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ABSTRACT

Background: Neonatal anaemia is common, particularly in preterm and critically ill infants, and is frequently managed with
red blood cell transfusion despite well-recognised associated morbidity. Patient blood management strategies aim to reduce
transfusion exposure, and tranexamic acid (TXA) has emerged as a potential pharmacological adjunct. However, evidence
supporting the use of TXA in neonates remains limited.

Methods: We conducted a comprehensive narrative review of peer-reviewed literature published between January 2015 and
December 2025. Searches were performed in PubMed/MEDLINE, Scopus, and Web of Science using Medical Subject
Headings and keyword combinations related to neonates, children, blood conservation strategies, and TXA. Eligible studies
included systematic reviews, randomised controlled trials, observational cohort studies, and case reports evaluating TXA use in
paediatric and neonatal populations across surgical, critical care, and selected medical contexts. Adult-only and animal studies
were excluded. Findings were synthesised qualitatively.

Results: Seventeen studies met the inclusion criteria. Evidence consistently supports the use of TXA as part of multimodal
blood-conservation strategies in elective paediatric surgery with predictable bleeding, particularly in craniosynostosis surgery,
where reductions in blood loss and transfusion requirements were observed. In paediatric cardiac surgery and life-threatening
haemorrhage, TXA may reduce bleeding and early mortality; however, benefits were less consistent in neonates. Evidence for
TXA use in neonatal medical indications was sparse and inconclusive. Safety data suggest a dose- and context-dependent risk
of seizures, with limited neonatal-specific adverse event reporting.

Conclusion: TXA shows promise as a pharmacological blood conservation strategy in selected paediatric surgical populations,
but evidence supporting its routine use in neonates remains limited. The unique haemostatic physiology, immature renal
clearance, and neurological vulnerability of neonates necessitate cautious use. High-quality neonatal pharmacokinetic studies
and prospective trials are urgently needed to define optimal dosing, safety, and efficacy before widespread adoption in neonatal
practice.

Keywords: neonatal anaemia; tranexamic acid; patient blood management; blood conservation strategies; neonatal surgery;
transfusion

INTRODUCTION

Anaemia is a major global health problem, affecting nearly
one-third of the world’s population,(1) and is associated
with a disproportionate burden of morbidity and mortality
in infants and children. Approximately 29% of newborns
develop anaemia, with preterm infants, particularly those
with extremely low birth weight (ELBW), at substantially
higher risk.(1,2) Neonatal anaemia results from blood loss,
reduced red blood cell (RBC) production, or increased
RBC destruction.(3) In preterm and critically ill neonates,
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anaemia is often more severe, compromising tissue oxygen
delivery and contributing to adverse short- and long-term
outcomes.(4) These vulnerable infants frequently require
perioperative blood transfusion; however, transfusion
exposure is consistently associated with poorer outcomes.
Transfused neonates have significantly higher morbidity
compared with non-transfused infants (46.2% vs. 16.2%,
p < 0.01).(5)

Anaemia, commonly defined using a haematocrit (HcT)
threshold of 40%, has been identified as an independent
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predictor of in-hospital mortality.(6) Clinically, neonatal
anaemia may present subtly but can progress to cerebral
hypoxia and long-term neurodevelopmental impairment if
severe.(7) More than 80% of ELBW infants receive at least
one RBC transfusion during hospitalisation.(8,9) Blood
conservation strategies have been reported to be efficacious,
with a one-third reduction in blood loss and a significant
decrease in transfusion requirements (41% vs. 73%; RR =
0.56; p = 0.001).(10) Therefore, optimising perioperative
blood management is critical for improving neonatal out-
comes.(6,11,12)

Physiological anaemia of infancy occurs in all neo-
nates due to reduced erythropoietin (EPO) production,
transition from foetal to adult haemoglobin, shortened
RBC lifespan, and haemodilution with growth.(4) While
this typically resolves without intervention in term neo-
nates,(13) preterm neonates experience anaemia that is
earlier, more profound, and prolonged, termed anaemia of
prematurity, driven by immature erythropoiesis and bone
marrow function.(14,15) Consequently, RBC transfusions
are frequently required to support oxygen delivery in this
population.(13)

