ] urther information.

craniofacial surgery in whom 358

substantial bloo i ici the use of antifibrinolytics may be
considered.*®

GRADE C

pproved in Australia. The use of aprotinin in
| in Australia. Epsilon-aminocaproic acid is not

ic acid dosing guidance) for further information.

gtients undergoing cardiac surgery with cardiopulmonary B9

outine use of rFVIlla is not recommended.
GRADE C

The administration of rFVIla may be considered in the perioperative 359
patient with life-threatening haemorrhage after conventional measures,
including surgical haemostasis, use of antifibrinolytics and appropriate

blood component therapy have failed.>®

2 rFVllais not licensed for this use; its use should only be considered in exceptional
circumstances.

®See R22 and PP20 in Patient Blood Management Guidelines: Module 2 -
Perioperative.?
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In acutely bleeding critically ill paediatric trauma patients, tranexamic 3.5.8
acid should be administered within 3 hours of injury.2®

2 See R3 in Patient Blood Management Guidelines: Module 4 — Critical Care.*

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

In paediatric trauma patients aged under 12 years, a tranexamic acid 3.5.8
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.>®

2 See the template given in Appendix K (Critical bleeding protocol), which is
intended for local adaptation.

® See Appendix J (Tranexamic acid dosing guidance) for further informatig

if acute normovolaemic haemodilution is used, it re
procedural guideline that addresses patient selegti
volume of blood withdrawn, choice of replaceme
and handling, and timing of reinfusion.

In paediatric patients undergoing car
bypass, intraoperative cell salva;

ardiopulmonary 3.5.6
intraoperative

al guideline that should

infusion. All staff

operating cell salvage de appropriate training, to

ensure knowledge of iitie and proficiency in using it.

iac surgery with cardiopulmonary 3.5.7

phlebotomy losses should be used for all 436
ic patients. Such strategies may include (where

avoidance of blood overdraw

turn of void volumes to sampling lines

se of closed inline sampling devices

udicious 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.
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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.”’

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).

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

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
should take into account the potential risks and
should be based not only on laboratory investigati
assessment of the patient’s clinical condigiign. Fact
influence the decision include active din i
platelet function and coagulation stat
bleeding disorders.

In patients undergoing c
transplantation, the r

of risk factors, a
(e.g. fever, mino

] paediatric patients with a platelet count
can undergo invasive procedures without any serious
ever, lower platelet counts may be tolerated.?

EOP4 Ing

i Patient Blood Management Guidelines: Module 2 — Perioperative.?

gnant women who have had a prior pregnancy with fetal or neonatal
acranial haemorrhage or thrombocytopenia due to fetal and neonatal
alloimmune thrombocytopenia should be managed with IVig.*°

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.

)
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4.4.2

4.4.2

3.4.2-3.4.4,
3.4.7,
3.4.13

3.4.4

3.4.7

4.2.1

4.2.1
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For neonates with known or suspected fetal and neonatal alloimmune 415
thrombocytopenia:

= urgent platelet transfusion should be given if platelets are below
30 x10°/L in a term infant or below 50 x 10°/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 x 10°/L for intracranial bleeding, and 50 x 10°/L for other sites
of bleeding)

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

For neonates with known or suspected fetal and neonatal alloimmune 415
thrombocytopenia, platelet count response to transfusion should
checked within 12 hours.

3
random donor platelets is acceptable if antigen-
cannot be obtained. Because of short survival of
repeated transfusion is likely to be needed.
For neonates with fetal and neonata immu bocytopenia, IVIg  4.1.5
may be considered.
ati refractoriness 4.1.6

plenomegaly or infection,

ness is not obvious, investigation should  4.1.6
odies. HLA-matched platelets should be

een is negative or there is a poor response to

d platelets, screening for human platelet antigen antibodies
grtaken, followed by use of human platelet antigen-

elets if positive.

atients with inherited platelet disorders such as Bernard Soulier 416
rome 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

GRADE C |

In neonatal and paediatric patients undergoing cardiac surgery, the 3.4.5
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.

In neonatal and paediatric patients, the decision to transfuse FFP, 3.4.1,
cryoprecipitate or fibrinogen concentrate should take into account the 3.4.5,
potential risks and benefits. The decision should be based not only on
laboratory investigations but also on assessment of the patient’

4.14,
A5
3.4.4,
. . 3.4.5,
= Patient Blood Management Guidelines: Modul 3411
Massive Transfusion (2011)" o
(2012)?
» Warfarin Reversal: Consensu
Society of Thrombosis and Hae
= AHCDO guidelines for p&i
(www.ahcdo.org.au)
atients undergoing surgery, FFP is only 3.45

pent of active bleeding where coagulopathy is a
use should be guided by clinical assessment,
d by point-of-care or laboratory testing.

eonatal and paediatric patients with an INR <2 can undergo 3.4.7

2See PP17 in Patient Blood Management Guidelines: Module 2 — Perioperative.?

Cryoprecipitate should be used to treat active bleeding when the 3.4.6
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).?

2The template given in Appendix K (Critical bleeding protocol) is intended for local
adaptation.

Specialist guidelines or haematology advice should be sought for at-risk ~ 3.4.7
patients undergoing intracranial, intraocular and neuraxial procedures,
and for patients with severe thrombocytopenia or coagulopathy.
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SPECIFIC PRODUCTS FOR SELECTED PATIENTS

INDICATIONS FOR ‘FRESH;, IRRADIATED OR CYTOMEGALOVIRUS (CMV) NEGATIVE

BLOOD PRODUCTS

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

EOP?7

= 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.

indicated for:

= intrauterine transfusion, and recipients of prio
transfusion up to 6 months of age

» suspected or known severe congenit;

therapy (see published guidelin
human leukocyte anti

ffergoing chemotherapy (depending on degree of
uppression).

pust not be irradiated.

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

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.

411

413

413

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



CMV-negative products may be considered in the following situations: 41.4

= 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.

In urgent situations, if CMV/-seronegative blood components 3
available, CMV-unscreened leucodepleted components si#ld b
avoid delays.

CRITICAL BLEEDING
BEDSIDE AND LABORATORY RESPONSE TO CRITICAL BL
4.6

4.6

4.6

istration. The clinician, in consultation
usion specialist, should tailor the type,

ney Disease: Improving Global Outcomes; MRI, magnetic resonance imaging; NICE,
d Care Excellence; PP, practice point; R, recommendation; RBC, red blood cell; rFVlla,
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1 Introduction

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 th 's
medical and surgical management is on improvin patient's
own blood. As a consequence of the better manage sually
require fewer transfusions of donated blog voiding

transfusion-associated complications.

ansfusion should not be a
default decision. Instead, the decision o et o transfuse should be
carefully considered, taking in Il range of available therapies,
and balancing the eviden roved clinical outcome against
ocess of obtaining informed consent,
alldw the patient or parent sufficient time
r those questions.

wherever possible a c
to ask question

sés of this guideline:
eonatal patients (s28 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).

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics
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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)? and Module 3 (Medical)? cover all the patient groups
addressed by the 2001 document Clinical Practice Guidelines on the Use of Blood Components® (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 guidelines® was needed because of:

» increasing evidence of transfusion-related adverse events, leading to the emg gf new
practices, including restrictive transfusion strategies and the increased usg to
transfusion in the management of anaemia

= variable (and frequently poor) compliance with the recommendati es,

commonly required, including critical bleeding and massive t medical conditions,
obstetrics and paediatrics.

In response to the situation outlined above, the NH

PHASE  MODULES

al and Paediatrics

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

5
-+
=
o
o
c
N
=P
o
S

= 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 rele
outside of the scope of the systematic review is required.

The recommendations, practice points and expert opinion points are s,
summary. They are also repeated in the appendixes, organised by dg
age (Appendix M).

Based on evidence
from the systematic
review

Recommendation

Practice point

Based on consensus
of the CRG

Expert opinion
point
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The remainder of this document includes:

= anoutline 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 sé i Australia
and New Zealand; a process report; information on blood component products;
dosing, assessment and optimisation of various products and situations in the
population. Finally, the document contains a list of references.

eonatal andWPaediatric

1.2.2 Related materials

Materials relevant to clinicians will be developed to accompany thig&mod h aterials will be
available online and in print from the NBA.

The technical report that underpins this document i 0a oiline, in two volumes:

= Volume 17
This volume contains background information
to the clinical questions posed withinghis gui

the Its of the systematic reviews pertaining

= Volume 28
This volume contains appendi tdo
NHMRC evidence statemen@forms and eyid

nt the literature searches, study-quality appraisal,
summaries for the individual studies.
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2 Methods

The development of evidence-based@inical@hactice guidelines that meet
NHMRC standards involves developing ical research questions,
systematically reviewing the tifi e for evidence related to those

questions, and then develgpi rading récommendations based on a
structured assessme

process to the develo
are given in full ipthe

process for dg |i i

le are outlined within this chapter, and
technical report. A summary of the overall
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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.”® 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. t al Institute
for Health and Care Excellence [NICE] and the Canadian Agency for Drugs and Tg
[CADTH]), clinical trial registries and PreMedline.

i

Box 2.1 Systematic review questions

interventions to increase the Hb concentr;
transfusion? (Interventional queggion)

is the effect of FFP, cryoprecipitate,
nsfusion on patient outcomes? (Interventional

»  Question 3-In neonates/
fibrinogen concentrate,

question)
» Question4—Inn tients, what is the effect of strategies that minimise
blood loss andfferTe r RBC transfusion? (Interventional question)

Material relevaQifto background questions was gathered by consultants, registrars or nurses under the
supervision of members. Sources included medical textbooks, grey literature, published scientific
and review article§; 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?

SpoyIs\

Background question 4 —In perioperative neonatal and paediatric patients

pdergoing

[4

made for dealing with critical bleeding?

2.2 Review and rese

2.2.1  Systematic review pre

Systematic reviews were undertak to answer the single question specific to PBM in the
neonatal and paediatric setting, ic questions considered relevant to this module. The
systematic review questions ar

2.2.2 Liter@ture 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.®
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.
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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.”

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 paints
and expert opinion points

research question, whereas clinical impact, generalisability and ap
from the CRG. To ensure that the best available eviden
(i.e. Levels I or Il) were included in preference to thos
evidence. This minimised the potential for bias inthe
question. However, lower level studies were revi vidence was not available in higher level
studies for any of the primary outcomes.

igher levels of evidence
evels (i.e. Levels Il or IV) of

Evidence statements were only transfor

= the body of evidence was suffg

= the question type was inter

The recommendationggere §
Where there was i Q i
based recommendati8 this situdtion, the CRG developed practice points through a consensus-based

BEactice. A number of areas that were not the subject of systematic review but

For all recomm&Rdations, practice points and expert opinion points, consensus was achieved; there were
no dissenting vi
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Table 2.1 Body of evidence matrix

COMPONENT A(VVY) B(vY) () D(X) NA
Excellent Good Satisfactory Poor Not applicable
Evidence base Several Level | One or two Level Il studies Level IV studies,
or Il studies Level Il studies with low risk of | or Level Il
with low risk of with low risk bias, or Level | studies with
bias of bias ora or Il studies high risk of bias
systematic with moderate
review, or risk of bias
multiple Level Ill
studies with
low risk of bias
Consistency All studies Most studies Some Eviden study only
consistent consistent and inconsistency incon
inconsistency reflecting
can be genuine
explained uncertainty
around clinigal
question
Clinical impact Very large Substantial Moderate
restricted
Generalisability | Population/s Population/s opulation/s
studied in studied in studied in
the body of the body of the body of
evidence are evidegce are evidence are
the same as simil different to
the target the target
population for population, but population and
the guideline the guidelige itis clinically itis hard to
sensible to judge whether
apply this it is sensible
evidence to to generalise
the target to the target
population for population for
the guideline the guideline
Applicabilit Applicable to Probably Not applicable
the Australian applicable to tothe
health-care the Australian Australian
health-care context, with a health-care health-care
context few caveats context, with context
some caveats
Source: NHMRC 2009%
Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics 27
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Table 2.2 Definitions of NHMRC grades for recommendations

Grade Definition

GRADE A Body of evidence can be trusted to guide practice

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

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

GRADE D Body of evidence is weak and recommendations must be applig

Source: NHMRC 2009% @

LI
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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 (App

» intravenous iron (Appendix )

=  tranexamic acid (TXA) dosing (Appendix J)

= critical bleeding protocol (Appendix K).

The resources in Appendixes F—K can be adapted to * t population and health-care
setting.

3.1.2 Scope

This chapter provides clinical guida
points (based on CRG consensu
that basis of the systematic revi@v. Full detaif\of tie findings of the systematic review are given in the
accompanying technical reports.

3.1.3 Patignt 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 vears 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.%=° 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 paediajgic pa aged,
including metropolitan, rural or remote areas. Where access to a haem medicine

specialist is limited, early consultation or referral is warranted.

3.1.4 Formation of evidence statements

The evidence statements given here and in VVolume 1 of.
standard sentence structure, as shown in Table 3.1. {is se
However, in some cases, the order of the compongnts change
grammar.

ere created using a
ture was used where possible.
larity and to maintain correct

Table 3.1 Structure of evidence stateme

CONTENT

y [oWbirth weight infants (<1500 g) ...

y low birth weight infants (<1500 g), liberal RBC transfusion ...

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

In very low birth weight infants (<1500 g), liberal RBC transfusion
may reduce cognitive delays compared with restrictive RBC
transfusion.
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Table 3.2 Description of interventions

EVIDENCE

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

STRUCTURE OF STATEMENT

States strongly that there is an effect
oris no effect.

EXAMPLE

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.

No evidence available for
a particular question or
outcome.

States that the effect is unknown.

3.2 Effect of RBC tr

ion on outcomes

Question 1 (Interventio

In neonates/paediatrj
patient outcomesZ
RBC, red blood cell

ts, wh

s the effect of RBC (allogeneic) transfusion on

patient outco
preterm), infants
transfusion or wi

34

. The review examined the effect of RBC transfusions in neonates (both term and
ildren and adolescents. It considered studies that compared RBC transfusion with no
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)

Evidence
Clinical impact

Consistency
Generalisability
Applicability

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.)

o
3,
N
Y

oQ
E,
(=8
2]
3
[a)
(1]

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

€

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.)

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

ES1.5 In very low birth weight infants (<1500 g), th
RBC transfusion compared with

is uncertain. v NA v N 7

(See evidence matrix D1.D j

ES1.6 In very low birth weigh , the effect of

transfusion g oreality i
(See evidg @;

v N4 NA v v

ES1.7 eight infants (<1500 g), the effect of
gsfusion compared with liberal RBC
posite outcome of mortality and I I X I v

js uncertain.

ES1.8 Dw 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. vY | ¥vvv | NA o

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

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. v a4 NA a4 v

(See evidence matrix D1.H in Volume 2 of the technical report.)
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(RBC transfusion) T S S & g

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 D1.1in Volume 2 of the technical report.)

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 I NA Y
palsy, and visual and hearing impairments is uncertain.

(See evidence matrix D1.1in Volume 2 of the technical report.)

BPD, bronchopulmonary dysplasia; ES, evidence statement; IVH, intraventric aem ge; crotising
enterocolitis; RBC, red blood cell; ROP, retinopathy of prematurity

vv~=RA; vv=B; v=C X=D; NA, not applicable

oS
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RECOMMENDATION - preterm and low birth weight infants (RBC transfusion)

In paediatric patients, including those who are critically ill, a restrictive transfusion
strategy is suggested.>>¢

GRADE C i . ,
2 See PP6 for guidance on a restrictive transfusion strategy.

® Higher Hb thresholds may be appropriate in very low birth weight and preterm neonates.

¢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)

not be dictated by a Hb concentration alone.? The decision sha
on assessment of the patient's underlying condition, anaeai
symptoms, and response to previous transfusions. Un
influence the decision to transfuse include acquired

Neonatal units should use a procedural
infants that includes the following:

= age of infant
= age-specific Hb reference ranges
= Hb or haematocrit

fants requiring transfusion, there is insufficient evidence to support or
of either a restrictive or liberal RBC transfusion strategy.

Eonatal patients, calculate transfusion volume (mL) based on weight and desired Hb
rement.?

€ 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).
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RBC transfusion versus no transfusion (or different RBC dose) in neonates

This review did not identify any Level | or Il 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 Il studies (one of poor quality®' and one of good quality®?) and 14 Level llI-2
studies. 3¢

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).*® 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 WE‘Ight <1250 g).*
After controlling for variables independently associated with higher neonatal morhidifijilighe authors

concluded that:

= the relative risk of in-hospital mortality remained significantly increasgd a
at least one RBC transfusion before day 28 of life

» the relative risk of death beyond the neonatal period remaine
received more than two RBC transfusions during their hospj
received one or two RBC transfusions.

Composite of mortality and severe morbidity

No studies compared RBC transfusion with no trans
composite of mortality and severe morbidity suc
enterocolitis (NEC), retinopathy of prematurity (R

fants, and reported on a
dysplasia (BPD), necrotising
jury on ultrasound.

Severe morbidity

BPD

No studies compared RBC trans
outcome of BPD.

ion with no tra@sfusion in preterm infants, and reported on the

NEC

Two systematic rey, =32 and four additional Level lll-2 cohort and case—control
studies® ¥4 exa on between RBC transfusion and NEC in preterm infants. Both of
the systemat|c reviewS@@ported a significant association between RBC transfusion and NEC; however,
the Level lll onflicting results. The relationship between RBC transfusion and NEC is

»  the relatiofigf!b between the timing of administration of transfusion and development of NEC varied

some cases
unclear

NEC occurred so long after transfusion that the relationship between the two was

= 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 Il studies of poor to fair quality examined the association between RBC transfusion and ROP in
preterm infants.®*24 After adjusting for potential confounders, three studies*>“"“¢ reported a significant
association between RBC transfusion and ROP, but the other three studies®*-3%%2 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 lll study examined the association between RBC transfusion and severe intraventricular
haemorrhage (IVH) in preterm infants.® 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

RCTs**involving a total of 590 very low b|rth weight infants. No
identified that reported outcomes relevant to the resear
Mortality

All studies reported no significant difference bet
on the outcome of mortality.

Composite of mortality and severe m
The review by Whyte (2011)® asse of different transfusion strategies on a composite of

death or severe morbidity. Why epofted data on a composite of mortality and severe
bram inj jury before first h05|tal

In a predefined follg PINT 2006 study, Whyte (2011)*° assessed a composite of mortality
and cognitive delay, &l development index (MDI) <70 (>2 standard deviations below
age norm) at 18-21 mo post -transfusion. No significant difference was found between infants
randomised € liberal RBC transfusion strategy at birth, although the point estimate
leaned in fa ansfusion. A post-hoc analysis that assessed a composite of mortality and
cognitive dela ed statistical significance

Severe morbid

Five Level Il studies compared restrictive and liberal transfusion strategies among preterm infants, and
reported severe morbidity outcomes including ROP, BPD and NEC.>™** 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.“®=°

Neurodevelopmental disability

One fair-quality Level Il study (Whyte 2009)* compared restrictive and liberal transfusion strategies in
relation to neurodevelopmental disability in preterm infants. This study followed up the infants enrolled
in the PINT 2006 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 Il study with insufficient power to detect a difference in transfusion-related serious adverse
events reported no cases of TACO, TRALI, haemolvtic transfusion reactions, transfusion-transmitted
infections, TAGVHD or anaphylactic reactions.”’

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. Hg oncerns have

various adverse events (e.g. ROP, BPD, NEC and IVH) to which preterm infants
Further, the use and dosing of transfusion varies widely, because neither

patients), and concerns about the potential adverse events asso
arestrictive strategy for paediatric patients other than very low bi

The current systematic review suggests that transfusio) fants iassociated with increased
in-hospital mortality. However, the increase in relativ@xi
unmeasured confounding variables. There is no ssociation between RBC
number of studies have reported a
relationship between RBC transfusion and NEC in p tes. In contrast, RCTs comparing
restrictive versus liberal transfusion strat€gies in
strategy does not increase the risk of NEC. h observational studies of preterm patients

nd NEC, causation has not been established.

nsfusion should be guided by a restrictive or a
lights the contribution to improved clinical outcomes of
period.”” However, the oxygen saturation targets used
al strategies were not clearly specified. Hence, in the setting

of contemporary o aroets of 91-95%, the effect of a restrictive versus liberal transfusion
strategy on patient o £s remains unknown

In the curre no significant difference between restrictive and liberal RBC transfusion
strategies wd ebnatal mortality. However, post-hoc analysis of the PINT 2006 study®® suggested

RCTs, which are uSilg 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

“ =)
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EVIDENCE STATEMENTS — o L = % _&
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infants, children and adolescents (RBC transfusion) w U O (G} <

ES1.12 In infants, children and adolescents, the effect of RBC
transfusion compared with no transfusion on mortality NA NA NA NA NA

is unknown.

ES1.13 In infants, children and adolescents, the effect of
restrictive RBC transfusion compared with liberal RBC NA
transfusion on mortality is unknown.
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ES, evidence statement; RBC, red blood cell
vv/v/=A; vv=B; v=C, X=D; NA, not applicable

€

RECOMMENDATION - infants, children and adolescents (RBC transfusion)

In paediatric patients, including those wi8 ill, a restrictive transfusion

strategy is suggested.>><

GRADE C . e
2 See PP6 for guidance on a restrictiv sfu trategy.

® Higher Hb thresholds may be appropri irth weight and preterm neonates.

¢ See PP2, PP3 and Appendix preterm infants) for guidance for preterm

neonates.
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PRACTICE POINTS - infants, children and adolescents (RBC transfusion)

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.

In haemodynamically stable paediatric patients (excluding neonz

other patient groups and CRG consensus® suggests that, with

= Hb concentration <70 g/L, RBC transfusion is often ap i
transfusion may not be required in well-compensa i
specific therapy is available.

» Hb concentration of 70-90 g/L, RBC transfusio
to transfuse patients should be based on the n

PP9

symptoms of anaemia, and the patie

= Hb concentration >90 g/L, RBC tra
inappropriate.

2 See PP3 in Patient Blood Management ] dule 4 — Critical Care.*

In paediatric patients less th e transfusion volume (mL) based on

ver 20 kg, transfusion of a single unit of RBC, followed by
o determine the need for further transfusion, is appropriate. This
reasseSgi i 0 guide the decision on whether to retest the Hb level.?

jent Blood Management Guidelines: Module 2 — Perioperative.

emoglobinopathies or bone marrow failure syndromes) a single-unit approach may
n@Bbe appropriate. Instead, calculation of the transfusion volume (mL) should be based
on weight and desired Hb increment.

In neonatal and paediatric patients with critical bleeding requiring massive transfusion,
use a critical bleeding protocol.? A template protocol is provided within the module.’
2The use of the word ‘protocol’is not strictly prescriptive.

®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,
transfusion strategies in paediatric medical patients.

and liberal

One Level | study® examined the effect of transfusion thresholds on clini
medical patients of any age (excluding neonates). The review identifie
critical-care paediatric population and is considered below (see Sect

The findings of the Carson (2012)% review were largely based on
generalisability to the paediatric medical population is limited. Th i icafed that a restrictive
transfusion strategy reduced both the risk of receiving i e volume of RBCs
transfused. However, the included studies varied in thei iti restrictive and liberal transfusion
ate of adverse events

(i.e. mortality, pneumonia and thromboembolis in-hospital mortality was lower with a
restrictive than with a liberal transfusion policy.

children and adolescents

In the absence of direct evidenc
evidence from other patient gro

Perioperative? and Criti

Based on the absep t for a liberal transfusion strategy (in paediatric and adult critically
ill patients), and contei ential adverse events associated with transfusion, the CRG
suggests a restrictive egy for most patients.

ndations for the medical paediatric population,
consensus and other modules in this series (Medical?
derive a series of practice points.
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3.2.3 Medical: neonatal and paediatric patients with sickle cell disease
— effect of RBC transfusion on patient outcomes

g 2
g 8 £ Z
g o E 0 3
i = © [
S A2 o P O
EVIDENCE STATEMENTS - o 2 = c _&
. > o =
SCD (RBC transfusion) i} ] O G} <
ES1.14 In neonates and infants with SCD, the effect of RBC
transfusion compared with no transfusion on mortality NA NA NA NA NA
is unknown.
ES1.15 In children and adolescents with SCD, the effect of RBC
transfusion compared with no transfusion on mortality
is uncertain. 2
(See evidence matrix D1.J in Volume 2 of the technical report.)
ES1.16 In neonates and infants with SCD, the effect of RBC
transfusion compared with no transfusion on stroke NA
occurrence is unknown.
ES1.17 In children and adolescents with sickle cell anae
sickle beta thalassaemia who have been assegsed to
atincreased risk of stroke (as assessed by tran ial
Doppler ultrasonography® and MRI™),on
prophylactic RBC transfusion compared wit BC 4 IS N I I 24
transfusion (or cessation of RBC tiansfusio
stroke occurrence.
(See evidence matrix D1.K in
ES1.18 In neonatal and paediagi i
of restrictive RBC tran i adwith liberal NA NA NA NA NA
RBC transfusiqpgen tality | n.
and paediatri with SCD, the effect
g RB i NA NA NA NA NA
USIRAPON stroke 1STUNknown.

