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Plain language summary

Haemolytic disease of the fetus and newborn (HDFN) is a rare condition that causes a baby to develop anaemia while growing
inside the woman; or after birth. Left untreated, this may lead to stillbirth or neonatal death.

HDFN is caused when the pregnant woman's antibodies cross the placenta, enter the baby's circulation, and attach to proteins
called antigens (inherited from the father) on the baby's haemoglobin containing red blood cells, and cause them to break apart,
causing fetal anaemia.

Women routinely have their blood tested at the start of pregnancy to assess their ABO blood group and Rh antigens. There are
five main Rhesus antigens: D, C, c, E, e; with anti-D being responsible for most cases of HDFN. If a woman is found to be Rh D
negative; a ‘non-invasive’ blood test is performed to assess if the fetal blood group is the same as the woman's. If a woman is found
to be Rh D negative, and the baby is found to be D positive, the baby is at risk. This is because the baby has inherited the D antigen
from the father; so-called Rhesus incompatibility. Other red blood cell antibodies such as anti-Kell or anti-Duffy can also cause
fetal anaemia. Women at highest risk of developing HDFN are those who have had at least one previous birth or a sensitising
event (such as abdominal trauma) in a current or previous pregnancy, causing the woman and baby's blood to mix.

Current treatment for haemolytic disease of the fetus involves giving fetal blood transfusions, with a small risk of early labour
or pregnancy loss. If anaemia develops later in pregnancy, early delivery of the baby may be recommended; which could lead to
complications of prematurity. In cases of mild HDFN, the baby may only require light therapy for neonatal jaundice. However, if
the anaemia occurs earlier in pregnancy and is severe, the baby may need blood transfusions while still in the womb - and after
birth may require an exchange transfusion, to remove the woman's antibodies from their circulation and to treat the anaemia.
Intravenous immunoglobulin (IVIG) is a potential non-invasive method to prevent or delay the onset of severe anaemia. It is a
blood product given intravenously every week to women who have been deemed at very high risk of early onset HDFN. It can be
started at the end of the first trimester until birth, or until anaemia develops. This paper will discuss the evidence behind IVIG
and other novel therapies during pregnancy, including the risks and the benefits. The developers of the paper include obstetri-
cians, neonatologists and haematologists to provide different opinions on this topic.
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1 | Background

Haemolytic disease of the fetus and newborn (HDFN) occurs
when there is transplacental passage of maternal immunoglobu-
lin G (IgG) red cell antibodies, which bind to paternally-derived
antigens on fetal red blood cells, or alternatively those of a donor
gamete (either egg/sperm) following in-vitro fertilisation. The fetal
red blood cells coated with IgG alloantibodies become attached to
Fc receptors of macrophages mainly in the spleen, and are phago-
cytosed. This leads to fetal haemolysis, anaemia, and if left to prog-
ress, can cause hydrops from high-output cardiac failure and fetal
death. Fetal haemolysis can also cause jaundice postnatally, sec-
ondary to high unconjugated bilirubin levels from haemoglobin
breakdown, and subsequent neurological damage.! This process
usually occurs following a sensitising event such as a fetomaternal
haemorrhage during pregnancy, during birth, or following an in-
compatible blood transfusion.

Red cell antibodies are found in 2% of all pregnancies, with
clinically significant antibodies found in 0.4% of pregnancies.?
Women at the highest risk of HDFN are those who develop the
red cell alloantibodies to the Rhc, RhD, and Kell system blood
group antigens.

Fetal mortality is now low following the introduction of routine
antenatal blood typing and anti D prophylaxis (RAADP) in the
third trimester.> However, despite anti D prophylaxis, around
1 in 1000 women still develop D alloimmunisation.* >

Intrauterine blood transfusion (IUT) is currently the only
widely recognised treatment option to prevent fetal death and
reduce the neurological impairment of fetuses affected by
HDFN.* Maternal intravenous immunoglobulins IVIGs, and
more recently monoclonal antibodies, have been suggested as
non-invasive alternatives to reduce or delay the need for IUT,
and will be discussed in this paper.

This guidance is for healthcare professionals who care for
women, non-binary and trans people. Within this document we
use the terms woman and women's health. However, it is im-
portant to acknowledge that it is not only women for whom it is
necessary to access women's health and reproductive services in
order to maintain their gynaecological health and reproductive
wellbeing. Gynaecological and obstetric services and delivery of
care must therefore be appropriate, inclusive and sensitive to the
needs of those individuals whose gender identity does not align
with the sex recorded at birth.

