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Note

This volume presents the main body of evidence found by a systematic literature review on
neonatal and paediatric patient blood management. Volume 2 presents the related

appendixes (Appendix A to Appendix F). These two volumes cover all research questions
developed for this topic.
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Introduction

1 Introduction

This document presents the methods and results relating to the findings from a systematic
literature review on paediatric patient blood management. It is the first volume of a
technical report produced as part of the development process for the Patient Blood
Management Guidelines: Module 6 — Neonatal and Paediatrics; the sixth and final in a series
of six modules that focus on evidence-based patient blood management and will replace the
2001 National Health and Medical Research Council/Australasian Society of Blood
Transfusion (NHMRC/ASBT) Clinical practice guidelines on the use of blood components.* The
six modules of the guidelines are being developed in three phases, as shown in Table 2.1.1.

Table 2.1.1  Phases of development of guideline modules

Phase Modules
[ 1 - Critical Bleeding/Massive Transfusion

2 - Perioperative
I 3 - Medical
4 — Critical Care

1l 5 - Obstetrics and Maternity
6 — Neonatal and Paediatrics

This volume covers all the research questions. Volume 2 of the technical report presents the
related appendixes.

The document Patient Blood Management Guidelines: Module 6 — Neonatal and
Paediatrics gives information on:

e governance arrangements for the guidelines
e committee memberships and affiliations

e the background research team.
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2 Methods

2.1 Research question development

An Expert Working Group (EWG) met for the first time in July 2008. At this meeting
members were provided with a comprehensive analysis of existing guidelines relevant to the
clinical areas of focus. An independent systematic review expert provided a detailed
presentation on framing clinical questions for systematic review. EWG members self-
nominated to participate in relevant areas of clinical focus for each module. This action
formed the basis for the establishment of a Consumer/Clinical Reference Group (CRG) for
each module.

Following the July 2008 meeting, members of each CRG generated questions to be
considered for inclusion in their respective guidelines. Before the next meeting, CRG
members discussed first-draft questions, and acknowledged that question content would
mean that there was a need to consider expanding the CRG memberships to ensure relevant
clinical and consumer representation. CRG members agreed that it would be appropriate to
circulate draft questions to relevant clinical colleges and societies for input and feedback at
an early stage, and before inclusion in a statement of requirement for a systematic reviewer.

The EWG met in September 2008 to further develop and prioritise the proposed questions.
During the development of research questions, it became apparent that several questions
would be relevant for systematic review for all modules (Phases | to lll). These became
known as generic questions; six such questions were ultimately developed.

Another two workshop meetings were held in November 2008. All EWG members attended
these meetings, where questions were further prioritised, combined and refined. In January
2009, a meeting of the CRG Chairs finalised questions that were subsequently provided to
systematic reviewers.

This process resulted in generic foreground questions (i.e. relevant to all six modules in the
series) and specific foreground questions (i.e. specific to each module) for systematic review,
and questions for background research. The background questions were to be addressed
through general research undertaken by registrars supervised by CRG members. Background
guestions were designed to provide general information for the guidelines and to assist in
providing generalised clinical practice tips, in the form of expert opinion points. The
guestions were intended to capture information that was considered to fall outside the
scope of the foreground questions addressed by the systematic literature review.
Foreground and background questions were further refined through consultation among the
systematic reviewers and technical writer, the CRG, the National Blood Authority (NBA) and
the independent systematic review expert.

Research questions were developed for all but the critical care module. The requirement for
this module was only identified after the initial systematic review for Phase | had
commenced.

The intervention questions were intended to determine the effects on patient outcomes of
various strategies that can be used in patient blood management. The aetiology question
was designed to determine whether the risk factor anaemia causes adverse outcomes. The
prognostic question was concerned with clinical information that predicts outcomes.
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2.1.1 Foreground research questions

Research questions to be investigated in the neonatal and paediatrics module were
reviewed or developed by the CRG at an initial face-to-face workshop held on 18—

19 February 2013. Generic research questions and a specific research question were
developed and refined at the workshop, and were then further refined via email
correspondence and during teleconferences held between February and 7 June 2013. A
second face-to-face workshop was held on 18-19 November 2013 to further clarify the
research questions and help refine the systematic literature search strategies.

There are four foreground research questions for this module. Questions 1-3 are generic
questions (relevant to all six modules of these guidelines), whereas Question 4 is specific to
this module:

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

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

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

e Question 4 — In neonates/paediatric patients, what is the effect of strategies that aim to
minimise blood loss on morbidity, mortality, or the need for RBC transfusion?
(Interventional question)

When describing the patient population of interest through the module and technical
reports, the term ‘neonate’ was used to reflect the evidence when referring to the newborn;
it specifically refers to a defined period of time up to 28 days following birth. The term
‘preterm’ was used to describe patients born before 37 weeks gestational age. The specific
gestational age of the preterms was reported where available. In some cases, the evidence
refers to both preterm and term infants. This population is discussed according to birth
weight. The term ‘infants’ was used to refer to those aged between 1 and 24 months,
‘children’ were those aged between 2 and 12 years, and ‘adolescents’ were those aged
between 13 and 18 years. The term ‘paediatric’ was used to encompass all infants, children
and adolescents.

Two questions were excluded from the Phase Il and Phase Il modules because they were
not interventional questions; hence, clinical recommendations could not easily be made. The
first was an aetiological question (Is anaemia an independent risk factor for adverse
outcomes?) and the other was a prognostic question (At what international normalised ratio
(INR) (or prothrombin time [PT]/partial thromboplastin time [APTT]) for FFP, fibrinogen level
for cryoprecipitate, platelet count for platelets concentrates should patients be transfused
to avoid risks of significant adverse events?).

One further question (What is the effect of rFVlla [prophylaxis or treatment] on morbidity,
mortality and transfusion rate?) was not covered in the Phase Il modules because it had
already been covered in Phase I. This question was excluded as a separate question from the
Phase Il modules, but rFVIla was included as an intervention within the specific question
(i.e. Question 4).

Details of research question criteria are presented in Appendix 1 of this volume.
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2.1.3

2.14

Methods

Background research questions

The background research questions developed for paediatric/neonatal patient blood
management were:

e Background question 1 — For paediatric, neonatal or fetal patients, does selection of
specific blood products, when compared with routine blood products improve outcomes?

e 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?

e Background question 3 — Do non-pharmacological strategies for minimisation of blood
loss from sampling reduce the incidence of red cell transfusion?

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

e Background question 5 — What recommendations should be made for the detection,
diagnosis and management of iron deficiency anaemia in neonates and children?

Aboriginal and Torres Strait Islander populations

Prevalence of anaemia in Aboriginal and Torres Strait Islander populations is known to be
higher than in the general Australian population.”® The electronic search terms did not
specifically search for or limit retrieval of articles to studies that addressed socioeconomic,
Aboriginal or Torres Strait Islander subgroups. However, in accordance with NHMRC
guideline development requirements, the reviewers were required to isolate any papers
addressing these populations for specific consideration by the CRG. No papers were
identified that addressed these populations specifically.

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.

2.2 Literature searches

NHMRC standards and procedures require that clinical practice guidelines be based on
systematic identification and synthesis of the best available scientific evidence.” Systematic
reviews were conducted for all generic and specific research questions, using a stepped
process in which the highest level body of evidence was assessed before lower levels of
evidence were considered. If there was sufficient Level | evidence to address all primary
outcomes of a research question (as specified in the population, intervention, comparator,
outcome [PICO] criteria), Level Il and Il evidence was not assessed. However, the literature
search was updated to identify any Level |l studies published since the search date of the key
Level | evidence. If no relevant Level | evidence was available for a particular research
guestion, a literature search was conducted to identify Level Il studies, and if no studies
were identified, the process was repeated for lower level evidence (if specified in the PICO
criteria). For primary outcomes not addressed in higher level evidence, a search of lower
level evidence was conducted for those particular outcomes only.

Three main strategies were used to identify all potentially relevant literature: electronic
database searching, manual searching, and literature recommended by expert members of
the CRG.
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2.2.3

Methods

Electronic databases
The systematic reviewers carried out searches using the following primary databases:
e EMBASE and Medline via the EMBASE.com interface

e Cochrane Library Database: a database of systematic reviews, other reviews, clinical
trials, methods studies, technology assessments, economic evaluations and Cochrane
Groups.

