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Abstract The aim of this review is to provide practical guidance for the treatment of carriers of
haemophilia and newborns presenting with haemophilia. Both mother and newborn
have an increased risk for clinically relevant bleeding. An experienced team should
manage genetic counselling, prenatal diagnosis, pregnancy, delivery and the newborn
presenting with haemophilia. Published and regularly updated guidelines must guide
this team. Vaginal and caesarean deliveries before labour entail a comparable bleeding
risk. Haemophilia carriers should receive factor concentrate (FC) at the time of delivery
if their factor level is below normal. Evidence remains insufficient to recommend
systemic desmopressin and tranexamic acid for the prevention of peripartum haemor-
rhage. Primary prophylaxis with FC for all newborns with severe haemophilia is not
justified. The pattern of bleeding seen in the affected newborns is essentially different
from that seen in older children. Estimated frequency of intracranial haemorrhage
(ICH) is 2 to 3%. Cranial ultrasound is a good screening method for ICH in newborns.
Many neonatal bleeds are iatrogenic in origin. The most prominent concerns regarding
neonatal factor replacement are the risk for inhibitor development, followed by local
bleeding and issues related to poor vascular access. The preference for plasma-derived
FC and recombinant FC differs widely between centres and countries. Replacement
therapy should be monitored since newborns may require higher doses of FC.
Emicizumab, licensed for all age groups since 2019, should not be used in newborns
with severe haemophilia A and acute bleeding, although “non-factor” agents are
expected to revolutionise haemophilia therapy.

Zusammenfassung Ziel dieser Übersicht ist eine praktische Anleitung zum Umgang mit Überträgerinnen
von Hämophilie (Konduktorinnen) und Neugeborenen mit Hämophilie zu geben.
Sowohl Konduktorinnen als auch betroffene Nachkommen haben ein relevant erhöhtes
Blutungsrisiko. Nur ein erfahrenes Team sollte genetische Beratung, Pränatal diagnos-
tik, Schwangerschaft, Geburt und das betroffene Neugeborene betreuen. Publizierte
und regelmäßig aktualisierte Leit- und Richtlinien müssen immer die Grundlage des
Handelns sein. Die vaginale Entbindung und der elektive Kaiserschnitt haben ein
vergleichbares Blutungsrisiko. Für Konduktorinnen, die bei der Geburt einen Faktor-
spiegel unter dem Normalwert aufweisen, sind Faktorkonzentrate empfohlen. Die
Wirksamkeit von Desmopressin und Tranexamsäure zur Behandlung peri- und
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Introduction

Haemophilia A and B are X-linked recessive bleeding disor-
ders that are manifested clinically by excessive bleeding,
which eventually leads to clinically relevant blood loss and
tissue damage. Of all haemophilia patients, approximately
85% suffer from haemophilia A [factor VIII (FVIII) deficiency]
and 15% from haemophilia B [factor IX (FIX) deficiency].
Maternal carriers of haemophilia have a 50% chance of
passing on the gene defect. Severity of haemophilia is
consistent among family members. The underlying genetic
defect also has an effect on inhibitor development, which
influences future treatment.

Both mother and newborn have an increased risk for
clinically relevant bleeding and blood loss. With the advent
of potentially curative strategies for haemophilia, it is im-
perative that newborns and infants with haemophilia be
appropriately diagnosed and managed.

A literature searchwas conducted in PubMed. This concise
review was compiled from published information including
guidelines and from personal experience with haemophilia
care. The aim of this review is to provide practical guidance
for the treatment of carriers of haemophilia and newborns
with haemophilia and to highlight important aspects and
future developments in haemophilia care in the perinatal
period.

Discussion

General Considerations and Aspects
Faced with a positive family history of haemophilia, a team
consisting of obstetricians and paediatricians with experience
in haemophilia care and 24-hour access to laboratory moni-
toring and factor replacement therapy should manage all
aspects of haemophilia care including genetic counselling,
prenatal testing, pregnancy, delivery and the newborn pre-
senting with haemophilia. Written treatment plans that ad-

here to published guidelines and that enjoy a consensus of all
involved specialists should be readily available. The diagnosis
and its implications should be discussed with the parents
before discharge from the hospital. Since bleeding problems
can occur at any time, early referral to the local haemophilia
treatment centre is highly recommended.

