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Abstract

Patient blood management (PBM) is a multidisciplinary, evidence-based approach to the preservation and
optimisation of a patient’s own blood, minimising avoidable blood loss, supporting physiological anaemia
tolerance, and reducing unnecessary exposure to transfusion. Paediatric PBM is focused on optimising and
preserving the child’s blood health throughout perioperative care and development. Moreover, neonates, infants,
children, and adolescents have unique considerations with individualised physiological development;
predisposition for anaemia of different aetiologies; and distinct biological responses to anaemia, blood loss, and
blood transfusion. In this review, we examine how the three main pillars of PBM can be adapted across the
paediatric age-specific perioperative setting. Key paediatric-specific considerations include the high rate of
undiagnosed iron deficiency before surgery, the impact of frequent iatrogenic blood extractions for samples and
circuit-related losses, blood product dosing and volume safety and accuracy, limited paediatric-grade evidence
for available adjunctive therapies, and marked variability in global and institutional infrastructure to support PBM
initiatives. Current evidence and expert consensus reinforce individualised management based on physiological
and biological markers and point-of-care variables. Importantly, these considerations specific to children need to
be proactively addressed and differentiated for all phases to promote safe and effective implementation of

paediatric PBM.
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INTRODUCTION

Patient blood management (PBM) is a patient-centred,
evidence-based, multidisciplinary strategy endorsed by
the World Health Organisation (WHO) to improve
outcomes through optimisation and preservation of the
patient’s own blood."! PBM emerged from recognition
that blood transfusion, while lifesaving, is associated
with dose-dependent complications, increased morbidity,
and substantial healthcare costs."”* Supported by a robust
adult evidence base, PBM has evolved into a formalised,
pathway-driven paradigm structured around three pillars:
optimisation of haemoglobin and red cell mass,
minimisation of blood loss and bleeding, and
optimisation of physiological tolerance of anaemia
through restrictive, physiology-guided transfusion
practices." The core components of PBM are
summarised in Figure 1. In many settings, paediatric
patients continue to be cared for with patient blood

management (PBM) strategies derived from adults. Such
strategies are frequently misaligned with certain unique
characteristics of children: age-specific coagulation
development, smaller blood volume, neonatal physiology,
the presence of congenital cardiovascular defects, and
metabolic capacity, together with conditions such as
prematurity, congenital heart disease, malignancy, chronic
inflammation, and nutritional iron deficiency, necessitate
paediatric-specific approaches to transfusion decision
making.IA. Moreover, this remains a challenge in low-
and middle-income countries, where limited resources
worsen deficiencies in available means to promote

paediatric blood health.

The key challenge for paediatric and perioperative
multidisciplinary teams is therefore not whether PBM
principles apply to children but how these principles
can be translated into paediatric appropriate definitions,
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Practical Paediatric PBM Perioperative Pathway:
A Quick Clinical Guide
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Figure 1 - Practical Paediatric PBM Perioperative Pathway: A Quick Clinical Guide. Source: Created in BioRender. Echeto, M. A. (2026), https://BioRender.

com/86ninng.

processes, and decision support tools that minimise avoidable transfusion
while ensuring access to blood when clinically necessary. This article
reviews the principles of paediatric patient blood management and
proposes a pragmatic framework for its application in clinical practice.

PREOPERATIVE PAEDIATRIC PBM

The preoperative period provides an opportunity to improve blood
health in children through early detection and management of
anaemia and iron deficiency, and the identification and correction
of coagulopathy where possible (Figure 1).

Preoperative Screening

Preoperative anaemia in children is common and associated with
increased perioperative morbidity, mortality, and transfusion
exposure. Reported prevalence varies widely depending on the
surgical population and screening practices, ranging from 24.3%
globally’ to 42% in less than five year-old children.® However,
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most data derive from selectively tested cohorts, potentially
underestimating the true burden of anaemia in paediatric surgical
populations. Early identification of anaemia enables optimisation of
red cell mass before surgery. In adult perioperative care, near-
universal haemoglobin screening is widely recommended.””® In
children, guidance remains more conservative, often restricting
testing to major surgery or to those with significant comorbidity.
While this approach aims to limit unnecessary testing, it may miss
opportunities for intervention, particularly in settings with a high
prevalence of childhood anaemia. Point-of-care haemoglobin
testing comes handy and provides a rapid assessment with minimal
infrastructure and may be particularly useful in resource-constrained
settings, although recognised accuracy limitations remain.*™® Laboratory
full blood count testing remains the reference standard. Anaemia is
defined as haemoglobin below the lower limit of normal for age,
commonly approximated by the fifth percentile of the population
distribution. The World Health Organization also provides pragmatic
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Table 1 - WHO definitions of anaemia and iron deficiency in children
and adolescents

