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Quantitative Evaluation of Liver Function with Hepatic Receptor
Scintigraphy using Tc-99m Galactosylated Serum Albumin (GSA)

Jaetae Lee, M.D.

Department of Nuclear Medicine, Kyungpook National University Hospital, Taegu, Korea

The reduction in the amount of asialoglycoprotein (ASGP) receptor, which resides exclusively
on the plasma membrane of functioning mammalian hepatocytes, as a consequence of hepato-
cellular damage has been demonstrated in various pathologic conditions of the liver. Galac-
tosylated human serum albumin (GSA) is a newly developed receptor-binding agent, specific
for the ASGP receptor. Tc-99m GSA binds quantitatively to liver ASGP receptors and the
rate of accumulation in the liver is dependent on hepatic function represented as the amount
of receptor, as well as the amount of ligand injected, its affinity to the receptor and the
hepatic blood flow. The findings of Tc-99m GSA scintigraphy were reported to reflect the
hepatic function of the patients with large hepatic tumors, obstructive jaundice, acute and
chronic liver disease. Tc-99m GSA scintigraphy is an easy and reliable test and has the
clinical potentials to evaluate the liver function in the patients with hepatic disorders. (Korean
J Nucl Med 1998;32:305-13)

Key Words: Asialoglycoprotein receptor, Tc-99m galactosylated serum albumin scintigraphy,
Hepatic function, Liver disease
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1. Tc-99m GSA

Technetium-99m diethylenetriamine pentaacetic
acid (DTPA) galactosylated human serum albumin
(0]8} Tc-99m GSA)S] F= Fig. 1ol vyehd uket
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r ASGP-R
Ligand

[ Galactose ] |,

*

Backbone

= NH,
Gl
H

amidine bond

n=30-40,m=40-7.0

** ASGP-R: asialoglycoprotein receptor
HSA: human serum albumin

Bifunctional
Chelating Agent

Protein

Fig. 1. Structure of Tc-99m Galactosylated Serum Albumin (GSA). Galactose and
GSA are linked by an amidine bond and DTPA is attached for the binding

of Tc-99m.
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Fig. 2. Time-activity curves of the liver and heart-ROI (region of interest) of
Tc-99m GSA imaging. Calculation of the functional indices was demo-

nstrated.
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LHL1S: 0.9664, HH15: 0.5538, MRI: 1.7450

| Liver

osees| Heart

Fig. 3. Tc-99m GSA images (A) and functional indices derived from

time-activity curve (B) of the normal subject.
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Table 1. Correlation of LHL,s, HH;s, and LHL/HH with the Severity of Chronic Liver Disease according to

Literature
Mean+SD
Severity LHLs HH;s LHL/HH (MRI)
Control 0.949+0.014 0.530+0.042 1.802+£0.167
Mild 0.888 +0.060 0.658 +0.042 1.400+0.310
Moderate 0.808 0.089 0.752+0.089 1.099+0.263
Severe 0.700£0.048 0.838+0.029 0.837+0.082

(Ha-Kawa et al. Jap J Nucl Med 1993)

Tc-99m GSA Liver Scan

10 min 30 min

Time-Activity Curve

3-min i
- J‘d-_,-/"/\-'"w leer
|
z \k»’/
. 2 e e oo
I
: Heart
1 ‘RINJTES 15 30
H3: 24522 H15: 19882
L3: 30217 L15: 49514

LHL15: 0.7135, HH15: 0.8108, MRI: 0.8799

Fig. 4. Tc-99m GSA images (A) and functional indices derived from
time-activity curve (B) of the patient with liver cirrhosis.



312 The Korean Journal of Nuclear Medicine : Vol. 32, No. 4, 1998

H513}9dch. Kawasaki S22 ukA) 7bA3lol| A 747
32 PR v AR F DALY S8 2
ol7} A3, o] g XolE Tc-99m GSA 7hed4t
470z AW 4 debn doleh A2 ATE
£ Te-99m GSA AT} 248 A% 3 7Rl
A QAAE T 59 dulSE 3RS 9
of 49l HLolBE AP, 14 £ 2
AT ARG Ak AYE S8 A
2 Bysla Yo

¢

{o

2 B

GSAT 7Holl HolslA] EAllsli= ASGPE4ol]
Sol¥ Azt el =RA, EL AR o4
2E¢ Bl ARHE P 5 Je 2 48

A gAHE wbdAdoerE o 2 stslgict Tc-99m
GSA ZhpgAl| 342 F0A4 1A%l 27159
B9 FEE A 3 BANA £F Dol
Aekr Hrlo] S84 ol&5xm 9tk Tc-99m
GSA X270 #o]e) of <ol 7HRl A=A £4
WMol ez, gF 444 o)ge] g S A
o2 A9EE §98 A4 ez Agsd

gEd

1) Yamamoto K. Nuclear medicine for evaluation of
liver functions. Jap J Nucl Med 1994;31:521-6.