Identification of Carriers of Haemophilia
Although expected to have plasma concentrations of FVIII and
FIX corresponding to half the concentration found in healthy
individuals, a wide range of FVIII and FIX levels is observed in
carriers of haemophilia.1 This wide range is due to genetic
factors including skewed X chromosome inactivation (lyoni-
sation) and ABO blood group. Haemophilia carriership is often
not readily considered when unexpected bleeding and blood
loss occur in the perinatal period.2,3 It is estimated that �30%
ofhaemophilia cases occuras a consequence ofnewmutations
andaffecteither themaleoffspringora femalecarrier inwhom
nopersonalor familyhistoryofbleedingproblems isevident.A
comprehensive guideline that addresses diagnosis and treat-
ment of unexpected bleeding during and shortly after delivery
was published by the AWMF # 015/063 (Peripartale Blutun-
gen, Diagnostik und Therapie).4

Genetic Testing and Foetal Sexing
Genetic testing is a powerful and important tool for screen-
ing and counselling for haemophilia. The aim of any genetic
counselling is to allow future parents to reach a decision that
is appropriate for their situation. Families at risk have the
option of (1) declining prenatal testing and accepting the risk
of having an affected child; (2) conceiving naturally and
having a prenatal diagnosis with the option of pregnancy
termination if the foetus is found to be affected and; (3)
considering advanced assisted conception techniques with
pre-implantation genetic diagnosis and embryo selection.3,5

§ 218a StGB (Germany), §§ 96–98 StGB (Austria) (https://
www.gesundheit.gv.at/leben/eltern/schwangerschaft/info/

postpartaler Blutungen ist nicht gesichert. Eine primäre Prophylaxe mit Faktorkon-
zentraten aller Neugeborenen mit schwerer Hämophilie ist nicht gerechtfertigt.
Blutungen des Neugeborenen unterscheiden sich grundsätzlich von denen des älteren
Kindes. In 2 bis 3% treten intrakranielle Blutungen auf. Die Ultraschalluntersuchung ist
eine gute Suchmethode zum Ausschluss einer intrakraniellen Blutung beim Neuge-
borenen. Viele Blutungen werden erst durch medizinische Manipulationen verursacht.
Die größten Bedenken gegen eine frühe Behandlung mit Faktorenkonzentraten von
hämophilen Neugeborenen sind die Entwicklung eines Hemmkörpers gegen FVIII/ IX,
lokale Blutungskomplikationen und der problematische venöse Zugang. Unterschied-
lich nach Land und Zentrum werden bevorzugt aus Plasma hergestellte oder rekombi-
nante Faktorkonzentrate verabreicht. Bei jeder Faktorgabe sollte der Faktorspiegel
überwacht werden, da Neugeborene mehr Faktor benötigen können als ältere Kinder.
Zurzeit wird von der Verwendung von Emicizumab, das seit 2019 für alle Altersgruppen
zugelassen ist, für Neugeborene mit schwerer Hämophilie A und akuter Blutung
abgeraten, auch wenn zu erwarten ist, dass “non-factor”Medikamente die Behandlung
der Hämophilie revolutionieren werden.

Schlüsselwörter

► Hämophilie
► Schwangerschaft
► Blutungsrisiko
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schwangerschaftsabbruch) and §§ 118–120 StGB (Switzerland)
regulate the preconditions for intentional termination of
pregnancy. Pre-implantation genetic diagnosis is permitted
by law in all three German speaking countries (Embryonen-
schutzgesetz § 3a (G); Fortpflanzungsmedizingesetz § 2a (A);
Fortpflanzungsmedizingesetz Art. 5 Abs. 3, Bundesverfassung
Art. 119 Abs. 2 Best. c (S)). Based on these regulations, selected
ethic committees examine individual circumstances. Deci-
sions are taken on an individual basis.