Despite advances in transfusion medicine, neonatal trans-
fusion practices remain highly variable, reflecting a lack of
consensus on optimal thresholds and strategies.(16,17)
Transfusion decisions are guided by gestational age, birth
weight, haemodynamic status, and laboratory indices, with
adjunctive tools such as echocardiography and near-infrared
spectroscopy (NIRS) increasingly explored to refine clinical
judgement.(3,18) However, transfusions carry substantial
risks in neonates, including infection, transfusion-related
lung injury (TRALI), circulatory overload, and associations
with bronchopulmonary dysplasia (BPD), retinopathy of
prematurity (ROP), intraventricular haemorrhage (IVH),
and necrotising enterocolitis (NEC).(19-22) These risks
highlight the need for safe and effective blood-conservation
strategies, coupled with evidence-based practices.

Perioperative patient blood management (PBM) and
blood conservation strategies aim to reduce blood loss
and transfusion exposure by optimising preoperative anae-
mia, meticulous surgical and anaesthetic techniques, and
goal-directed transfusion practices.(23-25) Many con-
ventional blood-conservation methods are unsuitable in
neonates due to limited blood volume and physiological
reserve, underscoring the importance of potent pharmaco-
logical approaches.

Tranexamic acid (TXA), a synthetic lysine analogue
that inhibits fibrinolysis, has emerged as a potent and key
pharmacological blood-conservation strategy. TXA inhib-
its fibrinolysis by blocking the binding of plasminogen to
fibrin, thereby preventing its conversion to plasmin and
subsequent clot breakdown.(26,27) By preserving exist-
ing clots rather than promoting new clot formation, TXA
enhances clot stability and reduces ongoing and exces-
sive bleeding by targeting the final common pathway of
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haemorrhage.(28) While well established in paediatric
and neonatal cardiac surgery,(29,30) TXA is increasingly
used off-label in non-cardiac paediatric settings.(26,31)
However, evidence regarding its safety, dosing, and effec-
tiveness in neonates remains heterogeneous and incom-
pletely synthesised.

This narrative review aims to synthesise the current evi-
dence on the use of TXA as a pharmacological blood con-
servation strategy in paediatric patients, with a particular
focus on neonates, and to identify key knowledge gaps to
inform future research and clinical practice.

METHODS
Review design

'This narrative review evaluated the perioperative and clin-
ical application of TXA in paediatric patients, with par-
ticular emphasis on the neonatal population, highlighting
current evidence and identifying existing knowledge gaps.

Literature search strategy

The review was conducted using a structured and trans-
parent methodology by two reviewers (GL and MK).
A focused search of peer-reviewed literature published
between January 2015 and December 2025 was undertaken
across three electronic databases: PubMed/MEDLINE,
Scopus, and Web of Science. The search strategy combined
Medical Subject Headings (MeSH) and relevant keywords,
including neonates, newborns, blood conservation strategies,
and franexamic acid. The complete search strategy is pre-

sented in Table 1.

Eligibility criteria

EndNote 20 (Clarivate Analytics, Philadelphia, USA, 2022)
was used to export study records identified across the differ-
ent search engines, to identify and remove duplicate citations,
and to manage the screening of titles, abstracts, and full-text
articles. Peer-reviewed journal articles were included if they
examined the use of TXA in children and neonates within
the perioperative period, intensive care settings, or other
relevant medical contexts where its use has been reported
or proposed. Eligible study designs included systematic
reviews, meta-analyses, narrative reviews, randomised con-
trolled trials (RCTs), case reports, and observational cohort
studies that evaluated TXA as a pharmacological blood
conservation strategy. Only full-text articles published in
English were included. Studies involving adult populations
and animal models were excluded. Figure 1 illustrates the lit-
erature identification, screening, and study inclusion process.

