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Ursodeoxycholic Acid in the Prevention of Pediatric Parenteral
Nutrition-associated Cholestasis
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Cholestatic liver disease is a frequent complication of prolonged parenteral nutrition, especially in premature infants.
Numerous factors have been cited as contributing to TPN associated cholestasis. However the exact etiology remains
obscure. Ursodeoxycholic acid (UDCA) has been reported to be beneficial for children and adults with various chronic
cholestatic liver disease. The aim of this prospective, randomized, double-blind, placebo-controlled study was to deter-
mine the preventive effects of UDCA administration during TPN. Seventeen pediatric patients (8 boys and 9 girls)
undergoing TPN were assigned randomly to two groups, UDCA and placebo group. UDCA group (n=9) received 15
mg/kg/day UDCA and placebo group (n=8) received 15 mg/kg/day placebo enterally during the TPN period. Liver
function tests (total bilirubin, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase) were per-
formed before TPN and weekly or three times a week. The patients’ weights, complete blood count, composition of
TPN, and the infusion rate of TPN and lipid were monitored everyday. Calcium and phosphate were monitored twice a
week. Between the UDCA and placebo groups, there were no differences in weight at the onset of TPN, birth weight,
duration of TPN, respiratory distress syndrome associated with prematurity, age at the onset of TPN, gestational age,
the number of days the patients received antibiotics, the number of patients received enteral nutritions and the composi-
tion of TPN. In contrast, there was a significant difference between the UDCA and placebo groups in alanine ami-
notransferase levels during TPN. It doesn't seem that UDCA administration during TPN correlates directly with
improvement of liver function. But the preventive administration of UDCA may be effective in reducing liver enzyme,
alanine aminotransferase and has no adverse effects.