Search strategies for all primary databases were developed in consultation with a specialist
search strategist. All strategies were based on the PICO criteria developed for the research
questions (Appendix 1 in this volume). Full details of all search strategies for the primary
databases (including search dates) are presented in Appendix A (Volume 2).

Additional secondary databases searched included:

e Health Technology Assessment (HTA) agency websites (e.g. NICE in the UK, CADTH in
Canada)

e Guideline websites and databases (e.g. Guidelines International Network, National
Guidelines Clearing House)

e Clinical trial registries (e.g. Current Controlled Trials MetaRegister)

e PreMedline (Medline in process, accessed via the PubMed interface and limited to 12
months prior to the search date).

Each secondary database was searched by a single reviewer using simple search strategies
(based on those developed for the primary databases) and articles that met the inclusion
criteria identified. Searches of the secondary databases occurred on 13-14 June 2014, and
again on 2-3 September (Question 2), 22—23 October (Question 1 and Question 3) and 4—
5 November (Question 4).

To maintain the rigour of the systematic review process, studies published after the
literature search date were not eligible for inclusion in the technical report. However, pivotal
new evidence could be discussed in the guideline document and could be used to develop
consensus-based ‘expert opinion’. Literature search start dates were defined by the CRG for
each question (see Appendix 1 in this volume). Studies were excluded for each question if
they were published prior to 1995 (except primary studies if they were included as part of a
systematic review). The rationale from the CRG was that papers published prior to 1995
were unlikely to reflect the current context of care, due to advances in neonatal and
paediatric care.

Manual searching of reference lists

Members of the systematic review/technical writing group manually hand-searched
reference lists included in relevant articles identified by the systematic literature search. This
strategy identified some additional articles that were not found in electronic database
searches. Additional articles found by manual searching are indicated in the literature search
results presented in Appendix C (Volume 2).

Expert sources

Articles recommended by CRG members were considered for inclusion, provided the articles
met the criteria for inclusion.
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2.2.5

2.2.6

2.3

Methods

Background question research

Research for background questions was undertaken by registrars under the supervision of
CRG members. These questions were not researched by applying systematic review
processes. Registrars were advised to use sources ranging from medical textbooks, grey
literature, published scientific and review articles (identified through PubMed, EMBASE or
Cochrane databases), series yearbooks and other relevant medical literature. Because the
intention was to identify relevant information that could inform best practice, background
research was not limited to evidence or general information only applicable to Australia and
New Zealand.

Issues relevant to Aboriginal and Torres Strait Islander peoples and culturally
and linguistically diverse communities

The focus of the systematic review was on physiological parameters surrounding the
decision to transfuse. As such, there were no distinct physiological issues relevant to
Aboriginal and Torres Strait Islander peoples, and culturally and linguistically diverse
communities.

The greater prevalence of certain conditions (e.g. anaemia and chronic kidney disease) in
some Indigenous Australian communities has a socioeconomic, not physiological, basis. No
literature pertaining to Australia’s Aboriginal and Torres Strait Islander peoples was
identified in the literature searches for any research question.

Cost effectiveness

A specific literature search for economic evidence was not conducted. Any economic
evidence identified in the literature that met the PICO criteria was not considered.

Inclusion and exclusion criteria

Inclusion criteria were determined from the PICO criteria that formed the basis of the
systematically reviewed research questions (Appendix 4.1 in this volume). Studies reporting
at least one of the primary outcomes were eligible for inclusion if they also satisfied the
correct intervention and comparator criteria. Studies that did not meet one or more of these
criteria were excluded.

Additional reasons for excluding studies were:

e non-human studies

e non-English language studies

e non-systematic reviews, editorials, opinion pieces and letters

e case series, pre—post or post studies

e research or systematic review protocols not defined.

Titles and abstracts of every record retrieved by searching the primary and secondary
databases were reviewed, and full articles were retrieved for further assessment where the
articles were considered to meet the inclusion criteria. Articles that could not be included or

excluded on the basis of information in the title or abstract were retrieved as full text before
a final decision was made on inclusion or exclusion.

One reviewer from the evidence review team screened the titles and abstracts (where
available) for all citations retrieved by the literature search. A second reviewer then
performed quality checks on a random subset of excluded citations. All citations listed for
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inclusion for full text review were independently assessed by a second reviewer. Any
disagreements were resolved by a third reviewer.

Articles reporting on the basis of the following study designs were considered for inclusion
when PICO criteria were met:

e systematic reviews of randomised controlled trials (RCTs) and/or cohort studies
e RCTs or pseudo-RCTs
e cohort studies

e case—control studies.

Studies that initially met inclusion criteria but were later excluded are documented, with
reasons for their exclusion, in Appendix B (Volume 2). Examples of reasons for exclusion in
this circumstance include different systematic reviews reporting the same primary studies
(in which case, the highest quality systematic review reporting the best available data was
used), and inadequate data reporting.

2.4 Classification and assessment of evidence

Studies identified for inclusion from the literature search were classified according to the
NHMRC levels of evidence hierarchy (Table 2.4.1). To ensure that modules were based on
the best available evidence, studies of higher levels of evidence (Levels | or II) were included
in preference to those presenting lower levels of evidence (Levels Il or IV). This was to
minimise the potential for bias in the evidence base for each systematically reviewed
guestion. However, lower level studies were reviewed where evidence was not available in
higher level studies for any of the primary outcomes.

Studies identified from the systematic literature review were assessed according to NHMRC
dimensions of evidence (Table 2.4.2).2 There are three main domains: strength of the
evidence, size of the effect, and relevance of the evidence. The first domain was derived
directly from the literature identified for a particular intervention, aetiology or prognostic
study. The other two domains were determined in consultation with the CRG as part of the
study assessment process during the review of the evidence considered for module
development. An aspect of the strength of the evidence domain is the level of evidence of
the study, which was determined as described above using the NHMRC levels of evidence
hierarchy outlined in Table 2.4.1.
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Table 2.4.1 NHMRC evidence hierarchy: designations of levels of evidence according to type
of research question
Level Intervention® Prognosis Aetiologyb
I A systematic review of Level Il A systematic review of Level Il A systematic review of
studies studies Level Il studies
I A randomised controlled trial A prospective cohort studyd A prospective cohort
study
-1 A pseudo-randomised controlled | All or nonee All or nonee
trial (i.e. alternate allocation or
some other method)
-2 A comparative study with Analysis of prognostic factors A retrospective cohort
concurrent controls: among persons in a single arm study
« non-randomised, experimental of a randomised controlled trial
trialf
e cohort study
e case-control study
o interrupted time series with a
control group
n-3 A comparative study without A retrospective cohort study A case—control study
concurrent controls:
e historical control study
o two or more single-arm studies?
o interrupted time series without a
parallel control group
v Case series with either post-test | Case series, or cohort study of A cross-sectional study
or pre-test/post-test outcomes persons at different stages of or case series
disease

Source: NHMRC (2009)
a Definitions of these study designs are provided on pages 7-8, How to use the evidence: assessment and application of scientific evidence

(NHMRC 2000).9

b If it is possible and ethical to determine a causal relationship using experimental evidence, then the ‘intervention’ hierarchy of evidence
should be used. If it is only possible or ethical to determine a causal relationship using observational evidence (e.g. groups cannot be allocated
to a potential harmful exposure, such as nuclear radiation), then the ‘aetiology’ hierarchy of evidence should be utilised.

