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Abstract. It is extremely important to have a good graspright portal vein occlusion, the remnant liver volume ra-
of the acceptable limit of hepatectomy before operatioriio was markedly increased after occlusion in GSA com-
because postoperative liver failure can take a fatgbared with CT, and the postoperative KICG predicted by
course; however, baseline data on the limit of hepatectdsSA after occlusion was closer to the actual postopera-
my have not been clearly defined. We therefore evaluative KICG than that predicted by CT. It is concluded that
ed and compared the predicted remnant liver functioR®™Tc GSA liver scintigraphy is useful for predicting
obtained by computed tomography(CT) and technetiumremnant liver function before hepatectomy and for eval-
99m diethylenetriamine penta-acetic acid-galactosyl huwating changes in regional liver function after occlusion
man serum albumin®{"Tc-GSA) liver scintigraphy in of the portal vein unilaterally.

order to obtain precise data regarding remnant liver

function before hepatectomy. We investigated 20 paKey words:Technetium-99m galactosyl human serum al-
tients undergoing hepatectomy using the clearance rataimin — Hepatic functional reserve — Hepatic resectabil-
of indocyanine green (KICG) as a parameter, and comity — Occlusion of the unilateral portal vein — Computed
pared the predicted postoperative KICG obtained by CTomography

and by transaxial single-photon emission tomographic

(SPET) images acquired B§mTc GSA liver scintigra- Eur J Nucl Med (1998) 25:1377-1382

phy before hepatectomy. In GSA studies, based on time-
activity curves for the heart and liver, we compared

HH15 (heart activity at 15 min divided by heart activity ,
at 3 min), LHL15 (liver activcity at 15 min divided by Introduction

heart plus liver activity at 15 min) and, Kobtained . _
from the time-activity curve for the liver) in 103 pa- Many patients undergoing hepatectomy have hepatocel-

tients. In 58 patients without increased serum bilirubinlular carcinoma (HCC); in Japan HCC is nearly always

K, was compared with KICG. In four patients, Ocdusionassomate_d_wnh Ilve_r cirrhosis (LC) or ch_ronlc hepatitis

of the right portal vein was performed with the aim of (CH), so it is essential not to exceed the limit of hepatec-
carrying out secondary hepatectomy, and changes in [\fomMY- It is extremely important to have a good grasp of
er volume were compared between CT &c GSA the acceptable Ilmlt of hepa@ectomy before operation be-
liver scintigraphy. The correlation coefficient betweenCause postoperative liver fallure. can takg a fatal course.
the postoperative KICG predicted by CT and the actuar@Poratory values such as the indocyanine green (ICG)
postoperative KICG was rather poor, mt= 0.569 test, prothrombin time, hepaplastin test and serum albu-
(P<0.05): that between the postoperative KICG predictMin level have been used for the assessment of liver

ed by%nTc GSA liver scintigraphy and the actual post- function, but such values cannot provide information on
operative KICG was good, at = 0.788 P<0.01); the localized distribution of liver function. Moreover,

correlations between Kand HH15 and between, kand baseline d{ata on the limit of hepatectomy have not be(_en
LHL15 in 103 patients were very good or good, atClearly deflneq. On the othgr hand, technetium-99m di-
r = 0.906 P<0.001) andr = 0.807 P<0.001), respec- ethylenetngmme-penta-acetlc acid-galactosyl human se-
tively, and that between Kand KICG in 58 patients was "um albumin P"Tc GSA) has recently been developed
very good, ar = 0.916 P<0.001). In all four cases of 2S2a receptor—blndlng ligand that specifically binds to the
asialoglycoprotein receptors (ASGP-R) on the hepato-
Correspondence toA. Mitsumori, Department of Radiology, Cyte cell membrane. This ligand has been applied in
Okayama University Medical School, 2-5-1 Shikata-cho, Okay-clinical practice as one method for assessing liver func-
ama-city, Okayama 700-8558, Ja, an tion in patients with chronic and acute liver injury [1-4].
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This diagnostic technique is expected to provide usefu
information regarding the operability and appropriate ° \
operative technique in patients with liver tumours be-
cause it can be used to evaluate the localized distribution @
of liver function [5]. In order to obtain precise data con- L15
cerning remnant liver function before hepatectomy, we |
evaluated and compared the predicted remnant liver i yH3 HIS
function obtained before hepatectomy by computed to- T2 time time
mography (CT) an@®"Tc GSA liver scintigraphy, using liver uptake curve . LHL15-L15/(H15+L15)
the clearance rate of ICG (KICG) (mihas a parameter. ~ Liver “P‘a‘;:z(‘) =§Zél3€ g HH15-H15/H3
a T b
Fig. 1. Methods of scintigraphic data analyses.K,, b HH15,

