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Discussion

Fetal and neonatal red cell alloimmune hemolytic disease results from alloimmunization to
red cell antigens, for which mother and fetus are incompatible. Production of maternal IgG
antibodies directed against the fetal red blood cells occurs when fetal red blood cells posi-
tive for a certain antigen, pass into the blood circulation of a mother lacking that particular
antigen. These maternal IgG antibodies may then cross the placenta into the fetal circula-
tion and cause a wide scale of symptoms in the fetus, ranging from mild to severe hemolytic
anemia and fetal hydrops.! Maternal immunization to the Rh D-antigen is the most common
cause of severe fetal and neonatal disease.2 However, more than 50 other (non-Rh D) red cell
antigens have been reported to be associated with HDFN. Anti-Rh c and anti-Kell antibodies
constitute the major causes of severe fetal and neonatal disease, whereas anti-Rh E, e, C, Cw
and a few rare other antibodies are seen less frequently.2* Non-Rh D-immunizations mostly
result from incompatible red blood cell transfusions, if not precautionary measures e.g. Kell-
matched transfusions for female in (pre)fertile age are applied.2

In the Netherlands, the post-delivery Rh D prophylaxis program (introduced in 1969) resulted
in a decline of new Rh D immunizations from 3.5% in 1969 to 0.6% in 1995.5 These rates were
comparable with international studies on this subject. In the Netherlands, around 170 preg-
nancies are affected each year with Rh D immunization and 380 with non-Rh D immunization.
In approximately 30 of these cases severe fetal hemolytic disease will occur, requiring antena-
tal treatment with IUT in the LUMC.

In this chapter we summarize the recent evidence and opinions on management and outcome
of HDFN due to red cell alloimmunization and discuss future research perspectives.

Management

HDN due to red cell alloimmunization can lead to severe hyperbilirubinemia, acute bilirubin
encephalopathy and subsequently chronic bilirubin encephalopathy, also known as kernict-
erus.” Prevention of kernicterus is considered to be the primary goal of postnatal management
of red cell alloimmune HDN.8 Treatment of hyperbilirubinemia consists primary of intensive
phototherapy and ET.! Phototherapy lowers serum bilirubin levels through photo-oxidation
and converts bilirubin to a water-soluble substance.” Phototherapy was first introduced in the
late 1950s, when white light was the mainstay of treatment.? Since then significant improve-
ments have been made and it has become clear that the efficacy of phototherapy is dependent
on a number of factors, including spectral quality of the delivered light, irradiance (intensity of
light), surface area receiving phototherapy, distance from the light to the skin, skin pigmenta-
tion, total serum bilirubin concentration at the start of phototherapy and duration of expo-
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sure.’71011 |n HDN due to red cell alloimmunization, prompt and intensive phototherapy
should be started immediately after birth (as bilirubin can rise sharply after birth), in order
to reduce the need for ET.! Intensive phototherapy implies the use of (1) emission of light in
the blue-to-green range that overlaps the plasma bilirubin absorption spectrum (460-490
nm), (2) irradiance of at least 30 pW/cm2/nm and (3) illumination of maximal body surface
(diaper should be removed).'812 An exception on this intensive phototherapy regime is
Kell alloimmunization, in which anemia is more prominent than hyperbilirubinemia. In
Kell alloimmunization, anemia results mainly from reduced erythropoiesis by destruction
of progenitor red blood cells rather than hemolysis of erythrocytes.'3 Consequently, only
minimal phototherapy is required, despite severe anemia. Studies reporting on adverse
effects of phototherapy are limited. In neonates with cholestasis, phototherapy can cause
the bronze baby syndrome, in which skin, urine and serum evolve a greyish-brown discolor-
ation.”4The pathogenesis of this disorder is not fully understood, but it resolves spontane-
ously when phototherapy is discontinued. Recent reports from Swedish research groups
have suggested an association between phototherapy and type 1 diabetes and childhood
asthma.'>17 The mechanism behind this association is unknown. However, effects of photo-
therapy on the neonatal gut and gut immune response have been suggested. Other studies
have been reported on blue light phototherapy as a risk factor for melanocytic nevus devel-
opment.'819 Additional prospective, multicenter studies are warranted to investigate the
long-term adverse events of (intensive) phototherapy.