¢ A systematic review will only be assigned a level of evidence as high as the studies it contains, except where those studies contain Level Il
evidence. Systematic reviews of Level Il evidence provide more data than the individual studies, and any meta-analyses will increase the
precision of the overall results, reducing the likelihood that the results are affected by chance. Systematic reviews of lower level evidence
present results of likely poor internal validity and thus are rated on the likelihood that the results have been affected by bias, rather than
whether the systematic review itself is of good quality. Systematic review quality should be assessed separately. A systematic review should
consist of at least two studies. In systematic reviews that include different study designs, the overall level of evidence should relate to each
individual outcome or result, as different studies (and study designs) might contribute to each different outcome.

d At study inception, the cohort is either non-diseased or all at the same stage of the disease. A randomised controlled trial with persons either
non-diseased or at the same stage of the disease in both arms of the trial would also meet the criterion for this level of evidence.

e All or none of the people with the risk factor(s) experience the outcome; and the data arises from an unselected or representative case series
which provides an unbiased representation of the prognostic effect. For example, no smallpox develops in the absence of the specific virus;
and clear proof of the causal link has come from the disappearance of smallpox after large-scale vaccination.

f This also includes controlled before-and-after (pre-test/post-test) studies, as well as indirect comparisons (i.e. utilise A versus B and B versus
C to determine A versus C).

g Comparing single-arm studies i.e. case series from two studies. This would also include unadjusted indirect comparisons (i.e. utilise A versus
B and B versus C to determine A versus C, without statistical adjustment for B).
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Table 2.4.2 NHMRC dimensions of evidence

Dimension | Definition
Strength of evidence
Level Each included study is assessed according to its place in the research hierarchy. This

illustrates the potential of each included study to adequately answer a particular
research question and indicates the degree to which design has minimised the impact
of bias on the results

Quality Included studies are critically appraised for methodological quality. Each study is
assessed according to the potential that bias, confounding and/or chance has
influenced the results

Statistical precision | Primary outcomes of included studies are assessed to establish whether the effect is
real, rather than due to chance. Using a level of significance such as a p-value and/or
confidence interval, the precision of the estimate of the effect is evaluated. This
considers the degree of certainty regarding the existence of a true effect

Size of effect The clinical importance of the findings of each study is assessed. This concept refers to
the measure of effect or point estimate reported in the results of each study (e.g. mean
difference, relative risk). For meta-analysis pooled measures of effect are assessed.
Size of effect refers to the distance of the point estimate from its null value and also the
values included in the corresponding 95% confidence interval. Size of effect indicates
the clinical impact a particular factor or intervention will have on a patient and is
considered in the context of patient relevant clinical differences

Re_'e"ance of The translation of research evidence to clinical practice is addressed by this dimension.

evidence It is regarded as potentially the most subjective of the evidence assessments. There
are two questions concerning the appropriateness of outcomes and relevance of study
questions:

Are the outcomes measured in the study relevant to patients?

How closely do the elements of the study research question match with those of the
clinical question being considered?

Source: NHMRC (2009)¢

Quality appraisal

The methodological quality of the included studies was assessed using the criteria presented
in Appendix 4.2 of this volume. Quality assessment criteria varied according to whether
included studies were systematic reviews, RCTs, cohort studies or case—control studies. No
weighting of quality criteria was applied, but studies that met all criteria, or all but one, were
considered to be of good quality with a low risk of bias. Quality assessments of included
studies for all systematically reviewed research questions are presented in Appendix E
(Volume 2).

Data extraction

Data and information were extracted into evidence summary tables according to the
inclusion criteria. Evidence summary tables were based on NHMRC requirements for
externally developed guidelines.'® All articles retrieved for full text review were initially
screened, critically appraised, and data extracted by one evidence reviewer. A second
reviewer independently checked and reviewed all articles, data extractions, and quality
assessments. Any disagreements were resolved by a third reviewer.

Extracted data and information included general study details (citation, study design,
evidence level, country and setting); characteristics of study participants; details of
interventions and comparators; details of study validity, both internal (e.g. allocation and
blinding) and external (applicability and generalisability); and results for outcomes specified
in the inclusion criteria. Where relevant studies were identified, extracted data and
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information were used to construct study characteristics and results tables of included
evidence for each systematically reviewed research question. Evidence summary tables for
all included studies are presented in Appendix F (Volume 2).

2.5 Assessment of the body of evidence and formulation of

251

recommendations

The body of evidence for each module recommendation was graded in accordance with the
NHMRC framework for developing evidence-based recommendations.® Assessment of the
body of evidence considers the dimensions of evidence of studies relevant to that
recommendation (Table 2.4.2). A modified NHMRC evidence statement form was used with
each clinical research question considered in the development of the guidelines (see
Appendix 4.3 of this volume). That is, a separate form was used for consolidation of the
evidence (evidence statement form) and the development of recommendations
(recommendation form). The decision to separate out the two components of the NHMRC
evidence statement form was due to the inevitability of several evidence statement forms
leading to only one recommendation. Also, the current NHMRC evidence statement form
does not provide a space to capture the actual wording of evidence statements.

Before the evidence statement form was completed, included studies were critically
appraised and relevant data were summarised, as described. This information was required
to formulate each recommendation and determine the overall grade of the body of evidence
supporting each recommendation.

The key findings from included studies were summarised as evidence statements for each
systematically reviewed research question. Where required, separate evidence statements
were developed for different patient populations and outcomes. CRG input helped to ensure
that the size of effects and relevance of evidence were considered when developing
evidence statements. Where no evidence or insufficient relevant evidence was identified,
this was explained in the evidence statement.

Completed evidence statement forms and recommendation forms for each research
question are presented in Appendix D (Volume 2).

Use of the modified NHMRC evidence statement form

The modified NHMRC evidence statement form was applied in five steps.

Step 1 Rating each of the five components

To inform grading of recommendations, the body of evidence underpinning each evidence
statement was assessed. Five key components were rated (Table 2.5.1). The first two
components — evidence base and consistency — were derived directly from the literature
identified for each research question. During review of identified evidence, CRG guidance
was also required to assess the clinical impact, generalisability and applicability of included
studies.

For each evidence statement, the five components presented in Table 2.5.1 were rated
according to the matrix shown in Table 2.5.2. This grading system was designed to
accommodate variation in the body of evidence. For example, a large number of studies
with minimal bias may be included, but have limited applicability to the Australian health-
care context. Alternatively, a body of evidence may consist of a small number of trials with a
moderate risk of bias, but have a significant clinical impact and high applicability to the
Australian health-care context. Rating results were entered into the modified NHMRC
evidence statement form, together with any additional explanatory information relevant to
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each component. The results section for each research question includes the body-of-
evidence matrix-rating assessment for each evidence statement.

Table 2.5.1 Components of the evidence statement

Component

Definition

Evidence base

Quantity

Reflects the number of studies included as the evidence base. Also takes into account
the number of patients in relation to frequency of the outcomes measured (i.e. study
statistical power). Meta-analysis can be used to combine results of studies to increase
the power and statistical precision of effect estimates.

Level

Reflects the best study type for the specific type of research question (intervention,
prognosis). Level | evidence would be the best evidence to answer each question.

Quality

Reflects how well studies were designed and conducted in order to eliminate bias.

Consistency

Assesses whether findings are consistent across included studies, including a range of
study populations and study designs. Meta-analysis of randomised studies should
present statistical analysis of heterogeneity that demonstrates little statistical difference
between studies. Presentation of an |2 statistic illustrates the extent of heterogeneity
between studies. Clinical heterogeneity between studies should also be explored.

Clinical impact

Measures the potential benefit from application of the guidelines to a population. Several
factors need to be considered when estimating clinical impact, including relevance of the
evidence to the clinical question; statistical precision and size of the effect; relevance of
the effect to patients compared with other management options or none. Other relevant
factors are the duration of therapy required to achieve the effect, and the balance of risks
and benefits (taking into account the size of the patient population).

Generalisability

Addresses how well the subjects and settings of included studies match those of the
recommendation. Population issues that could affect recommendations include sex, age,
ethnicity, and baseline risk or level of care (e.g. community or hospital setting). This is an
important consideration when evidence comes from randomised controlled trials, where
setting and entry requirements are generally narrow and therefore may not be
representative of all patients to whom the recommendation may be applied in practice. In
this circumstance broader-based population studies may be useful for confirming
evidence from randomised controlled trials.

Applicability

Addresses whether the evidence base is relevant to the Australian health-care setting in
general or to more local settings for specific recommendations (e.g. rural areas or cities).
Factors that will affect the applicability of study findings include organisational factors
(e.g. availability of trained staff, specialised equipment and resources) and cultural
factors (e.g. attitudes to health issues, including those that may affect compliance with
guidelines recommendations).