2 | Pathophysiology of HDFN

Antibodies of the IgG class are the only immunoglobulins to
cross the placenta, via the transmembrane protein - the fetal/
neonatal Fc Receptor (FcRn)#, and cause haemolysis of the fetal
red blood cells if the fetus is positive for the corresponding red
cell antigen. Corresponding erythropoiesis from the fetus is
often insufficient to prevent anaemia. Although the primary
maternal immune response to the Rh D antigen is often weak,
it is the secondary immune response to the antigen if the fetus
is Rh D positive in a subsequent pregnancy that causes a greater
and earlier degree of anaemia. If there is parental Rh incom-
patibility, anaemia tends to present at earlier gestations with

each subsequent pregnancy.® Fetal medicine specialists should
always be aware of cases of non-paternity when assessing risk
of HDFN.

Red cell antibodies to antigens of the Kell system can also
damage the erythroid progenitor cells, meaning erythroblas-
tosis cannot occur and subsequent early fetal anaemia can
follow.°

Fetal haemoglobin should increase during pregnancy to
around 150g/L by term. As fetal anaemia occurs, the peak
systolic blood flow velocity in the fetal middle cerebral ar-
tery (MCA PSV) will be seen to rise’, and as the anaemia
progresses further it can cause reduced tissue perfusion and
hypoxia leading to end organ dysfunction.! Late findings of
severe disease include fetal hydrops, fetal cardiomegaly, and
eventually fetal death if left untreated.” Hydrops can occur
with a fetal haemoglobin of <40g/L at 18 weeks to <80g/L
at term.!

Haemolysis also leads to raised bilirubin, which in pregnancy is
excreted via the placenta but postnatally can cause severe dam-
age to the fetal nervous system, known as kernicterus. Even after
birth the haemolysis can continue and the immature neonatal
liver is unable to conjugate the excess bilirubin. This bilirubin
can be deposited in the basal ganglia and brain stem nuclei
causing athetoid cerebral palsy, hearing problems/ psychomotor
impairment.>

3 | Current Antenatal Screening and Testing

All pregnant women are screened for their blood group, D sta-
tus and presence of antibodies in the first trimester and again at
28 weeks of gestation to identify pregnancies at risk of Rh incom-
patibility. D negative women are screened for fetal RhD status
via non-invasive prenatal testing (NIPT); whereby cell-free fetal
DNA present in maternal blood is analysed for the fetal RHD
genotype. Accuracy of this test has been validated by numerous
studies and approved by NICE.? If clinically significant alloanti-
bodies are detected, titres are determined.? Pregnancies with al-
loantibody levels above a certain threshold are referred to a fetal
medicine service for serial ultrasound scans to screen for the
development of fetal anaemia via middle cerebral artery (MCA)
Doppler velocities. An MCA - Peak Systolic Velocity (PSV)>1.5
Multiples of the Median (MoM) predicts moderate-severe fetal
anaemia with a sensitivity of 100% for a false positive rate of 12%
in the landmark study by Mari et al.”

There are no specific symptoms of HDFN in pregnancy or
the neonatal period. Decreased fetal movements and sudden
fetal death are non-specific markers, as is neonatal jaundice.®
However if a woman presents with reduced fetal movements
in the third trimester she will receive antenatal cardiotoco-
graph (CTG) monitoring; fetal anaemia may be identified on
the CTG by the presence of reduced variability with a sinusoi-
dal pattern.

Women with a previous pregnancy history of HDFN or rising
antibody levels/titres, a level/titre above a specific threshold
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should be referred in early pregnancy to fetal medicine. The
Royal College of Obstetricians and Gynaecologists provides ref-
erence ranges for when to refer to fetal medicine in Green Top
Guideline 65.2

Non-invasive fetal genotyping by cffDNA can be performed on
maternal blood to determine the risk of HDFN by assessing for
antigens for D, e, E, ¢, C and K. This test has high sensitivity and
specificity. RhD, c, e, C, and E can be detected with good sensi-
tivity after 11 weeks’ gestation. Regarding Kell, genotyping can
occur after 20 weeks in UK practice due to the risk of false nega-
tive results if performed earlier.® If cffDNA NIPT is not available
it may be useful to undertake paternal genotyping to determine
if the father is homozygous or heterozygous; if the father is ho-
mozygous then the parents can be informed that all pregnancies
will be at risk of HDFN. However this approach is limited by the
potential for non-paternity.

