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Abstract 

Background: The serurn concentration of unbound bil凹 bin(UB)， which is bilirubin 

nol bound 10 albumin (Alb)， is a belter index血阻 totalbilirubin concentration (TB) 

for identifying infants at risk for developing bilirub泊町田'otoxiciザ 羽 田 degreeto 

which the hypoalbuminemiaおlIowingabdominal s山-geryin jaundiced newboms 

affects bilirubin binding is叫 nown.O匂削問。 Todetennine whe山町出 lowerAlb 

results in signific叩 tlyhigher UB in serum ve目usnon-surgical patients at 

comparable serum T8. Methods: A matched case-control s加dywas conducted with 

term and late-pretenn newboms官官 surgerygroup included 15 newboms who 

underwent abdominal operations wi曲目 3days after birth. Clinical四 dlab。悶lory

data (serum UB， TB， and Alb concen回 lions，UBrrB同 io，阻dbinding cons同国)in 

the surgery group we田 coUectedand compared wi白血oseof 30 control newhoms 

who did oot undergo abdominal surgery (∞ntrol group). Results: Serum UB and the 

UBrrB ratio in the surgery group were si伊市C阻 tlyhigher曲四 thosein由econtrol 

group炉 0.02，l'く0.001，respectively)， wher出血悶 were00 51酔 ific副 dif加 nces

in serum TB阻 dbinding constant between the groups. Serum Alb concen回 tionsm 

出esurgery group were 51伊 ificantlylower由anthose in血eωn町01group (pく0.001)

When pre-加 dpost-operative serum Alb concentrations were ωmpared， there was a 

slgm白印刷 decrease告'om3.4 gldl 10 2.7 gldlω<0.001). Conclusions: Our study 

suggests白athypoalbuminemia following abdominal surgery causes a higher serum 

UB at comparable serum TB in newboms 



lot町 ducti岨

Neonatal jaundice is the result of increased bilirubin production superimposed 00 

aD immature bilirubin conjugation and excretion system in曲eliver. Tenn or 

late-pretenn newborns宮 田sientlypre田 otWI由Ja凹 di田 .usually resolving within 1 

week after birth. Howeveιsome newborns develop pathological jaundice，問sulting

in high回目m bilirubin∞ncen回 tions(hyperbilirub田 emia).Wi曲 pathological

neonatal jaundice， there is剖 increasedrisk for developing bilirubin-induced 

neurologic dysfunction (BfND)， 5uch as acute bilirub血 encephalopathy，田d 臼

sequelae， kemicterus [1]. Because unbound bilirubin， which is bilirubin oot bound to 

albumin (AIめ，e副 lyente四 thebrain， serum unbound bilirub国 叩n田 R回 tion(UB) 

has been reported to be a better index出血 totalbil凹 binconcen回 tion(TB) for 

identifying infants at risk for developing BIND in recent ex戸 nmen凶 andc1in悶 l

studies [2-6]. Therefore， the management of newboms wi出 hyperbilirubinemiausing 

the measurement of serum UB h田 attractedmuch notic氾 mre回国 yearsto prevent 

BlND [2] 

The mass action relationship between serum UB， TB， and Alb concentrations， 

and the bind時四回国t(1<) is shown in阻 equationas follows: [UB] ~ [TB] / 

kベ[Alb]ー [TB])[2， 7]. Alb and K are highly variable in newboms. In p副 icular，

Alb binding for bilirubin is a crucial determinant of UB， and a陪 ductionin Alb may 

lead to a higher UB in serum [2， 7]百 erefore，hypoalbuminemia in newboms within 

1 week after b凶 1 may carry a major risk of a high田rumUB. Serum Alb 

concentrations are known to be significantly reduced following abdominal ope悶 tions

in adults [8， 9]. In newboms， hypoalbuminemia also occurs after阻 abdominal

operation. However， there are no repo由 thathave clarified由echanges in serum Alb 
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∞ncen回 Itionsin newboms before and after abdominal ope則的nssoon after b凶 1