Age Group Threshold
Anaemia (Haemoglobin, gdL™")"!
6-23 months <10.5
24-59 months <110
5-11 years <115
12-14 years <120
=15 years (female) <120
=15 years (male) <130
Iron deficiency (Ferritin, pg-L™")"?
<5 years — no inflammation <12
=5 years — no inflammation <15
Any age — inflammation / elevated CRP <30

Abbreviations: Hb, haemoglobin; CRP, C-reactive protein; WHO, World
Health Organization.

T World Health Organization. WHO guideline on haemoglobin concentrations
for the diagnosis of anaemia and assessment of severity. Geneva: WHO; 2024.
* World Health Organization. WHO guideline on use of ferritin concentrations
to assess iron status in individuals and populations. Geneva: WHO; 2020.

age-specific haemoglobin thresholds widely used for clinical screening
and epidemiological reporting. (Table 1)'"'2 Point-of-care haemoglobin
testing may support rapid assessment in resource-constrained settings,
although accuracy limitations remain, particularly with capillary

sampling. Iron deficiency assessment commonly relies on serum
ferritin concentrations.*'°. Iron deficiency is indicated by a ferritin
level of less than 12 ng/mL (mcg/L) in children under five and less
than 15 ng/mL in those over five.'' Interpretation may be
complicated by inflammation, particularly in populations with
infection, malaria, or haemoglobinopathies. Paediatric age-specific
haemoglobin thresholds are available and required to inform safe and

effective screening pathways.

Management of Preoperative Anaemia

Management following diagnosis should be guided by underlying
causes. (A practical screening and management pathway for
preoperative anaemia is illustrated in Figure 2). Although the
aetiology in paediatric surgical populations is incompletely
characterised, iron deficiency remains the most common cause
globally and an important initial target for intervention. Iron
deficiency may occur with or without anaemia and may reflect
nutritional deficiency, chronic inflammation, parasitic infection, or
other comorbid conditions. In many settings, empiric oral iron
therapy represents a pragmatic and widely accessible approach to
improving haemoglobin levels before surgery, often combined with
deworming where helminth infection is prevalent. Intravenous iron
may be considered in selected children when oral therapy is
ineffective, poorly tolerated, or when surgery is imminent and more
rapid haemoglobin optimisation is required.'> Erythropoiesis-
stimulating agents may also be used in specific circumstances,
although their use is limited by cost, availability, and variable access
across healthcare settings. Newer intravenous iron preparations such

6 - Step Practical Approach to Preoperative Anaemia Management
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Figure 2 - Six step practical approach to preoperative anaemia management. Source: Created in BioRender. Echeto, M. A. (2026), https://BioRender.

com/86ninng.
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Table 2 - Iron Formulations and Dosages

Formulation

Approved Pediatric
Indications

Dosage

Maximum Dose

dialysis or non-dialysis
dependent receiving
erythropoietin therapy

Oral Iron | Ferrous Salts (e.g., Sulfate All ages (Infants to Mild anemia 2-3 mg-kg ™" per day | > 50 kg: 150-200 mg/day
Fumarate) Adolescents) divided in 2-3 doses* Divide into 2-3 doses or once
Severe anemia 3-6 mg-kg ™' per daily to improve adherence.
day divided in 2-3 doses Toxicity > 20 mgkg ™'
Iron polymaltose Complex All ages (Infants to 3-5 mg-kg ™" per day as a single Children: 100 mg per day
Adolescents) dose or divided Adolescents: 200 mg per day
Sucrosomial Iron (or All ages (Infants to 1-3mgkg " per day (often requires | 30-60 mg per day (highly
Bisglycinate) Adolescents) lower dose due to high absorption) | bioavailable)**
IV Iron Iron Sucrose Children =2 years with CKD 0.5 mg-kg ™" in 60 min Initial dose: Max.100 mg per dose

every 2 weeks (dialysis
dependent) or 4 weeks (non-
dialysis dependent) patients.
Commonly used off-label for HMB.

Iron Dextran (LMWD) Children > 4 months

Until calculated dose with
Ganzoni*** is given.

