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	 Summary
	 Background:	 Glycogenosis type I (von Gierke’s disease) is an inherited hepatic glycogen storage disease. The main 

diagnostic criteria are: hepatomegaly, hypoglycemia and hyperlacticacidemia. Its transmission is 
autosomal recessive. Depending on the intensity of fatty degeneration and amount of glycogen, 
the liver density may be decreased, normal or increased. Hepatocellular adenomas develop in most 
patients and malignant degeneration of adenomas into hepatocellular carcinomas has been reported 
in some cases.

	 Case Report:	 Two siblings with glycogenosis type I were initially followed up using US. Focal liver lesions 
detected in US were then followed up in CT and MR and reported as adenomas. However, some 
lesions enlarged considerably in the course of observation and developed foci of degeneration 
suspicious for malignant transformation, so were referred for biopsy. FNB repeated several times 
revealed no malignant transformation.

	 Conclusions:	 Patients with glycogenosis type I must be periodically screened for malignant transformation of 
adenoma into hepatocellular carcinoma using biochemical markers and imaging.

	 	 Suspicion of malignant transformation in imaging may be difficult to verify in cytology/pathology.

	 	 Surgery/interventional radiology is suggested in every case of a lesion suspicious in imaging.

	 	 Liver transplantation is recommended as a definite treatment.
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Background

Glycogenosis type I is an inherited hepatic glycogen storage 
disease. Its subtype Ia (von Gierke’s disease) is caused by 
insufficiency of glucose-6-phosphatase taking part in the 
synthesis of glucose from glucose-6-phosphate, produced in 
the process of gluconeogenesis and glicogenolysis. Subtype 
Ib involves glucose-6-phosphate translocase deficiency, 
which inhibits the glucose-6-phosphate transport to the 
endoplasmic reticulum.

The disease was first described in 1929, by a German 
physician, Edgar Otto Conrad von Gierke. Its prevalence 
amounts to approx. 1/100 000 and its transmission is auto-
somal recessive.

The first symptom of the disease is usually a major hepato-
megaly in the very first weeks of life, which may be accom-
panied by hypoglycaemia – the cause of convulsions - and 
an increased concentration of lactates, leading to acidosis. 
Subsequent symptoms include kidney enlargement, growth 
inhibition in infants, obesity, hyperlipoproteinemia, muscle 
weakness, osteopenia, and platelet dysfunction. Renal com-
plications may involve glomerular hyperfiltration, albu-
minuria, hyperuricaemia, hypercalciuria, nephrocalcinosis, 
lithiasis and end-stage renal disease [1,2]. Osteopenia may 
be the cause of fractures [3], hyperlipoproteinemia raises 
the risk of acute pancreatitis [4], and platelet dysfunction 
is responsible for predisposition to ecchymoses. Subtype 
Ib may be also connected with temporary neutropenia, 
increased susceptibility to infections [5], inflammations 
with ulceration of the oral and intestinal mucous membrane 
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[6–8], and arthritis [9]. An important late complication, 
observed at the age of 20–30, is the formation of hepatic 
adenomas; in some cases, such lesions undergo malignant 
transformations to hepatocellular carcinomas [10].

A definite verification of glycogenosis type I bases on bio-
chemical studies of glucose-6-phosphatase activity in the 
tissue sample collected during liver biopsy.

Treatment of glycogenosis type I bases first of all on pre-
vention of the episodes of hypoglycemia by the introduc-
tion of a special diet, including cornmeal (which is slow-
ly digested and absorbed in the GI track), night feeding 
through a NG tube or complete parenteral feeding [11]. 
Liver transplantation is recommended as a definite treat-
ment [12–14].

Case Study

Patient E-J with a diagnosed and verified glycogenosis 
type I and a slowly enlarging (for the last 10 years) liver 
tumour, was subjected (in August 2000, at the age of 19) 
to a multiphase CT of the abdominal cavity with a sin-
gle-row-detector spiral CT scanner (Figure 1), before and 
after i.v. non-ionic contrast administration, in the dose 
of 1 ml/kg. The examination revealed a significant liver 
enlargement and the presence of an extensive oval struc-
ture, 100×95×80 mm in size, within segment 6 and 7. The 
structure was quite sharply delineated and irregularly 
hypodense after intravenous contrast enhancement in the 
arterial and venous phase, with a hypodense central part 
and an isodense superficial part. In the late phase, nearly 
the whole structure was isodense, apart from minor fluid 
collections and scarce calcifications. Moreover, in the 
remaining liver parenchyma, there were a few roundish 
foci, 6–20 mm in diameter, quite sharply delineated, reveal-
ing contrast enhancement, but hypodense (in all phases), 
as opposed to the adjacent parenchymal structures of the 
liver. Afterwards, the patient was systematically followed 
up with USG.

