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Abstract Phototherapy is the standard treatment in moder-
ately severe hemolytic disease of newborn (HDN), whereas
exchange transfusion (ET) is the second line in progressive
cases. Intravenous immunoglobin (IVIG) has been suggested
to decrease the need for ET. We aimed at assessing the
efficacy of early two-dose regimens of IVIG to avoid
unnecessary ET in severe Rh HDN. The study included 90
full-term neonates with Rh incompatibility unmodified by
antenatal treatment and not eligible for early ET and which
were randomly assigned into one of three groups: group (I),
treated by conventional method; groups IIa and IIb received
IVIG once at 12 h postnatal age if PTwas indicated, in a dose
of 0.5 and 1 g/kg, respectively. Analysis revealed 11 neonates
(22%) in the conventional group and 2 (5%) in the
intervention group who administered low-dose IVIG at 12 h,
while none in group IIb required exchange transfusion (p=
0.03). Mean bilirubin levels were significantly lower during
the first 96 h in the intervention group compared to the
conventional group (p<0.0001). Shorter duration of photo-

therapy (52.8±12.39 h) and hospital stay (3.25±0.71 days)
in the IVIG group compared to conventional group (84±
12.12 h and 4.72 ±0.78 days, p<0.0001, respectively) were
observed. We conclude that IVIG administration at 12 h was
effective in the treatment of severe Rh HDN; the low-dose
IVIG (0.5 g/kg) was as effective as high dose (1 g/kg) in
reducing the duration of phototherapy and hospital stay, but
less effective in avoiding exchange transfusion.
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Introduction

Neonatal jaundice is one of the commonly seen neonatal
problems as it affects 60% of full-term infants and 80% of
preterm infants in the first few days of birth. Although
transient, the condition accounts for up to 75% of neonatal
care unit readmission in the first week after birth [4].

One of the main causes of severe hemolytic disease of
the newborn (HDN) is Rh incompatibility, with a risk of
acute or chronic kernicterus [16]. Many Rh-negative
mothers in developing countries do not receive Rh
prophylaxis when they give birth to Rh-positive baby
due to inadequate care or inability to afford anti-D
immunoglobulin [6].

Phototherapy, which is the standard modality used in
moderately severe neonatal hyperbilirubinemia, may be not
enough, and exchange transfusion (ET) in the proper time
could avoid the risks of encephalopathy, though exchange
transfusion is a therapy which is not devoid of risk [22, 24].
Moreover, the criteria used to determine the need for
exchange transfusion are controversial. Severe anemia and
presence of a rapidly increasing bilirubin level despite
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optimal phototherapy in the first 12 h of life indicate the
need for earlier intervention [13]. This makes gauging the
appropriate time to intervene with exchange transfusion a
difficult clinical decision [28].

In recent years, intravenous immunoglobulins (IVIG)
have been successfully used in isoimmune hemolytic
anemia (Rh incompatibility) [20, 26]. However, consensus
guidelines on the optimum timing, exact dosage, and
frequency of IVIG treatment in these circumstances are
still lacking. In this prospective trial, we studied the effect
of the early administration of IVIG at 12 h in a two-dose
regimen for term neonates with severe Rh incompatibility,
on serum bilirubin levels, need for exchange transfusion,
duration of both phototherapy, and hospitalization.

Materials and methods

This prospective randomized control study was conducted
on 90 neonates with Rh isoimmune hemolytic jaundice
admitted in the neonatal care unit in El Galaa Hospital not
eligible for ET during the first 12 h of postnatal life. The
neonates were randomly assigned into one of two groups:
conventional group (n=45), to be treated by PT alone and
served as a comparative group; intervention group (n=45),
subdivided into IIa (23 neonates) and group IIb (22
neonates) to be treated by two different doses of IVIG at
12 h postnatal age in addition to PT. The study was
approved by the Ethical Committee of Ain Shams Univer-
sity Hospital. Informed consent from the parents was
obtained before randomization, and the physician who
carried out the randomization was different from that
conducting the study. Conventional and intervention groups
included newborns with Rh HDN who fulfilled the
following inclusion criteria: (1) term neonates more than
38 weeks’ gestational age born to Rh-negative mothers who
never received anti-D after previous deliveries; (2) iso-
immune hemolytic jaundice proven by Rh incompatibility
between blood group of the mother and the baby, positive
direct Coombs’ test, and high reticulocytic count; and (3)
significant indirect hyperbilirubinemia requiring photother-
apy in the first 12 h of life and/or rising by (0.5 mgdL−1h−1)
while serum bilirubin level is still below the exchange
transfusion criteria on admission according to American
Academy of Pediatrics (AAP) management guidelines for
hyperbilirubinemia [2].