Chorionic villus sampling is the principal method used for
prenataldiagnosisofhaemophilia. Theprocedure isperformed
at 11 to 14weeks of gestation and allows diagnosis in thefirst
trimester of pregnancy. Amniocentesis is performed later,
namely after 15 weeks of gestation, which must be kept in
mind if termination of pregnancy should remain an option.

In a large cohort study, the risk of miscarriage following
amniocentesis and chorionic villus sampling was estimated
to be as lowas�0.36% [95% confidence interval (CI):�1.26 to
0.55%] and 0.29 (95% CI:�0.53 to 1.12%), respectively.6

Today, non-invasive testing is limited to foetal sexing that
should always be performed as a routine part of antenatal
care as it will help in managing pregnancy and delivery.
Testing circulating cell-free foetal DNA from maternal blood
for Y chromosome-specific sequences from the late first
trimester on and ultrasound (US) examination at 18 to 20
weeks of gestation may be applied.3

Delivery

Factor Levels and Bleeding Risk in Carriers of Haemophilia
Ina surveyof546affectedwomen, alreadyonlymildly reduced
factor levels between 41 and 60% (range: 5 to 219%) were
associated with prolonged bleeding.1 In practical terms, hae-
mophilia carriers should receive prophylactic factor replace-
ment 5 to 219% therapy at the time of delivery if their factor
level is not in the normal range and/or they have a history of
increased bleeding tendency. As part of normal physiological
response, FVIII and von Willebrand factor (VWF), factor anti-
gen levels rise during pregnancy, reaching a plateau around29
to 35 weeks of gestation, thus protecting haemophilia A
carriers at least partly from excessive post-partum bleeding
and blood loss. After childbirth, FVIII and VWF levels fall
rapidly and usually return to baseline after 7 to 21 days.7

The FIX level does not change during pregnancy.8,9 Regional
anaesthesia and administration of anticoagulants, namely
heparin, are reserved for those individuals with factor levels
in the normal range (►Table 1).10

Desmopressin and Tranexamic Acid Use during Pregnancy
Desmopressin (DDAVP), a vasopressin analogue, is a drug
used to effectively increase the concentration of FVIII for the
following 5 to 6 hours. It has been found to be an effective
drug that can reduce the risk of and even stop clinically
relevant acute bleeding in inherited bleeding disorders.11,12

Hence, although beneficial for achieving haemostasis, severe
adverse effects of DDAVP in pregnant women raise concerns.
DDAVP may cause placental insufficiency due to arterial
vasoconstriction and increase the risk of miscarriage due

to an oxytocic effect and maternal and/or neonatal hypona-
traemia. However, pregnant women receiving DDAVP should
always be advised to avoid excessive fluid intake. In the
absence of high-quality evidence, clinicians should limit the
use of DDAVP to the first and second trimesters of pregnancy
and decide on its use by applying clinical judgement and
personal experience to ensure the safety of both mother and
foetus.13

The early and systemic use of tranexamic acid (TXA) has
been shown to reduce surgical blood loss and mortality due
to post-partum haemorrhage (TXA group 1.5% vs. placebo
1.9%).14,15 Importantly, adverse events including thrombo-
embolic complications did not differ between the TXA and
the placebo group.15 In a large randomised controlled trial
among women with vaginal delivery, in which those with
suspected bleeding disorder were excluded, the provider-
assessed adjusted clinically significant post-partum bleeding
rate was lower in the TXA group than in the placebo group
(7.2 vs. 9.7%), albeit the authors concluded that there was no
difference between the groups.16 Frequency of vomiting and
nausea was higher in the TXA group. However, the evidence
remains insufficient to recommend systemic TXA for the
prevention and treatment of post-partumhaemorrhage after
both vaginal and caesarean deliveries.

