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Clinical Findings of Sepsis—-Associated Cholestasis in the Neonates
Soo Jung Yoon, M.D., Chun Soo Kim, M.D. and Sang Lak Lee, M.D.

Department of Pediatrics, Keimyung University School of Medicine, Daegu, Korea

Purpose : Bacterial endotoxins or inflammatory cytokines are known to be important causes of cho-
lestasis in patients with systemic infections such as sepsis. This study was undertaken to investi-
gate the clinical features of cholestasis in newborn infants with sepsis.

Methods : This study included 17 neonates with cholestasis diagnosed at the time of septicemia
who had no previous history of cholestasis. Cholestasis was defined as a serum level of direct bili-
rubin greater than 2 mg/dL. Clinical findings such as gestational age, birth weight, onset time of
cholestasis, bilirubin level, underlying sepsis and prognosis were evaluated.
Results : Sepsis-associated cholestasis developed in 17(14%) of the 121 cases. Sixteen(94%) of 17
patients were premature infants, 15(838%) were on parenteral nutrition (PN) at the time of septicemia,
and 2(12%) of them showed hepatic dysfunction. Incidence of sepsis—associated cholestasis was sig-
nificantly higher in infants with K. pneumoniae sepsis than those with other bacterial or candida
sepsis(P<0.05). Sepsis and cholestasis developed at 26+11, 28+ 11 days of life respectively and the
mean total/direct bilirubin level was 5.0/2.7 mg/dL. Two infants who no had PN at the time of sep-
ticemia had prolonged starvation and cholestasis of 7 and 15 days, respectively. The mortality rate
of the patient group was similar to that of sepsis patients without cholestasis.

Conclusion : Sepsis—associated cholestasis in neonates was commonly developed in Gram (—) infec-
tion, especially K. pneumoniae. Sepsis should be considered in the causes of cholestasis in neonates,
in addition to prolonged starvation and PN. (Korean J Pediatr 2004;47:380-385)
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Table 1. Clinical Data of 17 Patients with Sepsis—-Associated Cholestasis

Body  Onset of Onset of  Duration

Levels of

Case Gestational weight sepsis cholestasis of PN” Bil(T/D)* Hepatic Organism Outcome
No. age(wks) (gi) (da?ys) (days) (days) (nig//dL)) dysfuncton ¢

1 29 1,400 41 45 38 4.9/2.8 — S. aureus Alive
2 33 1,590 41 41 31 3.2/2.0 — S. aureus Alive
3 32 1,550 21 25 19 7.0/2.0 — S. aureus Alive
4 32 1,680 18 21 16 4.2/2.2 — S. epidermidis Alive
5 28 910 13 13 11 35/2.2 — a —hemolytic Streptococcus  Alive
6 34 1,940 20 20 8 3.2/2.0 — E. faecium Alive
7 33 1,990 32 36 20 3.6/2.1 — K. pneumoniae Alive
8 27 700 38 41 36 3.4/25 + K. pneumoniae Alive
9 29 1,230 10 13 11 5.1/2.3 — K. pneumoniae Alive
10 29 1,100 44 40 37 5.6/45 — K. pneumoniae Died
11 33 1,930 17 20 8 4.0/2.0 + K. pneumoniae Alive
12 32 1,860 11 14 9 6.8/4.2 — K. pneumoniae Alive
13 36 3,550 13 13 0 9.0/3.0 — A. xylosoxidans Alive
14 30 1,360 33 33 30 3.7/2.1 - E. coli Alive
15 38 2,040 30 26 0 8.5/3.6 — C. albicans Alive
16 29 1,240 34 36 33 3.2/2.4 — C. albicans Alive
17 27 1,570 36 39 35 42/2.2 — C. albicans Alive

“Parenteral nutrition, 'Bilirubin(total/direct)
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Table 2. Summary of Clinical Findings in 17 Cases with Sep-
sis—Associated Cholestasis

Characteristics Value'(Range)

26+=11(10-44)
28+11(13-45)
23+11(8-38)
5.0%1.7(3.2-9.0)

Onset of sepsis(day)

Onset of cholestasis(day)

