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Abstract Hepatocellular adenomas (HCAs) are a common
complication in patients with glycogen storage disease type
I (GSD I). In this series, we report regression of HCAs in a
cohort of patients who achieved metabolic control with
strict dietary therapy. A retrospective review of the clinical
records for all patients with GSD I was performed at our
institution. All available imaging studies were reviewed in
patients with reported regression of HCAs in the medical
record. The charts of 163 patients with GSD Ia and
42 patients with GSD Ib were reviewed, and HCAs were
documented in 47 subjects (43 Ia/4 Ib). After review of all
available imaging studies, eight patients met criteria of
being followed with both magnetic resonance imaging and
ultrasound and were found to show evidence of regression
of HCAs. In these individuals, regression of the HCAs
occurred once metabolic control was obtained, as deter-
mined by decreasing levels of serum triglyceride levels.
The average triglyceride level in all patients prior to
regression of HCAs was 753 mg/dL (SD � 293). The
average serum triglyceride level in all patients at the time of
regression of HCAs was 340 mg/dL (SD � 164). These
findings suggest that strict dietary therapy may cause
regression of HCAs. If HCAs are documented in a patient
with suboptimal metabolic control, intensive medical

therapy may be an alternative to surgical intervention in
some individuals.

Abbreviations
CT Computed tomography
GSD Glycogen storage disease
HCA Hepatocellular adenoma
MRI Magnetic resonance imaging

Introduction

Glycogen storage disease type I (GSD I) is an autosomal
recessive inborn error of metabolism caused by defects in
the glucose-6-phosphatase complex. All endogenous glu-
cose synthesis is impaired in affected individuals, which
leads to metabolic derangements including hypertriglycer-
idemia, hyperuricemia, and hyperlactatemia. Disordered
glucose metabolism results in marked hepatomegaly.
Hepatocellular adenoma (HCA) formation occurs fre-
quently in patients with GSD I and can be seen in up to
70% of patients greater than the age of 25 (Wang et al.
2011; Lee 2002; Rake et al. 2002a; Weinstein and
Wolfsdorf 2002). The management of HCA has been a
source of debate due to the risk of hepatocellular
carcinoma, and invasive procedures including emboliza-
tion, ablation, surgical resection, and transplantation have
been proposed as methods for treating growing or suspi-
cious lesions (Rake et al. 2002b; Davis and Weinstein 2008;
Reddy et al. 2009). We report regression of HCAs in
several patients who experienced metabolic improvement
after presenting with suboptimal metabolic control.
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Methods

Institutional review board approval and informed written
consent was obtained from patients participating in an
observational study at the University of Florida Glycogen
Storage Disease Program. Subjects have been followed in a
longitudinal and prospective manner. A retrospective
review of the clinical records for all patients with GSD I
was performed. Longitudinal records were available from
205 patients of whom 163 patients had GSD Ia and 42
patients had GSD Ib. The diagnosis for GSD I was
established biochemically or by assessment of enzymatic
testing from a liver biopsy specimen, and the diagnosis was
confirmed with DNA analysis. As part of routine clinical
care, patients discovered to have HCAs were subsequently
monitored with serial imaging through either magnetic
resonance imaging (MRI) or ultrasonography. In some
patients, contrast enhanced computed tomography (CT)
was also performed. The MR protocol used at our
institution for evaluation of liver lesions involves imaging
the patient on either a 1.5 or 3.0 Tesla MR unit and
obtaining pre-contrast axial in and out of phase
T1-weighted images, pre-contrast axial T1-weighted image,
and pre-contrast coronal T1- and T2-weighted images. A
hepatocellular-specific MR contrast agent, gadoxetate diso-
dium, is then administered intravenously. Axial post-
contrast T1-weighted images are then obtained after 25 s,
60 s, 90 s, 3 min, and 20 min. A coronal T1-weighted
image is also obtained 20 min after contrast administration.
A post-contrast fat-saturated T2-weighted axial image and
diffusion weighted imaging are also included in the
protocol.