In case of failure of phototherapy, ET is used to remove bilirubin from the circulation. ET has
the additional benefits of removing maternal antibodies (and consequently limiting further
hemolysis) and correcting associated anemia.! Another favourable effect of ET is a decrease
in plasma ferritin and iron levels.20 ETs are performed with double volume transfusion (160
ml / kg) using irradiated, leucocyte-depleted compatible erythrocytes via an intravenous
catheter, usually an umbilical vein. The rate of neonates with HDN requiring treatment with
ET varies from 20 to more than 70%.2" In 2004 more restrictive ET guidelines were published
by the American Academy of Pediatrics® and which led to a decrease in the use of ET.22 This
reduction in ET has led to an increased need of top-up transfusions due to ongoing hemo-
lysis and remaining antibodies.22 Our center adopted the new guidelines in 2005 and the
incidence of neonates with red cell alloimmunization requiring treatment with ET dropped
significantly from almost 70% to less than 20% thereafter.23

After introduction in the late 1940s,2426 neonatal treatment with ET became one of the
most frequently performed neonatal procedures. However, ET remains a procedure with
a significant risk of adverse effects. The current mortality rate is reported to be less than
2%, whereas rates of morbidity and ET-related adverse events can reach 74%.27-34 Reported
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adverse events include mainly catheter-related complications (malposition, sepsis), com-
plications linked to the use of blood products (thromboembolization, graft versus host
reactions, infection), metabolic derangements (acidosis, disturbance of serum levels of
sodium, calcium, potassium and glucose) and cardio-respiratory reactions (including
cardiac arrhythmias, cardiac arrest and apnea).27-34 Our study on morbidity after ET demon-
strates that treatment with ET in neonates with HDN is associated with a 6-fold increased
risk of sepsis (incidence 8% in the ET-group versus 1% in the no-ET-group, odds ratio (OR)
6.3, 95% confidence interval (Cl) 1.7-22.9), a 25-fold increase in leukocytopenia (incidence
88% (versus 23%), OR 24.7, 95% Cl 13.4-45.5), a 21-fold increase in severe thrombocyto-
penia (incidence 63% (versus 8%), OR 21.4, 95% Cl 11.5-39.7), a 29-fold increase in hypo-
calcemia (incidence 22% (versus 1%), OR 29.1, 95% Cl 6.8-124.5) and an increased risk of
hypernatremia (incidence 8% (versus 0% in the no-ET-group)). Treatment with ET was not
associated with neonatal death in our study population. The remarkably lower incidence
of ET-related morbidity and mortality in our study compared to previous studies can be
explained by methodological differences (different sizes of the various study cohorts) and
differences in disease-severity between the studied cohorts (premature neonates in pre-
vious studies versus (near) term-age neonates in our cohort).282931 Another explanation
could be that in the Netherlands treatment for intrauterine and postnatal red cell alloim-
munization is centralized in one tertiary center. Subsequently almost all severely affected
neonates with HDN due to red cell alloimmunization are born and treated in our center. As
a result, ET is a frequently performed and standardized procedure in our unit and part of
routine practise. We speculate that in experienced hands severe permanent sequelae due
to ET-procedures can be kept at a minimum. We therefore advocate a centralized manage-
ment of neonatal red cell alloimmunization.

Neonatal treatment with IVlg has been suggested as an alternative therapy for ETin HDN due
to red cell alloimmunization.8 In many Western countries, including the Netherlands, IVIg is
widely used.3s In afew small RCTs, IVIg reduced the need for ET and duration of phototherapy
in neonates with red cell alloimmunization.36-3® However, these studies were restricted by
several important methodological limitations.23 In 2002 a Cochrane review concluded that
further well-designed trials are needed before routine use of IVIg can be recommended.* In
the last decade, two other study-groups performed a RCT on this topic, favouring the use of
IVlg. However, these studies were flawed due to with important methodological restrictions
related to unclear randomization and blinding procedures.#'42 In contrast, our double-blind,
placebo-controlled RCT on the prophylactic use of IVIg in neonatal red cell alloimmuniza-
tion demonstrated that IVIg does not reduce the need for ET nor the rates of other adverse
neonatal outcomes.23 Recently, a research group from Brazil finalized a similar RCT and also
found no difference between both groups on the rate of ET.43 A possible explanation for the
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lack of effect of IVIg in our study could be that treatment with intensive and prophylactic
phototherapy, starting immediately after birth, reduces the risk of severe hyperbilirubine-
mia.23 In view of the absence of beneficial effects and because of rare but potential adverse
effects,*4-46 we do not recommend the use of IVIg in HDN due to red cell alloimmunization.z
A new meta-analysis of all recently published RCTs is needed to determine the efficacy and
safety of IVIg in neonatal red cell alloimmunization.

