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Background Glycogen storage disease type IV (GSD IV; Andersen’s disease) is a rare autosomal recessive disease caused by mu-
tation in the GBE1 gene. Presentation of GSD IV varies on a continuum of severity and symptomatology ranging
from neonatal death to mild adult-onset disease with variable involvement of hepatic, muscular, neurologic, derma-
tologic, and cardiac systems. Cardiomyopathy seen in GSD IV is also heterogeneous and its appearance on cardiac
magnetic resonance imaging (CMR) is rarely described.

...................................................................................................................................................................................................
Case summary A 29-year-old man without previous medical history was admitted to our facility multiple times over 2 years for

focal sensorimotor deficits, gout arthropathy, chronic hyperlactataemia and hyperuricaemia, and severe decompen-
sated non-ischaemic cardiomyopathy complicated by episodes of thromboembolic organ infarction.
Echocardiography and CMR showed severe biventricular failure with the presence of intraventricular thrombi with
increased right ventricular trabeculation and absent late gadolinium enhancement. He underwent muscle biopsy
which showed prominent glycogen in skeletal muscle followed by genetic testing showing a single heterozygous
splicing mutation c.993-1G>T found at the junction of intron 7 and exon 8 of the GBE1 gene which had not previ-
ously been reported and was predicted to be pathologic. He was referred to a tertiary care centre with glycogen
storage disease specialists but expired prior to establishing care at that facility.

...................................................................................................................................................................................................
Discussion Discovery of GSD IV in our patient was unexpected due to a highly variant clinical presentation. Our case stresses

the clinical heterogeneity of GSD IV and the importance of genetic sequencing studies in the evaluation of potential
glycogen storage disease.
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..Introduction

Glycogen storage disease type IV (GSD IV; Andersen’s disease) is a
rare autosomal recessive disease caused by mutation in the GBE1
gene which impairs glycogen branching enzyme (GBE). Reduced GBE
activity causes formation of abnormally long glycogen chains called
polyglucosans.1 Variable involvement of tissue-specific isozymes
causing polyglucosan build-up in skin, liver, skeletal muscle, cardiac
muscle, and central nervous system are thought to underlie the
gamut of presentations seen.2

The clinical presentation of GSD IV is extremely heterogeneous
ranging from death in utero to mild adult-onset disease.3,4

Cardiomyopathy in GSD IV is also heterogeneous and numerous
morphologies have been reported, including hypertrophic cardiomy-
opathy during infancy,5,6 neonatal dilated cardiomyopathy,7 and
adult-onset dilated cardiomyopathy.5,6 Within the last category is the
only other case in which cardiac magnetic resonance imaging (CMR)
findings were reported which demonstrated late gadolinium
enhancement (LGE) in segments of the interventricular septum. We
report a case of GSD IV-related dilated cardiomyopathy with absent
LGE on CMR and increased right ventricular (RV) trabeculation.

Timeline

Case presentation

A 29-year-old man without previous medical history initially pre-
sented with chronic left upper extremity weakness, paresthesias, and
diffuse polyarticular pain and swelling. He was found to have elevated
erythrocyte sedimentation rate to 95 mm/h (0–13 mm/h) and
C-reactive protein to 154.5 mg/L (0–5 mg/L) with erosive changes in
multiple joint radiographs. He was treated with non-steroidal
anti-inflammatory drugs, gabapentin, and low-dose oral prednisone
with plan for further outpatient workup but did not follow-up.

He presented the next year with inability to ambulate due to se-
vere dyspnoea and bilateral knee arthritis. Family history included a
maternal grandmother with arthritis; however, there was no family
history of cardiovascular disease. He was euvolemic, his bilateral
knees were swollen and there was severe pes cavus deformity of the
feet. Labs included chronic lactataemia of 4–6 mmol/L (0.5–
2.2 mmol/L), hyperammonaemia to 177mmol/dL (11–33mmol/dL),
and hyperuricaemia to 11.5 mg/dL (3.7–7 mg/dL). Autoimmune panel,
anti-Trypanosoma cruzi antibodies, and Coxsackie virus antibodies
were negative. There was radiographic enlargement of the cardiac
silhouette with echocardiographic left ventricular dilation, ejection
fraction (EF) of 25%, and diffuse hypokinesis (Figure 1).

Learning points
• Clinical presentation of glycogen storage disease type IV (GSD IV) is highly variable and the diagnosis should be within the differential in

patients with otherwise unexplained multi-organ disease. Genetic testing, including genetic sequencing, is essential in diagnosis.
• Glycogen storage disease type IV associated cardiomyopathy is also highly variable and multiple morphologies have been reported.
• The mechanism of cardiomyopathy associated with GSD IV may not necessarily be mediated by fibrosis detectable via gadolinium

enhancement on cardiac magnetic resonance imaging. Native T1 mapping has not been reported in GSD IV-associated cardiomyopathy
and attention should be paid to this assessment in future cases.