Source: NHMRC (2009)8
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Table 2.5.2 Body-of-evidence matrix
Component A B C D
Excellent Good Satisfactory Poor
Evidence Several Level lor [l | One or two Level Il Level Ill studies with | Level IV studies, or
base studies with low risk | studies with low risk | low risk of bias, or Level I to Il studies
of bias of bias or a Level | or Il studies | with high risk of bias
systematic with moderate risk of
review/multiple bias
Level Il studies with
low risk of bias
Consistency All studies Most studies Some inconsistency | Evidence is
consistent consistent and reflecting genuine inconsistent
inconsistency can uncertainty around
be explained clinical question
Clinicalimpact | Very large Substantial Moderate Slight or restricted
Generalisability | population/s studied | Population/s studied | Population/s studied | Population/s studied
in body of evidence | in the body of in the body of in the body of
are the same as the | evidence are similar | evidence are evidence are
target population for | to the target different to the target | different to the target
the guidelines population for the population but it is population, and hard
guidelines clinically sensible to | to judge whether it is
apply this evidence | sensible to
to the target generalise to the
population for the target population for
guidelines the guidelines
Applicability Directly applicable to | Applicable to Probably applicable | Not applicable to

the Australian
health-care context

Australian health-
care context with a
few caveats

to Australian health-
care context with
some caveats

Australian health-
care context

Source: NHMRC (2009)8

A rating of ‘NA’ was attributed for consistency when only one study was included.

Step 2 Preparation of an evidence statement matrix

An evidence statement matrix was completed to summarise the synthesis of the evidence
relating to the evidence statement or statements for each research question. This summary
presented ratings for the five components of the body-of-evidence matrix assessed for each
evidence statement. Multiple statements were required where the evidence differed in
population subgroups, or where differences in an intervention (e.g. dose/mode of
administration) could lead to different results. Other relevant issues and dissenting opinions
were recorded if required.

In practice, Steps 1 and 2 to complete the modified NHMRC evidence statement forms were
conducted concurrently for each evidence statement.

Step 3 Formulation of arecommendation based on the body of evidence

Step 3 involved formulating the wording of the recommendation. This wording was intended
to reflect the strength of the body evidence; that is, where the evidence base was regarded
as poor or unreliable, words such as ‘must’ or ‘should’ were not used. The wording of
recommendations was developed in conjunction with the CRG during meetings to review
the evidence base for research questions.
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Step 4 Determination of the grade for the recommendation

The overall grade for each recommendation was determined from a summary of the rating
for each component of the body of evidence. Definitions of the NHMRC grades of
recommendations are presented in Table 2.5.3. In accordance with the NHMRC framework,
recommendations were not graded A or B unless the evidence base and consistency of
evidence were both rated A or B (unless only one study was included, and consistency was
rated ‘NA’ — in this situation the quality, size and strength of the evidence base was relied
upon to grade the recommendation). The grading of recommendations was determined in
conjunction with the CRG.

Developed recommendations were entered into the recommendation forms, and the
corresponding evidence statement forms were noted, along with the overall grade
determined in this step (Appendix D, Volume 2).

Table 2.5.3 Definitions of NHMRC grades for recommendations

Grade Definition

A Body of evidence can be trusted to guide practice

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

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

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

Source: NHMRC (2009)8

Step 5 Implementation of guidelines recommendations

The NHMRC framework directs that guidelines implementation should be considered at the
same time as recommendations are formulated. The recommendation form contains
questions related to the implementation of each module (Appendix 4.3 in this volume).
These are:

o Will this recommendation result in changes in usual care?
e Are there any resource implications associated with implementing this recommendation?

o Will the implementation of this recommendation require changes in the way care is
currently organised?

e Is the guidelines development group aware of any barriers to the implementation of this

recommendation?

This section of the recommendation form was completed in consultation with the CRG when
each recommendation was formulated and graded. Implementation issues are recorded in
the recommendation forms presented in Appendix D (Volume 2).

Practice points

Practice points were developed by the CRG through a facilitated group discussion and
consensus process (Appendix 4.4 in this volume) in the following circumstances:

e where the underpinning evidence would have led to a Grade D evidence-based
recommendation

e where the CRG developed evidence-based recommendations graded C and above, but
considered that additional information was required to guide clinical practice (wherever
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possible, this guidance was sourced from other evidence-based guidelines assessed to be
of high quality)

e where insufficient evidence was identified to support the development of an evidence-
based recommendation.

The preferred term for this type of recommendation is a ‘consensus-based
recommendation’."* However, to be consistent with the first four modules of the patient
blood management guidelines and to avoid confusion, the term ‘practice point’ was used for
the final two modules. The new terminology will be adopted across all six modules at the
first review.

Recommendations, practice points and expert opinion points were formulated, discussed,
and agreed by the CRG at face-to-face meetings. No major debate or dissenting viewpoints
about the evidence occurred.

2.6 Limitations of the review methodology

This review used a structured approach to reviewing the literature. However, as with all
study types can be subject bias. Reporting biases are a particular problem related to
systematic reviews and include publication bias (small, negative trials tend not to be
published), time-lag bias (delayed publication of negative findings), multiple publication bias
(positive results published and counted multiple times), language bias (significant results
tend to be published in English language journals) and outcome reporting bias (selective
reporting of favourable outcomes).

Some of these biases are potentially present in these reviews. For example, only data
published in peer-reviewed journals were included. Unpublished material was not included
as such material typically has insufficient information upon which to base quality
assessment, and it has not been subject to the peer-review process. In addition, the search
was limited to English language publications only, so language bias is also a potential
problem. Outcome reporting bias and inclusion criteria bias are unlikely as the methodology
used in the review and the scope of the review was defined in advance.

2.7 Protocol deviation

It was not intended that individual evidence statement forms would be prepared for any of
the secondary outcomes identified in this review. This is because the secondary outcomes
were only extracted from studies that reported one or more primary outcomes, and
therefore had not undergone a strict systematic review process. However, in question 1,
evidence statements for each severe morbidity outcome were completed as it was realised
during the review process that in order to assess full text papers for the primary outcomes
(composite of severe morbidity and mortality) we had inadvertently also systematically
screened for each severe morbidity outcome. It was therefore deemed appropriate to
consider the evidence for each severe morbidity outcome in the same manner as other
primary outcomes considered for this review.
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3 Findings of systematic review

This chapter provides the findings of the systematic review, based on the four questions
listed in Chapter 2.

3.1 Question 1

Question 1 (Interventional)

In neonates/paediatric patients, what is the effect of RBC (allogeneic) transfusion on
patient outcomes?

RBC, red blood cell

Recommendations — RBC transfusion

R1 In paediatric patients, including those who are critically ill, a restrictive
(Grade C) | transfusion strategy is suggested.> ™ ¢
®See PP6 for guidance on a restrictive transfusion strategy.
b Higher Hb thresholds may be appropriate in very low birth weight and preterm
neonates.
“ See PP2, PP3 and Appendix F for guidance for preterm neonates.
R2 In children and adolescents with sickle cell disease who have been assessed to be
(Grade A) | at increased risk of stroke.* *A program of prophylactic RBC transfusions should

be used in order to reduce stroke occurrence.

? Assessed by transcranial Doppler ultrasonography12 and MRL."®
®See PP11 for methods of assessment.

Practice points — RBC transfusion

PP1

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.

®See PP1 in Patient Blood Management Guidelines: Module 3 — Medical.**

PP2

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

e age of infant

e age-specific Hb reference ranges

e Hb or haematocrit

e level of respiratory support

e ongoing or anticipated red cell loss

e nutritional status.

®See Appendix F (RBC transfusions in preterm infants).
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PP3

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

PP4

In neonatal patients, calculate transfusion volume (mL) based on weight and
desired Hb increment.’

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

PP5

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

e age-specific Hb reference ranges

e volume of transfusion and rate of administration

e patient monitoring during and after transfusion

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

e recognition and reporting of adverse events.

PP6

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

e 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.

e 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.

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

®See PP3 in Patient Blood Management Guidelines: Module 4 — Critical Care.”

PP7

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

% See PP23 in Patient Blood Management Guidelines: Module 3 — Medical.**

PP8

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

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

PP9

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

®See PP2 in Patient Blood Management Guidelines: Module 2 — Periopercn‘ive.16

PP10

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

PP11

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

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

® The 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; MRI, magnetic resonance imaging; PP, practice point; R,
recommendation; RBC, red blood cell

Evidence gaps and areas for future research

There is a need for further research on:

e the effect on RBC transfusion on morbidity (including bronchopulmonary dysplasia) and
mortality in preterm infants

e in other paediatric patients who are chronically transfused (e.g. acquired or inherited
bone marrow failure or anaemia syndromes), evidence to guide particular Hb thresholds

e the use of restrictive transfusions strategies in the following populations: critically ill
neonates, surgical patients, cardiac surgical patients and oncology patients

e alloimmunisation in regularly transfused patients

e in paediatric patients with sickle cell disease, optimal strategies for identifying patients at
high risk of silent and asymptomatic stroke.

