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Wittayalertpanya S, Quantitative liver function assessment. Chula Med J 2001 Aug; 45(8):
697 -709

The methods of liver function assessment should indicate with sensitivity and specificity
to screen persons for the presence of liver disease, suggest the underlying cause, estimate
the severity, assess prognosis and monitor the efficacy of therapy. There are certain limitations
fo the use of biochemical test (conventional liver function test) in the diagnosis and management
of liver disease. Researchers continue to search for an accurate and reliable method to quantify
hepatic function similar in principle to the creatinine clearance for renal disease. Liver function
can be assessed by administering an exogenous substance to quantify changes in hepatic
blood flow and metabolic capacity. Characterization of drug clearance and product formation
rate are possible methods for measuring hepatic efficiency. Indocyanine green, galactose,
lidocaine, substances with high intrinsic clearance, can reflect liver blood flow and enzyme
activity, while caffeine, antipyrine, aminopyrine, low-extraction drugs, have been used to measure
liver enzyme capacity. Salivary clearance, breath test and determination of parent drugs or
metabolite formation with the simplify method are reported as suitable for routine use. However,
no one test or ideal drug enables to assess the total functional capacity of the liver. Multiple

tests are still required to assess the complicated hepatic function.
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Quantitative liver function assessment
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Conventional liver function test

Tspuidnmasaunmiaeesiy (Con-
ventional liver function tests) fnagldAmdaaiids
wdentsdsziRulaidu 3 wanlug) Aa®oes

1. A ldmsaageumirilunisdanmsians
183Ul (synthetic function) T s£AU serum albumin
Wae coagulation factors TaeiMnA1 prothrombin time

2. ArfildnmageuAINaIs0TeL NS
YUNILWAN organic anions LATAITINATLDRANAT U
§99N"8 (excretory and metabolic function) Feldun
LU bilirubin uat bile acid

3. Afldmsaasaun1sgnitatEIRNagEL
(hepatic injury) Aun sesuaulesl aminotransferase
(AST, ALT) # leak 28NN NITARAL wian1agn
yinangaaavienng Hun s alkaline phosphatase

Aamanin 1 ulszaludumauusnaes
MsAtatannulninAeiu SausazAtasnunng
wanuulas @esudama@aund famisad 19

wiazAreInssiufingnlumanad 1
fosrmluidatre sensitivity, specificity WAL severity
Aumnsnai ansetnagy

1) Wu97A bilirubin anf Tuduassiuudevsa
NURAY uaAINAsEAL bilirubin Lifiaanlane

2) A1 serum albumin anaslufilanlsedu T
Lifandasiulsadiu 1Hun Tsm inflammatory bowel
disease WarwudnTeaL laulnd aminotransferase g9
Suliudalantsaviola vielsandnife®

3) 1 taulmil aminotransferase gannvietias
Wlduansziuanuungesisn
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Test

Functional Significance

Serum bilirubin levels
Indirect (unconjugated)
Direct (conjugated)
Urine bilirubin
Serum alkaline phosphatase
Serum aspartate and alanine aminotransferase

Serum albumin (albumin: globulin ratio)

Prothrombin time (one stage)

T in hemolysis or defective bilirubin uptake

T in hepatocellular failure and biliary obstruction

T in biliary obstruction

T in biliary obstruction, mass lesions of liver

TTT in liver cell necrosis

{ albumin in hepatocellular failure; globuiin levels Tin
chronic liver disease

Prolonged in biliary obstruction and liver damage; reflects

»1« systhesis of prothrombin, coagulation factors V, VII, and X

Quantitative liver function assessment
finsanndneiu fumsdaansiifes uiwnne
(endogenous substances) N1TUTLIUNITNI9U
saesulnglfarsanmenendnsane i aviied
WssRuld ansi Wenafuansfmilewlusanie
(endobiotic) Wiaflugn® i eeansdui winh
wauelayt 81 viTeanall nszuauninmiue laviaz
i hepatic blood flow V;W’lﬂ’uﬁ"léﬁu Waz metabolic
capacity ¢ defasedoiwled mixed function
oxidase L\ microsomal enzyme lu parenchymal cell
aaeiy 1#un 1awle cytochrome P450 Fafinaneiia
Hanfu cytochrome P450 azimdirfulasuuasen
FaelfjiiTen oxidation reduction hydrolysation YLy
phase 1 1T2TUIUNTIHATLBAAN 491 phase 2 1l
UfjfiTen conjugation M iaulesinan glutathione
s - transferase, glucuronyl transferase, N- acetyl-
transferase™"? anurazmrazldiaulniianizianza
T nrsvrAnIindmeninediu (hepatic clearance)
FafAmnty hepatic blood flow x extraction ratio®