Neonates were excluded if they had any of the
following: (1) preterm and near-term neonate <37 weeks’
gestational age, (2) perinatal asphyxia, (3) neonatal sepsis,
and (4) neonates with hematomas. Maternal and delivery
histories were reviewed thoroughly for all subjects; none of
patients had a history of prenatal treatment (maternal IVIG)
and/or in utero transfusion.

The intervention and conventional groups were sub-
jected to the following:

Clinical examination
This includes assessment of APGAR score at 1 and

5 min to exclude perinatal asphyxia. Gestational age was
assessed by new Ballard score, general examination
excluding the presence of trauma, e.g., cephalohematoma
and local examination, including: (1) neurological exam-
ination to detect the state of consciousness, signs, and
stage of bilirubin encephalopathy and (2) abdominal
examination to detect any organomegaly.0

Total serum bilirubin
For all neonates, blood samples (0.5 mL each) were

obtained for the measurement of total bilirubin levels
shortly after birth (mean 1.8±0.4) and was repeated every
6 h in all neonates unless indicated more frequent until
cessation of phototherapy and 24 h later. The total
bilirubin level is measured automatically using a spec-
trophotometer (RA 50). Other investigations were carried
out: basal complete blood count, reticulocytic count,
Coombs’ test, and C-reactive protein.

Phototherapy
The baby is placed naked with a fiber-optic blanket on

his undersurface, covering the eyes and genitalia, at a
distance of 30–40 cm from special blue light source; four
lamps were used in an incubator and body position was
changed continuously. Initiation and discontinuation of
phototherapy was according to the serum bilirubin levels
as provided by the AAP guidelines [2]. The total duration
of phototherapy as well as the total duration of hospital
stay were calculated and recorded.

Intravenous immunoglobulin
Baseline and follow-up bilirubin blood samples had

been obtained and the diagnosis was established. At 12 h
after birth, neonates in the intervention group received a
single dose of intravenous immunoglobulin (CSL Behr-
ing) using an infusion pump over 3 h of 0.5 g/kg (for
group IIa) and over 6 h of 1 g/kg (for group IIb).
Neonates were monitored closely for side effects that
might be related to the administration of IVIG. Vital data
were monitored and recorded for all neonates.

Exchange transfusion
When bilirubin level increased by 1 mgdL−1h−1, the

neonate will require exchange transfusion according to
the guidelines of the AAP [2]. The exchange transfusion
is done in cycles: Each one usually lasts a few minutes.
The baby’s blood is slowly withdrawn (about 20 mL at
a time, depending on the patient’s size and the severity
of illness). An equal amount of fresh, pre-warmed blood
or plasma flows into the patient’s body. This cycle is
repeated until the correct volume of blood has been
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replaced. After the exchange transfusion, catheters may
be left in place in case the procedure needs to be
repeated and removed once the procedure has ended.

Statistical analysis

All statistical analysis was performed using the SPSS, 10th
version of Windows (Statistical Package for the Social
Sciences). Differences for continuous variables were exam-
ined using ANOVA test (data were presented as mean and
SD), whereas for categorical variables, differences were
assessed using the χ2 test (results were presented as
percentages and the corresponding p value). To control for
multiple comparisons, a Bonferroni adjustment was used to
declare statistical significance at 0.05 levels. Non-parametric
data were tested using Kruskal–Wallis test pairwise compar-
ison using Mann–Whitney test with Bonferroni correction;
critical level of significance will be ≤0.016.

Results

A total of 90 neonates were enrolled in the study and stratified
into conventional and intervention groups over a period of
10 months from March 2009 to January 2010. However, five
parents of the intervention group did not consent using IVIG, so
they were treated eventually by the conventional method (n =
45 + 5 = 50). Of the 40 infants finally in the intervention
group, five babies assigned to the high IVIG dose (n = 20 −
5 = 15); their parents chose the lower dose (n = 20 + 5 = 25).

