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Evaluation of Fulminant Hepatic Failure by
Scintigraphy with Technetium-99m-GSA
Susumu Shiomi, Tetsuo Kuroki, Maki Kuriyama, Tadashi Takeda, Shuhei Nishiguchi, Shinya Nakajima, Takashi Tanaka and
Hironobu Ochi
Third Department of Internal Medicine Department of Public Health, and Division of Nuclear Medicine, Osaka City
University Medical School, Osaka, Japan

We evaluated the usefulness of hepatic receptor imaging with
"rrrpc-diethylenetriaminepentaacetic acicj ga|actosy| human serum

albumin (GSA) to establish the diagnosis and prognosis of fulminant
hepatic failure (FHF). Methods: Of the 20 patients, 8 had acute
hepatitis and 12 had FHF. Computer acquisition of gamma-camera
data started just before the injection of 185 MBq 99mTc-GSA and
stopped 20 min later. Time-activity curves for the heart and liver
were generated from regions of interest (ROIs)for the whole liver and
precordium. A receptor index was calculated by division of the
radioactivity of the liver ROI by that of the liver plus heart ROIs 15
min after the injection. An index of blood clearance was calculated
by division of the radioactivity of the heart ROI at 15 min by that of
the heart ROI 5 min after the injection. Results: The receptor index
was less than 0.83 in all patients with FHF, but it was more than 0.83
in all patients with acute hepatitis. The index of blood clearance was
more than 0.72 in all patients with FHF but less than 0.72 in all
patients with acute hepatitis. All six survivors of FHF had receptor
indices of 0.58 or more, but in five of the six patients who later died,
the receptor index was 0.58 or less. The index of blood clearance
was 0.85 or less in all survivors but 0.85 or more in the same five
patients who later died. Conclusion: Hepatic receptor imaging with
99mTc-GSAfacilitated the evaluation of hepatic function reserve and

was useful in establishing the diagnosis and prognosis of FHF.
Key Words: technetium-99m-GSA; asialoglycoproteinreceptor;ful
minant hepatic failure
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.Fulminant hepatic failure (FHF) is a syndrome in which
jaundice and hepatic encephalopathy appear within 8 wk of the
onset of symptoms in a patient without a history of liver disease
(7). Survival rates in patients with FHF have improved in recent
years, probably because of improvements in intensive care, but
mortality remains high (2). Various blood biochemical tests
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have been used for evaluation of hepatic functional reserve
(3,4), but their results are not always meaningful because
patients with FHF may be treated by plasmapheresis and blood
product supplementation. Imaging methods such as liver scin-
tigraphy (5-7), abdominal CT scanning (8) and abdominal

ultrasonography (9) are useful in the diagnosis of diffuse
hepatic diseases such as FHF. Liver scintigraphy with a
radiocolloid is the most useful of the three in establishing the
diagnosis of FHF. Hepatic receptor imaging with 99mTc-dieth-

ylenetriaminepentaacetic acid galactosyl human serum albumin
(GSA) is a new method for the diagnosis of hepatic disease on
the basis of the specific binding of hepatocytes to asialoglyco
protein receptors (10,11). We evaluated the clinical usefulness
of 99mTc-GSA scintigraphy in the diagnosis of FHF and in

prediction of the outcome.

MATERIALS AND METHODS

Patients
We studied 12 patients with FHF, 8 with acute hepatitis (AH), 50

with chronic hepatitis and 120 with cirrhosis who were admitted to
our hospital between April 1993 and October 1995. Patients with
chronic hepatitis and cirrhosis were diagnosed by examination of
specimens obtained by laparoscopy or needle biopsy done under
ultrasonic guidance. The criteria for diagnosis of FHF was hepatic
encephalopathy of grade 2 or more within 2 mo of the onset of
signs and symptoms of hepatitis, with a plasma prothrombin level
of less than 40% or massive or submassive necrosis of the liver
found in biopsy or necropsy specimens (12). The clinical and
laboratory findings of FHF and AH are summarized in Table 1.

