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Abstract
Purpose  This study evaluated the usefulness of SUV analysis of 99mTc-galactosyl human serum albumin (99mTc-GSA) 
scintigraphy including SUV analysis of the cardiac blood pool normalized by blood volume as a predictor of short-term 
survival in severe liver failure.
Patients and methods  We enrolled 24 patients with severe liver failure who underwent 99mTc-GSA scintigraphy and were 
admitted to the intensive care unit. Patients were divided into survival and non-survival groups at 7, 14, and 28 days from the 
performance of 99mTc-GSA scintigraphy. From SPECT images we calculated SUVs of the cardiac blood pool, performing 
normalization for body weight, lean body weight, Japanese lean body weight, and blood volume and we calculated SUVs 
of the liver, normalizing by body weight, lean body weight, and Japanese lean body weight. We also calculated the uptake 
ratio of the heart at 15 min to that at 3 min (HH15) and the uptake ratio of the liver at 15 min to the liver plus the heart at 
15 min (LHL15) from planar images of 99mTc-GSA scintigraphy.
Results  There were significant differences between the 7 day survival and non-survival groups for all SUVs of the heart 
and the liver and HH15, for 14 day survival groups in SUVs of the heart normalized by Japanese lean body weight and 
blood volume, and no significant differences between 28 day survival groups for any SUVs, HH15, or LHL15. Although the 
difference was not significant, SUV analysis of the heart normalized by blood volume showed the highest value for the area 
under the receiver-operating-characteristics curve for both 7 day and 14 day survival.
Conclusion  SUV analysis of 99mTc-GSA including SUV analysis of cardiac blood pool normalized by blood volume is of 
value for prediction of short-term survival in cases with severe liver failure.
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Introduction

Liver failure is one of the most lethal factors in multiple 
organ dysfunction syndrome, and severe hepatic dysfunction 
sometimes requires admission to the intensive care unit 
[1–4]. The severity of critically ill patients with liver failure 
can be evaluated by the model for end-stage liver disease 

(MELD), which is useful for the prediction of 3 month 
survival [2–5]. On the other hand, we reported that findings 
of 99mTc GSA scintigraphy are of value for 28 day survival 
using the index of the uptake ratio of the heart at 15 min 
to that at 3 min (HH15) and the uptake ratio of the liver 
at 15 min to the liver plus the heart at 15 min (LHL15) 
[1]. But the usefulness of these indexes for survival for a 
very short term, i.e., within 28 days of scintigraphy, has 
not been sufficiently discussed. Thus, here we evaluated the 
usefulness of the MELD score and 99mTc GSA scintigraphy 
for 7 day, 14 day, and 28 day survival. We performed SUV 
analysis of the 99m-Tc GSA scintigram as well as analysis 
of the MELD score and HH15 and LHL15 indexes because 
of concerns that the latter two measurements require 
discrimination of the cardiac and liver regions on planar 
images, which is difficult to do (strong remnants of 99mTc 
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GSA in the blood pool of the heart and less physiological 
accumulation in severely diseased livers). SUV analysis 
has been more prevalent on the clinical scene recently. 
Moreover, we evaluated the usefulness of SUV analysis of 
99mTc-GSA scintigraphy including SUV analysis of the 
cardiac blood pool normalized by blood volume, which 
makes sense theoretically. There are significant differences 
between this report (ethics approval number 342–239) and 
the one published ten years ago investigating the usefulness 
of HH15 and LHL15 for 28 days survival (ethics approval 
number 24–5006); we evaluated survival for a shorter period 
and mainly evaluated SUV analysis, which is different index 
from HH15 or LHL15. Additionally, patients in the previous 
report were recruited from 1999 to 2006 and patients in this 
report were recruited from 2012 to 2023 without overlap of 
patients [1].