In the past, various other treatment strategies for hyperbilirubinemia in neonatal red cell
alloimmunization have been investigated, including treatment with albumin, phenobarbi-
tal, metalloporphyrines and clofibrate.*” Administration of albumin before ET might increase
the efficacy of ET, because more bilirubin will be mobilized and excreted from tissue to
blood.48 In 2009 Shahian et al. performed a RCT to determine the role of administration
of intravenous albumin prior to ET in term, otherwise healthy neonates. They observed
that infusion of 20% albumin one hour prior to ET significantly reduced the post-ET total
serum bilirubin level and duration of phototherapy.*® However, evidence that albumin infu-
sion increases long-term outcome in infants with red cell alloimmunization is not available
and thus routine use of albumin is not recommended.! Phenobarbital increases bilirubin
uptake, conjugation and excretion’ and its potential effect on hyperbilirubinemia has been
studied for decades.*-53 A recent retrospective study by Trevett et al. showed that antenatal
maternal administration of phenobarbital significantly reduces the need for ET in neonates
affected with HDN due to red cell alloimmunization. The incidence of ET in neonates with
and without antenatal phenobarbital administration was 9% versus 52%, respectively (p <
0.01).54 Further study in a randomized controlled trial is necessary to confirm these results.
Recentlt, Chawla et al. performed a meta-analysis to evaluate the role of phenobarbital in
the management of unconjugated hyperbilirubinemia during the first two weeks of life in
preterm neonates. The authors reported that phenobarbital reduces peak serum bilirubin,
duration and need of phototherapy and need of ET in preterm very low birth weight neo-
nates. These impressive findings warrant further studies to evaluate adverse effects and
neurodevelopmental outcome.55> Metalloporphyrins, synthetic heme analogs, are competi-
tive inhibitors of heme oxygenase, the rate-limiting enzyme in bilirubin production.’56 Their
use has been proposed as an alternative strategy for treating severe hyperbilirubinemia by
preventing the formation of bilirubin.’6 However, a recent Cochrane review suggests that
placebo-controlled RCTs are required to report on outcomes such as severe hyperbiliru-
binemia, kernicterus, ET and long-term neurodevelopmental impairment.5256-58 Finally, a
few studies report beneficial effects of clofibrate on hyperbilirubinemia. This drug activates
peroxisome proliferator-activated receptors and increases bilirubin conjugation and excre-
tion. One single dose of clofibrate has been reported to be effective, safe and cost-effective
in view of reducing duration of admission.>® However, long-term clofibrate treatment has
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been associated with serious adverse effects and therefore more research is needed to
clarify its safety.4

Short-term outcome

In the past, various postnatal complications in neonatal red cell alloimmunization have
been reported, including hematological complications (anemia, thrombocytopenia and
leucopenia) and cholestatic liver disease.!20

Anemia

Anemia in red cell alloimmunization results from hemolysis of fetal red blood cells by mater-
nal IgG antibodies. Maternal antibodies usually persist in the infants circulation for several
months after birth, causing prolonged hemolysis. Anemia in HDN due to red cell alloimmuni-
zation can be divided into early onset anemia (within 7 days after birth), caused by antibody
dependent hemolysis of red blood cells, and late onset anemia (from 1 week until 3 months
after birth). Late onset anemia may be secondary to either ineffective erythropoiesis due to
suppressed bone marrow ('late hyporegenerative anemia’) and/or persistent hemolysis ('late
anemia of hemolytic disease’).2060 Late anemia is a common problem in infants with red cell
alloimmunization and we therefore advocate that a full work-up, including invasive diagnostic
tests to exclude other causes of anemia is generally not necessary. Treatment of anemia exists
of top-up transfusions, which can be necessary up to the third month of life. Infants must
therefore be checked for the rate of hemoglobin fall once a week until three months of age.
Approximately 80% of infants treated with IUT require at least one top-up transfusion for late
anemia in the first three months of life, compared to around 65% of infants without |UT.2260
International guidelines for top-up transfusions in the first months of life including transfu-
sion triggers are not available. In our center transfusion triggers include: haemoglobin level
< 8 g/dL (5 mmol/L) or < 9.6 g/dL (6 mmol/L) when clinical symptoms of anemia are present
(need of extra oxygen, poor feeding, tachycardia, tachypnea).’2® Generally, top-up transfu-
sions given to neonates with HDN consist of 10-20 mL/kg irradiated, ABO/Rh type-specific and
antigen-negative red blood cells.20

Erythropoietin (EPO) can be used to prevent late anemia and reduces the need for top-up
transfusions. However, there is insufficient evidence to recommend routine use of EPO in HDN
due to red cell alloimmunization.6'-6° Larger RCTs are needed to study this topic.

Various supplements, including folic acid and iron could theoretically support erythropoiesis.
However, evidence on optimal dosage and side effects is lacking. Nevertheless, in our center
we routinely administer folic acid 0.05 mg/day orally to infants with HDN during the first
three months of life.2% Iron supplementation is sporadically used to support erythropoiesis in
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anemic neonates with HDN. However, the vast majority of neonates usually do not lack iron,
due to multiple intrauterine and/or postnatal transfusions. With each top-up transfusion, iron
is transfused as well. Iron overload can cause damage to the liver, heart and other organs.”®
Therefore iron supplementation should be withheld, especially in transfused infants. More
studies are needed to define indications for chelation therapy, which is sporadically used to
treat iron overload in HDN.”!