Moreover. there are 00 studi田 aboutthe impact of hypoalbuminemia following 

abdominal surgery on serum bilirubin binding in newboms soon after bir由

The pu申oseof出isstudy was to detennine whether血elower serum Alb 

concentrat1on occu町田島血 newbomsundergoing abdominal su屯;eryshortly a自er

birth is sufficient to cause higher serum UB compared with non-s山gicalnewboms 

who have similar serum TB 

Materials and Metbods 

Study design and patient gro叩S

For由isretrospective matched case-control s加dy.we reviewed the medical 

charts of tenn and late-pretenn newbom patien臼 whowere hospitalized at Kobe 

Unive四ityHospi阻1between January 2006岨 dSep阻mber2008 wi出血eapproval of 

the ethical committee of Kobe Univers町 GraduateSchool of Medicine. Fifteen 

newboms born at ~34 weeks' gestation who underwent abdominal ope凶 ionswithin 

3 days after birth (surget)' group) we問 enrolledin出es佃dy.羽田 15enrolled patients 

were all newboms who underwent abdominal operations at that age during由es加dy

period in our hospital 百四 diseasesfor all these newboms we田 congenital

abnorrnalities of由eg田trointestinal町'act:fo町 duodenalatresi田 ，島町田testinal

a回 slas.由r閣叩orectalanomalies， two malrotations， one Hirschsprung's dise田 e，

and one esophageal a住esia.The confumed diagnosis of c河Dngenitalabnonnalities of 

the gastrointestinal tract was made by the ope目.tivefmdings or pa由。logi伺 1findings 

of exti中atedsections. AII of出enewhoms in the surgery group were treated wi曲

some type of medication (ceph位。lin，ce伽1e阻.zole.員lrosemide. 白血otidine，
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phenobarbital， and/or fentanyl ci回 te，but oot in回 lipid，Alb， or fresh骨'ozenplasma) 

before， d町ing，and/or aft:er由elfope回tions.Three of 15 newboms血血es山 llery

group d巳velopedc1inical jaundice. Pathologic causes of jaundice， such田 blood

group m∞mpatibility， red blood cell en可meabnonnalities， red blood cell membrane 

defects， extrav田 cular bl00d， polycythemia， honnonal deficiencies， or 

bilirubin-metabolism disorders， were not found凹 thesepatients. They al回 hadno 

白milyhistory and clinical fmdings ofhyper1ipemia 

The control group cons凶:edof 30 newboms who did not undergo四 yope四tions，

including term and late-pretenn newborns who were healthy or not severely sick 

The control group w描 mndomlychosen仕om919 infants cared for in a level 11 

回 nsitionalcare nursery or well-baby nursery of Kobe University Hospital，胡d

matched for gestational age， bi抗hweight， and sex with曲osem由es田昌;erygroup 

Clinical叩 dlabo同tory由ta， including the serum UB， TB， direct bilirubin (DB)， 

and Alb∞ncen回 tions，UBffB回 tio，四dK were compared between groups 

F町出ermore，pre-叩 dpost-ope田.tiveserum Alb concen国主ionswere evaluated in the 

surgery group 

M回surementofthe serum UB， TB， DB， and Alb conc，四 trations

For all newboms who are cared for in our hospital， both serum UB田 dTB are 

routinely measured after infonned consent to白eparents of血enewboms阻 d

出 sessedfor由emanagement of neonatal hyperbilirubinemia. In all surgery patients， 

serurn UB， TB， DB， and Alb concen回 tionswere meas山吋 onsame blood回 mple

before and soon aft町 operat旧民間dthen every 12 to 24 hou悶 untilat least 7 days 

after bi巾 Incontrol newboms，出eywere measured at 0， 1， 4， 5，阻d7 days after 

birth 
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The serum TB副 dUB were measured by剖 automatedUB-Analy四 r(Arrows 

Co， Ltd， Osaka， Jap皿).using spectrophotom出 y皿d由eglucose oxid田:e-peroxidase

method，田spectively，as prev剛均 described[10， 11]. The serum TB叩 dUB were 

displayed in mg/dl (1 mg/dl = 17.1μmoVI)阻 dinμg/dl(Iμg/dl = 17.1町 noVI)，

respectively. The serum UB w田 measu問 dat a single peroxid田 econcentration 

Serum Alb concentrations and serum DB were measured using tbe modified 

brorn国間回Ipurple method and the biliruhin oxidase method，問spectively[12， 13J 

Calcu/ation 0/ UB!TB ratio and K 

The UBrrB ratio阻 dK were calculated using the following e司uations

UB庁Bratio = UB (μg/dl) / TB (mg/dl) 

