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Abstract In glycogen storage disease type III (GSD III),
deficiency of the debranching enzyme causes storage of an
intermediate glycogen molecule (limit dextrin) in the
affected tissues. In subtype IIIa hepatic tissue, skeletal-
and cardiac muscle tissue is affected, while in subtype IIIb
only hepatic tissue is affected. Cardiac storage of limit
dextrin causes a form of cardiomyopathy, which resembles
primary hypertrophic cardiomyopathy on cardiac ultra-
sound. We present a 32-year-old GSD IIIa patient with
severe left ventricular hypertrophy (LVH) first diagnosed at
the age of 8 years. LVH remained stable and symptomless
until the patient presented at age 25 years with increasing
dyspnea, fatigue, obesity, and NYHA (New York Heart
Association) functional classification two out of four.
Dyspnea, fatigue, and obesity progressed, and at age
28 years she was severely symptomatic with NYHA
classification 3+ out of 4. On echocardiogram and electro-
cardiogram, the LVH had progressed as well. Initially, she
was rejected for cardiac transplantation because of severe
obesity. Therefore, a 900 cal, high protein diet providing 37%
of total energy was prescribed during 4 months on which
10 kg weight loss was achieved. However, her symptoms as
well as the electrocardiographic and echocardiographic LVH

indices had improved dramatically – ultimately deferring
cardiac transplantation. Thereafter, the caloric intake was
increased to 1,370 cal per day, and the high protein intake
was continued providing 43% of total energy. After
3 years of follow-up, the patient remains satisfied with
reasonable exercise tolerance and minor symptoms in
daily life.

Introduction

Glycogen storage disease type III (GSD III) is an autosomal
recessive disorder in which a mutation in the AGL gene
causes deficiency of the debranching enzyme (DE). The DE
consists of two active centers, which catalyze the last step
in the conversion of glycogen to glucose (Smit et al. 2006).
The absence of DE activity in GSD III patients causes
storage of an intermediate form of glycogen, limit dextrin
(LD) (Chen 2001). Eighty-five percent of the GSD III
patients have subtype IIIa in which DE is deficient in
muscle and liver tissue. Fifteen percent of the patients have
subtype IIIb in which DE is deficient in the liver (Shen
et al. 1996). In neonates and infants, the main features are
hepatomegaly, keto-hypoglycemic episodes after short
periods of fasting, and hyperlipidemia. Poorly treated
neonates and children have developmental delay, growth
retardation, and delayed puberty. Proximal and distal
myopathy presents in adult GSD IIIa patients, which may
be enforced by the development of peripheral neuropathy
(Wolfsdorf and Weinstein 2003). Cardiomyopathy is a
frequent complication in GSD IIIa since LD can also store
in myocardial cells and between bundles of myofilaments
(Moses et al. 1989; Smit et al. 1990; Labrune et al. 1991;
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Coleman et al. 1992; Carvalho et al. 1993; Talente et al.
1994). This causes a form of cardiomyopathy that echo-
cardiographically resembles primary hypertrophic cardio-
myopathy due to sarcomere gene mutations, but shows a
different response to exercise testing, 24-h electrocar-
diographic monitoring and thallium-201 myocardial scin-
tigraphy (Lee et al. 1997; Akazawa et al. 1997; Olson
et al. 1984). The clinical significance and long-term
consequences of GSD IIIa-related cardiomyopathy are
unclear due to a lack of data and experience.

The aim of the dietary treatment of GSD III is to divide
the carbohydrate intake throughout the day to maintain
normoglycemia by taking frequent meals and regular
cornstarch doses (Gremse et al. 1990). Protein supplemen-
tation is necessary as it serves as a substrate for gluconeo-
genesis during fasting conditions and improves myopathy
and growth failure (Slonim et al. 1982, 1984; Kiechl et al.
1999). However, there is no consensus between centers on
the usage of a high protein diet or the amount of cornstarch
that should be provided.

In this case report, we present a GSD IIIa patient with
severely symptomatic hypertrophic cardiomyopathy, which
was reversed after initiating a low calorie, high protein diet
to achieve weight loss for a cardiac transplantation
preparation program. Subsequently, her cardiomyopathy-
related symptoms and signs improved dramatically and
cardiac transplantation could be deferred.

