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Abstract: Hemolytic disease of the newborn continues to be a common neonatal disorder that
requires a comprehensive understanding on the part of those caring for infants. Common treat-
ments include hydration and phototherapy. Exchange transfusion is used in severe hemolytic
disease, but infants undergoing this treatment are exposed to many adverse effects. Intravenous
immunoglobulin is a newer strategy that is showing promise in the treatment of the disease.
This review discusses the current use and future expectations of intravenous immunoglobulin
therapy in newborns.
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Introduction

Various treatment modalities are available for the management of isoimmune hemolytic
disease (HD) of the newborn, including administration of intravenous immunoglobulin
(IVIG). Neonatal use of IVIG to treat hemolytic anemia was first reported in 1987 by
Hara et al as being successful in the treatment of late anemia due to rhesus E incom-
patibility.' Since that time, numerous reports have been published discussing its use
in other forms of HD of the newborn, mainly blood group incompatibility, which has
proven effective and reduced the need for more invasive treatments such as exchange
transfusion.?'° This paper discusses the current use of IVIG as a treatment for neonatal
HD and future uses, including fetal administration.

Overview of hemolytic disease of the newborn
Hemolytic disease of the newborn falls into three basic categories based on cause
and serological diagnosis, ie, Rh disease, ABO blood group incompatibility, and
alloantibody reactions. Rh disease is managed by maternal administration of Rho(D)
immune globulin which binds to and destroys fetal cells circulating in maternal blood
before a full maternal immune response can be initiated.!' Additionally, use of Doppler
ultrasound to diagnose fetal anemia and treatment with intrauterine transfusion has
significantly reduced the rates of infants born with significant Rh disease."

Blood group incompatibility occurs in 15%—-25% of pregnancies.'*'* Mothers
with the blood group O-positive develop anti-A and anti-B antibodies. If a fetus is A
or B blood type, an incompatibility exists and maternal anti-A or anti-B antibodies
attach to the fetal blood cell, leading to destruction and the development of jaundice
and anemia. However, only one in 150 infants develop mild hemolysis and even fewer,
one in 3,000, develop severe disease."
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Rare alloantibodies, including anti-D, anti-c, anti-E, anti-
Kell, anti-Kidd, and anti-Duffy, can also lead to hemolytic
anemia in the newborn."® Of these, anti-D remains the most
common, affecting 1 to 1,200 pregnancies.'®'® Prenatal
maternal testing can identify these antibodies, so health care
providers can provide close monitoring and possible prenatal
interventions. '

Diagnosis of hemolytic disease

To identify infants who may be at risk for development
of HD not known prenatally, blood typing and the direct
antiglobulin test (DAT, or Coombs test) are completed.
The DAT identifies antibodies that are attached to the
infant’s red blood cells, indicating an immune-dependent
reaction.'>! The test will be positive regardless of the
antibody type (anti-A, anti-B, or the rarer alloantibodies
discussed above). It was previously believed that the sever-
ity of the infant’s disease correlated with the DAT being
positive, but recently the DAT has been shown to have a
poor positive predictive value in identifying infants who
needing treatment.'® It was shown that only 23% of infants
with a positive DAT required phototherapy. However, it
was also demonstrated that the stronger the positive result,
the more likely the infant was to require treatment.?® False
positive results can occur from Wharton’s jelly contaminat-
ing the sample."

A complete blood count is also necessary in the evaluation
of HD. Depending on the timing of the study, anemia may
be mild or severe. Reticulocytosis and an elevated nucleated
red cell count as well as spherocytosis will often be present
as the infant attempts to correct the anemia by generating
new, immature red blood cells.!

As the red blood cells are destroyed, bilirubin is released
and the infant’s immature liver is unable to conjugate the large
bilirubin load. Without removal in the gastrointestinal tract,
the bilirubin levels rise, leading to clinical manifestation of
jaundice within 12-24 hours of birth.'* The initial anemia
and subsequent hyperbilirubinemia are treated within the
first week of life. However, chronic anemia often develops
and should be followed-up at 6—8 weeks of life.

