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Abstract
Purpose—Glycogen Storage Disease (GSD) type III, glycogen debranching enzyme deficiency,
causes accumulation of glycogen in liver, skeletal, and cardiac muscle. Some patients develop
increased left ventricular (LV) thickness by echocardiography, but the rate of increase and its
significance remain unclear.

Methods—We evaluated 33 patients with GSD type III, 23 with IIIa and 10 with IIIb, ages 1
month – 55.5 yrs, by echocardiography for wall thickness, LV mass, shortening and ejection
fractions, at 1 time point (n = 33) and at 2 time points in patients with more than 1 echocardiogram
(13 of the 33).

Results—Of 23 cross-sectional patients with type IIIa, 12 had elevated LV mass, 11 had elevated
wall thickness. One type IIIb patient had elevated LV mass but 4 had elevated wall thickness. For
those with multiple observations, 9 of 10 with type IIIa developed increased LV mass over time,
with 3 already increased at first measurement. Shortening and ejection fractions were generally
normal.

Conclusion—Elevated LV mass and wall thickness is more common in patients with type IIIa
but develops rarely in type IIIb, though ventricular systolic function is preserved. This suggests
serial echocardiograms with attention to LV thickness and mass are important for care of these
patients.

Keywords
Glycogen Storage Disease Type III; left ventricular hypertrophy; ventricular function; left
ventricular mass

Corresponding Author: Stephanie Burns Wechsler, MD, Duke University Medical Center, Division of Pediatric Cardiology, DUMC
3090, Durham, NC 27710, TEL (919) 684-3574, FAX (919) 681-5903, stephanie.wechsler@duke.edu.

Conflicts of Interests
The authors of this paper have no conflicts of interest to disclose.

NIH Public Access
Author Manuscript
Genet Med. Author manuscript; available in PMC 2013 September 05.

Published in final edited form as:
Genet Med. 2010 July ; 12(7): 413–423. doi:10.1097/GIM.0b013e3181e0e979.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



INTRODUCTION
Glycogen Storage Diseases are disorders of metabolism caused by enzyme defects that
affect glycogen synthesis or degradation within muscles, liver, heart and other cell types.
Glycogen Storage Disease type III (GSD III, also called Cori-Forbes Disease) is caused by a
deficiency in glycogen debranching enzyme (GDE).1 GDE is a bi-functional enzyme with
both glucosidase activity and transferase activity encoded by the AGL gene located on
chromosome 1p21.2.2 Deficiency of GDE results in accumulation of glycogen in the liver,
skeletal, and cardiac muscle. Clinical features, particularly in young patients, include
hypoglycemia and short stature. There is much variability in the clinical symptoms in these
patients. GSD III is further subdivided as type IIIa with deficiency of the enzyme in both the
liver and the muscle, type IIIb with deficiency of the enzyme in the liver only, or in rarer
cases, selective loss of only one of the two GDE activities resulting in type IIIc or type IIId.3

Differences in tissue specific expression of GDE can explain the existence of various
subtypes of GSD III.4 The extent of organ involvement is variable even within the subtypes.

Cardiac involvement with glycogen deposition in the myocardium has been identified in
patients with GSD III, particularly patients with GSD IIIa since early descriptions of the
disease.5,6 A subset of patients with GSD III develop left ventricular (LV) hypertrophy
similar in appearance to hypertrophic cardiomyopathy when analyzed by echocardiography
(Figure 1), although on a histological basis there is no myocyte disarray as seen in
hypertrophic cardiomyopathy.7,8

Previous literature regarding cardiac involvement with GSD III has been limited to case
reports and cross sectional studies precluding descriptions of cardiac involvement over time
in individual patients. There is the suggestion that there is more hypertrophy in older
patients, although there is no confirmation due to a lack of longitudinal data.9 Furthermore,
many early studies base the diagnosis of GSD on liver enzyme levels, and therefore do not
distinguish between IIIa and IIIb. Most authors note that there are no clinical cardiac
symptoms that exist even in the presence of cardiac hypertrophy by echocardiogram, yet
there are a few reports of sudden cardiac deaths and one reported case of heart, liver, and
kidney transplant in a GSD III patient.6,10 Patients with GSD III develop LV hypertrophy by
echocardiography, but the prevalence and clinical significance remain unknown.