All neonates (47 males and 43 females) had stable
general condition with unremarkable systemic examination.
Their median gestational age was 38.5 weeks and their

median birth weight was 3,100 g. The two groups were
similar at baseline in demographic, clinical, and biochem-
ical characteristics (Table 1). All of the pretreatment
parameters were well balanced between the conventional
and intervention groups of patients. There were no
significant differences between groups regarding their mean
gestational age (p=0.5), gender (p=0.99), maternal diabetes
(p=0.37), mode of delivery (p=0.98), and mean birth
weight (p=0.94). Also, the same findings were noticed
regarding laboratory parameters as Hgb (p=0.97) and
reticulocytic count (p=0.08), which were statistically non-
significant among the two studied groups.

Changes in bilirubin level

The initial bilirubin level at a mean 1.8±0.4 h and at 12 h
did not differ between the two groups, with a mean of
10.86±0.63 and 13.49±0.88 mg/dL for the conventional
group and 10.94±0.81 and 14.24±1.44 mg/dL for the
intervention group (p=0.23, p=0.18), respectively. During
the follow-up of serum bilirubin level, the intervention
group had significantly lower mean levels than the
conventional group (Fig. 1). At 24 h, mean serum bilirubin
level was 15.4±1.72 mg/dL for the conventional group
compared to 13.79±1.15 for the intervention groups (p<
0.001). At 48 h, mean serum bilirubin level was 13.72±
1.71 mg/dL for the conventional group compared to 12.37±
1.82 for the intervention groups (p<0.01). At 72 h, mean
serum bilirubin level was 12.90±1.37 mg/dL for the
conventional group compared to 11.84±1.17 mg/dL for
the intervention groups (p=0.4), while at 96 h, mean serum
bilirubin level was12.15±0.49 mg/dL for the conventional
group compared to 10.56 ± 0.67 mg/dL (p=0.03) for the

Table 1 Comparison between the three studied groups according to demographic, clinical, and biochemical characteristics of neonates with Rh
HDN (n=90)

Conventional (n=50) Intervention (n=40) p value

IIa
(n=25)

IIb
(n=15)

Birth weight (g), mean±SDa 3,064.00±383.20 3,100.00±387.30 3,073.33±490.58 0.94

Gestational age (weeks), mean±SD a 38.70±0.86 38.48±0.71 38.53±0.74 0.5

Male, n (%)b 26 (52%) 13 (52%) 8 (53%) 0.99

Delivery mode, n (%)b, cesarean section 32 (64%) 16 (64%) 10 (66%) 0.98

History of maternal diabetes(+ve)b 4 (8%) 3 (12%) 2 (13%) 0.37

Hgb (g/dL, median, IQ range)c 12.5 (11.00–13.40) 12.5 (12.00–13.90) 12.5 (11.5–13.15) 0.97

Reticulocytic count (%, IQ range)c 9.15 (5.50–12.00) 8.3 (5.90–11.750) 11.6 (9.5–12.9) 0.08

IQ interquartile range
a Anova test was used
b The chi-square test was used
c Krukal–Wallis test (using Mann–Whitney test with Bonferroni corrections)
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intervention groups, which indicates that IVIG ameliorates
the rise of bilirubin level when it is administrated.

The percentage of change in serum bilirubin demon-
strated that the conventional group showed an increase of
its level at 24 and 48 h (19.05±8.42% and 7.96±10.25%,
respectively), while a drop in bilirubin level was observed
in group IIa (9.26±8.08% and 21.90±8.15%) and group IIb
(12.63±7.24% and 26.81±7.31%, respectively). This rate
of drop was significant comparing both the intervention
groups with the conventional group (p<0.0001), but no
difference was noted between the two intervention groups
(p=0.24 after24 h and p=0.11 after 48 h).