Materials and methods LHL15

Subjects. We studied 20 patients undergoing hepatectomy who

had been admitted to Okayama University Medical School bessgo A/DI (Toshiba Medical Systems, Tokyo, Japan). Computer
tween October 1994 and March 1997: 18 patients with HCC assqacquisition of gamma camera data was started immediately prior
ciated with LC, one patient with haemangioma, and one patienfo the injection 0f9"Tc GSA and was stopped 25 min later. Digi-
with metastatic liver tumour from colon cancer. Seventeen wergg| images (128x128 matrix) were acquired in byte mode at a rate
men and three were women, and their ages ranged from 45 to Qﬁ 15 s/frame. Hepatic single-photon emission tomography
years (mean age, 53.6 years). Subsegmentectomy was performggbgT) images were acquired after the dynamic study. Each set of
in five patients, monosegmentectomy in six patients, disegmentegyrojection data was obtained in a 128x128 matrix, and 60 projec-
tomy in five patients, extended disegmentectomy in three patientsjons were acquired (6° steps, 15 s/projection). A Butterworth fil-
and trisegmentectomy in one patient. The parameter used to agr was used as the pre-reconstruction filter, and final reconstruc-
sess liver function was KICG. Preoperative KICG was calculatedion was performed with a Ramp filter. Attenuation correction was
more than three times before hepatectomy, and the mean valyRrformed with Chang's first-order compensation procedure, and
was used. Postoperative KICG was measured 3 days after operg~alue of 0.12 cni was used as the effective attenuation correc-
tion for comparison [6]. All patients were followed for 3-28 tion coefficient. The pixel slice thickness along the axis was
months after operation, and no patients died due to liver failure. .9 mm. A cut-off level of 39% was used because results closest
to the true volume were obtained using this value in an earlier
CT scanning Prior to operation, unenhanced helical CT scanningphantom study [7]. In patients with accumulation in the gallblad-
was performed for the entire liver with 7-mm collimation at 7-mm ger, we set the region of interest (ROI) so that it contained the
intervals using a HighSpeed Advantage CT scanner (GE Medicadalibladder and subtracted it from transaxial images before the
Systems, Milwaukee, Wis.) during a single breath-hold. When itneasurement of functional liver volume. After calculation of the
was difficult to detect the edges of a segment or a tumour, corfynctional whole liver volume, a cut line was entered into each
trast-enhanced helical CT scanning was performed three times afgction of the transaxial SPET image and the functional remnant
ter the start of injection of 100 ml of iohexol (Omnipaque 300, liver volume was calculated.
Daiichi Pharmaceutical Co., Tokyo, Japan) via an antecubital vein Time-activity curves for the heart and liver were generated
at 3 ml/S in the same Way as in Unenhanced helical CT Scanninﬂom ROIls for the whole liver and the precardiac region_was
The first scan was begun at 30 s, the second at 70 s and the thig@tained from the time-activity curve for the liver (Fig. 1a) [8, 9].
at 180 s after the start of contrast material injection. The morphoThe hepatic uptake ratio §"Tc GSA (LHL15) was calculated
logical whole liver volume was calculated from each of the imag-after the injection of9"Tc GSA by dividing the liver activity at

es using the following formula: 15 min (L15) by heart plus liver activity at 15 min (H15+L15)
) no (Fig. 1b). The value of HH15 was calculated by dividing the heart
Whole liver volume = 0-7?% Si, activity at 15 min (H15) by heart activity at 3 min (H3) after the
injection of9%9"Tc GSA (Fig. 1b).
where Si = ares in each image. The postoperative KICG predicted By"TC-GSA was calcu-