Risk of bias (quality) assessment

Given the substantial heterogeneity of study designs
included in this narrative review; RCTs, systematic reviews,
meta-analyses, observational studies, narrative reviews,
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Table 1: Search strategy: databases and key terms used

Database MeSH Terms, Keywords, and Boolean Points

PubMed/ MEDLINE ((“infant, newborn”[MeSH Terms] OR “neonate”[ Text Word]) AND (((“blood conservation strat-
egies”[ Text Word] OR “blood conservation strategies”[All Fields]) AND “tranexamic acid”[ Text
Word]) OR “tranexamic acid”[All Fields])) AND ((y_10[Filter]) AND (humans|[Filter]) AND

(english[Filter]) AND (allinfant[Filter] OR infant[Filter]))

(TITLE-ABS-KEY(neonates AND infants) AND TITLE-ABS-KEY (tranexamic ANDacid
ANDuse) AND TITLE-ABS-KEY(blood ANDconservation ANDstrategies)) AND (LIMIT-
TO(SUBJAREA, “MEDI”)) AND (LIMIT-TO(EXACTKEYWORD, “Tranexamic Acid”) OR
LIMIT-TO(EXACTKEYWORD, “Infant, Newborn”) OR LIMIT-TO(EXACTKEYWORD,
“Newborn”) OR LIMIT-TO(EXACTKEYWORD, “Humans”)) AND (LIMIT-
TO(LANGUAGE, “English”))

neonates OR infants (All Fields) AND blood transfusion conservation strategies (All Fields) AND
tranexamic acid use (All fields)

Scopus

‘Web of Science

Studies captured from the databases (n=60)
-PubMed/ MEDLINE: n=53

-Scopus: n=3

-Web of Science: n=4

=
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Duplicates removed: n=3

A\ 4
| Title and Abstract screening: n=57 ‘_)

Excluded studies that did not

meet eligibility criteria: n=34

v Excluded studies (n=6)
-No independent TXA

| Full Text Screening: n=23 ‘

analysis: n=3

-TXA not evaluated as an

v

intervention: n=2
-Pharmacokinetics and

A 4 Pharmacodynamics of TXA:

| Included studies I I Study screening |

Studies included in the review: n=17 n=1

Figure 1: Flow diagram of the literature search, screening,
and inclusion process.

and case reports, a single unified risk-of-bias tool was
not applied. Instead, the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
framework was used to assess the overall certainty of evi-
dence. GRADE was selected because it allows structured
appraisal across diverse evidence types by considering key
domains including risk of bias, inconsistency, indirectness,
imprecision, and publication bias, rather than relying on
design-specific tools that are not directly comparable across
heterogeneous study designs.

Data extraction and synthesis

Following study selection, a narrative synthesis was under-
taken to integrate findings across heterogeneous study
designs, populations, and clinical contexts. The retained
evidence clustered into distinct clinical domains. These
results were synthesised qualitatively, and the strength and
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certainty of evidence were assessed descriptively, consider-
ing study design, risk of bias, consistency of findings, and
applicability to paediatric and neonatal populations.

RESULTS

A structured literature search identified 60 peer-reviewed
studies, of which three were duplicates. Following title and
abstract screening, 34 studies were excluded as they primar-
ily involved adult obstetric populations and did not meet
the inclusion criteria. Full-text screening of the remaining
articles identified 17 studies for inclusion in the narrative
synthesis (Figure 1). These studies examined TXA use across
elective surgical, cardiac, trauma, and massive haemorrhage
contexts, as well as selected paediatric and neonatal medical
contexts, with substantial variability in the certainty of the
evidence across indications and age groups. The majority of
included studies demonstrated moderate certainty of evi-
dence according to the GRADE assessment (47%), while
29% were rated as very low certainty (Table 2). No included
studies were assessed as having high certainty of evidence.
Across the retained studies, the evidence on tranexamic
acid can be synthesised into four key clinical domains:
(i) elective surgery with predictable bleeding, (ii) efficacy
of tranexamic acid in reducing bleeding and transfusion
requirements and life-threatening haemorrhage, (iii) safety
outcomes, including seizures, thrombotic events, and renal
effects, and (iv) neonatal medical indications for tranexamic
acid use. Table 3 summarises the included studies, with
particular emphasis on study design and key findings.