O Keywords — total parenteral nutrition, cholestatic liver disease, ursodeoxycholic acid, preventive effect, liver func-
tion test, alanine aminotransferase
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A Fod T FEAAZ] 1000 g vl Aol F 50%9l4]
A e Baglew o) A 2000 g v Aok 23
%l sNFEERaL et ol2sk FAW Pk A E=
A FFo] vigolllA o £33 o] PIAEE A9
w2 25AFY (total bile salt pool)®] 24, 7+ W9 &
FAE S AR A, Ao oA 23 BEA] F
S22 Fol defhr] wgelt}?), dEAA L Bl dols
o] 745 A7 (biopsy)sted FetgulA oz RAg A=Y
FAAFTL 98 gk F44 FA A9 29 AR3
(portal fibrosis)? Z7}8 Rgom HE Z2(bile duct
proliferation)= XG>0, o] FAE-L A oJofS F)
st - Alel emd 2% AX MR AR A
2 JeEISE 72 A X W £F 4 (endoplasmic reticulum)=
5 FAH] A FeA del "HelA 9= K EE
Abel#] M FHE(canalicul)) Hell e AH-E% HAFHY S
=3 HFAY =x FEALRE dAEE AT 254
(osmophilic)®] 84 EAEo] AME9} HE Apelol|A]
HAekY olHg zAeA Wl zholA ks 4 (extra-
hepatic biliary atresia) 533t 2K 4 9lew zb43 v
oM E A WA & 9o AL AAFEE 0D
Cohen 5Vl ojsln] A HoJere A7 3189 oo} &
2180(67.7%)7) A HbS(steatosis)S Velhd o], SEAH A=
1981 (61.3%), &4 AT YA (extramedullary hemato-
poiesis)y> 24#)|(77.4%), ZFHE™ W} ZAFT-(eosinophils in portal
tracts)i- 128 (38.7%)ell A Vel oia R 31slgde) o] SAE
= AW A A A 59 ol et S0 AlF
A FEAAE AW F A 10d F|, FE FAL 35
Foll vrebgdet. 90Y o)A} FA Mookl S Fof Wb 22
25 2RSS By AWK A7 oo F ]
AR 7% ZAA AFHE Bl ool 33-42% Aol
FA e Fd Fo 2F Foll= 34%7) LX) FHIYES
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Jeb, Aol okl Y FFAA S o8] SIS
vheat glent of = gt EX]] Yl TRelxr) el
2 Holn] 7edt AEE FE B4, AT =4, 9
A, =2F Bl AFe 2R Fol vk =3 35AAZe
AR A= TRk 7121, ARGk 75 5=
QAo gty A=A GO, pgdejerom Qg ¢
o} 2 A=A i Fe] FFs3el = -8l 73 Ted oF o
E7Fsg Aok HAF o FFI, A 24AAE
(necrotizing enterocolitis)® 1A = % (aspiration pneumonia)
-2 Aol el Hi A3 kg fl8] WIS
Ad AAEe] T2 5 3o, At 5 F-H-A (respiratory
distress)¥ 7H4) LE]3L $1AFRE] o] AR QlEle] 3
oo 71zke] AFE F TH?. o] g HAleX A
FO2 Q3 MHEA PHFE JAel] 93 AT =¥
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ursodeoxycholic acid (UDCA)$} 72 9914 HFAMS Fo
e L 2 ) FEAAS I FFAe SAS A
A2A7) 3 5SS 4 9lokal g#A $ith UDCAS:
FoJatA Hw Aol E3F H5AA o ofof gt
Z9] 99122 P7EE F HEAM (total bile salt pool)®]
244, 7k o) BEANE Y A3 A, A 3 F9x
3 FFAR F5 AAE AT dEel A EE
A o]Ao] & of-olollAl Felatar Qe 8, w3 Al Fe)
FEZ(FDAYS] UDCA 37t 35S B 7+7d 3biliary
cirthosis), BS54 AE(biliary colic), FEA A S (cystic
fibrosis), 4= %™ -F-(esophageal varices), B*12] 8-l (gallstone
dissolution), <"} (gallstone prevention) 5o| 312w Ao}
HeFo 2 F7pie AR ofz] ¢in}?, =3t UDCAE ¥
kA A 24 =< (primary sclerosing cholangitis)?} 9Hd &
A el ABAZ ALY, Spagnuole” Sl 3t
vl & (pilot study)ell A A717ke] Zmodoks 3t 799 =
FAA) Aol Aol Al 30 mgkg/day] UDCAS 747513
At BE Zolol| A FFAHAA 7Hd 3] FA}e] Abeizl o
485 ool HFEAAS A AEQ y-glutamyl
transpeptidase (GGT), alkaline phosphatase (ALP), conjugated
bilirubin, alanine aminotransferase (ALT)7} AAZ =Hgid) 3
mo) Aol FAW ek 717k F< UDCA FHE YA
Zh9]S 9 GGT, ALP, ALTS] ¥H53 F7171 glgl ot
UDCA®] AFod A AA3} F9dct. Lindorl9) 52 2o
w2 714 (home)ell A F39 oJ ok 2 7F Fodib-2 524
dzle] FAuledof fr2Ad @A UDCA 600 mg/d=
FoJ3}7] Al 35 el total bilirubin £ 14.8
mg/dLelA 84 mg/dLE. Zagon) Y Feol: 2mgdL
2 H3 A5 1| mg/dLe] 2 Fojzich
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B AT AR, o|F A, Sz ﬁ?i ﬂ"}*— il
Toll FeldtA Hi Aol upe) Fabg s - &
UDCA 73} Placebo 71722 v}y oﬁilﬂr. UDC +
o2 UDCAE, Placebo 92 PlaceboS o Fof b
%, UDCAS) 189% 9 1 32k A2 | tabletel]
ursodeoxycholic acid 100 mg, L&Al &5
TolAl T2 A A B2 =04 375 mg, B
AIFZHASE 9= 75 mg, FE5HA1Q 33
mg, ZEA| Q] AejolRAleta 4 2.5 mg, L 9] frdol &
el alvt.

FoAFL 1S mgke/dayR ¥ ¥ Edsle] Aoz 2w
s AW e 7|7 B¢ TS YFo® sl
1 kg¥ 4% 15 mg 37 3 A Foslgir). o= 752
sted &3t 37 dete R T nigelel AS-
Fhobe] Aol whel A AR U FFsAe] U=
73T, 7ARAF 2 ARFAS FA| 3ol oF = A A
7] A8 Tl 5 FHslvh. W Fofolu} oo oke o}