K = [TBJ / [UBJ*([A1bJ一[TB])

The distrihution ofthe bilirubin pool between the various comp町町lentsdepends 

00 the numher of binding sites in each comp町首nent叩 dtheir alfmity for binding 

bilirubin which is qu叩 tifiedby a K [2J. The UB is由e仕eefraction of unco町uga凶

bilirubin comb田edwith oot only Alb， hut al50 ery曲 目ytemembrane， lipoprotein 

皿 dothers in blood. Of白esecame目， Alb is the main carrier for bilirubin with a high 

K [2J 

K 
[世間A1b]+卯B] • • [Alb-bound bi出品田]

The relati叩 ship between serum UB， Alb， and Alb-bound bilirubin 

concen回 tionscan be expressed as K = [Alb-bound bilirubin] / [世田 Alb]*[UB]

Because [TB] = [Alb-bound bil凹 bin]+ [UB]，加d[UB] is very small q岨 nt町

問 lativeto [TB]， [Alb-bound bilirubin] is almost equal to [TB]. [音'eeAlb] is equal to 

[Alb]-[TB]. Therefore， the equation can be exp町田ed田 K= [TB] / [UB]*([AI吋

[TB]). For calculating K (Vμmol)， TB (mg/dl)， UB (μg/dl)， and Alb匂/dl)were 
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converted toμmol/l by dividing by 0.058， 58.5， and 0.006612， respectively 

S印刷刷la回 Iysis

Data are expressed拙 themedian (r四 ge).StatistIcal analyses were performed 

with曲eMann-Whitney nonparame阻 C目nktesl， Chi-squ町etest， or Fisher's exact 

test as appropriate. Differences we問 deemedstatistically significant when p<O.05 

R四 u1ts

Clinical characteristics in enrolled patients 

Clinical characteristics in由esurgery皿 dcon回 Igroups are shown in Table 1. 

The control group included 30 newboms; there were 15 heaJthy newboms， 12 with 

位泊施ienttachypnea of the newbom， one with住面lsienthypoglycemia， ooe with 

me印刷um田 pirationsyndrome with mild symptoms， and one newbom delivered 

from a mother wi白 systemiclupus ery出ematosus百legestational age. birth weight， 

gender and Apgar sco田 swere similar in both groups. When p陀ーope目白veserum TB 

in the surgery group was compared with serum TB at the same age in由econtrol 

group， pre-operative serurn TB was a little higher曲四由atin由econtrol group. but 

there was not a signi日c削 difference.There we問 00s伊 1日cantdi自己田ncesIs age at 

the m蹴 imumserum UB between出egroups. All of the 15 newbom patien包 inthe 

S山 'gerygroup had infusion the目 :py，whereas approximately halfofthe patien包 inthe 

con汀01gr01申 hadinfusion由e四 py，Fluids with glucose and electrolytes we問 used

for infusion血e四pyin bo出groups.No signific胡 tditTerences were observed in body 

weight changes at the age of maximum serum UB， al由oughthe問 weresignificant 

ditTerences in the rates of infusion由e悶 pybetween the groups 
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There were no differences in g自国ionalage， birth weight. gender， and serum 

UB叩 dTB between control newborns who had 出向slon由erapyand those who did 

not have therapy (da阻 notshown). There was no significant difTerence in serum Alb 

concen回 tionsin con回 1newboms 明白Is向siontherapy before四 dafter infusion 

therapy (3.5 g/d1 [3.2 to 4.0 g/d1) vs. 3.6 g/d1 [3.1 to 4.1 g/d1)， p910t s伊 ificant

(n.s.)) 

As expected，由eage at beginning of feeding皿 dage at enteral feeding at 100 

mVkg/day were significantly later in the surgery group出叩血osem出econtrol 

group (p<O.OOI， p<O.OOI， respective1y). Four of 15 newboms (27%) in出esurgery 

group and 27 of30 newboms (90%) in the control group were receiving b回出tmi1k. 

