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Abstract: Glycogen storage disease type Ia is a genetic disease caused by glucose-6-phosphatase deficiency, which often
causes hypoglycemia, hyperuricemia, hypertriglyceridemia, and lactic acidemia. Severe lactic acidosis is a serious
complication of glycogen storage disease type la. This study aimed to analyze the clinical features and treatment of glycogen
storage disease type la with severe lactic acidosis. We performed a retrospective analysis of the diagnosis and treatment of a
patient with glycogen storage disease type la with severe lactic acidosis admitted to our department during the COVID-19
period and reviewed the related literature. The patient was admitted to our hospital for chest pain and vomiting of three days
duration, which was accompanied by dyspnea for five hours. The patient has had a type Ia glycogen storage disease for 11
years, and arterial blood gas analysis revealed a pH of 7.192 and lactic acid levels of 26.77 mmol/L. However, the patient was
diagnosed with type la glycogen storage disease alongside severe lactic acidosis. After 4 hours of hemodialysis and 36 hours
of continuous blood purification, the patient had no shortness of breath, dyspnea, nausea, or vomiting. Biochemical retesting
indicated a pH of 7.482, lactic acid levels of 7.41 mmol/L, and blood glucose levels of 10.7 mmol/L. Glycogen storage disease
type la can lead to life-threatening severe lactic acidosis. Continuous renal replacement therapy is an effective treatment for
severe lactic acidosis. Therefore, as prevention and control are being carried out during the COVID-19 period, attention
should be given to the treatment of special populations, such as those with glycogen storage disease to prevent serious
complications.
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1. Introduction

Glycogen storage disease type I (GSD-I) is an autosomal
recessive disease. Type la caused by G6PC gene mutation is
the most common type [1, 2]. Glucose 6-phosphatase
deficiency causes glucose 6-phosphate not to be metabolized
into glucose, but instead into pyruvate, which is further
decomposed into lactic acid, resulting in the increase of lactic
acid level [3]. Failure to eat on time can cause hypoglycemia,
resulting in hyperlactatemia and metabolic acidosis [4]. Raw
corn starch is widely used by patients as a therapeutic diet [5].
The patient did not eat raw corn starch on time, resulting in
hypoglycemia and lactic acidosis. Studies have found that

lactate concentration is directly proportional to mortality [6].
CRRT can treat lactic acidosis [7]. Blood purification
techniques significantly reduced lactate levels compared with
traditional methods [8]. Steunenberg [9] found that early
continuous blood purification can reduce mortality and
improve prognosis. The level of lactic acid in this patient
decreased significantly after HD and CRRT, suggesting that
this kind of severe lactic acidosis can be treated with blood
purification technology.
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2. Case Report

An 11-year-old female was admitted to our department on
July 13, 2020, due to chest pain and vomiting for three days,
which was accompanied by dyspnea for five hours. In 2009, the
patient was diagnosed with glycogen storage disease type la
through genetic testing at the Peking Union Medical College
Hospital. After the diagnosis, she was treated with raw corn
starch, and her blood sugar level was controlled at 5.0-6.0
mmol/L. Recently, due to the requirements for prevention and
control of the COVID-19, family members of children could
not enter the campus to supervise their children’s diet. The
children ate irregularly during school with raw corn starch less
frequently. On July 10, 2020, the patient developed chest pain,
mainly under the xiphoid process with vomiting about four
episodes per day, which was non-projectile with stomach
contents. At about 15:00 on the 13th of July 2020, the patient
developed dyspnea, which manifested as shortness of breath
with low-grade fever. Since the onset of illness, the patient has
had listlessness, poor appetite, loose stools of about two
episodes per day, and a reduction in urine output. There was no
family history of any genetic disease.

Physical examination findings on admission included body
temperature (37.9°C), breathing rate (45 beats/minute), heart
rate (160 beats/minute), blood pressure (125/60 mmHg),
blood oxygen saturation (99%), weight (29 Kg), height (130
cm), and listlessness. The wing of the nose was incited. There
was a mild triple concave sign, coarse breath sounds in both
lungs, and no sounds of dry and wet rales. The heart was not
enlarged, the xiphoid process was tender, the abdomen was
distended, and the liver was 11 cm below the costal margin
with medium quality, smooth surface, and neat edges. The
spleen was not palpable.