Background

Neonatal and paediatric patients are transfused with RBCs to treat symptoms of acute blood
loss or anaemia, to reduce morbidity and mortality and improve quality of life. The
systematic review aimed to establish whether receiving a RBC transfusion affects clinically
important patient outcomes. It examined the effect of RBC transfusions in a general
population of neonatal and paediatric patients, and in subsets of patients in whom a
different management strategy might be appropriate.

Six different populations were considered for this question: (1) preterm infants (<37 weeks
gestational age); (2) infants (aged 0—23 months); (3) Children and adolescents (aged
between 2 and 18 years); (4) medical neonatal and paediatric patients; (5) neonatal and
paediatric patients requiring surgery; and (6) critically ill neonatal and paediatric patients.
Methods

Two comparisons were assessed for this review: (1) RBC transfusion compared with no
transfusion (or alternative RBC transfusion dose); and (2) restrictive transfusion compared
with liberal transfusion (based on different transfusion triggers) (see Section 4.1).

Because this is an intervention question, the levels of evidence are as follows:
e Level | —a systematic review of two or more Level |l studies

e Llevelll—an RCT
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e Level lll-1 —a pseudo-RCT

e Level lll-2 — a comparative study with concurrent controls (including non-randomised,
experimental trials, cohort studies, case—control studies and interrupted time series with
a control group)

e Level llI-3 — a comparative study without concurrent controls (including historical control
studies, two or more single-arm studies, and interrupted time series without a parallel
control group)

e Level IV — case series with either post-test, or pre-test and post-test outcomes.

For the purposes of this review, a systematic review of Level IlI-2 or Level IlI-3 evidence was
classified as Level Ill evidence.

For this question, the evidence was limited to studies published after 1995. Articles
published before 1995 that had been included in a Level | study were included. A search of
lower level evidence was only conducted for primary outcomes not addressed in higher level
evidence (see Section 2.3). Secondary outcomes were extracted from studies that reported
one or more primary outcomes.

For the first comparison (RBC transfusion compared with no transfusion), we considered
Level llI-2 evidence or higher. Only Level 1lI-2 studies that included at least 100 subjects and
were adjusted for potential confounding variables were considered. Although the results of
these adjusted Level Il studies can indicate whether or not RBC transfusions are an
independent risk factor for specific outcomes, they do not prove that RBC transfusions cause
these outcomes. This is because proof of causation can only be determined using an RCT. For
the second comparison (restrictive transfusion compared with liberal transfusion), Level |
and Level Il evidence were considered.

Overall, nine Level | studies that included seven Level Il studies relevant to our research
guestion, four additional Level Il studies, 20 Level IlI-2 studies, and two systematic reviews
of Level lll studies were identified in the systematic review and hand-searching process that
evaluated the use of RBC transfusions in neonatal and/or paediatric patients, and reported
outcomes relevant to our research questions (see Appendix C, Volume 2).

There was no literature specifically pertaining to Australia’s Aboriginal and Torres Strait
Islander peoples relevant to this research question.
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Evidence statements — preterm and low
birth weight infants (RBC transfusion)

Evidence

Consistency

Clinical impact

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.)

<

W

<

ES1.2

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

NA

NA

NA

NA

NA

ES1.3

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

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

W

ES1.4

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

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

W

ES1.5

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

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

NA

W

ES1.6

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

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

W

W

NA

W

W

ES1.7

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

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

W

W

W

ES1.8

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

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

W

W

NA

W

W

ES1.9

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

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

W

W

NA

W

W
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Evidence statements — preterm and low s z
birth weight infants (RBC transfusion) ) n:a' o i—g E
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ES1.10 | Invery low birth weight infants (<1500 g), liberal | NA \ W W
RBC transfusion may reduce cognitive delays
compared with restrictive RBC transfusion.
(See evidence matrix D1.1in Volume 2 of the
technical report.)
ES1.11 | Invery low birth weight infants (<1500 g), the W NA \ W W
effect of restrictive RBC transfusion compared
with liberal RBC transfusion on neurosensory
impairment, cerebral palsy, and visual and
hearing impairments is uncertain.
(See evidence matrix D1.Iin Volume 2 of the
technical report.)

VA=A, VW=

B: \=C; X=D; NA, not applicable

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

Recommendation — preterm and low birth weight infants (RBC transfusion)

R1
(Grade C)

®See PP6 for guidance on a restrictive transfusion strategy.
b Higher Hb thresholds are appropriate in very low birth weight and preterm neonates.
“See PP2, PP3 and Appendix F for guidance for preterm neonates.

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

Practice points — preterm and low birth weight infants (RBC transfusion)

PP1

In neonatal and paediatric patients, the decision to give a RBC transfusion should
not be dictated by a Hb concentration alone.? 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.

See PP1 in Patient Blood Management Guidelines: Module 3 — Medical.**

PP2

infants that includes the following:

e age of infant

e age-specific Hb reference ranges
e Hb or haematocrit

e level of respiratory support

e nutritional status.

e ongoing or anticipated red cell loss

Neonatal units should use a procedural guideline® for RBC transfusion in preterm
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®See Appendix F (RBC transfusions in preterm infants).

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

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

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

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

Background

In infants born before term, the physiological decline in circulating RBCs is more pronounced
than in term infants. Contributing factors include inadequate erythropoiesis, rapid growth
and phlebotomy blood losses that may occur within the first few weeks of life. This anaemia
of prematurity can be treated with RBC transfusions, which raise haemoglobin levels and
help to increase red cell volume. However, concerns have been raised about the use of RBC
transfusions in preterm infants, because of a potential association with a number of
developmentally specific adverse events such as retinopathy of prematurity (ROP),
bronchopulmonary dysplasia (BPD), necrotising enterocolitis (NEC) and intraventricular
haemorrhage (IVH). There is considerable variability in practice, due to uncertainty regarding
the indications for RBC transfusion and appropriate haemoglobin thresholds for transfusion.

RBC transfusion versus no transfusion (or alternate dose)
Summary of evidence

Level I evidence

The literature search did not identify any Level | studies of Level Il evidence that examined
the effect of RBC transfusion compared with no transfusion in preterm infants (<37 weeks
gestational age) that reported primary outcomes relevant to our research question.

Level Il evidence

The literature search did not identify any Level Il studies that examined the effect of RBC
transfusion compared with no transfusion in preterm infants (<37 weeks gestational age)
that reported primary outcomes relevant to our research question.

Level lll evidence

Two systematic reviews of Level Il studies (Mohamed 2012, Kirpalani 2012) and 14 Level Il
2 studies (AlFaleh 2014, Baer 2011, Demirel 2012, Dos Santos 2011, Elabaid 2013, Feghhi
2012, Fortes Filho 2013, Hakeem 2012, Kabatas 2013, Li 2013, Navaei 2010, Stritzke 2013,
Wan-Huen 2013, Weintraub 2011) were identified from the systematic review and hand-
searching process that examined the effect of RBC transfusion compared with no transfusion
in preterm or very low birth weight (VLBW) infants (see Appendix C, Volume 2). The main
characteristics of these studies are summarised in Table 3.1.1.

Mohamed (2012) was a good-quality systematic review of 11 retrospective case—control
studies and one cohort study that examined the association between RBC transfusion and
necrotising enterocolitis in 4857 preterm infants. The included studies were assessed by
Mohamed (2012) to be of moderate risk of bias (scoring 6—8 out of 10 on the Newcastle-
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Ottawa scale), with the main causes of bias being the selection of control subjects and the
lack of adjustment for confounders.

Kirpalani (2012) was a poor-quality systematic review of 10 Level Ill studies that assessed
RBC transfusion as a risk factor for NEC in 22,722 neonates. The included studies were
assessed to be of moderate risk of bias, with the main cause of bias being the inability to
confirm that the outcome was absent at the start of the study. The main characteristics of
the Level lll studies included in these two reviews are summarised in Table 3.1.2.