RECOMMENDATION - sickle cell disease (RBC transfusion)

In children and adolescents with sickle cell disease who have been assessed to be at
increased risk of stroke? a program of prophylactic RBC transfusions should be used in

GRADE A order to reduce stroke occurrence.?

2 Assessed by transcranial Doppler ultrasonography® and MRI."®

b See PP11 for methods of assessment.
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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
90-100g/L.2

2See PP23 in Patient Blood Management Guidelines: Module 3 — Medical.?

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

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 allelg

episodes such as dactylitis and acute chest syndrome. Most chil
survive to adulthood; however, life expectancy may be reduced.

children with SCD will have silent ischaemic lesions ti
and these lesions are associated with an increasgg i

ctions and red cell alloimmunisation.
High rates of alloimmunisation are seen in iving chronic transfusions, because
of the high transfusion rates in th i

recipient populations.

RBC transfusion versus n ighy (or different RBC dose) in paediatric patients
with SCD

Two good-quality sydfé views examined the effect of RBC transfusion in paediatric patients with
SCD %% These revi :

Two additional La@el Il studies of fair to poor quality were identified by the literature review.'%®” 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."® The second trial reported stroke incidence and silent infarct data
from the STOP cohort at 36 months.®’

Mortality

Three Level Il studies reported mortality and found no significant difference between treatment
groups.®"'%% However, the studies were underpowered for this outcome.
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Stroke

Two systematic reviews®®> and the two RCTs™®%” 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.®

The STOP 2 trial was closed early owing to concerns about the increased risk of stroke in the halted
transfusion group.® 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-ter sion therapy

continued to reduce the risk of stroke.®”

transient ischaemic attacks.™

Transfusion-related serious adverse events

One Level I study® and the SIT trial™® reported the incidence of tra
events, including RBC alloimmunisation and transfusion geactions.
related serious adverse events, including alloimmunisati
reactions were much higher in the groups exposed to

Functional or performance measures
No studies reported functional or perfor

ke should commence a long-term chronic
e occurrence (see R2). This recommendation accords
with the recent Nationa H) guidelines on management of SCD,%* which

MRIis incl e high number of children with evidence of silent cerebral ischaemia
without clini erolled in the SIT trial. That trial screened 1074 eligible participants (aged
5-15 years) und that 379 children and adolescents (35%) had evidence of silent infarction

without clinical 8§mptoms. 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.™

The Phase Il TCD With Transfusions Changing to Hydroxyurea (TWITCH) trial®® 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 | or Level Il studies in paediatric patients with beta
thalassaemia. Module 3 (MedicaP) identified two prospective cohort studies™”" and etrospective

beta thalassaemia

In patients with beta thalassaemia, the widely adopted
was developed empirically after trials of lower Hb lev
marrow expansion) from undertransfusion.

ntration of 90-100 g/L
ead to complications (e.g. bone

iden es not support any change to the current
ion 0 100 g/L. In those receiving a chronic
transfusion program (e.g. beta thalassae inopathies) transfusion volume (mL) should be

In paediatric patients with beta thalassaemia, th

3.25 Medical: paedigtri i ith cancer - effect of RBC
transfusion on@ati

Evidence
Consistency
Clinical impact
Generalisability
Applicability

cancer (RBC transfusion)

ES1.20 atal patients with anaemia associated with
canc8fthe effect of RBC transfusion compared with no NA NA NA NA NA
transf¥8ion on mortality is unknown.

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.)

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
vvv/=A; vv=B; v=C; X=D; NA, not applicable
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PRACTICE POINTS — anaemia associated with cancer (RBC transfusion)

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.

In haemodynamically stable paediatric patients (excluding neong
other patient groups and CRG consensus® suggests that, wit

available.

= Hb concentration of 70-90 g/L, RBC transfusio
to transfuse patients should be based on the n
symptoms of anaemia, and the patie

= Hb concentration >90 g/L, RBC tra
inappropriate.

dule 4 — Critical Care.*

e transfusion volume (mL) based on

ver 20 kg, transfusion of a single unit of RBC, followed by
o determine the need for further transfusion, is appropriate. This

CRG, Clinical/C

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 Ill) 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.”

Mortality

The Level Il 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. Haowever, guidance
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=
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3
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and PP9).

Paediatric patients with cancer are at risk of concurrent nutritional defici
which may contribute to their anaemia. These deficiencies should be
appropriately.

€

3.2.6 Neonatal and paediatric patients und [ gery — effect of
RBC transfusion on patient o

H =
g & 5 =
g @ E R =
k7 = © [
5 0 8 — o
EVIDENCE STATEMENTS - =) 2 = % a
. . > o =
surgical (RBC transfusion) ] o (w] G} <
ES1.27
NA NA NA NA NA
ES1.28
v NA NA % v
ES1.29
ransfusion on mortality is uncertain. v NA NA 24 v
(See evidence matrix D1.0 in Volume 2 of the technical report.)
ES1.30 In neonatal and paediatric patients undergoing surgery,
the effect of RBC transfusion compared with no NA NA NA NA NA
transfusion on new or progressive MODS is unknown.
ES1.31 In neonatal and paediatric patients undergoing surgery,
the effect of restrictive RBC transfusion compared with
liberal RBC transfusion on mortality is uncertain. v 2004 NA 2404 v
(See evidence matrix D1.P in Volume 2 of the technical report.)
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EVIDENCE STATEMENTS -
surgical (RBC transfusion)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

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 I NA NA IS | I
uncertain.

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

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

vv/v/=A; vv=B; v=C, X=D; NA, not applicable

RECOMMENDATION - surgical (RBC transfusion)

In paediatric patients, including those who are criiica
strategy is suggested.>"<

GRADE C i o )
2 See PP6 for guidance on a restrictive transfugjon strate

® Higher Hb thresholds may be appropriatgin ve i ight and preterm neonates.

<See PP2, PP3 and Appendix F (RBC tg@gsfus in preterm THfants) for guidance for preterm
neonates.

e decision to give a RBC transfusion should
ation alone.? The decision should also be based

0 previous transfusions. Underlying conditions that may
o transfuse include acquired or congenital cardiac disease, and

eterm Iinfants requiring transfusion, there is insufficient evidence to support or
ute the use of either a restrictive or liberal RBC transfusion strategy.

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.
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PRACTICE POINTS - surgical (RBC transfusion)

In haemodynamically stable paediatric patients (excluding neonates), evidence from
other patient groups and CRG consensus® 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 3
inappropriate.

2 See PP3 in Patient Blood Management Guidelines: Module 4 — Critica

weight and desired Hb increment.2

2 See Appendix F (RBC transfusions in preterm infants)
calculation for neonates, infants and small children).

ingle unit of RBC, followed by
ransfusion, is appropriate. This

to improve tissue oxygenation, and to treat hypovolaemia and anaemia.

Neonates and R@€diatric patients undergoing cardiothoracic surgery for congenital cardiac disease are
at significant risKf perioperative bleeding. These patients may be hypoxic and polycythaemic, and
have altered coag¥lation 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 Ill-2 studies of fair to good quality that compared RBC transfusion
with no transfusion (or alternate dose) in neonatal and paediatric patients undergoing surgery.”*7® Two
studies were conducted in the neonatal and paediatric cardiac surgery setting’#’¢ and one in paediatric
liver transplantation patients.”

Mortality

Mortality rates were low in the three included studies, and the studies were underpowered for this
outcome.”® Two studies reported mortality in cardiac surgery patients.”7® Kneyber (2013)7 found that
RBC transfusion had no effect on mortality, whereas Redlin (2013)7 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, mortali s increased in

New or progressive multiple organ dysfunction syndrome
No evidence was identified related to multiple organ dysfunction syndr

Restrictive RBC transfusion versus liberal RBC transf [ d paediatric
patients undergoing surgery

One Level | study compared a restrictive and liberal RBC transfu5| inf€onatal or paediatric
patients undergoing cardiac surgery for congenital hear. iewdidentified two Level

Il studies’®7° of poor to good quality. It also identifie evel Il trial®® that reviewed
inclusion criteria of this
systematic review, but was stopped early and di

Two of the Level Il studies’*° reported da from t
(Transfusion Requirements in Pediatric In
section (Section 3.2.7).

bgroups enrolled in the TRIPICU
study,®" which is reported in the critical care

Mortality
Three Level Il studies reported ality and dil not find a significant difference between transfusion

Two Level Il studies reR@ged gs for MODS.”**® Both found no significant difference in new or
‘ transfusion strategies.

One Level Il s reported transfusion-related serious adverse events.” It found no significant
&R umber of transfusion reactions between transfusion groups, but was underpowered
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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? Perioperative? and Critical Care*) was applied to derive a series of
practice points (see R1and 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 ov
alloimmunisation.

3.2.7 Critically ill neonatal and paediatric patj
transfusion on patient outcomes

5 2

= i E >

o Q © =

S = 0 =

+ = = 3

S 7] © o 8

EVIDENCE STATEMENTS - o 2 ‘= % E

critically ill (RBC transfusion) @ S (W] U] <
ES1.33 | Incritically ill neonatal and pa

of RBC transfusion comp
v v X v v

mortality is uncertain.

(See evidence matrix D1.R

ES1.34
NA NA NA NA NA
ES1.35
v NA NA %
ES1.36 ically ill neonatal and paediatric patients,
restrictive RBC transfusion compared with liberal
RBC transfusion does not appear to have an effect on I NA NA YV VY,
mortality.

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

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

vvv/=A; vv=B; v=C, X=D; NA, not applicable
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RECOMMENDATION - critically ill (RBC transfusion)

In paediatric patients, including those who are critically ill, a restrictive transfusion
strategy is suggested.>>¢

GRADE C . _— .
2 See PP6 for guidance on a restrictive transfusion strategy.

® Higher Hb thresholds may be appropriate in very low birth weight and preterm neonates.

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

PRACTICE POINT - critically ill (RBC transfusion)

In neonatal and paediatric patients with critical bleeding requiring
use a critical bleeding protocol.? A template protocol is provid

2The use of the word ‘protocol’is not strictly prescriptive.

® The template given in Appendix K (Critical bleeding protoci inten

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

Background
Neonatal and paediatric patients are at risk of anaemj re setting because of factors such

igh phlebotomy losses, surgical

for patients with mild to moderate anaemia
transfusion is uncertain.

ut haem®dynamic compromise, the benefit of RBC

Any transfusion has potential rigks such as t
alloimmunisation.

sfusion reactions, circulatory overload, infection and

RBC transfusion
and paediatric g

The review identified t
the effect of transfu
the three st j
with blunt ab§

on (or different RBC dose) in critically ill neonatal

etrospective cohort studies (Level lll-2) of poor to fair quality that compared
RS with no transfusion in critically ill neonatal and paediatric patients.®2# Of
& paediatric patients with traumatic brain injury,® one infants and children
a and liver laceration® and one paediatric trauma patients &

The three studi@demonstrated an association between RBC transfusion and mortality.t#* However,
it was not possibl@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.®

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 &% Of these, one® reviewed the transfusion threshold on clinical
outcomes in surgical and medical patients of any age (excluding neonates); the other® included
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neurocritically ill adult and paediatric patients admitted to intensive care unit (ICU). Both reviews
included the paediatric RCT TRIPICU®! — 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.®' Desjardins et al (2012)% 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,®' and Desjardins et al (2012)% 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.® It did
between rates of transfusion reactions, but was underpowered for thj

ference

Clinical commentary — effect of RBC transfusion in ¢
paediatric patients

Historically, RBC transfusions are given routinely when
but this practice is based on little evidence. Althoug
demonstrate an association between RBC transfusi

ies of paediatric patients
sation has not been established.

The TRICC (Transfusion Requirements in Critical Ca
restrictive transfusion strategy (transfusi n adults may be safe. A review then
showed that a restrictive transfusion stra ed the risk of transfusion and exposure to
blood products.® It found that restggi ion strategies did not affect the rate of adverse events
such as mortality, pneumonia, s bolism. It also found that a restrictive transfusion
strategy was associated with a ifi tior?in in-hospital mortality.

In critically ill paediatric paiie e TRIPICU trial indicate that a restrictive transfusion
threshold (70g/L) m i b trigger (95 g/L), and that a restrictive threshold is
associated with reg sion incidence.’’ The study authors concluded that these findings could

not be assumed to df 2 infants, or to children with severe hypoxemia, haemodynamic
instability, active blood 1§88 or cyanotic heart disease, because such children were not included in

disease, are oft@ftransfused at Hb thresholds higher than other patients of similar age. However, there
hich 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

weakened immunity.

ons t im to increase Hb concentration in neonatal
ts ), iron and hydroxyurea (in SCD only).

The review examined the effects of three interv
and paediatric patients: erythropoiesis stimulating

3.3.1 Preterm and low
stimulating agefts (with

ht infdnts — effect of erythropoiesis
ithout iron) on outcomes

t: =)
g 2 B 2
g 3 E R 5
AT = © o]
c 0 o] = [v]
(] ‘0 U a =
S 5 £ g a
T} (W] O (U] <
Y v v v N~
ES2.2 In preterm infants with RhHDFN, the effect of ESA
therapy (with or without iron) on transfusion incidence
is uncertain. v NA a4 a4 v
(See evidence matrix D2.B in Volume 2 of the technical report.)
ES2.3 In preterm infants with low birth weight (<2500 g),
ESA therapy (with or without iron) may reduce
transfusion volume. a4 v 44 I
(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)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

ES2.4 In preterm infants with low birth weight (<2500 g),
the effect of ESA therapy (with or without iron) on N,
thromboembolic events is unknown.

b=
=
b=
=
b=
=
b=
=
b~

ES25 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.)

o
3,
N
Y

oQ
E,
(=8
2]
3
[a)
(1]

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

uncertain. v w
(See evidence matrix D2.E in Volume 2 of the technical report.)
ES2.7 In preterm infants with low birth weight (<2500 g), the
effect of ESA therapy (with or without iron) on NEC is
v v

uncertain.

ES2.8 In preterm infants with low birth weight (

is uncertain. v Y NA N v

(See evidence matrix D2.G in Volwme

BPD, bronchopulmonary disease; ES
enterocolitis; RhHDFN, Rh haemolyti@di etus and newborn; ROP, retinopathy of prematurity

V=R, vv=B; v=C, X=D;

GRADE C

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 (tHUEPO) 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 | studies®*? and four additional Level Il studies®** 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.®”-* Early rHUEPO (course of treatment
commencing within the first week of life)®® and late rHUEPO (course of treatment commencing at
8days or later)”” 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,® but the evidence for late rHUEPO treatment was less clear.”

Thromboembolic events
No evidence related to thromboembolic events was reported.

ROP
Three Level | studies assessed the effect of ESAs on ROP.%%°7-8 No

BPD

Two Level | studies assessed the incidence of B
was demonstrated.

NEC

Two Level | studies®-*¢ and one Lev:
administered ESAs. A meta-anal
on the incidence of NEC.

Mortality

Two Level | studies® 28
meta-analysis perf

% assessed the effect of ESAs on neonatal mortality. A
found no effect of ESAs on all-cause mortality.

asSsessed neurodevelopmental outcomes at 18-22 months corrected age
» administered early ESAs. Taken together, the studies were underpowered for

neurodevelopme@iial 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.%+%

® 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 studi aderpowered

Further large RCTs are required to conclusively answer this question and
long-term outcomes and adverse events.

Evidence of the effect of ESAs on functional and performance stat

Large heterogeneity was observed in the included studies, most
practice. Furthermore, the studies were mainly conducted using t Ce that was liberal
compared to current practice, and the intervention (thri injections, increased
blood sampling and the need for parenteral iron) is b ore, the CRG has recommended
against the routine use of ESAs (see R3).

3.3.2 Preterm and low birthwei — effect of oral and/or

parenteral iron on ou

-1
> o = >
] (=8 © =
o S E K] =
EVIDENCE STATEM c " ® 2 C g
Q = —
preterm and lo o P -2 2 a
S o = (] [=%
(oral and/or pa L o O G <
ES2.9
v v NA v v
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 I SIS NA I v
uncertain.
(See evidence matrix D2.1 in Volume 2 of the technical report.)
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. a4 044 NA 24 v
(See evidence matrix D2.J in Volume 2 of the technical report.)

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

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

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 limiéghability to regulate

There is the potential for toxicity if excessive doses are used; enteral iron can a
copper for absorption,'® potentially causing clinically significant deficienci
effects on the gut microbiome. Although evidence that iron suppleme
inconsistent in small randomised trials,'® the safe upper limit of iro

Summary of evidence
Four Level Il studies examined the use of oral iron in preterm or lo@Abi i ants.’92% No studies
compared different modes of administration of iron alo al iron in these groups.

Transfusion incidence and volume

Taylor et al (2013)'°2 compared supplemental iro
who were being fed preterm infant formula or bre
least 2 mg/kg/day elemental iron). In anggher very, tu group of infants who were mostly fed
breast milk without iron fortification were eive supplemental iron or no supplemental
iron."® Neither study found an effe emental iron on transfusion incidence or volume. In

no lemental¥fon in very low birth weight infants
itk of which were fortified to administer at

milk fed) infants who received s
day compared to an unsupplem

e a total iron intake of approximately 3 mg/kg/
o received approximately 0.85 mg/kg/day. Berseth et al
human milk fortifier (that aimed to provide iron intakes

However, all the studies were underpowered for these outcomes.

Mortality

Two Level Il 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.'®%%

Secondary outcomes®

Functional or performance status

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

¢ 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 Il 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.'®'% 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,'® 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).2 The American Acadg Rediatrics'
guidelines are similar, recommending at least 2 mg/kg/day by 1 month of age 8
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3.3.3 Infants, children and adolescents at i
effect of erythropoiesis stimulating agent
on outcomes

EVIDENCE STATEMENTS —
infants, children and adolescents
(ESAs with or without iron)

Clinical impact
Generalisability

Evidence
Applicability

ES2.12 In infants and children
of ESA therapy (with o
volume or inCidgmeg i

=
D
=
D
=
D
=
D
=
b=

ES2.13 In infants, at risk of@faemia, the effect of
igeLt iron) on thromboembolic NA NA NA NA NA

ES2.14 en at risk of anaemia, the effect
tWor without iron) on mortality is NA NA NA NA NA

ES, evidence state@ient; ESA, erythropoiesis stimulating agent

vv~=RA; v+v=B; v=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)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

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

D
=
D
=
D
=
D
=
b=

ES2.16 Ininfants and children at risk of anaemia, oral iron
supplementation has no effect on mortality. YV RRVYY v

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

ES, evidence statement

vvv=A; v¥=B; v=C; X=D; NA, not applicable

PRACTICE POINTS - infants, children and adolescents (o il and; parenteral iron)

e largest factor contributing to anaemia in all paediatric age groups (except in

very preterm infdits in the first weeks of life, although iron deficiency is an important risk for such
infants subsequeMtly). 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).

Iron deficiency

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.™™®
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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.’®

Pasricha et al (2013)'® 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)'® 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 signifj ahee in
mortality in children that received iron versus no iron.'%-'%

Secondary outcomes?

Functional or performance status

One Level | study reported functional and performance measureSi® It igfificant difference
between treatment groups as assessed by the Bayley Scales of In Development mental
ignificant heterogeneity
between the included studies. A subgroup analysis c e heterogeneity showed evidence

Laboratory measures
Both systematic reviews found a signific

at risk of anaemia

The CRG advises that i
intake (Al) or recomm

(see PP15).
should be i

Oral iron suppl@i#€ntation at appropriate dosages, for adequate duration, is effective first-line treatment
of iron deficiencffiiln 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.

¢ 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)

Consistency
Clinical impact
Generalisability
Applicability

Evidence

ES2.17 In neonatal patients receiving chemotherapy, the effect
of ESA therapy (with or without iron) on transfusion N
incidence or volume is unknown.

-
=
=
=
b=
=
b=
=
b=

ES2.18 In paediatric patients receiving chemotherapy, ESA
therapy (with or without iron) may reduce transfusion

incidence. A7 4 4

(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 r. )

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

ES2.21 In paediatric patients receiving c
the effect of ESA therapy (with or

thromboembolic events is, 44 NA NA v v

ES2.22
NA NA NA NA NA

ES2.23
v v NA v v

ES, evidence stat ent; ESA, erythropoiesis stimulating agent

V=R, Vv=B; ¥ =D; NA, not applicable

PRACTICE POINT - cancer (ESAs with or without iron)

=]°4 Al 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.?

2 See R2 in Patient Blood Management Guidelines: Module 3 — Medical.?

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 rHUEPQ 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, rtHUEPO 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.?

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."®""“ The Level | studies included six Level Il studies that included
patients with solid tumours or acute lymphoblastic leukaemia, and compared the uEPO

with no rHUEPQ."">121

Transfusion incidence and volume
Four RCTs reported the effect of ESAs on transfusion incidence."'e1% 12
transfusion incidence was reduced in children receiving chemother, i therapy.

Two small trials reported the effect of ESAs on transfusion volu

Thromboembolic events

One RCT reported the incidence of thromboembolic eyents? o significant difference between
those who received ESAs or placebo.

Mortality

Three trials reported mortality as an out
significant difference on mortality, but the

eta-analysis of these data showed no
| and underpowered.

Secondary outcomes®

Functional or performance stat

No evidence was identifi tedi@B.functi or performance status.

Laboratory measu

Five RCTs studied th
children admginistered

rapy on Hb.""="&115120 They reported a significant increase in Hb in

SAs (with or without iron) in neonatal and paediatric patients
with cancer

In the adult cancBBpopulation, ESAs have been demonstrated to be effective in treating cancer-induced
anaemiga; however, they have increased associated risks, including death and thromboembolic events.?

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.

¢ 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)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

ES2.24 In neonatal and paediatric patients receiving
chemotherapy, the effect of iron compared with no iron N
on transfusion incidence or volume is unknown.

D
=
=
=
b=
=
b=
=
b=

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

NA

ES, evidence statement
vv~=RA; vv=B; v=C X=D; NA, not applicable

Summary of evidence

No studies assessed the safety and efficacy of oral or parenteral iro diatric cancer patients.

withi ' kidney disease —

3.3.7 Medical: neonatal and paediatr
(with or without iron)

effect of erythropoiesis stimfiatin
on outcomes

g £
g 2 B 2
g @ E 0 =
L o — © 1o
o 2 i} 5 8
EVIDENCE STATEMENTS — o L = = _&
kidney disease (ESAs with dBwithout ir@h) o S O G <
ES2.26 , the effect
on transfusion NA NA NA NA NA
ES2.27 g D, the effect of ESA
ithout iron) on transfusion incidence NA NA NA NA NA
ES2.28 i nts with haemolytic uremic

(See eviflence matrix D2.P in Volume 2 of the technical report.)

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

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

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

mortality is unknown.

CKD, chronic kidney disease; ES, evidence statement; ESA, erythropoiesis stimulating agent
vv~=RA; vv=B; v=C X=D; NA, not applicable
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PRACTICE POINTS - kidney disease (ESAs with or without iron)

PP18

ESA, erythropoiesis stimulating agent; Hb, haemo

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.>"<

2 See R4 in Patient Blood Management Guidelines: Module 3 - Medical.?

® The KDIGO guidelines" 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.

