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Quantitative Evaluation of the Regional Dynamic Function of Hepatocytes after
Living Donor Liver Transplantation Using *"Tc-GSA: A Preliminary Report
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In this study, we attempted to evaluate the dynamic function of graft livers after a living donor liver transplantation (LDLT) using technetium-
99m-galactosyl-human serum albumin (*"Tc-GSA) scintigraphy. We performed *"Tc-GSA scintigraphy 24 times in a total of 15 pediatric pa-
tients following LDLT. The age at examination (mean =+ standard deviation) was 7.3+5.54 years. The median interval between the examination
and LDLT was 42 months. We converted the time activity curve for the graft to a horizontal mirror image curve and calculated the mean transit
time (MTT) and depicted the functional image. The whole graft MTT showed a significant correlation with the receptor index (r=-0.528, p=
0.014), total bilirubin (r=0.470, p=0.032) and cholinesterase (r=-0.641, p<0.014), and a marginally significant correlation with the clearance
index (r=0.424, p=0.056). The functional image was quite useful for making a visual evaluation of the regional dynamic distribution of *"Tc-GSA
in the graft. We thus consider this modality a valuable adjunct for evaluating the regional deterioration of the dynamic function of the liver fol-

lowing liver transplantation.
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Introduction

Technetium-99m-diethylenetriamine-pentaacetic acid-galactosyl-
human serum albumin (" Tc-GSA) is a receptor binding agent spe-
cific for the asialoglycoprotein receptor that resides exclusively on
the plasma membrane of hepatocytes. It provides valuable informa-
tion on the receptor population density and thus directly reflects the
total mass of the functioning hepatocytes."* However, the conven-
tional indices in *"Tc-GSA scintigraphy, including both the clear-
ance and receptor indices,’ are obtained based on analyses of two
fixed points. As a result, the conventional indices can represent the
total mass of functioning hepatocytes but may not be able to accu-
rately estimate the regional dynamic function of the liver.

We recently evaluated the regional dynamic function of hepatocytes
by introducing the novel parameters in *"Tc-GSA scintigraphy for
pediatric liver diseases and reported that the mean transit time (MTT)
and functional image enabled us to elucidate the regional dynamic
function of hepatocytes both quantitatively and visually.’ In this study,
using both MTT and functional imaging, we evaluated the dynamic

function of the graft liver after living donor liver transplantation
(LDLT) in pediatric patients. We also assessed the possibility of this
modality being used to estimate postoperative complications after
liver transplantation (LT).

Patients and Methods

Patients

We performed 24 consecutive *"Tc-GSA scintigraphies on 15 pe-
diatric patients after LDLT from October 1992 to December 2002 in
Tokyo Metropolitan Kiyose Children's Hospital. The patients were
4 boys and 11 girls. The primary diseases were biliary atresia in 12
patients, Wilson's disease in 1, Byler's disease in 1 and glycogen
storage disease in 1. The age at examination varied from 1 to 22
years with the mean (standard deviation) of 7.3 (5.54) years. No
patients underwent re-transplantation. The interval between the ex-
amination and LDLT varied from 4 to 92 months with the median
of 42 months. Twenty-four *"Tc-GSA scintigraphies were available
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for analysis in this study. The results of biochemical examinations,
which were simultaneously performed along with scintigraphy, were
also available for analysis.

“"Te-GSA scintigraphy

The 185 MBq of *"Tc plus 3 mg of GSA was injected intrave-
nously and dynamic images were recorded with the patient in a su-
pine position under a gamma-camera with a large field of view and
a low-energy multipurpose collimator with parallel holes centered
on the liver and the precordium. The dose was halved for children
under 10 years old. Computer acquisition of the gamma-camera data
was started just before the bolus injection of the *"Tc-GSA and was
stopped 40 minutes later. Digital images (128 X 128 pixels) were
obtained at the rate of 30 seconds per frame. The time activity curve
(TAC) for the heart and liver were generated from the respective
regions of interest (ROI). Except for the long acquisition time, these
methods were exactly the same as the conventional methods.