Case Report

The patient reported is a 32-year-old Turkish female born to
consanguineous parents after an uncomplicated pregnancy
and birth. She was diagnosed with glycogen storage disease
in Turkey at a young age, but subtyping for GSD III was
only initiated at the age of 8 years after she moved to the
Netherlands. Enzymatic measurements confirmed absent
DE activity in muscle- and liver tissue, confirming GSD
IIIa. Genetic mutation analysis revealed a pathologic
homozygote four basepair deletion in exon 7 of the
AGL gene (GeneBank genomic reference sequence
NW_012865) c.753_756delCAGA causing a frameshift
(Lucchiari et al. 2006). Upon clinical evaluation, the main
findings were hepatomegaly with elevated aspartate
transaminase (203 U/L), alanine transferase (253 U/L),
triglycerides (1.7 mmol/L), and creatine kinase values
(2,112 U/L). A grade III out of VI systolic cardiac murmur
was heard in the 4th left intercostal space. Further cardiac
evaluation revealed hypertrophic cardiomyopathy with
concentric left ventricular hypertrophy (LVH). On the
ECG, no rhythm- or conduction disturbances were seen.
Following diagnosis, dietary treatment was initiated with
protein-enriched frequent meals during the day and one

late night meal. She responded well to the treatment and
no hypoglycaemic episodes requiring hospitalization have
occurred since. During puberty, the liver size normalized,
but the transaminase values remained elevated. Echocar-
diographically the LVH remained stable and symptomless;
therefore, no further cardiologic follow-up was deemed
necessary.

At age 25 years, the patient presented in the outpatient-
ward with increasing dyspnea, fatigue, obesity, and func-
tional classification according to the New York Heart
Association (NYHA) two out of four (Table 1). On physical
examination, her heart rate was 69 bpm, blood pressure
100/60 mmHg, with mild jugular venous pressure eleva-
tion. Her electrocardiogram showed increased QRS-voltage
and -duration with negative T-waves comparable with
severe LVH (Fig. 1). The Sokolow-Lyon-, Cornell Voltage-
and Romhilt-Estes electrocardiographic indices for LVH
were all positive (Fig. 1). The echocardiogram showed
severe concentric LVH with intraventricular septum (IVS)
thickness of 22 mm, and a posterior wall (PW) thickness of
18 mm with normal dimensions (Table 1). She was treated
with low-dose furosemide, fluid restriction, and her diet
was adjusted to provide extra protein during the day. Also,
a late night feed combined with cornstarch was added to
ensure normoglycemia during the night. In the following
years, the symptoms of dyspnea and fatigue slowly
progressed, and she gained weight. At age 28 years, she
was severely symptomatic with a NYHA functional class of
3+ out of 4. The patient’s BMI increased to 32.2 because
she avoided physical exercise as this provoked palpitations
and chest pain. The electrocardiographic and echocardio-
graphic LVH indices worsened accordingly (IVS thickness
32 mm, PW thickness 25 mm). At that time low-dose
perindopril and carvedilol were added to the furosemide,
and a prophylactic implantable cardioverter defibrillator
was placed due to an increased risk of sudden cardiac
death.

Due to the worsening situation, the patient was evaluated
for heart transplantation (HTX) at the age of 30 years.
Therefore, a pre-HTX program was set up consisting of:
(1) evaluation of the status of liver and skeletal muscle,
(2) a new dietary regimen to reduce weight by 10 kg, (3) peri-
operative advice regarding the management of GSD III
during the HTX. The new dietary regimen consisted of
24-h protein-enriched naso-gastric drip feeding containing
900 cal per day, with protein providing 37%, carbohy-
drates 61%, and lipids 2% providing of total energy. After
following the new dietary regimen for 4 months, her BMI
decreased to 27.7, along with a significant improvement
of her complaints of constant fatigue and exercise
intolerance. The NYHA classification decreased accord-
ingly to two out of four. On cardiac ultrasound, concentric
LVH was still present but the PW and IVS thickness had
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decreased to 25 mm and 24 mm, respectively, along with
the electrocardiographic LVH indices. Consequently, the
patient was taken off the pre-HTX program, and cardiac
transplantation was deferred. The caloric intake was
increased to 1,370 cal per day, and the continuous naso-
gastric drip feeding was stopped. The dietary regimen was
switched to seven meals at daytime with 2-h intervals. Five
of these meals were drinks, and two were normal meals,
which were comparable in composition of energy and
protein to the drinks. In the nocturnal period, two gifts of
cornstarch were added to reach a 4-h interval between
meals. The high protein nature of the diet was maintained,
and even increased to provide 43% of total energy per day
compared to 37% protein per day during the pre-HTX
program. After 3 years of follow-up, she remains satisfied
with reasonable exercise tolerance and minor symptoms in
daily life.

