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Abstract
Glycogen storage disease type Ia (GSD-Ia; also called 
von Gierke disease) is an autosomal recessive disorder 
of carbohydrate metabolism caused by glucose-6-phos-
phatase deficiency. There have been many reports de-
scribing hepatic tumors in GSD patients; however, most 
of these reports were of hepatocellular adenomas, 
whereas there are only few reports describing focal 
nodular hyperplasia (FNH) or hepatocellular carcinoma 
(HCC). We report a case with GSD-Ia who had under-
gone a partial resection of the liver for FNH at 18 years 
of age and in whom moderately differentiated HCC 
had developed. Preoperative imaging studies, including 
ultrasonography, dynamic computer tomography �����(����CT��)� 
and magnetic resonance imaging, revealed benign and 
malignant features. In particular, fluorodeoxyglucose-
positron emission tomography (FDG-PET)/CT revealed 

the atypical findings that FDG accumulated at high 
levels in the non-tumorous hepatic parenchyma and 
low levels in the tumor. Right hemihepatectomy was 
performed. During the perioperative period, high-dose 
glucose and sodium bicarbonate were administered to 
control metabolic acidosis. He had multiple recurrences 
of HCC at 10 mo after surgery and was followed-up 
with transcatheter arterial chemoembolization. The tu-
mor was already highly advanced when it was found by 
chance; therefore, a careful follow-up should be man-
datory for GSD-I patients as they are at a high risk for 
HCC, similar to hepatitis patients.
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INTRODUCTION
Glycogen storage disease type Ia (GSD-Ia; also called 
von Gierke disease) is an autosomal recessive disorder 
of  carbohydrate metabolism caused by glucose-6-
phosphatase deficiency[1]. The incidence of  GSD-I is 1 in 
100 000 to 1 in 300 000 live births[2]. Clinical manifesta-
tions of  this disease include abdominal distension due to 
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hepatomegaly, rounded doll-like face, growth retardation, 
hypoglycemia during fasting leading to lactic acidosis, and 
a bleeding tendency due to impaired platelet agglutina-
bility[2]. While it has been reported that hepatic tumors 
develop in GSD-Ia patients, the majority of  these tumors 
are not malignant but are usually benign, e.g., hepatocellu-
lar adenoma (HCA)[3]. Although focal nodular hyperplasia 
(FNH) or hepatocellular carcinoma (HCC) can develop in 
GSD patients, it is a rare event, occurring at a much lower 
rate than HCA[4]. We report herein a case with GSD-Ia in 
whom FNH and HCC developed metachronously.

CASE REPORT
A 39 year old man with GSD-Ia, diagnosed with a liver 
biopsy by laparotomy at 1 year of  age, was referred to 
our institute. He had developed metabolic acidosis after 
he had caught a cold and was transferred to hospital by 
ambulance, where a hepatic tumor was found on com-
puter tomography ������������������������������������     (�����������������������������������     CT���������������������������������     )��������������������������������     . He previously underwent a par-
tial resection of  the liver for a tumor in segment 4, result-
ing in FNH at 18 years of  age (Figure���������������������     ��������������������   1). The patient had 
never smoked and seldom drank. His height was 153 cm 
and his weight was 36.6 kg due to the growth retardation 
of  GSD-Ia. He had a typical doll-like face.

On physical examination, the bulbar conjunctiva 
showed no icterus. The liver was palpable 8 cm below the 
costal arch, while the spleen was not palpable. Labora-
tory workup revealed elevated levels of  serum aspartate 
aminotransferase (65 IU/L; normal, 13�������������������  -������������������  33 IU/L), alanine 
aminotransferase (88 IU/L; normal, 8��������������  -�������������  42 IU/L) and 
gamma-glutamyl transferase (127 IU/L; normal, 0����-���75 
IU/L). Serum total bilirubin, total protein, albumin and 
prothrombin time were within normal limits. The levels 
of  total cholesterol (279 mg/dL; normal, 128�������� -������� 219 mg/
dL), triglyceride (830 mg/dL; normal, 30������������ -����������� 149 mg/dL) 
and uric acid (8.1 mg/dL; normal, 3.6�����������������  -����������������  7.0 mg/dL) were 
elevated. Blood urea nitrogen (28.8 mg/dL; normal, 
8.0�������������������������������������������������      -������������������������������������������������      22.0 mg/dL) and creatinine (1.83 mg/dL; normal, 
0.6�����������������������������������������������������       -����������������������������������������������������       1.1 mg/dL) levels were also elevated. Fasting blood 
glucose was 64 mg/dL (normal, 70�������������������  -������������������  109 mg/dL). Serum 
alpha-fetoprotein was undetectable but protein induced 
by vitamin K absence or antagonist-Ⅱ was elevated at 
139 mAU/mL (normal, 0�����������������������������    -����������������������������    30 mAU/mL). The patient had 
lactic acidosis on blood gas analysis (pH: 7.229; PaCO2: 
25.2 mmHg; HCO3

-: 10.2 mmol/L; Base excess: -15.9 
mmol/L; Lactate: 7.3 mmol/L).