In February 2006, due to the diagnosed significant pro-
gression of the lesions found on USG, the patient was sub-
jected to a follow-up multiphase CT of the abdomen with a 
10-detector row CT scanner (Figures 2, 3) – before and after 
intravenous non-ionic contrast administration, in the dose 
of 1 ml/kg.

The examination revealed enlargement of the tumour (to 
the size of 126×102×101 mm) within the right lobe, with 
a very non-homogeneous structure of the lesion, regions 
of degeneration, calcifications and minor changes with-
in the fat tissue structure, in the arterial phase with a 
strong peripheral and central band-like contrast enhance-
ment. Moreover, liver parenchyma, especially in the right 
hepatic lobe, revealed multiple roundish and oval lesions, 
isodense or moderately hypodense, after intravenous con-
trast enhancement in the arterial phase hyperdense, in the 
venous and late phase hypodense or isodense. These includ-
ed minor lesions of homogeneous attenuation and contrast 
enhancement, as well as larger lesions, of non-homoge-
neous structure, with hypodense unenhanced regions, as 
in the foci of degeneration. Due to CT image suggestive 
of malignant transformation of the hepatocellular adeno-
mas into hepatocellular carcinomas, especially in case of 
the largest lesion, the MRI examinations (Figures 4, 5) of 
the abdominal cavity were performed with the use of a 
1.5T MRI scanner, in the following sequences: SSFSE T2, 
FSPGRE T1, FSPGRE T1+FatSAT and MRCP, unenhanced 
with breath-hold acquisition and dynamic FSPGRE T1 after 
i.v. administration of the contrast medium in the dose of 
0.2 ml/kg. The examination revealed multiple (especially 
within the right lobe) solid, homogeneous, hypervascular-
ised nodules with a rapid wash-out of the contrast medi-
um in the dynamic CT. Furthermore, the image of the right 
lobe showed nodular lesions of an altered signal mor-
phology – non-homogeneous, with irregular hypointense 
regions in T1-weighted sequences and slightly hypoin-
tense in T2-weighted sequences, which may be sugges-
tive of degenerative lesions. The examination revealed a 
hypointense ‘pseudocapsule’ and an abnormal pattern of 

Figure 1. �Patient E-J, CT performed in August 2000, 
axial slices before and after contrast 
media administration: in arterial, venous 
and late phases – tumor in the right liver 
lobe.
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contrast enhancement (the solid part of the lesion retained 
the contrast in the late phase) within the largest lesions 
(110×120×90 mm and 70×40 mm). In order to exclude 
hepatocellular carcinomas, the patient was referred for 
biopsy of the above mentioned suspicious nodular lesions. 
FNB repeated several times revealed no malignant trans-
formation. In the follow-up CT (of July 2006), there were 
no significant changes in the image of the liver, as com-
pared to the previous examination results. The patient 
remains under a regular clinical follow-up/USG.

Patient T-J – brother of the above presented patient – 
with glycogenosis type I diagnosed in April 2006, at the 
age of 21, underwent a multiphase CT examination of the 
abdominal cavity with a 10-detector row spiral CT scan-
ner (Figures 6, 7) – before and after the administration 
of the non-ionic contrast medium, in the dose of 1 ml/kg. 

The examination revealed liver enlargement, with paren-
chyma of non-homogeneously decreased attenuation, and 
with two quite well delineated nodules in segment 4 and 
7 (19×17 mm and 22×23 mm, respectively), hypodense, 
after i.v. contrast enhancement in the arterial phase with 
a strong central enhancement, in the venous and in the late 
phase hypodense. After history taking, the lesions were 
classified as adenomas. Further follow-up was indicated. 
The patient remains under a regular clinical follow-up/USG

Discussion

The presented in this article focal lesions of the liver with 
features of adenoma in patients with glycogenosis type I 
are found (according to the literature) in 22–75% of adoles-
cent and mature patients [13,15].

In CT examinations [16,17], adenomas are generally well-
delineated, and slightly hypodense, due to the presence of 
intracellular lipids and the products of lesion of blood cells 
and necrotic foci. However, sometimes adenomas include 
hyperdense regions corresponding to a recent haemorrhage 
and glycogen accumulation. Larger lesions reveal non-
homogeneous structure, due to haemorrhages and necrot-
ic foci. Calcifications within lesions are rare. Most of the 
time, after intravenous contrast administration in the arte-
rial phase, there is visible moderate enhancement of the 
tumour tissue, which is however less intense than the focal 
nodular hypertrophy and does not include a central scar. In 
the venous phase, adenomas may be hypo-, iso-, and hyper-
dense in comparison to the surrounding parenchyma. In 
approx. 25% cases, there are present thin capsules of the 
tumour, mostly hypodense in the arterial phase, in com-
parison to the surrounding parenchyma, and hyperdense in 
the venous phase.

In the MRI examination [17], adenomas are generally 
hyperintense in T1-weighted sequences (due to the pres-
ence of lipids and haemorrhages) and iso- or hyperintense 
in T2-weighted sequences. After i.v. contrast medium 

Figure 2. �Patient E-J, CT performed in February 
2006, axial slices before and after 
contrast media administration: in 
arterial, venous and late phases – 
progression of tumor in the right liver 
lobe, numerous smaller foci.