M叩 mumserumUB 

ηle serum UB in血esurgery group w出 signific田 tlyhigher出叩出at加 the

contro1 group (p<0.02， Fig. 1A)ηle number of newboms with a serum UB greater 

than 1.0μg/d1 was higher (4/15， 27%) in由esurgery group出回出atin the control 

group (1β0，3%) (p<0.05) 

Serum TB， UBrrB ratio， and serum Alb concentrations at the age 0/ maximum serum 

UB 

We compared the serum TB， UBffB四ltiO.and serum Alb concen回 tions

between the surgery加 dcontrol groups at the age of maximum serum UB (Fig. 1 B， 

C， D). No si伊 ificantdifferences were found in serum TB between the groups. ln the 

S山 gerygroup，出eUBffB ratio w田 Slgnl日c皿 tlyhigher th剖曲atin血econtrol 

group (p<0.001). In ∞n回 st，serum Alb concent四tionsin曲es山 .gerygroup were 

significantly lower than血osem由e∞n仕01group (p<0.001) 

K and serum DB at the age 0/ maximum serum UB 
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No significant differences were fo凹 din K and serum DB between the groups 

(Tab1e 2). Serum DB was 1ess由回 2mg/dl in all newboms of the surgery叩 d

control groups 

Pre-and post-operative serum A/b concentratio間

百 1巾 澗 of15 patients in the surgery group (87%) had a reduction in 

post -operative serum Alb ∞nc叩回t10ns∞mpa田dwi由p問叩e甜 iveva1ues (Fig. 2). 

Median serum Alb concen回 tlOOS田由es町 gerygroup were significantly reduced 

告om3.4 g/d1 (1.8 10 4.2 g/d1) P目白operalion10 2.7 g/d1 (2.0 10 3.2 g/d1) 

post-operatiooω<0.001). However， there were no ch阻邑回目 medianserum Alb 

concen回 tions仕'om0 to 5 days after bi凶1in the control group (0 days after birth: 3.7 

g/d1 [3.1 104.4 g/d1] vs. 5 days after b出h:3.6 g/d1 [3.2 10 4.1 g/d1]. p='Il.s.) 

Discussion 

The results of this study suggest血atat a given serum TB， the serurn UB will 

be higher in jaundiced， post-abdominal surgery patients if血eyare hypoalbuminemic 

Therefore， low serum Alb conc四回lionsfollowing abdominal surgery require 

special attention when inte甲retmg出erisk of TB and TBI Alb ratio is critical in 

estimating serum UB unless serum UB can be measured d回目1y

Bowel obstructions are known to cause high serum TB via incre田ed

enterohepatic circulation [14]. It has beeo shown that fasting Increases serum 

bi1irubin [15]. In our srudy. pre四 dpost-operative serum TB白血esurgery group 

was oot significant higher than血atat the same age in the control group (Table 1， Fig 

1). However， the 師団1body bi1irubin 10ad in血esu唱.erygroup shouJd have increased 

al由eage of maximum serum UB， because ope目白doewborns have a町田slent
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de氾reasem pens凶S1S叩 dcontinue to fast post ope削 ively.and bilirubin田 well田

Alb， is moved into ex智3・vascu1arspa田 S WI出 afalJ in the vascular TB after 

ope剛 ions.The increased to凶 bodybilin血inload after ope目tionsaLso may have四

impact 00 increased serum UB. Fu曲 enno既出elocation of le針。nmay be問 latedto 

high TB [16]. When our 15 enrolled surgel)' patients we問 cl酷 sitiedby anatomical 

diagnosis， serum T8 of newboms w抽 出eupper bowel obs岡山onw描 higher白血

that of newborns with the lower bowel obs刷 ction(da阻 ootshown). Because曲 師

da阻 were骨orna small s町 veyin our single cente九furthers加diesusing a larger 

group of ope問 tednewboms due to congenital abnoロnalitiesof由egastrointestinal 

釘actare needed to draw this conclusion 

In general. serurn UB pe也sat approxuna阻Iy4血.ysafter birth in Japanese 

new加 ms[6]. Our enrolled newboms in血esurgery聞 d∞ntrolgroups al回 陀ached

peak ∞n田n回 tionsof serum UB at 4阻 d5 days， respectively， after birth (Table 1) 