After the admission, the arterial blood gas and biochemical
examination findings revealed: residual alkali; -22.0 mmol/L,
buffer base; -24.7 mmol/L, anion gap; 45.1 mmol/L, actual
bicarbonate; 3.5 mmol/L, PH; 7.192, serum potassium; 4.34
mmol/L, glucose; 5.6 mmol/L, lactate; 26.77 mmol/L.

3. Final Diagnosis

Based on the patient’s clinical features of chest pain,
vomiting, and dyspnea blood gas analysis revealed severe
lactic acidosis, combined with a previous history of type I
glycogen storage disease she was diagnosed with type Ia
glycogen storage disease and severe lactic acidosis.

4. Therapy

When oxygen, bicarbonate, and other treatments were
administered, the arterial blood gas indicated residual alkali;
-23.6 mmol/L, buffer base; -25.6 mmol/L, anion gap; 47.9
mmol/L, actual bicarbonate; 4.4 mmol/L, PH; 7.077, serum
potassium; 4.14 mmol/L, and glucose: 3.7 mmol/L. She had
hemodialysis (HD) for four hours and continuous renal
replacement therapy (CRRT) was given immediately for 36
hours. The blood glucose levels (insert figure 1,), lactate levels

(insert figure 2), and changes in pH (insert figure 3) were
measured every 1-3 hours during the dialysis. At the same
time, dextrose and bicarbonate were adjusted, according to the
monitored values. After the dialysis, the arterial blood gas
showed pH; 7.482 and lactate; 7.41 mmol/L.
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Figure 1. Changes in blood glucose levels at 4 hours of hemodialysis and 36
hours of continuous renal replacement therapy.

lactate levels (mmol/L)

Figure 2. Changes in lactate levels at 4 hours of hemodialysis and 36 hours
of continuous renal replacement therapy.
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Figure 3. Changes in pH between 4 hours of hemodialysis and 36 hours of
continuous renal replacement therapy.

5. Discussion

Glycogen storage disorder type I (GSD-I) is an autosomal
recessive disease that was first described by Von Gierke in
1929 [10]. There are four subtypes: Ia, Ib, Ic, and Id with the
most common caused by a mutation in the gene G6PC. The
gene encodes glucose-6-phosphatase (G6Pase), containing
357 amino acids. The G6PC mutations lead to obstruction of
gluconeogenesis and glycogenesis and disruption of glucose
homeostasis, which often manifest clinically as hypoglycemia,
hepatomegaly, hyperuricemia, hypertriglyceridemia, and
lactic acidemia; long-term consequences include short stature,
gout, osteoporosis, chronic renal failure, and hepatocellular
adenomas and others [I, 2]. The lack of
glucose-6-phosphatase results in the inability to hydrolyze
glucose-6-phosphate to glucose and glucose-6-phosphate
accumulation within the cytoplasm results in the build-up of
glycogen [11, 12]. The lack of this enzyme leads to the
metabolism of the glucose-6-phosphate glycolytic pathway to
pyruvate, which is further decomposed into lactate, catalyzed
by lactate dehydrogenase, resulting in increased lactic acid
levels and even lactic acidosis [3].

Type Ia glycogen storage disease can be initially diagnosed
based on clinical manifestations and blood biochemical test
results; oral glucose tolerance test or glucagon stimulation test
can assist in the diagnosis. The measurement of G6PC activity

in the liver tissue and detection of the G6PC gene is the
gold-standard methods for diagnosis [13]. Prolonged feeding
time in children with this disease can cause hypoglycemia,
leading to hyperlacticaemia and metabolic acidosis. Regular
detection of blood glucose is beneficial to the control of the
disease, and lactic acid testing has a complementary role in the
diagnosis of hypoglycemia. Glucose treatment is the first
choice for complications of metabolic disorders in glycogen
storage disease, an intravenous infusion of 10% glucose at 3.5
ml/kg is recommended for patients 6-12 years old to combat
the symptoms caused by hypoglycemia [4]. If blood gas
analysis indicates lactic acidemia, it is recommended to take
sodium bicarbonate 1-2 mg/kg/d four times daily [4, 5]. As
prolonged eating time is prone to hypoglycemia, it is
recommended that infants and children fast for not more than
3-4 hours and adolescents no more than 5-6 hours. Raw
cornstarch was the earliest diet recommended for treatment
and it is currently used widely by patients to avoid
hypoglycemia [5]. However, the survey report of Steunenberg
[14] shows that the incidence of hypoglycemia in the
treatment of type Ia glycogen storage with raw cornstarch
accounted for 42% and hospitalization accounted for 31%,
suggesting that attention should be paid to complications
caused by improper dietary management, especially in
children under the age of 12. Complications can result from
failure to comply with the doctor's diet or the family members’
inability to prepare the diet promptly.