Approved: 100 mg per infusion.
Total Dose Infusion: Up to 1000 mg
(off-label). Requires test dose.

Dose (mL) = 0.0442 x (Target Hgb -
Observed Hgb) x LBW + (0.26 x
LBW).

Ferric Carboxymaltose Children > 1 year with IDA

< 50 kg: 15 mg-kg'/dose in
15-30 min (2 doses separated by
at least 7 days)

= 50 kg: 750 mg/dose (2 doses
separated by at least 7 days)

750 mg

1000 mg as a single infusion
(associated with
hypophosphatemia)

Ferric Gluconate Children =6 years with CKD

on dialysis and EPO therapy

1.5 mg-kg' of elemental iron in
60 min

125 mg per dose

Adapted from Cohen and Powers 2023.

* Dosing Schedule: While the chart mentions divided doses (standard for ferrous salts), modern guidelines often recommendonce-daily or every-
other-day dosing to reduce “hepcidin” blockade and improve long-term adherence.
** Bjoavailability: New formulations use a “phospholipid bilayer” to bypass the usual absorption barriers in the gut. Usually same results with a lower

dose compared to traditional salts, with significantly fewer Gl side effects.
*** Ganzoni Formula:

Total Iron Deficit (mg) = [Weight (kg) x (Target Hb - Actual Hb in g-dL™") x 2.4] + Iron Stores (mg). Iron stores = 15 mg-kg

Hb of 15 g-dL™"

~"'max 500 mg. Use target

Response Monitoring: An optimal response to iron therapy is indicated by reticulocytosis within 5-7 days, followed by a rise in hemoglobin within

1-2 weeks.

Abbreviations: HMB: Heavy Menstrual Bleeding; CKD: Chronic Kidney Disease; IDA: Iron Deficiency Anaemia; EPO: Erythropoietin

as ferumoxytol and ferric iron gluconate demonstrate improved
safety profiles compared with older formulations.'®. Table 2 lists
the routes and frequently used iron compositions.

Coagulopathy Assessment

Coagulopathy is an underrecognised contributor to perioperative
risk in children. Assessment is complicated by developmental
haemostasis, age-dependent reference ranges, and variable access to
specialised testing. Current guidance recommends an initial
structured clinical evaluation, including a detailed personal bleeding
history, family history of bleeding disorders, and review of
medications that may affect haemostasis.'> This assessment remains
the most important screening tool for identifying children at risk of
inherited bleeding disorders. Laboratory investigations should
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therefore be targeted rather than routine. When indicated, testing
may include basic coagulation studies or specific factor assays
guided by clinical findings, with management focused at identifying
and correcting reversible causes such as vitamin K deficiency or liver
dysfunction.

INTRAOPERATIVE PAEDIATRIC PBM
Children, and

physiological tolerance to anaemia, an underdeveloped coagulation

particularly neonates infants, have limited
system, and smaller circulating blood volumes than adults. Age-
specific, evidence-based approaches that strike a balance between
the necessity for haemostasis and the avoidance of transfusion-
related hazards, are the need of the hour. The intraoperative PBM

aims to focus on blood conservation strategies, and optimisation of

https://resources.wfsahq.org/update-in-anaesthesia



Table 3 - Pragmatic haemoglobin thresholds for red blood cell transfusion in neonates, infants, and children

Population/Clinical Context

Hb Threshold (g-dL™") Key Evidence

Extremely low birth weight preterm neonates (birth weight <1000 g)

No respiratory support

Postnatal week 1 <10 TOP3% ETTNO?®

Postnatal week 2 <85 TOP?% ETTNO??

Postnatal week =3 <7 TOP*%; ETTNO*
Respiratory support

Postnatal week 1 <11 TOP*; ETTNO*?

Postnatal week 2 <10 TOP*; ETTNO™

Postnatal week =3 <9 TOP?*; ETTNO??
Infants and children (>28 days)

Haemodynamically stable critically ill child without significant cardiopulmonary disease <7 TRIPICU*, TAXI®®

Stable child after biventricular congenital heart surgery <7 TAXI?

Single-ventricle physiology <9 TAXI?

Cyanotic congenital heart disease without complete repair 7-9 TAXI*

Transfusion recommended <5 TAXP?