¢The NICE guidelines' 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).

In adult patients with chronic kidney disease, ESA therapy to a
>130 g/L is not recommended because of increased morbidjty; t
to apply this limit to paediatric patients.?

2 See R6 in Patient Blood Management Guidelines: Modull
ESA use is less effective in patients with chronic 0 have absolute or
functional iron deficiency.?

2See PP13 in Patient Blood Managementd@uideli — Medical.?

Where ESAs are indicated for the
paediatric patients, they should be ¢

me prevention of anaemia in neonatal and
ine iron therapy.

" KDIGO, Kidhey Disease: Improving Global Outcomes;
, practice point; RBC, red blood cell; R, recommendation

Background

Anaemia is a common proiiem i i ity chronic kidney disease (CKD), and as glomerular filtration
rate (GFR) declines, thg i es. In this population, anaemia is mainly due to decreased
production of rHUER ciency is the next most important cause of anaemia associated with
kidney disease, and ood loss secondary to phlebotomy, dialysis and nutritional
insufficiency,

of life. tHUEPQ ementation are used to treat anaemia associated with kidney disease.

In adults with
of RBC transfusia

D (both non-dialysis and dialysis dependent) ESAs correct anaemia, reduce the incidence
and improve the quality of life of dialysis dependent patients.?
Summary of evidence

Three systematic reviews examined the use of ESAs in children with cancer.’ 22" However, these
reviews provided no usable data.

One small Level Il trial assessed the use of rHUEPO in children with acute renal failure due to haemolytic
uremic syndrome.’

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

Mortality
No evidence was identified related to mortality.
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Secondary outcomes’
Functional or performance status

No evidence was identified related to functional or performance status.

Laboratory measures
Pape (2009)'* 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)" and the
United Kingdom's (UK's) National Institute for Health and Care Excellence (NICE)™ assessing anaemia
management in CKD noted that there is little evidence relating to the managementafeKD in children.

The KDIGO guidelines™ suggest that, in paediatric CKD patients receivin
110-120 g/L be targeted. These guidelines recommend that all patie

The NICE guidelines™ advise a target Hb range of 100-120 g/L fo
95-115 g/L for children aged under 2 years. They also recommen
the presence of absolute iron deficiency without treatin

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)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

ES2.32 In neonatal and paediatric patients with kidney disease,
the effect of iron compared with no iron on transfusion N,
incidence or volume is unknown.

b=
=
D
=
b=
=
D
=
D

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

NA

o
=
N
N
oQ
=
o
o
3
(]
D

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.)

ES235 | In paediatric patients with CKD receiving maintenance
rHUEPO therapy, the effect of IV iron compared
oral iron on thromboembolic events is unkno

NA

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

ith NA NA NA NA NA

CKD, chronic kidney disease; ES, evidence statem binant human erythropoietin; IV, intravenous

vvv=A; v¥=B; v=C, X=D; NA, not ap, e

Summary of evidence

Level I evidence
One systematic rey tified; however, it contained no usable paediatric data.'®

¢intraVemeus (IV) iron and oral iron in infants and children aged under 20

years who dialysis and receiving rHUEPO."*

ansfusion incidence; however, it was underpowered and no transfusions were

reported in eith&Rgroup.’

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.'?
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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.'# 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."2

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

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

3.3.9 Medical: neonatal and paedfatric @atients with sickle cell disease

— effect of hydroxyur
g 2
g 8 & Z
g g E @ 5
i = © ©
5 R G — o
EVIDENCE STATEM h=) P = % _&
> =
SCD (hydroxyure m S (@] O <
ES2.47 ‘ he effect of hydroxyurea NA NA NA NA NA
cidence or volume is unknown.
ES2.48 with SCD, hydroxyurea decreases
v Y v Y v
tence matrix D2.U in Volume 2 of the technical report.)
ES2.49 tal patients with SCD, the effect of hydroxyurea NA NA NA NA NA

on stroke is unknown.

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

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

ES, evidence statement; SCD, sickle cell disease

V=R, vv=B; v=C; X=D; NA, not applicable
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RECOMMENDATION - sickle cell disease (hydroxyurea)

In paediatric patients with sickle cell disease, hydroxyurea should not be given for the
primary purpose of reducing transfusion incidence.®®

GRADE B
2 Although hydroxyurea reduces transfusion incidence, it may not be the optimal treatment for
prevention of stroke.

5See R2 and PP22.

PRACTICE POINT - sickle cell disease (hydroxyurea)

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 s

PP, practice point; R, recommendation

Background

SCD is a condition caused by inheritance of the HbS allele, either in

episodes (e.g. dactylitis, bone pain, abdominal pa
haemolysis, aplastic crises, priapism, infection and

Most children with SCD in developed cou
have a significantly reduced life exp

Hydroxyurea is recognised as a
established.’ It has been repor so-occlusive crises including acute chest crises, decrease

Three systematic re\
usable data.'®"'®

Two eligible @Y e identified.”"*2 One was a small single-centre trial conducted in India,
comparing h > placebo in 5-18 year olds with severe SCD.™' The other was a multicentre trial
(BABY HUG) t sessed the safety and efficacy in hydroxyurea in infants aged 9 to 18 months with

SCD, irrespectivai®f severity.?

Transfusion incidence and volume

Both studies reported a significant reduction in transfusion incidence in those children who received
hydroxyurea.’®'-'32

Stroke
One study found no significant difference in rates of clinical stroke in a 2-year period."
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Secondary outcomes®

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.™ It reported no significant
differences between treatment groups.

Laboratory measures
Both studies reported that hydroxyurea increased total Hb and fetal Hb concentrations."-'3

Vaso-occlusive events and acute chest crises

One study reported that hydroxyurea decreased total painful episodes and dactylitis."** 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.™

The study by Wang et al (2011)"3? reported that hydroxyurea decreased the nuy
experienced acute chest syndrome.

Clinical commentary — hydroxyurea in neonatal and pa
Hydroxyurea was found to be effective in reducing transfusion ir@i
patients with SCD and their treating clinicians, reducing the incid
less importance than the considerable effect that hydroxyurea ha

may be of much
e frequency of

ion. Nevertheless, the effect of
portance, because it reduces the
YThere is a known increased risk of
hydroxyurea; these should be screened

hydroxyurea on reducing exposure to RBC transfusid
risk of transfusion-related adverse events, inclu
mild and usually reversible cytopaenias in children
for and managed appropriately.

Ilanaemia and their family members be
nths and older, and in children and adolescents with

disease, to reduce SCD-related ¢ h as pain, dactylitis, acute chest syndrome and anaemia.®®
In paediatric patients wj indpeased risk of stroke — as defined by elevated TCD velocities
or silent infarcts seep BC transfusions are recommended to reduce stroke

risk. The Phase Il '@ iss2 non-inferiority trial comparing RBC transfusion to hydroxyurea

in paediatric patients Wi . al was stopped early, because hydroxyurea was found to be as

owering the mean TCD velocity of blood flow. Complete data, including the
stroke, are not yet available.

surg€ry — 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.

& 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)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

ES2.51 In neonatal patients requiring surgery, the effect of
ESA therapy (with or without iron) on transfusion
incidence or volume is uncertain. X NA v

<

o
3,
N
Y

oQ
E,
(=8
2]
3
[a)
(1]

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

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

€

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

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

NA NA NA NA

ES2.54 In neonatal patients requiring cardiac surger

% NA NA v v
ES2.55

NA NA NA NA NA
ES2.56

NA NA NA NA NA
ES2.57 equiring cardiac surgery, the

Bpy compared with no ESA therapy

ality is uncertain. 44 NA NA v v

ence matrix D2.Y in Volume 2 of the technical report.)

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

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

ES, evidence statement; ESA, erythropoiesis stimulating agent

vvv/=A; vv=B; v=C; X=D; NA, not applicable
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PRACTICE POINT - surgical (ESAs with or without iron)

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 Il studies of variable quality were identified.’*'*> Two studies'>"3* were conducted in the
neonatal setting; the other™ 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.+"* Jf§é prted
conflicting results; however, both trials were small and underpowered.

Thromboembolic events
One study reported that ESAs had no effect on the incidence of cerefifal infagdion and @@fal sinus
thrombosis in neonatal cardiac surgery patients.™ No studies r boe lic events in other

infants or older children undergoing surgery.

Mortality

One study found no difference in mortality, but was Ilan ered.” No studies reported
mortality rates in other infants or older children.

Secondary outcomes”

Functional or performance status

One study found no difference in ntal outcomes, but was underpowered.”? No studies
reported functional or performa rinfants or older children.

Laboratory measures

One study reported ang
were administered

" 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)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

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

b=
=
b=
=
b=
=
b=
=
D

ES2.61 In neonatal and paediatric patients undergoing surgery,
the effect of iron compared with no iron on mortality is NA NA 4 : NA
unknown.

ES, evidence statement
vv~=RA; vv=B; v=C X=D; NA, not applicable

RECOMMENDATION - surgical (oral and/or parenteral iron)

iron therapy is recommended.?
2See R4 in Patient Blood Managemen®

aemoglobin assessment and optimisation template) for further
immal dosing strategy.

Hb, haemoglobin; RB, 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.? 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).
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3.3.13 Critically ill term and near term neonatal patients' 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.
i

3.3.14 Critically ill term and near term neonata#f@nd patients
— effect of erythropoiesis stimulatin ith g@r without
iron, on outcomes

Although RBC transfusions may be associated with risk and morbidity, in the ad
alternatives to transfusion such as ESA therapy are not without complication®

EVIDENCE STATEMENTS -
critically ill (ESAs with or without iron

Consistency
Clinical impact
Generalisability
Applicability

Evidence

ES2.62 In critically ill neonatal p, SA
therapy (with or witho cidence NA NA NA NA NA
or volume is unknown.
ES2.63
v 4 NA v v
ES2.64 8
erapy (with or without iron) on NA NA NA NA NA
th embolic events is unknown.
ES2.65 In crit¥@ally ill paediatric patients with acute respiratory
failureXhe effect of ESA therapy plus iron compared
with iron alone on mortality is uncertain. v NA NA a4 v
(See evidence matrix D2.AA in Volume 2 of the technical report.)
ES2.66 In crltlcall\/‘|II neonatal papents, the effe;t 0f ESA NA NA NA NA NA
therapy (with or without iron) on mortality is unknown.

ES, evidence statement; ESA, erythropoiesis stimulating agent

v~v~=RA; v+v=B; v=C X=D; NA, not applicable

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)

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

2 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.*

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

Summary of evidence
Two Level Il trials of poor and fair quality examined the use of ESAs in critically ill paediatric patients.'>"3

Transfusion incidence and volume

Both trials reported transfusion incidence.’'3” A meta-analysis of these studies,
difference in incidence of RBC transfusions or mean transfusions per patient.

One study reported that ESA treatment did not alter transfusion volume.}
using the results reported in the paper indicated a significant benefit g
volume of RBC transfused.

Thromboembolic events

No trials assessed the incidence of thromboembolic events.

Mortality

One trial reported mortality rates.’ No deaths occurf@ghin eith entarm.
Secondary outcomes’

Functional or performance status
No studies reported functional or perform

Laboratory measures

Both studies reported laboratorfimeasures ~géct aRe ferritin — but with conflicting results.™'37
3.3.15 Critically term neonatal patients and paediatric
patieni cto and/or parenteral iron, on outcomes
g £
g & & =z
@ c = & =
] .8 i = E=]
g o ™ o 3
EVIDENCE SPTEMENTS - s £ £ ¢ 3
critically ill (of@hand/or parenteral iron) @ S w; ) <

ES2.67 In critically ill neonatal and paediatric patients, the
effect of iron compared with no iron on transfusion N
incidence or volume is unknown.

b=
=
b=
=
b=
=
b=
=
b=

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

ES, evidence statement
vv/v=A; vv=B; v=C; X=D; NA, not applicable

) 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 recei
to achieve the adequate intake (Al) or recommended daily intake (RDI). If the A
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 n
fresh frozen plasma (FFP), cryoprecipitate, fibrinogen concentrate, pla
these products.

FFP contains all the coagulation factors present in normal plas
neonatal and paediatric setting to correct abnormalities of coagul

The administration of FFP has been associated with a r
reactions, haemolysis, TACO and TRALI. Therefore, th€isks a
carefully considered before use.

ects including infection, allergic
of FFP transfusion need to be

Cryoprecipitate is administered to patients to corre
transfusion of cryoprecipitate include:
»  haemostatic support during ma
= low fibrinogen and active bl ing an invasive procedure

»  dysfibrinogenaemia (structdiial abnormaliies of the fibrinogen molecule that cause dysfunction)

active bleeding beforgg@edu

Fibrinogen may also , ients with hypofibrinogenaemia.*

Platelet transfusion® ¥ed to correct thrombocytopenia in critically ill patients. The use of
platelet transfusion haS@&en associated with a range of side effects including bacterial infection (due to
contamina i ons, febrile reactions, venous thromboembolism, TRALI and TACO. Therefore,
the risks and et transfusion in critically ill patients need to be carefully considered before
use. Primary ansfusion of platelets are:

. punt 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 | studies, six Level Il studies and seven Level Il 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.

“ 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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3.41 Preterm and low birth weight infants — effects of fresh frozen
plasma on outcomes

5 2
g & 3 £
c = w0 =
] [ = = e
g 7 —= © [
5 0 8 — o
EVIDENCE STATEMENTS - k=) P = % _&
preterm and low birth weight infants (FFP) @ S (] U] <
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. v Y 044 v
(See evidence matrix D3.A in Volume 2 of the technical report.)
ES3.2 In preterm (<32 weeks) or very low birth weight infants
(<1500 g), the effect of FFP compared with no FFP on Y ), Y

IVH is uncertain.

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

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

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

NA NA NA

ES3.5 In preterm (<37 weeks) infants, t
compared with a different FFP tra
mortality is unknown.

NA NA NA NA NA

ES36 In preterm (<37 weeks)
compared with a differ
bleeding events]

on strategy on NA NA NA NA NA

ES3.7 3 i effect of FFP
‘ NA NA NA NA NA

ES3.8 &8Rs) infants, the effect of FFP

Bifferent FFP transfusion strategy on NA NA NA NA NA

ES, evidence stater@nt; FFP, fresh frozen plasma; IVH, intraventricular haemorrhage

vvv=A; v¥=B; v=C; X=D; NA, not applicable
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PRACTICE POINT - preterm and low birth weight infants (FFP)

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 | evidence
One good-quality Level | study that included four Level Il studies was identifieg

The review included 940 preterm infants of very low birth weight or born
and who were less than 72 hours old. The authors examined the effec

Level Il evidence

One Level Il study that was conducted by the Northern Neonatal e (NNNI) was retrieved
K maternity units that
ree-armed trial compared the
s)or an inert gelatin plasma

ose (control). Outcomes included mortality

recruited 776 preterm infants born less than 32 wee
effect of prophylactic FFP (20 mL/kg followed by,
substitute (Gelofusine) to a maintenance infusion
and P/IVH at 6 weeks.

Mortality

The Level | study'® assessed the i
no FFP or placebo in a meta-anal

The Level Il study' found no diff

found no difference between treatment groups.

ty before 6 weeks or before discharge, or in cause-specific
ry distress, IVH, necrotising enterocolitis or other causes.

) pecific mortality in infants aged 1-23 months. There was no
significant difference in tality due to chronic lung disease, sudden unexpected death, infection or

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 trial* 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.
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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

-
(¥}
(1]

>

=

a
1]
L

EVIDENCE STATEMENTS -
preterm and low birth weight infants
(platelet transfusion)

nsistency

Evidence
Applicability

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 v I v
uncertain.

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

ES3.10 In neonates with thrombocytopenia admitted t
NICU, platelet transfusion may be associd®
an increased risk of IVH compared with no pl8
transfusion.

v N 24 X v v

ES3.11 In preterm (<37 weeks) j
transfusion compared
bleeding events other

¥sion on NA NA NA NA NA

ES3.12 ect of platelet
W|th no platelet transfu;lon NA NA NA NA NA
adverse events is

ES3.13 WeRLs) infants, the effect of platelet
g mpared with no platelet transfusion on NA NA NA NA NA

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

V=R vv=B; v=C; X=D; NA, not applicable

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

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 lll cohort studies comparing platelet transfusion strategies in neonatal
and paediatric patients:

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

= Apoor-quality nested case—control study in a single NICU in the USA of 164 preterm infants born
at or before 32 weeks gestation.’ Cases were defined as participants with thrombocytopenia
(platelet count <150 x 10°/L) and controls as those without thrombocytopenia. Of the 94 included
cases, 12 were defined as having mild thrombocytopenia (100-150 x 10°/L), 34 with moderate
(50100 x 10°/L), and 48 with severe (<50 x 10°/L). The authors examined whether platelet
transfusion had an effect on IVH by days 7 and 14 of life, sepsis, NEC, thrombocytgpenia-associated
bleeding and mortality before discharge.

= Apoor-quality retrospective cohort study of 284 extremely low birth wei
infants from multiple NICUs in the USA.™3 The authors examined th
mortality during and after thrombocytopenia. Data were collecte
case mix, pharmacy and laboratory systems.

Mortality

The good-quality study found a significant increase (apparently t) in mortality
associated with platelet transfusion.™ The nested st a significant increase in
mortality associated with platelet transfusion.™| study demonstrated no

Bleeding events
One study™' demonstrated a significant i i \/H (grade 3-4) associated with platelet
transfusion. Similarly, one study'2d ignificant increase in IVH associated with platelet

transfusion.

Transfusion-related serious
No studies reported tra i0

Transfusion volug
No studies reported
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3.4.3 Preterm and low birth weight infants — effects of platelet
transfusion using a different transfusion strategy on outcomes

>
g £
> B >
a
EVIDENCE STATEMENTS — s & E B £
preterm and low birth weight infants e 0 = T o
. . . [ o =
(platelet transfusion using a different platelet = £ 2 % o
. > o =
transfusion strategy) (m o (@] (G <
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. v NA 2004 a4
(See evidence matrix D3.E in Volume 2 of the technical report.)
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 I

uncertain.

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

ES3.16 In preterm (<37 weeks) infants, the effect of a restrictive

platelet transfusion strategy compared with a lib NA NA NA

ES3.17 In preterm (<37 weeks) infants, the effect 0

platelet transfusion strategy on R NA NA NA NA

volume or incidence is unknown.

PRACTICE POINT  prete man. . oirth weight infants (platelet transfusion)

orders.

PP, practice point

Summary of evidence

The review identified one fair-quality Level lll study, conducted in two NICUs in the Netherlands.™
Itincluded 679 premature infants born before 32 weeks gestation, and examined the effect of
restrictive platelet transfusion (transfused when active haemorrhage and platelet count <50 x 10°/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.™

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.™ In a subgroup analysis
of thrombocytopenic patients, there was no significant difference in IVH (grade 1 or 2) or severe IVH
(grade 3 or4).

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

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

or other active bleeding. However, there is no clear evidence of b
The appropriate threshold for platelet transfusion will depend on
thresholds for stable patients range from 20-50 x 10°/
prevention of bleeding, results of a large RCT (PlaNet-,
transfusion, both risks and benefits should be consi

3.4.4 Paediatric patients cts of platelet transfusion

on outcomes

5 £

g 8 3 Z

g @ E o 5

-+J — © 1]

GCJ 0 S o o

EVIDENCE STAT| o a = % —&

> o =

cancer (platelet m o O G <
ES3.18

NA NA NA NA NA
ES3.19

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 NA NA NA NA NA
transfusion volume or incidence is unknown.
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EVIDENCE STATEMENTS -
cancer (platelet transfusion)

Evidence

Consistency

Clinical impact

Generalisability

Applicability

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.)

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.)

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 eyents
is unknown.

ES3.25

bleeding on the incidence of plat:
uncertain.

(See evidence matrix D3.1in

NA

NA

NA

v

ES3.26

In paediatric patients
effect of a prophylactic

NA

NA

NA

NA

NA

ES3.27

NA

NA

NA

NA

NA
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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.

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 x 10°/L in the absence of risk factors, and at <20 x 10°/L in the presence of
risk factors (e.g. fever, minor bleeding).?

2 See R8in Patient Blood Management Guidelines: Module 3 - Medical.?

PP, practice point; R, recommendation

Summary of evidence

Level | evidence

One good-quality Level | study was identified.’ Of the 13 studie
solely paediatric populations and involved children hospitalised wi

(administered only in presence of bleeding) compar
administered to maintain platelet count

hylactic platelet transfusion,

mortality (from all causes and bleeding).
Mortality
The study reported no significan lity overall and due to bleeding; however, it was
underpowered.™’
Bleeding events
The study found nog difference etween therapeutic platelet transfusion administered in the

count above 20 x 10°/4 ch|ldren with 21 significant bleeding event (patients with acute myeloid
nablastic leukaemia).™”

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 x 10°/L on mean number of platelet transfusions per course of chemotherapy.™’

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. 1%
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3.45 Neonatal and paediatric patients undergoing surgery —
effects of fresh frozen plasma on outcomes

EVIDENCE STATEMENTS -
surgical (FFP)

Evidence

Consistency

Clinical impact

Generalisability

Applicability

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.)

«

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

ES3.30

In neonatal patients undergoing surgery, the effect of
FFP compared with no FFP on mortality is unknown.

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
postoperative blood loss.

(See evidence matrix D3.K in Volume 2 of the teg

ES3.32

ES3.33

44

NA

NA

NA

NA

v

NA

NA

NA

NA

NA

on transfusion-related
unknown.

ES3.34

NA

NA

NA

NA

NA

albumin=Based fluid does not reduce
postoperative transfusion volume or

v

NA

N4

ES3.35

atal and paediatric patients undergoing
jac surgery the effect of FFP compared with no
FFP o 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)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

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.

ES, evidence statement; FFP, fresh frozen plasma

vvv/=A; vv=B; v=C, X=D; NA, not applicable

RECOMMENDATION - surgical (Fresh Frozen Plasma)

GRADE C over an albumin-based solution in relation to pos

transfusion requirements.

In neonatal and paediatric patient
fibrinogen concentrate shquld take j
decision should be based
of the patient's clinic
active bleeding,
bleeding disord

actors that may influence the decision include
ing coagulation status, and congenital and acquired

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

uidelines for the Use of Fresh-Frozen Plasma, Cryoprecipitate and
Cryosupernatant (2004)."®

2See PP17 in Patient Blood Management Guidelines: Module 3 — Medical.
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http://www.ahcdo.org.au

EXPERT OPINION POINTS - surgical (Fresh Frozen Plasma)

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.

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

2See PP17 in Patient Blood Management Guidelines: Module 2 — Perioperative.?

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 Il studies:

»  afair-quality RCT of 123 paediatric patients aged 1 month to 16
with CPB'™'

ac surgery

» afair-quality RCT of 20 infants weighing less than 8 kg who
= apoor-quality RCT of 56 paediatric patients weighing 10 kg or

One eligible Level lll study was identified.” This was
paediatric liver transplant patients aged <18 years.

Mortality

In the Level Il study, a multivariate cox re id notdemonstrate any association between

sity score adjusted analysis, no association

Bleeding events
The Level Il studies of FFP ig pu

In one Level Il st@ely, infants and children who received 1-2 units of FFP in the pump prime required a
significantly grea@r 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).">" However, patients who received FFP in the pump
prime required significantly less FFP after heparin reversal (p=0.042). Another Level Il 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).">

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)."*2 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.

. . . )
3.46 Neonatal and paediatric patients undergoing surgery — =
effects of cryoprecipitate on outcomes 5
)
+= = =
(1] = 3
[} V) a o)
= g ™
EVIDENCE STATEMENTS - S E
surgical (cryoprecipitate) v < w
ES3.40 In neonatal and paediatric patients undergoing
surgery, the effect of cryoprecipitate compared with no NA NA

cryoprecipitate on mortality is unknown.

ES3.41 In neonatal and paediatric patients undergoing
surgery, the effect of cryoprecipitate comparedawith
cryoprecipitate on bleeding events is unknown

NA NA NA NA

ES3.42 In neonatal and paediatric patients underg®
surgery, the effect of cryoprecipitate compareg
cryoprecipitate on transfusion-ref@igd serj
events is unknown.