Al A Bt = F Jf‘a 35 A7) Al T 5 ANEH
o g AT 7|7 F AR kel AAE Bl o)A}
W W3] Fasln, o) Ahk-go ‘/‘r‘:/]"fk* A A"
efe] FoIE FA| FX3819H Placebo Foi 7~ f%l"’}"ﬂ"i 7t
HEA olAfe] viehd Afoll 7| gzl uhd = )
E—’“ UDCA?| FoJ & A28},

Aol Feshs RE Sol= BAFE 9 AAFeHE
‘:q%} B 9 AAE stk A dubeel Awedor
oA A3k whdS whe) AP A2 Ak complete blood count),

=

A 8]

total protein, albumin, cholesterol, 7}7]% ZHAl= dF AU 3
W AAGE 9502 35 Bael wet o A5 Agsis,
Calcium, phosphate 33 A= Z7]olx= dFddl F ¥
A3 oR, ebo] Hm AFdol @ i Al e
v} wlggolel A4 Aol Fol2] ghormg ool Aol w}
g AALE AdEtgYh IR EA 35S FF Aspartate
Aminotransferase (AST), Alanine Aminotransferase (ALT), total
bilirubin, direct bilirubin, Alkaline phosphatase (ALP), y-glutamyl
transpeptidase (GGT) & ShehE A3t 7452 3hioh.

HILHE

HFHeE GAEE 522 W 45(White Blood
Cell, WBC), C-Reactive Protein (CRP), Total Protein (TP),
Albumin (Alb), Total Bilirubin (TB), Direct Bilirubin (DB),
AST, ALT, ALP, Cholesterol, Calcium, Phosphate, GGI7}
aiew o] Slof| = A wof okt AR Apskow Fgwlojof
A%, 2 7170, AP ) 24 (4, BE
9] ¢k, o]-u]}r_/\}g] OO]: PR 0]:) ZA) vl o o Eo:]—-—E =]
Ae) Folgw, FAUcpe] 9% 5 24} 7| Falole
FHUCIF Fo HFE nHoels] EFYA FFT
(respiratory distress syndrome)® 1784 Aol (gastrointestinal
disturbance)® o] EASISIet. o] A AAF #F F 2
9= PEEF Fe] oAthm A4l A T, AST,
ALT, ALPE Ao 2 ZAuloloF 7|7t u}2 F o
1 vl o e B QWYE $Heq.
w3} FAwojops Alxkst & TB, AST, ALT, ALPS] ®i 3}
Zol 2 SN 7102 viehie] MRS Al2s)
7] Ag 7]¥8% UDCA Fo12F Placebo Foi 2] #3}
A Arhslolet.
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UDCA o33} Placebo F-o7- 7He] EA1E v|w # .;‘6]-
7] $15led t-test, Wilcoxon's rank sum tests Al A|3fe] o
Zah 5 HxH(meantSD)E HERNSCH 7 Fod of °%'r-9}
iR (source)?] o, FAM e M55 Ao, ¥
£-2 Fisher's exact test® 28} t}.

FAW oI Fof 77l wWE F FoliEe] TB, AST,
ALT, ALPS] #3}e} w3l o] Fof 7|7kl u}2 TB, AST,
ALT, ALPS} o3& ¢E57e] A@#Ad2 SAS(Statistical
Analysis System, Ver 82)2] mixed procedures o8-
mixed modelel] 23 &3)c}.
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20008 5¥HE] 20029 5YE7HA] BAE AT el F 3
o= 178 eIt} o] & UDCA Foi=¢] 92, Placebo F¢]
o] gHo|glen] FoliHE B glolo] EAJL Table 13}
ot vl Al obe] FA Mook A1 A BF SERA
Z-%--(respiratory distress syndrome)°] 3121 EE 3F}o}o]
A T AHE AHEm UDCA Foi 98 5 8
e 28 A ofcke] rlEsle, 18 AR F3)
ofoFe] Fw= v}, Placebo Fold 5 83 =% 43 7
Fogofol 7hesle] FAWIFS T

Placebo Fo4#3 UDCA ol 7+ 4 F 749
A2 AL AFE(p=0.743) A A F(p=0.463)2 BlAL X
g A3} frol8k 2ol olih =g FAuleokel) Fof 7]
74& ¥l FA 8 A3 Placebo FoA7ollA o 4A el
om {935 zo)= dAdFp=0277). TERAH F3Z
(respiratory distress syndrome). 2% ZAd o okol & Feouk

