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INTRODUCTION

METAIODOBENZYLGUANIDINE (MIBG) imaging is often used
in the diagnosis, staging, and follow-up of neuroblastoma
(NB).1–4 However, the liver shows MIBG uptake under
normal physiological conditions. Therefore, the diagno-
sis of hepatic neuroblastoma is difficult due to the inability
to differentiate between abnormally increased tracer depo-
sition and normal hepatic activity. The asialoglycoprotein
receptor is a hepatic cell-surface receptor specific for
galactose-terminated glycoprotein.5,6 We performed he-
patic receptor imaging using 99mTc-DTPA-galactosyl
human serum albumin (99mTc-GSA) to facilitate differen-
tiation between normal and metastatic sites in the liver.

CASE REPORT

A boy, born after a 38-week gestation and weighing 3.4 kg
at birth, showed marked hepatomegaly, and a chest roent-
genogram revealed a right upper mediastinal mass. Levels

of urinary vanillylmandelic acid and homovanillic acid
excretion were elevated, supporting a diagnosis of neuro-
blastoma. The baby’s respiratory condition deteriorated,
requiring tracheal intubation and ventilatory support at
age 14 days. Therefore, radiotherapy was planned, with 8
Gy for the mediastinal tumor and 10 Gy for whole liver
(1 Gy per fraction, 1 fraction per day).  However, at the
point of 2 Gy for the mediastinal tumor and 3 Gy for the
liver, the baby’s general condition recovered, and the
radiotherapy was concluded. CT scan one week after the
radiotherapy showed mild regression of hepatomegaly,
but the size of the right upper mediastinal mass did not
show any definite change.

About one month after the radiotherapy, MIBG and
GSA scans were performed with a double-head gamma
camera (E-cam, Siemens, Erlangen, Germany). MIBG
planar images were obtained 6 and 24 h after intravenous
(i.v.) injection of 123I-MIBG (3.7 MBq/kg of body weight).
In addition, single-photon emission computed tomogra-
phy (SPECT) images were acquired 6 h after injection.
After an interval of two days, GSA scans were performed.
The patient was injected i.v. with 99mTc-GSA (3.7 MBq/
kg of body weight). The dynamic data were acquired for
15 minutes after injection, and planar and SPECT images
were obtained 15 minutes after injection.

MIBG planar images demonstrated hepatomegaly and
diffuse liver uptake (Fig. 1-A, B). MIBG SPECT showed
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decreased uptake in the center of the liver (Fig. 1-C). GSA
planar images demonstrated apparently inhomogeneous
uptake in the liver (Fig. 2-A, B). GSA SPECT also showed
inhomogeneous uptake, and the liver uptake determined
by MIBG and GSA SPECT seemed complementary (Fig.
2-C).

The indices for blood clearance and liver accumulation
were evaluated periodically based on the dynamic data for
15 minutes after 99mTc-GSA injection. HH15, the ratio of
the heart count at 15 minutes to that at 3 minutes after
injection, was obtained as an index of blood clearance,
and LHL15, the ratio of liver count to the liver plus heart

count at 15 minutes after injection, were obtained as
indices of accumulation in the liver. In this patient, HH15
and LHL15 were 0.637 and 0.901, respectively, indicat-
ing mild hepatic reserve failure.

DISCUSSION

Most congenital NBs are characterized by favorable clini-
cal and biological characteristics.5–13 As reported previ-
ously, congenital NBs generally show frequent metastasis
to the liver,12 and many cases of congenital NBs with liver
metastases are associated with stage IVs disease.5–7,9–13 In

Fig. 1    MIBG images. A: Anterior planar image 6 h after injection. B: Anterior planar image 24 h after
injection. Increased uptake was seen in the posterior right mediastinum and the liver. C: SPECT 6 h after
injection. SPECT showed relatively increased liver uptake peripherally. However, this pattern is often
seen in non-attenuation corrected SPECT images, and it is hard to detect the border between normal liver
and metastases.
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contrast, some patients with congenital NB have stage III
or IV disease and show rapid progression with poor
outcome.5–7,10,14 Metaiodobenzylguanidine (MIBG) im-
aging is often used in the diagnosis, staging, and follow-
up of neuroblastoma. However, some previous studies
demonstrated difficulties in differentiating between liver
metastases and physiological uptake in the liver15,16 with
a general false-negative rate of 8–10% on MIBG scintig-
raphy.3,15

In the case described here, MIBG planar images showed
diffuse liver uptake indicating hepatomegaly. MIBG
SPECT showed marked increases in peripheral uptake

and a slight increase in central uptake in the liver. How-
ever, the border was unclear. Moreover, this relatively
decreased MIBG uptake in the inner part might be influ-
enced by attenuation.

Liver scans using GSA can be used to measure the
hepatic function, called functional hepatic reserve, both
directly and quantitatively. A number of reports have
described the usefulness of assessment of functional he-
patic reserve by GSA scans in various physiological and
pathological hepatic conditions.17–19 In the present case,
the GSA planar and SPECT images clearly showed
inhomogeneous uptake in the liver with an increasing

Fig. 2    GSA images. A: Anterior planar image. B: Posterior planar image. C: SPECT. GSA planar and
SPECT images showed a marked inhomogeneous liver uptake, which has an increasing tendency at the
upper inner part. The peripheral sites of decreased GSA uptake in the liver indicate lack of hepatic cells,
representing liver metastases.
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tendency at the upper inner part. The decreased sites of
uptake in the liver represent the absence of hepatic cells,
because of the presence of metastatic lesions derived from
the neuroblastoma. These sites corresponded to the re-
gions showing markedly increased uptake on MIBG
SPECT. Therefore, the peripheral regions with increased
MIBG uptakes and decreased GSA uptakes in liver indi-
cate liver metastases of neuroblastoma. The indices for
blood clearance and liver accumulation, such as HH15
and LHL15, may reflect not only functional hepatic re-
serve, but also the status of liver metastasis or efficacy of
therapy. However, further studies to clarify these points
are required.