Given the lack of longitudinal data in GSD III patients, subdivided by type, especially with
regard to the extent and rate of progression of LV hypertrophy over time, we examined a
cohort of GSD III patients to describe their natural history. We implemented a cross –
sectional approach for all patients with at least one echocardiogram, and a longitudinal
approach in patients with more than one echocardiogram to review changes that occur over
time in this population. Since there have been no previous reports that used LV mass as an
index of LV hypertrophy, this parameter was measured on all echocardiograms. LV mass
measurements are based on information from two dimensional imaging taking into account
myocardial density.11 LV mass has advantages over measurements of LV thickness in
determining the presence of LV hypertrophy since it uses two dimensional imaging, it does
not assume that the ventricle is spherical and it does not assume that the entire LV has the
same thickness. In addition, there are normative data for LV mass in adults as well as
children and the value is indexed to body surface area.11,12 Indices of wall thickness such as
Interventricular Septal Dimension (IVSD), as well as Left Ventricular Posterior Wall
Dimension (LVPWD), measured at the end of diastole, have been measured previously in
studies of GSD III patients, but these measurements are most accurate in normally shaped
ventricles, which may not be the case if asymmetric hypertrophy is present as can sometimes
be seen in these patients.13,29 We performed wall thickness measurements as well as LV
mass in all patients to determine if LV mass might be more useful in following disease
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progression over time in these patients. In addition, we compared our study results to prior
reports in the literature.

MATERIALS AND METHODS
Patients with GSD III who attend the Metabolic Diseases Clinic at Duke University Medical
Center consented for participation in a GSD III natural history study which was approved by
the Duke Institutional Review Board. Our study population was a cohort of biochemically
and genetically well characterized GSD III patients followed at Duke University Medical
Center Metabolic Disease Clinic over a mean time period of 4.8 yrs (1.1 – 9.1 yrs). The
diagnosis of GSD III was made based on clinical symptoms as well as biochemical
measurement of elevated glycogen content, an altered ratio of Glucose-1-phosphate/glucose
and evidence of GDE deficiency in biopsies of liver (n=16) or muscle (n=5) or both tissues
(n=5). GSD III subtype was determined based on presence or absence of GDE activity in
muscle tissue sample and/or the presence of one of the two GSD IIIb specific pathogenic
mutations [(c16C>T(pGln6X) and c17_18delAG(pGln6HisfsX25)] in a patient (n=8), as has
been described before.3, 4, 14 Genomic mutation analysis was done on DNA isolated from
whole blood using Pure Gene DNA isolation kit (Gentra systems) and mutations were
studied in detail using the ABI 3130xl Genetic Analyzer. Sequences were compared to the
reference DNA sequence (GenBank Accession: NM_000028.2).

Of the 42 GSD III patients who consented for the study, 33 subjects had echocardiograms
available and of adequate quality for review. No patients were excluded due to other causes
of left ventricular hypertrophy such as hypertension. Each echocardiogram was reviewed in
its entirety by three of the authors (KF, SV, SBW). Most echocardiograms were performed
at Duke University Medical Center and a few at outside institutions. Several specific
features were measured including: IVSD in diastole, LVPWD in diastole, LV mass,
shortening fraction (SF), and ejection fraction (EF). The most recent echocardiogram was
analyzed for the cross-sectional analysis. The first and last echocardiograms were utilized
for the longitudinal data analysis. For measurements of ventricular thickness, M – mode was
preferentially selected if available and of good quality. Parasternal views were used for
ventricular thickness if M – Mode measurements were not available or were not of good
quality. Two-dimensional views were obtained and the area length method was used for the
LV mass measurements.11 Two-dimensional parasternal short axis views were selected for
shortening fraction. Descriptive plots of each parameter indexed to BSA were analyzed
versus Z score standards for these measurements in the general population (SAS v 9.0 - SAS
Institute Inc, Cary, NC).11,15