Elective surgery and bleeding

Moderate certainty evidence across multiple study designs, as
assessed using the GRADE approach, including prospective
single-centre cohorts, RCTs, and systematic reviews with
meta-analyses, demonstrates consistent reductions in peri-
operative allogeneic blood product use among neonatal and
paediatric patients receiving TXA during cranial vault sur-

gery.(32,35,47) A 2015 systematic review and meta-analysis
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Table 2: GRADE assessment of the included studies

Author (year)  Study design Riskof Inconsistency Indirectness Imprecision Publication Overall GRADE
bias bias certainty

White et al., SR and Meta- Low Moderate Low Moderate Low Moderate

2015 (32) analysis of RCTs (12 ~ 50%)

Goobie et al., Narrative review  Low Low Low Moderate Low Moderate

2025 (33)

Dorgalaleh et al., Case report High High High High High Very low

2020 (34)

Erbetal., 2016 Narrative review  Low Low Low Moderate Low Moderate

35)

Faraoni et al., Narrative review  Low Moderate Low Moderate Moderate Low

2019 (36)

Goel et al.,, 2016 Narrative review  Moderate Moderate Low Low Low Moderate

(37)

Han et al., 2016  Retrospective High High Moderate High Moderate ~ Very low

(38) study

Maeda et al., Retrospective Moderate Low Low Low Moderate Moderate

2017 (39) study

(Nationwide)

Moynihan et al., SR and Delphi High High Moderate High Moderate Very low

2024 (40) consensus

Spinella etal.,  Prospective obser- High Low Moderate Moderate Moderate ~ Low — Moderate

2022 (41) vational study

Streif et al., 2020 Narrative review  Moderate High Moderate High Moderate ~ Very low

(42)

Tanis-Arens Retrospective Moderate Low Low Moderate Low Low — Moderate

etal.,, 2023 (43) study

Verma et al., Narrative review  Moderate Moderate Low Moderate Moderate Low — Moderate

2009 (44)

Wang et al., 2023 Case report Moderate High Moderate High Moderate  Very low

(45)

Willems et al.,,  Retrospective Moderate Low Low Low Low Moderate

2019 (46) study

Wood et al., 2020 Prospective study Moderate Low Low Low Low Moderate

(47)

Yao et al., 2023 SR and Low Low Low Moderate Low Moderate

(48)

Meta-analysis

SR= systematic review, RCT(s)= randomised control trial(s)
GRADE levels interpretation: High = Very confident that the true effect lies close to the estimate, Moderate = true effect is probably close to the
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estimate, Low = limited confidence in the estimate, Very Low = evidence is sparse, inconsistent and indirect.

of children undergoing craniosynostosis surgery, with a mean
age ranging from 2 months to 4 years, reported a signifi-
cant reduction in allogeneic blood transfusion volume in the
TXA compared with controls (mean difference -111.6 mL,
95% CI -207.1 to -16.1 mL; I? = 51%; p = 0.002).(32)

In a single-centre prospective observational cohort
study, Wood and colleagues evaluated 279 children aged
1 year or younger undergoing craniosynostosis surgery
and demonstrated a significant reduction in intraopera-
tive blood loss following implementation of a multimodal