NA NA NA NA NA

ES3.43 In neonatal and paedia
surgery, the effect of

. NA NA NA NA NA
cryoprecipitate on tran

unknown.
ES3.44
NA NA NA NA NA
ES3.45
NA NA NA NA NA
ES3.46

t 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

v~~=RA; vv=B; v=C X=D; NA, not applicable
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PRACTICE POINT - surgical (cryoprecipitate)

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)

Cryoprecipitate should be used to treat active bleeding when the fi evel is
<1.5g/L. Atarget level of 2 g/L may be appropriate in certain si
critical bleeding is occurring or anticipated).?

2The template given in Appendix K (Critical bleeding protocol) jsfifitended for@sa ation.

EOP, expert opinion point; FFP, fresh frozen plasma; PP, practice point

Summary of evidence
The review identified no studies in the relevant populati

Mortality
No evidence was identified related to mortality.

Bleeding events
No evidence was identified related to bleedi

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

Transfusion volume g8

No studies reporteg #

Clinical c ryoprecipitate in neonatal and paediatric patients

undergoi

Cryoprecipita ed to treat bleeding in the setting of hypofibrinogenaemia. There is no clear
threshold for cMically significant hypofibrinogenaemia.’* However, in actively bleeding patients, it is

reasonable to ai
patients; for exa

or a fibrinogen level of >1.5 g/L. A target level of >2 g/L may be appropriate in certain
le, 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)

Clinical impact
Generalisability

Evidence
Consistency
Applicability

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.)
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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

€

ES350 | Inneonatal patients undergoing surgery, the effect
of platelet transfusion compared with no platelet
transfusion on mortality is unknown.

NA

ES3.51 In neonatal and paediatric patients undergoin
NA NA NA NA

ES3.52
NA NA NA NA

ES3.53 In neonatal and paedi

the effect of platelet tr. NA NA NA NA NA

ES3.54 In neonatalia pents undergoing
of a restrlctlve versus liberal platelet NA NA NA NA NA
gy on mortality is unknown.

ES3.55 t sediatric patients undergoing
2fpthe effect ofa restrlctlve Versus Ilberal platelet NA NA NA NA NA

ES3.56 atal 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

vvv=A; vv=B; v=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)

In general, neonatal and paediatric patients with a platelet count 250 x 10°/L can
undergo invasive procedures without any serious bleeding; however, lower platelet
counts may be tolerated.?

2See PP17 in Patient Blood Management Guidelines: Module 2 — Perid

Specialist guidelines or haematology advice should be
undergoing intracranial, intraocular and neuraxial p
severe thrombocytopenia or coagulopathy.

EOP, expert opinion point; PP, practice point

Summary of evidence

The review identified one eligible Level Il study.”
243 paediatric liver transplant patients aged <18
examined the effect on mortality of different doses
platelet transfusions.

fair-qu etrospective cohort study of
ceased brain-dead donors. The authors
ive, perioperative and postoperative

Mortality

The study found no significant
(21 unit) or postoperative plate
also found no significaniififere

(21 unit) compared with no transfusion.” The authors
v between three doses of preoperative platelet

e or incidence
No studies reported transfusion volume or incidence.

Transfusion vo
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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 x 10°/L is suggested (see EOP4). A higher threshold may be appropriate where risk of bleeding is
high, or in selected patients (e.g. 100 x 10°/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

o
=
N
N
oQ
=
o
o
3
(]
D

5 = w
b3
© S
EVIDENCE STATEMENTS - % _é
surgical (fibrinogen concentrate) G <
ES3.58 | In paediatric liver transplant patients, the effe
higher volume of preoperative fibrinogen @gcent
compared with a lower volume of preopera v NA NA I v

fibrinogen concentrate on mortali

ES3.59 In paediatric patients ungd
liver transplant, the effg
compared with no fibri
is unknown.

NA NA NA NA NA

ES3.60 a gery, the effect of
: h no fibrinogen NA NA NA NA NA

ES3.61 gdiatric patients undergoing surgery,
t i g€n concentrate compared with no NA NA NA NA NA
rate on bleeding events is unknown.

ES3.62 In né@hatal and paediatric patients undergoing surgery,

fibrinogen concentrate on transfusion-related serious e & b — NA

adverse events is unknown.

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

vvv=A; vv=B; v=C; X=D; NA, not applicable
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PRACTICE POINT - surgical (fibrinogen concentrate)

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 | study was identified that evaluated the safety and effectiveness of fibrig oncentrate in
bleeding patients. The analysis included both adult and paediatric populationg g not provide

any usable data.

The review identified one eligible Level lll study that examined the effec
paediatric patients: a fair-quality retrospective cohort study of 243 p
aged less than 18 years.”

Mortality

The study demonstrated no significant difference in morgality at 1
concentrate (p=0.308).”

three doses of fibrinogen

Bleeding events

No evidence was identified related to bleeding even

Transfusion-related serious adverse
No studies reported transfusion-r: [ dverse events.

Transfusion volume or incid
No studies reported transfysion
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3.49 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)

Clinical impact
Generalisability

Consistency
Applicability

Evidence

ES3.64 | Inneonatal patients undergoing surgery, the effect of
fibrinogen concentrate compared with an alternative N
fibrinogen-containing product on mortality is unknown.

b=
=
D
=
D
=
b=
=
b=
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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 D3.0 in Volume 2 of the technical report.)

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.

ES3.67 In neonatal patients undergoing surgery, tf
f!br!nogen concerjt_rate compared with an alte NA NA NA NA NA
fibrinogen-containing product on‘gle 4

unknown.

ES3.68 In neonatal and paedia
the effect of fibrinogen
an alternative fibrinoge
transfusion-re

NA NA NA NA NA

ES3.69 | In paedia#fi€’patient@ivi i
hypofibrii@genag BB weaning, fibrinogen
concentratd pared with cCryoprecipitate may reduce I NA X IIY v

ES3.70 atric patients with acute acquired
ypoglrinogenaemia after CPB weaning, the effe;t of NA NA NA NA NA
fibrinOgen concentrate compared with cryoprecipitate
on transfusion volume is unknown.
ES3.71 In neonatal patients undergoing surgery, the effect of

f!br!nogen concerjt_rate compared with an s_ilternatlve NA NA NA NA NA
fibrinogen-containing product on transfusion volume or
incidence is unknown.

CPB, cardiopulmonary bypass; ES, evidence statement

V=R vv=B; v=C; X=D; NA, not applicable
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PRACTICE POINT - surgical (fibrinogen concentrate using a different fibrinogen strategy)

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.™ It includg

small sample size and single-centre design.

Mortality

The study reported no deaths in the cohort.™®

Bleeding events

The study found no significant difference in 48-hour dlo rative and 46-hour drainage)
between fibrinogen concentrate and cryoprecipitate (p=Gi672).

Transfusion-related serious adverse events

Clinical co tary — use of fibrinogen in neonatal and paediatric patients
undergoing gery

Fibrinogen conceMtrate 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

“ =)
> fU = >
] (=8 ] =
) @ E n =
EVIDENCE STATEMENTS - c @ I T 8
surgical (combination FFP, cryoprecipitate, platelet o P = % o A
. ) > o =
transfusion or fibrinogen concentrate) w o O G < =
ES3.72 In neonatal and paediatric patients undergoing surgery, o
the effect of a combination of FFP, cryoprecipitate, o
platelet transfusion or fibrinogen concentrate NA NA NA NA c.
compared with a different combination on mortality is g—
unknown. =
o
ES3.73 In neonatal and paediatric patients undergoing surgery,
the effect of a combination of FFP, cryoprecipitate,
platelet transfusion or fibrinogen concentrate NA

€

compared with a different combination on bleeding
events is unknown.

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 tra
related serious adverse events is unknow

NA NA NA NA

ES3.75 In neonatal and paediatric patients undergo
the effect of a combination of FFRacryoprec
platelet transfusion or fibrinogen

PRACTICE POIN -sur: = ' '-~mbination therapy)

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

!z

= a

T g

EVIDENCE STATEMENTS - % é

critically ill (FFP) (U] <

ES3.76 | Incritically ill neonatal and paediatric patients, th

effect of FFP compared with no FFP on mortaligy i

uncertain. a4 X v v

(See evidence matrix D3.R in Volume 2 of the tec

ES3.77 In critically ill neonatal and paedi

effect of FFP compared with no F NA NA NA NA NA

is unknown.
ES3.78 he
i NA NA NA NA NA
ES3.79
NA NA NA NA NA
ES3.80
pared with a different FFP NA NA NA NA NA
trd 5y on mortality is unknown.
ES3.81 In cri@i@ally ill neonatal and paediatric patients,

the eff@t of FFP compared with a different FFP NA NA NA NA NA
transfusion strategy on bleeding events is unknown.

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

vv~=RA; vv=B; v=C X=D; NA, not applicable
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PRACTICE POINTS - critically ill (FFP)

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.

For guidance on the use of FFP in specific patient groups, refer to:?

= Patient Blood Management Guidelines: Module 1 - Critical Bleeding/Massive
Transfusion (2011)"

= Patient Blood Management Guidelines: Module 2 — Perioperg

Thrombosis and Haemostasis (2004)"
= AHCDO guidelines for patients with specific factor

» Guidelines for the Use of Fresh-Frozen Plasm
Cryosupernatant (2004)."®

AHCDO, Australian Haemophilia Centre Directors’ Organisati@FFP,

Summary of evidence
This review identified two eligible Level lll studies th the effect of FFP compared with no FFP
in critically ill paediatric patients, both of qual
= aretrospective analysis of 315 ' lents witffacute lung injury in two PICUs in the USA that
compared mortality and venid mong patients who received FFP and those who
did not™’

= aprospective cohort study
intensive care p
outcomes includifi

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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http://www.ahcdo.org.au

3.4.12 Critically ill neonatal and paediatric patients - effects of
cryoprecipitate on outcomes

EVIDENCE STATEMENTS -
critically ill (cryoprecipitate)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

ES3.84 | Incritically ill neonatal and paediatric patients,
the effect of cryoprecipitate compared with no NA NA
cryoprecipitate on mortality is unknown.

=
b=
=
b=
=
D

ES3.85 In critically ill neonatal and paediatric patients,
the effect of cryoprecipitate compared with no NA NA & NA
cryoprecipitate on bleeding events is unknown.

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.

ES3.87 In critically ill neonatal and paediatric patients,
the effect of cryoprecipitate compared with no
cryoprecipitate on transfusion volume or inci
is unknown.

ES3.88 | Incritically ill neonatal and paediatric patient
effect of cryoprecipitate compar
cryoprecipitate transfusion strate
unknown.

ES3.89 In critically ill neonatal
effect of cryoprecipitat
cryoprecipitate
is unknown,

paediatric
mpared wi

ES3.90
NA NA NA NA NA

ES3.91 atal and paediatric patients, the
pitate compared with a different
cryopf@cipitate transfusion strategy on transfusion

brincidence is unknown.

NA NA NA NA NA

ES, evidence statement

vv/v=A; vv=B; v=C; X=D; NA, not applicable
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PRACTICE POINT - critically ill (cryoprecipitate)

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.

O
=
N
3
oQ
=
o
o
3
(o)
()

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 advers ts.

Transfusion volume or incidence
No studies reported transfusion volume or incide

Clinical commentary — effects of cr [ critically ill neonatal and
paediatric patients

Cryoprecipitate should be used
no clear threshold for clinically sighificant hyp8fibrinogenaemia.’™ However, it is reasonable to aim for a
fibrinogen level of >1.5 g/
neonates and those r n volumes.
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3.4.13 Critically ill neonatal and paediatric patients — effects of platelets
on outcomes

g 2
z & 5 Z
g g E @ 5
+— p— o] o
S 2 5] 5 i)
EVIDENCE STATEMENTS - o P = = _&
L . . 5 o =
critically ill (platelet transfusion) i o O G <
ES3.92 | Incritically ill neonatal and paediatric patients, the
effect of platelet transfusion compared with no platelet
transfusion on mortality is uncertain. v
(See evidence matrix D3.S in Volume 2 of the technical report.)
ES3.93 In critically ill neonatal and paediatric patients, the
effect of platelet transfusion compared with no platelet NA
transfusion on bleeding events is unknown.
ES3.94 | Incritically ill neonatal and paediatric patients, the
effect of platelet transfusion compared with no platelet NA

transfusion on transfusion-related serious adverse
events is unknown.

ES3.95 | Incritically ill neonatal and paediatric patients

i ) o NA NA NA NA
transfusion on transfusion volume or inc

unknown.

ES3.96 | Incritically ill neonatal and paedi
effect of platelet transfusion compai i NA NA NA NA NA

ients the
ith a different
events is

ES3.97 | Incritically ill neonatal

effect of platelet transf NA NA NA NA NA

ES3.98 In critical™ diatric patients, the

ompared with a different NA NA NA NA NA

ES3.99 ill neonatal and paediatric patients, the

NA NA NA NA NA

incidente is unknown.

ES, evidence statement

vv/v/=A; vv=B; v=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

PP, practice point

Summary of evidence
The review identified one good-quality Level lll study: a retrospective analysis of 315 paediatric patients
with acute lung injury in two PICUs in the USA."™’ The authors compared mortality ilation

outcomes among patients who received platelets and those who did not.

Mortality
In @ multivariate analysis, no difference in mortality was observed.™”

Bleeding events

No evidence was identified related to bleeding events.
Transfusion-related serious adverse events

No studies reported transfusion-related serious advi

Transfusion volume or incidence
No studies reported transfusion volume or incidenc

platelet function and coagulation status, and congenital and acquired bleeding disorders.

Clinical commentary — plate
patients

Prophylactic platelet transfusio
However, there is limited g

N in critically ill neonatal and paediatric

neonates and paediatric patients with critical iliness.
t group and it is therefore reasonable to apply evidence

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

g5 £

> “'-‘ = >

S 2 B £

g g E L a

S 0] © © 8

EVIDENCE STATEMENTS - S ¢ c g a

. . . = o = a (=8

critically ill (fibrinogen concentrate) i} (] O U] =4
ES3.100 | Incritically ill neonatal and paediatric patients, the

effect of fibrinogen concentrate compared with no NA NA NA NA NA

fibrinogen concentrate on mortality is unknown.

ES3.101 In critically ill neonatal and paediatric patients, the
effect of fibrinogen concentrate compared with no NA NA Y NA
fibrinogen concentrate on bleeding events is unknown.

ES3.102 | Incritically 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

ES3.103 | Incritically ill neonatal and paediatric patients, th
effect of fibrinogen concentrate compared with
fibrinogen concentrate on transfusion volum
incidence is unknown.

ES3.104 | Incritically ill neonatal and paediatric patien
effect of fibrinogen concentrate
different fibrinogen concentrate t
on mortality is unknown.

ES3.105 | Incritically ill neonatal
effect of fibrinogen co
different fibringgen co

ES3.106
ate compared with a
gen concentrate transfusion strategy NA NA NA NA NA
ed serious adverse events is
ES3.107 ally ill neonatal and paediatric patients, the

&Bof fibrinogen concentrate compared with a NA NA NA NA NA

on transfusion volume or incidence is unknown.

ES, evidence statement

vv/v=A; vv=B; v=C; X=D; NA, not applicable
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PRACTICE POINT - critically ill (fibrinogen concentrate)

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 advers ts.

Transfusion volume or incidence
No studies reported transfusion volume or incide

Clinical commentary — fibrinogen c
paediatric patients

Fibrinogen concentrate has bee
hypofibrinogenaemia with a lo
a replacement for cryopregiitate

itically ill neonatal and

nd effective treatment for correction of
dverse events. In other countries, it is used exclusively as

" Cryoprecipitate and fibrinogen concentrate are therapeutic interventions used in the correction of low fibrinogen levels.

™ 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)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

ES3.108 | Incritically 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.

ES3.109 | Incritically 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

ES3.110 | Incritically 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 sggious
adverse events is unknown.

NA

ES3.111 In critically ill neonatal and paediatric patj

transfusion or fibrinogen concentrate comp i NA NA NA NA NA
a different combination on transflisi
incidence is unknown.

PRACTICE POINT - _ritic 'ly il _nation therapy)

dediatric patients, the decision to transfuse FFP, cryoprecipitate
en concentrate should take into account the potential risks and benefits.
hould be based not only on laboratory investigations but also on
pt of the patient’s clinical condition. Factors that may influence the decision
ude active bleeding, medications affecting coagulation status, and congenital and
quired 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

han older

Neonatal and paediatric patients have smaller absolute blood volumes and red ce

greater influence on the patient's subsequent incidence of transfusion.

Many hospitalised neonatal and paediatric patients are at risk of blood
for transfusion. Three populations were considered for Question 4: s needing
neonatal intensive care, neonatal and paediatric patients underggi nd crifically ill neonatal
and paediatric patients.

transfusion requirements:

= two specific to neonates:

ing b volume and red cell mass

olySis in infants born with neonatal
ic disease of the fetus and newborn [HDFN])
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ant activated factor VIl (rFVIla) (cardiac and extracorporeal membrane oxygenation
gtients only)

—  miniaturised CPB systems compared with standard-sized systems
= two interventions for critically ill paediatric patients:

—  rFVlla compared with no rFVlla (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.
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3.5.1 Preterm and term infants — effect of placental transfusion
on outcomes

EVIDENCE STATEMENTS -
preterm and term infants (placental transfusion)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

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.)

N4 v v v

<

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.)

v

ES, evidence statement

vv/v/=A; vv=B; v=C, X=D; NA, not applicable

PRACTICE POINTS - preterm and term infants (p.. ~ntal . ansfusion)

In preterm infants, deferring cord
reduce transfusion volume and inci idence of intraventricular haemorrhage.

r unknown, particularly in extremely
d in those who require active resuscitation.

In term infants, d ping for at least 1 minute is likely to reduce the risk of
iron deficiepgyat . is intervention should be considered in infants who do not

the number of RBCs in circulation decreases after birth. Infants born before term

ed decrease in Hb due to several factors, including loss of RBCs due to shortened

red cell survival 2@ 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. %

5
>
D
=
o
s}
=
S
5

Summary of evidence

This review identified five relevant Level | studies of varying quality.' "®"% Two studies were of good
quality, and provided the most comprehensive evidence for preterm infants.’®%'® The included Level |
studies assessed 20 Level Il studies that reported outcomes relevant to the research question. This
systematic review identified two additional Level Il studies.™®"6
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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

through mechanisms that may include increasing blood volumegt bi i@ severity of illness.
However, concerns remain about the risks and benefits of routin amping for all
preterm infants. These concerns can be summarised as follows:

Trial quality and selection bias. The evidence in relati i ts comprises a number of
small, underpowered trials of variable quality. The,incl criteria varied, but several

important subgroups of preterm births.

High transfusion rates in the includ i e incidence of transfusion in <32 week infants in

transfusion, and 66% in the immEegi iNg’group. A population-based study in New South
Wales, where deferred cord cla g was not utlnel\/ pract|sed identified a transfusmn rate of 33%.17

ce, will resultina smaller effect of deferred cord clamping
indicated by this review.

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)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

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.)

ES4.4 In infants with alloimmune haemolytic disease, the
effect of IVIg compared with no IVIg on mortality is
uncertain.

v

(See evidence matrix D4.D in Volume 2 of the technical report.)

ES, evidence statement; IVIg, intravenous immunoglobulin

vv~=RA; vv=B; v=C X=D; NA, not applicable

RECOMMENDATION - haemolytic disease (1VIg)

In neonates with haemol etus and newborn, the use of IVIg is not

recommended.

GRADE B

aternity 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
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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,'® it has been proposed that it can reduce the
incidence of exchange transfusion.

Summary of evidence

One good-quality Level | study that included 12 RCTs was identified.' No additional Level Il 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.”® 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 analys; acluded only
RCTs assessed to have an overall low risk of bias, the significant difference wa
In a subanalysis of RCTs involving preterm neonates only, there was no signifi&an
treatment groups for the incidence of exchange transfusions.

The review also assessed number of exchange transfusions per inf; A segisitivity@m@isis of RCTs
assessed to have an overall low risk of bias found no significant dif ce e nugmbér of exchange
transfusions per infant.

Mortality

No deaths were reported in the included studies.’®

Clinical commentary — IVIg for haemolyti

Administering IVIg to newborns has been e severity of haemolysis with HDFN.
The combined results of all trials suggest the incidence of exchange transfusion
(ET) in infants with HDFN; however, i Is were generally of low quality.”® When only the trials
at low risk of bias were consider ct of IVIg on reducing incidence of ET or any other
outcome of importance (e.g. pe
None of the trials was powered

preterm and term infants

ut potentially life-threatening) adverse effects such as
transfusion of plasma products. The recent, high-quality

here is no benefit in RhD HDFN. With the availability of intensive
ncompatibility has become an increasingly uncommon indication for ET in

Australia,”® andii rarely causes anaemia.’”
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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)

Evidence
Clinical impact

Consistency
Generalisability
Applicability

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.

v

(See evidence matrix D4.E in Volume 2 of the technical report.)

ES4.6 In paediatric patients undergoing noncardiac surgery,
the effect of preventing hypothermia compared with no
prevention of hypothermia on mortality is unknown.

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.

v

ES4.8 In paediatric patients undergoing noncardid
the effect of preventing hypothermia comparg
prevention of hypothermia on tra sion
incidence is unknown.

NA NA NA NA NA

CPB, cardiopulmonary bypass; ES, evig
v~v=A; vv=B; v=C; X=D; NA, not a

RECOMMENDATION - surgicai (prevention of hypothermia)

ndergoing surgery, measures to prevent hypothermia should be

GRADE B o , ;
tfent Blood Management Guidelines: Module 2 — Perioperative.

R, recommendat

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)?). 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.
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Summary of evidence

One good-quality Level Il study was identified: an RCT of 59 paediatric patients undergoing cardiac
surgery with CPB."”2 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."? 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."”2 No significant differences between groups were reportegasfi@eRBC transfusion
incidence and median RBC transfusion volume (9.6 versus 9.5).

Clinical commentary — prevention of hypothermia in neon patients
undergoing surgery

Based on the good evidence in the adult population, active measyr
hypothermia in children are recommended. It is unlikely that R

on RBC transfusion in children would be ethically acceptable.

ing surgery — effect of

3.5.4 Neonatal and paediatric patie
[ [ otension on outcomes

EVIDENCE STATEMENTS -

Clinical impact
Generalisability

Evidence
Applicability

Consistency

ES4.9 ia trgery, the effect

ES4.10 & undergoing surgery, the effect

ed hypotensmn compared W|th

e is uncertain.

(See evi#ence matrix D4.G in Volume 2 of the technical report.)

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 X NA v v v
uncertain.

(See evidence matrix D4.H in Volume 2 of the technical report.)

ES, evidence statement
V=R vv=B; v=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 Il study was identified.””® 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 estimage
surgeon and by the anaesthetist. A significant difference favouring induced h
reported for average estimated blood loss and surgical field rating.

Clinical commentary — controlled induced hypotension
patients undergoing surgery
There is little evidence on safety and efficacy to guide the use of ¢
paediatric surgery. It is difficult to extrapolate evidence f]
population, because the types of surgery where contrglle
are not relevant in paediatrics.

n to the paediatric
tension is advantageous in adults

In paediatric surgery, the use of controlled hypote ned@s,to be balanced against the risk of causing

reduced perfusion of the spinal cord and other orga

ients undergoing surgery —
ic haemaodilution on outcomes

3.5.5 Neonatal and iatric
effect of acutefiormovolae

|
Evidence
Consistency
Clinical impact
Generalisability
Applicability

tric patients undergoing surgery, the effect of
pared with no ANH on mortality is unknown.

=
D
=
b=
=
b=
=
D
=
D

ES4.14 | In paediatric patients undergoing surgery, the effect of
ANH compared with no ANH on transfusion volume

and incidence is uncertain. v A NA 24 24

(See evidence matrix D4l in Volume 2 of the technical report.)