4L 012«

o s

Table 1. Baseline characteristics of study population
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1|0} UDCA Fof Fol|A] 28], Placebo FodFol|A] 48] 2
Placebo F-of T-oll A o w@ekor} §93 zoj= 9ot
(p=0.335). AW oF A2t FA] tholo] & vl FAg)
A7 UDCA FooA v o Aoz vighet o
Zholi= 413l o (p=0.606) Ael 7|7+S] HFE F Foit 7H
of o8t xpol 7} Sl ehp=0232). AFeIoFe] 773} &
2 7} o ojujct vlekgl om ofofe] A 7|FA el wlet
debg el 2Rk 7|17 F AT FE FAl A3 o
o}i= UDCA Fofol|A] 581(55.6%), Placebo Fof-ol|A] 7
#](87.5%)F- Placebo FoiT-oll A v @gkoit F-23t 2e]=
A Hp=0.294). EFF UDCA ool o7t 58, ofo}
7} 48903 Placebo Fodwolli= delrt 38, oobr} sE KT
T Fol 7he] v A vEelE A28t Zelr) glslvt
(p=0.637)(Table 2).

Patients Gender  Age/GA(wks) Weight (kg) Clinical diagnosis Duration of TPN (days)
UDCA group
1 M 6 yr. 18.15  Cyclic vomiting 34
2 F 9yr. 9.10 Cerebral palsy 15
3 M 63 d. 4.00 Milk allergy diarrhea 8
4 M 4.d./36 2.59 RDS associated with prematurity 6
5 F 4.d./27 0.85 RDS associated with prematurity 4
6 M 1 yr. 6.69 Chronic diarrhea 37
7 F 2 yr. 1230 Acute pancreatitis 11
8 F 49 d. 3.44 Chronic diarrhea(autoimmune enteropathy) 8
9 M 48 d. 3.10 Nausea and vomiting 16
Placebo group
1 F 4 mo. 3.80 Chronic diarthea 61
2 F 3d.27 0.94 RDS associated with prematurity 6
3 M 1d./29 1.13 RDS associated with prematurity 17
4 F 2d./29 0.98 RDS associated with prematurity 40
5 F Syr 15.00  Pancreatitis 6
6 F 14 yr. 39.80 Eating disorder(anorexia nervosa) 31
7 M 10 yr. 10.20  Cerebral palsy 10
8 M 2d./.29 1.26 RDS associated with prematurity 70

GA, Gestational Age; TPN, Total Parenteral Nutrition; RDS, Respiratory Distress Syndrome

Table 2. Comparison of characteristics between UDCA and Placebo groups

Characteristics UDCA group mean=SD (N=9) Placebo group meantSD (N=38) p value
Weight at the onset of TPN(kg) 6.69£5.59 9.1+13.44 0.743
Birthweight(kg) 3.16x1.07 2.19+1.38 0.463
Duration of TPN(days) 15.44+12.044 30.13£25.02 0.277
RDS associated with prematurity 2(22.2%) 4(50%) 0.335
Age at the onset of TPN(days) 741.44+1167.5 1321.0£1978.8 0.606
Gestational age(wks) 37.75+4.56 33.43£5.86 0.232
Enteral nutrition 5(55.6%) 7(87.5%) 0.294
Boys/Girls 5/4 3/5 0.637

TPN, Total Parenteral Nutrition; RDS, Respiratory Distress Syndrome
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Placebo FoFelA 7H71% A} 35 TB (p=0.009),
AST (p=0.057), ALT (p=0.048), ALP (p=0.076)%) HTF F
2|7} UDCA “FodFell vl o ¥ veltom TB, ALT|
M A ol gk 2}o] 7} 9l sdvh(Table 3-7).

Placebo ¢+ UDCA Foi - 2ke] FAgodof 24 F
EEG(p=0281), o}v) A p=0.612), A& (p=0473)7 A
Z2 2 (p=0.100)% B T8 A3} 523 3}ol7} $isich
(Table 8).