<N s

wiadmuAtualan arniroueanludarTuanlan

3 o o

winn mtueesssuasuwladlduntesstnels

(quantitative liver function assessment) wWieulaniu
NIMAN creatinine clearance eIATEALIAMNENNID
maineuzasle duazidudsslonilunisdfuruneen
fiazliungitlon anmnsouaniu@aiunouees metabolic
function 229U ATRanse FAaN@wizianzas uazln
A4MN19U" metabolic function FAEATAAURNES™
avideannAlli ldUssRunininaueeesy
prsarilanimanTRsre I

1) Tidlufruaz biinadasiasanie

2) Wlimnaldadnduinennn vire drlinnedu
Uz asdeagneaduldanysniuazsanii

3) gnindaTaesiu ey 100 %

4) rate limiting step gaennTiNdnelas
wasdlefianfindn@fisy usihignnrznuannawia
Az

5) MsAuTLazINA R YN sl Iy
warain e teanazianiaumela Aaemed
upzipreaiie sy Auamn 1d 41y uazdzaan

6) enauiullsAulwdentian

7) tnmanliune wlidne

8) 33n13elignsu (noninvasive) azman
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ﬂ'ﬁ‘ignmmu*a”laﬂmﬂﬁu ausndauiale
iflu 2 nqulvny Ae nqu Highly extracted drugs way
Poorly (low) extracted drugs """ anlunguusnnis
ALBRANAAUTL blood flow Awendngsu iy
sueulnl prmanansassaeulnflunsaeulag
sl lifi@insaia e1aFunan Flow limited drugs
AN extraction ratio 811N 0.7 Aadwslunisindmile
sndngiuilAnge sgminansnniesduiunszus
\@aafitingdngsi daungw Poorly extracted drugs
72 814 38N91 capacity limited drugs nhsAUalay
egnanrialagAdNansneedieulsd s (intrinsic
clearance, Clint) a1gniumualayiatieta q An
extraction ratio %8841 0.3 nfjnﬁuﬂnﬂ'ﬂmﬂu 2nqu
tiati AR binding sensitive tnquUfuNa1gd1 U sRUNAN
N1 85 % WAz binding insensitive #NALAUNANANA
Tsfiudeandn 30 % snsvatwenly 2 nqulugjs
g 2 049

A15197 2. sinpsi e lunNgu Highly extracted
drugs (flow limited) uax Poorly #3a
Low extracted drugs (capacity

limited) "'

Highly extracted drugs Poorly extracted drugs

Indocyanine green Caffeine
Lidocaine Aminopyrine
(Aminophenazone)
Galactose Antipyrine (Phenazone)
Propranolol Atenolol
Metoprolol Theophylline
Morphine Warfarin
Pentazocine Phenytoin
Pethidine Diazepam
Dextropropoxyphene Lorazepam
Verapamil Tolbutamide
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Trasiuusinstlinasinasia hepatic blood flow
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1. sick cell theory auladluitaasuiFunon
WAZAHAINITOARNAY A8l blood flow WilAeulag

2. intact hepatocyte theory RMUIUITARFLAR
A9 T0UsH enzyme activity waz blood flow Unf

3. impaired drug uptake theory gnidngiaag
AULNWIBIRAAIN sinusoid endothelium ana9 blood
flow gFALARRS