RESULTS
Patient demographics are summarized in Table 1. Of the patients with echocardiograms
available for review, 23 patients were classified as type IIIa, and 10 were type IIIb. The
mean age of patients was 16.5 years (range1.0 through 55.5 years). Of the 33 subjects with
echocardiograms, 19 were females and 14 were males. Eighteen were children under 18
years of age, and 15 were adults (>18 years of age). Twenty patients had a single
echocardiogram for review, 13 with type IIIa and 7 with type IIIb. Thirteen patients had
multiple echocardiograms for review, 10 with type IIIa and 3 with type IIIb. The average
time between echocardiograms was 4.3 years (minimum of 0.09 years to a maximum of 11.6
years). Patients were followed over a mean time period of 4.8 yrs (1.1 – 9.1 yrs). No
alternate cause of increased LV mass or wall thickness such as hypertension was identified
in any patient.
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Mutation analysis
Genomic sequence analysis of the AGL gene carried out in our patient cohort showed a wide
heterogeneity of pathogenic mutations. In all, 23 different disease causing mutations were
identified in our group of 33 patients, in various combinations of compound heterozygotes
for 2 different pathogenic mutations (n=20) or homozygous mutations (n=10). The majority
of the mutations included nonsense/frameshift nonsense mutations (n=14) with few
missense (n=2), donor/acceptor splice site (n=3) and intronic mutations (n=1). A novel exon
3 deletion mutation was identified in a homozygous state in a patient with severe disease
phenotype. Gene mutation analysis could not be performed on few patients due to
unavailability of DNA sample.

Two previously reported exon 3 mutations associated with GSD IIIb phenotype (p.Gln6stop
and p.Gln6HisfsX25) were observed in all of our GSD IIIb patients (n=10), mostly in
combination with other pathogenic mutations located in the AGL gene. Additionally, muscle
biopsy testing on 3 of these patients showed normal GDE activity; thus, proving them to
have a type IIIb phenotype. The p.Gln6stop was seen in 4 patients and a common frameshift
mutation, p.Gln6HisfsX25 was seen in 6 GSD IIIb patients showing a clear genotype-
phenotype correlation with these 2 mutations, as has been reported before.3, 4, 14

Cross Sectional Analysis of Ventricular Thickness in Children
For LVDPW in children, the cross sectional analysis demonstrated that 6 out of 12 children
(50%) with GSD type IIIa were abnormal with a Z score of ≥2 at their last observation point
(Figure 2a). Of the 6 pediatric patients with GSD IIIb, 1 patient had a Z score of 2; the
remaining patients had normal measurements. For the cross sectional analysis of IVSD in
children, 5 out of 12 patients with GSD IIIa were abnormal with a Z score of ≥2 at most
recent observation (Figure 2b). GSD IIIa patients with Z scores of ≥2 for LVDPW were
usually also the patients with elevated IVSD. Of the GSD IIIb patients with IVSD
measurements, all were normal. LV mass was utilized as an additional method of assessing
LV hypertrophy. Seven children with GSD IIIa had LV mass that was above the upper limit
of normal for age, in some cases markedly above normal (Figure 3a). Each GSD IIIa patient
with increased LV mass also had LVDPW and/or IVSD ≥2. In the GSD IIIa patients with
increased LV mass, both measurements of LV thickness were abnormal, but not in all; thus,
there was not complete correlation of wall thickness measurements and LV mass. There was
1 patient with GSD IIIb with an LV mass measurement above the upper limit of normal for
age (Figure 3a), though this patient’s LVDPW and IVSD were normal. For children with
GSD IIIa with LV mass available (n = 11), the median observed LV mass was 82 g/m2,
(range 44 to110 g/m2), exceeding the upper limit of normal of 70 g/m2. The GSD IIIa
patients with elevated LV mass were those who also had increased wall thickness indices. In
the case of the 5 children with GSD IIIb for whom LV mass was available, the median LV
mass was 56 g/m2 (range 55 to 73 g/m2).