Calculation of the conventional indices

The index of blood clearance was calculated by dividing the ra-
dioactivity of the heart ROI at 15 minutes after the injection by that
of the heart ROI at 3 minutes after the injection. The receptor index
was calculated by dividing the radioactivity of the liver ROI by that
of the liver-plus-heart ROIs at 15 minutes after the injection.’

Mean transit time and functional image

The detailed calculations of the unique parameters, the MTT and
functional image, in *"Tc-GSA scintigraphy have all been reported
in our previous paper.’ In each pixel of the liver ROI, we converted
the TAC to a horizontal mirror image curve, which was displayed
as a decay curve. Based on the height over area method,’ the ratio of
the peak value of the count to the sum of the counts obtained during
decay was automatically computed. Based on the MTT in each pixel,
we were thus able to obtain the MTT values in arbitrary ROIs and
depict the functional image of the liver. In the functional image,
the color scale was made proportionate to the magnitude of I/MTT
in each pixel.

Statistical analysis

The data were summarized in the form of meantstandard devia-
tion. Association between the whole graft MTT and receptor index
and biochemical parameters was evaluated by regression analysis.
The JSTAT (for Windows, version 6.5) was used for the calculations.

Results

The results of the acquired data were as follows: whole graft
MTT, indicating the mean value of the MTTs in graft ROI—253+

75.5 sec (normal range, <330); receptor index —0.94+0.054 (normal
range, =0.92); clearance index —0.51+0.122 (normal range, <0.57);
aspartate aminotransferase — 50+25.4 TU/L (normal range, 8-40);
alanine aminotransferase —47+33.0 IU/L (normal range, 5-35); total
bilirubin —0.58+0.244 mg/dL (normal range, <1.0); and cholinester-
ase —291+60.5 U/L (normal range, 120-460).

The whole graft MTT was compared with the conventional *"Tc-
GSA indices and biochemical data. A significant correlation was ob-
served between the whole graft MTT (y) and receptor index (x)
(y=-1100.2x+1304.10, Pearson's correlation coefficient (r) =-0.528,
p=0.014), total bilirubin (x) (y=132.1x+182.27, r=0.470, p=0.032)
and cholinesterase (x) (y=-0.66x+456.83, r=-0.541, p=0.014) (Figure
1). The whole graft MTT showed a marginally significant correlation
with the clearance index (x) (y=243.6x+138.23, r=0.424, p=0.056)
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Figure 1. Scatter plots of the whole graft MTT (mean transit time) and the
receptor index (upper panel), total bilirubin (middle panel), and cholinester-
ase (lower panel).
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as well, but it showed no significant correlation with either aspartate
aminotransferase (x) (y=0.32x+245.22, r=0.121, p=0.601) or the
alanine aminotransferase (x) (y=0.32x+246.02, r=0.159, p=0.490).

Based on the MTT in each pixel, we could depict the functional
image of the graft liver, which enabled us to visually appreciate the
abnormalities in the regional dynamic function in each pixel. Figure 2
and Figurc 3 show the serial follow-up ""Tc-GSA images of a 13-
year-old girl, who underwent ABO incompatible LDLT for Wilson's
disease, taken 10 months and 6 years after the transplantation, re-
spectively.

Ten months after the transplantation, her laboratory data became
slightly exacerbated: aspartate aminotransferase was 71 [IU/L and
alanine aminotransferase was 101 IU/L. Her hepatic functional re-
serve also seemed to be slightly exacerbated: the clearance index
was 0.63; the receptor index was 0.93; and the MTT was 379.2 sec-
onds. The conventional " Tc-GSA image of Figure 2 (A) shows that

the accumulation of isotopes is concentric; however, a decreased area

in the central lesion was also observed. Because conventional im-
aging is highly influenced by the thickness of the liver parenchyma,
the hepatic functional reserve cannot be visually expressed. On the
other hand, Figure 2 (B) shows a functional image in which a dy-
namic function of the hepatocytes is homogeneously maintained in
the graft. Figure 2 (C), computed tomography, shows a cystic lesion
in the graft.”