4. oxygen limitation theory UTuntuaandiau
g ueadsiuanaminlinssusuniruldsuulaenlu

-y = :
phase | FAaIRAURENTIQULINNIBY

tnuAaTIinarUsIddoulaaasiuiiniaznig
NUUNNTEL Tudustiaaasendrlinisnavauadlosa
waimafla Teamnsofarsmiunisuangueiia
299811 (M990 2) 1w indocyanine green anwnusiilu
#1581 ieLiaE91 blood flow 184FULINWIBIWTR
L uazenudazalinfiiauanizaizasa sy
a 1 - o o [] 'l -‘ (B)
Fusneeiiniu anfaatnelumnen 4
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test) FuagiuAnaNTRrawe Aldvadey udainun
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AIUMIANARE TN U935 dynamic liver
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function test WFauRsuMATsaRNGaIUY static

liver function test”” anfiflAmuamIRmunzaniayly

UsziliuniminaueesiuidalSunns (Quantitative liver
, aAVe o , @ o =l
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Disease Hepatic blood flow Hepatocellular mass Hepatocyte function

Cirrhosis _
Moderate \2 unchanged unchanged
Severe »Nr i« l

Viral hepatitis unchanged or T unchanged or i« Jr

Alcoholic hepatitis unchanged or ~L Variable »L

al li' k%3 - o o o ' o
AN 4. m'mL'am:m'1:'Namqmn'l'nﬂ?:mum?mq’mmmmuL‘Nﬁmmmm'ﬂu'l'nu"lumu

Site Substrate Function

Cytosol Galactose* Galactokinase (phosphorylation)
Microsome Aminopyrine N-demethylation

(cytochrome P450 system) Caffeine N-demethylation

Lidocaine(lignocaine)

Antipyrine

Plasma membrane

glycoprotein

Galactose terminated

N-deethylation
Hydroxylation/Demethylation

Asialoglycoprotein receptor

* Low dose assesses hepatic perfusion

1. Indocyanine green (ICG)

fauaniRiduansd Iaudaendt @i
Winndadnduiaen Jusngu highly extracted
drug @1 extraction ratio Uszaned 0.7- 0. 9 ﬂﬂﬁgﬂ
wannelav laafu100% gniuesnniaing Lid
enterohepatic circulation MaRgadnszALEReanAn
\Re¥ug 1B s@enfaaniaduandalien 20
WN® uaz A1ATRTLALENsNEAT spectrophotometry
Fedruuazazaan ﬁfmmaum”ﬁuumﬁmﬁqmm:ﬁq:
1452y hepatic blood flow anstRufLNAIRIN
Tusiuge i liinarouudnlsoulunamaAiadeiwd
1% Tnaannslugilaelsiudaefiinisaialusiy
nAEas e Snaeeniddaiingad nsunAade

$ud1e4 1ICG iiaLlsziliu hepatic blood flow Tugtlag

fruudei mauudsusoudaudraunn wiliAausiuegn
W N lueulnA®” o graiitesannanasiuudasnly s
TunsngrinAsuuas usznisiiereaeuleiiu
unniae  walinisiedeiudees ICG gnaniasae
uleddon  Haddeinisd nruFeuiausn
At uded ICG fuAT Child Pugh's score wuidnil
ANHANTUSTUA™ wud ICG MHlszifiuntsaniiu
aaslsavisantnzunsndawlugiloasfuute an chronic
hepatitis ¢ 18 uazldlszifiuntneniamiauesiu
Tufilalsaalandseinsin® uacgilog biliary atresia
PIAIRT A mu"‘)ﬁ'ﬂmdﬁﬁaﬁumudﬁ ICG lHisziiiv
hepatic function A8l flesaduildrmiy hepatic
blood flow lFtanazianzaindn ICG uazanalinamngn

A4 sorbitol”
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2. Galactose
Ha _ , v s .

t1iTIAN extraction ratio g4 ldsuiiiu hepatic
blood flow Wax cytosolic liver function tWszgnvinane
Tnenaulnd galactokinase W cytoplasm™?® gvunsn
RTIAUITEAL labeled CO, neaumela (breath test)
viaiazideandilien 1 dalnaieqaidan Wiay
fudssnwiedalununm 0.5 g/kg® 29 ennRnaain
14 *c vi3a “C - galactose HenfAduvanasenuiaiy
#3UIIN1INIAN galactose elimination capacity ¥T8
galactose clearance liwansallsalugiloasuude
vimnenssestinaesdilousuude Ussiunaziutn

dl -3 ' o ) 1 -l 1
muzRasinsUgndisedtasviall  wazfndinns
Uszifiulae Child Pugh'’s score™?® glawudn An 13C-
-l o gl o o
galactose breath test HAMNANNUSANUTEALIAINN
- . . 4 4 e ng v

