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Fused 99m-Tc-GSA SPECT/CT imaging for the preoperative
evaluation of postoperative liver function: can the liver uptake
index predict postoperative hepatic functional reserve?
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Abstract

Purpose To evaluate the role of hepatic asialoglycopro-
tein receptor analysis in the preoperative estimation of
postoperative hepatic functional reserve.

Methods We obtained technetium-99m-diethylenetria-
minepentaacetic acid-galactosyl human serum albumin
(99mTc-GSA) SPECT/CT fusion images in 256 patients with
liver disease scheduled for hepatic resection. The liver uptake
value corrected for body surface area [LUV gga)] and liver
uptake ratio (LUR) of the remnant were preoperatively esti-
mated based on the fused images. These values were com-
pared with the postoperative hepatic functional reserve.
Results  Significant correlations were observed between
LUV gsa), LUR, and most conventional indicators of hepatic
functional reserve. Postoperatively, nonpreserved liver
functional reserve was observed in 15 of the 256 patients
(5.8%). Remnant LUV g4 showed better correlation than
remnant LUR or the other indicators. No patients with rem-
nant LUV (gga) above 28.0 manifested poor nonpreserved
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functional reserve. Using a LUV gga) of 27.0, it was possible
to predict postoperative poor hepatic functional reserve at a
sensitivity of 91%, specificity of 81%, and accuracy of 81%
postoperatively. According to multivariate analysis, a low
remnant LUV gsa), was the only significant independent
predictor of poor hepatic functional reserve.

Conclusions Our 99mTc-GSA SPECT/CT fusion imag-
ing method was clinically useful for evaluating regional
hepatic function and for predicting postoperative hepatic
functional reserve.

Keywords Fusion imaging - 99mTc-GSA SPECT -
Computed tomography - Liver function - Liver resection

Introduction

The evaluation, before major liver resection or living donor
liver transplantation, of the future liver functional reserve
of the remnant is crucial to identifying patients at increased
risk for postoperative liver failure [1-6]. As extended
hepatectomy is associated with higher operative morbidity
and mortality rates, particularly in patients with paren-
chymal liver disease [7], preoperative evaluation of the
function of the liver remnant is important for determining
whether extended liver resection is safe.

To estimate hepatic functional reserve, 99mTc-labeled
diethylene triamine pentaacetate-galactosyl human serum
albumin (99mTc-GSA), a radiopharmaceutical that binds
specifically to the hepatic asialoglycoprotein receptor
(ASGP-R), is used to estimate hepatic function [8, 9].
Because ASGP-R is a natural superficial antigen of viable
hepatocytes, the uptake of 99mTc-GSA is independent of
biochemical processes, and allows the direct estimation of
the functioning hepatocyte mass [10].
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Using 99mTc-GSA scintigraphy imaging, many dif-
ferent parameters can be calculated from different kinetic
models [11-15]. However, they are highly complex and
thus not widely used in the context of liver surgery. The
hepatic uptake ratio and the blood clearance ratio of
99mTc-GSA are the most commonly used parameters
determined from planar dynamic 99mTc-GSA scintigraphs
[10]. Because they do not incorporate regional functional
differences into the included volume, the future function
of the liver remnant cannot be estimated. With a SPECT/
CT system, functional data from 99mTc-GSA SPECT
images can be combined with the accurate anatomic
information from CT scans [16]; using an arbitrary vol-
ume of interest, precise measurements of the regional
accumulation and volume are possible. We acquired
99mTc-GSA SPECT/CT 3D fused images and investi-
gated whether the liver uptake value (LUV), which
reflects the amount of ASGPRs in the region of interest
(ROI), could be used to accurately estimate the postop-
erative function of the liver remnant.

We evaluated the usefulness of the preoperative esti-
mation of LUV in the remnant liver and analyzed the
correlation between the preoperative LUV and the actual
postoperative liver dysfunction.