Patients and methods

Patients

This retrospective study was approved by our hospital’s 
institutional review board (ethics approval number 342–239), 
and the requirement for direct informed consent was waived. 
From May 2012 and February 2023 at our hospital, 99mTc-
GSA scintigraphy including SPECT was performed in 25 
patients with hepatic failure who had been admitted to 
the intensive care unit of our hospital. We excluded one 
patient because the patient was under 18 years old. Finally, 
we evaluated the remaining 24 cases. We calculated the 
MELD score using serum bilirubin, serum creatinine, and 
prothrombin time-international normalized ratio [5]. Patient 
characteristics are summarized in Table 1. For investigation 
of the prediction of short-term survival, we divided patients 
into survival (SV) and non-survival (NSV) groups at 7, 14, 
and 28 days from 99mTc-GSA scintigraphy.

99mTc‑GSA scintigraphy

We performed Scintigraphy under providing intensive 
medical care accompanying by intensivist. SPECT/CT 
scans were obtained by a SPECT/CT scanner (Discovery 
NM/CT 670 pro, GE Healthcare, Tokyo, Japan) equipped 
with a 16-slice CT scanner for attenuation correction. We 
obtained dynamic planar images for 16 min after intravenous 
administration of 3 mg of 99mTc-GSA (185 MBq; Nihon 
Medi-physics Co, Ltd, Tokyo, Japan); then SPECT/CT 
images of the heart and liver were performed. The SPECT/
CT scan was acquired using a low-energy high-resolution 
collimator, a 128 × 128 matrix with a 4.4 mm pixel size, and 

a total of 60 projections (30 steps) over 360° with a dwell 
time of 10 s/step. After the SPECT acquisition, a low-dose 
CT transmission scan was performed with 120 kV, 10 mA 
using a 512 × 512 matrix size. The CT data were generated 
with a 4.4 mm slice thickness.

Measurement of HH15 and LHL15

Indexes of HH15 and LHL15 were calculated on planar 
images [1, 6, 7]. We calculated the uptake ratio of the 
heart at 15 min to that at 3 min as HH15 and the uptake 
ratio of the liver at 15 min to the liver plus the heart at 
15 min as LHL15. While the HH15 ratio reflects the rate 
of disappearance in blood, the LHL15 ratio reflects the 
rate of accumulation in the liver. A representative case is 
shown in Fig. 1.

SUV measurement

Quantitative SPECT/CT parameters normalized by body 
weight were calculated using a commercial software 
package (GI-BONE, AZE Co., Tokyo) that is widely 

Table 1   Patient characteristics (n = 24)

Categorical variables are n (%)

Gender (%)
  Female 12 (50)
  Male 12 (50)

Age, yrs.
 Mean ± SD (range) 60.7 ± 14.2 (27.2–80.3)
 Female 58.5 ± 17.6 (27.2–80.3) p = 0.583
 Male 62.9 ± 10.0 (49.2–79.6)

Body weight, kg
 Mean ± SD (range) 63.7 ± 11.43 (42.9–87.0)
 Female 57.3 ± 10.1 (42.9–82.4) p = 0.002
 Male 70.2 ± 9.0 (61.4–87.0)

Height, cm
 Mean ± SD (range) 159.9 ± 7.9 (147.4–176.0)
 Female 154.3 ± 4.6 (147.4–162.0) p < 0.001
 Male 165.4 ± 6.6 (155.1–176.0)

Cause of liver dysfunction
 Sepsis/septic shock 7 (29)
 Drug induced liver 

damage
6 (25)

 Autoimmune hepatitis 4 (17)
 Postoperative liver failure 2 (8)
 Post massive hemorrhage 2 (8)
 Alcoholic hepatitis 1 (4)
 Hepatitis B 1 (4)
 Cardiac failure 1 (4)
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available in Japan. The measurements of SUVs of all 
24 cases were performed by a nuclear physician who 
confirmed carefully the accuracy of the volume of interest 
while checking 3-plane images. The maximum and the 
peak SUV normalized by body weight (SUVbwmax and 
SUVbwpeak) were calculated for quantitative analysis 
of 99mTc-GSA uptake as follows: SUVbw = (tissue 
radioactivity/voxel volume)/(injected radioactivity/
body weight), where ‘tissue radioactivity’ indicates the 
tissue radioactivity concentration measured by SPECT. 
The tissue radioactivity concentration was obtained by 