blood-conservation protocol.(47) This protocol included
TXA administered at a loading dose of 20 mg/kg followed
by an infusion of 10 mg/kg/h and was associated with sub-
stantially lower blood loss compared with standard care
(6.6 mL vs.24.8 mL, p < 0.001). However, as TXA formed
part of a comprehensive strategy that also incorporated
modified surgical techniques, preoperative EPO admin-
istration, local anaesthetic infiltration, and hypervolaemic
haemodilution, the independent effect of TXA cannot be
isolated.
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Table 3: A summary and key findings of the included studies
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Author (year) Population Clinical context ~ Study design Comparator Outcomes Main findings
White et al., Infants & Craniosynostosis SR & Placebo / no Transfusion { transfusion volume
2015 (32) young children surgery meta-analysis of TXA volume (MD = -112 mlL,
(mean age: 2 RCTs p=0.02)
m—4 yrs)
Goobie et al., Infants & Multimodal PBM  Narrative review Blood prod- Blood loss, { transfusion, Yblood
2025 (33) children strategies ucts and other transfusion, loss, and no thrombo-
antifibrinolytics ~ TXA safety embolic risk
(EACA)
Dorgalaleh et  Single neonate Factor X Case report — GI bleeding Bleeding resolved with
al., 2020 (34) deficiency + FFP + TXA; efficacy
COVID-19 of TXA could not be
isolated
Erb etal, Neonates and ~ Craniosynostosis ~ Narrative review Blood products  Perioperative Significant ¥ in blood
2016 (35) infants up to 10 surgery anaesthetic and  transfusion volumes
months haemostatic along with modified
management surgical technique
Faraoni et al., Neonates, Paediatric cardiac  Narrative review Placebo and TXA efficacy TXA L perioper-
2019 (36) infants, and surgery Epsilon- ative bleeding and
children aminocaproic acid transfusion
Comparable to EACA
Goel et al., Neonates, Paediatric patient ~ Narrative review Placebo/ no TXA  Perioperative Limited data in
2016 (37) infants, blood management and Expert antifibrinolytic  neonates and trauma
children,and  programs synthesis agent efficacy patients
adolescents Supporting evidence
in paediatric cardiac,
orthopaedic, and
cranial remodelling
surgeries
Han et al., Infants and Craniosynostosis Retrospective No TXA Blood loss Higher EBL in TXA
2016 (38) children surgery cohort group due to con-
founding (247 mL vs.
138 mL)
Maeda et al., Neonates to Paediatric cardiac ~ Retrospective No TXA Seizures, T seizures (1.6% vs
2017 (39) 12yrs surgery on CPB cohort mortality, 0.2%, p<0.0001); no
(median 1 yr) hospital stay mortality difference
Moynihan Neonates Paediatric ECMO SR + Delphi — Bleeding TXA may reduce
etal., 2024 Anticoagulation consensus bleeding; evidence is
(40) Collaborative sparse
(PEACE)
Spinella et al., 0-17 yrs Life-threatening Prospective mul- No antifibrinolytic Early mortality 4 6-h mortality with
2022 (41) (median 7 yrs) haemorrhage ticentre observa- antifibrinolytics (TXA
tional (secondary and EACA cohorts)
analysis) No seizures with TXA
AKI with EACA
Streif etal.,  Newborns Haemophilia Narrative review — Bleeding Insufficient evidence
2020 (42) for routine TXA
Tanis-Arens  Neonates (<30 Paediatric cardiac ~ Retrospective EACA Seizures No T seizure risk with
et al., 2023 days) surgery on CPB cohort low-dose TXA
(43) 7T seizures with EACA
Continued
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Table 3: A summary and key findings of the included studies Continued

Author (year) Population Clinical context ~ Study design Comparator Outcomes Main findings
Verma et al., Infants to ado- Paediatric sur- Narrative review — Bleeding, TXA is effective in
2009 (44) lescents (2 m to gery (cardiac and transfusion cardiac surgery and
14.5 yrs) non-cardiac) non-cardiac, ¥ blood
use and comparable to
EACA
Wang etal., 19-day-old Pulmonary Case report — Coagulation Treatment with
2023 (45) neonate haemorrhage and monitoring TXA resulted in
thrombocytopaenia hypercoagulability
Willems et al., 0-16 yrs (mean Paediatric cardiac ~ Retrospective Aprotinin Blood product 4 Use of blood
2019 (46) 9.6 m) surgery on CPB cohort use products vs aprotinin
(59.8% vs 77.5%,
p<0.001)
Wood etal., Neonatesand  Craniosynostosis  Prospective Standard care/ no Bleeding Significant ¥ in blood
2020 (47) infants (< 1yr; surgery observational added TXA loss vs standard care
mean 1 m) (24.8 mL vs 6.6 mL,
p<0.001)
Yao etal, Neonates IVH preventionin SR and No TXA Bleeding No statistically sig-
2023 (48) premature neonates meta-analysis severity nificant ¥ in bleeding

severity (44% vs 40%)

yr(s) = year(s), SR = systematic review, RCT(s) = randomised control trial(s), TXA = tranexamic acid, MD = mean difference, PBM = perioperative
patient blood management, EACA = epsilon-aminocaproic acid, ¥ = reduced/ decreased, T = elevated/ increased, GI = gastrointestinal, FFP = fresh
frozen plasma, ECMO = extra-corporeal membrane oxygenation, CPB = cardio-pulmonary bypass, AKI = acute kidney injury, IVH = intraventricular

haemorrhage

In contrast, a retrospective study reported higher esti-
mated blood loss (EBL) in patients who received TXA
compared with those who did not (274 mL vs. 138 mL)
in a cohort with a mean age of 3.4 = 1.2 months.(38)
'This finding likely reflects confounding by indication, as
TXA was preferentially administered to patients under-
going more complex or extensive procedures, highlighting
the challenges of interpreting observational data in this
setting.