Materials and methods
Patients

We retrospectively reviewed 99mTc-GSA SPECT/CT 3D
fused images of 256 patients (199 males and 57 females,
mean age 66.0 = 10.0 years) who underwent systematic
liver resection between January 2007 and January 2011 at
the Department of Gastroenterological Surgery of our
hospital. Of these, 197 presented with hepatocellular car-
cinoma, 40 with liver metastasis, 7 with intrahepatic
cholangiocarcinoma, and 12 with other diseases. According
to the International Hepato-Pancreato-Biliary Association
classification [9, 17], 7 patients underwent segmentectomy,
65 monosectionectomy, 89 disectionectomy, and 5
trisectionectomy.

Informed consent was obtained from all patients before
99mTc-SPECT/CT examination.

SPECT/CT system

We used a combined SPECT/CT system with dual-head
detectors and a 16-row MDCT scanner (Symbia T16,
Siemens Healthcare, FErlangen, Germany). The two
instruments were juxtaposed so that the CT table bearing
the patient could be moved directly into the SPECT scan-
ner for CT [16].
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SPECT imaging

99mTc-GSA (185 MBq) was injected as a bolus into
an antecubital vein. Dynamic scintigrams and SPECT
images were obtained with the same gamma camera fitted
with a low-to-medium energy general-purpose (LMEGP)
collimator.

During dynamic scintigraphy, we acquired sequential
anterior abdominal images (64 x 64 matrix) that included
the heart and liver; these were taken at 20 s intervals for
18 min. The blood clearance index was calculated by
dividing the radioactivity in the heart ROI at 15 min
postinjection by the radioactivity of the heart ROI at 3 min
(HH15). The receptor index was calculated by dividing the
radioactivity of the liver ROI by the sum of the radioac-
tivity of the liver and heart ROIs at 15 min postinjection
(LHLI15).

Hepatic SPECT data (60 steps of 15 s/step, 360°,
128 x 128 matrix) were obtained from 20 to 35 min after
the dynamic scintigraphic study. We acquired 64 projec-
tions at 6° intervals in the continuous mode. For SPECT
reconstruction, the ordered-subset expectation—maximiza-
tion (OS-EM) algorithm was used (8 iterations, 6 subsets).
Postprocessing was performed with a 7.8 mm Gaussian
filter.

CT imaging and liver volumetry

We obtained noncontrast helical CT images of the
abdomen for attenuation correction of the SPECT images
with breath-hold under expiration; the imaging parameters
were 120 kV, 50 mA, 17.5 mm table feed per rotation,
0.7 s gantry rotation time, 1.25 mm collimation, and
1.25 mm reconstruction. CT images were reconstructed
with a standard reconstruction algorithm with a 50 cm
field of view to cover both the patient and the table.
Reconstructive CT images were processed into DICOM
data.

For liver volumetry, each CT slice was analyzed as
follows. The outline of the ROI was traced manually in
each image section; the gall bladder, retrohepatic vena
cava, and the main branches of the intrahepatic vascular
structures were excluded. Using an automated process, all
slices were stacked to build a virtual model of the liver.
Volumetric values were obtained with inherent software
and a volume-rendering algorithm. The total liver volume
(TLV) excluding the tumor volume was measured. The
model of the whole liver was then subjected to virtual
hepatic resection based on the operative strategy applied
in individual patients, and the volume of segments to be
remnant and the residual liver volume (remnant LV)
were measured. The relative resected liver volume (%
remnant LV) was expressed as a percentage of TLV. In
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cases where the type of resection actually performed
differed from that planned preoperatively, volumetric
analysis was repeated based on the actual surgical
procedure.

Image processing

Fusion of the SPECT and CT images (slice thickness
2.5 mm) was performed semi-automatically via registra-
tion of the liver shape on a dedicated workstation on the
SPECT/CT scanner. After image registration, a CT-derived
attenuation-coefficient map was created. The SPECT
images were then reconstructed with attenuation correction
using the OS-EM algorithm (3 iterations, 8 subsets). The
final step—fusion of the attenuation-corrected SPECT- and
CT images—was performed on another dedicated work-
station (Virtual Place Lexus, AZE, Tokyo, Japan). The
TLV was also measured on CT images; the TLV without
tumor masses was delineated manually based on the con-
sensus of two board-certified radiologists, and summed for
each acquisition.