ANH, acute normovolaemic haemodilution; ES, evidence statement

vv/v/=A; vv=B; v=C, X=D; NA, not applicable
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PRACTICE POINT - surgical (acute normovolaemic haemodilution)

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 technigue that aims to reduce allogeneic transfusion reqwrements in
patlents scheduled for elective surgery. For the purposes of th|s rewevv ANH was d as the removal

This autologous whole blood (which is kept at room temperature) has a
functioning platelets and clotting factors than banked blood. Hence, it

of their inability to compensate for acute anaemia or blood loss.

Summary of evidence

The systematic review identified three Level Il studie
in paediatric patients undergoing surgery:

t exam safety and effectiveness of ANH

= one of fair quality, conducted in paediatric pati ndefg@ng cardiac surgery'*

= one of poor quality, conducted in pae ergoing craniofacial repair surgery'”>

= one of poor quality, studyin estents going surgery for scoliosis concentration.'”®
Mortality
No studies reported the g f on mogidlity in neonatal and paediatric patients undergoing surgery.

Friesen et al (2006)' icant difference in RBC transfusion incidence during surgery with
CPB or after,

Hans et al ( ansfusion volume and incidence in 34 paediatric patients scheduled for
surgical repai bhaly or pachycephaly. No significant difference was reported for transfusion

Lisander et al (19€6)'7® 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)?).
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3.5.6 Neonatal and paediatric patients undergoing surgery —
effect of intraoperative cell salvage on outcomes

g £

g 8 3 =z

gy § £ 2 3

c k) g © g
EVIDENCE STATEMENTS — ke g £ e 5 2
surgical (intraoperative cell salvage) O S O S < =)
N
ES4.15 In paediatric patients undergoing cardiac surgery with =
CPB, the effect of intraoperative cell salvage compared Ug
with no intraoperative cell salvage on mortality is Y IS NA IS v o
uncertain. =
=
(See evidence matrix D4.J in Volume 2 of the technical report.) 8

ES4.16 In paediatric patients undergoing noncardiac surgery,
the effect of intraoperative cell salvage compared with NA A NA
no intraoperative cell salvage on mortality is unknown.

€

ES4.17 In paediatric patients undergoing cardiac surgery with
CPB, intraoperative cell salvage compared with no

intraoperative cell salvage may reduce transfusion v JIY v
volume and incidence.

ES4.18 | In paediatric patients undergoing noncar

no intraoperative cell salvage on
and incidence is uncertain.

CPB, cardiopulmonary bypass; ES, e

vV v=R; vv=B; v=C X=D;

ell salvage may be considered. If intraoperative cell salvage is used,
ocal procedural guideline that should include patient selection, use of
fUipment and reinfusion. All staff operating cell salvage devices should receive

propriate 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 reservair, 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 Il studies: one of good quality"”” and two of poor quality.'®"7®
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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)""7 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)'" 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)"® assessed the median volume of perioperative allogeneic RBC trag
paediatric patients scheduled for open heart surgery with CPB and reported a g
cell salvage (1.5 versus 2.5, p=0.000).

Clinical commentary — intraoperative cell salvage in ne
undergoing surgery

3.5.7 Neonatal and paedi
effect of viscoelastic

ergoing surgery —
testing on outcomes

g 2

g & 5§ z

g @ E 0 3

-+ — o 1]

5 L 8 i o

EVIDENCE STA ° a 2 g =

. = o =

surgical (viscoel i} o @] U] <
ES4.19 jts undergoing surgery, the effect of

ing compared with no viscoelastic NA NA NA NA NA

ortality is unknown.

ES4.20 Inp

POC tésting on transfusion volume or incidence is NA NA NA NA NA

unknown.

ES4.21 In paediatric patients undergoing surgery, the effect of
viscoelastic POC testing compared with no viscoelastic NA NA NA NA NA
POC testing on bleeding events is unknown.

ES, evidence statement; POC, point-of-care

V=R vv=B; v=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 neon atients
undergoing surgery

One small RCT that evaluated the use of viscoelastic POC testing{\pae s undergoing
cardiac surgery with CPB was published after the cut-off date of t eview."”® The study

demonstrated a reduction in postoperative transfusion
product management that included viscoelastic PO
role of this technology.

rithm-guided blood
udies are required to clarify the

3.5.8 Neonatal and paediafi ndergoing surgery —
effect of antifibri [

Consistency
Clinical impact
Generalisability
Applicability

m
=
o
m
2
()
m
(V)]
_|
o
Evidence

ES4.22

ES4.23 | In paediatric patients undergoing cardiac surgery,
antifibrinolytics compared with no antifibrinolytics
reduce transfusion volume and incidence. v v v a4 v

(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. 44 v v I I

(See evidence matrix D4.N in Volume 2 of the technical report.)
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EVIDENCE STATEMENTS -
surgical (antifibrinolytics)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

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.)

ES4.26 | In paediatric patients undergoing craniofacial surgery,
antifibrinolytics compared with no antifibrinolytics may
reduce transfusion volume. 244 v ‘¢ 124

(See evidence matrix D4.0 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. NA a4 v

(See evidence matrix D4.0 in Volume 2 of the technical report.)

ES4.28 | In paediatric patients undergoing primary
adenoidectomy, the effect of topical TXA compare
no TXA on transfusion incidence is uncertain.

NA NA N4 v

ES4.29 | In paediatric patients undergoing
antifibrinolytics compared with n

thromboembolic events is u N (a4 NA 4 v

ES4.30

ES4.31

v v v N 44 v

ES4.32

v 24 v v v

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. a4 44 X 24 v

(See evidence matrix D4.U in Volume 2 of the technical report.)

ENT, ear, nose and throat; ES, evidence statement; TXA, tranexamic acid

vvv=A; vv=B; v=C; X=D; NA, not applicable
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RECOMMENDATION - surgical (antifibrinolytics)

In paediatric patients undergoing cardiac surgery with cardiopulmonary bypass, the use
of antifibrinolytics is suggested.>>¢

GRADE C
2 Although there is evidence of a reduction in transfusion, there is insufficient evidence to

determine the risk of thromboembolic complications.

® 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.

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

In paediatric patients undergoing surgery for scoliosis in whom substantial blood loss is
anticipated, the use of antifibrinolytics may be considered.®®

GRADE C L . . . .
2 Tranexamic acid in this context is approved in Australia. The use of a

considered off label in Australia. Epsilon-aminocaproic acid is n

GRADE C

nt Guidelines: Module 4 — Critical Care.*

sing guidance) for further information.

ee 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.
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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 | studies that assessed the safety and effectiveness of antifibrinolytics (aprotinin, TXA or EACA)in
paedlatrlc pat|ents undergomg surgery were |dent|f|ed 180185 A further two Level | stud

years with congenital heart disease undergoing open heart
involving 626 infants and children. The other assessed TXA in
undergoing cardiac surgery and included data from gi

= Scoliosis surgery — One good-quality Level | stu
(aprotinin, TXA or EACA) in paediatric patien

for the effect of antifibrinolytics
urgery.'®

evidence for the effect of
| surgery.™*

= (Craniofacial surgery—One fair-quality Level | s
antifibrinolytics in paediatric patient

= ENT surgery—0One good-qualit assessed the effect of topical administration of TXA

'52 |t identified 29 RCTs, only one of which was in
going primary isolated adenoidectomy and provided
on transfusion incidence and blood loss.

paediatric patients. It enraoll
evidence for the effect of T

The systematic review,
assessed by the incdé ies. Those studies were in patients undergoing either cardiac,

= Seven | studies provided evidence for paediatric patients undergoing cardiac
surger

= Twoaddi tudies provided evidence for paediatric patients undergoing scoliosis surgery:
one of po ality’ and one of good quality.'®

= Two additionigh Level Il studies provided evidence for paediatric patients undergoing craniofacial
surgery: a fair-quality RCT™ and a good-quality RCT.'*®

= Two additional Level Il studies provided evidence for paediatric patients undergoing ENT surgery: a
good-quality RCT#"" and a fair-quality RCT."®

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
»  Ameta-analysis of six trials reported no significant difference in blood transfusion volume.’®

= Faraoni et al (2012)"®' conducted several meta-analyses investigating 24-hour postoperatlve
transfusion volume. No difference in transfusion volume was observed when & with a high risk
of bias were excluded.

= Schouten et al (2009)"® reported a significant difference in RBC transfusion
»  Ferreira et al (2010)" reported no significant difference in intraope

»  Flaujac et al (2007)"" reported a significant difference in 24-ho i anghtision volume
favouring aprotinin (18 mL/kg versus 30 mL/kg, p=0.01).

= Sarupria et al (2013)'* reported a significant difference favo

of Fallot undergoing total correction with CPB. A
for blood transfusion volume (two doses: 1.1

Transfusion incidence

A meta-analysis (including several sensi
urgery with CPB was conducted.™ An analysis of good-
quality studies and studies with usion protocol found significant differences favouring

the use of aprotinin.

An assessment of postoperativ lume and incidence in 20 infants undergoing primary

corrective cardiac surgeif® significant difference for 24-hour postoperative
transfusion incidencg 00%, p=0.06).™"

An assessment of 1 ts with tetralogy of Fallot undergoing corrective surgery found
that EACA r dence of RBC transfusion (75.0% versus 97.3%, p=0.01)."%

A meta-analysisif five trials with 207 paediatric patients reported a significant reduction of volume of
blood transfused¥8llowing the administration of antifibrinolytics (aprotinin, TXA or EACA).™® 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.”* 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).2%-22 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).™
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Craniofacial surgery

One systematic review'® included data from two Level Il studies?®2% and one Level Il study.?®
An additional two Level Il studies were identified.’-'%

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)."®

Two additional Level Il studies provided evidence for transfusion volume.™* 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.’’
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.’®

An updated meta-analysis was performed. A significant reduction in RBC trangf##
demonstrated.

\Was

Transfusion incidence

One study assessed transfusion incidence in 26 paediatric patient
craniofacial surger\/ﬂ97 No difference in postoperative RBC was

who were undergoing craniofacial reconstruction.’® No

ENT surgery

One Level | study™? that included evidence from
volume or incidence in paediatric patients undergoi

eve udy®’ provided evidence for transfusion

Transfusion incidence

One study of 400 children underggi ted adenoidectomy found no significant difference in
transfusion incidence between i cebo groups.?’

Thromboembolic event,

One Level | study,™® Il study?®® and three Level Il studies,"'%%"% provided
evidence for thro

One study assessed t Doembolic events in paediatric patients undergoing cardiac surgery.™"

It |nc|uded oing primary corrective cardiac surgery with CPB. No thrombotic events were

Two studies aS8g liatric patients undergoing scoliosis surgery.”2% In one study, no deep venous
thrombosis (D ccurred in the aprotinin group (0%) compared with three DVTs in the placebo group
(13%).2%8 This res as not significant (p=0.21). The other study reported no events of venous thrombosis
or thromboemboli during the study period.'*

One study measured thrombotic complications in 26 paediatric patients undergoing major reconstructive
craniofacial surgery.”™” No events were reported.

Bleeding events

Cardiac surgery
Two Level | studies provided evidence for blood loss in paediatric patients undergoing cardiac surgery. '8¢

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.™®
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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).2®® Two sensitivity analyses were also
conducted; the first excluded a study by Chauhan et al (2004a)?"® 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).2®

Five additional Level Il studies provided evidence for postoperative blood loss.

One study assessed blood loss in 80 children with tetralogy of Fallot undergoing intracardiac repair.’®

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
disease undergoing cardiac surgery with CPB found no significant difference.™

Blood loss was assessed in 120 paediatric patients undergoing cardiac surgery ralogy

of Fallot in a three-arm study of high-dose EACA, low-dose EACA and p, ch&flose and
low-dose EACA were compared, significant differences were found i A for 6-hour
postoperative blood loss (108.45 + 61.45 versus 32.75 = 26.02, p< hour postoperative

blood loss (172.37 = 71.56 versus 50.50 * 42.30, p<0.01) and cu
(223.95 + 83.96 versus 69.00 = 50.01, p<0.01). However, vvhen hig
only 6-hour postoperative blood loss reached significan
137.84 +52.50, p<0.05). No significant difference was,

postoperative blood loss.

compared to placebo,
45 +671.45 versus

One study assessed total blood loss and 24-hour rainage among 75 paediatric cyanotic
pat|ent5 vv|th tetralogy of Fallot undergom total o jon CPB using either one or two doses
od |oss (two doses: 221.4 + 60.3, one dose:
254.2 + 22.6 versus 426.0 £ 92.0; p<0. our ches®tube drainage (two doses: 164.3+25.7,
favouring aprotinin.

th cyanotic congenital heart disease and a right-
here was no significant difference in total postoperative
blood loss (195.63 + 1884 .78, p=0.5) or postoperative blood loss by weight

A meta-an ive tNglls that enrolled 163 paediatric patients undergoing scoliosis surgery found a
significant taliplood loss, favouring antifibrinolytics (aprotinin, TXA or EACA) (p<0.00001).'8

One study'® patients with adolescent idiopathic scoliosis undergoing posterior spinal
arthrodesis in ree-armed RCT. When TXA or EACA were compared to placebo, there was no
significant differ@Ace 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.”® 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 | study'™* that included two Level Il studies and two Level lll studies, plus an
additional two Level Il studies'’"* 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)."®

Drain output (mL) at various times following surgery was measured in 26 paediatric patients undergoing
major reconstructive craniofacial surgery.™” No significant differences were reported.

Since Level Il evidence did not meet the inclusion criteria for this overview, we performed our own
meta-analysis of Level Il studies, which excluded the Level Il studies included in the Level | study.™
This analysis demonstrated a significant reduction in postoperative blood loss (p<0.0001).

ENT surgery

This review identified one Level | study'® that included one Level Il study?”” and two Level Il studies'®2"
for ENT surgery.

A study of 400 children undergoing primary isolated adenoidectomy found a significap&difference in

blood loss, favouring topical TXA.2

In an assessment of blood loss in 95 children scheduled for adenotonsillecto -treat
analysis of total intraoperative bleeding showed no difference between

An assessment of surgical field ratings among children with chronic i i ¥ng endoscopic
sinus surgery found a reduction in moderate bleeding (surgical fi i e 3) fayodring TXA at

15 minutes (16.0% versus 48.0%, p=0.0006) and 30 minutes after
p<0.0001)."* There was also a significant difference in bleeding vo
153 = 23, p<0.0001).

0% versus 42.0%,
A (102 =19 versus

Clinical commentary — antifibrinolytics i
undergoing surgery
The effect of antifibrinolytics on mortality i
studies found no difference in mortality b
as follows:

diatric patients

aedidtric patients is unknown. The included
red. Effects on transfusion volume were

= In paediatric cardiac surger
evidence in the adult cardia
antifibrinolytics be ugg@ehin p

tion provides additional support to the suggestion that
ts undergoing cardiac surgery.

= Inscoliosis surg ce transfusion volume. The reduction was clinically
significant, an aprotinin, TXA and EACA.

= Incraniofacial su aprotinin and TXA reduce transfusion volume.

= InENTES XA did not reduce transfusion incidence.

There are dos afety concerns for the use of antifibrinolytic drugs in adults; these include

increased mor renal dysfunction, thrombosis, seizures and hypersensitivity. It is uncertain whether

these concerns @tend to the paediatric population. Neonates and those with central venous access
devices in place 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.?

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.?*2' 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 VIl on outcomes

g Z
5 & 5§ z
c £ w0 =
g g £ £ 3
S o © © S
EVIDENCE STATEMENTS - S g c o a
; S o = [ a
surgical (rFVIla) (i1} (] O G} <
ES4.34 | Ininfants aged <1 year requiring cardiac surgery with
CPB, the effect of prophylactic rFVIla compared with no
rFVlla on mortality is uncertain. 2044
(See evidence matrix D4.V in Volume 2 of the technical report.)
ES4.35 In paediatric patients aged >1 year undergoing cardiac
surgery, the effect of rFVIla compared with no rFVIla on NA
mortality is unknown.
ES4.36 In infants aged <1 year requiring cardiac surgery with
CPB, the effect of prophylactic rFVIla compared with no
rFVlla on transfusion incidence is uncertain. a4
(See evidence matrix D4.W in Volume 2 of the technical r
ES4.37 In paediatric patients aged >1 year undergoin
surgery, the effect of rFVIla compared wit] NA NA NA NA
transfusion volume and incidence is unkn
ES4.38 | Ininfants aged <1 year requiring
CPB, the effect of prophylactic rFV
rFVlla on thromboembolic v NA NA A4
ES4.39
NA NA NA NA NA
ES4.40
NA NA NA NA NA

CPB, cardiopul
vvv=A,vv=B;

- X=D; NA, not applicable

RECOMMENDATION - surgical (rFVlla)
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GRADE C

routine use of rFVlla is not recommended.

, evidence statement; rFVIlla, recombinant activated factor VII

In paediatric patients undergoing cardiac surgery with cardiopulmonary bypass, the
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PRACTICE POINT - surgical (rFVlla)

The administration of rFVIla 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.>®

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

®See R22 and PP20 in Patient Blood Management Guidelines: Module 2 - Perioperative.

PP, practice point, R, recommendation; rFVIla, recombinant activated factor VII

Background

rFVlla activates the formation of prothrombinase complex. It has a local mode of &
tissue factor or phospholipid are exposed. At pharmacological doses, rFVila bypg
steps in the coagulation cascade and acts directly on activated platelets at th
generation of a fully stabilised fibrin clot.

i areas where

Summary of evidence

One good-quality systematic review?'® that included one RCT?'®
infants under 1 year of age with congenital heart disease who re

Mortality
No deaths were reported in the included study.

Transfusion volume and incidence

The study reported no difference in transfusion inci sfusion volume was not reported.

Thromboembolic events
No thromboembolic events were i luded studies.

Bleeding events
No bleeding events wer:

Clinical comme

There is limited eviden arding the use of rFVIla in paediatric patients. There are concerns about

safety, par boembolic events. Its routine use is not advised; however, it may have a
role in patie redtening haemorrhage, where conventional measures have been ineffective
In Australia, r nsed 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)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

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- X NA IIY
sized system on mortality is uncertain.
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(See evidence matrix D4.Y in Volume 2 of the technical report.)

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

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 sta
sized system on transfusion volume is uncert

v 4 v

ES4.44
NA NA NA NA

ES4.45 In paediatric patients
surgery with CPB, the

NA NA NA NA NA
system compg th

Backgrou

stems may reduce the systemic inflammatory response, haemodilution and
n seen with standard-sized CPB systems. In paediatric patients undergoing surgery

this may lead to f@luced 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.?"”

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.?"”
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3.5.11 Critically ill neonatal and paediatric patients — effect of recombinant
activated factor VIl on outcomes

EVIDENCE STATEMENTS -
critically ill (rFVlla)

Clinical impact
Generalisability

Evidence
Consistency
Applicability

ES4.46 In critically ill paediatric patients, the effect of rFVIla
compared with no rFVIla on mortality is unknown.

=
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ESL4.47 In critically ill paediatric patients, the effect of rFVila

compared with no rFVlla on transfusion volume or NA
incidence is unknown.
ES4.48 | Incritically ill paediatric patients, the effect of rFVIla
compared with no rFVila on thromboembolic events is NA
unknown.
ESL4.49 In critically ill paediatric patients, the effect of rFVila
NA

compared with no rFVlla on bleeding events is
unknown.

ES, evidence statement; rFVIlla, recombinant activated fact

v~v~=RA; vv=B; v=C X=D; NA, not applicable

Background
rFVIia activates the formation of prothrom has a local mode of action in areas where
tissue factor or phospholipid are e macological doses, rFVIla bypasses conventional

steps in the coagulation cascad
generation of a fully stabilised fi

Summary of evide

!ﬂ ! ding the use of rFVIla in paediatric patients. There are concerns about

ts with life-threatening haemorrhage, including trauma patients and those on
upport (ECLS), where conventional measures have been ineffective. In Australia, rFVlila
Ise in major bleeding, and its role should be limited to exceptional circumstances.

have a role in p
extracorporeal i
is not licensed fo
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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)

Evidence
Consistency
Clinical impact
Generalisability
Applicability

ES4.50 In critically ill paediatric patients, the effect of
viscoelastic POC testing compared with no viscoelastic NA NA N
POC testing on mortality is unknown.

=
=
b=
=
D

ES4.51 In critically ill paediatric patients, the effect of
viscoelastic POC testing compared with no viscoelastic !

. : - : NA NA NA
POC testing on transfusion volume or incidence is
unknown.

ES4.52 | Incritically ill paediatric patients, the effect of
viscoelastic POC testing compared with no viscoelastic NA NA
POC testing on bleeding events is unknown.

ES, evidence statement; POC, point-of-care

vvv=A; vv=B; v=C; X=D; NA, not applicable

Background

V|scoelastlc POC testmg mcludes TEG and ROTEI\/I T testSgmeasure clot development, stabilisation

is. In critically ill paediatric patients, these
techniques offer mprovements over traditi ting in the assessment of bleeding patients.

Summary of evidence
This review did not identify any &

~OC testing in critically ill paediatric patients
e role of viscoelastic POC testing in neonatal and paediatric

critical-care patients, | mg 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." 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.

determinants in relation to anaemia in Indigenous children.

Indigenous women and babies in Australia continue to have poor
Maternal factors affect the child's risk of iron deficiency and ana

»  higher fertility rate (2.6% Indigenous versus 1.9% non-Indigen
»  more frequent teenage births (21% Indigenous vers

= higher rates of medical comorbidities, such as,chro
disease and rheumatic heart disease?®

= higher rates of hookworm in certain
= higher rates of Helicobacter pylori**

= less engagemen
services, fina
priority)'

0 a variety of factors including lack of culturally safe
ansport issues and other community or family commitments that take

These factors
Indigenous wo

ontribute to the higher frequency of low birth weight and preterm birth than in non-
(13.8% versus 8.1%).2%523"

There is a high préValence of IDA in children from remote Indigenous communities.® A retrospective
cohort study of 398 Indigenous infants from remote northern Australia found that 68% of children were
anaemic.” 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.?®

" 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'® (p.6). The terminology as well as the meaning of culturally secure care is extensively
described in the literature?’®*” 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.?®3%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.?* 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%).? 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 (CATSIN he Australian
College of Midwives and CRANA Plus® provide the following points?
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= (are should be person-centred, with Australian Indigenous neonates, chif€

€

»  (are should be respectful, with choice and flexibilit Indigenous parents and legal

guardians, and parents and guardians should b po hose choices (e.g. through
initiatives to increase safety away from heally ser ase cultural aspects within
services).

= (Care should be provided with cultur: i ety, and coordinated according to the needs
of the Australian Indigenous neonate ; ould include cultural, emotional and

,with health professionals respectfully placing
ns and families at the centre of the service being

= (are should be collaborativ
Australian Indigenous pare
provided.

° 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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4 Background
questions

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 develegment and

those that apply to adult patients

= the potential for lifelong consequences of treatmen
childhood

» certain disorders that are unique to infancy an

treated may improve short or long-t
fact that blood loss due to phlebotomy
to the risk of anaemia and inci
who undergo prolonged

ave been readdressed in this module as background questions.

iR issues are the use of haemostatic agents to prevent excessive blood loss in
neonataliand paediatric patients undergoing major surgery (Background question 4),
and the need to adapt the massive transfusion protocol developed in Module 1 (Critical
Bleeding/Massive Transfusion') 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.

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics 137



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?

41.1 Use of 'fresh' RBCs in fetal, neonatal or paediatric patients

For fetal, neonatal or paediatric patients, do ‘fresh’(s7 days) RBCs, when € der

RBCs, improve outcomes?

pared with

RBC, red blood cell

Retrospective and prospective studies have raised concerns tha
increased mortality compared to patients receiving newer stored

are also secondary risks of rising concentrations of p
lipids and microvesicles. Together, these storage-rt
benefits of transfusion, but it is not clear wi
circumstances in which guidelines h use of fresher RBCs are those in which:

plasticiser, and shedding of active proteins,
could increase the risks and reduce

= toxic effects may be magnifj ' maturity or by the size, rapidity or frequency of
transfusion

= even small increasegg

There is insufficient g ase strong recommendations for the use of ‘fresh’' RBCs
in fetal, neonatal o Nevertheless, the circumstances in which fresh’ RBCs are

«  fetalin
= exchang d large-volume (e.g. >25 mL/kg) transfusion of neonates and infants under
1 year of 3

»  chronically transfused patients.?*

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.*3

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).?* 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.*52+

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
inte r\/al .2A3—2Al¢; 247
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EXPERT OPINION POINT - ‘fresh’ RBCs in fetal, neonatal and paediatric patients

EOP?7 ‘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 t
Anti-K antibodies develop as a result of blood transfusion (5
pregnancy.?&2+

through

Avoiding transfusion-related K sensitisation of women
priority. Where possible, K-negative RBCs should be
childbearing potential who are K negative or whose

transfused patients (e.g. patients with h
an extended phenotype performed ( , Duffy aMd Ss) before their first RBC transfusion.