Thrombocytopenia

Limited studies have shown that fetuses with red cell alloimmunization are at increased
risk of thrombocytopenia.’274 We investigated this topic in our study population and found
that 26% of neonates with red cell alloimmunization had thrombocytopenia (<150 x 109 /
L) at birth.”s Thrombocytopenia at birth was independently associated with IUT treatment,
small for date and lower gestational age at birth. Etiologic factors contributing to thrombo-
cytopenia in red cell alloimmunization include decreased production, increased destruc-
tion and dilution.2 Moreover, thrombocytopenia is a well known complication of ET due to
platelet-poor blood and/or catheter-related thrombosis.”6-78

Leucopenia

Only scarce data are available on leucopeniain neonatal red cell alloimmunization. It appears
that the incidence of neutropenia increases if HDN is more severe, but little is known about
incidence and morbidity this complication deserves further scrunity.”980

Liver disease

Cholestatic liver disease may occur in HDN due to red cell alloimmunization and has been
associated with iron overload due to multiple IUTs.81-8 However, data on incidence and
severity is limited and little is known about pathogenesis, risk factors, neonatal manage-
ment and outcome. In our study on this topic we found that cholestasis occurs in 13% of
neonates with red cell alloimmunization and is independently associated with IUT treat-
ment and Rh D type of alloimmunization. Extensive investigations were performed to rule
out other causes of cholestasis, but all tests were normal. Cholestasis resolved spontane-
ously within 1 week to 3 months after birth in almost half of the patients. One patient was
treated with iron chelation therapy due to a prolonged and severe course of hyperferritine-
mia. We suggest that a full work-up to exclude other causes of cholestasis in a child with
red cell alloimmunization treated with at least one IUT, is not necessary, provided that no
other factors are involved and monitoring of ferritin, liver enzymes and conjugated bilirubin
levels is guaranteed during the first 3 months of life.
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Long-term outcome

Before the LOTUS study, only a few small studies have reported on the long-term neurode-
velopmental outcome after IUT with incidences of adverse outcome ranging from 4.5 to
12%.8592 |n the LOTUS study, a large national cohort study designed to evaluate long-term
neurodevelopmental outcome in children treated with IUT for red cell alloimmunization at
our center, we examined 291 children at a median age of 8.2 years. The overall incidence
of neurodevelopmental impairment (NDI) was low, 4.8% (including cerebral palsy, severe
developmental delay and bilateral deafness). Several factors were associated with increased
risk for NDI, including fetal hydrops, number of IUTs and severe neonatal morbidity. The
high rate of intact survival proves the success of antenatal IUT-treatment. Whether reducing
the incidence of risk factors (in particular severe hydrops) will also reduce the incidence of
long-term neurodevelopmental outcome needs to be investigated in future studies.

Future perspectives

During the last decades, a significant evolution in prenatal and postnatal care strategies for
patients with red cell alloimmunization has occurred. New management options have led
to a remarkable decrease in perinatal mortality and morbidity. However, several questions

are still unanswered. This paragraph focuses on future research perspectives.

Neonatal management

.

Prospective, multicenter trials are warranted to investigate the long-term adverse events
of (intensive) phototherapy, including bronze baby syndrome, asthma, type 1 diabetes
and melanocytic nevus development.

Prospective, double-blinded RCTs are necessary to evaluate benefits, adverse effects and
neurodevelopmental outcome of administration of albumin, phenobarbital, metallopor-
phyrines and clofibrate in neonatal red cell alloimmunization.

A new meta-analysis of all recently published RCTs on IVIg is needed to definitively estab-
lish the efficacy and safety of IVIg in neonatal red cell alloimmunization.

.

Larger well-designed trials are needed to recommend on the use of EPO in neonates with
HDFN to reduce the number of top-up transfusions.

Studies on the use of folic acid are needed to determine if and in which dosage this
therapy could be beneficial (although this is of minor importance compared to the issues
mentioned here above).
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Short-term outcome

.

More studies are needed to determine the incidence and risk factors of iron overload in
infants with HDN treated with and without IUT and to define indications for chelation
therapy in infants with red cell alloimmune hemolytic disease.

Large prospective follow-up studies are required to determine the exact course of
cholestasis in neonates with red cell alloimmune hemolytic disease.

Further research is required to study the prevalence and clinical significance of neutrope-
nia and thrombocytopenia in relation to red cell alloimmunization and ET.

Long-term outcome

* Further studies are warranted to reduce the incidence of risk factors, including fetal

hydrops, associated with adverse long-term outcome in children treated with IUT.

* More research is required to determine the effect of factors such as phototherapy, ET, IVIg

and iron overload on the immune system and the risk of diabetes, allergy and asthma.
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