Calculation of the SPECT parameters of the LUV

LUV was based on liver uptake ratio (LUR), defined as
follows [18]:

LUR = [radioactivity (whole liver)/radioactivity (injected)]
x 100.

To estimate hepatocyte function, we defined three LUV
parameters by correcting for body weight (BW), liver
volume (LV), and body surface area (BSA) as follows:

LUV (3sa) = LUR/BSA
LUV gy, = LUR/BW
LUV y) = LUR/LV.

Before SPECT scanning, we measured the preinjection
radioactivity in the syringe on a scintillation counter
(ICG-7, Aloka, Tokyo, Japan). Using a premeasured
calibration factor for a phantom, we converted the SPECT
count of the whole liver into radioactivity values.

The resection line of the liver was determined through
the consensus of a surgeon and a radiologist, based on the
course of the hepatic portal and the hepatic vein on SPECT/
CT fused images; the radioactivity obtained in the remnant
liver was divided by the total preinjection radioactivity and
corrected for BSA. The result was considered the LUV of
the remnant. The relative residual liver function (% rem-
nant LF) was calculated as follows:

% remnant LF = residual LUR /whole LUR.

Table 1 Scoring of total serum bilirubin and prothrombin time

Score 0 1 2
Total serum bilirubin (mg/dl) <2 2-3 >3
Prothrombin time (%) >70 50-70 >50

Severity of hepatic dysfunction was classified based on the sum of the
scores: none = 0, mild = 1, moderate = 2, severe = 3 or 4

Assessment of postoperative liver dysfunction
and functional reserve

We defined postoperative hepatic dysfunction based on a
combination of minimum prothrombin time (PT) and
maximum total bilirubin (T-Bil) on postoperative day
(POD) 5. It was graded as none, mild, moderate, or severe
by summing the scores of PT and T-Bil (Table 1) [19, 20].
We divided the patients into two groups of postoperative
hepatic functional reserve; preserved and nonpreserved.
The nonpreserved group was defined as having moderate to
severe hepatic dysfunction on POD 5, and the preserved
group was defined as none or mild hepatic dysfunction on
POD 5.

Statistical analysis

Statistical analysis was performed with the statistical
software package JMP (version 9; SAS, Cary, NC, USA).

We performed a receiver operating characteristic (ROC)
curve analysis to identify the values of remnant LUV gga),
remnant LUV gw), remnant LUV y,, and remnant LUR in
order to predict nonpreserved functional reserve with a
sensitivity of at least 90% and a specificity of not less than
80%.

Correlations between the LUR and LUV gga) values and
the results of each liver function test were subjected
to standard Pearson correlation analysis. Correlations
between the remnant LUR and remnant LUV g4, values
and T-Bil and PT on POD 5 were subjected to standard
Pearson correlation analysis. One-way analysis of variance
(ANOVA) was performed to assess differences in the
remnant LUV gga, between patients without and with
hepatic dysfunction of various severities. The independent
sample ¢ test was used to examine differences in remnant
LUV gsa) between patients without and with postoperative
hepatic dysfunction of moderate to severe degrees and poor
functional reserve. Univariate analysis of preoperative
variables was performed with the Pearson chi-squared test,
the Fisher exact test, and the independent sample ¢ test. The
Pearson chi-squared test was used for surgical procedure
and the Fisher exact test was used for gender. The inde-
pendent sample ¢ test was used for other and continuous
variables. Probability values of less than 0.05 were
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considered statistically significant. Significant variables in
univariate analysis were entered simultaneously (forced
entry method) into the multivariate logistic regression to
evaluate their independent predictive values for hepatic
functional reserve.