The total number of patients with documented HCAs
was 47 (43 GSD Ia/4 GSD Ib) (Tables 1 and 2). The
diagnosis of HCA was made based on imaging appearance.
Biopsy of the liver lesions was not performed in this group
of patients since it is no longer standard of care for this
population. The lesions identified on imaging are presumed
to represent HCAs given their characteristic imaging
appearance and location within the liver. Ultrasound and
CT appearance can vary depending on intratumoral hemor-
rhage and lipid content; however, HCAs tend to be
homogenous and hyperechoic with ultrasound. HCAs with
CT tend to be isodense to background liver on non-contrast
studies and are hyperdense after administration of contrast
during the arterial phase and hypodense on delayed phase.
Lesions are typically heterogeneous on MRI and demon-
strate no significant uptake of hepatocellular specific
contrast agents. None of the lesions identified were thought
to represent focal fatty deposition or focal nodular
hyperplasia. Optimal metabolic control is defined as
triglyceride level less than 200 mg/dL, lactate less than
2.2 mmol/L, and serum glucose greater than 75 mg/dL. The

clinical records, laboratory data, and all radiographic
imaging for these patients were reviewed.

Results

There were ten patients (all with GSD Ia) who experienced
regression of their HCAs. Eight of these patients were
included in this report as they met criteria of having clear
regression of their HCAs and have been followed with both
MRI and ultrasonography (Table 2). Regression was
defined as a minimum of 10% decrease in size or complete
resolution of the lesion. Representative images demonstrat-
ing regression of HCAs are displayed in Figs. 1, 2, 3, and 4.
In the individuals with documented regression, shrinkage of
the HCAs occurred once improved metabolic control was
obtained with strict dietary therapy as determined by
decreasing levels of serum triglycerides. Dietary therapy
included uncooked cornstarch given in a slurry of water or
artificially sweetened fluid and is given at 3–5 h intervals
during the day and 4–6 h intervals overnight. Each patient’s
optimal schedule was based on metabolic and clinical
monitoring. Intake of fructose, galactose, and sucrose was
restricted to 2.5 g of non-utilizable sugar per meal. Of note,
other laboratory values were followed in this group of
patients including total serum cholesterol, serum glucose,
uric acid, AST/ALT, and lactate. However, these biochemi-
cal parameters did not correlate as well with long-term
metabolic control compared with serum triglycerides
because uric acid can be affected by use of medication;
serum glucose and lactate concentrations are short-term
markers that can fluctuate rapidly. There were no con-
founding variables in these patients that could influence
triglyceride levels, such as use of oral contraception,
pregnancy, medications, or supplements.

The average serum triglyceride concentration in this
group prior to regression of HCAs was 753 mg/dL
(SD � 293). In contrast, the average serum triglyceride
level in all patients at time of regression of HCAs was
340 mg/dL (SD � 164) (Table 2). Each patient’s average
serum triglyceride concentration prior to regression pre-
sented in the table was calculated by averaging all their
serum triglyceride concentration values prior to docu-
mented HCA regression on imaging. Each patient’s average
serum triglyceride concentration since beginning of regres-
sion presented in the table was calculated by averaging all
their serum triglyceride concentration values starting at the
time imaging first demonstrated regression and during the
follow-up period since regression was first reported. In six
of the eight patients, complete regression of the HCAs was
noted. The average total duration of patient follow-up was
93.8 months, while duration of follow-up since the
beginning of HCA regression was 63.6 months. For the
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six patients with complete HCA resolution, the mean
duration to disappearance of the lesions was 30.7 months
from the beginning of adenoma shrinkage.

In contrast, there were eight patients who showed a
significant increase in the size of their HCAs (>2 cm).
None of these of patients ever achieved optimal metabolic

control, and all of these patients struggled with dietary
compliance with the prescribed treatment regimen. Of
note, pharmacologic therapy was used in all of these
patients to lower their triglycerides, but chronic hyper-
lactatemia remained due to the suboptimal metabolic
control.

