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Glycogen is an important energetic reserve in ani-
mals.  It is present in nearly all tissues but is

most abundant in the liver and muscle.  Glycogen
storage diseases (GSDs) or glycogenoses are caused
by abnormalities of the enzymes that regulate the
synthesis or degradation of glycogen.  Types 0-XI
are classified according to the identified enzymatic
defects or sometimes by the distinctive clinical fea-
tures.  GSD Ia (von Gierke's disease), an autosomal
recessive disorder, is caused by a deficiency of
microsomal G6Pase activity which catalyzes the
final common step of glycogenolysis and gluconeo-
genesis.  GSD Ia has an estimated incidence of 1 in
100,000 births.(1) It may cause a variety of metabolic
disturbances in patients such as hypoglycemia, lactic
acidemia, short stature, and hepatomegaly from early
childhood.(1) The use of a continuous nocturnal naso-

gastric infusion of glucose(2) or orally administered
uncooked cornstarch(1,3) has been effective in improv-
ing the growth and reducing hepatomegaly in
patients with GSD Ia.  However, some medical mor-
bidities and mortalities(1,4,5) including gout, osteoporo-
sis, renal disease, hepatic tumors, and vascular
endothelial lesions may occur as patients survive into
adulthood.  A male patient with GSD Ia is described
herein, with emphasis on the metabolic characteris-
tics, diagnosis, treatment, and long-term complica-
tions.

CASE REPORT

This male patient was the third child of healthy,
non-consanguineous parents.  His birth weight was
3000 g with no perinatal insults, except for neonatal
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hyperbilirubinemia which was well controlled with
phototherapy. From birth, he had poor weight gain
and developmental delay.  He began to walk inde-
pendently after the age of 2 years. In addition, recur-
rent hypoglycemic episodes (cold sweats, irritability,
and tachypnea), hepatomegaly, and short stature (92
cm, far below the third percentile) were also noted.
He was diagnosed with GSD Ia based on biochemi-
cal tests (severe hyperlipidemia, lactic acidemia,
metabolic acidosis, and hyperuricemia).  The diagno-
sis was confirmed by findings of very low G6Pase
activity (0.97 mg P/g protein; normal control: 27 mg
P/g) in biopsied liver samples taken when he was 6
years of age.  Initially he was treated with a home
dietary regime of frequent meals during the day and
later of ingesting uncooked cornstarch (10 g/kg)
every 6 hours until the age of 13 years, with ade-
quate growth development.  No mental retardation
was observed. The patient had recurrent epistaxis
during his school years.  At 17 years old, 4 years
after having been lost to follow-up, he remained
short (130 cm) and presented with gouty arthritis
with multiple tophi, xanthomatosis (Fig. 1), hyper-
triglyceridemia, hypercalciuria, hyperuricemia, and
osteoporosis.  Allopurinol (100 mg/day) was given.
The short stature was symmetric, with proportionate
reduction in the length of the trunk and extremities.
His musculature tended to be flabby and poorly
developed. At the time, mutation analysis of the
G6Pase gene revealed a G327A (R83H) mutation.(6)

At 20 years old, he suffered from intermittent, vague
abdominal pain over the right upper quadrant.  On
physical examination his height was 145 cm (< third
percentile), his weight was 42 kg (10-25th per-
centile), and blood pressure was 154/100 mmHg.  He
looked pale, short, and relatively obese. Adiposity,
particularly about the face, resulted in a round doll-
like or cherubic appearance.  An eye-ground exami-
nation revealed yellowish change.  The abdomen was
enlarged with a smooth liver border palpable 4.5 cm
below the right costal margin.  The tip of the spleen
was palpable.  The external genitalia was of Tanner
stage I. Abdominal ultrasonography and a computed
tomography scan revealed some space-occupying
lesions within the liver (Fig. 2A, B), which were
confirmed as hepatocellular adenomas via needle
liver biopsy.  Gross or microscopic hematuria was
noted.  Renal ultrasonography revealed enlarged kid-
neys with increased echogenicity, along with right

renal and ureteral (urate) stones.  Extracorporeal
shock-wave lithotripsy was done at 23 years old.  At
24 years old, hemorrhagic gastritis with massive
bleeding developed.  Osteoporosis of the skull and
long bones was noted.  At 25 years old, he has pro-
gressive disability and motion limitation of the fin-
gers.  A tophi excision was done.  At 26 years old, he
began to experience weakness, generalized edema,
and severe pain of both lower legs with impaired
sensation.  Lumbosacral polyradiculoplexopathy and
acute renal failure were found. He underwent contin-
uous venovenous hemofiltration and hemodialysis
due to anuria, severe edema, and lactic acidosis.
Epidural analgesia and a sympathectomy were per-
formed to relieve the pain.  At present (27 years old),

Fig. 1 Diffuse xanthomas present over the buttocks and
thighs. Note the short stature of the patient.
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his condition remains relatively stationary under reg-
ular hemodialysis.