The serum T8 in由esurgery group ord凹arilywould oot 岡崎econcems. However， 

because these newborns have relatively higher serum U目前胡Y即時nserum TB， 

BIND may be of concem at serum TB below conventional思lidelinesfor 

m阻刊entionfor newboms undergoing abdorninal su唱el)'.羽田開向田， abdominal 

surgery should be included in the Iists of conditions considered to pla四 newbomsat 

inc問 asedrisk for BIND 

Tbe UB-Analyzer出回sionallyshows higher values when serum DB ex田 eds2 

mg/dl， and lower values when there is a large qu皿 tityof vitamin C in由ereaction 

system;山 田 町xidativee町ectinterferes with biJin血inoxidation by peroxid描 e[6]-

In all enrolled newboms in出isstudy， serum DB was less曲四 2mg/dl. None of the 
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enrolled newborns had a large qu皿 tityof vi阻minC.百四refo問， we believe血atthe 

serum UB in this study was a reliable measurement 

Previous reports have shown出atfasting does not cau:日間ductionof serum Alb 

∞ nc四 回tlons，even由ough由ereis a sharp decrease in Alb serum∞田町田tions

within a couple of days aft町田 abdominalope目白on[9， 17). Sixt田 nof 30 cases白

血econ回 Igroup had infusion therapy for several reasons in由isstudy. We found 

曲atnewboms wi出 infusion由e目 pydid not have回 ySlgru日C副 tdiffe問 ncesin serum 

Alb concen位制ionsbefo問叩d.fter出向SIOO出e目py.There品目.we concluded血.t

infusioo therapy does not ∞ntribute to large reductions in serum Alb concen回 tioos

Our 問 sultsshowed c1ear evidence出atserum Alb concen回 tionsare reduced in 

newboms出 rabdominal operati棚田00 afl.er b同 σig.2). We found血.t

postope悶tivehypoalbuminemia appears oot only in adults， but also in newboms 

soon a伽 birth[8). Critic.1 illne田 afl.erm句ors時間1stress generally alte阻止

distribution of Alb hetween曲ein回 vascular副 dextrav酪 cul町 com凹nents[8， 9， 17) 

Hypoalbuminemia after surgical ope同tionsis related to loss of in位"3vascularAJb due 

to capillary leakage， and not hepatic dysfunction or poor nutritiooal s阻加s[9， 17) 

AI血oughK is often lower in sick newboms [2]， we did oot find a decrease in K in 

出es山gerygroup 

羽田 limitationsof our s加dy訂怠酷白llows:1)出einf1uence of bilirubin 

displacers and other carriers of bilirubin has not been investigated; 2)由eperoxida回

me曲。dwi由 asingle peroxidase concentration using出e UB-Analyzer may 

underestimate serum UB;回 d3)由ISIS a 町田spectivestudy w凶 asmall number of 

newboms who underwent abdominal operations s∞n after bir由
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Some medications出athave been reported as bil凹 bindispla曲目 we問 usedin 

newboms in the surgery group. such as cefi辺。lin，ce昔前tazole，furosemide， and 

Phenobarbi回I[5]. Because ACTH and ∞rtisol m可 increasefor the s岡田 of回

0伊国lon，仕eefatty acids， one of the bilirubin displacers， may increase in serum 

Bil凹 binis combined with oot on1y Alb， but also e明hrocytememb回 e，I脚 protem

阻 dothers in blood. Further s加diesabout出einfluence of血esebilirubin displace目

皿 dother carrie問。fbilirubin a問 requiredto determine whether there is a significant 

increase in serum UB in newboms foUowing abdominal ope副 ionssoon after bir由

Recently， Ablfors et al. rep。巾d出at由e開roxid剖 eme由。dwith a single peroxid田 e

concentration increasingly und町 田timatesserum UB届出eserum UB increases [18J 

In order to check the acc町田yofthe serum UB in samples. the re-analyses using two 

peroxid田εconcen回 tionsshould be needed. Prospective studies using a larger group 

of newborns with abdominal ope回 tioos田onafter birth are needed to confirm出e

conclusions of this study 

ConcIusion 

This study has sho明 1for the first time that at阻 ygiven serum TB. the serum 

UB may be higber in jaundiced， post-abdomiI四Isurgery patients if they間

hypoalbuminemic. These fmdings suggest由atnew加 rnswho have undergone 

abdomioal operations sooo after birth have an increased risk of developing BIND 
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Figu開 leg四 ds