6% Aminesteril Ped(R)S Td o2 Al4-3t
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Table 4. Comparison of TB(mg/dL) between UDCA and
Placebo groups

# Zoll t13 Ursodeoxycholic acid®] &lHF&E}o) ojgr o7

7] 7kel] upE W3 FFolE AHEW 209 AXIA| = W
Fol7} vlssltrl 208 o] FFE = Placebo Fo o]
UDCA Foitel] ®ls) Aoz vehts AL & 4 9l
“HFigure 1).

UDCA o33} Placebo #0172 AST H#2] T4
oF 7]7}ol] whE W3} Fol B AP EM 40 AS7AE W
ol 7t ¥l 5ol 404 o] FH-Elx Placebo o] F-ol
UDCA Foiiel vls} AeAoz vehts A& & 4 3l
“HFigure 2).

UDCA Fo33} Placebo Fol7-9] ALT H9] 49
oF 7)7kol] W W3}t Fo) & AHRE 50d A=A W
3e) 7} v SEer 509 o] FF-E| & Placebo o] -¢]
UDCA Foigel vls] Aoz vepes A& o4
oHFigure 3).

UDCA 5373} Placebo Fo172] ALP Si1re] FAwo]
oF 717kel| w2 Wiz}t ol 5 AT EY 104 A=A
3pel 7}t w3ttt 109 ol FH-El= Placebo o]

32

Table 5. Comparison of AST(U/L) between UDCA and
Placebo groups

Patients Baseline* meantSD Range Patients ~ Baseline* meantSD Range
UDCA group : UDCA group
1 1.1 0.504+0.283 02-1.1 1 26 28.17+5.458 22-38
2 04 0.27£0.115 0.2-04 2 28 25.50+6.137 20-33
3 1.7 1.00+0.624 0.5-1.7 3 25 21.33+13.868 6-33
4 2 10.6245.321 2-16.0 4 61 37.67+20.306 24-61
5 22 3.904+2.404 2.2-5.6 5 31 27.00£5.657 23-31
6 0.4 0.33:+0.046 0.3-0.4 6 40 45.44+31.141 29-127
7 0.9 0.83+0.828 0.2-2.6 7 42 122.79+140.643 29-549
8 0.7 0.70+0.001 0.7 8 54 61.671£9.292 54-72
9 0.5 0.55+0.071 0.5-0.6 9 9 48.80+35.245 9-96
Placebo group Placebo group
1 0.2 0.2040.001 0.2 1 56 71.38+£27.117 36-126
2 1.7 3.80+1.931 1.7-5.5 2 59 38.00£22.068 15-59
3 1.7 6.27£2.559 1.7-8.6 3 21 21.20+2.280 19-25
4 8.1 4.66x1.842 2.2-8.1 4 24 20.14+£8.153 12-36
5 23 0.98+0.773 04-23 5 300 315404217978 63-547
6 0.5 0.35£0.129 0.2-0.5 6 15 16.50£3.697 14-22
7 0.4 0.30+0.141 0.2-04 7 20 22.67£2.517 20-25
8 14 7.504+4.200 1.4-17.9 8 76 55.10£63.490 13-233
*total bilirubine at the onset of TPN *AST at the onset of TPN
Table 3. Comparison of liver function studies between UDCA and Placebo groups
Liver function studies UDCA group meantSD (N=9) Placebo group mean+SD (N=8) p value
Total bilirubin(mg/dL) 1.7443.655 3.76+3.980 0.009
AST(U/L) 41.82+27.620 70.46£105.517 0.057
ALT(U/L) 36.67+38.150 70.36£117.325 0.048
ALP(U/L) 238.40+191.080 313.274215.770 0.076

AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; ALP, Alkaline phosphatase
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Table 6. Comparison of ALT(U/L) between UDCA and
Placebo groups