The diagnosis was type A FHF if antibodies of the immunoglob-
ulin M class to hepatitis A antigen were detected and type B FHF
if both hepatitis B surface antigens and antibodies of the immuno-
globulin M class to hepatitis B core antigen were detected. Type C
FHF was diagnosed if hepatitis C virus (HCV) RNA was detected.
The diagnosis was of FHF with non-A, non-B, non-C hepatitis if
none of the following was detected: antibodies of the immunoglob-
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TABLE 1
Clinical and Laboratory Findings of Patients with Fulminant Hepatic Failure or Acute Hepatitis

Patient
no.12345678g1011121314151617181920Age(yr)5179623967143043683347423153495544234558SexMMFMMFFFFMMFMMFFFFFFEtiologyHBVHBVnon-ABCDrugDrugDrugHAVHAVHBVnon-ABCnon-ABCDrugHAVHAVHAVHAVHBVHCVDrugDrugDiseaseFHFFHFFHFFHFFHFFHFFHFFHFFHFFHFFHFFHFAHAHAHAHAHAHAHAHDays

before
onset of

encephalopathy7252636241682021161538--------PT(%)12271636271935332338382110994113104559314883Bilirubin(mg/dl)17.328.834.711.428.13.18.217.912.521.415.28.59.7722.18.4528.65.58.6OutcomeDiedDiedDiedDiedDiedDiedAliveAliveAliveAliveAliveAliveAliveAliveAliveAliveAliveAliveAliveAliveReceptorindex0.400.450.310.490.580.660.820.770.600.800.730.580.900.940.930.880.910.870.940.84Index
of

blood clearance0.890.930.870.870.850.810.750.790.830.730.730.850.670.570.540.600.710.650.500.68

PT = prothrombin time; HBV = hepatitis B virus; FHF = fulminant hepatic failure; non-ABC = non-A, non-B, non-C hepatitis; HAV = hepatitis A virus; AH
= acute hepatitis; HCV = hepatitis C virus; - = encephalopathy did not appear.

ulin M class to hepatitis A, antibodies of the immunoglobulin M
class to hepatitis B core antigen, antibodies to HCV and HCV
RNA. Drug-induced hepatitis was diagnosed if the drug had been
taken and if there was an overdose or if results of a lymphocyte
stimulation test showed allergy to the drug.

Measurement of Receptor Index and Index
of Blood Clearance

Technetium-99m-GSA (185 MBq) was injected intravenously,
and dynamic images were recorded with the patient supine under a
large field of view gamma camera with a low-energy, all-purpose,
parallel-hole collimator. Computer acquisition of the gamma cam
era data was started just before injection of the WmTc-GSA and

stopped 20 min later. Digital images (128 X 128 pixels) were
acquired in byte mode at the rate of 60 sec per frame. Accumula
tion images in an anterior abdominal view were obtained for the
first 20 min after the injection. Time-activity curves for the heart
and liver were generated from regions of interest (ROIs) for the
whole liver and precordium. The receptor index was calculated by
division of the radioactivity of the liver ROI by the radioactivity of
the liver plus heart ROIs 15 min after the injection. The index of
blood clearance was calculated by division of the radioactivity of
the heart ROI at 15 min after the injection by the radioactivity of
the heart ROI at 5 min.

Statistical Analysis
Results are expressed as medians with 25th and 75th percentiles.

The significance of differences between medians was evaluated by
the Mann-Whitney U test. Differences with probability values of
less than 0.01 were considered to be significant.

RESULTS
The medians (25th and 75th percentiles) of the receptor index

were 0.59 (0.47, 0.75) in patients with FHF, 0.91 (0.88, 0.94) in
patients with AH, 0.94 (0.92, 0.96) in patients with chronic
hepatitis and 0.85 (0.79, 0.90) in patients with cirrhosis (Fig. 1).
The differences between the receptor index in patients with
FHF and AH, chronic hepatitis or cirrhosis were significant (all

p < 0.01). The receptor index was less than 0.83 in all patients
with FHF but more than 0.83 in all patients with AH.

The medians (25th and 75th percentiles) of the index of
blood clearance were 0.84 (0.77, 0.87) in patients with FHF,
0.63 (0.56, 0.68) in patients with AH, 0.52 (0.47, 0.60) in
patients with chronic hepatitis and 0.71 (0.63, 0.77) in
patients with cirrhosis (Fig. 2). The differences between the
index of blood clearance in patients with FHF or with AH,
chronic hepatitis or cirrhosis were significant (all p < 0.01).
The index of blood clearance was more than 0.72 in all
patients with FHF but less than 0.72 in all patients with AH.