multiplying the SPECT counts and Becquerel calibration 
factor, which was determined by scanning a cylindroid 
phantom filled with a known radioactivity concentration. 
The following were also calculated: SUVbwmax = (max. 
radioactivity/voxel volume)/(injected radioactivity/body 
weight) and SUVbwpeak = (averaged radioactivity obtained 
within a 1 cm3 sphere of interest centered on the voxel 
of the SUVbwmax/voxel volume)/(injected radioactivity/ 
body weight).

We determined the SUVbwmax and SUVbwpeak 
data of the blood-pool of the heart (SUVbwmaxH and 

Fig. 1   Analysis of HH15 and 
LHL15 on planar image of 
the case with drug-induced 
liver failure (case 16). H3, 
radioactivity of the heart 3 min 
after injection of 99mTc-GSA; 
H15, radioactivity of the 
heart 15 min after injection of 
99mTc-GSA; L15, radioactivity 
of the liver 15 min after 
injection of 99mTc-GSA; 
HH15, H15/H3; LHL15, L15/ 
(L1 + H15). Values for H3, H15, 
L15, HH15, and LHL15 were 
27,402 counts/minute, 24,680 
counts/minute, 76,026 counts/
minute, 0.901, and 0.775, 
respectively

Fig. 2   SUV analysis of the same patient as in Fig.  1. A–D Images 
for analysis of the heart. E–H Images for analysis of the liver. A, 
C, E, G A selected VOI over the MIP images of SPECT. Results of 

SUVbwmaxH, SUVbwpeakH, SUVbwmaxL, and SUVbwpeakL were 
11.56, 10.77, 12.85, and 12.35, respectively
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SUVbwpeakH) and those of the liver (SUVbwmaxL and 
SUVbwpeakL). A representative case is shown in Fig. 2.

SUVs of both the heart and liver corrected by lean body 
weight (lbw) and Japanese lean body weight (jlbw), and 
blood volume (bv) based on the following equations were 
used to calculate normalized SUV variations:

Lean body weight, Japanese lean body weight, and blood 
volume were estimated as follows [8–10]:

SUVlbw = SUVbw × lean body weight (kg)∕body weight (kg)

SUVjlbw = SUVbw × Japanese lean body weight (kg)
∕body weight (kg)

SUVbv = 10 × SUVbw × blood volume (L)∕body weight (kg)

Lean body weight (male)
= 1.10 × body weight (kg) − 128
× (body weight (kg)∕height (cm))2

Lean body weight (female)
= 1.07 × body weight (kg)
− 148 × (body weight (kg)∕height (cm))2

Japanese lean body weight (male)
= 28.27 × height (m) + 0.359
× body weight (kg)
− 0.032 × age (year) − 21.83

Japanese lean body weight (female)
= 26.12 × height (m)
+ 0.253 × body weight (kg)
− 0.022 × age (year) − 19.58

Blood volume (male)
= 0.417 × height (m)3
+ 0.0450 × body weight (kg)
− 0.030

Blood volume (female)
= 0.414 × height (m)3
+ 0.0328 × body weight (kg)
− 0.030

Statistical analysis

We calculated the correlation of SUVbwmax versus 
SUVbwpeak of the heart and liver Spearman’s correlation test. 
For evaluation of patient characteristics, we compared age, 
body weight, and height between females and males using 
the Mann–Whitney U test. For the evaluation of results of 
the 99 m-GSA examination, the SUVs, HH15, LHL15, and 
MELD scores were compared between SV and NSV groups 
using the Mann–Whitney U test. In all analyses, a probability 
(p) value < 0.05 was accepted as significant. Receiver-
operating characteristic (ROC) analyses were performed in 
categories with significant differences. The Youden index was 
used to determine the optimal cutoff values. Comparisons of 
the areas under the curve (AUCs) between several results were 
performed using the DeLong method [11]. Statistical analyses 
were performed using EZR software (Saitama Medical Center, 
Jichi Medical University, Saitama, Japan), the graphical user 
interface for R [12].