Actively bleeding Child <8

Abbreviations: Hb, haemoglobin; TOP, Transfusion of Prematures trial; ETTNO, Effects of Transfusion Thresholds on Neurocognitive Outcome trial;
TRIPICU, Transfusion Requirements in Paediatric Intensive Care Units trial; TAXI, Transfusion and Anemia Expertise Initiative.
Respiratory support definitions follow those used in the TOP and ETTNO trials: respiratory support included invasive mechanical ventilation,

continuous positive airway pressure (CPAP), nasal intermittent positive-pressure ventilation, or nasal cannula =1 L:-min~

included room air or nasal cannula <1 L'min”"

physiological tolerance of anaemia through restrictive, physiology-
guided transfusion practices, recognising transfusion as a supportive
therapy rather than a primary treatment (Figure 1).°

Blood Conservation Strategies

Intraoperative blood loss is a complex problem, as it primarily includes
surgical bleeding, and iatrogenic losses mostly related to phlebotomy,
investigations, and during establishing vascular access especially central
vascular access. Both surgeons and anaesthesiologists significantly
contribute towards the blood conservation strategies. (Figure 1).
Although patient safety remains paramount, unnecessary blood loss
should be minimised through careful preoperative and intraoperative
planning. Pragmatic paediatric blood conservation strategies include
meticulous surgical haemostasis, avoidance of excessive sampling,
advanced monitoring guided physiological optimisation, use of
antifibrinolytics, cell salvage, and use of point-of-care testing where
appropriate to guide management (Table 3).

Advanced Monitoring Guided Physiological Optimisation

Maintenance of physiological homeostasis during bleeding, particularly
avoidance of haemodilution, hypothermia, and acidosis, is central
to preserving coagulation and limiting blood loss. Emerging
evidence supports the use of advanced monitoring technologies,
especially in neonates, to enable more precise assessment of oxygen

16-1

delivery and consumption.'®™'® Near-infrared spectroscopy used

alongside haemodynamic and biochemical markers such as lactate,

' no respiratory support

base deficit, and pH may support physiology-guided decision
making in high-risk settings. Cerebral and somatic oximetry, when
available, provides valuable information on end-organ oxygen delivery
and may be compromised in hypotensive and anaemic patients."”
Evolving evidence does not support the historically implemented
deliberate hypotension in the paediatric population, as this has not

been shown to confer benefit.!

Prophylactic use of Antifibrinolytics

Tranexamic Acid (TXA) is an antifibrinolytic medication, that acts
by competitively inhibiting the lysine-binding site on plasminogen
molecule, preventing activation of plasmin, and therefore stabilizing
the fibrin clot against degradation. At higher doses, TXA is a direct
inhibitor of plasmin. TXA is an inexpensive, universally available
and highly effective antifibrinolytic agent for reducing blood loss in
paediatric surgery where bleeding is anticipated, such as cardiac
surgery, spinal fusion, craniosynostosis repair, and major trauma.
TXA should be considered prophylactically for any patient
in whom >10% of estimated blood loss is anticipated or therapeutically
for any patient with active significant bleeding.”® In paediatric
pharmacokinetic studies, administration of an intravenous bolus
between 10 and 30 mg/kg followed by an infusion of 5-10 mg/kg/h
has been associated with reduced intraoperative blood loss and
transfusion requirements, without an increase in serious adverse
events.”’ It should be noted that TXA is a clot stabiliser, not a
clot promoter, and prospective paediatric studies support the
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low thromboembolic risk. Expert consensus recommendations
support routine consideration of antifibrinolytic therapy as part
of intraoperative PBM.

Acute Normovolaemic Haemodilution

Acute normovolaemic haemodilution (ANH) may be considered in
selected paediatric patients when substantial blood loss is
anticipated, provided the starting red blood cell (RBC) mass is
amenable to an intraoperative presurgery “donation” with
normovolaemic replenishment using crystalloids or colloids.*?
ANH may be a desired blood conservation modality when
alternative PBM strategies are limited by patient or institutional
factors. The technique involves a precalculated and controlled
volume withdrawal of whole blood, monitoring haemodynamics,
and with a 1:1 replacement volume to safely reduce the haematocrit
prior to surgical bleeding. The whole blood is anticoagulated, kept
at room temperature to preserve the platelets and reinfused within 8
hours.*’Evidence supporting ANH in children remains limited to
major surgeries like cardiac surgeries resulting in reduction of the
transfusion requirement intraoperatively and postoperatively but