Following a sensitising event in a pregnancy to a Rhesus D
negative woman carrying a Rh D positive fetus, a Kleihauer-
Betke maternal blood test is recommended to check for mix-
ing of maternal and fetal red cells, as is the administration of
routine Anti D immunoglobulin prophylaxis.® If alloimmuni-
sation has already occurred no further anti-D is required, and
secondary prevention of HDFN includes pregnancy surveil-
lance with serial MCA Doppler ultrasound assessment.®

At delivery of a woman with clinically significant antibodies, a
cord direct antiglobulin test (DAT) should be taken to assess if
the infant's red cells are coated with antibody, as well as haemo-
globin and bilirubin levels. This should be followed by subse-
quent monitoring for neonatal jaundice and anaemia.’

3.1 | Invasive Testing

On discovery of raised middle cerebral artery peak systolic ve-
locities, referral to a tertiary fetal medicine service for direct
fetal blood sampling is the most accurate method of diagnosing
fetal anaemia. However this invasive procedure carries a 1.3%
risk of miscarriage or preterm birth.1° It also carries a risk of
further sensitisation.

4 | Current Treatment for HDFN
4.1 | Antenatal Treatment

Intrauterine blood transfusion (IUT); the administration of
blood into the fetal umbilical vein at the placental insertion,
into its intrahepatic course, or a free loop of cord under ul-
trasound guidance, is the current mainstay of treatment for
HDFN.? This invasive procedure carries a risk of preterm
birth and miscarriage depending on the gestation at which it
is performed. These risks are highest under 22 weeks’ gestation
with early onset fetal anaemia.* Miscarriage rates have been
quoted as 8.5% at under 20 weeks and 0.9% at over 20 weeks.!!
Complications include intrauterine infection (0.1%), rupture
of membranes (1.4%) and iatrogenic preterm birth (when per-
formed after 24 weeks). Fetal distress, perhaps from bleeding of
the umbilical cord leading to emergency caesarean section, and

accidental intraperitoneal transfusion are also possible. Other
complications include contractions requiring tocolysis and
bleeding at the maternal puncture site.” The overall procedure-
related complication rate is 3-5%. In the absence of hydrops,
survival following IUT is greater than 90%.! However, before
22weeks, two case series of 30 and 29 transfusions demon-
strated procedure-related complications to be much higher
with an overall perinatal loss rate of 20-24%.* 2-13 The higher
fetal loss rates associated with early IUTs before 22weeks
are attributable to the need for intraperitoneal transfusion
rather than intravascular transfusion, as the fetal vasculature
is too small to accommodate cannulation at early gestations.
Therefore, in order to improve outcomes it is preferable to delay
the timing of the first IUT to as late as gestational age as possi-
ble. IVIG has the potential to enable this.

4.2 | Postnatal Treatment and Outcomes

Vaginal birth is possible following intra-uterine transfusion if
the fetus is not compromised, with units offering induction of
labour at 36-37weeks following IUT. The accuracy of MCA-PSV
in predicting anaemia diminishes after the first transfusion so
cannot be solely relied upon for its prediction later in the third
trimester.1

The postnatal treatment for HDFN is neonatal phototherapy or
exchange transfusions; to correct fetal anaemia and lower the
fetal bilirubin.® This is guided by a direct agglutinin test from
the umbilical cord. Maternal antibodies can remain for 6 months
requiring ongoing monitoring of the neonate for kernicterus.!
Recombinant erythropoietin and IVIG are no longer used in the
neonatal period as they have not been found to be effective, and
carry an additional potential increased risk of necrotising en-
terocolitis (NEC) in infants with HDFN.> % 15 Around 20% of
neonates receiving exchange transfusion suffer a complication
such as infection, electrolyte imbalance, thromboembolism, car-
diac arrhythmia and necrotising enterocolitis.’

Neurodevelopmental outcomes are normal in 95% of children
undergoing IUT.% Of children born after IUT the rate of cere-
bral palsy is 2.4%'°, in contrast to global cerebral palsy rates of
1.6/1000 livebirths in high income countries and 3.4 per 1000 in
low/middle income countries.!”

