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glycogen storage disease type I — atypical magnetic resonance 
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Abstract
BACKGROUND 
Hepatocellular adenomas are rare tumors that can occur in patients with glycogen 
storage disease type I.

CASE SUMMARY 
We herein report two cases of histologically proven hepatocellular adenomas in 
patients with glycogen storage disease type I. Magnetic resonance imaging (MRI) 
was performed after bolus injection of gadoxetate disodium, a liver-specific 
gadolinium-based MRI contrast agent. In the present cases, some of the 
hepatocellular adenomas showed unexpectedly a “bull’s eye” appearance on T2-
weighted and post-contrast images, which was not previously described as 
imaging findings of hepatocellular adenomas in glycogen storage disease. A bull’s 
eye appearance on T2-weighted images can be encountered in both benign (i.e., 
abscess) or malignant (i.e., epithelioid hemangioendothelioma, cholangio-
carcinoma, and metastases) hepatic lesions.
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CONCLUSION 
We present two cases of hepatocellular adenomas in patients with glycogen 
storage disease type 1, in which gadoxetate disodium-MRI showed atypical 
imaging findings for hepatocellular adenomas. At present there is no systematic 
study evaluating MRI findings of hepatocellular adenomas in patients with 
glycogen storage disease, further studies are needed to specifically investigate this 
issue.

Key Words: Glycogen storage disease; Hepatocellular adenoma; Bull’s eye; Magnetic 
resonance imaging; Case report; Gadoxetate disodium

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Magnetic resonance imaging findings of hepatocellular adenomas in 
glycogen storage disease may differ from the typical ones observed in the common 
population.
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INTRODUCTION
Hepatocellular adenomas (HCAs) occur in about 29% of patient with glycogen storage 
disease (GSD) type I (GSD I)[1]. HCAs in GSD I are usually multiple and smaller 
compared to the general population[2], but it is a general belief that computed 
tomography (CT) and magnetic resonance imaging (MRI) characteristics of individual 
lesions in patients with GSD are similar to those reported for sporadic or solitary 
HCAs[3]. Just one previous case report suggested the presence of various signal 
intensities during the hepatocyte-specific phase of multiple HCAs in a patient with 
GSD type I[4]. However, no systematic study describing MRI features on the different 
sequences in HCAs associated with GSD type I has been published so far and it is not 
clear yet whether the radiological presentation of individual HCAs in GSD is truly 
different from that in the general population.

At Duke University — which is a tertiary referral center for GSD — 24 patients with 
GSD I have been imaged with MRI for focal liver lesions. We herein present two cases 
of histologically proven HCAs in GSD I, in which MRI was performed after 
administration of gadoxetate disodium, a liver-specific paramagnetic gadolinium-
based MRI contrast agent that is used for imaging of focal liver disease. To the best of 
our knowledge, this is the first report describing the “bull’s eye” appearance as 
imaging findings of HCA in GSD I.

CASE PRESENTATION
Chief complaints
A 26-year-old female (Case 1) and a 17-year-old male (Case 2) were referred to our 
hospital because of history of GSD I.

History of present illness
A liver MRI exam was performed on a 3-T MRI scanner in both patients (Magnetom 
Skyra, Siemens Healthineers, United States). The following MRI sequences were 
acquired in the axial plane for both patient: T2 half-Fourier acquisition single-shot 
turbo spin-echo [repetition time (TR)/echo time (TE) = 800/89], T2-weighted 
respiratory-triggered turbo spin-echo (TR/TE = 4102/81 ms), T1-weighted in-phase 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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(TR/TE = 4.36/2.63 ms), and out-of-phase (TR/TE = 4.36/1.34 ms), diffusion weighted 
images (TR/TE = 6400/62 for Case 1; TR/TE = 5.945/58 for Case 2), and T1-weighted 
fat saturated three-dimensional spoiled gradient-echo images (TR/TE = 4.06/2.37 for 
Case 1; TR/TE = 4.36/1.34 ms for Case 2) acquired after intravenous injection at the 
recommended dose of 0.1 mL/kg body weight (gadoxetate disodium, Eovist, Bayer 
HealthCare Pharmaceuticals) during the arterial phase (25 s, after contrast medium 
injection), portal venous phase (60 s), equilibrium phase (180 s), and the hepatobiliary 
phase (at 20 min in Case 1 and at 30 min in Case 2 from the start of contrast medium 
injection). Moreover, a coronal T2- half-Fourier acquisition single-shot turbo spin-echo 
(TR/TE = 1000/87), and a coronal T1-weighted fat saturated three-dimensional 
spoiled gradient-echo images in the hepatobiliary phase were acquired.