Results

ROC curve analysis of remnant LUV to predict
postoperative functional reserve

The ROC curves of remnant LUV gsa), remnant LUV gy,
remnant LUV y), and remnant LUR, used to predict
postoperative nonpreserved hepatic functional reserve, are
shown in Fig. 1. The AUCs of the remnant LUV gga),
remnant LUV gw), remnant LUV v, and remnant LUR
were 0.89, 0.85, 0.73, and 0.87, respectively. Using 27.0
for LUV (gsa), it was possible to predict postoperative
nonpreserved hepatic reserve with a sensitivity of 91%,
specificity of 81%, and accuracy of 81%. Positive and
negative predictive values were 31 and 99%, respectively.
The likelihood ratios for nonpreserved and preserved
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Fig. 1 Receiver operating characteristic curve analysis of LUV gga),
LUV@gw), LUVy), and LUR of the remnant, as used to predict
postoperative non-preserved hepatic functional reserve

hepatic functional reserve were 4.6 and 8.8, respectively.
Results of all indices are shown Table 2. Remnant
LUV@Bsa) was the most accurate index for predicting
postoperative functional reserve. Therefore, we adopted
LUV gsa, for further evaluations. A remnant LUV gga) of
27.0 or less was statistically significantly associated with
nonpreserved postoperative hepatic functional reserve.

Correlations between 99mTc-GSA SPECT
and conventional liver function tests

Correlations between liver function tests and LUV gsa) and
LUR are shown in Table 3. There were significant corre-
lations between LUV gsa, and most of the conventional
indicators of hepatic functional reserve, including indocy-
anine green retention rate at 15 min (ICG-R15), albumin
level, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), cholinesterase activity (ChE), pro-
thrombin time, platelet counts, serum hyaluronic acid,
HHI15, and LHL15. LUR values for the whole liver were
also significantly correlated with the results of most of the

Table 3 Correlation between conventional liver functional tests and
indices from 99mTc-GSA SPECT

LUV gsay(R) LUR(R)
Bilirubin (mg/dl) —0.09 0.001
Albumin (g/dl) 0.15% 0.19*
AST (IU/1) —0.22% —0.31%*
ALT (IL/) —0.21* —0.23%
GGT (Iun) —0.02 —0.01
Cholinesterase (U/1) 0.18* 0.30%*
Cholesterol (mg/dl) 0.12 0.11
Platelets (x 10*/mm?) 0.40%* 0.447%
PT (%) 0.337%* 0.30%*
Serum hyaluronic acid (ng/ml) —0.29%* —0.47%*
ICG R15 (%) —0.48%* —0.47%*
HH15 —0.60%** —0.73%*
LHL15 0.54%*%* 0.67**

AST aspartate aminotransferase, ALT alanine aminotransferase, GGT
glutamyltranspeptidase, PT prothrombin time

* P < 0.05, ¥* P <0.0001

Table 2 Diagnostic performances of four indices for predicting postoperative functional reserve

Cut off Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%)
LUV s 27.0 91 81 81 31 99
rLUR 50.0 93 66 67 15 99
rLUR gw, 0.66 80 84 85 24 99
rLUR v, 0.21 92 46 45 10 99

rLUV gsa) remnant LUV gga) rLUR remnant LUR, rLUR gw) remnant LUR gw), rLUR .y, remnant LUR v, PPV positive predictive value,

NPV negative predictive value
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conventional liver function tests, including ICG RIS,
albumin levels, AST, ALT, cholinesterase activity, pro-
thrombin time, and platelet counts, serum hyaluronic acid,
HH15, and LHL15.

Relationship among remnant LUV and remnant LUR
and postoperative hepatic dysfunction and functional

reserve

Correlations of remnant LUV gga) and LUR with PT and

correlations of remnant LUV gsa) and remnant LUR with
PT and T-Bil on POD 5. The correlation of remnant LUR
with PT and T-Bil on POD 5 was better than that of
remnant LUR with PT and T-Bil on POD 5.