Mode of Delivery and Risk of Bleeding for the Newborn
The optimal mode of delivery for a foetus at risk for
haemophilia remains the subject of debate. Several pub-
lications have addressed the relationship between mode of
delivery and risk of bleeding in newborns without haemo-
philia. The risk for intracranial bleeding in a large cohort of
583,000 live-born singleton infants with birthweight be-
tween 2.5 and 4.0 kg was estimated to be 0.035 to 0.12%,
depending on the mode of delivery.17 As compared with
the infants delivered spontaneously, those delivered with
forceps and by vacuum extraction had a significantly
higher rate of subdural or cerebral haemorrhage [odds
ratio (OR): 3.4; 95%CI 1.9–5.9 and OR: 2.7; 95%CI: 1.9–
3.9, respectively]. The rate of bleeds among infants deliv-
ered by caesarean section before labour was not higher
than that for newborns delivered spontaneously. As early
as 1999,Klinge et al performed a retrospective survey of
intracranial haemorrhage (ICH) in haemophiliacs treated at
specialised centres of members of the German Thrombosis
and Haemostasis Research Group (GTH).18 In a cohort of
spontaneously delivered term haemophilic newborns, the
incidence of ICH was significantly higher than that in
newborns without haemophilia, namely 1.9 versus 0.11%
(p< 0.0001).19 The most important risk factor for ICH was
trauma.18 In keeping with these data and those obtained
from other studies, newborns with haemophilia have an
increased risk for intra- and extracranial bleeding that
secondarily is further increased by instrument delivery
and birth trauma.19,20 It has been more difficult to define
the relative risk for both intra- and extracranial bleeds in
uncomplicated spontaneous vaginal delivery than in cae-
sarean delivery. Today the haemophilia carrier status and
male sex of the foetus do not prevent spontaneous vaginal
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delivery.17,21 Elective caesarean section has to be consid-
ered on an individual basis.21,22

Haemophilia Care in the Newborn

Diagnosis of Haemophilia in the Newborn
At delivery, a cord blood sample or a carefully taken venous
blood sample should be obtained for coagulation screening
and FVIII/IX assays and for genetic testing. When using cord
blood, precautions must be taken to avoid contamination of
the sample with maternal blood.23,24 Testing cord blood
prevents trauma and bleeding in a newborn with suspected
severe haemophilia. Any intramuscular injection or heel
prick should be refrained from until the results of coagula-
tion tests are available. Although factor deficiency in haemo-
philia results in prolonged activated partial thromboplastin
time (aPTT), regardless of aPTT values it is imperative to test
for FVIII/IX deficiency, respecting age-specific normal
ranges. In the term newborn, FVIII levels are indistinguish-
able from those of adults (day 1: mean 1.00; 95% CI: 0.50–
1.78 U/mL), while FIX levels (day 1: mean 0.53; 95% CI: 0.15–
0.91 U/mL) are significantly reduced at birth.25 While it is
usually possible to diagnose severe and moderate haemo-

philia, mildly affected newborns and thosewith haemophilia
B will require repeated testing. Newborn girls born to
haemophilia carriers generally do not require extra attention
in the neonatal period, although factor levels may be low
enough to cause an increased bleeding tendency later on.
Whenever possible, confirmation of girls’ carrier status is
deferred by most haemophilia centres.

Bleeding of the Newborn with Haemophilia
The pattern of bleeding seen in the newborn with haemo-
philia is essentially different from that seen in older children.
Many neonatal bleeds are iatrogenic in origin; continued
oozing and excessive haematoma following heel prick, intra-
muscular vitamin K administration and venepuncture are
common. Prominent post-delivery cephalohaematomas and
increased post-surgical bleeding are also well documented.
The most frequent ICH site in newborns with haemophilia is
subdural.26 The mean age at presentation is 4 to 5 days.
Although severe sequelae of ICH occur in at least one-third of
survivors, symptoms of ICH can be subtle and non-specific
with episodes of apnoea and clinical signs of impaired
consciousness. Dramatic cases with haemorrhagic shock,
although registered in only few cases, may occur. Preterm

Table 1 Checklist for perinatal haemophilia care (modified from Dunkley et al10)

Women with known carrier status for haemophilia

• Measure factor VIII/IX level
• Assess bleeding history
• Assess/check genetic test results to assess risk for severe haemophilia in male newborn
• Haemostaseologic and genetic counselling

