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Near-Infrared Spectroscopy for Monitoring Cerebral
Hemodynamics in Hyperbilirubinemia-induced Newborn Piglets

Jong Hee Hwang, M.D., Chang Won Choi, M.D.
Yun Sil Chang, M.D. and Won Soon Park, M.D.

Department of Pediatrics, Samsung Medical Center,
College of Medicine, Sungkyunkwan University, Seoul, Korea

Purpose : The present study examined how changes in cerebral hemodynamics in newborn piglets
with bilirubin infusion can be evaluated by near infrared sepctroscopy(NIRS).

Methods : Seventeen newborn piglets were randomly divided into the following three experimental
groups - six in the control group(CQG); seven in the bilirubin infusion group(BG), and four in the
bilirubin infusion with 7-nitroindazole group(NG). To achieve the concentration of bilirubin above 20
mg/dL, we injected a bolus of 40 mg/kg of bilirubin intravenously, followed by 30 mg/kg/hr of bil-
irubin continuous intravenous infusion. All groups were monitored with cerebral hemodynamics using
near infrared spectroscopy(NIRS) and their brain cortexes were harvested and the activities of Na ',
K‘*ATPase, level of conjugated dienes, ATP and phosphocreatine(PCr) were determined biochemi-
cally.

Results : No changes took place in CG. In BG and NG, base excess, pI, and MABP decreased, and
lactate level in blood increased. Cerebral Na*, K'-ATPase activity and ATP, PCr level in BG sig-
nificantly decreased and conjugated dienes increased compared to CG. These abnormalities observed
in the BG were significantly improved in the NG. In continuous NIRS monitoring, [HbO-l, [HbT],
and [HbD] in BG were significantlly decreased compared to CG. However these abnormalities
between NG and CG were not significantly different. There were no significant differences in ScO»
between the study groups.

Conclusion : Our study suggests cerebral hemodynamic changes could be monitored by non-
invasive NIRS in newborn piglets with bilirubin infusion. (Korean J Pediatr 2005;48:649-654)
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Table 1. Physiologic Data at Baseline and 4 hr of Experiment in each Group of Newborn Piglets

CG(n=6) BG(n=7) NG(n=4)
Baseline 4 hr Baseline 4 hr Baseline 4 hr

PaO,(mmHg) 113.3+37.2 955242 113.6+50.1 124.9+66.0 102.4+185 93.0t24.4
PaCO2(mmHg) 355%3.7 429*1.1 320%1.1 433%1.6 399*44 488+75

BEa(mmol/I) 31%£22 28+09 1.3+1.8 4710 54%39 -22+49°
pHa 75%0.0 75%0.0 7.4%0.0 7.3+0.1" 75%0.0 73+0.1"
MABP(mmHg) 71765 71.7£6.8 745%10.6 53.0+£2.8" 721*46 469+4.0°
B-glucose(mg/dL) 103.4%23.6 109.3+t194 85.7t4.3 989+t14.4 90.3£8.1 107.0£20.0
B-lacate(mmol/T) 09%0.0 1.3+04 1.2+0.3 3.0%+02" 1.4%+0.3 36+1.1°
B-Bilirubin(mg/dL) 04%0.1 0.4%0.0 05%0.1 21.4+38" 04=%0.1 29.0+4.4"
C-Bilirubin(mg/dL) 01*0.1 0.6+0.1" 0.3+0.1"

Values are mean®=SD, B :blood, C: cerebrospinal fluid, Bea : arterial base excess, MABP : mean arterial blood pressure, CG : con-
trol group, NG : bilirubin infusion with 7-nitroindazole group, BG : bilirubin infusion group, P<0.05 vs CG