Fig. 1 Post-contrast (gadoxetate disodium) MRI of a patient with
GSD I with HCAs. (a) Fat-saturated T1-weighted post-contrast axial
MR image of the superior liver obtained after intravenous bolus
injection of gadoxetate disodium demonstrates multiple large lesions
in the liver consistent with HCAs, two of the lesions are measured. (b)
Fat-saturated T1-weighted post-contrast axial MR image of the
superior liver obtained after intravenous bolus injection of gadoxetate
disodium in the same patient 4 years later demonstrates decrease in
size of the multiple HCAs, two of which are measured for comparison.

(c) Fat-saturated T1-weighted post-contrast axial MR image of the
inferior liver obtained after intravenous bolus injection of gadoxetate
disodium in the same patient at the same time as the image in (a)
demonstrates a large HCA involving the inferior right hepatic lobe
(lesion is measured). (d) Fat-saturated T1-weighted post-contrast axial
MR image of the inferior liver obtained after intravenous bolus
injection of gadoxetate disodium in the same patient four years later,
at the same time as the image in (b), demonstrates significant decrease
in size of the HCA, measured for comparison

Fig. 2 Computed tomography (CT) and MRI of a patient with GSD I
with HCAs. (a) Axial CT image of the liver after administration of
iodinated contrast demonstrates two hypodense lesions within the liver
representing HCAs (black and white arrows). (b) Axial CT image of
the liver after administration of iodinated contrast in the same patient
18 months later demonstrates decrease in size of the HCA in segment

4 of the liver (black arrow). The lesion in the right hepatic lobe, white
arrow in (a), has completely resolved. (c) Axial fat-saturated T1-
weighted post-contrast MR image of the liver obtained after intrave-
nous bolus injection of gadoxetate disodium in the same patient
8 years later demonstrates continued decrease in size of the segment 4
HCA (black arrow)
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Discussion

HCA formation occurs frequently in patients with GSD I.
Proposed mechanisms of HCA formation include hormonal
stimulation, oxidative stress from disordered fatty acid
metabolism, and proto-oncogenic activation (Wang et al
2011; Bianchi 1993). Complications of HCAs include local
compression and hemorrhage (Rake et al. 2002a, b;
Weinstein and Wolfsdorf 2002; Davis and Weinstein
2008). Another complication is the transformation of a

HCA into hepatocellular carcinoma (Bianchi 1993; Kudo
2001; Limmer et al. 1988), which may occur in as much as
11% of patients (Coire et al. 1987).

While the risk of malignant transformation may be less
than previously reported due to improvements in medical
care, an aggressive approach toward managing the lesions
has been favored. Once HCAs are detected, ultrasound or
MRI is recommended every 3–6 months (Rake et al. 2002a,
b), and intervention has been recommended when lesions
are rapidly growing or reach 5 cm in diameter (Ault et al.

Fig. 3 MRI of a patient with GSD I with HCAs. (a) Coronal non-
contrast T2-weighted MR image of the abdomen in a patient with
GSD I demonstrates a mildly hyperintense lesion (white arrow) in the
left lobe of the liver inferior to the diaphragm consistent with a HCA.

(b) Coronal non-contrast fat-saturated T2-weighted MR image of the
abdomen in the same patient 4 years later demonstrates significant
decrease in size of the HCA in the left hepatic lobe (black arrow)

Fig. 4 CT and MRI of a patient with GSD I with HCAs. (a) Axial CT
image of the abdomen with oral contrast and without intravenous
contrast in a patient with GSD I demonstrates a hypodense lesion in
the inferior right hepatic lobe consistent with a HCA (black arrow).
(b–d) Axial non-contrast T1-weighted MR image (b), axial post-

contrast T1-weighted MR image (c), and axial non-contrast T2-
weighted MR image (d) at the same level as (a) in the same patient 14
months later demonstrate complete resolution of the inferior right
hepatic lobe HCA
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1996). HCA requires special attention during pregnancy
due to risk of increased growth and rupture, especially
when lesions are greater than 5 cm (Cobey and Salem
2004). It is appropriate to closely observe patients with
HCA during pregnancy if lesions are less than 5 cm with
frequent ultrasound surveillance every 6–12 weeks (Br€oker
et al. 2012). Due to the risk of adenoma growth during
pregnancy, some investigators have proposed performing
surgery, radiofrequency ablation, or embolization prior to
pregnancy (Cobey and Salem 2004; Br€oker et al. 2012), but
intensive medical treatment offers another option for
managing these patients.