Results

The clinical characteristics of patients are shown in 
Table  1. There were no significant differences in age 
between the female and male groups, whereas sex-based 
differences in body weight and height were significant. 
SUVbw and survival status from 99mTc GSA scintigraphy 
of each of the 24 cases are shown in Table 2.

Correlations between the SUVmax and SUVpeak 
values

There were significant and strong correlations between the 
SUVbwmax and SUVbwpeak values of both the heart and 
the liver. The correlation coefficients were SUVbwmaxH 
vs. SUVbwpeakH, 0.993 (p < 0.00001), and SUVbwmaxL 
vs. SUVbwpeakL, 0.999 (p < 0.00001).

Comparison of SUVs between the SV and NSV 
groups, and the ROC analysis

Regarding 7 day survival, the SV and NSV groups showed 
statistically significant differences for all kinds of SUVs 
and for HH15 while LHL15 and the MELD score showed 
no significant difference (Table  3). Results of ROC 
analyses are shown in Table 4 and Fig. 3. Although there 
was no statistically significant difference among AUCs of 
all SUVs and HH15 by the DeLong method, the AUCs of 
SUVbvmaxH and SUVbvpeakH were higher than those of 
other SUVs or HH15.
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Regarding 14  day survival, the SV and NSV 
groups showed statistically significant differences 
in SUVjlbwmaxH, SUVjlbwpeakH, SUVbvmaxH, and 
SUVbvpeakH but did not show differences in other SUVs, 
HH15, LHL15, or MELD scores (Table 3). Results of ROC 
analyses are described in Table 4 and Fig. 3. Although 
there were no statistically significant differences among 
SUVs by the DeLong method, the AUCs of SUVbvmaxH 
and SUVbvpeakH were higher than those of SUVjlbwmaxH 
or SUVjlbwpeakH. Additionally, we performed a 
subanalysis of a comparison of 3 patients consisted of the 
NSV group excluding 6 patients of NSV for 7-day vs. 15 
patients consisted of the SV group, and results did not 
show a significant difference in SUVjlbwmaxH (p = 0.91), 
SUVjlbwpeakH (p = 0.91), SUVbvmaxH (p = 1.00), or 
SUVbvpeakH (p = 1.00).

Regarding 28 day survival, the SV and NSV groups 
showed statistically significant differences in MELD 
scores, but not in any SUVs, HH15, or LHL15 (Table 3). 
Results of ROC analyses are shown in Table 4 and Fig. 3. 
Additionally, we performed subanalysis of a comparison 
of 6 patients consisted of the NSV group excluded of 6 
patients of NSV for 7 day vs. 12 patients consisted of the 
SV group, and the results showed a significant difference 
(p = 0.02) in the MELD score.

Discussion

The results of this study revealed that our proposed method 
of analyzing the SUV of 99mTc-GSA is both simple and 
objective, requiring no specific imaging techniques or 
extensive experience in image interpretation; the analysis 
also showed sufficient value for the prediction of short-
term survival in case of severe liver failure.

Estimating the prognosis of patients with severe liver 
failure is an important matter, and the MELD score is still 
the most widely used severity-of-liver disease scoring 
system; one benefit is that it can also be used in the field of 
intensive care [1, 13–15]. However, reports regarding the 
usefulness of the MELD score are limited, especially in 
intensive care medicine, and conditions with no possibility 
of recovery or prediction of short-term survival in case 
of severe liver failure needs further attention, given that 
intensive care for severely ill patient requires significant 
medical resources. Thus, we consider that our results of 
SUV analysis of 99mTc-GSA may become an important 
reference for appropriate use of medical resources with 
severe liver dysfunction [1]. Additionally, we recommend 
performing scintigraphy providing intensive care 
accompanying with an intensivist, because life-threatening 
event may occur during scintigraphy in the case of severe 
liver failure.