Six years after the transplantation, her laboratory examinations
showed no changes: aspartate aminotransferase was 72 [U/L and
alanine aminotransferase was 53 IU/L. However, her hepatic func-
tional reserve showed deterioration: the clearance index was 0.77;
the receptor index was 0.82; and the MTT was 422.0 seconds. The
conventional " "Tc-GSA image of Figure 3 (A) shows an expansion
of the decreased arca in hilar lesion. On the other hand, Figure 3
(B) shows a functional image in which the dynamic function of the
hepatocytes was not inconsistently but homogeneously exacerbated

in the graft. Figure 3 (C) shows a huge cystic lesion in the hilum.

Figure 2. The serial ""Te-GSA images of a 13-year-old girl, who
underwent LDLT for Wilson's disease, taken 10 months after the
transplantation. (A) A conventional "Te-GSA image. (B) A func-
tional image. (C) A computed tomography image.

Figure 3. The serial ""Te-GSA image taken 6 years afier transplan-
tation for the same patients described in Figure 2. (A) A conven-
tional ™" Tc-GSA image. (B) A functional image. (C) A computed
tomography image.
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Discussion

Various postoperative complications following LT have been re-
ported up to now.* Such complicated conditions require an exact
evaluation of the hepatic functional reserve of the graft and may
also be a source of significant morbidity, often necessitating re-
transplantation. On the other hand, the surgical complications that
cause a dysfunction of the limited area of the graft liver are also
important because a prompt surgical correction may be necessary.
However, these complications are difficult to diagnose accurately and
treat appropriately. Therefore, in this study, we assessed the possibil-
ity of using MTT and functional imaging as an alternative modality
for evaluating postoperative complications after LT.

Venous or biliary complications following LT may lead to acute
and chronic liver injury.*'” In LDLT patients using a right liver graft,
the middle hepatic vein is usually separated from the right liver graft,
which may thus result in venous congestion in a major part of the
right paramedian sector."""” The veno-occlusive area is demonstrated
to be so large and hence venous reconstruction should be considered.
On the other hand, total biliary obstruction, segmental biliary ob-
struction and bile leakage are also the important complications
after LT. Using hepatobiliary scintigraphy, Kim et al.” reported that
total biliary obstruction and segmental biliary obstruction occurred
in 6 and 8, respectively, among 38 patients who underwent adult-
to-adult LDLT. The early recognition and prompt treatment of such
complications improves the long-term survival of the patient and
the graft.

Hepatic artery thrombosis is also one of the serious complications
after LT. It causes a deterioration in the viability of the graft and also
causes serious ischemic changes in biliary system thus resulting in
such problems as cholangitis, biliary stricture and abscess.'*" The ma-
jority of the symptomatic patients with hepatic arterial thrombosis re-
quire re-transplantation. In contrast, about a half of all asymptomatic
patients with delayed onset thrombosis do not require re-transplantation,
although 20% of them do develop progressive graft failure which
eventually necessitates future re-transplantation.

Auxiliary partial orthotopic liver transplantation (APOLT) has
been developed to overcome the small-for-size graft problem in the
treatment of fulminant hepatic failure. Regeneration of the native
liver occurs in about 70 % of APOLT patients,'® and complete recov-
ery of the native liver may make such patients no longer need
immunosuppressants.” As a result, at the postoperative manage-
ment of APOLT, it is almost inevitable to monitor the serial hepatic
functional reserve in the native and graft livers independently."