Duration of parenteral nutrition(n=15, days)
Total bilirubin at diagnosis(mg/dL)

Direct bilirubin at diagnosis(mg/dL) 2.710.7(2.0-4.5)
Rate of hepatic dysfunction(%) 11.8
Mortality rate(%) 5.9

"Mean+SD

Table 3. Summary of Clinical Findings in 2 Patients with
Cholestasis Who had No Previous History of Parenteral Nu-
trition Therapy

Characteristics Case 1 Case 2
Age at first enteral feeding(days) 10 14
Onset of sepsis(days) 13 30
Onset of cholestasis(days) 13 26
Peak levels of total bilirubin(mg/dL) 9 85
Peak levels of direct bilirubin(mg/dL) 3 3.6
Duration of cholestasis(days) 7 15
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Table 4. Causative Microorganism of Sepsis in 17 Patients
with Cholestasis

Microorganism Number of cases(%, n=17)
K. pneumoniae 6(35)
S. aureus 3(18)
C. albicans 2(12)
C. parapsilosis 1( 6)
S. epidermidis 1( 6)
E. faecium 1( 6)
A. xylosoxidans 1( 6)
E. coli 1( 6)
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Fig. 1. Incidence of cholestasis according to causative micro-
organism in patients with sepsis.

HEF AW HFEZAATE AATS K pneumoniae’t A
A 174 F 68(35%)2 7 Bwekew, Staphylococcus aureus
9} Candida species7t 27} 38|93 1 9ol Staphylococcus
epidermidis, a-hemolytic Streptococcus, Enterococcus fae-
cium, Alcaligenes xylosoxidans, Escherichia coli7} 27 14
ATHTable 4). Klebsiella W ZFwe] HHFAAF F9h&2 ot
2 e APFTERYG folshA R (P<0.05), dAwte
2 GEAAS SES Klebsiella dWE350] 40%(6/15), 71
E} 282 18%(2/11), Candidaw™ 12%6(3/25), L/ d+r
T 9%(6/70) ol AtHFig. 1).

3. AtYE Hl

GEAANSTTY AMGES 59%1/17)E HgEAANSTEY 7.7
%(8/104) ¢} B3Rk

HEe AN FHHe] A Swge Fakol WA
2 2old 5 URS el delxgoz et BE94
28] AAH A7t glol® AEsh FHlel Fropd

MEES B3 gFAke]l dF, AIEWOlA organic anion

binding W Aste] A% B AEAW A sxAdlAel 2,
gABozs B R Holgons 57 S L& BH
HH L e s waE A

A= B e 99 2
G, F) Tt &3, ARAF 5
A Anay H84 S0, ABFt sEgd S A

11-13)
4

el A% gefel o

, chloral hydratet} pancuronium bromide, erythro-
mycin estolate S 7Z-& oF2MIY olmnb @ E5ElE 2
W oiAke] o3t wew tiabgd AT Heiedl me A
eAEE So e A Axel FTukgd BA T A
A2 Sol wuE i gl

WP A FE5HATS ARG A 2 A BAA F
K. pneumoniae, Haemophilus influenza,
Pseudomonas aeruginosa, E. coli 53 22 I3SAtol <

gt Be 2 BuEtn 9o agrpgitel AEd 4

o5

#2 peptidoglycan®lt} lipoteichoic acid®= Z#SAvre] W=
27 dTHSE FEISAT ST gl vEA EF
AT Tee Fe Aow A dow? P Qa4 AF
el o A& JHe F wElA A kot ojuje
T Al AEA BHEE GSvsd fASE 7)de ofd w@E
Ao BTG I B ATNE FEAAF] Hut
l

)
i)
of\
9
a
o o
£

=
AEZ AP GFEAZT) HAY71 AL opx ] uhE A
A @gond agSAwe] Axey AR WEavh AEE
°] Na', K -adenosine triphosphatase BAEE #&tA17]1

2 7
UEF HEZE At 554 "aate g3 ¢ B
Fols YT B ol US4 F2 AR<l lipopolysac-
charide(LPS)ell ¢ fr=d dAFvhgoz &A43ste dAAE,
-t Kupffer AlEZ SollA
(TNF)- a, interleukin(IL)-1, IL-6, IL-8 %2 454 AE7}