Table 3   Comparison between survival group and non-survival group at 7 days, 14 days, and 28 days

N number, NSV non survival, SV survival
*statistically significant

Groups 7 day SV 7 day NSV p-values 14 day SV 14 day NSV p-values 28 day SV 28 day NSV p-values

N (Female) 18 (9) 6 (3) 15 (8) 9 (4) 12(8) 12(4)
SUVbwmaxH 11.66 ± 2.87 16.07 ± 4.33 0.027* 11.78 ± 3.01 14.39 ± 4.43 0.194 12.01 ± 3.21 13.51 ± 4.20 0.443
SUVbwpeakH 10.95 ± 2.66 15.04 ± 4.08 0.027* 11.05 ± 2.79 13.51 ± 4.13 0.155 11.26 ± 2.98 12.68 ± 3.93 0.378
SUVlbwmaxH 8.57 ± 1.97 11.83 ± 2.30 0.003* 8.65 ± 2.01 10.62 ± 2.78 0.064 8.77 ± 2.15 10.00 ± 2.69 0.266
SUVlbwpeakH 8.05 ± 1.82 11.07 ± 2.14 0.008* 8.11 ± 1.85 9.96 ± 2.57 0.074 8.23 ± 1.99 9.39 ± 2.50 0.273
SUVjlbwmaxH 7.43 ± 1.74 10.19 ± 1.56 0.003* 7.49 ± 1.74 9.17 ± 2.23 0.041* 7.54 ± 1.87 8.70 ± 2.16 0.160
SUVjlbwpeakH 6.98 ± 1.61 9.53 ± 1.43 0.006* 7.02 ± 1.60 8.61 ± 2.04 0.046* 7.08 ± 1.72 8.16 ± 1.99 0.133
SUVbvmaxH 7.59 ± 1.81 10.28 ± 1.41 0.001* 7.63 ± 1.80 9.30 ± 2.15 0.021* 7.62 ± 1.93 8.89 ± 2.08 0.078
SUVbvpeakH 7.12 ± 1.67 9.62 ± 1.32 0.001* 7.16 ± 1.66 8.73 ± 1.99 0.021* 7.15 ± 1.78 8.35 ± 1.92 0.078
SUVbwmaxL 25.83 ± 9.21 17.25 ± 7.11 0.042* 25.25 ± 9.67 21.08 ± 8.81 0.283 23.05 ± 9.57 24.32 ± 9.58 0.795
SUVbwpeakL 24.70 ± 8.99 16.37 ± 6.85 0.047* 24.16 ± 9.43 20.05 ± 8.53 0.290 22.00 ± 9.32 23.24 ± 9.32 0.799
SUVlbwmaxL 19.13 ± 7.06 12.65 ± 4.67 0.047* 18.73 ± 7.51 15.48 ± 6.09 0.290 17.00 ± 7.43 18.02 ± 6.95 0.630
SUVlbwpeakL 18.29 ± 6.89 12.01 ± 4.52 0.047* 17.92 ± 7.32 14.72 ± 5.90 0.290 16.23 ± 7.23 17.21 ± 6.78 0.630
SUVjlbwmaxL 16.63 ± 6.36 10.93 ± 4.01 0.047* 16.32 ± 6.83 13.36 ± 5.16 0.347 14.70 ± 6.70 15.72 ± 6.14 0.514
SUVjlbwpwakL 15.90 ± 6.20 10.38 ± 3.90 0.040* 15.62 ± 6.65 12.70 ± 5.00 0.318 14.03 ± 6.50 15.02 ± 5.99 0.551
HH15 0.789 ± 0.082 0.879 ± 0.031 0.006* 0.789 ± 0.088 0.850 ± 0.057 0.096 0.797 ± 0.097 0.827 ± 0.066 0.590
LHL15 0.802 ± 0.086 0.712 ± 0.149 0.172 0.800 ± 0.087 0.744 ± 0.137 0.340 0.785 ± 0.091 0.774 ± 0.129 1.000
MELD score 31.4 ± 5.1 32.2 ± 6.7 0.330 30.8 ± 5.0 33.0 ± 6.0 0.176 29.8 ± 5.2 33.4 ± 5.1 0.015*
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For evaluation of liver function, HH15 and LHL15 
estimated from planar images of 99mTc-GSA scintigraphy 
have been widely employed in Japan, and many reports of 
their usefulness for preoperative evaluation for liver surgery, 
prognosis for liver failure, and evaluation of liver fibrosis 
severity have been published [1, 6, 7, 16–20]. But HH15 
and LHL15 are considered less reproducible than other 
measures; the manner of setting the ROI of the heart and 
the liver for calculating HH15 and LHL15 differs among 
institutions, resulting in different absolute values [18, 
19, 21]. On the other hand, SUV analysis of SPECT has 
come into wide use in clinical science worldwide and can 
provide higher inter- and intra-operator reproducibility [22, 
23]. Thus, SUV analysis of SPECT images of 99mTc GSA 
scintigraphy has clear advantages over HH15 or LHL15 
from planar images, and dynamic study of planar image may 
be omitted for reduction of the burden about intensive care 
during scintigraphy.