DISCUSSION

Hepatic GSDs, which typically cause hypo-
glycemia, are a group of inherited disorders of
enzymes regulating the breakdown of glycogen in
tissue cells.  They include defects of the microsomal
G6Pase complex (GSD I), the debranching enzyme
(GSD III), hepatic phosphoryse (GSD VI), and phos-
phorylase b kinase (GSD IX).(1) Among them, GSD I
is the most commonly encountered.  A diagnosis of
GSD Ia can be confirmed by examining liver G6Pase
activity.  G6Pase is also expressed in the kidney, and
renal abnormalities such as nephromegaly, glomeru-
lar hyperfiltration, proximal and distal tubular dys-
function, and progressive renal insufficiency can
occur.(1,5)

Our patient had a normal birth weight and men-
tality, but he has had poor growth and development
since birth. Symptomatic hypoglycemia may appear
soon after birth in patients with GSD; however, most
patients are asymptomatic as long as they receive
frequent feedings that contain sufficient glucose to
prevent hypoglycemia.  Severe hypoglycemia usual-
ly occurs within 3 to 4 hours after a meal, with the
subsequent increased production of lactic acid,
triglyceride, and uric acid and the later development
of lactic acidosis, hyperlipidemia, and hyper-
uricemia.(1,5) Thereafter, clinical gout, massive
hepatomegaly due to storage of glycogen in the liver,
and elevated liver enzymes supervene.(1)

Severe, chronic lactic acidemia results from
overproduction of lactic acid as a consequence of
deficient glucose production.  Ketosis and ketonuria
occur promptly, which may aggravate the metabolic
acidosis.  Marked hyper-triglyceridemia and hyperc-
holesterolemia also lead to subcutaneous xanthomas
(Fig. 1).  Hyperuricemia has been attributed to com-
petition by lactic acid for renal tubular secretions,
and decreased clearance of uric acid has been
observed.  Bleeding may be a major clinical manifes-
tation.  It may take the form of frequent nosebleeds
in which there is considerable loss of blood.
Bleeding time and platelet adhesion are abnormal,
and there can be defective collagen and epinephrine-
induced aggregation.(1,5)

Many patients with GSD Ia die in early child-
hood because of hypoglycemia or lactic acidosis.  An
additional problem in the management of patients
with GSD Ia is the development of adenomatous
nodules in the liver, which may progress to a fatal
hepatocellular carcinoma.(7,8) Focal hepatic lesions,
including hepatocellular adenomas, develop quite
frequently during the course of this disease in the
second or third decade of life.  Hepatic adenomas are
common in GSD Ia, but the etiology and control
mechanisms remain unclear.  Regular ultrasonogra-
phy follow-up is necessary, in order to monitor for
possible malignant changes.

Nephrolithiasis is the most frequently described
renal complication in GSD Ia. Part of the G6P excess
is metabolized by the pentose phosphate shunt, lead-
ing to hyperuricemia; thus urate kidney stones have
been considered a major cause of nephrolithiasis in
the past.(1,5,9) Hypercalciuria and nephrocalcinosis
have previously been reported, and their pathogene-

Fig. 2 (A) Abdominal ultrasonography and (B) CT scan
revealing a space-occupying lesion (arrow).

A

B



Chang Gung Med J Vol. 26 No. 4
April 2003

Jia-Woei Hou and Tso-Ren Wang
Complications of GSD

286

ses could include an incomplete form of distal tubu-
lar acidosis.(9)

The introduction of better treatment, continuous
nocturnal enteral glucose feedings in the mid-
1970s,(2) and uncooked cornstarch in the mid-1980s(3)

have had a profound impact on the quality of life and
survival. Cornstarch is a complex carbohydrate used
to maintain euglycemia and to reverse clinical and
chemical disturbances in many patients.  To the pre-
sent, the treatment of choice for GSD Ia is cornstarch
given orally, and prepared by a suspension in tap
water at room temperature in a 1 : 2 weight : volume
ratio.  The optimal dose is 10-15 g/kg/day.  This
dietary therapy may ameliorate later renal complica-
tions such as renal tubular dysfunction.(10) However,
many problems remain.  Long-term complications
need to be emphasized including renal function, bone
metabolism, focal hepatic lesions, hepatic function,
and cardiovascular function.

This case illustrates the difficulties in preventing
complications associated with GSD Ia even after
careful long-term treatment and follow-up. In
patients who have GSD Ia with terminal renal fail-
ure, as in this case, combined liver and kidney trans-
plantation may be considered at an early stage of the
disease.(7,11) New treatments such as stem cell trans-
plantation may be available in the future.
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