History of past illness
Case 1 had a partial hepatectomy for an HCA in the left lobe 10 years prior.

Personal and family history
Case 1: Good metabolic control on cornstarch since the age of 1 year.

Case 2: Good metabolic control on cornstarch and later protein supplement started at 
the age of 19 mo and gastrostomy tube at the age of 4 years before high school.

Physical examination
Case 1: Body mass index equal to 29 kg/m2.

Case 2: Body mass index equal to 20 kg/m2.

Laboratory examinations
Case 1: Alpha Fetoprotein and carcinoembrionic were 2.9 ng/mL and 0.7 ng/mL, 
respectively.

Case 2: Alpha fetoprotein was 0.8 ng/mL.

Imaging examinations
Case 1: MRI images showed an enlarged fatty liver with multiple focal lesions (> 10). 
On the T2-weighted images, the largest lesion showed a two-layered “bull’s eye” 
appearance with a central markedly hyperintense core surrounded by a peripheral 
slightly hyperintense halo (Figure 1A). This “bull’s eye” appearance corresponded to a 
peripheral marked signal drop in the out-of-phase compared to the in-phase images 
(Figure 1B and C), suggesting a fatty component in the periphery of the lesion. On 
contrast-enhanced MRI images, the core vividly enhanced in the arterial phase, while 
the periphery enhanced to a lesser degree relative to the core (Figure 1D). On the 
portal venous phase, the core showed persisting enhancement, while the periphery 
became isointense compared to the liver parenchyma (Figure 1E). In the hepatobiliary 
phase images, the core of the lesion was still recognizable as isointense to the liver 
parenchyma, the periphery showed a marked hypointensity, with a peripheral slightly 
hyperintense rim (Figure 1F). Other two smaller lesions showed similar appearance in 
the same patient. Patient was transplanted 2 years later: pathology confirmed the 
diagnosis of HCAs.

Case 2: MRI images showed an enlarged steatotic liver with multiple focal lesions (> 
10) consistent with HCAs. On the T2-weighted images, the two largest lesions showed 
a two-layered “bull’s eye” appearance, similar to the one described in patient one, but 
with a thinner peripheral halo (Figure 2A and B). On dual phase images, no fat-content 
within the lesions was detected. On contrast-enhanced MRI images, the core of the 
lesions enhanced in the arterial phase, and showed contrast retention in the portal 
venous phase; moreover, the peripheral slightly T2-hyperintense halo showed 
enhancement in the portal venous phase (Figure 2D and E). During the hepatobiliary 
phase images, the lesions were markedly hypointense compared to the adjacent liver 
parenchyma, with a peripheral markedly hyperintense rim (Figure 2F), which is 
typical in HCAs. The patient underwent surgical resection: Histology confirmed the 
diagnosis of HCAs and the peripheral zone was diagnosed as a thin, less than 1 cm, 
capsule without any dilated bile ducts. No other lesions showed the same appearance 
in this patient (Figure 2).
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Figure 1 A 26-year-old man glycogen storage disease type I undergoing gadoxetate disodium–enhanced magnetic resonance imaging 
exam. A-E: On (A) T2-weighted, (B) T1-weighted in-phase gradient-echo and (C) T1-weighted opposed phase gradient-echo magnetic resonance imaging images, 
the largest lesion (arrow) shows a markedly hyperintense core compared to the surrounding liver without any fat content and a slightly hyperintense peripheral thick 
rim that has a marked, diffuse and homogeneous fat content. T1-weighted three-dimensional spoiled gradient-echo sequences demonstrate enhancement of the 
lesion, that is marked in the core and mild in the periphery, during the arterial phase (D) and persistence of the enhancement in the core of the lesion during the portal 
venous phase (E); F: On the corresponding image, during the hepatobiliary phase, the lesion shows isointensity of the central core compared with the background 
liver, marked hypointensity of the peripheral thick rim and a smaller rim of contrast retention at the interface of the lesion with the liver parenchyma.

FINAL DIAGNOSIS
Synthesizing MRI findings and pathology (data not shown), we diagnosed both GSD I 
patients with HCAs.

TREATMENT
Case 1 was transplanted, while Case 2 underwent lobectomy.

OUTCOME AND FOLLOW-UP
Case 1 is well at last 6-year-follow-up. Case 2 was followed-up elsewhere and the last 
clinical follow-up at our center was performed at 2 wk after surgery.

