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Abstract

AIM: To investigate the clinical usefulness of a newly
developed index, the “index of convexity (I0C)”, for
evaluating liver functional reserve using technetium-
99m-diethylenetriaminepentaacetic acid-galactosyl-
human serum albumin (Tc-GSA scintigraphy).

METHODS: In total, 349 patients underwent Tc-GSA
scintigraphy. Dynamic planner images were obtained,
and time activity curves of the liver and heart were
generated and analyzed. Our focus was on the convex
shape of the liver accumulation curve. We developed
a method for evaluating the extent of convexity and
calculated an index that we named the IOC. Clearance
index and receptor index were also calculated. The
correlations between each GSA index with other liver
function tests and liver histopathology were evaluated.

RESULTS: Among the 3 indices generated by Tc-
GSA, the IOC had the highest correlation with all other
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liver function tests (indocyanine green R15, albumin,
prothrombin time, cholinesterase level, platelet count,
and total bilirubin level). IOC can also differentiate be-
tween normal liver, chronic hepatitis, and liver cirrhosis
with highest F ratio among GSA indices as determined
by one-way analysis of variance. Receiver operating
characteristic analysis demonstrated high diagnostic
performance of IOC in the diagnosis of cirrhosis.

CONCLUSION: IOC is a very simple and reliable index
for assessing liver functional reserve, which may prove
to be useful in combination with the indocyanine green
test for preoperative assessment of hepatic resection.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Preoperative assessment of liver functional reserve is cru-
cial for hepatobiliary surgeons. Technetium-99m-dieth-
ylenetriaminepentaacetic acid-galactosyl-human serum
albumin (Tc-GSA) is a radiopharmaceutical developed

1

for evaluating liver function” and has been widely used
for preoperative assessments”™". This asialoglycoprotein
(ASGP) analogue is specifically taken up by hepato-
cytes”™, and its rate of accumulation in the liver can be
evaluated using a gamma camera'. The liver accumula-

tion process can be assessed by generating a time activ-
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ity curve (TAC) from dynamic planer images. Several
indices of liver function have been reported through the
analysis of dynamic planer imageswm. Clearance index
(HH15) and receptor index (LHL15) have been widely
used for almost 20 years” as they are easy to calculate.
On the other hand, Rmax of Reww are calculated using
kinetic model analysisp’m], which is highly complex and
therefore not widely used. Index LLU15 requires measure-
ment of the radioactivity of the injection syringe[m, and
the Ku index requires curve-fitting software™. The use
of both of these methods is limited. Although HH15
and LHL15 have been widely used for a long time, both
indices have several problems“z’m. HH15 uses only the
radioactivity counts of the heart pool, which is very low
compared to liver counts. This index can thus be influ-
enced by counts in the liver through scatter effects or
body movements. Index LHL15 is directly influenced by
the manner in which the heart regions of interest (ROI)
is drawn, generating inter-operator or inter-institutional
differences™>"".

To overcome these problems, we focus on the shape
of the liver TAC. Liver TACs have a convex shape in
patients with good liver function. In contrast, liver TACs
increase in a linear manner in patients with poor liver
function. We developed a method for evaluating the
convexity of the liver TAC and calculated an index that
we have named the index of convexity (10C).

In this study, we evaluated the significance and useful-
ness of this index for the assessment of the liver func-
tional reserve.

MATERIALS AND METHODS

Patients

This study included 349 patients who received Tc-GSA
scintigraphy at the University of Tokyo Hospital or
Showa General Hospital between 1998 and 2011. Of
these patients, 239 had hepatocellular carcinomas, 34 had
metastatic liver tumors, and 39 had cholangiocarcino-
mas. Others were diagnosed with miscellaneous diseases.
Liver histology in 236 patients confirmed a diagnosis of
chronic hepatitis (48 patients), normal liver (45 patients),
and liver cirrhosis (143 patients).