Treatment of hemolytic disease

The goal of any therapy is to treat the etiology of the disease
using the most effective but least invasive method. Several
treatments are available for the management of HD of the
newborn, including enteral or intravenous hydration, pho-
totherapy, exchange transfusion, and IVIG. Hydration and
phototherapy have been safely used as a standard practice

and are not discussed in depth here. Exchange transfusions
are briefly discussed, but the main focus is on use of IVIG
for management of HD.

Exchange transfusion has been used as a treatment
for severe HD with hyperbilirubinemia unresponsive to
phototherapy.'>! Guidelines have been developed dependent
on bilirubin levels at a specific hour of life and the rate of
rise of these levels.?! Additionally, the general guideline of
severe anemia (hemoglobin <10 g/dL at birth) and/or severe
hyperbilirubinemia in the first 48 hours of life have been
suggested as to when an exchange should be performed.'
The procedure is effective, with approximately 25% of the
bilirubin removed.?> Adverse effects of exchange transfu-
sion are numerous and include acid-base instability, apnea,
catheter-induced issues (cardiac arrhythmias, embolism,
thrombosis, infection), electrolyte imbalances (hypocalcemia,
hypoglycemia, hypomagnesemia), necrotizing enterocolitis,
bowel perforation, pulmonary hemorrhage, and thrombocy-
topenia.”® Due to these adverse effects, providers have been
evaluating less invasive treatment strategies, such as IVIG.

Several IVIG solutions are commercially available and
package inserts should be read carefully to ensure proper
administration prior to use. Gammagard Liquid® (immune
globulin infusion, human) 10% is discussed here as one
preparation. Most preparations contain IVIG as a sterile,
purified liquid preparation of pooled and concentrated human
immunoglobulin (Ig)G antibodies (small amounts of IgA and
IgM is also present). Donors are tested for hepatitis B surface
antigen and antibodies to human immunodeficiency virus 1
and 2 and hepatitis C through donation sites approved by the
US Food and Drug Administration. The pH of the solution is
4.6-5.1 and the osmolality is 240-300 mOsmol/kg.** IVIG
“contains a spectrum of antibodies capable of interacting
with and altering the activity of cells of the immune system
as well as antibodies capable of reacting with cells such as
erythrocytes”.?* When HD occurs, maternal antibodies pres-
ent in the infant’s blood attach to the antigen receptors on the
infant’s red blood cells. Specifically, the maternal antibody
attaches its Fc region, the lower portion of the antibody, to
specific immune system cells, such as macrophages, stimu-
lating the destruction of the antigen-antibody complex and
the red blood cell.” It has been proposed that IVIG blocks
the Fc receptor and therefore blocks the binding of the anti-
body to the antigen.?*?® With this blockade, hemolysis no
longer occurs.

The dose of IVIG for management of HD is 500 mg/kg
to 1 g/kg,”! and it should be infused through a dedicated
line after preparation in the pharmacy. Figure 1 provides a
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thrombocytopenia

renal dysfunction

signs of phlebitis

preservative-free, and sucrose-free

Infusion rate:
0.5 mL/kg/hour x30 minutes; if no problems, then

1 mL/kg/hour x30 minutes; if no problems, then

4 mL/kg/hour x remainder of the infusion

Uses: adjuvant treatment of fulminant neonatal sepsis, hemolytic jaundice, neonatal alloimmune
Usual dose: 500—750 mg/kg over 2—6 hours (up to 1,000 mg/kg/dose); most studies have used a single
dose, although additional doses have been given at 12—24-hour intervals

Side effects/monitoring: hypotension, flushing, tachycardia, fever, diaphoresis, hypoglycemia, acute

« Slowing or stopping the infusion should allow these symptoms to resolve quickly