In the same way, the postoperative remnant liver volume anghted by the following formula:
the tumour volume were obtained. Preoperative KICG was ob-
tained, and the postoperative KICG predicted by CT was calculatPostoperative KICG  preoperative Kl
ed by the following formula:

mnant liver volume

hole liver volume’

The postoperative KICG predicted by CT and the actual postoper-
postoperative KICG = ative KICG were compared, as were the postoperative KICG pre-
dicted by9nTc GSA liver scintigraphy and the actual postopera-
tive KICG. In 103 patients K was compared with HH15 and
LHL15. In 58 patients without increased serum bilirubip,Was
99nMTc GSA liver scintigraphy.All 20 patients received a single compared with KICG.

dose of 3 mg of9"Tc GSA intravenously. After the injection of

185 MBq (5 mCi) of9"Tc GSA, dynamic imaging was per- Portal vein occlusion.Occlusion of the portal vein unilaterally is
formed with the patient in the supine position using a GCA-performed with the aim of carrying out secondary hepatectomy
7200 A/DI (Toshiba Medical Systems, Tokyo, Japan) large-field-following compensatory morphological and functional hypertro-
of-view gamma camera with a low-energy, high-resolution paral-phy of the remaining lobes. In four patients, other than the 20 pa-
lel-hole collimator, and data were processed by means of a GMSients above, occlusion of the right portal vein was performed.

remnant liver volume
whole liver volume- tumour volume

preoperative KICG
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p<0.0001

Liver volume was measured 2—3 weeks after occlusion of the ri¢
portal vein by CT and@®Tc GSA liver scintigraphy at the same
time. Changes in liver volume were compared between CT a
99mTc GSA liver scintigraphy.

Results

" " " "
0 0.05 0.1 0.15 0.2 0.25

The postoperative KICG predicted by CT and the actt KICG
postoperative KICG are shown in Fig. 2. The correlatior:
was rather poor, with the correlation coefficient
r = 0.569 P<0.05). The postoperative KICG predicted
by GSA and the actual postoperative KICG are shown ifapje 1. Summary of four cases of portal vein occlusion
Fig. 3. The correlation was good, with the correlation

ig. 5. Correlation between KICG and, Kn 58 patient =

coefficientr = 0.788 P<0.01). K and HH15 are shown Predicted Remnant Pre- Post-
in Fig. 4; the correlation was very good, rat 0.906 remnant liver dicted operative
(P<0.001). K and LHL15 are also shown Fig. 4; the liver volume volume ratio  KICG  KICG

correlation was good, at= 0.807 P<0.001). K and
KICG are shown in Fig. 5; the correlation was very©asel CT =~ 305318  0.36.0.33  0.059

good, atr = 0.916 P<0.001). After occlusion of the GSA  298-429  031-.046 0083 0.109
right portal vein, liver uptake was markedly decreasedase 2 CT 497559  0.30-0.34  0.056
below the cut-off level around the liver tumour in the GSA 512-.579  0.34.048 0.78 0.112
right lobe and an area of increased tracer accumulatiofagse 3 cT 4272673 0.28.0.39  0.060
was noted in the left lobe 3"Tc GSA liver scintigra- GSA 565.841 0.40-.0.55 0.069 0.069

phy. However, atrophic changes in the right lobe andCase4 cT
compensatory morphological hypertrophy of the left
lobe were not so evident on CT as 8ATc GSA liver

scintigraphy (Fig. 6). Figures to the left and right of the arrows refer to the situation be-
fore and after portal vein occlusion, respectivzly

344,499 0.28-0.39 0.059
GSA 421605 0.37-0.78 0.092 0.104
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Fig. 6a—d.A 61-year-old man with CC
treated with right portal vein occlusion.

a, cBefore occlusionb, d after occlusion.
After occlusion of the right portal vein,
liver uptake was markedly decreased be-
low the cut-off level in the right lobe and
an area of increased tracer accumulation
was noted in the left lobe dA"Tc GSA
liver scintigraphy; atrophic changes in the
right lobe and compensatory morphologi-
cal hypertrophy of the left lobe were not
as marked on CT as @fTc GSA liver
scintigraphyy