Tc-GSA scintigraphy

All patients received 3 mg of Tc-GSA (185 MBq) intra-
venously. After the injection, dynamic images were ob-
tained with the patient in a supine position using a large-
field view gamma camera. Digital images were acquired
at 30 s intervals for 30 min. TACs were generated by
drawing ROI over the whole liver [L(t)] and heart [H(t)]
on the digital images.

Conventional parameters
The HH15 and LLHIL.15 were defined as follows: HH15
= H(15)/H(3); LHL15 = 1.(15)/(L(15) + L(3).

Ioc

The convexity of the liver TAC was evaluated by an in-
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Figure 1 Representative time activity curves of a liver with good func-
tion (top) and poor function (bottom). AABC was drawn over the liver curve
between the data points at 3 min and 27 min. D, E: The midpoints of lines AB
and BC, respectively; F: The intersection of arc AB and line DE. The ratio of the
length of DF to the length of DE is defined as index of convexity (I0C). High
10C values indicate good liver function.

dex defined as follows: AABC was drawn over the liver
TAC, where A and B were placed on the TAC at the
data points corresponding to 3 min and 27 min after
injection, respectively. Therefore, the coordinates of A,
B, and C were A[3, L(3)], B[27, L(27)], and C|[3, L(27)],
respectively. D and E were set as the mid points of lines
AB and BC, respectively. I was defined as the intersec-
tion of line DE and arc AB (Figure 1).

1OC was defined as the ratio of the length of DF to
the length of DE, where it is calculated as follows: IOC
= [L(15) X 2- L(3) - LQ7)I/[L27) - LG,

Possible values for this index range from 0 to 1.0.
The better the liver function, the higher is the index
value (Figure 1).

Other liver function tests

The indocyanine green (ICG) test was carried out, and 2
parameters (ICG R15 and ICG K value) were calculated
using the standard methods. Serum albumin level (mg/
dL), choline esterase level (IU/L), total bilirubin con-
centration (mg/dL), platelet counts (X 10°/mm’), and
prothrombin time (%) were also measured.

Statistical analysis

Correlations between the 3 parameters of the Tc-GSA
study (HH15, LHL15 and IOC) and other liver function
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Figure 2 Scatter diagram of index of convexity and indocyanine green
retention rate at 15 min. A strong correlation between the 2 parameters is
observed (r = -0.761 ). I0C: Index of convexity; ICG R15: Indocyanine green
retention rate at 15 min.

Table 1 Spearman’s rank correlation coefficients

10C HH15 LHL15 ICG R15
ICG R15 -0.761 -0.666 -0.627 1
Albumin 0.611 0.56 -0.582 -0.538
PT 0.556 0.555 -0.521 -0.549
Platelets 0.607 0.571 -0.572 -0.465
ChE 0.548 0.481 -0.496 -0.481
T. Bil -0.552 -0.508 0.51 0.53

ICG R15: Indocyanine green retention rate at 15 min; PT: Prothrombin
time; ChE: Choline esterase level; T. Bil: Total bilirubin concentration; IOC:
Index of convexity; HH15: Clearance index; LHL15: Receptor index.

tests were estimated as Spearman’s rank correlations.
The differences in each Tc-GSA parameter between the
3 groups (normal liver, chronic hepatitis, and liver cit-
rhosis) were evaluated by one-way analysis of variance
(ANOVA). The diagnostic performance for the diagno-
sis of cirrhosis was evaluated by receiver operating char-
acteristic (ROC) analysis.

RESULTS

Spearman’s rank correlation coefficients are listed in Ta-
ble 1. IOC showed higher correlations than the other
conventional indices of HH15 and LHLI15. In particu-
lar, the IOC has a strong correlation to ICG R15 values
compared to HH15 or LHL15 (Figure 2). The correla-
tion coefficient between 10C and ICG R15 was statisti-
cally higher than that between HH15 and ICG R15 and
that between LHILL15 and ICG R15.

The results of one-way ANOVA also showed that
10C was significantly different between background
liver groups with the highest I ratio (Table 2).