Fig. 1. Comparison of maximum serum UB (A)， and serum TB (B)， UBrrB ratio (C)， 

and serum Alb concen回 tions(D) at the age of maximum serum UB between the 

5urgery and control group5. Serum UB (μg/dl， 1陀 /dl~ 17.1 nmoV1)，田rumTB 

(mg/dl， 1 mg/dl ~ 17.1μmol/l)， UBrrB ratio， and serum Alb concent四.tions(g/dl)出

each group are expressed as the median (range). Serum UB in由e5U喝erygroup w田

signific血t1yhigher than出atin出econ位。1group句<0.02).In the 5urgery group，血e

UBrrB四tio.but not serum TB， w出 51伊 ific回t1yhigher白 血 出atin the control 

group (5erum TB: ~.s.， UBrrB ratio: p<O.OOI). In con佐田t， 5erum Alb 

concen回 tionswere significantly lower in the surgery group th皿 thosein the control 

group (p<0.001). UB， unbound bilirubin concentration; TB， 加 阻1bilirubin 

concentration; UBITB ratio. unbound bilirubin concen甘ationI total biIirubin 

concen回 tion;Alb， albumin; n.s.， not significant 

Fig. 2. Ch朗 自 白 inpre-and post-operative serum Alb concen回 tionsin the surgery 

group (n~ 15). Thirteen of 15 patient5 (87%) had decreased 5erum Alb concen回tIons

Serum Alb concentrations a自町 theoperation were significantly decreased compared 

W1白血osebefore出eoperation旬<0.001).A/b， albumin 
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Table 1. Clinical characteristics in the surgery and control groups 

Ges回tionalage (weeks) 

Birth weight (g) 

Apgar score 1 min 

5π1In 

Male (%) 

Serum TB belore the age 01 operation (mg/dl) 

Age at operation (days) 

Age at maximum UB in serum (days) 

Inlusion therapy (%) 

Body weight changes at the age 01 maximum serum UB (%) 

Age at beginning olleeding (days) 

Age at enteral leeding at 100 mllkg/day (days) 

Surgery 

n=15 

37 (34-41) 

2，740 

(2，106-3，772) 

8 (5-9) 

9 (7・10)

7 (47%) 

6.4 (2.0・13.6)

2 (0-3) 

4 (2-7) 

15(100%) 

-6.0 (-12.2 to +7.2) 

6 (4・39)

10 (7-111) 

Control 

n=30 

38 (35-41) 

2，961 

(2，112-3，676) 

8 (5-9) 

9 (7-10) 

14 (47%) 

5.2 (1.8-11.7)' 

5 (3-7) 

16 (53%) 

-4.8 (-9.2 to +1.8) 

。(0-3)
4 (2-7) 

P value 

n.s 

n.s 

n.s 

n.S 

n.s 

n.S 

n.5. 

< 0.01 

n.S 

< 0.001 

< 0.001 

Data are expressed as median (range) or number (percent);金 SerumTB at the same age 01 the surgery group (1 mg/dl = 

17.1 ~mol/l) ; UB， unbound bilirubin concentration; TB， total bilirubin concentration; n.s.， not significant 



Table 2. K and serum DB at the age 01 maximum serum UB in the surgery and control groups 

K (1/~mol) 

Serum DB (mg/dl) 

Surgery 

n=15 

Control 

n=30 

88.9 (35.3-172.2) 84.6 (53.4-123.6) 

0.2 (0.1-1.5) 0.1 (0.1-0.4) 

P value 

n.S 

n.s 

Data are expressed as median (range) or number (percent)ιUB， unbound bilirubin concentration; DB， direct bilirubin 

concentration; K， binding constant; n.s.， not significant 
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