Details regarding the four cases of portal vein occluridoxyl-5-methyltryptophan %™Tc PMT) [19], and
sion are summarized in Table 1. In all cases, the remnaPi™Tc DTPA human serum albumif®{Tc HSA) [20]
liver volume ratio [CT study: remnant liver vol- have been reporte®®™Tc PMT is a hepatobiliary imag-
ume/(whole liver volume —tumour volume); GSA study: ing agent, but with this agent it is difficult to obtain sat-
remnant liver volume/whole liver volume] was markedly isfactory SPET images for volume measurement be-
higher after occlusion of the right portal vein in GSA ascause it is excreted rapidly into the biliary systéTc
compared with CT, and the postoperative KICG predictHSA is a vascular imaging agent, and does not reflect
ed by GSA after occlusion was closer to the actual postiepatocyte function?Tc-colloid scintigraphy mainly
operative KICG than that predicted by CT. reflects the reticuloendothelial system and is dependent
on the function of the Kupffer cells and on effective liv-
er blood flow.99"Tc GSA, on the other hand, is taken up
Discussion only by functioning hepatocytes, and its distribution in
the liver is not dependent on liver blood flow [21, 22].
Due to advances in CT hardware, liver volume can noworizuka et al. [21] reported that there was a discrepan-
be calculated easily and accurately. There have beay in tracer distribution betweeéi"Tc GSA and®®"Tc
many reports concerning the evaluation of liver functioncolloid in 18% of cases, and they speculated that there
based on morphological liver volume determined usingnay be a difference in distribution between Kupffer
CT with or without the combination of other parameterscells and hepatocytes. Shuke et al. [23] reported that all
of liver function [10-12]. However, several reports haveof the parameters obtained fro¥frTc GSA imaging
concluded that CT simply reflects morphological vol- showed a statistically significant correlation with the re-
ume, so it is dangerous to estimate liver function by CTsults of hepatic function tests, unlike the parameters ob-
[13]. tained from99MTc Sn colloid and®"Tc PMT imaging.
99nTc GSA is a newly developed receptor-binding li- For these reason&MTc colloid scintigraphy might not
gand that specifically binds to the ASGP-R on the celprecisely reflect liver function, so we should ¥8&€Tc
membrane of hepatocytes. The uptaké%fic GSA is  GSA scintigraphy to evaluate liver function. In addition,
an independent biochemical process and allows direchany prior studies have reported that some parameters
estimation of the functioning hepatocyte mass [14].obtained fromP°"Tc GSA liver scintigraphy are strongly
9mTc GSA liver scintigraphy has therefore been recog<orrelated with previously identified indicators of hepat-
nized to be the best method for evaluating liver functionic function and that these are useful for assessing hepat-
al reserve, and it can be used to estimate regional hepat@function [4, 13, 24-26]. It is not so accurate to mea-

function [13, 15, 16]. sure the remnant liver volume using planar images ob-
Several methods for determining the hepatic functained by%nTc GSA scintigraphy, but by setting a cut
tional volume with%nTc colloid [17, 18],°°"Tc N-py-  line on each section of the transaxial SPET image, it is
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possible to obtain measurements easily and accurateportal venous occlusion as well as the risk that changes

[15]. in the draining vein from the portal vein to the hepatic
In this study, GSA showed better correlations tharvein will promote hematogenous metastasis [27]. How-
CT due to a number of factors: ever, since regeneration of the contralateral lobe after oc-

. lusion is dependent on the degree of fibrosis and the ef-
1. Most of the patients who had HCC also had LC, an ective blood flow, these factors must be considered

the degree of hepatic dysfunction in the segment or lobg hen deciding whether portal venous occlusion is indi-
containing the HCC was greater than that in the segmet‘é\fated 9 P
or lobe without HCC. '

2. Liver parenchyma around the tumour was damaged Wepatectomy, operation is indicated when the predicted

mechanical compression. L .
3. Secondary liver damage may have occurred dulIfICG of the remnant liver is more than 0.07 and is con-