DISCUSSION
HCAs in GSD type I have a different epidemiologic presentation as well as a different 
outcome, compared to the general population[1,2]. Indeed, the M:F ratio of HCAs in 
GSD type I is 1:1[2], the only reported subtypes are inflammatory or beta catenin 
activated HCAs and adenomatosis (i.e., presence of more than 10 hepatic adenomas) is 
the most frequently documented presentation[5]. Despite usually considered to have 
benign prognosis, progressive disease and complications of HCAs (i.e., hemorrhage 
and malignant transformation) have been reported[6-9]. In a series of 32 GSD patients 
with HCAs, evolution of HCAs into hepatocellular carcinoma has been reported in 
about 12.5% of cases in a median interval time from the diagnosis of HCA to the 
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Figure 2 A 17-year-old man glycogen storage disease type I undergoing gadoxetate disodium–enhanced magnetic resonance imaging 
exam. A-D: On (A and B) T2-weighted images, two peripheral lesions (arrows) show a markedly heterogenous hyperintense core compared to the surrounding liver 
and a slightly hyperintense rim. T1-weighted three-dimensional spoiled gradient-echo sequences demonstrate enhancement of the core of the lesions during the 
arterial phase (C and D); E and F: During the portal venous phase, enhancement persists in the core of the lesions, whilst enhancement appears at the periphery of 
the lesions; G: During the hepatobiliary phase, the lesions show hypointensity of the central core compared with the background liver and marked contrast retention at 
the periphery of the lesions.

diagnosis of hepatocellular carcinoma of 6.7 years[10]. In this series recently published 
by Jang et al[10], the radiological changes of HCAs in the 4 patients that developed 
hepatocellular carcinoma included an increase either in the number or size of HCA in 
two patients and an increase in both size and number in the remaining two patients. 
The underlying etiology of HCAs in GSD is unknown; the most agreed hypothesis is 
that a chronic hepatic inflammation and underlying genetic may predispose these 
patients to develop HCAs[11,12].

Although CT generally provides some imaging clues, such as the hypervascularity 
in the arterial phase and contrast retention in the portal venous phase, MRI currently 
represents the most sensitive (sensitivity: 77%-91%) and specific (specificity: 88%-
100%) imaging modality for the diagnosis and follow-up of HCAs[7,13-15]. It also has the 
advantage of no radiation. MRI findings of HCAs correlate with pathology[13,14]. 
Specifically, the high intensity on T2-weighted sequence, as well as the enhancement 
in the arterial phase and its persistence in the portal venous phase correlate with the 
heterogeneous sinusoidal dilatation.

We present two cases of HCAs in patients with GSD type I, in which gadoxetate 
disodium-MRI showed atypical imaging findings for HCAs. In both patients, the 
HCAs showed a “bull’s eye” appearance on T2-weighted images with a markedly 
hyperintense core surrounded by a peripheral slightly hyperintense halo. This 
appearance on T2-weighted images was evident, but not described, in the only MRI 
case report of HCAs in GSD, and at pathology, it probably corresponded to the 
incomplete capsule surrounding the lesions[4]. This “bull’s eye” sign differs from the 
“atoll sign”, characteristic of inflammatory HCAs and seen in about one third of HCAs 
in the general population[13]. The “atoll sign” is characterized by a peripheral rim of 
high signal intensity with the center of the lesion appearing isointense to the 
background liver on T2 mimicking an atoll.

In Case 1, the “bull’s eye” appearance on T2-weighted images was related to a thick 
rim of intralesional fat on dual phase sequences. Such appearance on dual-phase 
images has been described in insulinomas[16] and has never been described before for 
HCAs. In Case 2, the “bull’s eye” appearance on T2-weighted images was related at 
histology with a thin peripheral capsule. In this patient, both the lesions were 
peripheral and the bull’s eye appearance on T2-weighted images could lead to 
misdiagnosis with both benign (i.e., abscess) or malignant (i.e., epithelioid 
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hemangioendothelioma, cholangiocarcinoma, and metastases) hepatic lesions[17-20]. 
However, in our cases the other MRI sequences, patient history and pathology were 
consistent with the imaging diagnosis of HCAs.

CONCLUSION
Due to paucity of reports availability, it is not clear whether the radiological 
presentation of HCAs in GSD I is different from that in the general population and if 
the evolution of HCAs is similar to that of the general population[7]. On the basis of our 
observation, we can speculate that MRI findings of HCAs in GSD may differ from the 
typical ones observed in the general population. Further studies are needed to confirm 
this hypothesis, investigate the possible underlying pathological mechanisms and 
assess whether the different radiological features may predict evolution into 
hepatocellular carcinoma; therefore, we plan to further analyze our GSD I cohort with 
this purpose.
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