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Purpose: Glycogen Storage Disease Type III, also known as de-
brancher deficiency or Cori disease, is an autosomal recessive disorder
recognized for both its hepatic and muscle manifestations. The neuro-
muscular manifestations of Glycogen Storage Disease Type III are not
well characterized. In this study, we attempt to better define the disor-
der. Methods: The medical records of 40 patients with Glycogen
Storage Disease Type III seen at Duke University during 1990–2009
were reviewed. The medical records of all patients with nerve conduc-
tion studies and/or electromyography were examined. Results: Twelve
patients with Glycogen Storage Disease Type III (aged 5–55 years) had
undergone nerve conduction studies � electromyography. Three of
these cases are presented in detail. Nine patients had Glycogen Storage
Disease Type IIIa, two patients had Glycogen Storage Disease Type
IIIb, and the clinical subtype of one patient was unknown. All had nerve
conduction studies and of those nerves tested, abnormalities in the
median motor response were most common, corresponding to previ-
ously described, intrinsic hand muscle weakness. Electromyography
was performed in eight patients and myopathic findings were present in
six individuals. Abnormal electrodiagnostic findings were more com-
mon in older patients. The two patients with Glycogen Storage Disease
Type IIIb had electrodiagnostic evidence of nerve involvement with
minor myopathic findings. Conclusions: The neuromuscular manifes-
tations of Glycogen Storage Disease Type III include myopathy and
neuropathy and are more likely to occur with increasing age, even in
those diagnosed with Glycogen Storage Disease Type IIIb. Intrinsic
hand muscle weakness is likely due to a combination of nerve and
muscle dysfunction, a finding that may have implications for treatment.
Genet Med 2010:12(7):440–445.
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Glycogen Storage Disease Type III (GSD III), also known as
debrancher deficiency or Cori disease, is primarily recognized

for its hepatic manifestations. It is an autosomal recessive disorder
that results from deficiency of the glycogen debranching enzyme
located at chromosome 1p21.1 The disorder commonly presents in
infancy with hypoglycemia, hepatomegaly, and seizures.2 The
neuromuscular manifestations of GSD III have been reported but
are not as well defined. In this study, the neuromuscular manifes-
tations of GSD III in 12 patients are described.

BACKGROUND

Glycogen storage disorders (GSD) result from enzymatic defi-
ciencies that prevent the appropriate formation, storage, and/or
utilization of glycogen. GSD III is an autosomal recessive disorder
that results from a deficiency of the glycogen debranching enzyme
located on chromosome 1p21.1 It occurs in �1 of 100,000 live
births in North America but may be under-recognized.3 The inci-
dence is variable across different ethnic groups.3–5 Enzyme activity
is most pronounced in the liver and muscle, and clinical pheno-
types reflect this distribution of involvement.

There are two major subtypes of GSD III. GSD IIIa is most
common (80%) and results in both hepatic and muscular in-
volvement. GSD IIIb affects only the liver and enzyme activity
in muscle is normal.2 This is secondary to differential splicing
of the glycogen debranching enzyme gene (AGL).6,7 GSD III is
typically diagnosed within the first year of life and symptoms of
hepatic involvement are prominent. Infants commonly display
hypoglycemia, hepatomegaly, short stature, and dyslipidemia.8

Muscular involvement is often not evident until much later.2,9–11

Recognition of GSD III has lead to increasing knowledge
about the natural history of the disorder. In childhood, patients
are managed with complex-carbohydrate meals and cornstarch
supplementation, along with a high protein diet.12,13 Hepatic
symptoms often subside at puberty and in the past, dietary
modifications were discarded.12 Recently, it has become appar-
ent that liver issues in GSD III do not end in adolescence. A
recent report by Demo et al.14 described hepatocellular carci-
noma as a potential long-term complication of the disorder,15–18

and cirrhosis has long been known to occur.15–21 In addition, the
late neuromuscular manifestations of GSD III are beginning to
be appreciated. Although there are scattered case reports and
series describing weakness, myopathy, and even neuropathy in
patients with GSD III, much remains to be learned.2,9,10,11,22–27

In this report, the neuromuscular function of 12 GSD III
patients at Duke University Medical Center is examined. This is
the first study to analyze the neuromuscular, electrodiagnostic,
and DNA analysis findings in patients with GSD IIIa and IIIb,
and the first report of neuromuscular involvement in patients
with GSD IIIb.

MATERIALS AND METHODS

After the approval of Institutional Review Board, a chart
review of 40 patients with GSD III seen at Duke University
Medical Center between 1990 and 2009 was performed. Twelve
patients were identified who had undergone nerve conduction
studies (NCS) � electromyography (EMG). A diagnosis of
GSD III was made based on increased glycogen content, altered
ratio of glucose-1-phosphate/glucose, evidence of debrancher
enzyme deficiency in liver and/or muscle biopsy, and DNA
mutation analysis. Subtyping of GSD III was based on presence
or absence of enzyme activity in muscle (liver and muscle
involved in GSD IIIa, liver only with normal muscle enzyme
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activity in IIIb) or the presence specific mutations in exon 3 of
AGL gene, known to occur only in GSD IIIb.