(D, C ¢, E, e) antigens and (where readily available)

EXPERT OPINION P~ _ "S-, “lanti- . system

match RhD, C/c, E/e and K antigen status.

EOP, expert opinion'Boint; 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 RELATIVE INDICATIONS

(RBCS, PLATELETS AND GRANULOCYTES (IRRADIATION OF CELLULAR PRODUCTS
MUST BE IRRADIATED) MAY BE CONSIDERED)

Fetus and neonate = UTY = Neonatal exchange transfusion
(provided no critical delay in

» |UT and subsequent transfusions up to :
transfusion)

the age of 6 months’
= Neonates with a birth weight of
<1300 g (especially if gestation
<28 weeks or birth weight <900 g)'”

Immunodeficiency = Known or suspected congenital cellular
immunodeficiency (e.g. SCID, Wiskott
Aldrich syndrome, ataxia telangiectasia
and 22q11 deletion syndromes)

Specific blood = HLA-matched cellular products other
products than stem cells

» Blood components donated by first or
second-degree relatives

Stem cell = Allogeneic and autologous "
transplantation transplantation

guidelines'1&29 for
vice on when use of irradiated
ducts can cease

Chemotherapy and = Hodgkin lymphoma —in
malignancy"’

= All other patients undergoing
chemotherapy should be decided on an
individual basis, taking into account the
intensity of the immunosuppression

«  Treatment withgurine an
indefinitely

ATG, antithymocy
severe combined i

lobulin; HLA, human leucocyte antigen; IUT, intrauterine transfusion; RBC, red blood cell; SCID,
unodeficiency

Circumstances where irradiated cellular blood products are not required
Irradiated cellular blood products are not required in:

=  HIVinfection

= 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

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 immunodeficicay
combined immunodeficiency)
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= severe acquired T-cell dysfunction, related to either di§fase or d
published guidelines'-¢)

(RBCsgptatelets and

» human leukocyte antigen-matched cellular bl
granulocytes).

Vi

They may also be considered for:
d thi

= neonatal exchange transfusion, pr t unduly delay transfusion

= very low birth weight neonates\@speci xtremely preterm (<28 weeks) or

extremely low birth weight infant

(depending on degree of

irradiated blood should be as fresh as possible (<7 days) and used
0 tiation.

41.4  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.?®%52 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.23-2>

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.?%-27:25527 With routine leucodepletion, it is likg e risk of
transmission from cellular blood products is low,** whereas maternal breast mi a common
source of infection.

Bone marrow transplant, solid organ transplant, and other hae
patients

Use of CMV-seronegative screened blood components and leuc
equivalent in these populations, and both result in a low rate of t
the UK's Advisory Committee on the Safety of Blood, Tissues and

of CMV in HIV-infected patients.
negative, the use of CMV-negati

uld be considered.

products

Granulocyte transfus
CMV-positive gran
CMV. Leucodepletid
seronegative granulocy
is unknow

sfusions Nave the potential to transmit large amounts of intracellular
i (because it would deplete the granulocytes); therefore, CMV-
should be provided for recipients who are CMV seronegative or whose status
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EXPERT OPINION POINTS — CMV-negative cellular products

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 clinjg

o)
-1}
(o)
=
oQ
£
o
c
=
o
¥a)
[=
M
0
=t
o
3
n

Vi

directed against HPA-1a, followe
in non-Caucasian populations.®

| alloimmune thrombocytopenia (FNAIT), post-
mediated platelet refractoriness.

d with a high rate of ICH (~25%), with most occurring before birth; postnatally,
in the first 8 days.?®® However, thrombocytopenia can last for several weeks.

and treatment of FNAIT is vital because of the high risk of ICH.%>2% Investigation of
the parent's HPA type and compatibility testing should be undertaken in suspected cases.

Optimal thresholds for platelet transfusion are uncertain.*” Guidelines from the British Committee for
Standards in Haematology recommend a platelet threshold of 30 x 10°/L in term neonates,*® and

50 x 10°/L in preterm neonates.?® A higher threshold is considered appropriate if there is active bleeding
(50 x 10°/L, or 100 x 10°/L for intracranial bleeding).

Antigen-negative platelets are likely to be effective in 95% of cases.’* % 2672% |f 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, 5266269
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EXPERT OPINION POINTS - use of human platelet antigen-matched platelets

For neonates with known or suspected fetal and neonatal alloimmune
thrombocytopenia:

= urgent platelet transfusion should be given if platelets are below 30 x 10°/L in a
term infant or below 50 x 10°/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 x 10°/L for
intracranial bleeding, and 50 x 10°/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 alloigg
thrombocytopenia, platelet count response to transfusion sh@iild be checka@within
12 hours.

EOP18 For neonates with known or suspected fetal and n
thrombocytopenia, random donor platelets sho
are not immediately available. Continued use of
if antigen-matched platelets cannot be obtained.
donor platelets, repeated transfusion is

ets is acceptable
survival of random

For neonates with fetal and neo
considered.?

al a bocytopenia, IVIg may be

EOP, expert opinion point; IVIg, intravenous im

41.6 Use of human igen-matched platelets

The human leucocyte antigen (
platelet refractoriness. Cafifie

f platelets should be considered for management of
latelet refractoriness is defined by an absolute platelet
post-platelet transfusion, on two consecutive occasions.

e due to non-immune causes such as splenomegaly, fever,
oagulation, veno-occlusive disease and graft-versus-host disease.
atible, single-donor apheresis platelets (as opposed to a pooled product) may

In @ minority of c3ges, platelet refractoriness is attributable to immune causes.?° Since the introduction
of leucodepleted platelets, the incidence of alloimmunisation due to immune causes has decreased.?”
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.”™®

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.?27 These recommendations
may be revised in the future because of the reduction in HLA alloimmunisation due to universal
leucodepletion.™*

EXPERT OPINION POINTS — use of human leukocyte antigen-matched platelets

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.

antibody is detected.
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If the HLA antibody screen is negative or there is a poor

Vi

reduce the patient's risk of alloimmunis t transfusion is unavoidable the
patient should receive HLA-matche elets.

EOP, expert opinion point; HLA, human leucocyte antigen

41.7 Washed RBCs

Washing of RBCs before transfusj
additive solutions, increased lev
harmful to some patients.?> Wa

remove substances (antibodies, plasma proteins,

, otfer cellular metabolites or cytokines) that may be

in 10-20% less RBCs than the original units, but are

e reduced amounts of additive solution and extracellular
reduced immunomodulatory effects of transfusion.?+27

ged during the process and thus be more susceptible to haemolysis.*

M RBCs if skilled personnel and equipment are available.

In IUT, washed s packed to a Hct of 75-85% can be used to reduce the volume transfused to the
fetus.?”” In paedi@lic patients receiving large-volume transfusion, washed RBCs may have advantages,
but these must b®weighed against the increased preparation time.?® 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.”” In chronically transfused patients, washed RBCs may be considered for the
management of severe transfusion reactions, including those due to IgA deficiency.””&20

For most small-volume transfusions, the risk of hyperkalaemia is extremely low, " and the safety of
additive solutions used for RBCs is established.?® Therefore, routine washing for removal of potassium or
additive solution is not necessary.?*®

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?

4.21 Introduction

Fetal anaemia

HDFN occurs when maternal alloimmunisation against RBC a nly RhD, Rhc
and Kell) leads to the formation of IgG antibodies that can cros cause fetal RBC
haemolysis."”"282-283 Seyere anaemia can also occur as i n with parvovirus B19,
and other rarer causes.

middle cerebral artery (MCA) peak systolic velocity (
undergoing IUT.?®* In cases of severe feta emj

the risk of neonatal ICH#Pue S
platelet transfusiongtfere hag
especially maternal Tl P

The overall co ion rate of 3.1% includes the potential for fetal loss (1.6-1.7% per procedure) 25525
can expose the mother to fetal RBCs, resulting in an increase in the mother's antibody
titre, and potent/@lly 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

= Group O with low-titre haemolysins (or ABO
identical with the fetus)

= RhDand Kell negative, and RBC antigen negative for
maternal alloantibodies

RBCS PLATELETS 5
N

= Plasma reduced (Hct 0.70-0.85) » Compatible with any maternal alloantibody u’g
» C(itrate phosphate dextrose anticoagulant (e.g. anti-HPA) o
(theoretical risk of toxicity from other additive = (Concentration 1000-2100 x 10°/L S
solutions) o

a)

» <5daysold (=
[0}

0

=P

o

=

n

= Indirect antiglobulin test cross match compatible
with the mother's plasma

Vi

CMV, cytomegalovirus; Het, haematocrit; HPA, human platelet antigen; RB! GVHD, transfusion-
associated graft-versus-host disease

Adapted from UK Blood Services (2013)%*°

of feta®@naemia or thrombocytopenia should be
priate expertise in ultrasound imaging and invasive
ess to specific blood products and neonatal

fetal interventio
intensive care.

ne transfusion are necessary.

BQ3 en who have had a prior pregnancy with fetal or neonatal intracranial
v’ ge or thrombocytopenia due to fetal and neonatal alloimmune
giFombocytopenia should be managed with IVIg.*

afal 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 chj
hospitalisation, and is significantly associated with RBC transfusio
minimisation of blood loss from sampling should therefore be p

4.3.2 Early removal of sampling line

blood sampling (in excess of laboratory requireme er for central venous lines than
indwelling arterial lines, peripheral IV cathgters or s.22 However, the safety and efficacy
of early removal of sampling lines have no i children. A balance of risks associated
with indwelling vascular lines, and i1 obtaining samples via other routes should be taken
into account.

D 25% in excess of the need for the analytical procedure in NICU patients,
g the highest losses (in mL/kg) are in the youngest patients.?%2%

= carefuls ing and handling technigue, to reduce sample rejection by the laboratory
ric collection tubes
» automated I§Boratory 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.?2% 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,?>*® and are widely recommended (although
they have not been empirically tested) for chronically or critically ill neonatal and paediatric patients.?%*3%
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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 vield reliable analytical

results in children.® Closed inline blood conservation devices have been demonstrated in adults to

be safe and effective in reducing phlebotomy volumes.3* Thus, they have the potential to reduce RBC
transfusion requirements for children, but their cost-effectiveness is untested.?*-3%

4.3.6 Non-invasive techniques for testing of Hb, blood gases
and other analytes

Aninline 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 andj

qtors, end-
on (TcS0,, rS0,)

paediatric patients. Such strategi

» use of ‘as-needed’ rathgg than r

return of void

use of closed

V- gn-invasive techniques and point-of-care devices

audit compliance and cumulative phlebotomy losses in selected groups of patients at
egular intervals.

EOP, expert opinion point
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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?

4.41 Prothrombin complex concentrate

The prothrombin complex concentrate (PCC) available in Australia® contai

There are no trials or studies addressing safety and dgsi Iso, 3-factor and 4-factor
I Ugent surgery where there is

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).373%

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.

9 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.?®

The various products have different applications, mechanisms of action and risks.3%3303%8 Thys, 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 surgery"’
= (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)
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= Controlled intraoperative hypotension

= Judicious use of THAs (e.g. thrombin, collagen and fibrin gl

= Strategies to facilitate chest re-entry (e.g. closure or re
protection of the innominate vein)

Vi

=  Strategies to decrease mediastinal adhesions
appropriate)

«  Consideration of the use of reduced CPBprim

«  Haemofiltration or modified ultrafiltration ase rated on under CPB**

= (Cell salvage of residual CPB bloo

atients as an adjuvant to control bleeding.

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

EOP, expert opinion point

" Adapted from Box 3.1 in Patient Blood Management Guidelines: Module 2 — Perioperative.?
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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.®® Iron deficiency is the largest contributing factor to anaemia in all
paediatric age groups.®*®

The prevalence of IDA in children from remote Indigenous communities is high®lsee Section

A retrospective cohort study found that 68% of Indigenous infants from re

Factors that put children at risk of developing IDA include mater
introduction of iron-rich solids, increased iron requirements, poor i orption and increased
loss of iron due to blood loss.

4.5.1 Iron requirements in infa

Term infants

Term infants generally have sufficient iro
life, %35 by which time they should b n-rich solids. Exclusively breast fed term infants require

provided their mother has sufficient dietary intake.

ring the third trimester of pregnancy;®' therefore, most
preterm infants are f#€ubseguent iron deficiency. Iron supplementation should begin in

infants born before

inadequate iro
(corrected for ge

ores at birth,"%352 and should receive iron supplementation until 6 months of age
tion at birth).
Iron requirements in infants

From 6 months of age, all infants and toddlers should receive iron-rich solids."*3% 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.>®
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Table 4.3 Iron requirements in neonates and infants

IRON
AGE REQUIREMENT FEEDING SUPPLEMENTATION
Term; 0-6 months | Al Breast milk Not routinely required
0.2 mg per day Iron-fortified formula
Term; 6-12 RDI Breast milk then iron-rich foods Not routinely required ?j
months %
11 mg per day Formula then iron-rich foods L)
o
Preterm 2-3 mg per day Iron-fortified formula with iron- 1-2 mg/kg/day of elemental iron g
(<32 weeks) or provided as either | rich foods from appropriate age until adequate daily iron intake o
low birth weight of the feeding ~6-12 mopéasdcorrected for Na)
infants; from options given in %
1-12 months the next column 0
Breast milk, with iron-rich foods o
from appropriate age a

Vi

Al, adequate intake; RDI, recommended daily intake
Based on guidelines’0%360:363

Children and adolescents

Iron requirements are highest during periods of rapi first 2 years of life and in

children >1 vear of age.

a subacute or chronic history of progressive pallor,
tivity, poor concentration or worsened school

ncy anaemia

'on below the Iower I|m|t of the normal reference range, and var|es

age-specifi
reference ra

Patients with | eficiency 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¥halassaemia; 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 pg/L)
indicates inadequate iron stores.* 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 pg/L should

raise suspicion of iron deficiency in children with chronic disease and in high-risk populations such as
Indigenous Australians **
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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.>®

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 373

Iron supplementation options

Dietary therapy
Iron deficiency in infants and toddlers is primarily a nutritional disorder.** Hence, measures to improve
dietary intake of iron-rich foods are fundamental.®%3° Dietary changes alone are inadequate to

treat IDA.>%8

In non-breast fed infants in the first 2 years of life, iron-fortified for
and treatment of IDA .3

Oral iron therapy

Oral iron therapy is safe and effective as first-line therapy in most
The recommended dose for the treatment of IDA in chi
The dose of iron should take into account the degree aemi

ay (f

kg/day of elemental iron, 3035371
ight of the child.

Table 4.4 Quick dose reference to provide 3 mg/kg
consider 6 mg/kg/day)

vere iron deficiency anaemia,

k.77 .® DELAYEL RELEASE
CAL_ '“ES'SPANSULES' FERRO-GRADUMET
87.4

FERRO-LIQUID

WEIGHT (KG) (30MG/5M!

NA

<10

10-19kg alf spansule 5 days/week NA

20-29kg Whole spansule 5 days/week NA

30-39kg Whole spansule daily 1 tablet/day

>40 1.5 spansules daily 1-2 tablets/day

Adapted from RQa

ildren’s Hospital, Melbourne

appropriate iron formulations in Australia

ELEMENTAL IRON

FORMULATION CONTENT

Ferrous sulfate oral Ferro-Liquid | 6 mg/mL Maximum daily dose 1 mL/kg

liquid

Ferrous sulfate delayed Fefol® 87.4mg Spansules can be opened and sprinkled on
release capsules or food to give lower doses

les (270
spansules (270 mg) They should not be crushed or chewed

Ferrous sulfate (325 mg) | Ferro- 105 mg May be appropriate and tolerated by the older
Gradumet 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 oraliron 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:¥°
— lower doses or intermittent dosing may be as effective and better tolerated:%®
— daily iron dose may be divided into 2—-3 doses 372
— oralironis 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

absorption and exacerbation of inflammation?

= jron formulations can cause temporary staining of the teeth; b
ameliorate this

» oraliron should be continued for 3 months after a
replenish stores,38-3%%371

as beekn corrected, to

Intramuscular iron therapy
is eMgetive but painful, may be associated with

IV iron therapy
IV iron should be considered in t ing & ances: #3663

issues with compliance or tolerance (adverse effects)

(e.g. intestinal mucosal disorders and short gut syndrome) or

@loss that exceeds iron absorptive capacity

or rapid iron repletion (e.g. prevention of physiological decompensation, or
or non-deferrable surgery)

= genetic disorders of iron transport.

The iron preparations available in Australia are:
= ferric carboxymaltose: Ferinject®

= iron sucrose: \/enofer®

= iron polymaltose: Ferrosig®.
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ALERT

= Check prescription and vials carefully as there are many different forms of IV iron
preparations.

»« |ron 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.>”

A retrospective observational study reported that ferric carboxymaltose was well and effective

in correcting IDA in children aged 018 years with inflammatory bowel disease

considered. Drug extravasation has been reported in
can cause irreversible skin staining.*”

v be fatal, and iron formulations should be handled
In the event of suspected or definite iron ingestion, urgent

EXPERT OPINIL “POJ ~"“saitherapy

e, cow's milk intake should not exceed 500 mL per day.

IV iron should be administered according to a protocol relevant to the specific product
being used:®

« |V 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

» |Viron formulations should only ever be administered in an appropriate health-care
setting with medical personnel and resuscitation facilities on site.

2 See Appendix | (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 277

As with adult patients, critical bleeding most commonly occurs in the setting &
accidental trauma, major surgeries (particularly cardiac and spinal surgeri
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exsanguination due to antepartum or intrapartum fetal haemorrh
haemorrhage are uncommon conditions but are among the indi

Vi

The guideline Patient Blood Management Guidelines: Module 71—
provides general information and advice. However, on th

In the paediatric population, there are age-relate i s (particularly in the haemostatic
system) that may exacerbate the effects of critica i d large-volume transfusion. These

There is also a marked variation in blood v '
transfusion be defined as transfusj n 50% total blood volume (TBV) in 3 hours, transfusion

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

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

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.

The critical bleeding protocol should include weight adjustme
supply and administration. The clinician, in consultation wi
transfusion specialist, should tailor the type, volume a
clinical circumstances.

EOP, expert opinion point

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



N
N
Qg)\z\
v

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics

159

o)
o)
(o)
P
oq
=
o
=
=)
a
al
=
1]
0
=r
o
=)
(1]

Vi







5 Future directions

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, IVlg, 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 mendation,

The review has highlighted that there is insufficien@ihi i idence for when
to use RBC transfusions in neonatal and paediatric ticularly among
general medical and critically ill patients. It dence to make
recommendations for clinical practice inggver ,including:

rm neonates)

» the use of parenteral iron, EFP, fibrij congentrate and cryoprecipitate
in children

» thresholds for pla nd dose of platelets to administer in
thrombocytopeni

the PlaNet-2 trial™ 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.

° The Phase Ill 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.
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5.

1 Evidence gaps and areas for
future research

There is a need for further research in the following areas:

162

in the neonatal and paediatric population in general:

— therelative 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 mg
thrombocytopenic patients with or without bleeding

— the appropriate dose of platelets in the management of thromb
without bleeding

—  the appropriate roles of factor concentrates in reducing R i anagement of
coagulopathy with or without bleeding

in preterm infants:

— use of ESAs, using contemporary transfusiop t s an@addressing potential adverse
effects and long-term outcomes

— optimal dosing and timing of starting ir ppl tation

- theeffect of RBC transfusion on f B nd NEC

—  the effect of ESA therapy on ROP, outcomes and adverse events
- therole of the routine lamping

in neonates:

—  the use of defgffediga
phototherg @ i articularly relevant to the Indigenous community because of
g D

et of enteral feeding, the role of parenteral iron in terms of whether
prevent the need for later iron supplementation or reduce the incidence of
d what the long-term outcomes might be

hildren 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

» inneonates 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 2 a@the role of:
- ANH

—  intraoperative cell salvage
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—  viscoelastic POC testing

= in patients with congenital or acquired bleeding disorders u
antifibrinolytics

urgerygdfe use of

S

» in paediatric patients of different age groups and i
and dosing of antifibrinolytics

cal settings, the pharmacokinetics

= in paediatric patients, the use of miniaturise Bs s compared to standard-sized systems.
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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 2013-17%2 to facilitate uptake of the guidelines.

practices in the clinical setting. The tools are being developed with the help of
an interest in PBM. The NBA has also funded the development of online ¢

YHC), has

lity Health
Service Standards.*® The guide provides links to the PBM guideli BloodSafe
elearning Australia courses. These resources provide tools to su e recommendations in
this module.

Health Service (NSQHS) Standards.®® Th
established to support the implementati

strategies identified for 20131

Continued re-evaluation of the
appropriate use of bloogff®
components.®* A plag g
to determine:

nd interviews were conducted with experts in guideline development in Australia and
e recommendations from the evaluation report were used to investigate and pilot more
ost-effective methods of guideline development.

bute to noncompliance with the guidelines.

internationally.
time-efficient an

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 Transfusion'in 2015-16.
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6.2 Endorsement

Alist of colleges and societies that have endorsed this module of the guidelines will be available on the
NBA website.!

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 Transfusion' in 2015-16 may mean that new methods and

The PBM Guidelines Project Manager at the NBA will convene the group of ex
review, and is the person to contact about major issues, events or practic

or implementation, or on the accompanying materials, to:

Email: guidelines@blood.gov.au
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Mail:  Patient Blood Management Guidelines
National Blood Authority
Locked Bag 8430
Canberra ACT 2601

Fax:  +61261515300

9

Any correspondence will be forwarded to rofeet ma r for consideration in the next
scheduled review.

&

¢ http://www.blood.gov.au/
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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:

The NBA provided the secretariat, project funding an
lists the membership of the bodies involved in govern of th

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, membership

knowledge and input

systematic reviewers and a technical writer, contracted by the NB
develop a draft of each module

an independent systematic review expert, to provide advice
reviewers, technical writer and CRGs; and to ensure that the
produced comply with National Health and Medical Research i C) requirements.

ro ent. Section A3 of this appendix

es. Details of how the guidelines

will be implemented and updated are provided i apte
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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

Jurisdictional
Blood Committee

l

National Blood

Authority
o
o
l S
o
3
PBM Steering o
Committee o
p =]

Independent
systematic
review expert

Contracted to NBA
Advice provided to
EWG and CRG

inical/Consumer
Reference Groups

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 201213, 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:

— thedesign 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 gth&@lo oductg.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 coordina opefalign on PBM implementation activities

=  link the PBM program activ,
Service (NSQHS) Standards

Expert

The EWG was lished in 2008 to advise the original Steering Committee about the scope and
structure of the Blidelines, 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
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= 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

= under the guidance of the systematic reviewers, define the lite

(]

clinical questions 2

= review the medical literature g
= provide advice on current practice in their area of e jse §
= under the guidance of the systematic reviewers medi it8h formulate evidence-based ®

recommendations based on the results of tif@revie

v

= under the guidance of the systematic reviewer
on expert consensus opinion

mediga| writer, formulate practice points based

= under the guidance of the sys i ers, ensure their analysis and grading of the literature
and recommendations follo res and meets the 2011 standards

= take responsibility

Chair and agreegf
. 2 Qffe atic reviewers and medical writer, draft the content of the module
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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:

» anabbreviations and definitions list (including NHMRC and systematic review terminology)
= asummary of the blood sector governance structure and major stakeholders
= anoverview of the Australian health-care system
= frequently asked questions (FAQ):'What are the PBM guidelines?’
= anoverview of the NBA
= abackground on the PBM guidelines
= NHMRCtables:
— levels of evidence hierarchy
—  ratings for the body of evidence
—  grades for recommendations
= hard copies of each previous module

= links to relevant pages and docume bo he NBA website.