Pregnancy

• Discuss/offer prenatal diagnosis
• Consider replacement therapy before any invasive procedure
Third semester
• Measure factor VIII level. FIX level does not change during pregnancy.
• Assemble management team
• Review peripartal bleeding risk
• Prepare for replacement therapy

Delivery

• Prepare for/give replacement therapy (factor VIII or IX concentrate)
• Administer regional anaesthesia (epidural/spinal) only when the factor level is in normal range (>>50%)
• Avoid any foetal trauma including vacuum extraction, forceps and foetal scalp blood sampling
• Active management of third-stage labour
• Monitor blood loss

Post-delivery care

Mother
• Continue factor replacement for 3 to 5 (to 7) days post-partum

– Administer factor VIII concentrate twice daily
– Monitor factor level, strive for normal plasma levels

• Monitor for blood loss
Newborn
• Thorough physical examination for bleeding signs
• Measure factor VIII/IX level (physiologically low FIX!)
• Avoid i.m. and s.c. injections. No heel prick
• Vitamin K p.o.
• Transfontanelle/cranial US
• Start on replacement therapy only if therapeutic treatment of bleeding is needed
• Refer to haemophilia centre

Abbreviations: i.m., intramuscular; p.o., per oral; s.c., subcutaneous; US, ultrasound.
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newborns have a further increased risk for ICH.27 Prediction
of newborns at highest risk for ICH could facilitate early
intervention, either in terms of investigations including
cranial US or short-term factor replacement therapy. Of
note, again instrument and traumatic delivery bear the
highest risk for ICH in newborns with haemophilia.

Bleeding after ritual circumcision is reported in at least
one-quarter of healthy newborns.28 In a survey of ritual
neonatal circumcision in newborn infants with severe hae-
mophilia, all respondents recommended at least one pre-
procedure dose of factor replacement.29

Interestingly, umbilical bleeding is rare in newborns with
severe haemophilia; severe umbilical bleeding should trig-
ger further investigations for vitamin K deficiency, factor XIII
deficiency and afibrinogenaemia.

Muscle and joint bleeds, the hallmark of haemophilia in
the child beyond thefirst year of age, essentially do not occur
in the newborn period. Visceral bleeds and other haematoma
are typically related to trauma during labour and delivery.

Diagnosis of ICH in the Newborn with Haemophilia
Although not themost sensitive imaging technique, the value
of cranial US for diagnosis of ICH in newborns is generally
accepted; optimal timing of scanning and the need for
sequential scanning are matters of debate. Routine cranial
US cannot be relied on to detect all cases of subdural
bleeding, but may still be useful for screening investiga-
tion.30,31 Magnetic resonance imaging (MRI) should be con-
sidered in all cases of suspected andmanifest ICH. Extent and
distribution of lesions are usually demonstrated better with
MRI than with US.32 Provided that preparation is adequate,
MRI can be performed without general anaesthesia in the
neonatal period. Computed tomography (CT) investigations,
which are associated with high radiation doses for the
newborn, should be limited to selected cases, despite all
advantages including short examination time, widespread
availability and good sensitivity, for the detection of ICH.

Treatment of the Newborn with Haemophilia
In principle, newborns with haemophilia should receive
routine newborn care. Themost prominent concerns regard-
ing neonatal factor replacement today are the risk for devel-
opment of an inhibitor followed by the concern for local
bleeding and issues related to poor vascular access. Alloanti-
bodies against FVIII and FIX profoundly complicate treat-
ment following bleeding episodes. The SIPPET study
investigating 216 childrenwith severe haemophilia<6 years
and having no previous treatment with factor concentrate
[FC; previously untreated patients (PUPs)] found a lower rate
of high-titre inhibitor development after treatment with
plasma-derived FC (pdFC) than with recombinant FC (rFC;
18.6 vs. 28.4%; 95% CI: 11.1–26.9 vs. 95% CI: 19.6–37.2).33 An
earlier study did not detect a difference: PdFC with consider
able quantities of VWF carried the same risk for inhibitor
development as did rFC [relative risk (RR): 1.0; CI: 0.6–1.6].34