Of the 12 patients with FHF, six died; the median (25th
and 75th percentiles) of the receptor index in this group was
0.47 (0.40, 0.58), but the median was 0.75 (0.60, 0.80) for
the survivors (p < 0.01). The medians (25th and 75th

AH

FHF

CH

Cirrhosis

0.2
Receptor index

0.4 0.6 0.8

FIGURE 1. Receptor indices of fulminant hepatic failure, acute hepatitis,
chronic hepatitis and cirrhosis of the liver. Vertical lines on the bars show the
25th percentile, median and 75th percentile, from left to right. Open circles,
patients who died; closed circles, patients who survived. For data denoted
by asterisk, see Results.
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FIGURE 2. Indices of blood clearance of fulminant hepatic failure, acute
hepatitis, chronic hepatitis and cirrhosis of the liver. Vertical lines on the bars
show the 25th percentile median and 75th percentile, from left to right. Open
circles, patients who died; closed circles, patients who survived. For data
denoted by asterisk, see Results.

percentiles) of the index of blood clearance were 0.87 (0.85,
0.89) for the patients with FHF who died and 0.77 (0.73,
0.83) for the survivors (p < 0.01). One patient with FHF who
died (marked with an asterisk in the figures) seemed to be
recovering but died because of infection by methicillin-
resistant Staphylococcus aureus complicated by dissemi
nated intravascular coagulation. When that patient was
excluded, the receptor index was 0.58 or more in all
survivors but 0.58 or less in all who later died. The index of
blood clearance was 0.85 or less in all survivors but 0.85 or
more in all who died.

Case Reports
Patient 1. A 51-yr-old man with FHF. Both lobes of the liver

were atrophie, and the heart was clearly delineated (Fig. 3). The
receptor index and index of blood clearance were 0.40 and 0.89,
respectively. The patient died 20 days after admission.

Patient 10. A 33-yr-old man with FHF. Both lobes of the
liver were atrophie, and the distribution of radioactivity was not
uniform, with the heart being clearly delineated (Fig. 4). The
receptor index and index of blood clearance were 0.80 and 0.73,
respectively. The patient underwent intensive therapy including
plasmapheresis and recovered. While the patient's condition

was improving, both lobes of the liver enlarged, and the
distribution of radioactivity became uniform at 2 mo. Delinea-

FIGURE 3. Patient 1. Image summed over 20 min and TACs for the liverand
heart after injection of 99rTTc-GSA. L = liver; H = heart.

FIGURE 4. Patient 10. Image summed over 20 min and TACs for the liverand
heart after injection of "Tc-GSA. L = liver; H = heart; A = on admission;
B = after 2 mo.

tion of the heart had gradually become less distinct. The
receptor index slowly rose to reach 0.86 at 2 mo, and the index
of blood clearance slowly declined, reaching 0.64.

DISCUSSION
Technetium-99m-phytate and sulfur colloid, both of which

have been used as liver imaging agents, are transported to the
liver when injected intravenously and taken up by Kupffer cells
(13). Waxman (5) found hepatomegaly in 6 (46%) of 13
survivors of FHF and no hepatomegaly among the nine patients
who died. Uptake was not seen in any of the survivors. On the
other hand, it was seen in three (33%) of the nine nonsurvivors.
When we performed liver scintigraphy with 99rnTc-phytatein 44

cases of AH and 12 cases of FHF (6), we found that evidence
of liver atrophy and delineation of bone marrow seen by
scintigraphy are useful in establishing the diagnosis of FHF. In
that study, the lungs were not delineated by scintigraphy in any
of the seven survivors among the 12 patients with FHF, but the
lungs were delineated in three of the five patients who later died.

Technetium-99m-GSA, which is used for the noninvasive
assessment of liver function, is a synthetic radioligand that
binds to the asialoglycoprotein receptor on the plasma mem
brane of liver cells. After binding, it is transferred to hepatic
lysosomes by receptor-mediated endocytosis (9,10). Results of
liver scintigraphy with a radiocolloid are affected by the
functioning of Kupffer cells. Therefore, hepatic reticuloendo-
thelial failure may be identified by poor uptake of the radiocol
loid into the liver among abusers of alcohol (14,15). However,
hepatic receptor imaging with 99mTc-GSAis affected by hepa-

tocyte function only, not by Kupffer cell function. Furthermore,
hepatic receptor imaging with 99mTc-GSApermits numerical

evaluation of the hepatic functional reserve by the receptor
index and index of blood clearance, providing a more objective
diagnosis than before.