5 | Intravenous Immunoglobulin (IVIG)
Mechanism of Action, Risks and Benefits

Although fetal transfusion was first described by Lilley et al in
1963, it has long be recognised that severe early onset fetal anae-
mia cannot always be treated by transfusion owing to the dif-
ficulty in cannulating narrow early umbilical vessels, coupled
with a reduced capacity of the sub-24 week fetus to withstand
anaemia and hydrops. Furthermore, the tendency for anaemia
to occur around 3 weeks sooner in any affected subsequent preg-
nancy means that alternative treatment options to transfusion
need to be investigated.!®

Intravenous immunoglobulin has been used as a treatment for
autoimmune diseases since 1981* and interest in this for fetal
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anaemia soon developed. IVIG is a concentrate of immunoglob-
ulins; derived from the pooled plasma of 1,000-10,000 healthy
human blood donors. The IVIG product is composed of very
similar immunoglobulins to normal human plasma: 90% is
IgG, but it also includes IgA, cytokines and soluble receptors.
The basic structure of an immunoglobulin (IgG) is a Y shape
consisting of two identical polypeptide heavy chains making
up the trunk of the Y shape (this is the Fc portion that binds
to Fc gamma receptors on immune cells and complement); and
two identical polypeptide light chains forming the arms of the
Y shape (this is the Fab fragment that binds the antigen). The
IVIG-Fc portion binds to Fc receptors which are present on al-
most all immune cells and can be either inhibitory or activatory.
Immunoglobulins play a key role in adaptive humoral immu-
nity. Their mechanisms of action are numerous and involve
the dilution of maternal circulating antibodies and competitive
blockage of the placental Fc receptor, hence reducing the ma-
ternal transplacental transfer of pathogenic IgG.!! They also
stimulate the inhibitory Fc-gamma receptors on macrophages
to down regulate function. IVIG is known to block the antibody
receptors located on the surface of red blood cells.* They can
also block the Fc receptors of phagocytic cells to decrease the
uptake of autoantibody coated cells.

Maternal administration of intravenous immunoglobulin to re-
duce severe early onset anaemia emerged as a potential treat-
ment strategy in the 1990s and a number of case series have
been published over the last 30years. One of the earliest came
from Marguiles et al in 1991, in which 24 severely D-sensitised
pregnant women (initial anti-D levels over 10iu/ml) were treated
with 0.4g/kg for 4-5 consecutive days and again 2-3weeks later
until birth. IVIG resulted in a fall in anti-D titres and intra-
uterine haemolysis.!® In 1997, the same authors published a
study involving 69 women in which they demonstrated that
IVIG before 20weeks followed by IUT after 21 weeks resulted in
fewer severely anaemic fetuses and a 36% decrease in fetal mor-
tality compared to standard treatment of IUT from 20 weeks.20
In 1996, Deka et al published a small case series of 6 women
treated with 100mg/kg IVIG from the early second trimester,
all of whom had a history of RH immunisation causing preterm
fetal hydrops. Repeated IVIG was given every 3-4weeks until
birth or until evidence of anaemia requiring IUT developed.
Anaemia was defined as the appearance of cardiomegaly, pla-
centomegaly, hepatomegaly, or raised amniotic fluid bilirubin
on amniocentesis. None of the fetuses developed hydrops and
only two required IUT. All survived the postnatal period.?! The
following year, there was a case report of a grand multiparous
woman with worsening severe early onset RhD haemolytic dis-
ease who had suffered two consecutive perinatal deaths from
severe anaemia causing hydrops at 26 and 18 weeks. She was
commenced on weekly 1g/kg IVIG from 14 weeks. She received
multiple IUTs starting at 21 weeks and delivered a live baby at
33+5 weeks who did well following phototherapy and an ex-
change transfusion.??

The benefits and risks of IVIG have been investigated more re-
cently in the PETIT study - an international retrospective multi-
centre cohort study published in 2018. It investigated 52 women
from 12 fetal centres in Europe, North America, Australia and
New Zealand, in a pregnancy following severe HDFN (defined
as fetal death or need for IUT before 24 weeks) in women who

did or did not receive IVIG. The IVIG (0.5-1g/kg) was given
weekly, before 13 weeks.!!

Overall, IVIG delayed the development of fetal anaemia by
15days compared to the previous pregnancy.'! Conversely, preg-
nancies not receiving IVIG developed fetal anaemia on average
9days earlier compared to the previous pregnancy.