Of the 13 additional Level lll studies identified in this review, five (AlFaleh 2014, Demirel
2012, Elabaid 2013, Stritzke 2013, Wan-Huen 2013) also examined the association between
RBC transfusion and NEC in preterm infants, and were published subsequent to the
systematic reviews by Mohamed (2012) and Kirpalani (2012). The newly identified studies
were either retrospective case—control studies (AlFaleh 2014, Stritzke 2013, Wan-Huen
2013) or cohort studies (Demirel 2012, Elabaid 2013), and were conducted in a variety of
settings, including single neonatal intensive care units (NICU) in Saudi Arabia (AlFaleh 2014),
Turkey (Demirel 2012), and the United States (Elabaid 2013, Wan-Huen 2013), and multiple
NICUs in Canada (Stritzke 2013).

Baer (2011) was a retrospective case—control study of 155 VLBW (<1500 g) neonates
admitted to three perinatal centres in the USA. Cases were matched 1:2 to controls with
similar gestational age (+ 2 weeks) and birth weight (+ 200 g). Various risk factors, including
RBC transfusion within 72 hours of birth, were assessed for development of severe IVH
(grade 3-4).

Dos Santos (2011) was a retrospective cohort study of 1077 VLBW preterm infants aged 23
to 37 weeks gestation, who were admitted to eight centres in Brazil. Mortality was
compared in patients who received a RBC transfusion before the 28" day of life with
patients who did not receive a transfusion.

Navaei (2010) was a retrospective cohort study that investigated factors associated with
survival among 194 preterm infants with VLBW admitted to two NICUs in Iran over a period
of 15 months. Survival was defined as the discharge of live infants within 75 days.

The remaining six Level Il studies (Feghhi 2012, Fortes Filho 2013, Hakeem, 2012, Kabatas
2013, Li 2013, Weintraub 2011) included in this systematic review reported on various risk
factors (including RBC blood transfusion) associated with the development of ROP in
preterm and/or low birth weight infants. There were three prospective cohort studies
conducted in single NICUs in Southern Brazil (Fortes Filho 2013), Egypt (Hakeem 2012), and
Turkey (Kabatas 2013). One (Feghhi 2012) was a cross-sectional case—control study of low
birth weight infants admitted to multiple NICUs in Iran. One (Li 2013) was a retrospective
cohort study conducted in a single hospital in Taiwan and one (Weintraub 2011) was a
retrospective case—control study assumed to be conducted in Israel (study location not
reported).
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Table 3.1.1 Characteristics and quality of Level lll evidence identified in this review — RBC
transfusion versus no transfusion in preterm infants
Study ID Study type Population Comparison Outcomes
Study quality N
Systematic reviews of observational studies
Mohamed Systematic review of | Preterm infants or RBC transfusion NEC
(2012)7 observational studies | neonates versus no transfusion
Good 12 studies, N>2000
Kirpalani Systematic review of | Neonates who RBC transfusion NEC
(2012)18 observational studies | developed NEC versus no transfusion
Poor 10 studies, N=22,722
Level 111-2 studies
AlFaleh Retrospective case— | Preterm infants (<32 RBC transfusion NEC
(2014)1 control weeks gestation) with (n=110) versus no
Fair VLBW (<1500 g) transfusion (n=42)
N=152
Baer (2011)20 | Retrospective case- | VLBW neonates who RBC transfusion IVH (grade 3 or 4)
control developed severe IVH | (n=118) versus no
Fair matched 1:2 for transfusion (n=37)
gestational age and
birth weight with no IVH
N=101 (cases, n=54;
controls, n=101)
Demirel Retrospective cohort | Preterm infants (mean | RBC transfusion NEC
(2012)2 Fair gestational age 29 + 3.1 | (n=296) versus no
weeks) admitted to transfusion (n=351)
NICU with VLBW (mean | *irradiated, leukoreduced
1157 + 237 g)
N=647
Dos Santos Retrospective cohort | Preterm infants with RBC transfusion Mortality
(2011)% Fair VLBW (n=574) versus no
N=1077 transfusion (n=503)
Elabaid Retrospective cohort | Preterm infants RBC transfusion NEC (=stage 2)
(2013)% Fair admitted to NICU with | (n=1842) no
VLBW (<1500 g) transfusion (n=1218)
N=3060 *irradiated, leukoreduced
Feghhi Cross-sectional Preterm infants (<32 RBC transfusion ROP
(2012)4 case—control weeks gestational age) | (n=40) versus no
Fair and/or LBW infants transfusion (n=536)
N=576
Fortes Filho Prospective cohort Preterm infants with RBC transfusion ROP (=stage 3)
(2013)% Fair ELBW (n=124) versus no
N=157 transfusion (n=33)
Hakeem Prospective cohort Preterm infants (<32 >1 RBC transfusion ROP (stage 1-3)
(2012)26 Fair weeks gestational age) | (n=23) versus 1 RBC
with VLBW; transfusion (n=25)
Infants (>32 weeks versus no transfusion
gestational age or (n=124)
>1500 g birth weight)
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Study ID

Study type
Study quality

Population
N

Comparison

Outcomes

exposed to oxygen
therapy for >7 days;

Preterm infants (32-34
weeks gestational age)
who had had a course
of instability e.g. sepsis,
ventilation

N=172

Kabatas
(2013)7

Prospective case-
control

Poor

Preterm infants (<32
weeks gestational age)
with VLBW, or preterm
infants (32-37 weeks
gestational age) with
anaemia, apnoea, RDS,
PDA, ICH, NEC, CLD
perinatal asphyxia or
sepsis requiring
prolonged mechanical
ventilation

N=113

RBC transfusion
(n=87) versus no
transfusion (n=26)

ROP

Li (2013)28

Retrospective cohort
Fair

Preterm (<32 weeks
gestational age) or
VLBW infants

N=503

RBC transfusion
(n=228) versus no
transfusion (n=275)

ROP

Navaei
(2010)

Retrospective cohort
Fair

Preterm infants (<30
weeks gestational age)
with VLBW (<1500 g)

N=194

RBC transfusion
(n=84) versus no
transfusion (n=110)

Mortality

Stritzke
(2013)%

Retrospective case—
control

Fair

Preterm infants
admitted to NICU with
NEC stage =2 matched
1:3 to preterm infants
admitted to NICU
without NEC

N=3708 (cases, n=927;
controls, n=2781)

RBC transfusion
(n=357) versus no
transfusion (n=3351)

NEC

Wan-Huen
(2013)3

Retrospective case—
control

Fair

Preterm infants
admitted to NICU with
NEC stage =2 matched
1:2 to preterm infants
admitted to NICU
without NEC

N=146 (cases, n=49;
controls, n=97) with
3652 48-hr epochs

RBC transfusion
(n=557) versus no
transfusion (n=3095)

NEC

Weintraub
(2011)32

Retrospective case-
control

Poor

Preterm infants (<32
weeks gestational age)
with VLBW and ROP
(=stage 3) matched 1:2
to preterm infants (<32
weeks gestational age)

RBC transfusion
(n=135) versus no
transfusion (n=30)

ROP (=stage 3)
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Study ID

Study type

Study quality N

Population

Comparison

Outcomes

ROP

with VLBW, without

N=165 (cases, n=55;
controls, n=110)

CLD, chronic lung disease; ELBW, extremely low birth weight; ICH, intracranial haemorrhage; IVH, intraventricular haemorrhage; LBW, low
birth weight; NEC, necrotising enterocolitis; NICU, neonatal intensive care unit; PDA, patent ductus arteriosus; RBC, red blood cell; RDS,
respiratory distress syndrome; ROP, retinopathy of prematurity; VLBW, very low birth weight