Systematic reviewers riters

The NBA contracted systematic
scientific literature, and p
deliverables, including

chnical writers to conduct systematic reviews of the
g services to produce each module and associated
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Ms Karen Carey

Dr James Daly

Dr Steve Flecknoe-Brown
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Dr Kerry Gunn
Ms Kathy Meleady

Ms Bronwyn Pearce

Dr Beverley Rowbotham
Dr Rashmi Sharma

Ms Tracey Spigiel

Dr Amanda Thomson

Dr Simon Towler
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A/Prof Craig Fregigh

A/Prof MarKk

A/Prof Helen Liley
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Clinical/Consumer Reference Group — neonatal and paediatrics module
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Dr Amanda Thomson Haematologist
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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
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Mater Health Services
(Supervisor, Dr Bronwyn Williams)
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(Supervisor, Dr Chris Fraser)

Background question 2
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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 systemmaiic reviewer,
CRG, NBA and independent systematic review expert. These processes are outlj detail in
Chapter 1 and Appendix A.

B3 Methodology

Methods are outlined in Chapter 2, with greater detail given in the i 387368

icéPoints and expert opinion

In circumstances where no evidence was i ified, practic®points were developed by the CRG through
a consensus-based process. Wh ce that was outside of the scope of the systematic
review was required, consensus "was included (e.g. background research in

Chapter 4).

Guiding principles an

develop practice poi rough consensus.

bed the consensus process, participants' roles and responsibilities,
ground rules and the g8i@ing principles.

Stage 2-0p
practice point
raised.

Chair opened the floor to a general discussion and suggestions for
wording. The Chair provided an opportunity for concerns or issues to be

Stage 3 — Resolv@&oncerns. 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.

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



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, Bcequired to sign
and agree to the enactment of an action management plan. At this time, the C 8s whether
the declaration:

a) isanactual or perceived conflict of interest

b) requires disclosure to the other members

c) can be managed without jeopardising the rigorous method
the evidence in the guidelines

sand rate reporting of

d) requires the member to be excluded from certain
e) requires the member to stand down from their r

The recommendation of the Chair is forwarded to
all perceived or actual conflict of interest declaratio
action plans are treated as sensitive pers
published in the guideline.

The declarations listed below w

ed research support and partial sponsorship to the

A/Prof Donald A/Pro
\NESi aematology Annual Scientific Meeting from Novartis

Bowden

Vlanagement 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 Managemen
= Vifor Pharma (Europe).
In 2008 he served on J&) ETHICON Biosurgery |

He is a chief investigator and a principal inv
Research Advisory Council (SHRAC) resea

»  Primary care and tertiary care clini
they are "Fit for Surgery”

Intravenous iRon or plac /A in iINtensive care: a randomised

MRC research grant:

jcal lliness and Trauma.

ber of two international professional societies:

t of Blood Management (SABM) and Network
nsfusion Alternatives (NATA). He is also a board
lasian Association for Blood Conservation.

VIr Farmer was also on an Expert Panel, European Commission, European
ide on "Good Practices in the Field of Blood"” and "European Union Guide for

Bnsumers, 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 clampingi low birth
weight infants.

Prof Rhonda Prof Marriott is the Aboriginal and Torres Strait Igland®
Marriott investigator on a NHMRC-funded project tha

Ms Lauren Porter Nil.

Dr Sylvio
Provenzano

ing potential benefit of cell
echnical support from any

o
-
(]
(a]
1]
0n
()]
-
[1°]
o
o
=
~+

company.

Prof Linda Shields Nil.

Dr Michael Stark Nil.

Dr Christian Stocker

Dr Amanda i loyee of the Australian Red Cross Blood Service and
Thomson '

Dr Bronwyn
Williams

The Chair cg clarations and determined that all except one did not constitute a conflict

of interest. | anagement action plan was established.
The Chair's d lons were reviewed by the co-Chairs of the EWG and were not considered a conflict
of interest.

None of the NBA dnd 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.” 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.

Aformal 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, tersi n [th depaftment
= Pharmaceutical Benefits Advisory Committee

= Medical Services Advisory Committee

= Australian Red Cross Blood Service

»  Consumers Health Forum of Australia and ajo sumer organisation in each state
and territory.

Thirteen submissions were received. The
consultation submissions and, wher es
Changes were made to the mod address
improve clarity.

ber 2015 to consider all the public
evise thiS'module in accordance with the submissions.
ents and concerns raised in submissions, and to

v http://www.blood.gov.au/
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B7 Finalising the guidelines

AGREE Il assessment

The Appraisal of Guidelines for REsearch & Evaluation (AGREE) Il 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.® The post-public consultation version of the module was sent to two
Australian reviewers, independent to the guideline development process, who used the AGREE Il tool to
assess the quality and usability of the module against international quality standards.

Both AGREE Il 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
(formerly a Guidelines Assessment Register consultant) to assess
for externally developed guidelines. The module and accompanyj
NHMRC for methodological and independent peer review on 23

NHMRC approval

Approval from the NHMRC was received on 21 ch
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Transfusion r

context of t blood
manag

<&

Appendix C 2/0
he
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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.

jon should

If the patient requires therapy for anaemia, thrombocytopenia or coagulopathy, tran
3 pnsidered,

not be a default decision. Instead, the decision on whether to transfuse should bg
and should:

= takeinto account the full range of available therapies
= balance the evidence for efficacy and improved clinical outcom
= takeinto account patient values and choices.

In the process of obtaining informed consent, a clinician should al i fficient time to ask
questions, and should answer those questions. If the pagignt is un or understand English,
the clinician may need to involve an interpreter. In ce ined medical interpreter may be
required (rather than a family member or a friend). W nd diagrams may be appropriate
in certain circumstances to aid understanding.

All elements of the consent process shoul ate, ¥@pritory or national requirements.

Table C.1 summarises transfusion risks, an
clinicians for explaining risks to pai

ts the Calman Chart, which may be useful to
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Table C.1 Transfusion risks

ESTIMATED RATE?

TRANSFUSION RISK (HIGHEST TO LOWEST RISK) CALMAN RATING®
Transfusion-associated circulatory Up to 1in 100 transfusions High
overload (iatrogenic)
Transfusion-related acute lung injury 11in 1200-190,000 Low to minimal
Haemolytic reactions Delayed: 1 in 2500-11,000 Low to very low
Acute: 1in 76,000 Very low
Fatal: Less than 1in 1.8 million Negligible
Anaphylactoid reactions or anaphylaxis 1in 20,000-50,000
(usually due to IgA deficiency)

Bacterial sepsis: platelets At least 1 in 75,000

Bacterial sepsis: red blood cells At least 1 in 500,000

Hepatitis B virus Approximately 1 in 557,000

Hepatitis C virus Less than 1in 1 million Sligible
Human immunodeficiency virus Less than 1in 1 million Negligible

Human T-lymphotropic virus Less than 1 i Negligible
(types 1and 2)
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Malaria Negligible
Variant Creutzfeldt-Jakob disease SSi ) ported in Australia Negligible
(not tested)
Transfusion-associated graft-vers Negligible ‘)
host disease
Transfusion-related immuagasnod Unknown
s Service website (www.transfusion.com.au, accessed 29 October 2015)
st change over time. See the Australian Red Cross Blood Service website

(www.transfusid .au) for the most recent risk estimates.
art? (United Kingdom risk per 1 year)

RATING EXAMPLE

Negligible <1in 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 1in 1,000-10,000 Death from a road accident

Moderate 1in 100-1,000 Death from smoking 10 cigarettes per day

High 21in 100 Transmission of chicken pox to susceptible household contacts

2 See Calman 1996%*
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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 p s,and the

determination of which products and services can be bought with public funds.
implementation of the National Blood Agreement (described below), and is s
Australian Health Ministers’ Advisory Council (AHMAC).

Australian Health Ministers' Advisory Council

The Australian Health Ministers' Advisory Council (AHMAC) provi
health ministers on strategic matters relating to the coordination
and, as necessary, with New Zealand. The AHMAC consi blood
Jurisdictional Blood Committee through the Hospital

the CHC. The AHMAC has no statutory power, and deci

Hospitals Principal Committ

The Hospitals Principal Committee (
issues. Areas covered include:

»  all activities that largely rel
inpatient care and alternati

nda as it applies to hospital care

ig2| developments

JurisdictioN&l Blood Committee

All Australian gov@nments are represented on the Jurisdictional Blood Committee (JBC), which was
established by the National Blood Agreement in 2003.>*' The committee:

» isthe 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 af@
and is responsible for:

Australia,

»  regulating the sector in terms of the safety and quality of blood and
Therapeutic Goods Act 1989

»  auditing good manufacturing practice
= issuing product recalls
«  modifying safety standards

=  issuingdirectives such as donor deferral.

The Australian Red Cross Blood Service (B
1996. It is responsible for collectin i d distributing blood and blood components sourced
from voluntary donors in Austral works alongside Australian regulators, government
departments, and commercial a isations, and with international bodies, to
constantly review and improve t rovision of blood and blood components in Australia. The
Blood Service also has si t edicine 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

Medicines Act 19871 and Medicines Regulations 1984
» auditing and licensing blood centres in accordance with good

= issuing product recalls

New Zealand Blood Service

The New Zealand Blood Service (NZBS) is a Crown
Health and Disability Act 2000. Its legislated purpos
efficient provision of blood and blood pro
related services, including matchin
provision of tissue banking (skin,

ity eS@klished under the New Zealand Public

cor ivity is the safe, timely, high-quality and
r the people of New Zealand. It also provides
d donors*before organ or tissue transplantation, and
services).

The NZBS Board is appointed b e to, the Minister of Health, and performs strategic and
governance functionsin a

implement them as d *New Zealand setting.

In addition e in coll8@hing, processing and distribution of blood and blood products, the NZBS is
actively invo visi®R of blood banking and clinical services within New Zealand's major hospitals.
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RBC transfusion @
preterm ini}\%
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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.>*

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

Hb (g/L)

POSTNATAL

S o
WEEK R=SPIRAL ORY SUPPOF

NO RESPIRATORY SUPPORT (e.g. sur - .emental ox, - *n, hic" flow nasal
canni’’ -, CPAP, p' -itive-p. - - - ure ventilation)

100-120

2 85-110 P0-125

23 70-100 85-110
~

CPAP, continuous positive airway pressure; Hb, haem

The threshold for transfusion within these ranges
other factors such as:

ein ced by the presence of symptoms and

»  anticipated blood loss (e.g. ha otomy or surgery)
= quality of nutrition

= severity of iliness

= site of sampling
to be lower thg

ure samples obtained from a large artery or from veins tends
free-flowing capillary samples.**

In general, the decisio
on estimat tained
calculating nste

ansfuse should be based on laboratory measurement of Hb rather than
blood gas analysers, except in cases of clinical urgency. For guidance in
e, see Appendix G.
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Appendix G
Transfusion volur%?
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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

» anadministration 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:*

Transfusion volume (mL) = patient's weight x EBV x (desired Hb — patient’s Hb) / Hb of donor unit

where:

= weightisin kg

»  the patient’s estimated blood volume (EBV) is in mL/kg — this decreases
100120 mL/kg in extremely preterm infants, to 80-85 mL/kg in term inf3
70 mL/kg in older infants and children

» desired Hb and patient's Hbis in g/L
»  haematocrit (Hct) can be substituted for Hb in the formula, pgo i sed thgoughout; Hb can be

estimated from Hct using the formula Hb = Hct x 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]

Neonates

In neonates typical trans
anaemia, expected o

ESTIMATED Hb (g/L) AFTER TRANSFUSION

TRANSFUSION OF
10 mL/kg

TRANSFUSION OF
15mL/kg

TRANSFUSION OF
20mL/kg

ate with estimated blood volume 100 mL/kg
70 91 102 112
80 101 112 122
90 m 122 132
Term neonate with estimated blood volume 80 mL/kg
70 % 109 123
80 106 119 133
S0 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) x (desired Hb [g/L]- patient's Hb [g/L]) x 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
0.4.80r 0. 5.02 is more appropriate.*>3%

A transfusion of 10 mL/kg is often sufficient and will increase Hb by approxima
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Appendix H

Paediatric haemo Q
assessment and
optimisatio \h;ate
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Table H.1 Age-specific differential diagnoses in children with iron deficiency

INFANTS CHILDREN ADOLESCENT

Inadequate dietary iron Inadequate dietary iron Inadequate dietary iron

» Late introduction of iron-rich = Vegetarian or vegan diet = Vegetarian or vegan diet
solids

» Early introduction
(i.e. <12 months) of cow's milk

= \/egetarian or vegan diet

Increased iron requirements Increased iron requirements Increased iron requirements

= (atch-up growth if premature = Rapid growth period » Rapid growth period
or low birth weight®

= Rapid growth period

Intestinal blood loss Intestinal blood loss

= Cow's milk protein intolerance = Meckel's diverticulum

= Meckel's diverticulum = |nflammatory bowel diseas

» |nflammatory bowel disease = Parasitic infection®

» Parasitic infection Other chronic blood loss such as

Other chronic blood loss suchias epistaxis, or renal or epistaXis, or renal or pulmonary
epistaxis, or renal or pulmonary blood loss blood loss

blood loss

Reduced absorption Reduced absorption

»  (Coeliac disease  C = (Coeliac disease

= Inflammatory bowel disease = Inflammatory bowel disease
» Gastric or intestinal surgeries = Gastric or intestinal surgeries

» Helicobacter pyloriinfection = Helicobacter pyloriinfection

= Dietary factor (tannins)

mellitus, smoking af iplefPkegiancies. Perinatal factors that predispose an infant to iron deficiency include
low birth weight, pren e al haemorrhage, twin-to-twin transfusion or other blood loss including
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Appendix

Intravenous i

'@



1 Introduction

1.1 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 37-3%

1.2 Procedure

= Check for previous adverse reactions to IV iron before commencing infusion.

= Refer to package insert to ensure familiarity with adverse event profile for tpésr yroduct.
= Ensure that child and parent understand procedure:

— obtain verbal consent to procedure

— ensure that child and parent are aware of possible adverse

of anaphylaxis.
= Establish patient IV access and ensure that the
= Take blood specimens as requested.

= Monitor for any local or systemic ad
»  If there are signs of an advers [ aphylaxis, cease the infusion immediately.
»  (Contact the treating medic i dical emergency team (MET).

= Treat symptomatically, and

ith MET criteria and can recognise when to initiate a MET call.
infusions out of hours unless they are urgently required and staffing levels

recommence oral iron therapy until 1 week after the last dose of parenteral therapy.
= Foriron 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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1.4 Contraindications

= Previous allergic reactions to iron therapy.
= Severe liver dysfunction.
» Iron overload.

1.5 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, joigffand signs of
extravasation.

1.6  Discharge

= Ensure patient meets discharge criteria.

ALERT
= Check prescription and vials carefully as ny different forms of IV iron
preparations.

, maximum doses, dilutions and rates
eable with regard to dose, dilution and rates of

» lron formulations have different |
of administration and ar
administration.
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12 Iron carboxymaltose (Ferinject) dose™

Presentation
Two ampoule sizes:

= 100mg/2mL

= 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
nearest ampoule (to a maximum of 1000 mg/week).

g ee d round down to the

= Administer over at least 15 minutes.

Table .1 Total dose (mg of IV iron carboxymalto.

DOSES ARE

IN mg BODY WEIG T (kg)

Hb (g/L) 60

105°

Maximum 1000 1000 1000 1000 1000 1000 1000

® Pink shading indi§@ies 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)*”

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 evidence®’* and current clinical practice protocols®” 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) dose™

Presentation
»  Ampoule of 5mL 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).>"3

= This maximum dose is suitable for iron deficiency anaemia, lower doses may be appropriate in
maintenance therapy in chronic kidney disease.

Tablel.2 Total dose (mL of IV iron sucrose) based on Hb concentration and body weight

DOSES ARE IN
mL (20 mg/ BODY WEIGHT (kg)
mL solution)

Hb (g/L) 30 35

105

Max dose/| mL | 1.75 | 35 | 525 | 7.0 | 875 15 15 15 15 15

infusion?

300 | 300 | 300 | 300 | 300

mg | 35 70 | 105 | 140

Hb, haemoglobin; IV, intravenous

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 VVenofer in children
has not been established. However, the information in these Guidelines refers to best available evidence®” and
current clinical protocols®® 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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|4

Presentation
»  Ampoule =2 mL of iron polymaltose = 100 mg of iron.

Iron polymaltose (Ferrosig) dose™

Dose

= SeeTablel.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)

— thenincrease by 20 mL/hour 15 minutely to a maximum rate of 420

= For smaller patients or fluid restricted (250 mL 0.9% saline):
— commence infusion at 20 mL/hour for 75 minutes (25 M
— thengrade up by 10 mL/hour to a maximum rate of 60\RL/

Table 1.3 Dose (mL of IV iron polymaltose) based on Hb concentrati@n and

DO
AR
00mg BOD
0 Omg
0 0
b (g 0 0 0 0 0 6 0
60 3 6 1 13 1 25 27 30 32 34 36 38 40
75 3 6 9 1 1 17 23 24 26 28 30 32 33 35
90 3 15 20 22 23 24 26 27 29 30
105 2 4 11 13 18 19 20 21 22 23 24 25
Hb, haemoglg S
@ Maximum

Source: Royal |, Melbourne (2012)**°

= Use Hb close$t 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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Appendix

Tranexamic acid
dosing guid

This appendix provides guida
(CRG) on tranexamic aci in various paediatric patient groups.
Evidence for appropri iatri ing is available for craniofacial surgery,®®
and pragmatic dosingffegimens at@ suggested for trauma“® and scoliosis
surgery,'® but

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics
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J1 Surgery other than cardiac

Table J.1 Guidance on tranexamic dosing in surgical paediatric patients other than cardiac

LOADING DOSE

PATIENT GROUP (mg/kg over 10 minutes, up toa (n:g/F‘?gS/Ig(l)\lur)
maximum of 1 g)

Trauma® 15 2

Craniofacial surgery 10 5

Scoliosis surgery 10 5

2 Commencing within 3 hours of trauma and continuing for at least 8 hours or until bleeding s

J2 Cardiac surgery

There is a lack of evidence for appropriate target plasma concentra
surgery; hence, no specific guidance on dosing can be given for t
effective dose regimen is likely to need to take into account facto
volume and use of ultrafiltration. A loading dose followed by a cont
intermittent boluses to produce stable plasma conceptr 24

8
O
<&
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Appendix K Q/Q

Critical bleedi tocol
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Critical bleeding protocol K
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RED BLOOD CELL (RBC) TRANSFUSION — INDICATIONS, HB THRESHOLDS AND VOLUME
RBC TRANSFUSION
In paediatric patients, including those who are critically
ill, a restrictive transfusion strategy is suggested.>><
GRADEC °See PP6 for guidance on a restrictive transfusion
strategy.
&Y B I v

® Higher Hb thresholds may be appropriate in very low
birth weight and preterm neonates.

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

In neonatal and paediatric patients, the decision to

give a RBC transfusion should not be dictated by a

Hb concentration alone.? 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 v v v v v
conditions that may influence the decision to transfuse

include acquired or congenital cardiac disease, and

severe respiratory disease.

2See PP1 in Patient Blood Management Guidelines:
Module 3 - Medical.?

In haemodynamically stable paediatric patients

(excluding neonates), evidence from other patient

groups and CRG consensus® suggests

= Hb concentration <70 g/L, RBC transfi
appropriate. However, transfusi
required in well-compens:
other specific therapy is

= Hb concentration of 70~
may be appropriate. The

iatric patients, a specific
or RBC transfusion should be

= volumé of transfusion and rate of administration v v v v v v v
= patient monitoring during and after transfusion

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

= recognition and reporting of adverse events.

In paediatric patients less than 20 kg, calculate

transfusion volume (mL) based on weight and desired
Hb increment.?

2 See Appendix F (RBC transfusions in preterm infants)
and Appendix G (Transfusion volume calculation for
neonates, infants and small children).
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Preventing anaemia
Cardiac and cardiac

Fetal and neonatal
surgical

conditions
Other surgical

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 v v
decision on whether to retest the Hb level.2

2See PP2 in Patient Blood Management Guidelines:
Module 2 - Perioperative.?

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

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

= age of infant

= age-specific Hb reference ranges

= Hb or haematocrit v v
= level of respiratory support

= ongoing or anticipated red cell loss

= nutritional status.

2 See Appendix F (RBC transfusions in preterm inf; nts\

In neonatal patients, calculate transfusion volume
based on weight and desired Hb increment.®

PP12 In neonatal and paediatric p
bleeding requiring massive
bleeding protocol.? A templ
within the module.®

EOP8

ose K antigen status is v v v
d prior to transfusion. This
al transfusion.

ent of pregnancies at risk of fetal anaemia

topenia should be undertaken in facilities

with appropriate expertise in ultrasound imaging and v
invasive fetal interventions, and that have access to

specific blood products and neonatal intensive care.

Pregnancies at risk of fetal anaemia should be

assessed by Doppler ultrasound of the fetal middle

cerebral artery peak systolic velocity, to determine v
whether fetal blood sampling and intrauterine

transfusion are necessary.
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Critically ill infant and

child

Chronic kidney disease

Other chronic anaemia

Cancer, chemotherapy
and transplantation
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GRADE A

GRADE B

REDUCING THE

In children and adolescents with sickle cell disease who
have been assessed to be at increased risk of stroke?

a program of prophylactic RBC transfusions should be
used in order to reduce stroke occurrence.”

2 Assessed by transcranial Doppler ultrasonography?®
and MRI."

®See PP11 for methods of assessment.

Children and adolescents with sickle cell disease
should be assessed for stroke risk using both
transcranial Doppler ultrasonography® and MRI.™

In paediatric patients with sickle cell disease,
hydroxyurea should not be given for the primary
purpose of reducing transfusion incidence.>®

2 Although hydroxyurea reduces transfusion incidence,
it may not be the optimal treatment for prevention
of stroke.

®See R2 and PP22.

In paediatric patients over 9 months of age with si
cell disease, hydroxyurea should be offered to re
vaso-occlusive pain crises and acute chest syndro

In paediatric patients with beta thalas:
the evidence does not support any chan
current practice of maintaining a

2See PP23 in Patient Blood
Module 3 - Medical®

.cD FOR RBC TRANSFUSION

PLACENTAL TRA. 'SFUSION

In preteriWinfants, 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.

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.®

2See McDonald et al (2013)."

Fetal and neonatal

conditions

RBC TRANSFUSION - INDICATIONS, HB THRESHOLDS AND VOLUME
RBC TRANSFUSION IN CHRONIC ANAEMIA

Preventing anaemia

Cardiac and cardiac

surgical

Other surgical

Critically ill infant and

child

Chronic kidney disease

Other chronic anaemia

Cancer, chemotherapy
and transplantation
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REDUCING THE NEED FOR RBC TRANSFUSION
ORAL AND/OR PARENTERAL IRON

In surgical paediatric patients with or at risk of iron
deficiency anaemia, preoperative iron therapy is
recommended.?

2 See R4 in Patient Blood Management Guidelines:
Module 2 - Perioperative.?

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.

2Iron deficiency can be present with a normal Hb.

® See Appendix H (Paediatric haemoglobin assessment
and optimisation template) for further information on
the optimal dosing strategy.

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.

Preterm and low birth weight infants should receive
iron supplementation as necessary to achieve tl
recommended nutrient intake. However, routine
supplementation in excess of the recommended
nutrient intake, to reduce transfusion i
supported.

Infants and children should re:
iron to achieve the adequate j

iron deficiency should
ements and dietary

paediatric patients should receive iron
tation as necessary to achieve the
ded nutrient intake.

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

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.