Longitudinal Analysis of Ventricular Thickness in Children
For the children with multiple LVDPW assessments normalized for body surface area, we
found that 2 out of the 5 patients with GSD IIIa had initial posterior wall measurements that
were abnormal at a Z score of ≥2 at the time of their first echocardiogram, and 4 of the 5
patients developed an increase in Z scores from the first to the last measurement (Figure 2c).
Three of the 5 patients had measurements with a Z score of ≥2 by their last echocardiogram
(Figure 2c). In 1 patient, this increase took place in as short a period as 2 years and 6
months, while in another the increase was over 9 years and 7 months. For the longitudinal
analysis of IVSD, all 5 children with GSD IIIa demonstrated an increased Z score from the
first to the last observation (Figure 2d), and 2 of 5 patients had Z score ≥2 at their last
evaluation. For the 5 children with GSD IIIa with multiple observations, the mean LV mass
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at baseline was 63.4 g/m2 (range 28 to 83 g/m2) with the mean final observed LV mass was
91.6 g/m2 (range 73 to 110 g/m2). Four children with GSD IIIa showed an increase in LV
mass between measurements, 3 with a marked increase over time (Figure 3c). For example,
1 patient more than doubled her LV mass over time (Figure 1, 3c).

Cross Sectional Analysis of Ventricular Thickness in Adults
When performing the cross sectional analysis in adults we stratified by gender as well as age
since the normal values are different both by age as well as gender in adults. We found that
3 out of 4 adult male patients with GSD IIIa had an LVDPW that fell in the abnormal range
with 2 mildly abnormal and 1 severely abnormal (Figure 4a). Interestingly, of the 3 adult
male patients with GSD IIIb, 2 had mildly abnormal values for LVDPW (Figure 4a). For the
cross sectional view of LVDPW in adult women with GSD IIIa, we found that 2 out of 7
were in the abnormal range with both mildly abnormal (Figure 5a). There was only 1 adult
female patient with GSD IIIb; her LVDPW was in the mildly abnormal range (Figure 5a). In
the cross sectional look at IVSD in adult males with GSD IIIa, there were 3 of 4 in the
abnormal range, 2 who were severely abnormal (Figure 4b). For IVSD in adult females, 2 of
7 GSD IIIa female patients fell in the abnormal range, with both only mildly abnormal
(Figure 5b). For LV mass measurements in adult male patients with GSD IIIa, 2 of 4 had
severely abnormal LV mass measurements (Figure 3b). Both patients with abnormal LV
mass also had severely abnormal IVSD and one also had severely abnormal LVDPW. LV
mass measurement in adult females showed that 3 of 7 GSD IIIa women had LV mass that
was abnormal, 2 in the mildly abnormal range and 1 in the moderately abnormal range
(Figure 3d). There was only 1 adult female GSD IIIb patient and an LV mass was not
available for her. The 2 GSD IIIa women with the highest LV mass measurements actually
had normal or only mildly abnormal wall thickness measurements (Figure 5a, b).

Longitudinal Analysis of Ventricular Thickness in Adults
There were only 2 male adult patients with GSD IIIa with more than one echocardiogram
available for review (Figure 4c). One of these men was mildly abnormal for LVDPW at the
time of the first echo and remained mildly abnormal at the time of the second
echocardiogram. The other patient was severely abnormal and remained severely abnormal
(Figure 4c). Two male patients with GSD IIIb had more than one echocardiogram. At each
time point, the LVDPW was normal for age and gender. There were 3 female patients with
GSD IIIa with more than 1 echocardiogram (Figure 5c). In 1 female GSD IIIa patient, the
LVDPW was normal at both measurements; 1 patient was mildly abnormal on the first
echocardiogram but returned to the normal range for the last echocardiogram. The final
patient was normal initially but became mildly abnormal on the final measurement (Figure
5c). The only GSD IIIb female patient with >1 echocardiogram had a mildly abnormal
LVDPW at both time points (Figure 5c). For IVSD in the 2 adult male patients with GSD
IIIa, 1 patient was normal at the first echocardiogram and remained normal. The other
patient was severely abnormal and remained so (Figure 4d). For IVSD in female adults with
GSD IIIa, the IVSD was mildly abnormal and remained so at both time points for 2 of 3
patients. The other patient had a normal IVSD that remained normal (Figure 5d). There was
only 1 female patient with GSD IIIb whose IVSD was normal at the first measurement and
remained normal (Figure 5d). For LV mass measurements in adults over time, the LV mass
increased in both male GSD IIIa patients as well as in all 3 female GSD IIIa patients (Figure
3c). LV mass was normal for both male GSD IIIb patients and actually decreased over time
in 1 case (Figure 3c).