Table 3.1.2 Characteristics and quality of Level lll evidence identified by included systematic
reviews — RBC transfusion versus no transfusion in preterm infants
Study Study type Population Comparison
Study quality N
Level lll studies identified and assessed by (1) Mohamed (2012)" and/or (2) Kirpalani (2012)18
Blau (2011)233 | (1) Case—control Preterm (<32 weeks Cases (n=9): TANEC =stage
8/10 gestational age) or VLBW 2
. infants (<1500 g) Control 1 (n=15): NEC >st
(2) Retrospective cohort ontrol 1 (n=15): NEC 2stage
S o N=36 2 not associated with
High risk of bias in 3 out of .
transfusion
8 measures
Control 2 (n=12): NEC =stage
2 and never transfused
Christensen (1) Case-control Preterm infants (<32 weeks Cases (n=40): TANEC =stage
(2010034 8/10 gestational age) with VLBW 3 (surgical)
(2) Retrospective cohort (<1500g) Control (n=72): surgical NEC
Hiah risk of bias in 3 out of N=112 >stage 3 not associated with
9 transfusion
8 measures . ) .
*Kirpalani (2012) sought additional
data on total cohort
El-Dib (1) Case-control Preterm (<32 weeks Cases (n=14): TANEC =stage
(2011)23 8/10 gestational age) infants with 2
(2) Case—control VLBW (<1500 g) Control (n=611): NEC 2stage
Hiah risk of bias in 1 out of N=625 2 not associated with
9 transfusion
5 measures
Harsono (1) Retrospective cohort Infants with ELBW (<1000 g) Cases (n=26): TANEC after
(2011)c36 6/10 N=43 28 days of age
(2) Not included Control (n=17): neonates (less
than 28 days of age) with NEC
not associated with
transfusion
Holder (1) Case—-control Preterm infants (<37 weeks Cases (n=7): TANEC =stage
(20093 8/10 gestation) with VLBW 2
i (<1500 ) Control (n=30): NEC not
(2) Retrospective cohort ; ) .
S o N=4833 associated with transfusion
High risk of bias in 3 out of
8 measures
Josephson (1) Case-control Preterm infants (<34 weeks Cases (n=18): TANEC =stage
(2010)%8 8/10 gestation) admitted to NICU 2
High risk of bias in 0 out of associated with transfusion
5 measures
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Study

Study type
Study quality

Population
N

Comparison

Mally (2006)2

(1) Case—-control

Preterm infants (<32 weeks

Cases (n=6): TANEC =stage

High risk of bias in 1 out of
5 measures

% 8/10 gestation) with VLBW 2
(2) Retrospective cohort (<1500) Control (n=11): NEC 2stage 2
High risk of bias in 3 outof | 208 not associated with
8 r?ﬂeasures transfusion

McGrady (1) Not included NR

(1987)e#0 (2) Case-control

Paul (2011)

(1) Case-control

Preterm infants (<32 weeks

Cases (n=33): NEC =stage 2

High risk of bias in 3 out of
8 measures

8/10 gestation) with VLBW within 48 hours or transfusion
(2) Retrospective cohort (<1500 g) Control 1 (n=59): NEC >48
S o N=2311 hours after transfusion
High risk of bias in 3 out of _
exposure
Perciaccante | (1) Case—control NR Cases (n=7, n=0): TANEC
(2008)°42 6/10 Control (n=11, n=11): NEC not
(2) Not included associated with transfusion
Epoch 1 N=18
Epoch 2 N=11
Singh (2011)*3 | (1) Case-control NR Cases (n=44): TANEC =stage
8/10 N=67 2
(2) Case~control Control (n=23): matched
High risk of bias in 0 out of control
5 measures
Stritzke (1) Case—-control VLBW (<1500 g) infants Cases (n=927): NEC =stage 2
(2012)c4 6/10 N=3708 Control (n=2781): no NEC
(2) Not included Nested study N=927 Nested study
Cases (n=144): TANEC =stage 2
Control (n=783): NEC not associated
with transfusion
Wan-Huen (1) Case-control Preterm (<32 weeks Cases (n=17): TANEC =stage
(2011)c4s 6/10 gestational age) infants with 2
(2) Not included ELBW (<1000 g) Control (n=32): NEC not
N=49 associated with transfusion
Valieva (1) Not included NR
(2009)2 46 (2) Retrospective cohort

ELBW, extremely low birth weight; NR, not reported; NEC, necrotising enterocolitis; NICU, neonatal intensive care unit; TANEC, transfusion-
associated necrotising enterocolitis; VLBW, very low hirth weight
a. Study not included. Data not sufficiently reported to compare infants that received a transfusion with those who did not.
b. Study does not meet our inclusion criteria. Level Il1-3.
¢. Study does not meet our inclusion criteria. Conference abstract.

d. Study not included. Total cohort numbers not provided. Sample size <100.
e. Study does not meet our inclusion criteria. Published prior to 1995.
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Results

Mortality

Two Level IlI-2 studies (dos Santos 2011, Navaei 2010) of fair-quality were identified that
assessed the association between RBC transfusion and mortality among preterm infants
with VLBW?. A summary of the results from these studies is provided in Table 3.1.3.

Dos Santos (2011) was a retrospective cohort study of 1077 preterm infants aged 23 to 37
weeks gestation. The authors reported in-hospital mortality in 197 infants who received RBC
transfusion (34.3%) compared with 102 infants who did not receive a transfusion (20.3%).
Patients in the transfused group were sicker than those who were not transfused. The data
were assessed using a multivariate Cox regression, which adjusted for variables
independently associated with higher mortality rates in a univariate analyses. These
variables included gestational age, Apgar score, Score for Neonatal Acute Physiology—
Perinatal Extension (SNAPPE Il), respiratory distress syndrome, IVH, necrotising enterocolitis,
and early- or late-onset sepsis. The authors concluded that the relative risk of in-hospital
mortality remained significantly increased among infants who received at least one RBC
transfusion before the 28" day of life (RR 1.49; 95% Cl 1.17, 1.78) compared with those who
did not received a transfusion.

The study by dos Santos (2011) also assessed mortality after 28 days of life in the 839 infants
who survived beyond the neonatal period. After adjusting for potential confounders, the
authors found that the relative risk of death remained significant among infants who
received more than two RBC transfusions during their hospital stay compared with infants
who received one or two RBC transfusions (RR 1.89; 95% Cl 1.19, 2.69).

While an association between RBC transfusion and hospital mortality rates was evident,
causality has not been established. Several others factors assessed by dos Santos (2011) also
remained significantly associated with mortality.

Navaei (2010) reported mortality among 194 preterm infants with VLBW admitted to two
NICUs in Iran over a period of 15 months. The study reported that RBC transfusion were
required in 43.3% of infants, with no significant difference observed among those who
received a transfusion (63.1%) compared with those not transfused (65.5%) (complete data
NR).

The study by Boo (1997) assessed risk factors associated with mortality in 868 VLBW infants
admitted to NICUs in Malaysia. Subjects were enrolled during a 6 month period between
January and June 1993. Using a stepwise logistic regression, the use of blood transfusion was
found to be associated with a significant lower risk of mortality (OR 0.4; 95% CI 0.2, 0.7;

p = 0.0021), however due to advances in neonatal care this data was judged to be of
historical interest only.

® One additional Level Il study (Boo 1997) was identified and excluded by the systematic review authors as the
study was deemed to be of historical interest only (See Volume 2, Appendix B).
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Table 3.1.3 Preterm infants: Results for RBC transfusion versus no transfusion (or alternate dose) — Mortality