The conditions following LT or APOLT as described above neces-
sitate the diagnostic modalities which allow for an accurate evaluation
of the hepatic functional reserve and strict assessment of the regional
dynamic function of the liver as an indicator of a prompt surgical in-
tervention. Numerous quantitative liver function tests have been de-
veloped but no reliable test of the hepatic functional reserve, which
provides accurate prognostic information about graft function fol-
lowing LT, has yet been developed.” Several researchers have
come up with various ideas to assess the dynamic function of the

liver using pharmaceuticals or “"Tc-GSA scintigraphy.**** We
believe these analyses to be valuable; however, not all analyses may
be consistent since they are either inappropriate for evaluating the re-
gional function or are generally cumbersome for public use because
they require custom-made instruments or complicated calculations.
Ideally, regional dynamic functional test should be easy to perform
and analyze, and should have simple pharmacokinetic profile and
high predictive value with quick results.

Planar *"Tc-GSA scintigraphy is an examination of the total num-
ber of functioning hepatocytes of the whole liver and thus it is not
able to accurately estimate the regional dynamic functional reserve."
We therefore developed a new method for MTT and functional im-
aging using ®"Tc-GSA scintigraphy both to assess the dynamic func-
tion of hepatocytes and to estimate the regional function of the
liver.’ Based on the height over area method, the MTT value in each
pixel is calculated using the same method as that employed in a pul-
monary ventilation study.® The distinctive features in our modality
employed in this study are as follows: (1) it is based on the dy-
namic functional assessment in each pixel, calculated only by the
TAC of the liver; (2) the influence of the blood flow and the thick-
ness of the hepatic parenchyma is completely excluded and no at-
tenuation correction is required; (3) using functional imaging, the
virtual recognition of the heterogeneity is easy; and (4) we can set
arbitrary ROIs in the liver so that it is easy to compare the dynamic
function between various regions inside the liver.

In this study, our results revealed that the whole graft MTT cor-
relates with the receptor index, total bilirubin and cholinesterase.
We also described a patient who was complicated with cyst forma-
tion after LDLT. The functional reserve of the graft had gradually
become exacerbated. Conventional *"Tc-GSA imaging may cause
misunderstandings that the hepatic functional reserve deteriorated
locally in the hilar lesions of the graft. However, functional imag-
ing enables us to realize that the dynamic function is not inconsis-
tently but homogeneously exacerbated in the graft. In this study,
because no patients developed such complications as a dysfunction
of the limited area of the graft and we encountered no APOLT pa-
tients, we could not think of a typical functional image with a re-
gional deterioration of the dynamic function after LT. However, by
using the same modality, we were able to confirm that a 19-day-old
patient with biliary atresia at an extremely early stage of the disease
showed a deterioration of the regional dynamic function which was
only limited to the right lobe of the liver.®

Our previous study® evaluating the MTT in the pediatric patients
with various types of liver diseases reported a significant correla-
tion between whole liver MTT and clearance index. However, the
correlation between the whole graft MTT and the clearance index
in the present study was only marginally significant, although no
significant difference was observed in the two correlation coeffi-
cients. This was probably due to the difference in the number of
patients.

The methodology for calculating MTT and the method of admin-
istrating *"Tc-GSA we used in the previous study’ was questioned
by Hamphrey R. Ham® in his letter to the editor of The Journal of
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Nuclear Medicine. However, in the previous study, we only applied
the principle of the height over area method and did not evaluate the
retention function. We also consider that TAC obtained under the
same condition, either continuous or bolus administration of *"Tc-
GSA, should be valuable in the clinical evaluation. We developed a
new examination, which we termed MTT. This wording, however,
may confuse the readers since the term of MTT has been in com-
mon use for a long time in pulmonary ventilation study.

A significant correlation observed between the whole graft MTT
and receptor index suggests that MTT may serve as an indicator of
hepatic functional reserve. This, however, remains to be resolved
since in the present study we did not evaluate the MTT as an indica-
tor of hepatic functional reserve.

In conclusion, we consider the modality described in the present
study a valuable adjunct to evaluate the regional deterioration of the
dynamic function of the liver following either LT or APOLT. This
diagnostic modality can be used virtually at all medical institutions
because it only requires slight modification of the analytical pro-
gram already in public use for pulmonary ventilation studies.
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