Surgical resection of growing lesions has been success-
fully performed, but the procedure is not without risk due to
the associated metabolic instability during surgery (Reddy
et al. 2007). Radiofrequency ablation and embolization
have also been utilized in treating HCAs. These methods
are less invasive than surgery with decreased morbidity and
mortality and have the ability to treat multifocal disease.
However, these methods can be limited based on the
location of the lesions (ablation), may need multiple
treatments, may show inadequate response due to heat sink
effect (ablation), and decreased efficacy with large (>5 cm)
tumors (McDaniel et al. 2013; Rhim et al. 2008; Deodhar
et al. 2011). Liver transplant cures the primary hepatic
enzyme defect, but does not cure the disease (Davis and
Weinstein 2008; Reddy et al. 2009; Maheshwari et al. 2012;
Labrune 2002). The kidneys in people with GSD I are not
normal, and most recipients of a liver transplant have
progressed to renal failure (Matern et al. 1999). Medical
management of growing HCAs has not been emphasized.
We report successful stabilization and regression of HCAs
with improved metabolic control, which may eliminate the
need for surgical intervention in certain individuals.

The pathogenesis of HCA development is likely multi-
factorial. Prior work by Wang et al. (2011) demonstrates
that poor metabolic control may play a role in HCA
formation. In a case control cohort study, they found a
statistically significant difference in the serum triglyceride
concentration at the time of HCA discovery compared with
age-matched control subjects with a mean triglyceride
concentration of 737 mg/dL (SD � 422) in the case group
and 335 mg/dL (SD � 195) in the control group. At the
time of HCA presentation, our patient population had an
average triglyceride level of 753 mg/dL (SD � 293) and an
average triglyceride level of 340 mg/dL (SD � 164) at the
time of HCA regression. Because some of the subjects in
this study with HCAs are members of the study population
that comprised the case–control study by Wang et al.
(2011), it is not a surprise that the triglycerides in the HCA
group prior to regression were similar. However, it is
interesting that the triglyceride levels after regression of

HCAs were similar to the control group without HCAs.
Another observation that was made is that some patients
had regression of HCAs even though triglyceride levels
were not in the normal range. The goal with dietary therapy
is to get triglyceride levels within normal range; however,
reduction of triglyceride levels, even if suboptimal, may be
sufficient for regression of HCAs. Within our group of
patients, complete resolution occurred in patients with
smaller lesions (<3.3 cm) whereas the larger lesions
showed decrease in size. This suggests that intensive
dietary therapy and optimization of biochemical control is
more likely to result in complete resolution of HCAs before
the HCAs become large. Genetic and chromosomal alter-
ations may also play a role in HCA formation and
progression, such as chromosomal aberration on chromo-
some 6 with simultaneous gain of 6p and loss of 6q. This
may also explain why some HCAs increase in size in some
patients with GSD I despite improving metabolic control
(Kishnani et al. 2009).

There are a limited amount of cases in the literature
documenting disappearance or reduction in the size of
HCAs. Parker et al. 1981 demonstrated two cases of
disappearance of HCAs and a third case of reduction in the
size of a HCA in GSD type Ia patients with strict dietary
therapy. In contrast to this prior report which depended upon
Tc-99 m sulfur colloid liver-spleen scans, all of our patients
were followed with serial MRI and ultrasound imaging over
several years. In the cohort followed by the European Study
on Glycogen Storage Disease Type I, three cases demon-
strated remission of the HCAs, but no further details about
these cases were reported (Rake et al. 2002a, b).

These findings suggest that if HCAs are documented in a
patient with suboptimal metabolic control, intensive medi-
cal therapy should be considered before recommending
surgical excision or liver transplantation. These observa-
tions add to the body of evidence showing that optimal
metabolic control may delay, prevent, or reverse complica-
tions in patients with GSD I.
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Take Home Message

Hepatocellular adenomas can regress after metabolic
control is achieved suggesting intensive medical therapy
may be an alternative to surgical intervention in some
individuals with GSD I.
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