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Neonatal hyperbilirubinemia is a common condition that
usually ameliorates spontaneously. However, it can some-
times be retractile, especially when it is caused by some
specific underlying diseases such as blood type incompatibil-
ity, sepsis, hepatitis, congenital biliary atresia, hemorrhage,
and glucose-6-phosphate dehydrogenase (G6PD) deficien-
cy.1,2 Thus, pediatricians must examine possible underlying
factors in patients with severe, early onset, or prolonged
hyperbilirubinemia. Here, we report a Filipino neonate with
hyperbilirubinemia in whom co-occurrence of G6PD defi-
ciency and adrenal hemorrhage was identified.

Case Report

This Filipino boy was born at 39 weeks of gestation at a local
obstetric clinic. The pregnancy coursewas uneventful with no
prenatal medications but the delivery was performed by a
vacuum extraction due to an early rupture of membranes and
prolonged labor. His birth length was 51.5 cm, and his birth
weight 4.19 kg. At birth, he exhibited generalized cyanosis
and received resuscitation with oxygen. His Apgar score was
6 at 1 minute and 7 at 5 minutes. A cord blood examination
was not done in this clinic. Oral feeding with infant
formula was started on day 0, despite tachypnea. At 45 hours

after birth, he was treated with single phototherapy
because of early onset hyperbilirubinemia (serum total
bilirubin > 17 mg/dL).

At 54 hours after birth, he was referred to Hamamatsu
University Hospital because of persistent tachypnea and
jaundice. On admission, his respiratory rate was 70/min, his
skin appeared jaundiced, he was awake and alert, and there
were no hepatosplenomegaly. Laboratory studies done at
hospital inspection department showed increased serum
total bilirubin (19.8 mg/dL) and unconjugated bilirubin
(19.3 mg/dL), as well as elevated liver enzymes (aspartate
amino transferase 164 IU/L; alanine transaminase 70 IU/L;
lactate dehydrogenase 2906 IU/L; creatine kinase 3267 IU/L;
and creatine 1.17 g/dL), which were consistent with stressful
delivery and possible perinatal hypoxic-ischemic insult. Ele-
vated liver enzymes and creatine kinase become diminished
on next day. Hematologic studies showed that blood hemo-
globin levelwas 18.5 g/dL, reticulocyteswas 32 permill, there
were no crushed or immature blood cells and poikilocyte in
peripheral smear, and his blood type group was A Rh(þ).
Blood coagulation tests showed no abnormal level suggesting
disseminated intravascular clotting.

He was immediately treated with oxygen, double photo-
therapy, and antibiotics. We usedMurata et al’s guidelines for
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Abstract We report on a Filipino neonate with early onset and prolonged hyperbilirubinemia who
was delivered by a vacuum extraction due to a prolonged labor. Subsequent studies
revealed adrenal hemorrhage and glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency. It is likely that asphyxia and resultant hypoxia underlie the occurrence of adrenal
hemorrhage and the clinical manifestation of G6PD deficiency and that the presence of
the two events explains the early onset and prolonged hyperbilirubinemia of this
neonate. Our results represent the importance of examining possible underlying factors
for the development of severe, early onset, or prolonged hyperbilirubinemia.
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phototherapy3 and Nakamura’s guidelines for exchange
transfusion4 in conjunction with American Academy of Pedi-
atrics guidelines.1 Maximum C-reactive protein (1.28 mg/dL),
maximum white blood cell count (13,000/μL), and negative
blood culture confirmed that there was no sepsis. Conse-
quently, there was no air leak or permeability alteration in
chest X-ray, and his tachypnea was mitigated within a few
days, so delayed cardiopulmonary transition was diagnosed.
However, while serum total bilirubinwas transiently reduced
to 18.4mg/dL at 61 hours after birth, it reelevated to 23mg/dL
at 70 hours, and triple phototherapy and fluid infusion with

7.5% dextrose solution to dilute serum bilirubin were started
at 3 days of age. Although serum albumin was 3.3 mg/dL at
that time, albumin infusion was used together to reduce
unbound bilirubin (►Fig. 1). Oral feeding with infant formula
was restarted. At that time, hemoglobin level was found to be
reduced to 13.5 g/dL. With these therapies, serum total
bilirubin was gradually reduced, and phototherapy was dis-
continued at 7 days of age in a stepwise fashion to avoid
reelevation of serum bilirubin. Subsequent physical exami-
nations showed no symptoms of bilirubin encephalopathy
such as lethargic or hypotonic and suck poorly. Head magnet-
ic resonance imaging (MRI) took before discharge our neona-
tal intensive care unit (NICU) revealed no unusual intensity of
nucleus basalis and encephalomalacia that would suggest
kernicterus or hypoxic-ischemic encephalopathy.