Study No. of trials / Patient Setting Intervention Outcome Results
Level of sample size population Location versus RBC transfusion No transfusion Risk estimate Statistical
evidence® included in comparator n/N (%) n/N (%) (95% Cl) significance
Quality analysis p-value
Heterogeneityb
LEVEL lll EVIDENCE
Dos Santos Retrospective Preterm infants 8 centres, Brazil RBC transfusion In-hospital mortality | 197/574 (34.3%) 102/503 (20.3%) RR 1.46 [1.20, 1.53] Favours no transfusion
201122 cohort study (23.0-36.9 weeks before the 28" day p<0.001
Level lll—2 N=1077 gestation) with of life versus no
. VLBW (<1500 g) transfusion Multivariate Cox proportional hazards regression RR 1.49[1.17, 1.78] Favours no transfusion
Fair model adjusted for independent variables associated = 0.001
with higher mortality rates, including: gestational age, p=0.
1- and 5-minute Apgar scores, SNAPPE Il score, RDS,
IVH, early- and late-onset clinical sepsis, and NEC.
Mortality after 28 NR NR RR 4.17[1.83, 6.91] Favours no transfusion
days of life p=NR
N=839 — - - _— .
Multivariate Cox proportional hazards regression NR No significant differenced
model adjusted for independent variables associated =NR
with higher mortality rates, including: gestational age, p=
small for gestational age, 1- and 5-minute Apgar
scores, SNAPPE Il score, RDS, IVH, early- and late-
onset clinical sepsis, and NEC.
>2 RBC In-hospital mortality | NR NR RR 0.96 [0.88, 1.03] Favours no transfusion
transfusions during p=NR
hospital stay
VErsus one or two Multivariate Cox proportional hazards regression NR No significant differenced
RBC transfusions m_odel_ adjusted fo_r indepen_dent v_ariables a_ssociated p=NR
with higher mortality rates, including: gestational age,
1- and 5-minute Apgar scores, SNAPPE Il score, RDS,
IVH, early- and late-onset clinical sepsis, and NEC.
Mortality after 28 NR NR RR 2.63[1.91, 3.30f Favours no transfusion
days of ife Multivariate Cox proportional hazards regression RR 1.89[1.19, 2.69] p=0010
N=839 model adjusted for independent variables associated
with higher mortality rates, including gestational age,
small for gestational age, 1- and 5-minute Apgar
scores, SNAPPE Il score, RDS, IVH, early- and late-
onset clinical sepsis, and NEC.
Navaei 20102 | Retrospective Preterm infants 2 NICUs, Iran RBC transfusion In-hospital mortality | 63.1% 65.5% NR No significant difference
Level lll-2 cohort study (=30 weeks Versus no p>0.05
N=194 gestation) with transfusion
VLBW (1500 g)
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Cl, confidence interval; IVH, intraventricular haemorrhage; NEC, necrotising enterocolitis; NR, not reported; RBC, red blood cell; RDS, respiratory distress syndrome; RR, risk ratio; SNAPPE, score for neonatal acute physiology perinatal
extension; VLBW, very low birth weight

a. Where only one study is available in systematic review, the level of evidence has been downgraded to Level l/ll. The quality of the Level Il study is based on the quality assessment reported by the systematic review authors.

b. Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet >0.1 and 12 <25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between 25-50%;
substantial heterogeneity 12 >50%.

¢. Univariate analysis entered as single variable in proportional hazards Cox regression.

d. Only variables associated with mortality (in-hospital or after 28 days of life) were reported. An absence of reported data was assumed to infer no significant association.
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Composite of mortality and severe morbidity

There were no studies identified in the systematic review and hand-searching process that
assessed the effect of RBC transfusion compared with no transfusion in preterm infants that
reported on a composite of mortality and severe morbidity outcomes (e.g. BPD, ROP or brain
injury on ultrasound).

Secondary outcomes®

Bronchopulmonary dysplasia

There were no studies identified in the systematic review and hand-searching process that
assessed the effect of RBC transfusion compared with no transfusion in preterm infants that
reported on the outcomes of BPD.*

Necrotising enterocolitis

The systematic review and hand-searching process identified two systematic reviews of
Level lll studies (Mohamed 2012, Kirpalani 2012) and five additional Level lll studies (AlFaleh
2014, Demirel 2012, Elabaid 2013, Stritzke 2013, Wan-Huen 2013) that provided evidence
for the association between RBC transfusion and NEC in preterm infants. Table 3.1.4
summarises the results from these studies.

The five additional Level Il studies (AlFaleh 2014, Demirel 2012, Elabaid 2013, Stritzke 2013,
Wan-Huen 2013) were published subsequent to the literature searches conducted by
Mohamed (2012) and Kirpalani (2012). The studies by Elabaid (2013), Stritzke (2013) and
Wan-Huen (2013) were published reports of the preliminary data identified and included in
the meta-analysis of Mohamed (2012).

Mohamed (2012) assessed the association between RBC transfusions and NEC in VLBW
infants by comparing those who had transfusion-associated NEC (defined as within 48-hours
of transfusion) with those who had NEC not associated with transfusion. Five trials
(Christensen 2009, EI-Dib 2011, Paul 2011, Singh 2011, Wan-Huen 2011) involving 916
infants were identified that reported unadjusted estimates for the association between NEC
and exposure to transfusion in the previous 48 hours. A meta-analysis of these five trials
suggested a significant association between RBC transfusion and NEC (OR 3.91; 95% Cl 2.97,
5.14) but there was substantial heterogeneity (1>=58%) for this outcome. Four of the
identified studies (Harsono 2011, Paul 2011, Stritzke 2011, Wan-Huen 2011) reported
estimates adjusted for potential confounders. A meta-analysis of these four studies, which
involved 3863 infants, found a similar (albeit lower) association between NEC and exposure
to RBC transfusions (OR 2.01; 95% Cl 1.61, 2.50). Heterogeneity was substantial (1’=91%).

To explore the statistical heterogeneity, Mohamed (2012) removed Harsono (2011) from the
analysis because the study reported conflicting results in favour of RBC transfusions.
Removal of this outlier improved the homogeneity of the studies, but no further explanation
for the divergent results was discerned. Analysis using a random-effects model indicated
that the association between RBC transfusion and NEC was not statistically significant (OR
1.51; 95% Cl 0.62, 3.68).

® Note: 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.

© One Level Il study (Demirel 2009) published prior to 2011 was identified that assessed risk factors for the
development of BPD in VLBW infants. This study is awaiting assessment (See Volume 2, Appendix B).
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Kirpalani (2012) performed a meta-analysis of six cohort studies involving 22,155 infants and
compared the incidence of NEC among those that received a transfusion with those that
developed NEC but had not received a transfusion. The study reported a significant
association between RBC transfusion and NEC (OR 7.48; 95% Cl 5.87, 9.53). Heterogeneity
was substantial (I>= 98%). These data included two studies in which the total cohort
numbers were unknown (i.e. NEC events were reported but the total number of patients in
each treatment arm was not, leading to an overestimation of the incidence of NEC). Removal
of these two studies from the meta-analysis revealed that the association between RBC
transfusion and NEC was not significant when analysed using a random-effects model (RR
4.55; 95% Cl 0.78, 26.45; p = 0.09). The association remained significant when assessed using
a fixed-effects model (RR 6.80; 95% Cl 5.51, 8.41; p < 0.00001). Heterogeneity was
substantial (1’= 97%).

Kirpalani (2012) also reported a meta-analysis of four case—control studies involving 567
infants that revealed similar results. That is, a significant association between RBC
transfusions and NEC was reported using a fixed-effects model (OR 2.19; 95% ClI 1.52, 3.17;
p < 0.001), but the association was not significant when assessed using a random-effects
model (RR 1.66; 95% Cl 0.75, 3.64; p = 0.21). Heterogeneity was substantial (1>=94%). Again,
outcome data were incomplete for one of the case—control studies.

Cohort studies

The study by Demirel (2012) reported no significant between-group differences in the
incidence of NEC when comparing infants who received a RBC transfusion with those who
did not (RR 1.09; 95% Cl 0.75, 1.58). The authors explored clinical characteristics of those
who developed NEC and found no statistically significant difference between groups for a
variety of measures, including gestational age, delivery route, Apgar scores, ROP and type of
nutrition.

Elabaid (2013) evaluated development of NEC within 48 hours of exposure to RBC
transfusion among 3060 infants with VLBW (<1500 g); this publication was assumed to be an
updated report encompassing infants included in the study by Harsono (2011). There was no
significant difference between groups for the incidence of NEC in a univariate analysis (RR
1.32; 95% Cl1 0.97, 1.80). When assessed according to birth weight or severity of illness,
exposure to RBC transfusions was protective in infants with ELBW (<1000 g), those who
stayed longer on a ventilator, and those who required a longer umbilical arterial catheter
insertion period. These data were adjusted for gender, race and small for gestational age.
Elabaid (2013) also examined the association between RBC transfusion and the development
of NEC after the 28" day of life, and again reported that exposure to RBC transfusions was
protective in infants with ELBW (<1000 g). There was no statistically significant association
between late-onset NEC and RBC transfusions in infants weighing 1001 to >1250g and the
data were not estimable for infants weighing between 1250 and <1500 g. This was a
multivariate analysis that adjusted for gender, race and small for gestational age.

The meta-analysis of cohort studies conducted by Kirpalani (2012) was updated with the
unadjusted data reported by Demirel (2012) and Elabaid (2013) (see Figure 3.1.1). Studies
that did not meet our inclusion criteria (total N<100, incomplete data) were not included in
the analysis. The pooled data showed that an inc