Especially in cases with severe liver failure, various 
factors can affect the measurement of HH15 and LHL15. 
Strong accumulation of the blood pool of the heart and less 
accumulation in the liver makes it difficult to set boundaries 
of the liver and the heart for placement of ROIs on a planar 

image, and the resulting ROIs counts are considered less 
reliable because of this overlap of heart and liver. On the 
other hand, SUV analysis using volumes of interest of the 
heart and liver on SPECT images with reference to the 
SPECT/CT image may be both easier and more reliable.

Moreover, we must pay attention to the mechanism of 
distribution of 99 m-Tc GSA especially in case of severe 
liver failure. Residual blood-pool accumulation in the 
vessels of the liver can prevent proper estimations of the 
physiological uptake of hepatocyte, and apparently stronger 
accumulation of the liver can be caused in cases with severe 
liver failure. Thus, we consider the SUV of residual blood-
pool accumulation of the heart to be more reliable than the 
SUV of the liver; indeed, our results showed concordance 
with this hypothesis.

Several normalization methods for the SUV have been 
proposed, for example normalization by body weight, lean 
body weight, and body surface area [24, 25]. We developed 
a normalization of SUV by blood volume. We hypothesized 
that the SUV of the blood pool normalized by blood volume 
would be the best method for the evaluation of residual tracer 
in the blood pool theoretically. Although the results were 
not statistically significant in our small cohort, we were not 

Table 4   Receiver-operating characteristics curves of SUVs, HH15, and MELD score

ACC​ accuracy, AUC​ area under curve, CV optimal cut off value, NPV negative predictive value, PPV positive predictive value, SEN sensitivity, 
SPE specificity

CV AUC​ SEN SPE PPV NPV ACC​

Prediction of survival on 7 day
 SUVbwmaxH 11.61 0.81 0.50 0.83 0.90 0.36 0.58
 SUVbwpeakH 10.77 0.81 0.56 1.00 1.00 0.43 0.67
 SUVlbwmaxH 9.46 0.89 0.72 1.00 1.00 0.55 0.79
 SUVlbwpeakH 8.81 0.87 0.72 1.00 1.00 0.55 0.79
 SUVjlbwmaxH 8.61 0.89 0.78 1.00 1.00 0.60 0.83
 SUVjlbwpeakH 8.03 0.88 0.78 1.00 1.00 0.60 0.83
 SUVbvmaxH 8.79 0.92 0.83 1.00 1.00 0.67 0.88
 SUVbvpeakH 8.25 0.92 0.83 1.00 1.00 0.67 0.88
 SUVbwmaxL 20.35 0.79 0.72 0.83 0.93 0.50 0.75
 SUVbwpeakL 19.19 0.78 0.67 0.83 0.92 0.46 0.71
 SUVlbwmaxL 13.89 0.78 0.67 0.83 0.92 0.46 0.71
 SUVlbwpeakL 13.10 0.78 0.67 0.83 0.92 0.46 0.71
 SUVjlbwmaxL 11.35 0.78 0.72 0.83 0.93 0.50 0.75
 SUVjlbwpeakL 10.70 0.79 0.78 0.83 0.93 0.56 0.79
  HH15 0.84 0.87 0.61 1.00 1.00 0.46 0.71