In a subgroup of pregnancies in whom IVIG was started before
13weeks, IVIG delayed the onset of anaemia by 25days, with
a reduction in the occurrence of fetal hydrops: 4% versus 24%
in fetuses who did and did not receive IVIG (OR 0.03, 95% con-
fidence interval 0-0.5; P=0.01) respectively. Exchange transfu-
sions were required in 9% of neonates if IVIG was used versus
37% if not (OR 0.1, confidence interval 0-0.5, p=0.009).!!

The PETIT study did not comment on adverse reaction rates,
neurodevelopmental outcome, or preterm birth rates. There
are a number of other limitations to the PETIT study: firstly, it
is a retrospective cohort study of a relatively small number of
women (due to the rarity of the condition). Secondly, there was
heterogeneity of patients and treatments. Thirdly, there was no
difference in overall infant survival between treatment and no
treatment. Finally, 11 of the 28 fetuses not receiving IVIG also
had a later onset of fetal anaemia than the previous pregnancy,
so causation cannot be assumed.

Further evidence that IVIG can delay the onset of the first IUT
to a later and safer gestation was presented in a case control
study from Canada in 2022. These authors presented their 19-
year experience of 22 women with history of prior severe HDFN
(defined as fetal loss or IUT before 22weeks) treated with 2g/
kg IVIG in the subsequent pregnancy starting at a mean gesta-
tional age of 13.3weeks every 3weeks, until the first IUT was
performed. IVIG delayed the timing of the first IUT by an av-
erage of 16.5days. Two of the 22 women treated with IVIG did
not require IUT. Use of IVIG in six women with previous ITUD
due to HDFN, resulted in 100% live births in their subsequent
pregnancy. In these six women the fetal haemoglobin was sig-
nificantly higher at the first IUT after IVIG treatment with an
increase of 36.5g/1 compared to their previous pregnancy - this
implies the disease process had been ameliorated by the IVIG.?

There is evidence that IVIG can be used in combination with
concurrent IUT to ameliorate the disease process and space out
the subsequent IUTs. In 2007 Kriplani et al published a series of
four cases in which IVIG was administered directly to the fetus
at the same time as the IUT to treat severe anaemia.?* The ad-
dition of IVIG at the time of IUT resulted in the ability to space
out the subsequent IUTs due to amelioration of the disease. All
four pregnancies resulted in live births with only postnatal pho-
totherapy required. The logic behind this practice was to reduce
the rate of intravascular haemolysis. Although IVIG is consid-
ered a prophylactic treatment and may not be highly effective
once fetal anaemia has occurred, this study implied that it might
have a role even after anaemia has developed. This practice may
be especially beneficial for low- and middle-income countries in
which expensive resources are more difficult to access.

In summary, these studies showed that IVIG may increase the
gestational age at which clinically significant fetal anaemia
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occurs, and may avoid or delay the requirement for an intrauter-
ine transfusion until a gestation where the transfusion risks are
lower.!

5.1 | Potential Adverse Effects of IVIG

As IVIG is a derived blood product, adverse effects are varied
and common. They have the potential to reduce the maternal
toleration to therapy and reduce compliance. Adverse effects
are typically classified into immediate and delayed. Immediate
effects can be mild, moderate or severe. Mild effects include
flu-like symptoms such as fever, chills and fatigue and occur in
around 80% of people at the time of the transfusion. They are
self-limiting and can be reduced by slowing the transfusion.
Moderate side effects include dermatological effects (eczema,
papules, urticaria) and occur in around 6% of people. Skin le-
sions usually occur within 2weeks of IVIG administration and
can be managed with corticosteroids. If an adverse reaction oc-
curs, management options include slowing the intravenous ad-
ministration time, reducing the standard IVIG dose from 1g/
kg maternal weight to a lower dose such as 0.4g/kg, giving ste-
roids (for example, 100mg hydrocortisone or 15mg oral pred-
nisolone) at the time of the IVIG administration?3, or switching
to a different IVIG product. Different IVIG products contain
different concentrations of other IVIG types to IgG such as IgA,
different sugars, amino acids and sodium used to stabilise pro-
teins and prevent IgG aggregation. Severe side effects are much
less common and occur in around 1% of people.?> They include
hypotension, arrhythmias such as supraventricular tachycar-
dia. Finally transfusion-related acute lung injury (TRALI) is
an immediate and severe adverse reaction with high mortality.
It manifests within 6 hours and causes pulmonary oedema and
acute respiratory distress.?