Duration of phototherapy

The duration of phototherapy in terms of hours was
significantly shorter in the intervention groups (52.80±
12.39 h) than in the conventional group (84±12.12 h, p<

0.0001).Duration of phototherapy was comparable between
the two intervention groups (54.72±14.73 vs. 49.60±6.20 h,
p=0.2). At 72 h, 80% (n=20) of neonates in group IIa and
93.4% (n=14) of neonates of group IIb were off photo-
therapy, while all neonates at the conventional group were
still in need of phototherapy. At 96 h, 92% (n=23) of
neonates in group IIa and 100% (n=15) of neonates of group
IIb were off phototherapy, while 50% (n=25) of neonates at
the conventional group were still in need of phototherapy.

Duration of hospital stay

Duration of hospital stay was significantly shorter in
the intervention groups, with a mean of 3.25±0.71 days
when compared to the control group, with a mean of
4.72±0.78 days (p<0.001), with no difference between
the two intervention groups 3.36±0.86 vs. 3.07±0.26 h
(p=0.32).

Exchange transfusions

After the treatment had commenced, 11 patients (22%) in
the conventional group required exchange transfusions,
whereas two (5%) exchange transfusions were performed in
the intervention group, two neonates in group IIa, and
none in group IIb (p=0.03). There was no statistically
significant difference comparing the two intervention
groups (p=0.52). The two neonates in group IIa requiring
exchange transfusion were at 30 and 33 h, respectively
(Fig. 2). No cases required multiple exchange transfusions
and no deaths were related to this procedure in either
treatment group.

Neonates tolerated well the IVIG without apparent drug-
related adverse events, including fever, meningismus,
allergic reactions, and volume overload.

Fig. 1 Comparison between the two studies groups regarding
bilirubin level initially and subsequent post-neonatal hours of life.
Mean serum bilirubin level was significantly lower comparing the
intervention groups with the conventional group, especially at 24, 48,
and 96 h (p<0.0001, p<0.0001, p=0.03, respectively)

Fig. 2 Follow-up of mean
serum bilirubin levels in
conventional and intervention
groups throughout the course of
treatment. Early administration
of IVIG at 12 h in the
intervention group has led to a
marked decrease of the need of
exchange transfusion (5%) in
the intervention group (two
neonates in group IIa and none
in group IIb), contrasting 11
patients (22%) in the
conventional group (p=0.03).
*The total numbers of patients
at 6, 12, 24, and 48 h were 90
neonates and 56 neonates at
72 h and 27 neonates at 96 h
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Discussion

Rh hemolytic disease of the newborn, once a major cause
of perinatal mortality and long-term disability, is rarely seen
in developed countries today [25]. Bilirubin levels can rise
quickly in the first hours of postnatal life, and interventions
must be prompt to prevent side effects related to hyper-
bilirubinemia [29]. The reduction in the frequency of
disease occurrence has followed the understanding of its
pathophysiology, the development of reliable diagnostic
tools, the widespread use of Rh-immune globulin prophy-
laxis [19, 21], and, for those cases slipping through the
prevention system, the availability of treatment by intra-
uterine blood transfusions, which together constitute one of
the great advances in modern medicine [10, 17, 27].

However, hemolytic disease of the newborn has unfor-
tunately continued to contribute to perinatal and neonatal
morbidity and mortality in developing countries that do not
have access to this health care technology [6]. In El Galaa
Maternity Hospital, Ministry of Health (study venue) with
about annual 30,000 deliveries and 1,500 neonatal admis-
sions, the annual exchange transfusions had dropped to one
tenth in two decades following the implementation of Rh-
immune globulin prophylaxis, although not effective
completely (personal communication).

The use of IVIG has declined the number of infants
needing exchange transfusion, as suggested by many
studies [23, 26, 30]. The benefits of IVIG therapy appear
to be related to the blockage of Fc receptors in the neonatal
reticuloendothelial system [11]. This subsequently stops the
destruction of RBCs, thus competing with anti-D sensitized
neonatal erythrocytes and preventing further hemolysis [5,
23]. The higher dose IVIG avoided ET; this could be
attributed to its ability to block more Fc receptors which
might prevent further elevation of bilirubin to exchange
level.