#4Y]¥  tumor necrosis factor

o] HAol ThAERS FFAt AFE XA gAlHo
2o TFH 95 Ay dEE &9 249 &48 gAs
FEAATE At 2EA QU P o) F gAlEo R
A oA FFEAS AAF e AR 6uu wEBg
@5 wvle] S5 Al dAel sty #f¥@E svhE @
AAE BaE WdE FadkA 2ed”. AAE Mose
ley™= 9 IAIZE dFoR I APlM Uik Fo F
oo A ZFAEZUE Na'gradient- &4 B35 $ubel] o
st 3% sodium taurocholate cotransporting polypeptide
(Ntep) o] Aol ZAEAEd ol Wsdel 9% Niep A%

- 382 -



A 4748 A4 3520049

Korean ] Pediatr :

iR

SREEE

2 1 A AHmRNA)

ﬁo@ﬂvMﬂ@LoTﬂm‘mﬂMﬂoTJJI .A
I et X e
@omwmﬂ%ﬁo%i%ﬁo%m'wtwq%ﬁ FE TR T T F T T
s EXPmar T =2 N o= ' ﬂz}ro%ﬂaﬂﬂo T T oW B
~ K MW T s oo T E T P ko= T oo T T ) o~ R RN T T 9 B P
WowE e ook i o X T <) dn e O Ho H T o & o 4
o o ﬁou%%o:f@o1§% Fa® T oM o O 0 R T m R @Umwwowrur« wr
N S - = 2 N o] = « = 8 =
3 oolmwurlUr%wvm;%mﬂoﬁﬁwmooﬁewumomowﬂwﬁ_o*oTMwﬂa bes  2E =
ST T EIASS E 1 EEEE S 0N 2 0 LI ELoatEe -
Hﬂﬂomomm%kwﬂwogammﬂo#imﬂﬁﬂ&zmeﬂmo,ﬂ.wm@Jiﬂﬂ FRETE =
i 0 & o ! N N =0 N o — X . _
mﬂww_:yi%msﬂﬂowmo%wﬂﬁﬂ Azloﬂool,ﬂﬁ%mmomﬂcgﬂ%v X _amd <
ﬁmeioﬂf;oﬂﬁ_wazﬂﬁ%%%wﬂ%%Moﬂ;ﬂdWmeﬂ@qw ITaxr o T
3 o~ = X ‘B - =~ ~ =
éuaﬁﬁmowoéxkﬁﬁ ﬂmn4im_{sumuﬂmzﬁm_z%.{w R T R T
o &R o X, o B o— A S o azo;wrb_:oﬂi . =0 <) %%%ATE =
7 La@,%ooﬂ<747x X o E N X i w B 9Pz 5 % "
wmzﬂwos = B ,%%@o%ﬂiﬁqoﬂmm %mw%i non%m%ﬂuueoﬁ uuu%momyeaamu =2
o I N T Lt}o_%%%ﬂoaé o M -
wnu%lw%zurm;ﬂi BN xS Eh T ATLY CRSIE - DUV -
Mmq .,.ﬂh:wuﬂ ol ) " Y ] CIC) - ERS Mm wﬂ ~ .Qo Jo O R = .9 ZTNFMM o mﬂmo 6 th ol Mn
— Nlo —_ padli Njo y;o‘l 1221 — o = 1%} \.Ll o - (=]
ﬂmﬁ:wﬂﬂmﬁ%w%%%%ﬂ%%@a%JP%%%mWW7W@MQ%ﬂ%aw«M%& -
ﬂo4ﬂwﬂo£ﬂﬁ1aoﬂebboﬂoﬂoﬂoﬂoldﬁﬂ;o.ZzyzoiEm ZO#EWMKMEWQME?% Jae 04 ay
I e pReRE i yAan T Sex 2o e 3oy M g T o <
o X0 m o W KN X o T N SIS v =0 i o L X X o ~
W T W o I o L N R T W R & %ﬂMomoﬂurm%% K
= = oo ° Na Vo 4 = o F ﬂ_tME,uAI =" o W ﬂo_/E]ﬂoA‘:lmeonno .
C Eﬂ7ﬂiﬂu4 ﬂﬂ%#ﬁmﬂﬁco,ﬂﬁo%1§} o = A S d WD o
< < xogeﬂk10v7zt1r o ﬂﬂﬂnxAzaﬂ.ﬂﬁzaﬂ W o O R o
wo_mw”%g;ogUrgjﬂo%%mﬁﬁ%n1%i&mfo@§ﬁ ETAVNE A g o 3y
63 : o Bo — N BB N o - T NS T o=
< WLWM%M Y ﬂldg - ﬂp A . ﬂuEﬁ .m N = Nz = o o EHL.M,W % " Xo ol zom il zﬂ
pTE Emﬁ;eﬂlurmumﬁmM%Woﬁi%mmﬁ@_nﬂfr%%%%wﬂgToﬁﬂ%ﬂ%ﬂ.M g
i o) %o B o o n = - Q2 %O ol ol o= [ a - S o T " et W R Bo ~ B