Liver CT scans with or without contrast enhancement
were performed in this case. However, CT images showed
almost homogeneous density in liver, and provided no
additional information except for hepatomegaly. For-
evaluating the distribution of liver metastases, additional
functional images using GSA or MIBG are thought to be
useful.

This study had the limitation that both MIBG and GSA
scans were performed after radiation therapy. However,
we do not think that the decreased MIBG or GSA uptakes
are caused by radiation necrosis, which might be seen as
matched decreasing of both MIBG and GSA uptakes.

In conclusion, MIBG scans are very useful for evaluat-
ing sites of both primary and metastatic neuroblastoma
lesions. However, for the evaluation of liver metastasis,
additional GSA scans provide clearer and more easily
distinguishable images as compared to MIBG.

REFERENCES

1. Parisi MT, Greene MK, Dykes TM, Moraldo TV, Sandler
ED, Hattner RS. Efficacy of metaiodobenzylguanidine as a
scintigraphic agent for the detection of neuroblastoma.
Invest Radiol 1992; 27: 768–773.

2. Gelfand MJ. Meta-iodobenzylguanidine in children. Semin
Nucl Med 1993; 23: 231–241.

3. Biasotti S, Garaventa A, Villavecchia GP, Cabria M, Nantron
M, De Bernardi B. False-negative metaiodobenzylguanidine
scintigraphy at diagnosis of neuroblastoma. Med Pediatr
Oncol 2000; 35: 153–155.

4. Troncone L, Rufini V, Montemaggi P, Danza FM, Larorella
A, Mastrangelo R. The diagnostic and therapeutic utility of
radioiodinated metaiodobenzylguanidine (MIBG): 5 years
of experience. Eur J Nucl Med 1990; 16: 325–335.

5. Campbell AN, Chan HSL, O’Brien A, Smith CR, Becker
LE. Malignant tumors in the neonate. Arch Dis Child 1987;

62: 19–23.
6. Gale GB, D’Angio GJ, Uri A, Chatten J, Koop E. Cancer in

neonates: the experience at the Children’s Hospital of
Philadelphia. Pediatrics 1982; 70: 409–413.

7. Ho PTC, Estroff JA, Kozakewich H, Shamberger RC,
Lillehei CW, Grier HE, et al. Prenatal detection of neuro-
blastoma: a ten-year experience from the Dana-Farber
Cancer Institute and Children’s Hospital. Pediatrics 1993;
92: 358–364.

8. Hosoda Y, Miyano T, Kimura K, Oya T, Ishimoto K, Tanno
M, et al. Characteristics and management of patients with
fetal neuroblastoma. J Pediatr Surg 1993; 27: 623–625.

9. Isaacs H Jr. Congenital and neonatal malignant tumors. A
28-year experience at Children’s Hospital of Los Angeles.
Am J Pediatr Hematol Oncol 1987; 9: 121–129.

10. Moore SW, Kaschula ROC, Albertyn R, Rode H, Millar
AJW, Karabus C. The outcome of solid tumors occurring in
the neonatal period. Pediatr Surg Int 1995; 10: 366–370.

11. Saylors RL, Cohn SL, Morgan ER, Brodeur GM. Prenatal
detection of neuroblastoma by fetal ultrasonography. Am J
Pediatr Hematol Oncol 1994; 16: 356–360.

12. Schneider KM, Becker JM, Krasna IH. Neonatal neuroblas-
toma. Pedriatrics 1965; 36: 359–366.

13. Xue H, Horwitz Jr, Smith MB, Lally KP, Black CT, Cangir
A, et al. Malignant solid tumors in neonates: a 40-year
review. J Pediatr Surg 1995; 30: 543–545.

14. Shimada H, Chatten J, Newton WA Jr, Sachs N, Hamoudi
AB, Chiba T, et al. Histopathologic prognosis factors in
neuroblastic tumors: definition of subtypes of ganglio-
neuroblastoma and age-linked classification of neuroblas-
tomas. J Natl Cancer Inst 1984; 73: 405–416.

15. Bonnin F, Lumbroso J, Tenenbaum F, Hartmann O,
Parmentier C. Refining interpretation of MIBG scans in
children. J Nucl Med 1994; 35: 803–810.

16. Dessner DA, DiPietro MA, Shulkin BL. MIBG detection of
hepatic neuroblastoma: correlation with CT, US and surgi-
cal findings. Pediatr Radiol 1993; 23: 276–280.

17. Kwon AH, Ha-Kawa SK, Uetsuji S, Inoue T, Matsui Y,
Kamiyama Y. Preoperative determination of the surgical
procedure for hepatectomy using technetium-99m-galacto-
syl human serum albumin (99mTc-GSA) liver scintigraphy.
Hepatology 1997; 25: 426–429.

18. Fujioka H, Kawashita Y, Kamohara Y, Yamashita A, Mizoe
A, Yamaguchi J, et al. Utility of technetium-99m-labeled-
galactosyl human serum albumin scintigraphy for estimat-
ing the hepatic functional reserve. J Clin Gastroenterol
1999; 28: 329–333.

19. Sasaki N, Shiomi S, Iwata Y, Nishiguchi S, Kuroki T,
Kawabe J, et al. Clinical usefulness of scintigraphy with
99mTc-galactosyl-human serum albumin for prognosis of
cirrhosis of the liver. J Nucl Med 1999; 40: 1652–1656.