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics

Preventing anaemia
Cardiac and cardiac
Critically ill infant and
child

Chronic kidney disease
Other chronic anaemia
Cancer, chemotherapy
and transplantation

Fetal and neonatal
surgical

conditions
Other surgical
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IV iron should be administered according to a protocol
relevant to the specific product being used:

= |Viron 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

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

2 See Appendix | (Intravenous iron) for further
information.

REDUCING THE NEED FOR RBC TRANSFUSION
ERYTHROPOIESIS STIMULATING AGENTS (ESAs)

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

GRADE C

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 thromboel
which are increased in the adult populat

2See R2 in Patient Blood Mana
Module 3 - Medical.?

PP18 In paediatric patients with
therapy to achieve a low to
be used to avoid RBCtra

£ reco
paediatric patients and state v v
of ESA therapy is reasonable
ay have improvements in
her Hb concentration.

guidelines' recommend a Hb target of
D g/L for children aged 2 years and older, and
L for children younger than 2 years of age
Pthe 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 v v
patients.?

2See R6 in Patient Blood Management Guidelines:
Module 3 - Medical.?

ESA use is less effective in patients with chronic
kidney disease who have absolute or functional iron
deficiency.? v v
2See PP13 in Patient Blood Management Guidelines:
Module 3 - Medical.?
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paediatric haematologist, and should be combined with
iron therapy.

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

2 This point is based on the lack of effect of ESAs on v
mortality in critically ill adult patients. See R2 in

Patient Blood Management Guidelines: Module 4 -

Critical Care.*

REDUCING THE NEED FOR RBC TRANSFUSION
REDUCING THE NEED FOR EXCHANGE TRANSFUSION

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

GRADE B

Neonates at risk of haemolytic disease of the fet:
and newborn should be promptly assessed after bi
Those at high risk of severe jaundice shoyld receive
intensive phototherapy.

In maternity patients with a fetus 3
haemolytic disease of the fetug
at high risk of early fetal hyd

REDUCING THE NEED FOR RRCTRA ' SFUSION
REDUCING BLOOD LOSS
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Where ESAs are indicated for the treatment or

prevention of anaemia in neonatal and paediatric v v

patients, they should be combined with iron therapy.

In neonatal and paediatric surgical patients, an ESA

should only be prescribed in consultation with a v v v

GRADE B
3 pa mndergoing cardiac surgery with
G onary bypass, the use of antifibrinolytics is
GRADE C -
2 Althougllthere is evidence of a reduction in
transfusion, there is insufficient evidence to
determine the risk of thromboembolic complications. Y,

® 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.

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

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics
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GRADE C

GRADE C

GRADE C

PP38

236

Fetal and neonatal

conditions

In paediatric patients undergoing surgery for scoliosis
in whom substantial blood loss is anticipated, the use
of antifibrinolytics may be considered.*®

2 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.

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

In paediatric patients undergoing craniofacial surgery
in whom substantial blood loss is anticipated, the use
of antifibrinolytics may be considered.>®

2 Tranexamic acid in this context is approved in
Australia. The use of aprotinin in this context
is considered off label in Australia. Epsilon-

in the perioperative patient with life-thr
haemorrhage after conventional measure:

appropriate blood compone

2rFVllais not licensed for tl
be considered in exception

®See R22 and PP2Qg

ravenously 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.>®

2 See the template given in Appendix K (Critical bleeding
protocol), which is intended for local adaptation.

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

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.

Preventing anaemia

Cardiac and cardiac

surgical

aminocaproic acid is not licensed for use in Australia.
®See Appendix J (Tranexamic acid dosing guidance) for
further information.
In paediatric patients undergoing cardiac surgery with
cardiopulmonary bypass, the routine use of rFVlla is
not recommended.

{  Other surgical

Critically ill infant and

child

Chronic kidney disease

Other chronic anaemia

Cancer, chemotherapy
and transplantation
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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.

Je)-Py/ | 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 ti
minimise rejection of samples by laboratory

laboratory equipment that uses the smallest
possible sample volumes

use of non-invasive techniques and
devices

audit compliance and cumul
losses in selected groups
intervals.

Jo)2r:F | Prothrombin complex conc
in neonatal and paediatri

entrates may be considered
ignfs at high risk

ave undergone
opulmonary bypass).

g, those
di

topical haemostatic agents should adhere
ufacturer's instructions and safety

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.

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics
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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 x 10°/L in
the absence of risk factors, and at <20 x 10°/L in the v
presence of risk factors (e.g. fever, minor bleeding).?
2 See R8in Patient Blood Management Guidelines:
Module 3 - Medical.?

In general, neonatal and paediatric patients with

a platelet count 2 50 x 10°/L can undergo invasive
procedures without any serious bleeding; however,
lower platelet counts may be tolerated.?

2See PP17 in Patient Blood Management Guidelines:
Module 2 - Perioperative.?

Pregnant women who have had a prior pregnancy

with fetal or neonatal intracranial haemorrhage

or thrombocytopenia due to fetal and neonatal v
alloimmune thrombocytopenia should be managed

with IVig.2

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

neonatal alloimmune thrombocytopenia. The risk
fetal blood sampling should be balanced against the
risk of bleeding due to suboptimal IVIg r

For neonates with known or suspected
neonatal alloimmune thromboc i

platelets are below 30 x

below 50 x 10°/L in a prt the
v
should
al bleeding,
EOP17
ombocytopenia, platelet count v

should be checked within

EOP18 es with known or suspected fetal and

oimmune thrombocytopenia, random

donor platelets should be used if antigen-matched

platelets are not immediately available. Continued use v
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.

For neonates with fetal and neonatal alloimmune v
thrombocytopenia, IV/Ig may be considered.”

For neonatal and paediatric patients with platelet

refractoriness attributable to non-immune causes

such as splenomegaly or infection, fresh, ABO- v v v v v
compatible, single-donor apheresis platelets may

improve platelet increment.
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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 v v v v v
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.

In patients with inherited platelet disorders such
as Bernard Soulier Syndrome and Glanzmann's
thrombasthenia, platelet transfusions should be v
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 COi "ENTK, ™

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 perioperat
transfusion requirements.

GRADE C

In neonatal and paediatric patients, the
to transfuse FFP, cryoprecipitate or fibri
concentrate should take into account the
risks and benefits. The decisiol
not only on laboratory investj
assessment of the patient"
that may influence the deci
medications affecting coag

Agcement GMidelines: Module 1 -
t\assive Transfusion (2011)'

deficiehcies (www.ahcdo.org.au)
Guidelines for the Use of Fresh-Frozen Plasma,
Cryoprecipitate and Cryosupernatant (2004)."®

2See PP17 in Patient Blood Management Guidelines:
Module 3 - Medical.?
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In neonatal and paediatric patients undergoing

surgery, FFP is only indicated for treatment of active

bleeding where coagulopathy is a contributing factor. v v v v v
Its use should be guided by clinical assessment,

supplemented by point-of-care or laboratory testing.
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In general, neonatal and paediatric patients with an
INR =2 can undergo invasive procedures without
any serious bleeding; however, higher INRs may be
tolerated.®

2See PP17 in Patient Blood Management Guidelines:
Module 2 - Perioperative.?

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).?

2The template given in Appendix K (Critical bleeding
protocol) is intended for local adaptation.

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 CYTOMEGALOVIR!'S (CMV) NE ATIVE BL< D PRODUCTS

‘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/k;
= exchange transfusion
= cardiac surgery

= transfusion-dependent c
(RBCs <14 days)

= where irradiated blood pi

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).

Stem cells must not be irradiated.

Fetal and neonatal

conditions

v

Preventing anaemia

Cardiac and cardiac

surgical

Other surgical

Critically ill infant and

child

Chronic kidney disease

Other chronic anaemia

Cancer, chemotherapy
and transplantation
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Hyperkalaemia may occur when large volumes of
irradiated blood are transfused. In patients at risk,
P : v a2 % v

irradiated blood should be as fresh as possible
(<7 days) and used within 24 hours of irradiation.

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 v v v v v
incorporated in the information systems of the health

service and transfusion laboratory.

CMV-negative products may be considered in the v v
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 requiredyi
other clinical settings.

L.

In urgent situations, if CMV-seronegative blood
components are not available, CMV-ungfhe
leucodepleted components should be usé
avoid delays.

CRITICAL BLEEDING
BEDSIDE AND LABORATORY RESF ' 'NSE TO CRITi \L BL-EDING

d&blood product supply and
on. The clinician, in consultation with the
ogist or transfusion specialist, should tailor

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;
rFVlla, recombinant activated factor VI, VLBW, very low birth weight
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Preterm VLBW neonate
Other neonate
Child or adolescent

Fetus
Infant

RED BLOOD CELL (RBC) TRANSFUSION - INDICATIONS, HB THRESHOLDS AND VOLUME
RBC TRANSFUSION

In paediatric patients, including those who are critically ill, a restrictive
transfusion strategy is suggested.>®<

GRADEC  =See PP6 for guidance on a restrictive transfusion strategy.

b Higher Hb thresholds may be appropriate in very low birth weight and v v
preterm neonates.

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

In neonatal and paediatric patients, the decision to give a RBC
transfusion should not be dictated by a Hb concentration alone.?
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.

2See PP1 in Patient Blood Management Guidelines: le3-
Medical?

evidence from other patient groups al

with a:

= Hb concentration <70 g/L,R
However, transfusion m:
patients or where other

Hb concentration of 7 ion may be appropriate.
based on the need to

mia, and the patient's

usion should be used that includes the following:

pecific Hb reference ranges

of transfusion and rate of administration v v v v
= patient monitoring during and after transfusion

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

= recognition and reporting of adverse events.

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

2 See Appendix F (RBC transfusions in preterm infants) and Appendix G v
(Transfusion volume calculation for neonates, infants and small
children).
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EOP8

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.2

2See PP2 in Patient Blood Management Guidelines: Module 2 -
Perioperative.?

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

Neonatal units should use a procedural guideline? 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.

In neonatal patients, calculate transfus
and desired Hb increment.2

2 See Appendix F (RBC transfi
(Transfusion volume calcul,

status is unable to be determined prior to transfusion. This
etal transfusion.

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.

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

Fetus

Preterm VLBW neonate
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Child or adolescent
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Preterm VLBW neonate
Other neonate
Child or adolescent

Fetus
Infant

GRADE A

GRADE B

RBC TRANSFUSION - INDICATIONS, HB THRESHOLDS AND VOLUME
RBC TRANSFUSION IN CHRONIC ANAEMIA

In children and adolescents with sickle cell disease who have been v </
assessed to be at increased risk of stroke? a program of prophylactic
RBC transfusions should be used in order to reduce stroke occurrence.”

2 Assessed by transcranial Doppler ultrasonography® and MRI.™®
bSee PP11 for methods of assessment.

Children and adolescents with sickle cell disease should be assessed for v
stroke risk using both transcranial Doppler ultrasonography® and MRI."

In paediatric patients with sickle cell disease, hydroxyurea should nojgbe
given for the primary purpose of reducing transfusion incidence.*®

2 Although hydroxyurea reduces transfusion incidence, it may not be t!
optimal treatment for prevention of stroke.

bSee R2 and PP22.

In paediatric patients over 9 months of age wit
hydroxyurea should be offered to reduce vaso-oc
acute chest syndromes.

2See PP23 in Patient Bloo
Medical?

pone marrow failure syndromes) a single-unit v
iate Instead, calculation of the transfusion

REDUCING THE ' <ED FOR RBC TRANSFUSION
PLACENTAL TRA. SFUSION

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 v
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.

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, v
provided that access to phototherapy for jaundice is available.?

2 See McDonald et al (2013).™
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Preterm VLBW neonate
Other neonate

Fetus
Infant

REDUCING THE NEED FOR RBC TRANSFUSION
ORAL AND/OR PARENTERAL IRON

In surgical paediatric patients with or at risk of iron deficiency anaemia,
preoperative iron therapy is recommended.?

GRADEC  =See Ri4 in Patient Blood Management Guidelines: Module 2 -
Perioperative.?

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.

2|ron deficiency can be present with a normal Hb.

b See Appendix H (Paediatric haemoglobin assessment and optimisatjo
template) for further information on the optimal dosing strategy.

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

supplementation as necessary to achieve the reco
nutrient intake. However, routine supplementation j
recommended nutrient intake, to redu nsfusi
supported.

Infants and children shoul i ici i iron to achieve the
adequate intake or recom If th&adequate intake
. h ; v v
or recommended daily inta dietary means, iron
supplementation issad

PP27

necessary to achieve the recommended nutrient intake.

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

Cow's milk should not be given to infants before 12 months of age; from v v v
12 months of age, cow’s milk intake should not exceed 500 mL per day.
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IV iron should be administered according to a protocol relevant to the
specific product being used:®

= |Viron 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

= |Viron formulations should only ever be administered in an
appropriate health-care setting with medical personnel and
resuscitation facilities on site.

2 See Appendix | (Intravenous iron) for further information.

REDUCING THE NEED FOR RBC TRANSFUSION
ERYTHROPOIESIS STIMULATING AGENTS (ESAs)

GRADE C

PP17

PP18

248

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

thromboembolic events, which are incri
2See R2 in Patient Blood Mana,

In paediatric patients with
achieve a low to intermedi
transfusion, after consider:
patient.2b¢

2See R4 in P,

used to avoid RBC
nefits for the individual

reasonable becalis

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.?

2 See R6 in Patient Blood Management Guidelines: Module 3 — Medical.?

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

2See PP13 in Patient Blood Management Guidelines: Module 3 - Medical

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

Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics

Fetus

Preterm VLBW neonate

Other neonate

Infant

Child or adolescent




i
©
c
o
()
=4
2 2
s
E g
" c =
[ a o =
In neonatal and paediatric surgical patients, an ESA should only be
prescribed in consultation with a paediatric haematologist, and should v v v
be combined with iron therapy.
In critically ill paediatric patients with anaemia, ESAs should not be
routinely used.?
2 This point is based on the lack of effect of ESAs on mortality in critically v
ill adult patients. See R2 in Patient Blood Management Guidelines:
Module 4 - Critical Care.*

REDUCING THE NEED FOR RBC TRANSFUSION
REDUCING THE NEED FOR EXCHANGE TRANSFUSION

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

GRADE B

Neonates at risk of haemolytic disease of the fetus a
be promptly assessed after birth. Those at high g
should receive intensive phototherapy.

In maternity patients with a fetus affe
fetus and newborn who is at high rlsk of
course of weekly IVIg should be comside

REDUCING THE NEED FOR RBCTR ' 'ISFUSION
REDUCING BLOOD LOSS

easures to prevent

GRADE B

GRADE C

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

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

In paediatric patients undergoing surgery for scoliosis in whom

substantial blood loss is anticipated, the use of antifibrinolytics may be

GRADEC  considered.*®

2 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.

®See Appendix ) (Tranexamic acid dosing guidance) for further
information.
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GRADE C

PP38

PP37
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In paediatric patients undergoing craniofacial surgery in whom substantial
blood loss is anticipated, the use of antifibrinolytics may be considered.2®

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

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

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

The administration of rFVIla may be considered in the perioperative
patient with life-threatening haemorrhage after conventional meas
including surgical haemostasis, use of antifibrinolytics and appropri
blood component therapy have failed.*®

2rFVlla is not licensed for this use; its use should only be
exceptional circumstances.

®See R22 and PP20 in Patient Blood Management Gi
— Perioperative.?

Care

® See Appendix | (Tranexami

dose of 15 mg/
minutes, follg)

pd acute normovolaemic haemodilution has not
n to reduce transfusion or improve clinical outcomes.

, if acute normovolaemic haemodilution is used, it requires a v
dural guideline that addresses patient selection, vascular

access, me of blood withdrawn, choice of replacement fluid, blood

storage and handling, and timing of reinfusion.

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 v
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.

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

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.

Topical haemostatic agent:
paediatric surgical patient:

MEASURES TO REDUL - “07 ' .JLUFA..
PLATELETS

PP28 AWic patients, the decision to transfuse platelets

nt the potential risks and benefits. The decision

nly on laboratory investigations but also on

ent of the patient's clinical condition. Factors that may v v v v
the decision include active bleeding, medications affecting

ction and coagulation status, and congenital and acquired

bleeding disorders.

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 x 10°/L in the absence

of risk factors, and at <20 x 10°/L in the presence of risk factors v v
(e.g. fever, minor bleeding).?

2 See R8in Patient Blood Management Guidelines: Module 3 - Medical
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In general, neonatal and paediatric patients with a platelet count
250 x 10°/L can undergo invasive procedures without any serious
bleeding; however, lower platelet counts may be tolerated.? v v v v

2See PP17 in Patient Blood Management Guidelines: Module 2 -
Perioperative.?

N
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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.*

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.

For neonates with known or suspected fetal and neonatal alloimmune

thrombocytopenia:

= urgent platelet transfusion should be given if platelets are below
30 x10°/L in a term infant or below 50 x 10°/L in a preterm infal
even in the absence of clinically significant bleeding

= if there is active bleeding, a higher threshold should be considered
(100 x 10°/L for intracranial bleeding, and 50 x 10°/L fogother sites
of bleeding)

» inall cases, a paediatric haematologist should be

checked within 12 hours.

For neonates with known or
thrombocytopenia, random

random donor platelets is
cannot be obtained.

-matched platelets
f random donor

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.

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

In neonatal and paediatric patients undergoing cardiac surgery, the
routine use of an FFP-based pump prime solution is not recommended,
GRADEC  because it offers no advantages over an albumin-based solution

in relation to postoperative blood loss, or perioperative transfusion
requirements.

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
acquired bleeding disorders.

For guidance on the use of FFP in specific patient group:

Patient Blood Management Guidelines: Module 1
Massive Transfusion (2011)

Patient Blood Management Guidelines: Mo
(2012)

Warfarin Reversal: Consensus Guidepi
Australasian Society of Thrombosis

AHCDO guidelines for patient:
(www.ahcdo.org.au)

Guidelines for the Use o]
Cryosupernatant (2004,

2See PP17 in Patient Bloo
Medical®

d paediatric patients with an INR s2 can undergo
ocedures without any serious bleeding; however, higher INRs
may B@itolerated.

2See PRI in Patient Blood Management Guidelines: Module 2 —
Periopérative.?

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).

2The template given in Appendix K (Critical bleeding protocol) is
intended for local adaptation.

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.
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SPECIFIC PRODUCTS FOR SELECTED PATIENTS

INDICATIONS FOR ‘FRESH;, IRRADIATED OR CYTOMEGALOVIRUS (CMV) NEGATIVE BLOOD PRODUCTS

254

‘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)

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

exchange transfusion
cardiac surgery

transfusion-dependent chronic anaemia (RBCs <14 days)

where irradiated blood products are used.

indicated for:

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

suspected or known severe congenital T-cell imm
(e.g. severe combined immunodeficiency)
severe acquired T-cell dysfunction, related to e
therapy (see published guidelines)'”-"®
human leukocyte antigen-matche:
platelets and granulocytes).

They may also be considered f

neonatal exchange tran:
transfusion

disease should be informed of the need for irradiated blood products. v v v v v

Also, alerts should be incorporated in the information systems of the
health service and transfusion laboratory.
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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 v v v v
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.

In urgent situations, if CMV-seronegative blood components are no
available, CMV-unscreened leucodepleted components should be usé
to avoid delays.

CRITICAL BLEEDING
BEDSIDE AND LABORATORY RESPONSE TO CRITICAL BLE. ''NG

The critical bleeding protocol should outli
(including coordination and co

The critical bleeding protoc
to guide blood prod ion. The clinician, in

usion specialist, should v v v v

WCocyte antlgen, INR, international normalised ratlo, IV, intravenous; Vlg, |ntraven0us
idney Disease: Improving Global Outcomes; MRI, magnetic resonance imaging;

te for Health and Care Excellence; PP, practice point; R, recommendation; RBC, red blood cell;
ctivated factor VII

NICE, National In
rFVlla, recombina
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clinical research questions,
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platelet transfusions, 11-12

summary of guidelines, 237-240, 251-253

combination therapy, 99-100, 108-109
conflict of interest declarations, 183-185
consensus process, 182

consumer selection process, 174
controlled induced hypotension, 116-1
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craniofacial surgery
antifibrinolytics for, 1

Creutzfeldt-Jakob
critical bleeding

red blood cell transfusion and, 51
critical iliness

blood conservation strategies, 110
combination therapy, 108-109
cryoprecipitate, 102-103

ESA therapy, 76-77

fibrinogen concentrate, 106-107
fresh frozen plasma, 100-101
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platelet transfusion, 104-105
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red blood cell transfusion, 53-55
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cryoprecipitate

administration of, 79

critically ill patients, 102-103

fibrinogen concentrate vs, 98

patients undergoing surgery, 91-92

reducing coagulopathy, 13, 239-240, 253

for specific patient
254-255

improving o

D
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sement of guidelines, 167
epsilon-aminocaproic acid, 123-124
erythropoiesis stimulating agent therapy
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patients undergoing surgery, 72-74
patients with anaemia, 61
patients with cancer, 64-65
patients with kidney disease, 66-68

preterm and low birth weight infants, 56-59

reducing need for RBC transfusion,
7-8, 234, 248-249

evaluating guidelines, 165-167
evidence gaps, 162-163
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26-27,33-34
exchange transfusion

effect of IVIg, 113-114

reducing need for, 8, 235, 240, 249, 259
exclusion criteria, 26
expert opinion points, 2, 26-27, 182
Expert Working Group, 170, 172-173,175
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Ferinject, 155-156, 216
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ferrous sulfate, 154, see also oral and/or
parenteral iron

fetal and neonate alloimmune
thrombocytopenia

detection and treatment of, 143

human platelet antigen - matched
platelets, 143-144

reducing coagulopathy, 12
treatment for, 238
fetal blood sampling, 11, 147

fetal transfusion, see intrauterine transfusion

fibrinogen concentrate
administration of, 79
critically ill patients, 106-108
patients undergoing surgery, 95-98

reducing coagulopathy, 13, 239-240, 253
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finalising guidelines, 187

FNAIT, see fetal and neonate alloimmun
thrombocytopenia
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future directionsY161-163
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governance structure, 169-178
granulocyte transfusions
CMV-negative blood product use, 142
irradiated cellular blood products, 141
guidelines
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document structure, 19-20
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non-transfusion interventions
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intravenous immunoglobulin
treatment, 113-114

reducing need for RBC transfusion, 8
treatment for, 235
haemolytic reactions, risk of, 191
hepatitis B virus, risk of, 191
hepatitis C virus, risk of, 191

Hodgkin lymphoma, irradiated blood
product use in, 140

Hospitals Principal Committee, 194

human immunodeficiency virus patients,
CMV-negative blood product use, 142
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human immunodeficiency virus, risk of, 191

human leucocyte antigen-matched
platelets, 143-145

human T-lymphotropic virus (types 1 and 2),
risk of, 191

hydroxyurea, 5, 46, 70-72, 161

hyperkalaemia, irradiated blood
product use, 141

hypofibrinogenaemia, 92, 103
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hypothermia, in patients undergoing
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immunodeficiency conditions, irradiated blood
product use in, 140

implementing guidelines, 166-167
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Indigenous populations, see Aboriginal and
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infants, see paediatric patients
intraoperative cell salvage, 10, 110, 119-120, 1
interventions, description of, 34
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treatment with, 155
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background research questi@ns, 146—14
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intravenous, 155-156, 213-218
iron polymaltose, 218
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summary of guidelines, 240-241, 254-255
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Jurisdictional Blood Committee, 194
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Kell antigen system, 139
kidney disease, 7, 8,66-70, 234
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literature search dates, 25

low birth weight infants, see neonatal patients;
preterm and low birth weight infants
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maintaining guideliné
malaria, risk of, 1

natal patients given platelet
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neonatal patients given RBC, 38-39
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National Blood Sector Education and Training
Strategy 2013-16;, 166

National Health and Medical Research
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Implementation Strategy 2013-17,, 166

National Safety and Quality Health Service
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therapy, 56-59
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non-transfusion interventions, 56-78

outcome of surgery and RBC
transfusion, 49-53

platelet transfusion, 11-13,111-112

red blood cell transfusion, 3-4, 6, 34—40
transfusion volume calculation, 205-207
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with kidney disease, 66-68
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patient blood management, 1, 189-191
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transfusion-associated graft-versus-host
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transfusion risks, 189-191
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