No, mild, and moderate-to-severe hepatic dysfunction
were observed in 201 (79%), 40 (16%), and 15 (6%) on
POD5. The mean LUV (gsa) and the LUR of the remnant
were significantly higher in patients without than with mild
hepatic dysfunction on PODS5 (34.7 £ 7.5 vs. 28.6 = 7.5,
P < 0.001 and 55.5 4+ 12.5 vs. 47.9 + 10.9, P < 0.001).

T-Bil on POD 5 are shown in Fig. 2. There were significant ~ Patients with mild hepatic dysfunction on PODS5
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manifested a significantly higher mean remnant LUV gg4)
than did patients with moderate-to-severe hepatic dys-
function (28.6 =7.5 vs. 23.0 £3.1, P<0.05 and
479 £ 10.9 vs. 38.8 &+ 5.8, P < 0.05) (Fig. 3a, b).

Preoperative parameters to predict postoperative
hepatic functional reserve

Univariate analysis showed that a small remnant LUV g,
(P < 0.001), a small % remnant LV (P < 0.05), a small %
remnant LF (P < 0.001), and a high HH15 (P < 0.001)
were significant predictors of nonpreserved hepatic func-
tional reserve after liver resection (Table 4). When we
entered the LUV gga,) of the remnant, the % remnant LV,
the % remnant LF, and HH15 into a multivariate logistic
regression model to identify variables with independent
predictive value for nonpreserved hepatic reserve, we
found that a small remnant LUV gsa, was the only sig-
nificant independent predictor (Table 5). Seven of the 15
(47%) patients with nonpreserved hepatic reserve died
perioperatively, which was defined as death within 30 days
or during the hospital stay following surgery, whereas this
was the case in O of the 241 without nonpreserved hepatic
reserve (P < 0.001) (Table 6).

Discussion

Liver resection continues to carry risks for postoperative
complications. The overall incidence of complications
increases with the extent of liver resection [21, 22]. Key to
improving the safety of liver resection is predicting hepatic
functional reserve of the postoperative liver remnant. There
is no evidence that leaving at least one-third of the healthy
liver helps to avoid significant hepatic dysfunction, and the
adequacy of the liver-remnant volume has been gauged
largely via guesswork or crude measurements.

ASGP-R is present only on mammalian hepatocytes
[23]. A significant decrease in ASGP-R and a concomitant
increase in the accumulation of plasma asialoglycopro-
teins are seen in patients with impaired liver function [24,
25], and parameters obtained from planar 99mTc-GSA
scintigraphy are valuable for the assessment of liver
function [26-28]. We adopted a new index for LUV gga,
that utilized not only SPECT but also CT images. Our
SPECT/CT fused images yielded precise anatomical
information on the LUV gga). Moreover, our functional
imaging data were corrected for attenuation based on
MDCT images. Seo et al. [29] showed that the quantifi-
cation of SPECT images that were corrected for attenu-
ation with CT images was more accurate than performing
this quantification without attenuation correction. Yomoto
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et al. [30] reported that the amount of ASGP-R in the
future liver remnant could be calculated correctly before
surgery by using fused 99mTc-GSA SPECT and CT
images; an accurate resection line could be drawn on the
SPECT scans based on anatomical information yielded by
the CT scans.

Table 4 Univariate analysis of variables predictive of hepatic func-
tional reserve after liver resection

Parameters Hepatic functional reserve P value
Preserved Nonpreserved

Gender (male:female) 185:56 14:1 0.20

Age 66.0 £ 10.3 643 £ 7.0 0.67

Surgical procedure 152:82 10:12 0.069
(major:minor)

ICG R15 (%) 132 £ 69 16.1 £ 9.7 0.13

Serum albumin (g/dl) 3.96 + 0.48 3.96 + 0.31 0.98

Total serum bilirubin 0.82 £ 0.3 095 £ 0.3 0.14
(mg/dl)