CrTETIieRT S @%,giwwaﬁgm1%m@Mﬂ%wwy%%QQW% -
N T W R H e w NrEﬁﬂ_wLW%Mo%lzo%uOuﬂL.]zo@dnEodnﬂo&r@ RM
~3 — I
%wﬂm%m@ﬂﬂ%%,%}# TREB ST W R @%Hu.%% o
ob o = ,),n,m_uﬂ;ooL,_LHE =0 =
xQ g = o e = 2F e S
—~ 5 W g Bhmwm T8 o % TEREETILEILT LTE LD ET
=R =Ty = 20 Uo ae g = T 5 = P B We o mwmx .
LEE25ER s T H & o DT s 2 GO B W e W
- E Xz E 7o ol o o N X St 9 w2 — = Np 5 ~ oy 3 — % i ol Nz oy u-oer W
SH o ko BT B £z @ B 2P P da 2 P Tm i %%%%bﬂ%mw
[IP=N — 00 No = ” —_ I= = © Ko ™ o) B° T e Q K N
E oop § B AN op ° o 2 O B of o — W W o Mo = No T T T U B0 B X TR S
Z, o o s o 3 2 e WOE N N om B 2 _ T o R T S ¢
Tﬂ,mimeﬂEw%%Mo%wmn ﬂmﬂfww_on%Wmﬂw ﬂ%ﬂﬂ%%%ﬂﬂﬂmm%%a
4 W 2 NS = I ool . < B VL T Ao o - Nz e 5l LW W S M o oo
T .awﬁimﬁcwﬂu%%47 %F%Aﬂ.%@%%aﬂ% Jol,mmwl}ahwrmaqai yo
w%wwﬂum@%qwoﬂ%ag% Hm,m@%%& 5 moﬂwaomTE%aﬂmi_:@ﬂ
= = —_ = 4° & o -~ = T ol [
BSPEiREEicEE2, Prasztiitil P Siiliosizgivey
< X S 7 = \.Ll] . X m O N4 [a} T —_
MMWOMIYO,MMEW@ ) L Z Eodwbmoﬂrﬂﬂ%@o{%% mH%o_me%%wue]»%drc_o%%&
BT OEE DU =2 T oW B g T A 3 IS ﬂy.xﬂri%maﬁowx
Nadnden1%7ﬂLﬂH%moaﬂMwm o, B Mww%uwomfﬂnf Hur«Zmlev%ﬂﬂﬂmAiﬂrov >
] SR e E W T Mo ™y o T o B3 e = ® K =
= e = CUNCIE- - » 3 o0 = o No & T o= O o O o =o & o X
o U8 = o) & S o o T — Ao 3 d|uu,q1k|]ﬂ.o plo o= eE]Xo oy W ) ~
i § 8% © 9 Mo B o < T = B ~ B o eyl oW ) Ko = X B 4 P gp
>~ .= 2 5 oo W = K o a o L = oz = NF 5 o X of =
PR g iR fiEoTiziy BEzEoEERicl ESEEREE AL CRRG
- rawgcl_/ﬂazo}]rﬂaudl_u aauopa]ﬁﬂ S - X I r%iélﬂoﬂ Nlo
» B 8 8 BN ) X o No = X ogn E w L o~ 27 o o mr pUS o T
%Efwmmhgdymaii#ﬂ_;uwmmaﬁﬂue o o % mtﬂ%%#%ﬂga%%wf; o
= 9 pnog = = .#oﬂx]]zuijlk Vﬂ_&.déxAJaﬂr . = p R es
— = B 8P 2 T X R T 9% ~ % g 0 gc%oﬁBLdrnzﬂoﬂE =3 F x ap ®ZONE
AJOIM_N m 9 b .m‘mﬁeTﬂuﬂfI;lzo Nk Wew,ww,_ o mzﬂo _u@uﬂ/lu_mo 0 4WMM_IM mmr_a zﬂau_.mﬂwwo\ol " Mo e ,.Xno,%Dl “n
; Q o .= X = ! I~ = N Xl S PR ~ X No 0 s o No
1Y VW E®m g = = B AR o T o )] x TwT gl [l ~ = 5 R o = X
RS TS geaTd zgo;ﬁﬂogmmm?mﬁo@a;;uﬂﬂﬂ%wk%w_ﬂ I
o o 5 B g%E%A;wocH%lﬂs ,W%%ﬂ%%ﬂ%g H%E%%mﬂoﬂrﬁga,ﬁwﬂ#@
9 EHF EeE T PN Lo ® T N o No M O o Ko Bo T 2, do s Z_H%Lewo
= % BT w ,]mﬂaEDero_E] o o AL
T TN T = B oo W A No — = o fdm 7 z
B X ® B &% I - R v o o No & B
Bk AT TS