In paediatric cardiac surgery with cardiopulmonary
bypass (CPB), the results on TXA efficacy were less uni-
form. Observational comparative studies suggest that
TXA was associated with lower overall blood product
exposure when compared with historical antifibrinolytics
or alternative agents.(36,44,46) These benefits were more
consistently observed in infants and children beyond the
immediate neonatal period. In neonates, however, trans-
fusion requirements remained high irrespective of the
antifibrinolytic agent used, including TXA or epsilon-ami-
nocaproic acid (EACA).

Furthermore, a systematic review and Delphi con-
sensus from the Paediatric Extracorporeal Membrane
Oxygenation Anticoagulation Collaborative (PEACE)
identified only a single neonatal study involving congenital
heart disease in which tranexamic acid use was associated
with reduced bleeding and transfusion requirements.(40)
'The evidence in neonates was heterogeneous, sparse, and
inconclusive, highlighting the limited and low-certainty
evidence in this population.
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TXA efficacy in life-threatening bleeding and
massive transfusion

Studies evaluating TXA efficacy in life-threatening haem-
orrhage, including trauma and massive transfusion scenar-
ios, suggest a potential early benefit. A secondary analysis
of a large prospective paediatric dataset demonstrated that
early administration of antifibrinolytic agents, including
TXA, was associated with reduced early (6-hour) mortality.
(41) These results suggest a potential early survival benefit
from attenuating hyperfibrinolysis during acute bleeding.

Nevertheless, TXA was administered as part of complex
resuscitation bundles, and the observational nature of these
analyses introduces substantial confounding by indication.
Consequently, while these data support biological plausi-
bility and align with trauma evidence, the certainty of ben-
efit in paediatric trauma and massive haemorrhage remains
low to moderate.

TXA and safety outcomes

Principal adverse effects associated with TXA include an
increased risk of seizures, thromboembolic events, and renal
complications. A narrative review exploring multimodal
PBM strategies and antifibrinolytic profile of different
pharmacotherapeutic agents reported no thromboembolic
risk following TXA wuse.(33) A neonatal-specific study
evaluating infants undergoing cardiac surgery with CPB
and directly comparing TXA with EACA demonstrated no
increase in seizure incidence in the low-dose TXA group.
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In contrast, a higher seizure frequency was observed in the
EACA cohort.(43) An increased risk of acute kidney injury
(AKI) was reported in paediatric cohorts receiving EACA,
whereas no associated increase in AKI was observed with
TXA administration.(41)

Neonatal TXA use indications

Evidence for TXA use in neonatal medical haemorrhage
remains limited and inconsistent. Reports involving condi-
tions such as haemophilia, factor X deficiency, and throm-
bocytopenia have yielded conflicting findings. A single
neonatal case report described an episode of hypercoagu-
lability following TXA administration,(45) while available
evidence in newborns with haemophilia has been insuffi-
cient to support routine use in this subgroup.(42) Similarly,
studies investigating TXA for the prevention of IVH in
ELBW neonates have demonstrated no clinically or statis-
tically significant benefit.(48)

In contrast, a single case report of a neonate with factor
X deficiency described resolution of gastrointestinal bleed-
ing following tranexamic acid administration; however, the
concurrent use of fresh frozen plasma limits attribution of
efficacy to tranexamic acid alone.(34)

DISCUSSION

'This narrative review evaluated the role of TXA as a phar-
macological blood conservation strategy in paediatric
patients, with particular emphasis on neonates. The overall
body of evidence suggests that TXA has a clearly defined
role in selected paediatric surgical populations, while its
application in neonates remains limited by physiological
complexity, inconsistent efficacy signals, and a paucity of
neonatal-specific safety data.