The charts of these patients were reviewed and information
regarding age, gender, hepatic function, cardiac function, motor
strength examination, sensory examination, creatine phosphoki-
nase (CPK) levels, and NCS/EMG was recorded.

All nerve conduction and EMG studies were performed in
the Duke University Electromyography Laboratory by trained
electrodiagnosticians from 1990 to 2009. The equipment used
varied over the years, but laboratory techniques and standards
were unchanged during this time. All NCS were performed
recording at 34°C using standard recording distances for the
laboratory. EMG was performed using a concentric needle on
selected muscles when deemed necessary by the examiner.

RESULTS

During 1990–2009, 12 patients with GSD III were identified
who had undergone NCS � EMG at Duke University Medical
Center. The patient characteristics are summarized in Table 1.
All patients had hepatic involvement of varying degree, while
only 4 of 12 patients showed cardiac manifestations. Cardiac
disease resulted in transplant in Patient 8, but the other patients
had asymptomatic mild left ventricular hypertrophy. There was

no direct correlation between the presence of cardiac abnormal-
ities and neuromuscular dysfunction in this sample population.
CPK levels were available for 11 of 12 patients and all were
elevated with the exception of Patient 12, who had GSD IIIb.

Table 2 outlines the physical examination and electrodiag-
nostic findings of these patients in detail. Older patients seemed
to show more changes on NCS and EMG. In addition, the
median motor response seemed to be disproportionately in-
volved in a pattern not always consistent with simple carpal
tunnel syndrome. For example, Patients 3, 10, and 11 had
abnormalities in median motor responses without changes in
median sensory function. With carpal tunnel syndrome, the
sensory responses are almost always affected first. Another
unexpected finding was the paucity of spontaneous activity on
EMG (only three of eight patients), which has previously been
prominently noted in other patients with GSD III.9,10,11,16,18

CASE REPORTS

The following three case reports are provided to better illus-
trate the neuromuscular manifestations in GSD III, including the
finding of neuromuscular disease in a patient diagnosed with
GSD IIIb.

Table 1 Patient characteristics

Case
Agea

(yr) Gender

Involvement
Maximum
CPK (U/L) Genetic variant Allele Region

Amino acid
change EffectHepaticb Cardiacc

1 5 F Yes Yes 2,290 c.1276delG Het Exon 11 p.Val426LfsX12 Frameshift/deletiond

2 11 F Yes No 1,027 c.4260-12A�G Het Intron 32 — Intronic splicesite

3 13 M Yes Yes 9,264 Exon 3 del Hom Exon 3 p.exon3del Exon deletion

4 17 M Yes NAe NA Unknown — — — —

5 17 F Yes Yes 678 c.3965delT Hom Exon 31 p.Val1322fsX1348 Frameshift/deletion

6 33 F Yes No 1,195 c.410_413delTGGG Het Exon 5 p.Leu137YfsX20 Frameshift/deletion

c.2039G�A Het Exon 17 p.Trp680X Nonsense/truncating

7 35 F Yes No 1,114 c.2590C�T Het Exon 21 p.Arg864X Nonsense/truncating

c.4529dupA Het Exon 35 p.Tyr1510X Nonsense/truncating

8 45 M Yes Yes 1,747 c.100C�T Het Exon 4 p.Arg33X Nonsense/truncatingd

c.2590C�T Het Exon 21 p.Arg864X Nonsense/truncatingd

9 45 M Yes No 392 c.17_18delAG Het Exon 3 p.Gln6HisfsX20 Frameshift/deletion

c.2039G�A Het Exon 17 p.Trp680X Nonsense/truncating

10 48 M Yes No 1,439 c.1963G�A Het Exon 16 p.Gly655Arg Missensed

c.3701-17T�A Het Intron 28 — Intronic splicesited

11 53 F Yes No 2,209 c.2155C�T Het Exon 17 p.Gln719X Nonsense/truncatingd

c.3980G�A Het Exon 31 p.Trp1327X Nonsense/truncating

12 55 M Yes No 216 c.16C�T Het Exon 3 p.Gln6X Nonsense/truncating

c.2039G�A Het Exon 17 p.Trp680X Nonsense/truncating
aAge at time of nerve conduction studies and electromyography.
bHepatic involvement defined by elevation in transaminase levels, abnormal imaging study of the liver, hepatomegaly, cirrhosis, or other hepatic dysfunction.
cCardiac involvement defined by abnormality of electrocardiography, echocardiography, or need for pacemaker implantation/heart transplant.
dNot previously reported in the literature.
eInformation not available.
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Case 1
Patient 11 was a Caucasian woman initially noted to have

hepatomegaly on a well child examination only 1 year after
GSD III was initially described. She did not receive any care
directed at her underlying disorder and had mild delay in
developmental milestones. She also noted decreased endurance
when compared with her peers. At the age of 18 years, she was
diagnosed with GSD III by liver biopsy.