Ultrasonography (US) showed a heterogeneous echo-
ic mass with a capsule of  10 cm in diameter in the right 
lobe. The tumor was accompanied with many daughter 
nodules around the capsule. Contrast-enhanced US with 
perfluorobutane microbubbles showed a highly enhanced 
mass in the early phase, whereas a washout effect was not 
obvious in the Kupffer phase (Figure 2). A dynamic CT 
scan showed a high-density tumor measuring 10 cm in 
diameter in the early phase and an iso-low-density tumor 
in the late phase. It had a capsule and septums, leading 
to the preoperative diagnosis of  HCA. On the other 
hand, it had daughter nodules and the capsule was par-
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tially torn, suggestive of  malignancy (Figure 3). Magnetic 
resonance imaging (MRI) showed a low-intensity tumor 
in T1-weighted images (WI) and a slightly high-intensity 
tumor in T2WI. Superparamagnetic iron oxide-enhanced 
MRI revealed the low uptake of  Resovist, which was sug-
gestive of  HCC (Fig������������������������������������  ure���������������������������������   4). Fluorodeoxyglucose-positron 
emission tomography (FDG-PET)/CT showed a high 
accumulation of  FDG with a maximum standardized up-
take value (SUVmax) of  4.2 in the non-tumorous hepatic 
parenchyma and a relatively low uptake of  FDG with a 
SUVmax of  2.7 in the tumor (Fig�������� ure�����  5). 

The patient underwent a right hemihepatectomy with-
out diagnostic confirmation of  the giant hepatic tumor. 
During the perioperative period, high-dose glucose and 
sodium bicarbonate were administered to control the 
metabolic acidosis, as described previously[5]. The postop-
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Figure 1 � �������� �������� ���� ������ �������� ������������ ��� ���� ���� ���� �� ������� �������� �������� ���� ������ �������� ������������ ��� ���� ���� ���� �� �������Initial surgery for focal nodular hyperplasia at the age of 18 years. 
A: Resected specimen; B: A central scar and fibrous partition in the nodule [he-
matoxylin and eosin stain (HE × 4)]; C: Markedly vacuolated cells, without atypi-
cal cells, in the nodule and central vein in the central scar (HE × 400).
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erative course was uneventful and he left the hospital on 
postoperative day 14. 

The weight of  the resected specimen was 1914 g. 
The tumor was 100 mm in diameter with multiple satel-
lite nodules. The main tumor contained septums and 
hemorrhagic regions. It also contained a capsule with 
some extracapsular invasion. Microscopic examination 
revealed that the tumor cells were swollen and polygonal 
with large round or irregular nuclei with rough chromatin 
aggregations, obvious nucleoli and mitoses. Multinucle-
ated tumor cells were also found and many blood lakes 
had formed in the tumor. These findings resulted in the 
diagnosis of  moderately differentiated HCC with intrahe-
patic metastases, whereas no adenomatous components 
were observed in the tumor. In the non-tumorous liver 

Figure 2 � ��������������� ���������������Ultrasonography. A: A heterogeneous echoic mass with a capsule 
of 10 cm in diameter; B: The tumor with many satellite nodules (arrow, star) 
around the capsule (arrow, double star) was highly enhanced in the early phase 
with the perflubutane microbubble contrast agent; C: The wash-out effect was 
not obvious in the Kupffer phase, which was an atypical finding inconsistent 
with hepatocellular carcinoma.
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Figure 3 � �������� ��������� ������������ �������� ��������� ������������Dynamic computer tomography. A: A highly-enhanced tumor 
measuring 10 cm in the early phase; B: An iso- to low-density tumor in the late 
phase. It had satellite nodules (arrow, star) and a partially torn capsule (arrow, 
double star).
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Figure 4 � ����������� ��������� ������ ����������� ��������� ������Magnetic resonance imaging. A: A low-intensity tumor in a T1WI; B: 
A high-intensity tumor in a T2WI; C: A tumor with low enhancement after reso-
vist administration.

Mikuriya Y et al . HCC and FNH in a GSD patient



June 27, 2012|Volume 4|Issue 6|WJH|www.wjgnet.com 194

parenchyma, cells with a clear cytoplasm were positive 
for periodic acid-Schiff  (PAS) staining; this finding was 
consistent with that of  GSD (Fig������� ure����  6).

The present case had multiple recurrences of  HCC 
that were beyond the Milan criteria at approximately 10 
mo after surgery. He was followed-up with transcatheter 
arterial chemoembolization.

DISCUSSION
GSD-Ia is an autosomal recessive disorder caused by 
glucose-6-phosphatase deficiency in the liver, kidneys and 
intestinal mucosa. The disease is characterized by the im-
paired conversion of  glucose from glucose-6-phosphate 
in the liver, resulting in fasting hypoglycemia and lactic 
acidosis[1,2]. In the present case, the development of  hy-
poglycemia and lactic acidosis led to the opportunity to 
use imaging studies for the diagnosis of  a hepatic tumor.

