
number of receptors decreases in patients with chronic liver
disease (2). The usefulness of asialoglycoprotein receptor
scintigraphy in liver diseases has been reported (3,4).
Galactosyl human serum albumin (GSA) is an analog ligand
to the asialoglycoprotein receptor. GSA labeled with 99mTc
by chelation with diethylenetriamine pentaacetic acid has
been used to evaluate liver functions and image the liver
(5-7).

Auxiliary partial orthotopic liver transplantation (APOLT),
in which the native liver is left partially in place and a donor
liver fragment is added orthotopically, has been developed
as therapy for patients suffering from fulminant hepatic

failure (8). APOLT has also been performed in patients with
noncirrhotic metabolic liver disease (8â€”11).Separate assess

ment of the graft and native liver functions is necessary for
patients who undergo APOLT. Biochemical tests are of
limited clinical value because they do not distinguish
between the functions of two different livers. The only
definitive method with which to assess respective liver
function is liver biopsy. However, this is invasive and cannot

be repeated easily.
The primary usefulness of hepatobiliary scintigraphy has

been demonstrated for the postoperative monitoring of graft
function in recipients of liver transplants including APOLT

(12â€”16).We performed asialoglycoprotein receptor scintig
raphy in the post-transplant monitoring of the graft and
native liver functions in patients who had undergone APOLT
for noncirrhotic metabolic liver diseases or for small-for
size grafts.

MATERIALSAND METHODS

Patients
We performed 36 studies on 13 patients (3 males, 10 females;

age range 5â€”52y, mean age 25.5 y) who had undergone APOLT
from living related donors. Four patients had noncirrhotic meta
bolic liver disease, and 9 patients had cirrhosis of variable etiology.
The patients underwent resection of the native left lobe or left
lateralsegmentand orthotopicreplacementof a donorleft lobeor
left lateral segment. The portal vein of the native liver was
separated at the time of transplantation in 10 patients and later in 2
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he asialoglycoprotein receptor on hepatocytes is respon
sible for the metabolism of serum glycoproteins (1). The
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patients to increase the portal blood flow of the graft. The interval
ofAPOLT and the @â€˜@â€˜Tc-GSAstudy ranged from 12 d to 32 mo.

GalactosylHumanSerumAlbuminScintigraphy
@â€˜@Tc-GSAwas supplied by Nihon Mediphysics (Nishinomiya,

Japan). Three milligrams and 185 MBq @â€œ@Tc-GSAwere injected
intravenously. The dose was decreased to one half for children
younger than 10 y. Images, including those of the heart and both
livers, were obtained immediately after injection of @â€œTc-GSA.
Patients were in the supine position under a dual-head, large-field
of-view gamma camera (Hitachi RC-26001 or Hitachi RC-25001V;
Hitachi Medical Corp., Tokyo, Japan) equipped with a low-energy,
high-resolution, parallel-hole collimator. Digital images with a
matrix size of 64 X 64 pixels were fed into an on-line nuclear data
processor (Hitachi RW3000) at 10- or 20-s frames for 16 mm after
injection. After the dynamic study, static SPECT was performed.
Data were collectedin a 64 X 64 matrixwith 1.5zoom through
360Â°(180Â°for each head, 64 projections, 20 s/step). SPECT
projections were spatially smoothed with a Butterworth filter and
were reconstructed using a filtered backprojection technique with a
rampfilter.

DataAnalysis
To assess the whole liver function, the receptor index was

calculated. Regions of interest (ROIs) were placed over the whole
liver and precordium. Time-activity curves for the whole liver and
heart were generated. The receptor index was calculated by
dividing the radioactivity of the liver ROl by the sum of the
radioactivity of the liver and heart ROIs at 15 mm postinjection (6).

To avoid the superimposition of two livers, smaller ROIs were
drawn in the graft and native liver, respectively, with reference to
CT images. Smaller ROIs were also drawn in the heart. Time
activity curves for each organ were generated on a pixel basis.
Uptake rates from blood to the graft liver and from blood to the
native liver were calculated using Patlak plot graphical analysis
(17). Assuming unidirectional transfer process of @â€œ@Tc-GSAfrom
the blood to liver, liver activity, L(t), can be expressed as:

L(t) = k@i: H('r)dT + V X H(t),

where H(t) represents heart activity, k,.@is the rate constant and V is
the initial distribution volume. Dividing this equation by H(t)
provides the following:

L(t)/H(t) = k@f@H(T)d'r/H(t) + V.

Plotting of L(t)IH(t) versus

.i:
provides k@as the slope of a straight line. Therefore, the graph of
the ratio of liver activity to heart activity versus the ratio of heart
activity-time integral to heart activity at the respective times was
composed. Using points between 1 and 5 mm after injection, the
slope of a straight line fitted by a least squares routine was
determined (17).

In each transverse SPECT image, ROIs were placed over each
liver with reference to CT images. Counts of radioactivity in the
graft and native liver were obtained by integration of counts in all
transverse SPECT images. Relative uptake by the graft liver was
calculated by dividing counts in the graft liver by counts in both
livers.

Volumetry
The relative uptake by the graft was compared with the relative

volume of the graft. The volume of the graft liver and native liver
was measured by CT within 8 d before or after @mTc@GSA
scintigraphy. The relative volume of the graft liver was calculated
by dividing its volume by the volume of whole liver.

RESULTS

The results are summarized in Table 1. Patients 1, 2, 5 and
7 hadnoncirrhoticmetabolicliver disease.In patients1and
2, the portal vein of the native liver was separated between
the first and the second GSA study. The portal vein of the
native liver was not separated in patient 3. The other patients
underwent separation of the native liver portal vein at the
time of transplantation.