2] el

p

H gk e 7]

NEZFL Sl 9|

A

g

4 4%

- 383 -

2z A



2 HEAT WAY S Atk ARES Ao} BAZF ol
e FFAAT 9 PP Yopuad @

Hh B 2000 7E€5E 20024 62744 Al
Aol HFA TR YLPF o} F AHow HPZFo]
A wjFAGALl A o] widE 12148 Wl

&
=
e FgHon zAsdt AUF Aws
o Rul oJof
=

~
[}
ol
4
o o
(I
offt
=
(o
f

oz
o
1o

oL
ol
oy
ox
2

o _T":}_-/Ké

ot

WS

Al

oL

el
oo oy
of
R
i
i)
it

(
of

(ool
ol
ol

ek
ol rr

L o
o ok o olN

ST
+ =2
B jad)
2
=] o
= o2
o oX
o 2
o>
on o
o tlo
L)
o o
ox, il
ol
=)

f
o2
ERNNY
He

3

t

e

4

>

()

ot

o

lo ot ¥R 1o @ o 1o

i
o2
2
of\
o
W2, oM
o
k1
=
2
ol
ol
38
nj
o
i
—_
3
of
o
ot
o
L
e ol
=
S

o
>
)

=

ﬂd

®osg ofl
o
oy
ox
)

ol
Lo

i
ox
24
ol
B=y
e}
o o

-z
02
1o
>
Of

i 4
)
)
1=

o 2
oift
=
8
:(11 of
)
et
of\
1o

A+, o

cujdS g}l 1214 F 17#1(14.1%) 00 EEAEA S0
HAElg o ol T 16%(94.1%)S okt 174 5 154

Z AR om 71kl 2F
104, 25 ©l3l7t 5dA AT FEHAZT

A
)
%
N
EN
Q8

o
32
o

)
)
N
off
o3
(o3

pneumoniae 3
& B ZUud
3} 1492 A
At 300l

z}

A &7|7ke

DO e
o\
ﬂ“ ==
©
38
)
o
b
o,
2
ol\
)
e
oft
>
o,
=
of
o2

2

L)
s

. olE

o o
o o
e

= of
o2

Lo

>

ot

oy

ol

2

of\

9 o
o

ot

—

w

e

i)