....................................................................................................................................................................................................................
Date Event

January 2013 First presented with upper extremity weakness and paresthesias along with diffuse polyarthritis. Workup non-diagnostic, treated

as seronegative spondyloarthritis and neuropathy and discharged with plan for outpatient neurological workup but lost to fol-

low-up

January 2014 Presents with dyspnoea and bilateral knee arthritis, found to have non-ischaemic cardiomyopathy (NICM) with ejection fraction

(EF) of 25%. Started on medical therapy and refused implantable cardioverter-defibrillator placement

December 2014 Presents with haemoptysis found to be due to thromboembolic pulmonary infarcts. Interval decrease in EF to 18% with the pres-

ence of biventricular apical thrombi

January 2015 Accepts joint aspiration which finds monosodium urate crystals

February 2015 Left vastus lateralis muscle biopsy performed for muscle weakness finds vacuolar myopathy and prominent glycogen

March 2015 Glycogen storage disease next-generation sequencing panel showed a heterozygous mutation in the GBE1 gene for sequence vari-

ant c.993-1G>T found at the junction of intron 7 and exon 8

April 2015 Referred to tertiary centre with glycogen storage disease specialists; however, expired prior to presentation there
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..Electrocardiogram (EKG) showed left axis, left bundle branch block,
and diffuse tall QRS complexes (Figure 2). No evidence of coronary
disease was found during cardiac catheterization at an outside facility
a month prior to presentation. The patient resumed treatment for
arthritis with oral steroids and began medical therapy for heart failure
with carvedilol, furosemide, and lisinopril. He refused implantable
cardioverter-defibrillator (ICD) placement and was lost to follow-up
upon discharge.

He presented later that year with shortness of breath and episodes
of haemoptysis and was admitted to the medical intensive care unit
due to elevated lactate to 18 mg/dL without acidosis (bicarbonate
27.3 mmol/L; 22–29 mmol/L). Vitals and physical exam were otherwise
benign. Troponin-T peaked at 0.798 ng/mL (<0.01 ng/mL) but EKG
was unchanged. Repeat echocardiography showed worsened EF to
18% with marked reduction of tricuspid annular plane systolic excur-
sion, RV dilation, and presence of biventricular thrombi in the apical

Figure 1 Anteroposterior (AP) radiograph of the chest showing enlargement of the cardiac silhouette (A). Echocardiographic four-chamber view
(B) reveals severe left ventricular dilation. M-mode of left ventricular mid-chamber diameter with minimal fractional shortening (C). LA, left atrial; LV,
left ventricular; RA, right atrial; RV, right ventricular.

Figure 2 Electrocardiogram showing sinus tachycardia with left axis deviation, left bundle branch block, and increased QRS amplitude. aVF, aug-
mented vector foot; aVL, augmented vector left ; aVR, augmented vector right.
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walls (Figure 3). Intravenous contrast-enhanced computed tomography
of the abdomen and pelvis found wedge-shaped hypodensities in the
lung parenchyma and kidney representing thrombotic infarctions
(Figure 4). He was anticoagulated and stabilized. Biventricular ICD
placement was considered but deferred in the setting of intracardiac
thrombus. The patient was not a candidate for cardiac transplant due
to continual medication non-compliance and social instability.

In the following year, he was admitted multiple times for polyar-
thritic flares and dyspnoea. Arthrocentesis found monosodium urate
crystals and he was treated with intra-articular and systemic steroids
and colchicine. He had multiple episodes of hypoglycaemia and con-
current evaluation showed non-insulin-mediated hypoglycaemia with
decreased glucose, insulin, and c-peptide. Electromyography was per-
formed to evaluate weakness and showed mild, diffuse myopathy
affecting the lower extremities and distal hand muscles. Left vastus
lateralis biopsy showed prominent glycogen in skeletal muscle on
electron microscopy. Targeted next-generation sequencing of

genomic deoxyribonucleic acid (DNA) for the full coding regions
plus �20 bp of non-coding DNA flanking each exon of the 14 genes
known to be involved in GSDs detected a novel heterozygous c.993-
1G>T mutation at the junction of intron 7 and exon 8 of the GBE1
gene which was further confirmed by Sanger sequencing. A splicing
prediction software, Human Splicing Finder, predicted that the
patient’s novel variant alters GBE1 splicing resulting in pathogenicity.8

Follow-up echocardiogram with contrast showed worsening biven-
tricular function with an RV thrombus within a hypertrabeculated RV.
Cardiac magnetic resonance imaging found absent LGE with
increased RV trabeculation and thrombus (Figures 4 and 5) . He was
referred to a tertiary centre with glycogen storage disease specialists
and was subsequently lost to follow-up from our facility. He was later
found to have expired under unknown circumstances prior to pres-
entation to that facility and no further information could be obtained.