Kor. J. Clin. Pharm., Vol. 15, No. 1, 2005

Table 7. Comparison of ALP(U/L) between UDCA and
Placebo groups

Patients  Baseline*® meantSD Range Patients  Baseline* meantSD Range
UDCA group UDCA group
1 19 , 19.50+6.389 12-33 1 159 116.91+18.9 97-159
2 19 27.50+11.818 19-45 2 173 192.33+47.1 158-246
3 13 ’ 18.33+£7.572 13-27 3 415 301.67+98.6 236-415
4 7 9.67+2.517 7-12 4 222 289.67+70.1 222-362
5 4 4.00£0.001 4 5 221 238.50+24.7 221-256
6 32 51.22462.153 16-212 6 98 99.86+10.9 81-111
7 44 171.324217.92 15-656 7 193 424.69+257.9 180-983
8 23 48.00+21.703 23-62 8 103 143.33449.8 103-199
9 18 46.80+29.457 18-86 9 86 220.50+190.2 86-355
Placebo group Placebo group
1 31 91.88+54.895 18-185 1 193 273.30+39.1 193-318
2 8 7.00£1.732 ' 5-8 2 301 446.33£151.9 301-604
3 1 3.80+1.789 1-5 3 247 323.00+57.8 247-403
4 6 7.434+2.699 5-13 4 170 226.75160.7 145-317
5 358 381.00+152.310 155-540 5 383 271.80+84.3 178-383
6 1 18.75+8.057 11-30 6 85 68.75+11.2 60-85
7 15 18.33+4.163 15-23 7 93 101.67£11.7 93-115
8 10 22.80+25.66 5-85 8 170 537.27+323.0 170-1189

*ALT at the onset of TPN

0 10 20 30 40 50 60
DAY

Fig. 1. Changes of Total Bilirubin levels in the UDCA (solid
line) and Placebo (dotted line) group.

UDCA ool wvis
“HFigure 4).

ysHow ek AL ¢ 4 9

o1sal D|I|E ek 2019 ‘_“'7|'

7y =A FHESI F o] ATl AAF A= TB, AST,
ALT, ALP%} WBC, CRP, TP, Alb, Cholesterol, Calcium,
Phosphate, 49 ¢ F 2-8-F, 3} 717}, AW
o) ZA &, £33 o, ohulAle] of, A9 o), 27
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Fig. 2. Changes of Aspartate Aminotransferase levels in the
UDCA (solid line) and Placebo (dotted line) group.

Hogof Foldi, 2|2 Fod®, TAuejoke] daFs W
42 8 mixed modelol] Hsled A|7ke] EFel| wiel F-2
A A o] lvkal ARE = WS @A vl EA4s)
oom F FolZ3} TB, AST, ALT, ALP] 3= mixed
modelel] 2835w}

1. Total billirubin (TB)¢] Ar53} AF2HA] o] °‘-E 29
TBel] 98t UDCA S-o37-7} Placebo Foi-

Table 8. Comparison of TPN composition between UDCA and Placebo groups

TPN composition UDCA group meantSD (N=9) Placebo group meantSD (N=8) p value
Dextrose (g/kg/day) 13.70+3.693 14.58+4.228 0.281
Amino acid (g/kg/day) 2.10£0.818 2.19+0.925 0.612
Lipid (g/kg/day) 1.37£1.035 1.52+0.896 0.473
Calories (kcal/kg/day) 69.95+24.823 78.50+25.591 0.100
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Fig. 3. Changes of Alanine Aminotransferase levels in the
UDCA (solid line) and Placebo (dotted line) group.
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Fig. 4. Changes of Alkaline Phosphatase levels in the UDCA
(solid line) and Placebo (dotted line) group.

£ X Placebo F-o3i-¢] UDCA FolZ] n]d] TB A<
# #dol ey FosAE GUTHp=0.075). EF 4|
total protein®| 557} 845 TR Ars3 Talo] glgle
=H(E=0.001) 4] A&7t He CRPY F7E TBY A
-] AATp=0.01). ZANAF Azt FA| AFo| &
o] V245 TBY| Absat #ado] glglow(p=0.037) A=
°JF 4= (volume)o] E4F TB A&t Ao ot (p=
0.014). 5+ 7H9] FAmeIoF Fol Ae5 T DA Aol
o ul3) w|Eele) FFHA FFF o= Q3 T T
o7} TBE] 353t Falo] YATH(p<0.0001). 4N JF 5
o H£x7} ZH2E4E TBY Alsd #=el gl
(p=0.003)(Table 9). ’

_1

2. Aspartate Aminotransferase (AST)] Al3} AMEHA] o]

Table 9. Factors contributing to increase of TB level

Table 10. Factors contributing to increase of AST level

Covariance Structure
Spartial(power)
0.306 (p=0.007)

Effects

Girls (reference=Boys)