The duration of phototherapy in terms of hours was
significantly shorter in the intervention groups (52.80±
12.39 h) than in the conventional group (84±12.12 h, p<
0.0001),while comparable results were found between
both intervention groups. Hence, IVIG administration
reduced the duration of phototherapy at least by 30 h.
The effect of IVIG, despite the variation in doses, seems to
have a beneficial effect of controlling the severity of
hemolytic process. Decreasing hours of phototherapy the
neonates were subjected to will decrease hazards of
phototherapy, such as retinopathy, skin rash, and frequent
loose green bowel motions and bronze baby syndrome.
The change in infant’s thermal environment may lead to an
increase in peripheral blood flow and insensible water loss
[18]. This finding is consistent with previous studies that
reported shortened phototherapy duration in IVIG group
[1, 20, 31]. In contrast, other studies [23] reported that

there was no statistical significant difference between
IVIG and control group.

Duration of hospital stay was significantly shorter in the
intervention groups compared to the conventional group (p<
0.0001), with no difference between the two intervention
groups (p=0.32).This signifies the importance of IVIG in
decreasing the hospital stay hazards, hence decreasing
nosocomial infections and decreasing time where the
neonate is separated from his mother to promote and
support successful breastfeeding. This is supported by a
recent systematic review of randomized controlled trials
of IVIG administered in the postnatal period in HDN
[12], showing a significant effect for IVIG in reducing the
length of hospital stay, whereas other studies [17] did not
prove the effect of IVIG regarding hospital stay period.

Severe Rh HDN is a common disease with a serious
form of consequence and does need invasive intervention if
not responding to phototherapy, especially in the first hours
of life where bilirubin toxicity to the brain is very harmful
and common in that critical timing.

Our study is the first to report the impact of early
IVIG administration on the need of exchange transfusion
in neonates with severe HDN. It is worth noting that
timely decision regarding early IVIG administration at
12 h of life for the management of neonates with Rh
HDN has radically improved the outcome of these
neonates and decreased the need of exchange transfusion.
Most probably, the two cases in the low-dose group who
needed ET were severe to the degree that it could be
hypothesized that low-dose IVIG could not block the
ongoing hemolysis to ameliorate the condition, and this
made the need of exchange transfusion inevitable.
However, designing a curve to set the proper timing of
IVIG administration according to bilirubin levels is
recommended.

A single dose of 0.5 g/kg IVIG at 12 h was not as
effective as the higher dose. If the smaller dose of IVIG
therapy should be considered, it could be used earlier
than 12 h or be repeated if necessary. The effect of IVIG
to decline the need of ET was consistent with the results
of previous studies [1, 15, 23, 28, 31]. IVIG administered
directly after the diagnosis of neonatal jaundice increased
the chance of omitting ET and reduced the duration of
phototherapy; it also protected against morbidity-induced
hyperbilirubinemia. Some authors have implied that the
key to a successful treatment is the early administration of
the immunoglobulin, as soon as the diagnosis of hemolytic
anemia. Neonates tolerated well the high dose of IVIG
without apparent drug-related adverse events, in contrast
to others where necrotizing enterocolitis in newborns with
hemolytic disease has been detected [8, 26].

A previous study [1] reported that the percentage of
neonates in need for exchange transfusion after IVIG
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therapy was 12–14%; this is lower than the percentage
reported previously by another study [9] who found that
21% of neonates in low- and high-dose groups needed
exchange blood transfusion after IVIG therapy. This may be
due to more severe cases being enrolled in their study.

The morbidity and mortality associated with exchange
blood transfusion are not insignificant [3, 7]. Moreover, the
mortality rate of exchange transfusion, which is the oldest
treatment modality for hyperbilirubinemia, has been
reported to be between 0.3% and 1.2% [14]. However, the
morbidity rate associated with exchange transfusion is
about 5% [2]. Thus, we determined that rhesus sensitization
in its severe form in neonates, who, according to former
standards, would have been candidates for invasive and
risky procedure as exchange transfusion, can be managed
expectantly by the early administration of IVIG in the first
12 h of life. The financial saving from the shortened
inpatient stay and duration of phototherapy may offset the
cost of IVIG.

Our study revealed no statistical difference regarding
maternal history of diseases (gestational diabetes), and this
was in agreement with a previous study [32] who found no
significant difference between the studied groups in the
severity of maternal diseases.