In our 12 patients with FHF, the index of blood clearance was
significantly higher and the receptor index was significantly
lower than those indices in patients with AH. A receptor index
of 0.83 and an index of blood clearance of 0.72 were cutoff
points between FHF and AH. Patients with FHF could be
divided into survivors and nonsurvivors at the receptor index of
0.58 and the index of blood clearance of 0.85. These findings
suggest that hepatic functional reserve can no longer be restored
once it decreases past a certain point, even though the liver has
strong powers of regeneration. Liver scintigraphy with 99mTc-
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GSA may enable us to evaluate hepatic functional reserve
accurately and to predict whether liver function will improve or
not. That there is almost complete overlap between acute and
chronic hepatitis in the receptor index and index of blood
clearance shows that hepatic functional reserve is similar in the
two conditions. The smaller overlap between cirrhosis and FHF
shows that some patients with cirrhosis have the same hepatic
functional reserve as some patients with FHF.

In decision making about the indications for liver transplan
tation in FHF, early prediction of the outcome is important.
Bernuau et al. (16) found the patient's age, serum factor V

concentration and serum alpha-fetoprotein concentration to be
useful in the prediction of the outcome of FHF. O'Grady et al.

(17) found that the prognosis was poor when the etiology was
non-A, non-B hepatitis or a drug reaction, when the patient's

age was less than 11 yr or more than 40 yr, or when jaundice
had been present for more than seven days before the onset of
encephalopathy. These various factors are not direct indicators
of functional reserve. In a study by Donaldson et al. (18),
patients with FHF underwent transjugular liver biopsy. Necro
sis of 70% or more of the area of a section prepared from the
specimen was found in 2 of the 19 patients who survived but in
20 of the 35 patients who later died, so the results of histological
examination were useful in the prediction of survival. However,
this method is invasive and hemorrhage may result. Our method
is noninvasive.

CONCLUSION
Hepatic receptor imaging with 99mTc-GSA could be used to

evaluate the hepatic function reserve of various liver diseases
noninvasively. This method should be useful clinically in the
establishment of the diagnosis and prognosis for patients with
FHF.
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Children with acute lymphoblastic leukemia (ALL) have impairment
in their neuropsychological functioning and morphological changes
in their brain after cranial irradiation and chemotherapy. The aim of
this study was to identify possible brain perfusion defects caused by
different types of treatment and their association with abnormalities
in cerebral MRI and neuropsychological and clinical neurological
findings. Methods: Twenty-five consecutive children with ALL at the
cessation of chemotherapy or after 1 yr were included. All of the
children were given intravenous and intrathecal methotrexate for
central nervous system therapy, 13 of them received cranial radia
tion therapy. Brain SPECT, cerebral MRI, clinical neurological and
neuropsychological evaluations were performed. Results: Eleven of
the 25 patients (44%) had brain perfusion defects in SPECT, eight of
whom were treated with chemotherapy alone, and three received
cranial irradiation. Two patients had small bilateral white matter
changes on MRI; their brain SPECT scans were abnormal, although
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the findings were not related. Impairment of neuropsychological
functioning was found in 86% of the patients tested. No significant
difference between the patients with abnormal and normal SPECT
were found. Those patients with abnormal SPECT were younger
than those with normal SPECT and had received more frequent
intravenous methotrexate infusions. Conclusion: Brain SPECT de
tected perfusion defects that had occurred after treatment for
childhood ALL. These defects may be related to frequent adminis
tration of a combination of intravenous and intrathecal methotrexate
and/or young age.

Keywords: SPECT; brainperfusion;acute lymphoblasticleukemia;
methotrexate neurotoxicity
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rVlong with the improved prognosis for childhood acute
lymphoblastic leukemia (ALL), the importance of the late
treatment-related sequelae has increased. Central nervous sys
tem treatment, typically consisting of intrathecal and intrave
nous methotrexate with or without cranial irradiation, is an
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