Longitudinal Analysis of Function in Adults and Children
Shortening fraction (SF) and ejection fraction (EF) are measures of LV performance that
assess systolic function. SF and EF remained normal for almost all adult and children at all
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points examined over the entire period of follow up (Data not shown). The only exceptions
were 1 adult male patient with GSD type IIIa with severely decreased SF and EF who also
had marked LV hypertrophy by all parameters and 1 adult female patient with GSD type IIIb
with one slightly low measurement of ejection fraction that normalized by the time of her
second echocardiogram.

Cardiac Symptoms and Outcomes
Most patients remain asymptomatic from a cardiovascular standpoint; however there were a
few patients with reported cardiovascular symptoms (Table 2). Notably, 6 patients in this
cohort of 42 patients died. Two patients who did not have echocardiograms died of
hepatocellular carcinoma, a recently reported long term risk in this patient group.16 There
was 1 death in the patients with GDS IIIb; this patient died at age 18 years due to pulmonary
hypertension (confirmed by cardiac catheterization) after a 2 year history of progressive
dyspnea on exertion as well as occasional cyanosis. Her echocardiogram showed mildly
abnormal LVDPW but normal IVSD; no LV mass was available for this patient. She had
one measurement of EF that was mildly diminished but then her EF was normal on a later
echocardiogram. Of the patients with GSD IIIa who had echocardiograms for review, there
were 3 patients who died. In each case, these patients experienced sudden death at young
ages (15 years, 25 years and 36 years). The patient who died at age 15 years of age had only
1 echocardiogram for review which showed significantly elevated LVDPW and IVSD with
a Z score > 3 for both parameters; his LV mass was elevated as well. The 25 year old patient
who died was mildly abnormal for LVDPW but severely abnormal for IVSD with severely
increased LV mass. The 36 year old patient who died had normal LVDPW, IVSD and LV
mass, though over time her LVDPW and her LV mass did increase. By autopsy, she had
extensive glycogen deposition in the cells of the cardiac conduction system. This patient had
a poorly controlled seizure disorder which could have contributed to her death; however, she
did have a history of chest pain with exertion. In addition, there was 1 patient who required
heart, liver, and kidney transplant who presumably would have died without this
intervention. This patient was a 39 year old man with GSD IIIa and demonstrated clinical
symptoms of heart failure and diminished LV systolic function as evidenced by an EF of
20%, moderate mitral regurgitation and pulmonary hypertension.10 His LVDPW, IVSD and
LV mass were all severely abnormal and increased over time.