We petformed ROC analysis to evaluate the diagnos-
tic performance of IOC in diagnosing cirrhosis (Figure
3). The area under the curve (AUC) of ROC curves for
10C, HH15 and LHL15 were 0.851, 0.801 and 0.821,
respectively. However, these differences were not statisti-
cally significant.
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Figure 3 Receiver operating characteristic curves of index of convexity,
clearance index, and receptor index for the diagnosis of cirrhosis. |0C:
Index of convexity; HH15: Clearance index; LHL15: Receptor index.

Table 2 Comparison of each index by liver histology

Index Patient group (mean + SD) F ratio' P value®
Normal Chronic Liver
liver hepatitis cirrhosis
10C 0.64+0.09 060+012 046+0.12 578 <0.0001
HH15 053+0.08 057+0.09 066+0.10 482 <0.0001
LHL15 094+0.02 093+0.03 089+0.08 21.7 <0.0001
ICG R15 11.7+8.8 143+83 23.7+13.8 20.3 <0.0001

'F ratio obtained by one way analysis of variance (ANOVA); *Probability
value for the differences among the 3 groups, obtained by one-way ANO-
VA. IOC: Index of Convexity; ICG R15: Indocyanine green retention rate
at 15 min; HH15: Clearance index; LHL15: Receptor index.

DISCUSSION

In this study, we developed a novel index to evaluate liv-
er function using the dynamic images of Tc-GSA scin-
tigraphy. This index is very simple to calculate and has
stronger correlations to other liver function tests than
do conventional indices such as HH15 or LHI.15. This
index also has a high diagnostic performance rating for
diagnosing liver cirrhosis. IOC would thus be very useful
to hepatobiliary surgeons in assessing preoperative liver
function.

Tc-GSA is an ASGP analogue labeled with a radio-
isotope and developed for the assessment of liver func-
tional reserve. Tc-GSA scintigraphy for assessing liver
function has several benefits to consider. First, accumula-
tion of Tc-GSA in the liver can be monitored continu-
ously through dynamic planer images. The kinetics of
ASGP have been investigated in detail in animals and
humans™"™' and several kinetic parameters have been
proposed as candidates for indices of liver function'™™",
Second, regional accumulation of Tc-GSA in the liver
was measured separately to evaluate regional liver func-
tion wia single photon emission computed tomography
imagesm’lgj, which can be used for the assessment of
regional liver function after portal vein embolization™".
Although many parameters of Tc-GSA scintigraphy have
been reported, only HH15 and LHL15 are used widely.

January 7, 2013 | Volume 19 | Issuel |



Despite their widespread use, we found that both
of these indices showed only moderate correlations to
other liver functions, and we encountered some cases
with a discrepancy between the values of both indices
and their liver histology or liver functions'?, Since the
TAC of the heart is influenced by background radiation
or radioactivity in the liver adjacent to the heart, indicat-
ed Tc-GSA concentrations may deviate from the actual
blood concentrations™. HH15, using only TAC of the
heart and ignoring liver accumulation, is not suitable for
the ideal index. LHL15 has been shown to be directly in-
fluenced by the manner in which the ROI is drawn over
the heart'". The LHL15 index value was also found to
be influenced by the shape of the liver and the size of
the heart. These observations suggest that HH15 and
LLHL15 indices are prone to several measurement errofs.

To overcome these problems, we focused on the
shape of the liver accumulation curve. The shape of the
liver accumulation curve seems universally consistent,
even if the patients are stout or their liver is deformed.

The convexity of the liver curve seems to be a spe-
cific feature of good liver function. The liver curve
increased rapidly and afterwards reaches a plateau in the
case of good liver function. In contrast, the liver curve
increases linearly throughout the examination period,
with no plateau, in patients with poor liver function. In
order to evaluate the convexity of the liver curve, we
calculated the ratio of the length of line DF to line DE
as described in Figure 1. IOC decreases as liver function
deteriorates. This index correlated very strongly to other
liver function tests, including ICG. I0C can be calcu-
lated quite easily as calculations require liver radioactivity
data at only 3 time points. Results of one-way ANOVA
indicate that IOC has a higher correlation to liver histol-
ogy than does HH15 or LHL15. In fact, IOC seemed
to be superior to HH15 or LHL15 in the diagnosis of
liver cirrhosis as indicated by ROC analysis, although the
differences between the AUC of ROC curves for IOC,
HH15, and LHL15 were not statistically significant.