At our centre, on the basis of a previous study on

. . raindicated when it is less than 0.06. Whether hepatec-
to compression of the vessels and bile ducts by the t omy is indicated is decided upon taking into account the
results of hepatic function tests other than KICG, but
Comparing CT and SPET images obtained usindICG is the most important factor. For KICG values be-
9mTc GSA hepatic scintigraphy, we found that the detween 0.06 and 0.07, indications for hepatectomy in-
fect seen on SPET images was larger than the tumogtude secondary hepatectomy after unilateral occlusion
size seen on CT. This discrepancy was probably due tof the portal vein is investigated considering the possi-
the factors cited above. bility of other types of treatment (e.g. percutaneous etha-
Previous studies revealed the risk of evaluating remnol injection, transarterial embolization and so on) and
nant liver function based on the morphological remnanthe need for aggressive therapy.
liver volume ratio, as well as the discrepancy between In this study, KICG was used as the parameter of liver
function and morphology. The prediction of remnant liv- function, but bilirubin is a competitive inhibitor of ICG,
er function by CT is not valid because CT cannot distinso in patients with increased serum bilirubin such as
guish between normal and cirrhotic or non-functioningthose with obstructive jaundice, the ICG test does not
liver tissue. We should therefore predict remnant liveraccurately reflect liver function. On the other hand, GSA
function using®®MTc GSA scintigraphy rather than CT. does not compete with bilirubin, so it can be taken up
In this study, good correlations were also obtained byand degraded by normal hepatocytes. It is thought that
functional evaluation. However, since most patientshiliary obstruction does not lead to an increase in the se-
present with diffuse liver parenchymal damage, it is dif-rum ASGP or delay GSA clearance from the blood, and
ficult to predict the regeneration of unresected liver tisthis was supported by the finding that LHL15 varied
sue, even byo"Tc GSA scintigraphy. The degree of re- within narrow limits after the serum bilirubin decreased
generation is highly dependent on the remnant liver volin patients with obstructive jaundice due to bile duct car-
ume ratio and the degree of impairment of remnant livecinoma [28, 29]. While the use of KICG for the evalua-
function, so the degree of functional regeneration differgion of hepatic function in patients with increased serum
from patient to patient. But when the resection area isilirubin such as those with obstructive jaundice is prob-
known beforehand, it might be possible to predict thdematic, K may be used as a substitute for KICG be-
degree of regeneration by assessing the degree of hepat&use a good correlation was obtained between KICG
dysfunction compared with the normal liver. and K in this study. A value of 0.07 for KICG corre-
The effects of occlusion of the right portal venoussponds to a value of 0.083 fof Kand a value of 0.06 for
branch revealed a remarkable degree of discrepancy bEICG corresponds to a value of 0.075 for &ccording
tween CT and®"Tc GSA liver scintigraphy. In all four to the correlation formula previously described. In two
patients, the remnant liver volume ratio was higher withpatients in this study, the predicted values of both KICG
GSA than with CT before occlusion, and 2—-3 weeks afand K were slightly below the above limits, but opera-
ter occlusion it was markedly increased with GSA agion was performed. Postoperative liver dysfunction was
compared with CT. In all patients the postoperativesevere and prolonged, but the patients did not develop
KICG predicted by GSA after occlusion was closer toliver failure and recovered. This suggests that the previ-
the actual postoperative KICG than that predicted by CTously described baseline is close to the limit of hepatec-
Because focal dysfunction following portal venous oc-tomy.
clusion does not result in immediate morphological It is concluded tha®®"Tc GSA liver scintigraphy is
changes, it is only in the long term that morphologicalmore useful than CT for accurately predicting remnant
changes such as atrophy or compensatory hypertropHiyer function before hepatectomy based on KICG and
reflect focal liver function. If comparison is made 3—4for evaluating changes in regional liver function after
months after occlusion, the discrepancy is not so greatjnilateral occlusion of the portal vein. Moreover, using
but GSA permits evaluation before morphologicalK,, it is possible to accurately evaluate liver function in
changes appear in CT (2—-3 weeks after occlusion), rgatients with increased serum bilirubin because bilirubin
ducing the risk that the tumour (especially HCC) will is a competitive inhibitor of ICG, but GSA does not
progress due to an increase in arterial blood flow aftecompete with bilirubin.

mour.
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