DISCUSSION
Glycogen Storage Disease III is a rare but potentially serious disease that has variable
cardiac involvement. In this study we examined a cohort of patients on both a cross –
sectional and longitudinal basis for measurements of LV wall thickness and mass in order to
assess the natural history of LV hypertrophy in this patient group. One limitation of previous
research on these subjects is that it does not distinguish between the subtypes of GSD III.
Patients with GSD IIIb are thought to have only liver involvement; thus, inclusion of these
patients could cause an underestimation of the number of type IIIa patients who develop
cardiac changes over time. With the availability of both biochemical analysis and detailed
gene mutations in our patient cohort, we are able to describe the differences in trends of
ventricular hypertrophy noted between type IIIa and type IIIb subtypes. Previous reports
noted measurements of ventricular wall thickness as the main assessment of ventricular
hypertrophy.17,18,9, 19 We analyzed ventricular wall thickness as well as LV mass, which
has not previously been reported in GSD III patients, to determine if LV mass measurement
provided a superior method for measuring LV hypertrophy. Monitoring of LV mass has
been very useful in monitoring patients with Pompe Disease (GSD II.)12 Our overall goal
was to determine a best-practice method for following patients with GSD III to determine
who is at greater risk for developing cardiovascular complications of their disease. Our
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study demonstrates that both groups can develop ventricular hypertrophy, but it is much
more common and more severe in type IIIa than type IIIb.

Initial reports of GSD III noted some cardiac involvement in GSD III patients (Table 3).
Several case series between 1989 and 1997 suggested that ventricular hypertrophy is a
relatively common finding in GSD III patients, though the exact incidence was quite
variable, between 30 and 80% depending in the study. 17,20,18,19,9,21 Moses’ case series
reported in 1989 that 13 of 16 patients (81.25%) had evidence of concentric LV hypertrophy
by echocardiography, but only 1 patient in their series had any clinical symptoms.21

Labrune, et al reported 5 of 16 (31.25%) young patients (8 months to 18 years) with LV
hypertrophy by echocardiography, but no clinical symptoms.18 The most comprehensive
study of cardiac involvement in GSD III patients was by Lee, et al.19 In this study, 32
patients, including children and adults, were systematically evaluated by echocardiography.
Indexing LV wall thickness to body surface area, 37.5% of their patient population (33%
children and 50% of adults) had evidence of LV hypertrophy.9 Other cardiac manifestations
in GSD III patients included myocardial fibrosis and dysrhythmias that have been reported
in isolated cases.22,8 There have also been isolated cases of sudden death where gross
cardiac involvement has been noted on autopsy.6 There has been no obvious relationship
between degree of skeletal myopathy and cardiomyopathy. Therefore, the amount of
peripheral muscle involvement does not dictate cardiac involvement or vice versa.18

Similar to other reports, we also find that LV thickness increases in many of the patients
with GSD III. Specifically, in children with GSD IIIa, approximately half had increase in
wall thickness in the cross sectional analysis of LVDPW and IVSD. Similarly, the LV mass
was increased in 7 of 11 young GSD IIIa patients. In the longitudinal analysis of LV mass in
children, LV mass increases over time, even when indexed for body surface area. In our
longitudinal follow up, 1 patient had doubling of LV mass over time and 2 patients had rapid
increases in LV mass over a short period of time. For adult patients with GSD IIIa, increased
wall thickness measurements were more common in men than in women. LV mass
increased over the time in men and women though our numbers for study were small. We
observed that the same patients who exhibited pronounced increase in posterior and
interventricular wall thickness, demonstrated similarly pronounced changes in their LV mass
over time. Though this significant increase in LV mass was seen, measured aspects of
systolic function including SF and EF remained normal over time in the large majority of
cases. In adults with GSD IIIa, some patients do have increased LV thickness and mass;
however, with our small sample size, we did not identify a pattern in progression of
ventricular hypertrophy over time. Overall, except for the known association of cardiac
involvement in GSD IIIa patients and generally little cardiac involvement in GSD IIIb
patients, our findings showed no correlation between the type of mutation and LV wall
thickness or LV mass, though our sample size is limited. Interestingly, we did find that a few
GSD IIIb patients also had measurements of LV hypertrophy, both wall thickness and LV
mass, that were at the upper limit of normal or even slightly greater than normal, though the
GSD IIIb patients had much milder echocardiographic findings than the GSD IIIa patients.