Albumin (g/dL) 0.388 (p=0.0002)
Dextrose (g/kg/d) 0.143 (p=0.001)
Calcium (mg/dL) -0.442 (p=0.0004)
Phosphate (mg/dL} -0.131 (p=0.026)
TPN Calories (kcal/kg/d) -0.017 (p=0.009)

Placebo group (reference=UDCA group)  -0.108 (p=0.393)

TPN, Total Parenteral Nutrition

9= 23l

ASTel| gk UDCA Foi3} Placebo Fof7 zko] 2+
434 ¥ UDCA Fod3*¢] Placebo oo Hlal] AST A
F3} Aol gl ot folahAlE Askeh(p=0.393). 247
oke] ok 7k} ASTE] ARsa # o] g1l vh(p=0.009).
2 ] phosphate®] F%=7} W55 ASTY ARs) o]
93121 (p=0.026) ZF Y calcium®] FE7} F2PE AST
o) A3t #Eo] IATHp=0.0004). FAHoJoke] EE}
b BE4S ASTS) A5 Fle) I T(p-0.001) &
Z ) 4Rule] s} =94 AST] Alda) o] 9f
AT (p=0.0002). ‘Fotol] Blsl o{elr} ASTS] A3 o]
2151 eH(p=0.007)(Table 10).

¥

3. Alanine Aminotransferase (ALT)®] Ab&} AMEAL o)
= 89l

ALTel| 3k UDCA o2} Placebo Foit Zhe]
3-8 B Placebo Foi-¢] UDCA Feitof ulsf] ALT A}
=3 felst FHol UKTHp=0.018). F W calcium®| ¥
=7} eSS ALTE) A% Bl )vhp=0.029). 24
wjojoke) 2w R} 525 ALTS) A5 o] 3l
QIL(p=0.0002) FA NI} Fol H-&F F ulGole) TFY-
A S5l vlsl TA Aol Q13 FA M YoF Foi7}
ALT2] 445} 21 o] 31815Hp=0.004) Table 1)

4. Alkaline phosphatase (ALP)Y] Absat AbakAd o] gl

Covariance Structure

Effects
Compound Symmetry

RDS a/w prematurity (reference= GI diseases) 1.608 (p<.0001)
Volume of TPN (mV/kg/d) 0.007 (p=0.014)
Infusion rate of TPN (ml/h) -0.026 (p=0.003)
C-reactive protein (mg/dL) 0.043 (p=0.01)

Total protein (g/dL) 0.353 (p=0.001)
weight at the onset of TPN (kg) 0.032 (p=0.037)
Placebo group (reference=UDCA group) 0.266 (p=0.075)

RDS, Respiratory Distress Syndrome; a/w, associated with; GI, Gastrointestinal; TPN, Total Parenteral Nutrition
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Table 11. Factors contributing to increase of ALT level

Kor. J. Clin, Pharm., Vol. 15, No. 1, 2005

Covariance Structure

Effects Compound Symmetry
RDS a/w prematurity (reference= GI diseases) -0.652 (p=0.004)
Dextrose (g/kg/d) 0.074 (p=0.0002)
Calcium (mg/dL) -0.234 (p=0.029)
Placebo group (reference=UDCA group) 0.356 (p=0.018)

RDS, Respiratory Distress Syndrome; a/w, associated with; GI, Gastrointestinal

Table 12. Factors contributing to increase of ALP level

Covariance Structure

Effects Compound Symmetry
RDS a/w prematurity (reference= GI diseases) 0.262 (p=0.011)
Duration of TPN (days) 0.005 (p=0.034)
Infusion rate of Lipid (ml/h) -0.049 (p=0.0001)
TPN Calories (kcal/kg/d) 0.004 (p=0.002)
Placebo group (reference=UDCA group) 0.083 (p=0.406)

RDS, Respiratory Distress Syndrome; a/w, associated with; GI, Gastrointestinal; TPN, Total Parenteral Nutrition

89

ALPel| w8k UDCA F<J7-7} Placebo Foi 7+e] el
A& B Placebo Foldto] UDCA Fol 7ol vls] ALP A
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A Aol vl3) wlsrole] TFHAH FFLo Q3 F
BHedF FeA7b ALPY e #HHe] o=
0.011)(Table 12).
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o Ay i3 Feo] glrhs Rk goHo B A7
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