Although US, CT, MRI and CT combined with arte-
rial portography and hepatic arteriography are generally 
considered to be effective for the diagnosis of  HCC, 
preoperative diagnosis was difficult in this case. Each 
imaging study revealed benign and malignant features. 
Moreover, FDG-PET/CT revealed the very interesting 
findings that FDG accumulated at high levels in the non-
tumorous hepatic parenchyma and at low levels in the tu-
mor. As GSD-I is characterized by glucose-6-phosphatase 
deficiency, it was hypothesized that the FDG ingested by 
hepatic cells was phosphorylated by hexokinase to FDG-
6-phosphate, which accumulated in non-tumorous cells 
without dephosphorylation by glucose-6-phosphatase.

Liver tumors are common in GSD-I, the majority of  
which are HCAs[3]. Talente et al[3] described that 27 of  37 
(73%) GSD-Ia patients had HCAs detected by US. Mean-
while, the concomitant occurrence of  other tumor types 
is rare. Sumimoto et al[4] described 22 GSD-I cases with 
liver tumors and reported HCA, HCC, FNH and hepa-
toblastoma in 16, 3, 2 and 1 patients, respectively. To the 
best of  our knowledge, there are no reports describing a 

case of  GSD-I with FNH and HCC.
Some authors have reported malignant formations 

from adenomas in GSD-I patients[6,7]. Bianchi summa-
rized 10 cases of  HCC in GSD-I patients reported in 
the literature and observed that the transition from HCA 
into HCC occurred in 50% of  these cases[6]. The patho-
genesis of  HCC formation in GSD-I is not well under-
stood. Some authors have described hypothetical causes, 
including the accumulation of  abnormal metabolites in 
hepatic cells acting as carcinogens[8] and proliferative or 
neoplastic changes in hepatic cells caused by long-term 
hypoglycemia-induced chronic hormonal stimulation 
(e.g., low insulin and high glucagon levels)[7]. For these 
reasons, once GSD-I is diagnosed, it is necessary to 
maintain normal blood glucose levels to prevent HCC. In 
fact, in some cases of  GSD-I with adenoma, regression 
of  adenoma after nutrition therapy has been reported[6,9]. 
In our case, it was not obvious whether HCC developed 
from an adenoma since the patient was not followed-up 
after his initial surgery for FNH and there were no com-
ponents of  HCA in the resected specimen upon micro-
scopic evaluation.

Figure 5�� ����������������������������� �������� �������������������� ���� �������������������������� �������� �������������������� Fluorodeoxyglucose-positron emission tomography/computer 
tomography. High levels of FDG accumulation with a SUVmax of 4.2 in the 
non-tumorous liver (arrow, star) and relatively low uptake of FDG with a SUV-
max of 2.7 in the tumor (arrow, double star).����������������������������������   FDG: Fluorodeoxyglucose-positron 
emission tomography.
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Figure 6  Giant tumor in the right lobe. A: Resected specimen showed a 
giant tumor of 10 cm in diameter on the cut surface. The tumor contained sep-
tums and hemorrhagic regions; B: hematoxylin and eosin stain �������������� (������������� HE����������� )����������  staining 
revealed the capsule with some extracapsular invasions �����������������������    (����������������������    HE × 4����������������  )���������������  ; C: Histology 
of the tumor revealed moderately differentiated hepatocellular carcinoma with 
intrahepatic metastases, whereas no adenomatous components were observed 
(HE × 400); D: Cells with enlarged clear endoplasmic reticula were observed in 
the non-tumorous region������������������������   ��������������������     �������������  [����������������������  ��������������������     ������������� periodic acid-Schiff ���������������������     ������������� (��������������������     ������������� PAS�����������������     ������������� )����������������     �������������  stain × 4������  ������������� ]�����  ������������� . E: PAS staining 
revealed a PAS-positive area in accordance with a clear area (PAS × 400).
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With regard to liver tumors in GSD-I patients, sur-
gery might be indicated for HCC or even adenoma if  
it is likely to cause bleeding or complaints of  compres-
sion[10]. When it is difficult to control metabolic acidosis 
in GSD-I patients, a liver transplantation could be per-
formed[11,12]. As the present case had only 1 episode of  
acidosis and the tumor was so large that it did not meet 
the Milan criteria, hepatectomy and not liver transplanta-
tion was indicated.

Concerning perioperative management, hypoglycemia 
and lactic acidosis are common problems for GSD pa-
tients. Although glycogenolysis and glycogenesis are nor-
mal in these patients, the release of  free glucose from the 
liver into the blood is greatly impaired. Since glycolysis 
of  glucose 6-phosphate is intact or even intensified under 
hormonal counter regulation, similar to a fasting state, 
the production of  pyruvate and lactate is increased[13]. 
Therefore, high-dose glucose and sodium bicarbonate 
were administered, as reported previously[5], resulting in 
the prevention of  severe perioperative hypoglycemia and 
acidosis (data not shown).

Unfortunately, this patient was not followed-up well 
and over 20 years had passed since his initial operation 
for FNH. The tumor was already highly advanced when it 
was found by chance; therefore, careful follow-up should 
be mandatory for GSD patients as they are at a high risk 
of  developing HCC, similar to hepatitis patients[14].

In conclusion, we report a very rare case of  FNH and 
HCC that developed metachronously in a patient with 
GSD-Ia.
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