S AHESIAL fFelFES PR 0.05 MIRteZ Stk

1. Ma|™ BHeE

AE AA Al 7]A R A
zpol7k gtk Ad TE
Wb glgloy adeFREFe] 58 BGT I NG
Wy o] pH, base excess @ Hit Fwto] CGrol H3] R2
Al A2 AFTHP<0.05). 2 wo] 8%
o Ztol7k gl oyt F lactate: 28 ¥ BGS NGiel CG
ol wE FolsA S THP<0.05). BGS NGT2 A3
T, g% 2 HFHGYe] UYFH FAUF S ey 7ot

e fFogk 2elE HolA| Sttk(Table 1).
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BGT2 CG¥ol vl ¥ #@eo Mxw 7)e s Yehe
Na', K'-ATPase #4%E7F FolabA gastgda dix AE
Ad FArslEo] A ®2 conjugated dienest® FoldHA F718)

Bom, NG BGwol sl o]#fdh o] &zl on 3l
A2aEJTHP<0.05). 2ollA] QIEARI ATP, PCre Wl 5

= BGwolA CGel vla] fojatA Hastdom NG
Grell sl oy gk At oAl $hEkE JATH(P<0.05). BG
2 CGwol 3] ¥ ZAY glucoses 23 HAsIH A
lactate™= fro3tAl F7Fskl o NGollAl= BGarel Hl3)] o]
23 Ws7h frolshAl 43k ATHP<0.05)(Table 2).
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o] CGrel Hl&| sl 248 Biou fo Aole 9l

Table 2. Biochemical Data at Baseline and 4 hr of Experi-
ment in each Group of Newborn Piglets

Biochemical variables CG(n=6) HG(n=7) NG(n=4)
Na' K -ATPase activity ~ 50.0%£1.3 46.1£2.0" 49.0+02
(uMPi/mg protein/h)
Conjugated Diense 09=%0.1 1.1+0.1" 0.9%0.0
ATP(uM/mg) 3604 2007 3.5%0.3
PCr(uM/mg 35%04 2107 3.3%0.1
Glucose(mg/dL) 47%05 33+1.2° 43%1.0
Lactate(mmol/I) 22+10 108+53 31+02°
Bilirubin(nM/g) 0.4%0.3 40+1.2 33+28"

Values are mean®SD, CG: control group, NG : bilirubin infu-
§ion with 7-nitroindazole group, BG : bilirubin infusion group,
P<0.05 vs CG, TP<0.05 vs BG
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Fig. 1. Changes in oxidized hemoglobin in near infrared spec-
troscopic monitoring in newborn piglets during 4 hr period.
CG : control group, NG :bilirubin infusion with 7-nitroindazole
group, BG :bilirubin infusion group, "P<0.05 vs CG, 'P<0.05
vs BG.

. NG CG¥ v|lusted [HbO.l, [HbT], [HbD] % [Hb]
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Fig. 2. Changes in total hemoglobin in near infrared spec-
troscopic monitoring in newborn piglets during 4 hr period.
CG : control group, NG : bilirubin mfusmn with 7- r11tr01r1da7ole
group, BG :bilirubin infusion group, "P<0.05 vs CG, 'P<0.05
vs BG.
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Times(hr)

Fig. 3. Changes in reduced hemoglobin in near infrared spec-
troscopic monitoring in newborn piglets during 4 hr period.
CG : control group, NG : bilirubin mfusmn with 7- r11tr01r1da7ole
group, BG :bilirubin infusion group, "P<0.05 vs CG, TP<0.05
vs BG.
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Fig. 4. Changes in deduced hemoglobin in near infrared spec-
troscopic monitoring in newborn piglets during 4 hr period.
CG : control group, NG : bilirubin infusion with 7-nitroindazole
group, BG :bilirubin infusion group, "P<0.05 vs CG, 'P<0.05

vs BG.
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Fig. 5. Cerebral O, saturation as determined by near infrared
spectroscopic monitoring in newborn piglets at 4 hr. CG: con-
trol group, NG : bilirubin infusion with 7-nitroindazole group,
BG : bilirubin infusion group, 7.
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