A key finding emerging from this synthesis is that TXA
appears most beneficial when used in procedural con-
texts with predictable, surgical bleeding and when incor-
porated into structured, multimodal PBM strategies. In
these settings, TXA functions as an adjunct to haemostatic
optimisation by attenuating surgery and CPB-triggered
hyperfibrinolysis, thereby supporting early clot stabil-
ity and reducing exposure to allogeneic transfusion when
other contributors to bleeding (temperature, calcium,
fibrinogen, platelets, surgical haemostasis) are simultane-
ously addressed.(49) Paediatric PBM frameworks empha-
sise that antifibrinolytics are most effective when combined
with broader strategies such as preoperative anaemia
management, minimisation of iatrogenic haemodilution,
meticulous operative technique, point-of-care coagulation—
guided transfusion, and targeted factor therapy, reinforc-
ing that TXA is rarely a single-solution intervention.(33)
Importantly, the more consistent benefit observed in older
infants and children contrasts with the variability reported
in neonates, which likely reflects developmental differences
in haemostasis, circulating blood volume, and pharmacol-
ogy.Neonates exhibit developmental haemostasis, including
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lower plasminogen concentrations at birth, age-dependent
differences in fibrinolytic regulation, and immature renal
clearance mechanisms.(50,51) These features may blunt the
net antifibrinolytic effect achievable with TXA compared
with older children in whom fibrinolysis and compensa-
tory haemostatic mechanisms are more mature.(52) These
challenges are amplified in high-complexity haemostatic
environments such as CPB and ECMO where bleeding
is multifactorial and not exclusively fibrinolytic. In such
contexts, CPB-related bleeding in neonates is driven by a
convergence of haemodilution (small circulating volume
relative to prime), platelet dysfunction or consumption,
inflammatory activation, and circuit-related perturbations
of coagulation and fibrinolysis, alongside procedure-spe-
cific surgical bleeding risk.(53-55) Therefore, even if TXA
successfully reduces fibrinolysis, the dominant haemostatic
limitation may be platelet dysfunction or dilutional hypofi-
brinogenaemia, thereby constraining the isolated impact
of TXA unless PBM elements that address these parallel
pathways are implemented. Consistent with this mech-
anistic rationale, neonatal-focused clinical evidence has
been more heterogeneous than broader paediatric datasets,
and systematic reviews continue to highlight variability
in effect estimates and outcomes across paediatric cardiac
surgery populations.(56) This supports an interpretation
that TXA’s apparent benefit is context-dependent, with the
strongest signal occurring where fibrinolysis is a principal
driver of bleeding and where multimodal PBM reduces
competing causes of haemorrhage.

The evidence base supporting TXA use outside elec-
tive surgical settings remains comparatively limited and
less robust methodologically. While TXA appears bio-
logically plausible in life-threatening haemorrhage and
massive transfusion scenarios, available data are largely
observational and embedded within complex resuscitation
bundles.(57) The majority of supporting data in these con-
texts derive from adult trauma and obstetric populations,
and from observational paediatric series rather than ran-
domised neonatal trials.

As a result, causal attribution remains uncertain, and
the magnitude of the TXA-specific benefit cannot be
reliably quantified, particularly in neonates. Large land-
mark studies, such as the CRASH-2 and WOMAN tri-
als,(58,59) demonstrated a mortality benefit with early
TXA administration; however, their findings cannot be
directly extrapolated to neonates given fundamental dif-
ferences in haemostatic physiology, injury patterns, and
competing causes of bleeding. While TXA remains a
biologically rational adjunct in severe haemorrhage, the
magnitude of benefit specific to TXA in non-elective neo-
natal settings cannot be reliably quantified with the current
evidence base. This uncertainty underscores the need for
prospective, context-specific studies and for cautious inter-
pretation of observational data when TXA is used within
bundled resuscitation strategies rather than as an isolated
intervention
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Off-label TXA use for neonatal medical haemorrhage
highlights a clinically important gap between perceived
need and evidentiary support. Although TXA is mecha-
nistically attractive as an antifibrinolytic, neonatal bleed-
ing phenotypes are heterogeneous and frequently reflect
developmental haemostasis and systemic illness rather
than isolated hyperfibrinolysis. In the study included in
the review by Yao et al. on early IVH prevention, early
randomised evidence demonstrated biochemical suppres-
sion of fibrinolysis without a corresponding reduction in
haemorrhage incidence.(48) This suggests that fibrinolysis
is unlikely to be the dominant modifiable driver of IVH
in very preterm infants and that TXA’s effect may not
translate into meaningful clinical benefit in this indication.
Broader syntheses of IVH prevention interventions simi-
larly do not support TXA as an effective preventive therapy,
reinforcing that routine prophylactic use in this setting is
not evidence-based.