Our study has certain strengths and limitations: This is
the only randomized controlled trial comparing two
different dose regimens of IVIG (0.5 vs. 1.0 g/kg of IVIG)
with phototherapy alone and timing of administration in
neonates with Rh incompatibility. Previous studies on the
use of multi-dose IVIG [31] suggest that multiple doses of
IVIG block ongoing hemolysis, thus decreasing the need
for blood transfusion for late anemia, whereas a single dose
may stop the process only temporarily. They propose that
the use of multi-dose IVIG therapy could significantly
reduce the rate of exchange transfusions, the adverse effects
associated with them, and the length of hospitalization in
infants with hemolytic anemia. However, the optimum
treatment dose and frequency is as yet uncertain, and this
may be an area for study.

Conclusion

It may well be justified to electively use IVIG at 12 h in
high-risk phototherapy group of patients with HDN where
the likelihood of exchange transfusion is great—that is,
neonates with Rh disease unmodified by antenatal treatment
and the neonates has suffered from severe disease which
may require exchange transfusion. IVIG at 12 h of life to
neonates with immune hemolytic hyperbilirubinemia was
effective in decreasing the need of exchange transfusion,
shortening the duration of phototherapy and hospital stay
when combined with conventional phototherapy. Designing

a curve to set the timing of IVIG administration according
to both clinical settings as well as bilirubin level in order to
reduce the need for an invasive procedure as exchange
transfusion is warranted.

Conflict of interests The authors declare that they have no conflict
of interests.

References

1. Alpay F, Sarici SU, Okutan V, Erdem G, Ozcan O, Gokcay E (1999)
High dose intravenous immunoglobulin therapy in neonatal immune
hemolytic jaundice. Acta Paediatr 88(2):216–219

2. American Academy of Pediatrics (2004) Management of hyper-
bilirubinemia in the newborn infant 35 or more weeks of gestation
(Subcommittee on Hyper-bilirubinemia). Pediatrics 114(1):297–316

3. Behjati Sh, Sagheb S, Aryasepehr S, Yaghmai B (2009) Adverse
events associated with neonatal exchange transfusion for hyper-
bilirubinemia. Indian J Pediatr 76(1):83–85

4. Colletti JE, Kothari S, Jackson DM, Kilgore KP, Barringer K
(2007) An emergency medicine approach to neonatal hyper-
bilirubinemia. Emerg Med Clin North Am 25(4):1117–1135, vii

5. Cooper N (2009) Intravenous immunoglobulin and anti-Rh D
therapy in the management of immune thrombocytopenia.
Hematol Oncol Clin North Am 23(6):1317–1327

6. Cortey A, Brossard Y (2006) Prevention of fetomaternal rhesus-D
allo-immunization. Practical aspects. J Gynecol Obstet Biol
Repord (Paris) 35(1 suppl):1S123–1S130

7. Demirel N, Aydin M, Zenciroglu A, Bas AY, Yarali N, Okumus N,
Cinar G, Ipek MS (2009) Neonatal thrombo-embolism: risk
factors, clinical features and outcome. Ann Trop Paediatr Dec 29
(4):271–279

8. Figueras-Aloy J, Rodriguez-Miguelez JM, Iriondo-Sanz M et al
(2010) Intravenous immunoglobulin and necrotizing enterocolitis
in newborns with hemolytic disease. Pediatrics 125(1):139–144

9. Girish G, Chawla D, Agarwal R, Paul VK, Deorari Ak (2008)
Efficacy of two dose regimes of intravenous immunoglobulin in
Rh hemolytic disease of newborn—a randomized controlled trial.
Indian Pediatr 45(8):653–659

10. Gobalakichenane P, Lardennois C, Galène-Gromez S et al (2008)
Perinatal management and neurological outcome of newborns
hospitalized with rhesus hemolytic disease. Gynécol Obstét Fertil
36(10):984–990

11. Gordon S (2001) Mononuclear phagocytes in immune defense. In:
Roitt I, Brostoff J, Male D (eds) Immunology, 6th edn. Mosby, St.
Louis, pp 155–156

12. Gottstein R, Cooke RW (2003) Systemic review of intravenous
immunoglobulin in hemolytic disease of the newborn. Arch Dis
Child Fetal Neonatal Ed 88(1):F6–F10