Figure 3. �Patient E-J, CT performed in February 2006, coronal 
reconstruction in arterial phase - numerous foci in liver.
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administration, the lesion is clearly hyperintense in compar-
ison to the surrounding parenchyma, but may be also iso- or 
hypointense. The presence of lipids may be confirmed with 
reduction of signal intensity in out-of-phase images, as com-
pared to the in-phase images. In approx. 30% of cases, we 
may observe a low-signal capsule around the lesion.

In the general population, hepatocellular adenomas are 
mostly connected with oral contraceptive or androgenic 
therapies. However, depending on the genotypic/fenotypic 
features, it is possible to distinguish four subtypes of such 
tumours [18], connected with different degrees of risk of 
malignant transformation. Hepatocellular adenomas diag-
nosed in the general population tend to be singular and 
large, and potentially surrounded with a capsule [16,17]. 

Adenomas in glycogenosis type I, on the other hand, are 
numerous, small (in most of the cases), and not surround-
ed by capsules – in both above presented cases there were 
multifocal lesions, mostly small [19].

An interesting, extraordinary feature of the glycogenosis-
type-I adenomas, is the presence of Mallory bodies in his-
topathological examination. The bodies are accompanied 
by neutrophilic infiltrations and lamellar fibrosis. Although 
not present in adenomas of the general population, Mallory 
bodies are frequently found in hepatocellular carcinomas, 
irrespective of their aetiology [10].

Life-threatening complications of hepatocellular adenomas 
involve: bleeding and malignant transformation into hepa-
tocellular (risk of 10%) [13,20]. In the imaging studies, fea-
tures suggestive of malignant transformation involve: rapid 
enlargement of the lesion, non-homogeneous structure, 
including the necrotic foci [19] – lesions with such features 
were found in CT and MRI images of the presented patient.

According to the European Study on Glycogen Storage 
Disease Type I (ESGSD I) [21] guidelines, patients with focal 
lesions of the liver, diagnosed in the course of glycogeno-
sis type I, should undergo USG examinations and measure-
ments of AFP and CEA levels every 3 months. In case of 
rapidly enlarging foci, or changes in their image features, 
with a poor delineation of the borderlines – CT or MRI 
examinations are indicated. However, according to some 
authors, the determination of CEA and AFP is not a reli-
able marker of the malignant transformation in some of the 
adenomas found in the course of glycogenosis type I [19]. 
Moreover, even in the presence of a suspicious CT or MRI 
image, confirmation of malignant proliferation with histo-
pathological biopsy may be difficult, due to unclear bor-
derlines between the normal liver tissue, the tissue of the 
adenoma and of the carcinoma [22].

The recommended treatment option in patients with 
multiple hepatocellular adenomas in glycogenosis type 

Figure 4. �Patient E-J, MR performed in February 
2006, axial slices in sequences: 
T1-weigted, T2-weigted, T1-weigted 
with fat supression, T1-weigted with 
fat supression after contrast media 
administration – large tumor of the right 
liver lobe, numerous smaller foci.

Figure 5. �Patient E-J, MR performed in February 2006, coronal slice 
in T1-weigted sequence with fat supression after contrast 
media administration – large tumor of the right liver lobe, 
numerous smaller foci.
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I should be liver transplantation [12–14]. However, there 
are attempts to treat such lesions with the use of a selec-
tive surgical resection [23] or embolisation [24,25]. The 
literature includes also cases of spontaneous regression 
of adenomas in patients undergoing an intensive dietary 
treatment [10]. As the prognosis of patients with malignant 
transformation is very poor, aggressive treatment options 
are recommended (liver transplantation, surgical resec-
tion, embolisation) in every case of suspicious lesion found 
on imaging (even with normal AFP and CEA levels and no 
malignancy confirmed by biopsy) [19].

Conclusions

Patients with glycogenosis type I develop multiple hepato-
cellular adenomas in the course of the disease.

These patients must be screened periodically: they should 
have their tumour marker levels determined and should 
undergo imaging studies, due to the possibility of malig-
nant transformation of the adenoma into the hepatocellular 
carcinoma.

Malignant transformation suspected on the basis of 
imaging examination results may be difficult to verify 
cytologically/histopathologically.

Surgical resection, or, possibly, embolisation, is suggested 
in every case of lesion suspicious in imaging.

Liver transplantation is recommended as a definite 
treatment.

Figure 6. �Patient T-J, CT performed in April 2006, 
axial slices before and after contrast 
media administration: in arterial, 
venous and late phases – lesion in liver 
segment 4.

Figure 7. �Patient T-J, CT performed in April 2006, 
axial slices before and after contrast 
media administration: in arterial, 
venous and late phases – lesion in liver 
segment 7.
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