2) Kawasaki S, Imamura H, Bandai Y, Sanjo K,
Idezuki Y. Direct evidence for the intact hepato-
cyte theory in patients with liver cirrhosis.
Gastroenterology 1992;102:1351-5.

3) Zakim D, Boyer TD. Hepatology: A textbook of
liver disease. 3rd ed. Philadelphia:

1996.

Lindskov J. The quantitative liver function as

Saunders;

4

~—

measured by the galactose elimination capacity.
II. Prognostic value and changes during disease in
patients with cirrhosié. Acta Med Scand 1982;212:
303-8.

Moody FG, Rikkers LF, Aldrete JS. Estimation of
the functional reserve of human liver. Ann Surg
1974;180:592-8.

6) Schneider JF, Baker AL, Haines NW, Hatfield G,

5

~

7

~—

8

~—

9

~—

10)

11

~—

12)

13

~

14)

15)

16)

17)

Boyer JL. Aminopyrine N-demethylation: A pro-
gnostic test of liver function in patients with
alcoholic liver disease. Gastroenterology 1980;
79;1145-50.

Krishnamurthy S, Krishnamurthy GT. Techne-
tium-99m-iminoacetic acid organic anions: Re-
view of biokinetics and clinical application in
hepatology. Hepatology 1989;9:139-63.

Ashwell G, Morell AG. The role of surface
carbohydrates in the hepatic recognition and
transport of circulating glycoproteins. Adv En-
zymol 1974;41:99-128.

Ashwell G, Steer CJ. Hepatic recognition and
catabolism of serum glycoprotein. JAMA 1981;
246:2358-64.

Ashwell G, Hartfort
receptors of the liver. Ann Rev Biochem 1982;51:
531-54.

Stockert RJ, Morell AG. Hepatic binding protein:
The galactose specific receptor of mammalian
hepatocytes. Hepatology 1983;3:750-7.

Chang TM, Chang CL. Hepatic uptake of
asialoglycoprotein is different among mammalian

J. Carbohydrate-specific

species due to different receptor distribution.
Biochim Biophys Acta 1988;942:57-64.

Duncan JR, Welch MJ. Intracellular metabolism
of In-111-DTPA-labeled receptor targeted pro-
teins. J Nucl Med 1993;34:1728-38.

Arano Y, Mukai T, Uezono T, Wakisaka K,
Motonari H, Akizawa H, et al.
method to evaluate bifunctional chelating agents

A biological

to label antibodies with metallic radionuclides. J
Nucl Med 1994;35:890-8.

Sawamura T, Kawasato S, Shiozaki Y, Same-
shima Y, Nakada H, Tashiro Y. Decrease of a
hepatic binding protein specific for asialogly-
coproteins with accumulation of serum asialogly-
coproteins in galactosamine-treated rats. Gastro-
enterology 1981;81:527-33.

Sawamura T, Nakada H, Hazama H, Shiozaki Y,
Sameshima Y, Tashiro Y. Hyperasialoglycopro-
teinemia in patients with chronic liver diseases
andfor liver cell carcinoma. Asialoglycoprotein
receptor in cirrhosis and liver cell carcinoma.
Gastroenterology 1984;87:1217-721.

Hyun DW, Lee J, Chun KA, Lee SW, Kim DH,
Kwon YO, et al. Hepatic scintigraphy using
Tc-99m GSA: Biodistribution in mice with thioa-
cetamide induced hepatic injury. Kor J Hepatol



Lee J. Quantitative Evaluation of Liver Function with Hepatic Receptor Scintigraphy using Tc-99m Galactosylated Serum Albumin (GSA)

18)

19)

20)

21)

22

~—

23)

24)

25)

26)

1998 in press.

Vera DR, Krohn KA, Stadalnik RC, Scheibe PO.
Tc-99m  galactosyl-neoglycoalbumin: In  vivo
characterization of receptor-mediated binding to
hepatocytes. Radiology 1984;151:191-6.