13. Greenough A (1999) Rhesus disease: postnatal management and
outcome. Eur J Pediatr 158(9):689–693

14. Hammerman C, Kaplan M (2000) Recent developments in the
management of neonatal hyperbilirubinemia. NeoReviews 1:19–24

15. Huizing K, Røislien J, Hansen T (2008) Intravenous immune
globulin reduces the need for exchange transfusions in rhesus and
AB0 incompatibility. Acta Paediatr 97(10):1362–1365

16. Kirk JM (2008) Neonatal jaundice: a critical review of the role and
practice of bilirubin analysis. Ann Clin Biochem 45(pt5):452–462

17. Kriplani A, Malhotra Singh B, Mandal K (2007) Fetal intravenous
immunoglobulin therapy in rhesus hemolytic disease. Gynecol
Obstet Invest 63(3):176–180

466 Eur J Pediatr (2011) 170:461–467



18. Maisels MJ, McDonagh Ak (2008) Phototherapy for neonatal
jaundice. N Engl J Med 358(9):920–928

19. Malhotra A, Carse E (2009) Survey of management of neonatal
haemolytic jaundice in Australasia. J Paediatr Child Health 46
(5):222–225

20. Miqdad AM, Abdelbasit OB, Shaheed MM, Seidahmed Mz,
Abomella AM, Arcala OP (2004) Intravenous immunoglobulin
therapy for significant hyperbilirubinemia in ABO hemolytic disease
of the newborn. J Matern Fetal Neonatal Med 6(3):163–166

21. Moise KJ (2008) Management of rhesus alloimmunization in
pregnancy. Obstet Gynecol 112(1):164–176

22. Monpoux F, Dageville C, Maillotte AM, De Smet S, Casagrande F,
Boutté P (2009) High-dose intravenous immunoglobulin therapy and
neonatal jaundice due to red blood cell alloimmunization. Arch
Pediatr 16(9):1289–1294

23. Mukhopadhyay K, Murki S, Narang A, Dutta S (2003) Intrave-
nous immunoglobulin in rhesus hemolytic disease. Indian J
Pediatr 70(9):697–699

24. Mundy CA (2005) Intravenous immunoglobulin in the manage-
ment of hemolytic disease of the newborn. Neonatal Netw 24
(6):17–24

25. Murray NA, Roberts IA (2007) Haemolytic disease of the
newborn. Arch Dis Child Fetal Neonatal Ed 92(2):F83–F88

26. Navarro M, Negre S, Golombek S, Matoses ML, Vento M (2010)
Intravenous immune globulin: clinical applications in the newborn.
NeoReviews 11(7):e370–e378

27. Oepkes D, Adama van Scheltema P (2007) Intrauterine fetal
transfusions in the management of fetal anemia and fetal
thrombocytopenia. Semin Fetal Neonatal Med 12(6):432–438

28. Roberts IA (2008) The changing face of haemolytic disease of the
newborn. Early Hum Dev 84(8):515–523

29. Smits S, Wintjens VE, Walther FJ, Lopriore E (2008) Rhesus
hemolytic disease of the newborn: postnatal management,
associated morbidity and long term outcome. Semin Fetal
Neonatal Med 13(4):265–271

30. Steiner LA, Bizzarro MJ, Ehrenkranz RA, Gallagher PG (2007) A
decline in the frequency of neonatal exchange transfusions and its
effect on exchange-related morbidity and mortality. Pediatrics 120
(1):27–32

31. Tanyer G, Siklar Z, Dallar Y, Yildirmak Y, Tiras V (2001)
Multiple dose intravenous immunoglobulin treatment in neonatal
immune hemolytic jaundice. J Trop Pediatr 47(1):50–53

32. Voto L, Sexer H, Ferreiro G, Tavosnanska J, Orti J, Mathet ER,
Margulies M (1995) Neonatal administration of high dose
intravenous immunoglobulin in rhesus hemolytic disease. J
Perinat Med 23(6):443–451

Eur J Pediatr (2011) 170:461–467 467


	Early...
	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Changes in bilirubin level
	Duration of phototherapy
	Duration of hospital stay
	Exchange transfusions

	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