Other factors including the underlying genetic defect, severe
bleeding and blood loss (“danger signals”) and exposure to
high doses of FC (“peak treatment moments”) are well

known to further increase the risk for development of
inhibitors.33

Short-term prophylaxis with FC in newborns with hae-
mophilia in an attempt to limit the riskof ICH is the subject of
debate. However, administration of primary prophylaxis
with FC to all newborns with severe haemophilia is not
justified. In the same manner, a “single-shot approach” for
any significant bleeding in newborns with haemophilia is
most likely to be ineffective in controlling severe bleeding. In
confirmed cases of bleeding and blood loss, factor replace-
ment therapy must be highdose and long enough to prevent
bleeding in thefirst few days of life. Reduced in vivo recovery
and increased clearance of FVIII have been documented in
newborns.3 Similar to FVIII, newborns may also require
higher doses of FIX concentrate to maintain FIX levels in
the target range.35 Therefore, replacement therapy should be
monitored by testing for trough factor levels.

Due its dilutional effect fresh frozen plasma is not rec-
ommended in newborns, where high haematocrit values are
critical.

DDAVP is contraindicated for treatment of mild and
moderate haemophilia A in newborns; hyponatraemia and
seizures are common in this age group.11 DDAVP is ineffec-
tive in all cases of haemophilia B.

TXA is considered useful in newborns and infants undergo-
ing cardiac repair.36 For the use of systemic TXA in newborns
and infants presenting with haemophilia for prevention and
treatment of bleeding, evidence is insufficient.

Guidelines on the use of FC have been published by
various medical associations including theWorld Federation
of Hemophilia (https://elearning.wfh.org/resource/treat-
ment-guidelines/) and The Austrian Society of Haemophilia
(ÖHG; www.bluter.at).2

New Aspects and Developments
Treatment of haemophilia consists of replacing the missing
clotting factor. So far, all commercially available FCs must be
administered intravenously. However, biochemically modi-
fied FC that can be administered subcutaneously is under
phase 2/3 clinical investigation. However, many experts in
paediatric haemophilia care consider iatrogenic factor
extravasation and leakage of factor into soft tissue a high-
risk event for the development of inhibitors against FVIII and
FIX.

Just recently, several new FCs have been introduced, which
have been modified to extend their clearance from the circu-
lation. Enhanced half-life FIX concentrates demonstrate clini-
cally relevant favourable pharmacodynamics to standard
products in children and adults with haemophilia B. For
haemophilia A, only a B domain-deleted human recombinant
FVIII covalently linked to the Fc domain of human immuno-
globulin G 1 that moderately enhances half-life is so far
licensed for children<12 years. Second-generation, enhanced
half-life FCs for the treatment of haemophilia with more
favourable properties are under investigation. Independent
of the mechanism by which the enhanced half-life of concen-
trates is achieved, nodata are available for their safe useduring
pregnancy or for treatment of PUPs and infants.
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In2019 the recombinant, humanisedbispecificmonoclonal
antibody emicizumab that binds FIXa and FX was licensed for
patients with severe haemophilia A with and without anti-
bodies to FVIII.37 Emicizumab is the first of several agents
under development summarised as “non-factor” therapy.
Theoretically, optimal protection from bleeding for a newly
diagnosed child with haemophilia would include starting
treatment on the day of diagnosis, earliest on the day of birth.
Emicizumab is attractive for early intervention due to its
weeklyoreven longerdosing intervalsandsubcutaneous route
of administration. However, emicizumab is ineffective in
treating acute bleeding of the newborn presenting with hae-
mophilia A since its haemostatic effect takes days to weeks to
develop. Reported episodes of thrombotic microangiopathy
and arterial and venous thromboembolic events raise further
concerns. The physiologically low FIX levels in newborns may
further limit the haemostatic effect of emicizumab. Since we
have only very little data and virtually no experience, emici-
zumab alone or in combinationwith FC should not be used in
newborns or infants presenting with haemophilia A. A guide-
line for the use of emicizumab has been issued by the “Ständ-
igeKommissionHämophilie” of the GTH.
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