In her 20s and 30s, she had mild transaminitis and increas-
ing muscle weakness. At the age of 39 years, she sought
medical attention and began dietary modifications. A muscle
biopsy at the age of 42 years revealed increased glycogen
content and deficiency of the debrancher enzyme, confirming
the diagnosis of GSD IIIa. By the age of 53 years, she used
a wheelchair to ambulate and was unable to brush her teeth
or hair without supporting her arm. She also noted painful
paresthesias in her feet and distal legs. Clinical examination
showed four-fifth strength of the proximal upper extremities

and three-fifth strength of the proximal lower extremities.
Distal lower extremity strength was four-fifth. Some wasting
of the intrinsic hand muscles was noted. CPK levels were
1959–2209 U/L (reference, 20–200). Transthoracic echocar-
diography was normal.

NCS demonstrated an absent peroneal motor response and
reduced amplitude tibial motor response of 1.1 mV (normal
�2.8 mV). The sural sensory response was normal. The
median motor response had a prolonged distal latency of 5.6
milliseconds (normal �4.4 milliseconds) with reduced am-
plitude of 3.7 mV (normal �4.2 mV). The median sensory
responses had moderately prolonged distal latencies with
normal amplitudes. The ulnar sensory responses demon-
strated prolonged distal latencies and reduced amplitudes.
EMG of the anterior tibialis demonstrated complex, short
duration motor unit potentials with early recruitment, a pat-
tern consistent with myopathy. No spontaneous activity was
observed.

Table 2 Clinical and electrodiagnostic findings

Case
Pattern of
weakness

Sensory
examination

Motor nerve conduction
studies

Sensory nerve
conduction studies Electromyography results

1 Normal Normal Peroneal: mild slowing;
Median: NL

Sural, median: NL Normal

2 Normal Normal Peroneal, ulnar: NL Sural, median: NL Not performed

3 Normal Normal Peroneal: NL; median: mild
slowing

Sural, median: NL Normal

4 Unknown Unknown Not performed Sural: NL Not performed

5 Normal Normal Peroneal, ulnar: NL Sural, median: NL Not performed

6 Mild proximal
lower extremity
weakness

Normal Peroneal, median: NL Sural, median: NL Single run of positive sharp waves in
anterior tibialis; scattered
myopathica MUPs in limb
muscles; APB with neuropathicb

MUPs

7 Proximal limbs;
intrinsic hand
muscles

Normal Peroneal, tibial, median: NL Sural, median: NL SA present: positive sharp waves and
complex repetitive discharges;
myopathic MUPs in proximal
limbs and hands

8 Proximal & distal
limbs; intrinsic
hand muscles

Normal Peroneal: NL; median: low
amplitude

Sural, median: NL No SA; myopathic MUPs

9 Normal Normal Peroneal: low amplitude;
median: prolonged DL

Sural, ulnar: NL; median:
prolonged DL, low
amplitude

No SA; myopathic MUPs in
proximal limbs; neuropathic MUPs
in median- innervated hand
muscles

10 Normal; developed
diffuse
weakness later

Normal Peroneal, ulnar: NL; median:
diffuse slowing, low
amplitude

Sural, median: NL Not performed

11 Proximal limbs;
intrinsic hand
muscles

Reduced
sensation
in feet

Peroneal: NR; tibial: low
amplitude; median: low
amplitude, slowing

Sural, radial: NL; ulnar:
low amplitude, slow

No SA; myopathic MUPs

12 Normal Normal Peroneal: NL; median:
prolonged DL; ulnar: NL

Sural: NR; ulnar: NL;
median: prolonged DL

Single run of positive sharp waves in
anterior tibialis; scattered
myopathic MUPs in limb muscles;
APB with neuropathic MUPs

NL, normal; MUP, motor unit potential; SA, spontaneous activity; DL, distal latency; NR, no response.
aMyopathic motor unit potentials defined by short duration, low-amplitude polyphasic motor unit potentials with early recruitment.
bNeuropathic motor unit potentials defined by long duration, large-amplitude motor unit potentials with reduced recruitment.
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Case 2
Patient 8 was a 45-year-old Caucasian man initially diag-

nosed with GSD I at birth based on his hepatic manifestations,
as were two of his three older brothers. Over the course of his
childhood, he was noted to have delayed motor milestones and
did not walk until the age of 5 years. At the age 12 of years, he
underwent a muscle biopsy and his diagnosis was changed to
GSD IIIa. He began to have cardiac difficulties at the age of 16
years and a pacemaker was implanted for sick sinus syndrome.
He had continued difficulties with hepatic and cardiac disease
over the years, developing secondary renal dysfunction. He had
a liver, heart, and kidney transplant at the age of 40 years.