Makuuchi e# a/ proposed that the criteria determin-
ing the extent of liver resection include ascites volume,
bilirubin levels, and ICG tests™. Since then, the ICG
test has been widely used in Japan for the preoperative
assessment of liver functional reserve. It is well known
that hyperbilirubinemia and large port-systemic shunts
interfere with the results of ICG tests”**. In addition,
some patients are intolerant of ICG™. We have encoun-
tered many cases with large discrepancies between ICG
results and conventional liver function tests. In these
cases, Tc-GSA scintigraphy plays a complementaty role
in deciding on surgical procedures. In this study, IOC
showed a stronger correlation with conventional liver
function tests than did the ICG test. IOC is a simple
and reliable index that is supetior to HH15 and LHL15
indices and is a valuable parameter exceeding ICG tests
in the preoperative assessment of liver functional re-
serve. We analyzed the Tc-GSA data retrospectively in
this study. In order to prove the usefulness of this index,
further prospective studies should be undertaken.
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COMMENTS

Background

Technetium-99m-diethylenetriaminepentaacetic acid-galactosyl-human serum
albumin (Tc-GSA) was a radiopharmaceutical developed in Japan to assess
liver functional reserve. The liver uptake of Tc-GSA can be evaluated from dy-
namic images obtained using a gamma camera. Among the indices for the Tc-
GSA scintigraphic analysis of liver functional reserve, only the receptor index
(LHL15) and clearance indices (HH15) have been widely used. However, both
indices are prone to measurement errors. To date, no appropriate methods
have been developed that are superior to LHL15 and HH15 in terms of reliabil-
ity and accuracy in the preoperative assessment of liver functional reserve.

Research frontiers

Several methods of evaluating liver function using Tc-GSA scintigraphy have
been reported. In particular, methods using kinetic model analysis are highly
complex, and another method requires radioactivity measurements of the
injection syringe. Therefore, to overcome the limitations of these methods and
increase the use of Tc-GSA scintigraphy for the assessment of hepatobiliary
surgical outcomes, it is necessary to develop a simple but reliable index that is
superior to LHL15 and HH15.

Innovations and breakthroughs

The authors focused on the shape of the liver time activity curve of Tc-GSA and
found that the extent of the convexity correlated with liver function, Developing
a new index, the index of convexity (I0C), that is very easy to calculate. The
authors demonstrated that this index predicts liver functional reserve better than
the conventional LHL15 and HH15 indices.

Applications

The 10C is a very simple but reliable index for assessing liver functional re-
serve, which is, in turn, very useful for preoperative assessment of hepatic
resection. Therefore, it can be introduced in any institute without the need for
special software.

Terminology

Tc-GSA is a radiopharmaceutical developed for evaluating liver function. This
asialoglycoprotein analogue is specifically absorbed by hepatocytes, and its
rate of accumulation in the liver is influenced by the liver functional reserve,
which can be evaluated using a gamma camera.

Peer review

This is a very interesting and well-performed study evaluating the usefulness of
a novel index of liver functional reserve based on dynamic Tc-GSA scintigraphic
images. The authors developed a new method for analyzing the results of Tc-
GSA scintigraphy based on the shape of the liver TAC and introduced the “|OC”.
They found that I0C had a strong correlation with conventional liver function
test results and a good performance in the diagnosis of cirrhosis. The interest-
ing conclusions of the study were that I0C is a simple but reliable index for
assessing liver functional reserve and that it would be useful in deciding on sur-
gical procedures. The study is well designed and written, with clinically relevant
conclusions and appropriate data supporting the results.
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