Prediction of survival on 14 day
 SUVjlbwmaxH 8.61 0.76 0.80 0.78 0.86 0.70 0.79
 SUVjlbwpeakH 8.03 0.75 0.80 0.78 0.86 0.70 0.79
 SUVbvmaxH 8.79 0.79 0.87 0.78 0.87 0.78 0.83
  SUVbvpeakH 8.25 0.79 0.87 0.78 0.87 0.78 0.83

Prediction of survival on 28 day
  MELD score 33.0 0.80 0.67 0.83 0.80 0.71 0.75
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surprised to find that the AUC of SUV analysis of the heart 
normalized by blood volume was higher than SUV analyses 
normalized by body weight, lean body weight, or Japanese 
lean body weight for prediction of 7 day survival and higher 
than that of Japanese lean body weight for 14 day survival.

As for the liver, we consider that the SUV of the liver 
should be normalized by liver volume or that total liver 
uptake would provide a more meaningful measure. However, 
in terms of applicability to intensive care settings, it is 
difficult to evaluate liver volume quickly in our SPECT/
CT protocol; furthermore, evaluation of liver volume from 
SPECT images in the same manner as in the previous report 
is difficult in cases with severe liver failure due to strong 
accumulation of the blood pool around the liver [26–28]. 
Thus, we abandoned the search for an evaluation method 
for total liver uptake in the present work. Meanwhile, we are 
certain that the estimation of hepatic functional reserve using 

the Patlak plot method of 99mTc-GSA dynamic SPECT 
is more reliable [29, 30], and we consider that analysis of 
whole liver uptake of 99mTc-GSA including analysis of 
hepatic functional reserve is needed for evaluation of the 
liver.

Findings for 28 day survival were not significant for 
all SUVs, HH15, or LHL15, although our previous report 
showed significant differences for HH15 and LHL15 [1]. 
This discrepancy may be due to patient selection bias 
because we recruited fewer patients and those with more 
severe diseases in the present report than in the previous 
one. Further investigation with large-scale trials is needed, 
although recruitment of patients with severe liver failure 
may be difficult.

There are some study limitations to address. This was 
a retrospective analysis with a relatively small number of 
patients. Large prospective studies are needed to validate 

Fig. 3   Receiver-operating characteristic curve for prediction of 7-day 
survival (A–H), 14-day survival (I, J), and 28-day survival (K). 
HH15, uptake ratio of the heart at 15 min to that at 3 min; MELD, 
model for end-stage liver disease; SUVbvMaxH, maximum SUV of 
the heart normalized by blood volume; SUVbwMaxH, maximum 
SUV of the heart normalized by body weight; SUVbwMaxL, 

maximum SUV of the liver normalized by body weight; 
SUVjlbwMaxH, maximum SUV of the heart normalized by Japanese 
lean body weight; SUVjlbwMaxL, maximum SUV of the liver 
normalized by Japanese lean body weight; SUVlbwMaxH, maximum 
SUV of the heart normalized by lean body weight; SUVlbwMaxL, 
maximum SUV of the liver normalized by lean body weight
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our results. Selection bias may have affected our results, as 
patients with different causes of liver failure were recruited 
in this report. Another selection bias is about severity. 
Patients of NSV for 7-day may have had a large impact on 
evaluation for 14 day and 28 day survival in this report.

In conclusion, the SUV analysis of 99mTc-GSA that we 
have described is of value for the prediction of short-term 
survival in patients with severe liver failure. Our results 
provide a foundation for the quantitative analysis of blood 
pool imaging using evaluation of SUV normalized by blood 
volume.
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