TUURNTBINIANA fibrosis TugilosfudniauiFaseann
Ia¥a Cc®

3. Aminopyrine

\usnga capacity limited A1 extraction ratio

1 A ldseliu metabolic capacity 284 microsomal
enzyme ludu mﬁqi’:qmﬂﬁ'ﬂuuﬂaw’w’oﬂﬂﬁﬁ?ﬂ'\
N-demethylation Imeiaulssf CYP 450 141 CO, N34
i labeled CO_ naumtlandsliiamiangl “c
y3a C- aminopyrine Anan 2 FalusdafhAzazaan
uarlignsm®®® wudiszau Cco, R 2 doluauds
Wrenlueutnfifien 6.6 % anterasludilanlsafiu
alcoholic cirrhosis UWaY severe hapatitis” 4a1@aAatn
819 Wifin blood dyscrasia I usimuFeeAaudag
et waskedld isotope aMNT Tl enzyme
inducer 19A cholestatis Tsavitisaes uaziuamau i
NARENINARBLTCSY 4 aminopyrine breath test Tu
n17Useiii u hepatocyte function 16 A uazlanda
conventional” gunsaliwansainisanfiulsalug
thesfundald aduwusAfIAN Child score®@262%0 14
dszdiunanisinuleald desifiufilenadoiy uay

1 ] v
rzfiunnzasaeulnifgniniiuadnvitadudalae®

4. Antipyrine

dhienngudeniuri aminopyrine gnusualay
Fovuslnesudasiaulnl CYP1A2, CYP2C, CYP3A i
FuuwatannTUssiu e fen extraction ratio AN
41ls21fin metabolic capacity uaz SN OUTAAREMIN
uﬁw'?;'lﬁ'aq \wiAeariu aminopyrine WA antipyrine
clearance Tnedasziuanludanuiatinane wodn
waued auteseanasludilanlsadudasiuasiv
FnEUBELNAY 79 obstructive jaundice®*"* gin
half life 194e812u NN Aelugzaonlunsdinnu
wreALwszAasldinaiuundienazgninds nng
Andnagnsunauldatnuaraunamed i atwns
LBANBERAEN WANINAY m?ququ‘? Fafludaiduananis

ATIATMAEA DU

5. Lidocaine

\Wuengu flow limited (highly extracted drug)
. , . r .
AN extraction ratio Ny 0.7 qmﬂaﬂuuﬂmtﬁ")mn
Tneaulaad CYP 3A4 Tusin Milsuidiu hepatic blood
flow uaz intrinsic clearance laluglaalsasiy Asa
u1A1 lidocaine clearance ¥iadATLAU monoethy-
Iglycinexylidide (MEGX) @uflummiuelar aaq
. . P o X a o
lidocaine W1ZABANIIEALATHAAN 15 WINUAS
A lidocaine Wdw@enn lUTUA 1 mg/ kg WFBEIA
Tluauim 100 mg n1athn Adasaadnsesuan’ld FPIA
(Fluorescence polarization immunoassay) CRRRT
uazdzaan vizald HPLC (High performance liquid
chromatography ) *""*¥ wuszéil MEGX anaalugilas

1 '3

sudniauFafuazanasatraninlulraduuda® an
MEGX aaaaAuANIuusaedlsauas AN usAiuAn
Child score™?” flanfAdaninunanudinisdseidiugag
--n-’:’ 43 =i ' - o
A5 WNaA lauazianzianzassiatfingaslsasiuuin
nd1 conventional uwarwudlsziliuldgnsiaanda
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indocyanine green®®* tlaq1iusinld lidocaine Tnadn
MEGX formation szifiunnazsiulugilaeiléfuns
Ugndasiy Warew 104z uas wdmamsEnge 1
wantaidnInirrendinvesdiloanaanislgnaae
Fu“Y Idwennsainiasiiuuds nsatiusesisg ua
HU5uauanisIsien immunosuppressant aANNg
Ugneine® lidocaine famangfiag iszifiunasiu
Tudndnuazidnlalaghinudunsaainnis e ®