Do

D

e

o 4z
ik

30,

32

~J
w©
“
—
al
©

al
7_}
8o 2l
(P<0.05), ¥t we S54AF 5
0] 40%(6/15), 718 kAt 18%(2/11), Candidat®
129(3/25), ZHFAATT 9%(6/70) oAUtk HEAANSTTY
APEELS 59%(1/17) 2 HFEAASTT2 7.7%(8/104)$F vl 538k

2
A EEkE

A BEAAZE Kiebsiella
Aot 53

A=l ,
AES ot Axe vsoldA FFEAAFo] HAHIUS o
)

o

References

1) Dellert SF, Baristreri WF. Neonatal cholestasis. In: Walker

WA, Durie PR, Hamilton JR, Walker-Smith JA, Watkins
JB, editors. Pediatric gastrointestinal disease. 2nd ed. St.
Louis : Mosby, 1996:999-1016.

2) Suchy FJ. Neonatal cholestasis. In:Elzouki AY, Harfi HA,
Nazer HM, editors. Textbook of clinical pediatrics. Phila-
delphia : Lippincott Williams & Wilkins, 2001:1182-92.

3) Siafakas CG, Jonas MM. Neonatal hepatitis. In: Wyllie R,
Hyams ]S, editors. Pediatric gastrointestinal disease. 2nd
ed. Philadelphia : WB Saunders Co, 1999:553-67.

4) Trauner M, Fickert P, Stauber R. Inflammation induced
cholestasis. ] Gastroenterol Hepatol 1999;14:946-59.

5) Crawford JM, Boyer JL. Clinicopathologic conference : In-
flammation induced cholestasis. Hepatology 1988;28:253-60.

6) Hirata K, Ikeda S, Honma T, Mitaka T, Furuhata T, Kat-

suramaki T, et al. Sepsis and cholestasis : basic findings in

the sinusoid and bile canaliculus. J Hepatobiliary Pancreat

Surg 2001;8:20-6.

Balistreri WF, Heubi JE, Suchy F]J. Immaturity of the en-

terohepatic circulation in early life : factors predisposing to

physiologic maldigestion and cholestasis. ] Pediatr Gastro-
enterol Nutr 1983;2:346-54.

Beale EF, Nelson RM, Bucciarelli RL, Donnelly WH, Eitz-

man DV. Intrahepatic cholestasis associated with parenteral

nutrition in premature infants. Pediatrics 1979;64:342-7.

Bell RL, Ferry GD, Smith EO, Shulman R]J, Christensen

BL, Labarthe DR, et al. Total parenteral nutrition-related

cholestasis in infants. ] Parenter Enteral Nutr 1986;10:356—

9.

Kanel GC, Ucci AA, Kaplan MM, Wolfe HJ. A distinctive

perivenular hepatic lesion associated with heart failure. Am

J Clin Pathol 1980;73:235-9.

11) Goldberg PK, Kozinn PJ, Kodsi B, Lewitis R, Ackerman B,
Aschenbrand L, et al. Endotoxemia and hyperbilirubinemia
in the neonate. Am J Dis Child 1982;136:845-8.

12) Linder N, Yatsiv I, Tsur M, Matoth I, Mandelberg A,
Hoffman B, et al. Unexplained neonatal jaundice as an
early diagnostic sign of septicemia in the newborn. ] Peri-
natol 1988;8:325-7.

13) Garcia FJ, Nager AL. Jaundice as an early diagnostic sign
of urinary tract infection in infancy. Pediatrics 2002;109:
846-51.

14) Lambert GH, Muraskas J, Anderson CL, Myers TF. Direct

hyperbilirubinemia associated with chloral hydrate adminis-

tration in the newborn. Pediatrics 1990;86:277-81.

Freeman J, Lesko SM, Mitchell AA, Epstein MF, Shapiro

S. Hyperbilirubinemia following exposure to pancuronium

bromide in newborns. Dev Pharmacol Ther 1990;14:209-15.

Krowchuk D, Seashore JH. Complete biliary obstruction

due to erythromycin estolate administration in an infant.

Pediatrics 1979;64:956-8.

Teckman JH, Perlmutter DH. Metabolic disorders of the

liver. In: Wyllie R, Hyams JS, editors. Pediatric gastroin-

testinal disease. 2nd ed. Philadelphia: WB Saunders Co,

1999:579-99.