Vera DR, Krohn KA, Stadalnik RC, Scheibe PO.
Tc-99m  galactosyl-neoglycoalbumin: In vitro
characterization of receptor-mediated binding. J
Nucl Med 1984;25:779-87.

Kudo M, Vera DR, Stadalnik RC, Trudeau WL,
Ikekubo K, Todo A. In vivo estimates of hepatic
binding protein concentration: Correlation with
classical indicators of hepatic functional reserve.
Am J Gastroenterol 1990;85:1142-8.

Kudo M, Todo A, Ikekubo K, Hino M. Receptor
index via hepatic asialoglycoprotein receptor
imaging: Correlation with chronic hepatocellular
damage. Am J Gastroenterol 1992;87:865-70.
Koizumi K, Uchiyama G, Arai T, Ainoda T,
Yoda Y. A new liver functional study using
Tc-99m DTPA-galactosyl human serum albumin:
evaluation of the validity of several functional
parameters. Ann Nucl Med 1992;6:83-7.
Stadalnik RC, Vera DR, Woodle ES, et al.
Technetium 99m-NGA functional hepatic imag-
ing: Preliminary clinical experience. J Nucl Med
1985;26:1233-42.

Ha-Kawa SK, Tanaka Y, Hasebe S, Kuniyasu Y,
Koizumi K, Ishii Y, et al. Compartmental analysis
of asialoglycoprotein receptor scintigraphy for
quantitative measurement of liver function: A
multicentre study. Eur J Nucl Med 1997;24:130-7.
Hashimoto J, Ishibashi A, Kajitani T, Kurihara T,
Fukamizu Y, Kitahora T, et al. Quantitative
evaluation of liver function with Tc-99m GSA
scintigraphy using extraction index. Jap J Nucl
Med 1994;31:1093.

Ha-Kawa SK, Suga, Y, Ikeda K, Nakata K,
Murata T, Tanaka Y. Usefulness of blood disap-
pearance corrected hepatic uptake ratio (LHL/HH)
as hepatic functional index using Tc-99m gala-
ctosyl serum albumin. Jap J Nucl Med 1993;30:

27)

28)

29)

30)

31

32)

33)

34)

313

1333-9.

Torizuka K, Ha-Kawa SK, Kudo M, Kubota Y,
Yamamoto K, Itoh K, et al. Phase III multicenter
clinical study on Tc-99m GSA, a new agent for
functional imaging of the liver. Jap J Nucl Med
1992;29:159-81.

Matsuzaki S, Onda M, Tajiri T, Kim DY. Hepatic
lobar differences in progression of chronic liver
disease: Correlation of asialoglycoprotein scinti-
graphy and hepatic functional reserve. Hepatology
1997;25:828-32.

Moragas M, Pavia J, Gines A, Ros D, Sola M,
Huguet M. et al. Tc-99m galactosyl-neogiycoal-
bumin hepatic scintigraphy in fulminant hepatic
failure. Clin Nucl Med 1995;20:329-33.

Shiomi S, Kuroki T, Kuriyama M, Takeda T,
Nishiguchi S, Nakajima S, et al. Evaluation of
fulminant hepatic failure by scintigraphy with
technetium-99m-GSA. J Nucl Med 1997;38:79-82.
Imaeda T, Kanematsu M, Asada S, Seki M, Doi
H, Saji S. Utility of Tc-99m GSA SPECT imag-
ing in estimation of functional volume of liver
segments in health and liver disease. Clin Nucl
Med 1995;20:322-8.

Kwon A, Ha-Kawa SK, Uetsuji S, Kamiyama Y,
Tanaka Y. Use of technetium-pentaacetic acid-
galactosyl-human serum albumin liver scintigra-
phy in the evaluation of preoperative and posto-
perative hepatic functional reserve for hepatec-
tomy. Surgery 1995;117:429-34.

Ha-Kawa SK, Nakanishi Y, Kojima M, Tanaka
Y, Kitagawa S, Kubota Y, et al. Clinical appli-
cation of asialoglycoprotein receptor-mediated
liver scintigraphy using Tc-99m DTPA-galactosyl-
human serum albumin. Jap J Radiol 1991;51:
1489-97.

Kouda K, Ha-Kawa SK, Tanaka Y. Increased
technetium-99m-GSA uptake per hepatocyte in
rats with administration of dimethylnitrosamine or
hepatocyte growth factor. J Nucl Med 1998;39:
1463-7.