The relative uptake by the graft liver correlated well with
the relative volume of the graft (n = 33, r = 0.715, P <
0.0001, Fig. 1). However, in 8 of 11 patients without severe
complications from the graft, the relative uptake was higher
or increased more rapidly than the relative volume by a
difference of more than 15% (patients 2, 5 and 8â€”13). A

representative case is shown (Fig. 2). The relative uptake
was almost the same as the relative volume in 3 of 11
patients (patients 1, 6 and 7). The relative uptake by the
severely damaged graft liver was much lower than the
relative volume (patients 3 and 4). In patient 3, in whom
massive necrosis of the graft was demonstrated by biopsy,
and in patient 4, who died of hepatic failure 1 mo after the
GSA study, the relative uptake was less than 10%, but the
relative volume was more than 30%. These findings suggest
that the relative uptake of GSA is a better indicator of graft
liver function than is anatomic volume.

Figure 3 shows an example of Patlak plot graphical
analysis for the determination of the uptake rate. The uptake
rate of GSA by the graft increased gradually after the
transplantation (patients 5, 6, 8, 10 and 11) or the separation
of the native liver portal vein (patient 1), but it was low in
patients 3 and 4, whose graft liver was severely damaged. In
patients 1 and 2, who had noncirrhotic metabolic disease, the
portal vein of the native liver was separated more than 1 y
after APOLT. The uptake rate by the native liver decreased
after the separation of the portal vein, but the uptake rate by
the noncirrhotic native liver, except in patient 5, still seemed
higher than by the cirrhotic liver. In patient 3, who had
cirrhosis and whose portal vein of the native liver was not
separated, the uptake rate by the native liver was relatively
high as among the other patients with cirrhosis.

The receptor index reflected the whole liver function. In
patient 3, the index was high during the 3 mo after APOLT
but decreased when the function of the graft liver decreased.

DISCUSSION

In APOLT, the separate assessment of two different livers
is necessary. GSA scintigraphy provided valuable informa

tion on the graft and native liver function. We calculated two
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PatientAgeGSA

study

Days afterGraft

liverNative liver

UptakeReceptorRelativeUptakeno.(y)
SexNo. APOLTuptake(%)rate(min1)rate(min1)index

1* 5 F

TABLE1.
Parameters for Graft and Native Liver Determined by @Tc-GSAScintigraphy

17757.50.2340.5370.970280326.40.2570.3040.955382535.70.3100.3000.966488639.60.3920.3800.966597049.70.4530.3520.9482*5F1

2
3
4403

416
446
51849.5

67.9
72.6
67.20.442

0.495
0.362
0.3520.406

0.266
0.235
0.2510.969

0.973
0.970

0.900324M1

2
3
4
5
638

90
208
242
277
32561.3

62.9
11.0
8.0
5.2
2.00.159

0.260
0.059
0.055
0.042
0.0270.203

0.374
0.260
0.252
0.263

0.2430.929

0.965
0.848
0.820
0.803

0.830419M1279.00.0130.0410.5025*52F1

2
327

45
18955.4

68.5
77.70.202

0.286
0.3740.135

0.151
0.1800.942

0.953
0.960650F1

2
325

53
15127.4

41.5
40.00.160

0.203
0.3050.166

0.191
0.2030.928

0.959
0.9497*5M1

218 23439.5 34.10.392 0.2450.619 0.3850.9790.934815F1

2
3
412

26
41

15945.6

57.1
67.2
84.90.194

0.339
0.339
0.2850.197

0.260
0.210
0.1570.962

0.981
0.973

0.942913F12072.00.1380.0840.8321020F1

217 2762.7 74.60.288 0.3530.161 0.1510.9080.9751144F1

2
319

82
11282.0

93.0
93.60.121

0.224
0.2880.038

0.047
0.0360.850

0.930
0.9481250F13254.50.2220.1330.9381330F11957.90.1130.0830.832

*patientswithnoncirrhoticmetabolicliverdisease.
GSA = galactosyl human serum albumin;APOLT = auxiliary partial orthotopic liver transplantation.

kinds of parameters, relative uptake by the graft and uptake
rate of GSA by the graft and native liver.

The relative uptake of GSA by the graft was a simpler,
better indicator than the relative volume for the function and
growth of the graft. Its decrease was in accordance with the
pathological outcome of the graft. In studies using hepatobil
iary scintigraphy, a similar parameter has been proposed
(16, 18). The relative uptake by the graft or the native liver
was calculated from anterior planar images. One problem

with using planar images is the superimposition of two
livers. Buyck et al. (16) performed a preliminary colloid
liver scan just before hepatobiliary scintigraphy, so that the
superimposition of the native liver and the graft was
minimal. In this study, however, the well-regenerated graft
overlapped the native liver in anterior planar images, and it

was not possible to draw ROIs separately over the two
livers. Another problem is attenuation correction. The left
lobe or the left lateral segment from a donor was trans
planted orthotopically in these patients. Thus the graft liver
was more anterior than the native liver. In our preliminary
study, the relative uptake by the graft that was calculated
from anterior planar images without attenuation correction
was 5%â€”20% higher than that calculated from SPECT
images. Auenuation correction is difficult for large organs
such as the liver. SPECT is a more practical and accurate
method for evaluating counts in each liver.

SPECT may be possible in hepatobiliary scintigraphy.
However, the hepatobiliary agent is excreted rapidly from
the liver to the biliary tract, and the acquisition time of
SPECT in each step is limited, resulting in images with low
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