There are several limitations to our study. First, as a retrospective review, this analysis is
dependent on the accuracy of the analysis of previously collected images. We performed our
own measurements of LV parameters, but we were limited to the echocardiography images
that were available. Nine of the patients who consented for study either did not have
echocardiograms available for review or else had poor quality echocardiograms which we
could not accurately assess. Our longitudinal assessment was limited because several
patients only had 1 echocardiogram available for analysis. Our study is limited in its
examination of ventricular function. There are two components of ventricular function,
systolic and diastolic. In some forms of cardiomyopathy, including hypertrophic
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cardiomyopathy, diastolic dysfunction precedes systolic dysfunction. Echocardiographic
parameters of diastolic function have been less commonly measured and followed over time,
though such parameters increasingly are part of complete echocardiography. Since diastolic
parameters were not obtained in most of the echocardiograms we had available for
assessment, we cannot describe the diastolic function in this cohort. Finally, our clinical
symptom data are also dependent on that recorded at the time of clinic visits and were not
prospectively obtained. Despite these limitations we do report a patient group as large as the
largest cross- sectional cohort previously reported and our patient group is accurately
stratified into type IIIa and type IIIb by biochemical and/or genetic analysis. We are able to
add natural history information on a group of 13 patients with echocardiograms over time.

We found that patients who demonstrated increases in LV mass also had increases in LV
wall thickness indicating that LV mass did not identify LV hypertrophy in patients that were
not already identified by other means in this cohort. It is possible that in a prospective
fashion, LV mass will be a more sensitive measure of ventricular hypertrophy. Certainly LV
mass can be another useful way of following ventricular hypertrophy and it is more
quantitative as a measurement method than wall thickness alone. The SF and EF
measurements of systolic function were almost all normal in our patient cohort even though
some of these patients had significant cardiac events. Since diastolic dysfunction may
precede systolic dysfunction in some forms of cardiomyopathy, it is possible that despite
preservation of systolic function there was concomitant gradual diastolic dysfunction, which
was not detected. Prospective evaluation of both diastolic and systolic measurements of
ventricular function may be quite helpful in determining if there are more subtle changes in
function that are clinically important for patients with GSD III. In our study, we have
evaluated only echocardiograms, but in some instances, the echocardiographic images were
quite poor and precluded accurate assessment of ventricular thickness and mass. If
inadequate echocardiographic images are noted in GSD III patients, consideration for using
an alternative imaging modality such as cardiac MRI would seem indicated. There is one
brief report in the literature noting myocardial fibrosis in a GSD IIIa patient by cardiac
MRI.22

Despite the initially reassuring nature of the echocardiographic data regarding the
preservation of systolic function and the lack of severely progressive hypertrophy in most
patients as they aged, our analysis showed that there were several patients who died in our
study group. Strikingly, there were several sudden deaths in relatively young patients,
mostly in GSD IIIa patients. This occurrence of sudden death raises the possibility of
arrhythmia as the cause of death. The possibility of arrhythmia is also suggested by the
observation at autopsy of glycogen accumulation in the conduction system in one GSD IIIa
patient in our series who died. In other forms of Glycogen Storage Disease such as Pompe
Disease (GSD II) and PRKAG2-associated hypertrophic cardiomyopathy, abnormalities on
electrocardiograms and clinical arrhythmias are well described and are thought to be due to
glycogen accumulation involving the conduction system of the heart. 23, 24