» Frequent monitoring of heart rate and blood pressure recommended; check intravenous site for

Concentration: Gammagard Liquid® (immune globulin infusion, human 10%) 100 mg/mL,

2 mL/kg/hour x30 minutes (maximum rate for any renal dysfunction); if no problems, then

Compatibility: intravenous immunoglobulin should not be infused with any other medications

Filtration requirements: use of an in-line filter is optional

Figure | Intravenous immunoglobulin administration protocol used at the Georgia Regents University, Children’s Hospital of Georgia.

sample protocol for IVIG administration. While single-dose
therapy has been most commonly reported, case studies are
demonstrating that multiple doses can be safe and effec-
tive in infants who continue to display HD after the initial
dose 3!

IVIG has been deemed safe, and is generally well toler-
ated with a limited side effect profile.®® Hemolysis, acute renal
failure, and sepsis in preterm infants have been reported.?**
More recently, an association with necrotizing enterocolitis
has been described, but other factors in the development of
necrotizing enterocolitis, such as prematurity and prenatal
risk factors, could not be ruled out.!%31-33

Discussion

IVIG has been demonstrated to be a safe and effective treat-
ment for HD of the newborn, with no major side effects
reported in neonates.'® IVIG has been studied by the Cochrane
Collaboration, which found that it significantly reduces the
need for exchange transfusions. However, since the studies
evaluated were small and of limited quality, further studies
were recommended before drawing conclusions.?

Most studies have compared IVIG with the need
for exchange transfusion and almost all have found
a reduction.’*? Only Smits-Wintjens et al showed that
exchange transfusion rates were not decreased by use of
IVIG, but this study population had a high rate of intrauterine

transfusions which may be the reason for the discrepancy.'®*

The American Academy of Pediatrics recommends IVIG,
with repeat dosing if necessary, as an adjunct therapy in the
management on HD of the newborn.?! Corvaglia et al also
demonstrated that IVIG may decrease the risk of neurological
impairment because IVIG decreases time in the high-risk zones
on the Bhutani nomogram.!® Length of stay data have been
collected, but have been inconclusive.'%3336

Implications for the future

Several reports have demonstrated positive results regarding
the use of IVIG as a fetal therapy. In 2007, Kriplani, et al
reported four cases in which IVIG was administered at the
time of an intrauterine transfusion. All four cases showed a
reduction in need for additional intrauterine transfusions and
post-natal exchange transfusion rates.*’

Matsuda et al reported a case of severe fetal anemia
treated with an injection of IVIG into the fetal abdominal
cavity. Four treatments were administered, and no side effects
were noted. The infant was reported as healthy, with no
exchange transfusion or phototherapy required. No chronic
anemia or developmental delay was noted at 12 months
of life.’

Most recently, Bellone and Boctor have reported use
of maternal IVIG in a patient with a very high anti-D titer.
The patient required several therapeutic plasma exchanges
between weeks 12 and 14 of pregnancy. After the last
therapeutic plasma exchange at 14 weeks, a loading dose
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of IVIG was given to the mother. She then received weekly
IVIG infusions until 28 weeks’ gestation. Anti-D titers were
followed and remained stable throughout the remainder of
the pregnancy. The mother delivered at 37 weeks’ gestation
and the infant had mild HD of the newborn, requiring IVIG
and a red blood cell transfusion.*

Conclusion

IVIG is a safe and effective treatment for HDN that has
gained in popularity over the last decade. It has been
shown to decrease the need for exchange transfusion and,
therefore the complications associated with exchanges.
IVIG administration has been endorsed and included as a
standard of practice in the American Academy of Pediatrics
2004 Management of Hyperbilirubinemia in the Newborn
Infant guidelines.?! The use of IVIG in fetal medicine is
progressing and will be followed as a possible treatment
in the future.

Disclosure
The authors have no conflicts to report in interest in
this work.
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