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ABSTRACT

During the last 30 years, there has been much advances in the understanding of
pathogenisis of neonatal hyperbilirubinemia, but the risk of bilirubin encephalopathy
are still remained for the high risk neonates. The mechanisms of bilirubin encepha-
lopathy are not thouroughly understood. Various theories may explain bilirubin
transport acoss the blood-brain barrier. Free bilirubin, not bound to albumin, can
enter the brain. The permeability of the blood brain barrier to bilirubin or albuimin
and bilirubin binding may play an important role in the bilirubin encephalopathy.
Bilirubin binding ability of Korean infants, similar to American infants, is shown to be
less than that of adults. Factors influencing bilirubin-albumin binding, such as acidosis,
hypoxia, sepsis, hypothermia, hypoglycemia and immaturity should be considered
for neonates at high risk of bilirubin encephalopathy. Free bilirubin is found to be
significantly increased in preterm infants with low albumin level. Sulfisoxazole
inhibits the bilirubin-albumin binding that resulted in increased free bilirubin
concentrations even at low total bilirubin levels. Phenobarbital has no effects on
bilirubin binding capacity of albumin. Phototherapy for 48 hours has no influence
on bilirubin-albumin binding capacitiy and affinity. Auditory evoked repsonse
(ABR) changes in the form of I, III, and IV wave reduction are associated with
brainstem and cerebellum bilirubin deposition. Since early detection of bilirubin
neurotoxicity is promising for improving outcome for high risk neonates, ABR and
other electrophysiological measure will be useful.
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Table 1. Difference of Bilirubin Binding between Before and After Sulfisoxzaole Treatment

Transitional zone

Bilirubin binding capacity

Bilirubin binding affinity

mg/d L B/A ratio mg/d L B/A ratio Ka*10"/M
Before treatment 24.8+0.5 0.80+0.07 26.6£2.6 0.94+0.09 7.4+1.9
After treatment 16.1+3.8 0.52+0.12 21.8+4.1 0.70+0.12 2.6x0.8

Abbreviation: B/A, Bilirubin/Albumin.

From Kim JN. Yonsei Univ., 1995 with permission from Yonsei University [14].

0.7 - = 1dl) -

T T UB (ng/dl) 0.0427_x'.I'B (mg/dl) - 0.058
£ 3 - - - Full-term
5 £ 0.5 4
2=
@5 041
T E 03]
3t
28021 i " UB (ng/di) = 0027xTB (mg/d) - 0.009
55 01 2=0.76

(8]

0 T T T T T T T T T T T 1

i 4 5 6 7 8 9 10 11 12 13 14 15 16

Total Bilirubin Concentration (mg/dl)

1.2 4

c 5 14 UB(ngldl)=0,%§5=xoTB (mg/dl) - 0.008
) :
2 £ 0.8 {|—Alb<3mg/dl
565 --- Alb > 3mg/dl

= 0.6 1 .-
T o
(= 5
350.4-
Qg : * " UB (ng/dl) = 0.045 x TB (mg/dl) - 0.075
550921 .o RZ2=0.83

o

o T T T T T T T T T T T L}

B 4" .5 &6, ¢l.\8 9 10011 12 1314 715 16

Total Bilirubin Concentration (mg/dl)

Fig. 1. (A) Correlations between total and unbound bilirubin concetration by gestational age (P<0.001). (B) Correlations
between total and unbound bilirubin concetration by albumin level (P<0.001). From Kim JN, et al. ] Korean Soc Neonatol

1995;2:58-63 [15].
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Table 2. Difference of Bilirubin Binding between Full Term and Preterm Infants and Comparison between Korean and American Preterm

Infants
N Bilirubin  Albumin  Free bilirubin Bilirubin binding capacity  Bjljrubin binding affinity
(mg/dL) (mg/dL) (nmol/ L) mg/dL B/A ratio Ka*10'/M
Full term By C Lee 24 7.25¥1.68  3.50+0.19 3.76x1.20 25.55+3.95 0.87%0.15 8.81+2.65
Full term By Cahore 12 15.8+3.7 4.3+0.2 9+3 31.9+3.7 0.89+0.07 28+11
Preterm By Cahore 17 11.6+5.0 3.7£0.4 9+4 23.4£5.0 0.80+0.13 19+14

Abbreviation: B/A, Bilirubin/Albumin.
From Lee JB, et al. ] Korean Pediatr Soc 1988;31:1259-66 [17].