Delayed adverse events are much less common, affecting less
than 1% of people. However, they are usually severe and can be
life threatening. These include thrombosis - of veins, intracra-
nial vessels and arteries, and can lead to stroke or myocardial
infarction. Other delayed adverse effects include neurologi-
cal (aseptic meningitis, posterior reversible encephalopathy
syndrome), renal (impairment from transient ischaemia or
acute tubular obstruction) and haematological (haemolysis or
neutropaenia).?®

5.2 | IVIG in Combination With Other Novel
Therapies

There is emerging evidence that IVIG can also be used as part
of an immunomodulatory package of care for women with se-
vere HDFN, incorporating IVIG with other therapies to improve
outcomes. In 2018, Nwogu et al?” presented a case series of 5
multiparous women who had all received TUTs but despite this
suffered second trimester intrauterine deaths from hydrops and
severe anaemia. In their subsequent pregnancies all 5 women
received 3 therapeutic plasma exchanges (TPE) to remove ex-
isting antibodies every other day from between 11 to 13 weeks
of gestation followed by a loading dose of 2g/kg IVIG and then
weekly IVIG at a dose of 1g/kg until they required their first
IUT. The timing of the first IUT ranged from 21 to 27 weeks and

all 5 women went on to deliver healthy babies at 33 to 38 weeks.
The TPE was shown to acutely decrease the RBC antibody titres
4 fold, which is often transient and often followed by a rebound
increase. This rebound phenomenon was prevented by the IVIG;
in which administered IVIG replaced the rebound IVIG pool in
the woman's vasculature.?®

Another care package involving IVIG to delay the timing of the
first ITUT was published in 2008 by Fox et al.?° This involved in-
traperitoneal transfusion as well as IVIG from early pregnancy,
removing the need to cannulate small fetal vessels. These au-
thors described 6 women all with a history of severe anaemia
and hydrops before 20 weeks with 66% fetal mortality, who were
managed with fortnightly percutaneous intraperitoneal transfu-
sion and IVIG from 16 weeks. Of the 6 women, one suffered an
IUD but 5 delivered live babies in the third trimester (86% sur-
vival). The timing of the first intravascular transfusion ranged
from 21 to 24 weeks in the live born babies.?

5.3 | Economic Implications of IVIG

Financial implications must also be considered because the cost
of IVIG is high - around £4,800 per week.* Direct economic
comparison of IVIG to IUT has not been performed. The cost
of a blood transfusion is around £200; but this does not take
into account staffing costs.?® Although IVIG for HDFN is com-
missioned by NHS England, it is not regarded as a priority, and
is distributed on a case-by-case basis after discussion with a
haematologist.3!

5.4 | Logistical Administration of IVIG

The early case control studies and case reports from the 1990s
described low doses of IVIG between 0.1g/kg and 0.4g/kg ma-
ternal weight with differing frequencies of administration of
between every 5days and every 3-4weeks.!® 2! IVIG was initi-
ated between 13 and 20weeks in these early studies. More re-
cently since 2018, 3 cohort and case control studies have been
published in which IVIG was initiated before 13 weeks* 23 32,
and one case series of 3 patients in which IVIG was started at
14 weeks.3 Commencing IVIG before 13weeks shows a bene-
ficial effect in postponing the timing of the first IUT by an ad-
ditional 10days than if it were started after 13weeks.* Three of
these 4 recent studies describe a standard dose of 1g/kg mater-
nal weight and repeating the dose weekly until the onset of fetal
anaemia, in which IVIG therapy is ceased and IUT therapy is
then commenced. There are no randomised controlled trials to
demonstrate the optimum gestational age for commencement
of IVIG. Vlachodimitropoulou et al presented an alternative re-
gime to this protocol.?* These authors used 2g/kg over 2days,
repeated this dose every 3weeks, and stopped therapy at the
onset of anaemia in favour of IUT. These studies report a drop in
antibody quantification with IVIG use.