Discussion

We report a severely symptomatic GSD IIIa patient with
cardiomyopathy who improves clinically and objectively on
a high protein diet with a limited supply of carbohydrates.
To our knowledge, a similar case has been reported recently

in a pediatric patient (Valayannopoulos et al. 2011), and
once in an adult patient by Dagli et al. in 2009 (Dagli et al.
2009). The latter describes a 22-year-old male with severe
GSD III-related cardiomyopathy treated with a high protein
diet in which overtreatment with cornstarch was avoided.
Their patient improved dramatically with reversal of

Table 1 Clinical symptoms, laboratory and echocardiographic results over time

Age (years) 25 26 27 28 29 30a 31a 32a

BMIb 29.7 29.7 30.9 30.3 32.2 30.5 27.7 27.8

Dyspneac + + + ++ ++ � � �
Chest Painc � � � + ++ � � �
Fatiguec ++ + ++ ++ ++ + + +

Palpitationsc – – – � + � � �
NYHA classificationd 2 2 2 3+ 3+ 2 2 2

Creatin kinase (U/L) 578 1,368 1,537 3,662 2,712 849 1,449 1,400

Echocardiographic measurements (mm)

IVSe 22 27 32 28 32 29 22 21

PWf 18 23 24 29 25 25 25 25

LAg 34 31 33 41 42 47 47 48

LVEDh 49 45 46 42 43 43 44 49

LVESi 30 34 29 27 30 28 31 33

a Bold numbers indicate data after the introduction of a high-protein, low calorie diet at the age of 30 years
b BMI indicates body mass index
c� Indicates no symptoms; � minor symptoms; + indicates intermittent symptoms; ++ indicates daily symptoms
d NYHA classification indicates functional classification for heart failure by the New York Heart Association
e IVS indicates interventricular septum
f PW indicates left ventricular posterior wall
g LA indicates left atrial dimensions
h LVED indicates left ventricular end-diastolic dimensions
i LVES indicates left ventricular end-systolic dimensions

Fig. 1 Twelve-lead electrocardiograpy showing severe left ventricular
hypertrophy with secondary repolarization abnormalities at the age of
25, 29, 30, and 32 years old
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symptoms and echocardiographic signs of hypertrophic
cardiomyopathy.

The physiology of the reversal of extreme LVH in GSD
IIIa is not clear. A direct effect, where the limited
supplementation of carbohydrate and increased usage of
protein in gluconeogenesis reduces the cardiac storage of
LD, is feasible. An indirect effect is also feasible where the
weight reduction reduces fat disposition in skeletal muscles,
improving the condition and possible workload of the
skeletal muscles and reducing the workload on the heart
(Kelley et al. 1991; Goodpaster et al. 1999). A combination
of these effects is also possible.

The majority of the patients seem to remain asymptom-
atic and the cardiomyopathy seems to be nonprogressive
(Lee et al. 1997). Therefore, severe cases such as these
emphasize the need for regular cardiac follow-up in patients
with GSD IIIa-related cardiomyopathy, along with the
benefits of a high protein diet. In our population of GSD
III patients, a high protein diet is implemented at a young
age and continued through into adulthood. Through these
dietary regimens, GSD III patients usually derive 20–30%
of total energy from protein, which varies from 4 g of
protein per kilogram body weight in children and adoles-
cents to 2 g of protein per kilogram body weight in adult
patients. Therefore, renal function is also closely monitored
during follow-up of these patients.

This report presents the first case of a GSD IIIa patient in
whom cardiac transplantation could be deferred after
initiating a low calorie, high protein diet. In younger
unaffected GSD IIIa patients, this approach may prevent
the development of symptomatic cardiomyopathy.
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Synopsis

Hypertrophic cardiomyopathy in glycogen storage disease
type IIIa may be reversible by a low calorie, high protein
diet, even in severely symptomatic patients for whom
cardiac transplantation is being considered.
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