The major cause of lactic acidosis can be divided into
disorders associated with tissue hypoxia (type A), which
includes shock, heart failure, severe hypoxemia, serious
anemia, etc. and disorders with absent tissue hypoxia (Type B),
which includes diabetes, tumors, congenital metabolic
diseases, and others [7]. The patient was complicated with
lactic acidosis due to congenital metabolic disease. Lactic
acidosis is defined as serum pH<7.35 and serum lactate
level >5 mmol/L. An acidic environment can have adverse
effects on the respiratory, circulation, and nervous system,
which can be manifested as hyperventilation, dyspnea,
tachycardia or bradycardia, and others [15]. The higher the
lactate concentration, the higher the mortality rate [6]. For the
etiology of treatment, maintaining hemodynamic stability,
maintaining appropriate oxygen pressure, intravenous sodium
bicarbonate, or using bicarbonate during dialysis, especially
CRRT treatment are all beneficial to the reduction of lactate
acid levels. The target is to reduce the levels of lactate to the
normal range [7].

Bicarbonate is a controversial drug in the treatment of lactic
acidosis. It has no significant effect on improving
hemodynamics and there may be a risk of volume overload,
hypernatremia or hyperosmolality, reduction of ionized
calcium, and aggravation of  acidosis [16].
Bicarbonate-containing kidney replacement therapy can
eliminate these adverse effects while removing lactic acid and
controlling the symptoms.

The CRRT treatment can continuously and slowly remove
water and solutes by diffusion, convection, and adsorption.
The treatment of CRRT is not limited to renal diseases but also
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extends to the treatment of non-renal diseases in acute and
critical diseases, including sepsis or septic shock, drug
poisoning, severe hydroelectrolyte, and acid-base metabolism
disorders, lactic acidosis, and others [17].

As a small molecule, lactic acid can pass through the blood
filter [18]. A Meta-analysis comparing the effects of
conventional methods and blood purification techniques on
lactic acid clearance found that blood purification techniques
significantly reduced the level of lactic acid than conventional
methods [8]. Early continuous blood purification can reduce
the mortality rate, and improve the prognosis [9]. It has been
shown that hemodialysis (HD), hemodiafiltration (HDF), and
continuous venovenous hemofiltration (CVVH) can treat
lactic acidosis. Compared with HD and HDF, CVVH has the
following advantages: 1) little effect on hemodynamics; 2) the
continuous and slow removal of lactic acid controls blood
sugar within a reasonable range, corrects electrolyte disorders
and acid-base balance disorders; 3) the range of alkali
supplementation is being expanded relatively, and 4) little
effect on the partial pressure of oxygen and blood oxygen
saturation [19]. Experts recommend that lactic be measured
every 2~6h during treatment [20]. Glycogen storage disease
complicated with lactic acidosis is rarely reported. However, It
has been reported that after the correction of shock and renal
insufficiency, although dialysis was not used, serum lactic
acid was effectively controlled [21].

6. Conclusion

Glycogen storage disease type Ia can lead to
life-threatening severe lactic acidosis. In this report, the lactic
acid levels and pH values of this patient were significantly
improved after HD with CRRT, suggesting that blood
purification technology treatment is an effective treatment
modality for this type of severe lactic acidosis. This was
precise because the family members could not effectively
supervise the child's diet during the COVID-19 control period.
Thus, the patient did not take raw cornstarch regularly, which
caused hypoglycemia complicated by severe lactic acidosis.
Therefore, as prevention and control are being carried out
during the COVID-19 period, attention should be given to the
treatment of special populations, such as those with glycogen
storage disease to prevent serious complications.
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