Clinical cardiac symptoms are not commonly reported in our patient group as noted in Table
2. Of the three GSD IIIa patients who died, two had reported chest pain, though there were
reports of chest pain in other patients who are alive and well. Complaints of palpitations
were not noted; however, it is possible that patients do not spontaneously mention other
cardiac symptoms unless specifically asked. Given the musculoskeletal features of GSD III,
it may be difficult clinically to differentiate the etiology of some symptoms such as fatigue
and exercise intolerance, since these symptoms could be due to muscle fatigue as well as
poor cardiac function. Thus, it may be a clinical challenge to determine if there are specific
cardiovascular symptoms in this patient group.
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Based on our findings, we recommend regularly screening patients with GSD III with
echocardiograms, including measurements of ventricular thickness as well as LV mass and
both systolic and diastolic function. We suggest annual echocardiograms since the increase
in LV thickness and mass was quite rapid in some of our GSD IIIa patients; however, this
time interval may be extended for individual patients if there are several normal
echocardiograms over a few years. Patients with GSD IIIb may also be screened by
echocardiography less frequently, but given that a few do develop LV hypertrophy, serial
echocardiograms every few years seem advisable. If poor echocardiographic windows make
the acquisition of this information difficult, consideration for cardiac MRI is warranted.
Evaluation of heart rhythm by electrocardiogram seems a reasonable screening test as well,
given the patients with sudden death in our series. In patients who are potentially
symptomatic and/or may have severe hypertrophy by imaging, consideration for more
detailed evaluation of heart rhythm and conduction should be considered. The variability of
clinical outcomes, some of them serious, in GSD III patients underscores the importance of
echocardiographic screening in this patient population. Partnering with a cardiologist who is
familiar with patients with GSD III and other Glycogen Storage Diseases may be the best
way to provide optimal care for these patients. By performing good cardiac evaluations of
these patients, including detailed serial echocardiograms, we will be better able to identify
patients with ventricular hypertrophy who seem most at risk for developing poor outcomes.
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Figure 1. Left Ventricular Hypertrophy on Echocardiography
Two dimensional echocardiogram images from one patient with GSD IIIa who experienced
marked increase in measures of wall thickness as well as increased LV mass. The left upper
panel is the short axis view of the left ventricle at baseline; the left lower panel is the long
axis view of the left ventricle at the same time. On the right, in the upper panel is the short
axis view of the left ventricle one year later; the left lower panel is the long axis view of the
left ventricle one year later.
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Figure 2. Wall thickness parameters in children with GSD III
Measurements are indexed for body surface area and shown with reference lines for Z-
scores for these parameters in children.15 In all panels, GSD IIIa patients are noted with
closed circles. GSD IIIb patients are noted with stars. A) LVDPW indexed for body surface
area. B) IVSD indexed for body surface area. C) Longitudinal assessment of LVDPW in
children over time indexed for body surface area. D) Longitudinal assessment of IVSD in
children over time indexed for body surface area.
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Figure 3. LV mass for age in children and adults
In all panels, GSD IIIa patients are noted with closed circles; GSD IIIb patients are noted
with stars. A) Cross-sectional LV mass values for children. The upper limit of normal for
LV mass for children (70 g/m2) is shown as a dotted line for reference.12 B) LV mass for
adult male patients; reference lines for severity of abnormal value are noted.11 C)
Longitudinal LV mass measurements for patients over time and shown by age. D) LV mass
for adult female patients with reference lines for severity of abnormal value noted.11
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Figure 4. Wall thickness parameters for adult males with GSD III
In all panels, GSD IIIa patients are noted with closed circles. GSD IIIb patients are noted
with stars. A) LVDPW for adult males shown by age with reference lines denoting mild,
moderate and severely abnormal values.11 B) IVSD for adult males shown by age with
reference lines denoting mild, moderate and severely abnormal values.11 C) LVDPW for
adult male patients with more than one echocardiogram. D) IVSD for adult male patients
with more than one echocardiogram.
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Figure 5. Wall thickness parameters for adult females with GSD III
In all panels, GSD IIIa patients are noted with closed circles. GSD IIIb patients are noted
with stars. A) LVDPW for adult females shown by age with reference lines denoting mild,
moderate and severely abnormal values.11 B) IVSD for adult females shown by age with
reference lines denoting mild, moderate and severely abnormal values.11 C) LVDPW for
adult female patients with more than one echocardiogram. D) IVSD for adult female patients
with more than one echocardiogram.
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Table 1

Patient Demographics

Type IIIa Type IIIb

Children (<18 yrs) Adults (>18 yrs) Children (<18 yrs) Adults (>18 yrs)

12 11 6 4

(4 males, 7 females) (3 males, 1 female)

Echos available for review Echos available for review

Single echo 13 Single echo 7

>1 echo 10 >1 echo 3
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