Table 3. Difference of Bilirubin Binding between Pre-phototherpy and Post-phototherpy

Bilirubin Albumin Free bilirubin Bilirubin binding capacity Bilirubin binding affinity

(mg/d L) (mg/d L) (nmol/L) mg/dL B/A ratio Ka*10"/M
Pre-phototherapy 12.90+1.80 3.70+0.33 6.65+3.44 25.85+3.07 0.79+0.09 13.10+6.66
Post-phototherapy 8.30+1.99 3.79+0.27 3.55+1.52 26.61+2.66 0.7620.12 14.65+4.96
Pvalue 0.005 0.576 0.002 0.765 0.286 0.218

Abbreviation: B/A, Bilirubin/Albumin.
From Ryu IS, et al. ] Korean Pediatr Soc 1990;33:1319-25 [20].
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Fig. 2. Total brain bilirubin level and brain:blood ratios for bilirubin
in 2-day-old and 2-week old piglets (P<0.05). From Lee C, et al. Brain
Res 1995;689:233-8 [24].



neonatal
medicie

FAE A om, W FHlo gk g o] £ ® o] B
Lol wht 2 o= AR = S ?6‘}‘35\@24) (Fig. 3).

wrd o] Fapdol gk A2} 5] & AT EA S 297 2
9 pigletoll A 2] 5812} T albumin—bound biliruning FJ

St w8 AR S0, BEg U st
278 APl M B EQTh Ho] We vl Fmet g o) =

& 270} 20 AP T Egkom (Fig, 4),
s} szbolA] Fagel |
A Aol A] 3e] o] o]z} glof 2wl
ol g P 9] e ofn] 244 4ol

=3 24
SFTH(Fig, 5), YRR AF 29, 25
= A5

sl A

=

Sshere] 2o A 1-290) 7] SO = 7|7, pd,
DA, B2} 22 Fo] ek, 15 olfel 217e] 7
1oL 508 el S00] YL 1 ol el 2
= J o= A 1do|y 207 A3}, A
25 urere] 2910, 1d o] Foll =
e 240 Fo bk
Qo] W] o8 %] HFH A 242 7
A s=H| Audltory Brain Stem Evoked Response (ABR)7} =]
ke Bt 912 ol e @7 A 9, % e
T Aol o]} 25 B ABRO| W EF A5 = A
O 7 m|Fo] Z7)d el Frle o3 AEEe of

o rld

roas N

VBHL EFoI PR,

w3k X w7}

Brain Bilirubin
(ng/g)
Bl 2D02y0ld 44 geM
025 A+ 2 Week Old
+ p<0.05 vs Midbrain, Occipital & Frontal Lobes
% p<0.05 vs Occipital & Frontal Lobes
AF  Ap<0.05 vs 2 Week Old
Brain Blood
Ratios for
Unbound
Bilirubin

CEREBELLUM BRAINSTEM MIDBRAIN  OCCIPITAL  FRONTAL
LoBe Lose

Fig. 3. Regional brain bilirubin level and brain:blood ratios for
bilirubin in 2-day-old and 2-week old piglets (P<0.05). From Lee
C, et al. Brain Res 1995;689:233-8 [24].

Neonatal Med 2013 Aug;20(3):268-275
http://dx.doi.org/10.5385/nm.2013.20.3.268 273

.
BRAIN t
BILIRUBIN 10+
(ug/q) .
*
54
ol
250-
BRAIN €0
ALBUMIN 150
/q)
(ng/q . + t
50
ST <
&
Q/\yo c,’\((, @Q‘v\ \,OQ \/O%
Ol Y
& & Qpe \‘2<\
< (,('
) )

BRAIN REGIONS

Fig. 4. Regional distriburion of bilirubin and '*I -albumin in the

brain. Solid bars, 2-day-old piglet; open bars, 2-week old piglets.
From Lee C, et al. Pediatr Res 1989;25:452-6 [26].
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bars, 2-week old piglets. From Lee C, et al. Pediatr Res 1989;
25:452-6 [26].
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Fig. 6. Amplitude changes of Wave I, III, and IV of ABR in the
control gorup, low bilirubin and high bilirubin groups. From
Karplus M, et al. Early Hum Dev 1988;16:185-94 [29].
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