6 | Neonatal Management With IVIG

The NICE guideline on neonatal jaundice recommends the use
of intravenous immunoglobulin (IVIG) (500 mg/kg over 4 hours)
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as an adjunct to continuous intensified phototherapy in cases of
Rhesus haemolytic disease or ABO haemolytic disease when the
serum bilirubin continues to rise by more than 8.5 micromol/
litre per hour.?? It recommends clear communication with par-
ents; specifically explaining why IVIG is being considered and
the possible adverse effects of IVIG. Neonatal use of IVIG has
been shown to reduce the need for exchange transfusions, re-
duce duration of stay, and the need for phototherapy.3*

7 | Other Treatment Options

Other medical treatments for alloimmunised women would
either have to reduce the number of circulating antibodies, i.e.
by stopping or reducing their production, increasing their elim-
ination from the pregnant woman, or preventing their placental
transfer.*

Treatment options could include maternal plasma exchange to
clear alloantibodies from the maternal circulation, described by
Nwogu et al.?” However, plasma exchange is an invasive pro-
cedure with potential severe side effects including alteration of
feto-maternal haemodynamics and loss of important proteins,
as well as a risk of infection and haematoma formation.!

7.1 | Monoclonal Antibodies - Nipocalimab

Specificimmunomodulatory therapy in the form of Nipocalimab
isnow emerging as a potential effective therapy for severe HDFN.

Nipocalimab (also known as M281) is a high affinity, human,
aglycosylated, monoclonal antibody that selectively blocks the
neonatal Fc receptor (FcRn) to reduce levels of circulating im-
munoglobulin G (IgG), including auto- and alloantibodies.* The
Fc receptor is an important transmembrane receptor expressed
by syncytiotrophoblast and transports maternal IgG across the
placenta. It is also under investigation for other autoimmune
conditions such as myasthenia gravis.3¢ In the UNITY trial, 13
women at high risk of severe early onset HDFN were treated
with weekly intravenous nipocalimab. Of these, 7 (54%) had a
live birth at or after 32weeks without intrauterine transfusion
(compared to the control group of 10%), with a median gesta-
tional age of 37*! weeks. Six pregnancies required an IUT with
a median gestational age of 28+3 weeks for the first IUT (range
24-31weeks). There were no reports of hydrops. There was one
intrauterine death due to complications from the IUT and was
not deemed to be related to nipocalimab. The drug was generally
well tolerated, although 2 of the live births experienced serious
adverse effects possibly related to nipocalimab: subchorionic
haematoma and premature placenta separation.’” These data
provide the potential for nipocalimab becoming the first anti-
neonatal Fc receptor targeted treatment and non-surgical ther-
apy for HDFN. The UNITY trial will become a phase 3 study for
pregnancies at risk of HDFN.

8 | Opinion

Intrauterine blood transfusion is currently the only established
treatment for fetal anaemia due to red cell alloimmunisation

and this can carry significant risks for both the woman and
fetus, especially when performed at less than 22weeks, when
the fetal vasculature may be too small and fragile to withstand
vascular cannulation. A plausible treatment to reduce these
risks is IVIG, for which the available data suggest that it can
delay the timing of the first IUT to after 20-22 weeks. Further
well-designed trials are needed to confirm this. It is important
to test the fetal blood group via cffDNA before considering ther-
apies such as IVIG or monoclonal antibodies, because of the
high cost of the medications, intensity of the treatment protocol
(weekly hospital visits) and the potential for maternal adverse
effects of treatment.

The PETIT study was a retrospective multicentre cohort study
that showed that administration of IVIG to pregnant women
with a previous pregnancy affected by severe HDFN reduced
fetal hydrops and neonatal exchange transfusions compared
to those who did not receive IVIG.!! However, this study had
limitations; it was retrospective and unblinded (decisions made
by caregivers), potentially adding bias to the results. Finally,
half of the women in the non IVIG group did not have wors-
ening HDFN in their subsequent pregnancy. Recent studies
suggest that initiating IVIG therapy by 13weeks at a dose of
1g/kg/week may be beneficial, and stopping therapy at the
onset of fetal anaemia, in favour of IUT. Further multicentre
randomised trials are warranted to investigate efficacy, opti-
mal timing of initiating treatment and dosing schedules. It is
unlikely, however, that better evidence will be forthcoming
because of the rarity of the condition and the need for interna-
tional collaboration. In conclusion, IVIG is unproven, but with
some evidence of benefit, and in the absence of alternatives has
a reasonable risk-benefit balance for the rare cases where there
has been very early onset HDFN in previous pregnancies. A
central database to record the national and international use of
this treatment would be beneficial for tracking outcomes and
adverse effects.

A future alternative therapy to IVIG could be the use of mono-
clonal antibodies; specifically the anti-neonatal Fc receptor
antibody nipocalimab. A multicentre randomised trial into
nipocalimab for pregnancies at risk of severe HDFN is currently
underway and results should be awaited before introducing this
into clinical practice.’’
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