minimal evidence to show any long term benefit.?*

Cell Salvage

Cell salvage is an effective strategy for preserving autologous red
cells in paediatric surgery when significant blood loss is anticipated
or in children with rare blood groups where compatible donor
blood may be difficult to source. By collecting and reinfusing shed
blood, cell salvage can reduce exposure to allogeneic transfusion.
Technological advances, including lower priming volumes and
paediatric-specific circuits, have improved feasibility across a range
of paediatric surgical settings. Observational data suggest that in
children weighing >10 kg who lose >10% of total circulating
volume, cell salvage is most successful. Volumes as low as 50 mL
can be recovered by careful salvage procedures as well as using new
devices. Strategies for improving collection include avoiding turbulent
suctioning on the surgical field, which can lead to RBC lysis; minimising

blood lost in drapes and surgical sponges; and using paediatric collection
bowls.”

Cell salvage remains limited by cost, equipment availability, and
operator experience, particularly in resource-constrained settings.
Effective implementation requires coordination between surgical
and anaesthetic teams and familiarity with paediatric-specific
considerations. Although high-quality randomised data are lacking,
observational studies indicate that cell salvage is associated with
reduced allogeneic transfusion in children undergoing surgery with

anticipated major blood loss.*®

Surgical Strategies

Safe, effective, and meticulous surgical technique is central to
intraoperative blood conservation and includes minimally invasive
approaches, staged procedures, meticulous dissection, and judicious
use of haemostatic methods such as electrocautery, manual
compression, and suture ligation. Topical haemostatic agents™*
as fibrin sealants Gelfoam, Floseal, and fibrin glue also help to attain

such

local haemostasis.
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Bleeding Management

During major intraoperative bleeding, structured management
combining clinical assessment with laboratory or point-of-care testing
may support targeted haemostatic therapy.?” Viscoelastic testing
(e.g. thromboelastography or rotational thromboelastometry)
enables dynamic assessment of clot formation and earlier identification
of coagulopathy. Evidence is strongest in paediatric cardiac surgery,
with more limited data in other surgical populations.*
Hypofibrinogenaemia is an important predictor of bleeding risk in major
paediatric surgery, and fibrinogen replacement using cryoprecipitate
or fibrinogen concentrate may be required.’" Prothrombin complex
concentrates and recombinant activated factor VII may reduce
bleeding in selected situations but carry potential thrombotic risk and
should generally be reserved for carefully selected cases.’®** A pragmatic
bleeding management algorithm is illustrated in Table 3>

POSTOPERATIVE BLOOD MANAGEMENT STRATEGIES

Postoperative PBM emphasises optimisation of blood health, early
recognition of bleeding, and minimisation of iatrogenic blood loss.
Careful monitoring of bleeding is essential, with early surgical review
when concerns are expressed. Efforts should reduce unnecessary
phlebotomy through judicious testing, smaller tubes, and avoidance
of routine sampling. Postoperative blood recovery from drains may
reduce donor exposure, although paediatric data remain limited.
Restrictive transfusion practices remain central. Platelet and plasma
transfusion should be guided by clinical context and laboratory findings,
with viscoelastic testing supporting targeted correction where available.”

IMPLEMENTATION CHALLENGES

Despite increasing recognition of patient blood management
principles, implementation in paediatric practice remains variable.
The evidence base is limited and many recommendations rely on
observational data and expert consensus. Application is further
complicated by developmental haemostasis, smaller circulating
blood volumes, neonatal physiology, and congenital cardiac
disease, which influence bleeding risk and tolerance of anaemia.
Resource constraints add additional challenges, particularly in
low- and middle-income settings where laboratory capacity, blood
product availability, and access to therapies may be limited. A pragmatic
approach prioritises feasible interventions such as early identification and
treatment of anaemia, minimisation of avoidable blood loss, careful
surgical haemostasis, and physiology-guided transfusion decisions.

SUMMARY

Paediatric PBM has historically lagged behind adult practice and
remains an understudied and under prioritised area of perioperative
care. Addressing key evidence gaps will require development of
paediatric-specific PBM algorithms and consensus guidance supported
by clinical trials that reflect the physiological diversity of children.
Emerging technologies may support physiology-guided transfusion
decisions but require validation in paediatric populations. Moving from
a “forgotten population” to one that is truly prioritised will require
strengthening paediatric blood management through pragmatic context-
appropriate PBM pathways involving coordinated multidisciplinary
collaboration across diverse global healthcare settings.
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