18) Weldon AP, Danks DM. Congenital hypothyroidism and ne-
onatal jaundice. Arch Dis Child 1972;47:469-71.

19) Herman SP, Baggenstoss AH, Cloutier MD. Liver dysfunc-
tion and histologic abnormalities in neonatal hypopituita-
rism. J Pediatr 1975;87:892-5.

7

-

8

N

9

=

10

=

15

<

16

=

17

-

,384,



20) Evans N, Gaskin K. Liver disease in association with neo-

natal lupus erythematosus. ] Paediatr Child Health 1993;29:

478-80.

Shamir R, Maayan-Metzger A, Bujanover Y, Ashkenazi S,

Dinari G, Sirota L. Liver enzyme abnormalities in Gram-

negative bacteremia of premature infants. Pediatr Infect Dis

J 2000;19:495-9.

Rooney JC, Hill DJ, Danks DM. Jaundice associated with

bacterial infection in the newborn. Am ] Dis Child 1971;

122:39-41.

Miller M]J. Fungal infection. In:Remington JS, Klein JO,

editors. Infectious diseases of the fetus and newborn infant.

5th ed. Philadelphia : WB Saunders Co, 2001:813-53.

Utili R, Abernathy CO, Zimmerman HJ. Inhibition of Na‘,

K " -adenosine triphosphatase by endotoxin:a possible

mechanism for endotoxin induced cholestasis. ] Infect Dis

1977;136:583-17.

Green RM, Beier D, Gollan JL. Regulation of hepatocyte

bile salt transporters by endotoxin and inflammatory cyto-

kines in rodents. Gastroenterology 1996;111:193-8.

26) Moseley RH. Sepsis-associated cholestasis. Gastroenterolo-
gy 1997;112:302-6.

27) Jansen PL, Muller M. Early events in sepsis—associated
cholestasis. Gastroenterology 1999;116:486-8.

28) Curran RD, Billiar TR, Stuehr D], Hoffman RA, Simmons
RL. Hepatocytes produce nitrogen oxides from L-arginine
in response to inflammatory products of Kupffer cells. J
Exp Med 1989;170:1769-74.

21

—

22

=

23

N2

24

=z

25

N

Korean ] Pediatr : Al 47 ¥ #1 4 & 2004\

29) Wolf A, Pohlandt F. Bacterial infection :the main cause of
acute cholestasis in newborn infants receiving short-term
parenteral nutrition. J Pediatr Gastroenterol Nutr 1989;8:
297-303.

30) Franson TR, Hierholzer W] Jr, LaBrecque DR. Frequency
and characteristics of hyperbilirubinemia associated with
bacteremia. Rev Infect Dis 1985;7:1-9.

31) Nakai H, Landing BH. Factors in genesis of bile stasis in
infancy. Pediatrics 1961;27:300-7.

32) Hamilton JR, Sass-Kortsak A. Jaundice associated with
severe bacterial infection in young infants. J Pediatr 1963;
63:121-32.

33) Manginello FP, Javitt NB. Parenteral nutrition and neonatal
cholestasis. ] Pediatr 1979;94:296-8.

34) Capron JP, Gineston JL, Herve MA, Braillon A. Metronida-
zole in prevention of cholestasis associated with total par-
enteral nutrition. Lancet 1983;26:446-7.

35) Kishan J, Mir NA, Elzouki AY. Neonatal cholestatic jaun-
dice with Klebsiella septicemia. Indian Pediatr 1984;21:865-
8.

36) Spiliotis JD, Kalfarentzos F. Total parenteral nutrition-asso-
ciated liver dysfunction. Nutrition 1994;10:255-60.

37) Jarvenpaa AL, Raiha NC, Rassin DK, Gaull GE. Feeding
the low-birth-weight infant: 1. Taurine and cholesterol sup-
plementation of formula does not affect growth and metab-
olism. Pediatrics 1983;71:171-8.

38) Merritt R]. Cholestasis associated with total parenteral nu-
trition. J Pediatr Gastroenterol Nutr 1986;5:9-22.

- 385 -