Discussion

Variant presentation
Diagnosis of GSD IV was unexpected due to our patient’s variant
presentation. Although biopsy results limited differential to the
glycogen storage diseases; presence of hyperlactataemia, hyperuri-
caemia, and gouty arthrosis led members of the team to expect
confirmation of glycogen storage disease Type I.3 Given family his-
tory of arthropathy, these findings are thought to represent a syn-
chronous disease process. Glycogen storage disease type IV was
diagnosed based on involvement of the GBE1 gene and organ sys-
tems known to affected by GSD IV.

Manifesting heterozygosity
Confirmatory diagnosis of GSD IV is established via genetic testing
showing homozygous or compound heterozygous pathologic muta-
tions in the GBE1 gene;9,10 however, only a single mutation was iden-
tified in our patient indicating manifesting heterozygous disease. The
phenomenon of manifesting heterozygosity has been investigated in
adult body polyglucosan disease (ABPD)—a neurological disorder

Figure 3 A four-chamber view showing right ventricular (thick
arrow) and left ventricular (thin arrows) mural echogenic masses
concerning for thrombi.

Figure 4 Coronal images from contrast-enhanced computed tomography of the abdomen showing wedged shaped infarctions in the right lung (or-
ange arrows) (A) and right kidney (yellow arrows) (B).
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..involving the GBE1 gene. In one retrospective study of 35 patients
with ABPD, 16 were heterozygous for a c.986A>C mutation in
GBE1 without a second mutation. Reverse transcription of the mes-
senger ribonucleic acid for the GBE1 gene found a deep intronic mu-
tation creating an ectopic last exon in all manifesting heterozygotes.11

It is possible that a similar process may be responsible for the mani-
festing heterozygous disease seen in our patient.

Heterogeneity of cardiomyopathy
associated with glycogen storage disease
type IV
Absent LGE and development of RV hypertrabeculation were unique
findings on our patient’s CMR. Presence of LGE represents fibrosis
and is an independent risk factor for adverse cardiac events.12

Although LGE was present in the only other reported case of GSD
IV-associated cardiomyopathy evaluated with CMR;5 its absence in
our patient suggests that the mechanism of GSD-associated cardio-
myopathy involves a process which does not necessarily involve fi-
brosis detectable by LGE. Myocardial native T1 mapping is an
emerging biomarker which has demonstrated reduction of myocar-
dial T1 values in carriers of glycogen storage diseases. Unfortunately,
native T1 mapping was not available on our magnetic resonance
imaging unit at the time of this examination and was not reported in
the only other case of GSD IV cardiomyopathy. Further CMR evalu-
ation in patients with suspected GSD cardiomyopathy should include
this technique.13

Imaging also showed interval increase in RV trabeculation which
resembled an RV analogue of left ventricular non-compaction
cardiomyopathy. Left ventricular non-compaction cardiomyopathy is
a severe cardiomyopathy characterized by embryological endomyo-
cardial arrest causing persistent spongy trabeculated myocardium.
Non-compaction cardiomyopathy of the RV has previously been
reported; however, its existence as a clinical entity is debated as the
RV is normally trabeculated and normal vs. pathologic hypertrabecu-
lation is difficult to distinguish.14 This finding in our patient may repre-
sent an adaptation to increased RV load.15

Conclusion

Our patient’s severe adult-onset, multisystemic presentation with a
novel heterozygous mutation, and cardiomyopathy with novel find-
ings on CMR exemplifies the extreme heterogeneity seen in GSD IV.
These unique findings stress the importance of genetic sequencing
studies in the diagnosis of Andersen’s disease.
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Supplementary material is available at European Heart Journal - Case
Reports online.

Slide sets: A fully edited slide set detailing this case and suitable
for local presentation is available online as Supplementary data.
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Figure 5 (A) Echocardiography showing densely trabeculated right ventricle (yellow arrows). (B and C) Cardiac magnetic resonance imaging show-
ing increased right ventricular trabeculation in short-axis FIESTA view (B). Increased trabeculation of the right ventricle with thrombus in a trabecular
recess (C, yellow arrow) is evident in the four-chamber horizontal long-axis FIESTA (C).
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