6. Caffeine
:’i’d aren & ¥ ] < -ll' o
o1l auantisigaduldatisniuia iy
dsenugn  gninanuelasinadufauanysallas
ulnd cyp 1A2 udaulvg waiuelaivdnaes

=l ° J - P o
A1s199 5. Auuneiiilssfivunamaising 4 ey
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wANWRAUAD paraxanthine® uaiBuduiuwa4dun
Tushiuties aejlunqu capacity limited #iAn extraction
ratio A1 A9l4sziiu metabolic capacity®*® wiAa
uaidwedeiud Tnaliengdiudseniu anaacli
lugdarsazanonigns wialiluguniunlnefingns
1i3gn5aalu decaffeinate Twian Wliiposiiuafias 1
nfu dauluglilusung 3-5 mg/ kg vida 180-280 mg
AFURES udRiziRaaMTEAUETIAIAN 7 AN
4 o | o ¥y e -4
81 WaRuMANAEF g vTalRviden 2 qaly
dqaaan1sindmen Wi ansaus 10 - 24 Falue®”
' % -l ’0‘ o g=| a [ %
wudnresuuana uluinaadiusanniusedu
g1luidan Aseramirzauanluinaeligauiuisa
Taignsmi®® nrgmsaadnseiuenl49s HPLC vive EMIT

Parameter described Extraction ratio

Examples of test drugs Recommended doses

Proposed

(E) (route of delivery) sampling times
after initiation of
infusion

Liver blood flow High (EH >0.8) Sorbitol 50 mg/minfor3h (V) 3 -240min
Galactose 50 mg/minfor3h (IV) 3 -240 min
Nitroglycerin (glyceryl 0.8 mg (PO) 2-30 min
trinitrate)
Intrinsic clearance and  High to intermediate indocyanine green 0.25 mg/kg (IV) 3-90min
Hepatic blood flow (EH: 0.5-0.8) Bromosulphophtalein 5 mg/kg (IV) 3-90 min
Lidocaine (lignocaine) 1 mg/kg (IV) 3-120 min
or 5 mg/kg (PO)
Intermediate Propranolol 80 mg (PO) 0-5h
(E;:03- 0.7) Galactose 30 g (IV bolus) 5-120 min
Metabolic capacity; Low Antipyrine(phenazone) 10 mg/kg (PO) 0-48h
cell mass of active (EH <0.3) Aminopyrine 10 mg/kg (PO) 0-48h
hepatocytes Caffeine 2 mg/kg (PO) 0-48h
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nsdssiivnIitMuyasRultiyInw

(enzyme multiplied immunoassay) ®” Y43 a1y
Wugnssuuareueind uasi oA nad a¥udaes
] v
wanavALudasinatinanile® sauianuuanivay
Tuamsuaziaasd nuateaiind wil usiasenans
1 ‘i’d = ] L o ' °
e q AuABuetes 3 Jutewiimmaaes
uanBwafeFudldssfiunioziulialudilonalsa
fuuda AnafsiudanamussAuANULNTealsA

gal o ]

UATANWUSATUAY Child Pugh's score imanlandn
v

MeTRRaEATAARANC®

G

v A ool - -ll 1 74 - o

Wnidaneieunninimean [dssliunimi

~ y:'/ 1 -_ o X e | len anl, an caf
Nuraaduldiamun  usautalaqriuAdaliiaglens
nilviTesi lasauile AldUsafiunimnnueesiuls
nnating daduiudasliamarsdmndondsziiin en
wiaannAln [ lunisdssfiuniminausesiuluida
131104 (quantitative liver function test) Aasiluanhi
AANTBIRdAyAeUaensiE $1aliums aransalily
Tugas S binwiudsenuasiaegainldatnammga
d‘ ] -l o 3/
e ld nliulamefreinisgainuirunau e1asies

1 1 4
ginaneisuiauianus amadamszauenlilaedn
wazazaan Wunawmefaulanirunaumaumueday
a; ) 4 1 1 8 4 k4 | d' -llal - o ]
wananna nanntidedudafisnduniinimaadn
Widua damirwh 5 usrldagdireusazaiialosie
. &

unAmaflarasilusnsiell
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