Serum cholinesterase 237.0 £76.5 206 + 97.0 0.13
activity

Serum hyaluronic acid 128.3 £ 1374 1822 £ 1576  0.19
(ng/ml)

Platelets (x 10%/mm®) 16.0 £ 6.7 144 £ 6.0 0.38

PT (%) 94.8 £ 14.0 952 £ 125 0.90

Remnant LUV g4, 336 £ 738 23.0 £ 3.1 <0.001

% remnant LV 73.7 £ 163 61.5 £ 17.0 <0.05

% remnant LF 75.3 £ 14.6 60.9 £ 13.3 <0.001

HHI15 0.60 £+ 0.07 0.64 £ 0.07 <0.05

LHL15 0.91 £+ 0.03 0.90 £ 0.03 0.23

Table 5 Multivariate logistic regression analysis of variables pre-
dictive of nonpreserved hepatic functional reserve after liver resection

Wald Exp (B) 95% CI for P value
Exp (B)
HHIS5 0.70  0.017 1.16 x 107°-256.7  0.40
Remnant LUV g, 7.51 1.21 1.06-1.40 <0.001
% remnant LV 0.07 1.00 0.94-1.07 0.79
% remnant LF 0.01 1.00 0.93-1.08 0.89

Table 6 Relation of hepatic functional reserve to perioperative death

Died perioperatively Nonpreserved hepatic reserve

No (%) Yes (%)
No 241 (100) 8 (53)
Yes 0 (0) 7 (47)
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Our method consisted of the fusion of attenuation-cor-
rected SPECT and high-resolution CT images, and pro-
vided a more accurate estimate of the volume of the future
liver remnant. We found that the combined assessment of
99m-Tc-GSA SPECT and CT images yielded more accu-
rate information than calculating the relative RLV based on
CT volumetry and other conventional parameters for pre-
dicting postoperative hepatic functional reserve. Therefore,
we suggest that surgery can be performed safely in patients
whose LUV (gsay of the liver remnant is above 28.0.
Although there was an overlap in the LUV gg4) between
patients with and without postoperative hepatic functional
reserve, patients with larger LUV gsa, usually showed
good hepatic functional reserve following surgery. Surgery
can be performed safely in patients whose LUV gga4) of the
liver remnant is above 28.0.

Sugahara et al. [18] found the LUR obtained from
SPECT images was clinically useful for assessing the
hepatic function of patients with chronic liver disease [31].
On the other hand, other studies have shown that body
habitus may affect the postoperative complication rate [32,
33]. Therefore, we introduced a new index, LUV gsa),
which enabled a combined evaluation of the LUR and the
patient’s body habitus (BSA). Our results demonstrated
that LUV gsay was superior to LUR, LUVgw), and
LUV v, for predicting the postoperative hepatic functional
reserve. We believe that preoperative evaluation of the
liver function should be performed with LUV gga).

Our study has several limitations. First, its design is
retrospective, and it is a single academic center study. Our
study population had only a few cases with nonpreserved
liver functional reserve (16/256). Our results should
therefore be confirmed by prospective and multicenter
studies. Second, combined SPECT/CT systems are not
widely used for attenuation correction because they are
expensive and because they expose patients to additional
radiation. Third, we drew the resection line on plain rather
than contrast-enhanced CT images. However, the principal
and portal veins for determining the resection line could be
identified in all our patients. Lastly, we did not consider
prolonged operating time, significant blood loss [34], dia-
betes mellitus [35], and chronic renal failure to be risk
factors for postoperative liver dysfunction. Combined
consideration of the LUV gga) of the liver remnant and
these factors may yield a more accurate prediction of
postoperative hepatic functional reserve.

In conclusion, assessment of the postoperative liver
remnant on 99mTc-GSA SPECT/CT 3D fusion images is
clinically useful for predicting postoperative dysfunction
and hepatic functional reserve, and may aid in the selection
of appropriate treatments and management strategies in
patients with liver tumors.
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