As a routine study for neonates admitted to our NICU,
ultrasonographic survey was performed at the time of
admission to investigate congenital heart disease, intraven-
tricular hemorrhage, hydronephrotic kidney, and other
anomalies. Consequently, a lowechoic cystic mass of approxi-
mately 5 � 3 � 3 cm in size was identified at a ventral and
temporal position of right kidney (►Fig. 2a). Subsequent
follow-up studies with ultrasonography, computed tomogra-
phy, and MRI delineated an inhomogeneous mass within
right adrenal gland (►Figs. 2b, 2c). The tumor markers levels
were within the normal range (serum neuron-specific eno-
lase 21 ng/mL, urine vanillylmandelic acid 0.8mg/L, and urine
homovanillic acid 1.7 mg/L), as were adrenal hormone levels
(serum cortisol 8.3 μg/dL and 17α-hydroxyprogesterone
3.4 ng/dL). The mass steadily reduced in size and vanished
on day 51. Thus, the mass was diagnosed as an adrenal
hematoma. There was no other internal breading such as
intracranial hemorrhage by ultrasonographic survey. There

Fig. 1 Clinical course of this patient. We used Murata et al’s guidelines
for phototherapy3 and Nakamura’s guidelines for exchange
transfusion4 in conjunction. The patient was an infant with medium
risk in the AAP guidelines1 because of possible perinatal
hypoxic-ischemic insult. Phototherapy was done with PIT-250ICR
(Atom Medical), neo Blue LED Phototherapy (Natus Medical
Incorporated), and Bili-bracket plus high output (Ohmeda Medical,
Laurel, MD, USA). NICU, neonatal intensive care unit; AAP, American
Academy of Pediatrics.

Fig. 2 Adrenal hemorrhage of this patient is indicated by arrows. An inhomogeneous mass is seen to the right of the adrenal gland. CT, computed
tomography; MRI. magnetic resonance imaging.
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was no hypotension or hypoglycemia that suggests adrenal
failure.

We examined serum G6PD activity and the G6PD gene on
the X chromosome, because: (1) this patient was of Filipino
originwith a high prevalence of G6PD deficiency,5which is an
important cause of hyperbilirubinemia,1,6,7 and (2) his one
male sibling had hyperbilirubinemia and received photother-
apy. The Formazan method8 done when the patient was
4 months of age revealed that his serum G6PD activity was
18% as compared with normal adult levels. Direct sequencing
showed homozygosity for c.871G > A (p.V291M) on exon 9
(the common Viangchan-type mutation); this mutation was
associated with c.1311C > T on exon 11 and IVS11 þ 93T >

C, as reported previously.9 Similar studies were also per-
formed for the mother, the fourth brother, and the fifth
brother, indicating that the mother was heterozygous for
the mutation and the fifth brother also had G6PD deficiency.

Discussion

We identified G6PD deficiency and adrenal hemorrhage in a
Filipino neonate with hyperbilirubinemia. G6PD deficiency is
a common congenital enzyme defect that is highly prevalent
in the Filipino population,5,6,10 and neonatal adrenal hemor-
rhage is a rare condition caused by several factors such as
traumatic delivery, shock, and hypoxia.6,11 Because G6PD
deficiency leads to red cell membrane breakage with various
types of oxidation stress, this condition can cause hemolytic
anemia and hyperbilirubinemia at 1 to 4 days of age in
neonates with asphyxia.6,12,13 Furthermore, because adrenal
hemorrhage as well as cephalic and other hemorrhages result
in gradual hemolysis and resultant production of bilirubin,
this condition can cause prolonged hyperbilirubinemia in
neonates with asphyxia.2,14,15 Thus, the co-occurrence of
G6PD deficiency and adrenal hemorrhage would explain
the early onset and prolonged hyperbilirubinemia of this
Filipino neonate. In addition, the time gap for the bilirubin
production caused by G6PD deficiency and adrenal hemor-
rhage may explain why his hyperbilirubinemia was amelio-
rated by phototherapy without blood exchange transfusion.

In summary, we identified G6PD deficiency and adrenal
hemorrhage in a Filipino neonate with hyperbilirubinemia.
Notably, asphyxia appears to be relevant to the clinical
manifestation of G6PD deficiency and the development of
adrenal hemorrhage. Our results represent the importance of
recognition of these risk factors and examining possible
underlying clinical conditions for the development of severe,
early onset, or prolonged hyperbilirubinemia.4 Although
G6PD deficiency patients are distributed unevenly,8 in a
globalized society, we should provide medical care without
sticking to former ways of differential diagnosis and inci-
dence of diseases.12
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