Forinherited bleeding disorders and other neonatal med-
ical haemorrhage indications, the literature remains limited
and is largely composed of small series and isolated reports,
typically in conjunction with concurrent haemostatic ther-
apies.(34,42,45)In haemophilia, major international guid-
ance positions antifibrinolytics as adjuncts, particularly
for mucosal bleeding and dental/ENT procedures, rather
than definitive stand-alone therapy, which further supports
cautious interpretation of apparent “TXA success”in case-
based neonatal reports where factor replacement or other
haemostatic optimisation is occurring simultaneously.(60)
Collectively, these findings support the conclusion that
routine TXA use for neonatal medical haemorrhage can-
not currently be recommended, and that future research
should prioritise clearly defined haemorrhage phenotypes,
standardised co-interventions, and prospective evaluation
to isolate TXA-specific effects.

Safety considerations remain central to TXA use in neo-
nates, particularly given the vulnerability of the develop-
ing brain and the immaturity of renal clearance pathways.
Among reported adverse events, neurological complica-
tions, most notably seizures, represent the most consistent
safety signal associated with TXA exposure. The available
evidence suggests that seizure risk is dose-dependent and
context-specific, with neonatal-specific studies using low-
dose regimens not demonstrating the same risk profile
observed in larger paediatric cohorts.(56) Importantly, no
consistent association between TXA and thromboembolic
events has been demonstrated, and renal adverse effects
appear more prominent with alternative antifibrinolytic
agents. Nevertheless, the absence of strong safety signals
must be interpreted in light of the limited statistical power
of existing neonatal studies, which are typically under-rep-
resented, heterogeneous, and not designed to detect rare
adverse events.

Given that TXA is predominantly renally eliminated, and
that neonatal glomerular filtration and tubular handling
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mature over the first weeks of life, inter-individual variabil-
ity in drug exposure remains a legitimate concern, particu-
larly in critically ill neonates or those with evolving renal
dysfunction.(61)

Collectively, these considerations reinforce the view that
TXA should not be regarded as a universal or benign solu-
tion for neonatal bleeding. Rather, it should be considered
a context-specific adjunct, used selectively within broader
blood conservation strategies, and guided by neonatal
physiology, exposure-conscious dosing, and careful neu-
rological and renal surveillance. Extrapolation from adult
or older paediatric data, particularly with respect to safety,
should be approached cautiously until adequately powered
neonatal studies become available.

CONCLUSIONS

Neonatal anaemia and transfusion exposure remain major
contributors to morbidity in preterm and critically ill
infants. Pharmacological blood conservation strategies are
therefore highly desirable. TXA demonstrates clear benefit
in selected paediatric surgical populations; however, its role
in neonates remains incompletely defined. Current evi-
dence does not support routine neonatal use outside care-
fully selected surgical contexts, and significant uncertainty
persists regarding optimal dosing, efficacy, and safety.

Until high-quality neonatal-specific data are available,
TXA use in neonates should be cautious, individualised,
and embedded within comprehensive patient blood man-
agement strategies. Addressing the identified evidence gaps
is essential to ensure that TXA, if adopted more widely in
neonatal care, improves outcomes without introducing
avoidable harm.

FUTURE DIRECTIONS

'This review identified several critical gaps that warrant pri-
oritisation. Neonatal-specific pharmacokinetic and phar-
macodynamic studies are urgently needed to define safe
and effective dosing regimens. Prospective trials focusing
on clinically meaningful outcomes, including transfusion
exposure, neurological events, renal injury, and mortality,
are essential before TXA can be routinely recommended in
neonatal practice.
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