At the age of 45 years, Patient 8 presented to the neuromus-
cular clinic for the evaluation of progressive weakness. At the
time of evaluation, he was unable to open jars or walk more than
1.5 city blocks. On examination, there was atrophy of the
right � left intrinsic hand muscles and reduced muscle bulk
throughout the upper and lower extremities. Strength was
graded four-fifth in the proximal and distal upper and lower
extremities, while facial strength was normal. He displayed a
Trendelenburg gait and used his arms to rise from a seated
position. A CPK level was 1,747 U/L with mild elevation of
aspartate transaminase at 69 U/L (normal, 15–41 U/L).

NCS of the upper and lower extremities were normal with the
exception of reduced amplitude of the median motor response
(3.4 mV). EMG demonstrated no spontaneous activity, but
myopathic appearing motor unit potentials were seen in the
deltoid, vastus lateralis, and extensor digitorum communis.

This case illustrates that liver transplantation is not curative
in GSD IIIa and may not halt progression of associated neuro-
muscular disease.

Case 3
Patient 9 was a 45-year-old man diagnosed with GSD III

confirmed by liver biopsy at the age of 4 years after he was
noted to have hepatomegaly. The GSD III subtype was not
further characterized at that time. He was tall for his age, but
was noted to have mild motor delay, walking at around 20
months. He was managed with dietary modifications and had no
difficulties throughout his childhood. He played American foot-
ball in his teen years and continued to play at the collegiate
level.

As an adult, he was employed in construction and performed
heavy physical labor. At the age of 35 years, he began to note
some mild distal lower extremity numbness along with forearm
cramping following exertion. Over the next few years, he noted
weakness in his proximal legs when climbing stairs and loss of
grip strength. The paresthesias in his feet remained and he
began to note intermittent tingling of his fingertips.

Clinical examination revealed a muscular individual without
any evidence of weakness. Reflexes and sensation were normal.
A CPK level was mildly elevated on the two occasions; it was
checked at 292 and 392 U/L (normal 30–220 U/L) and there
was mild transaminitis. Echocardiography was normal.

NCS revealed marked reduction in peroneal motor ampli-
tudes (0.8 mV) with borderline slowing of 41 m/second (normal
�41 m/second). The median motor response had a moderately
prolonged distal latency of 5.0 milliseconds (normal �4.4 mil-
liseconds) but was otherwise normal. The median palmar and
digital sensory responses also had prolonged distal latencies and
reduction in amplitude, while ulnar sensory responses were
normal. EMG revealed patchy areas of small, complex (myo-
pathic) motor unit potentials in the tibialis anterior and vastus
lateralis, while reduced recruitment was seen in the abductor

pollicis brevis. The findings on NCS and EMG are of particular
interest given the lack of weakness, atrophy, or sensory loss on
clinical examination. A muscle biopsy was subsequently ob-
tained on this patient and it showed normal glycogen content
and structure (G-1-P/Glu ratio) and normal debranching enzyme
activity, thus confirming the clinical diagnosis of GSD IIIb.
DNA analysis of AGL gene also confirmed a diagnosis of GSD
IIIb based on the presence of a common mutation, c.17_18delAG
(in exon 3) and the same stop codon mutation found in the other
IIIb patient in this study (Patient 12, Table 1).

DISCUSSION

GSD III is a disorder that was not described until the 1950s.28

Following its recognition, research focused on the hepatic man-
ifestations in children. It was initially thought that the disease
became virtually asymptomatic at puberty and affected individ-
uals often ceased dietary therapies. More recently, there is
renewed interest in the long-term complications of GSD III, not
only hepatic cirrhosis and carcinoma, but the impact of the
disorder on neuromuscular function.

To date, literature on the neuromuscular manifestations of
GSD III has been limited. There have been scattered case
reports and case series since the 1970s, but a comprehensive
study has not been performed.2,9–11,22–27 This is likely second-
ary to the fact that mild weakness went unnoticed in most
children. There is even less data on the electrodiagnostic as-
sessment of GSD III. A summary of prior reports that include
substantial details of the NCS/EMG findings of GSD III is
provided in Table 3.

In these previous studies, 13 of 61 (21%) listed cases were
noted to have some degree of slowing on NCS. In our study,
50% of patients were noted with slow conduction velocities or
prolonged distal latencies. In addition, 3 of 12 patients were
noted to have low amplitudes (two of three with motor and
sensory involvement), a finding not previously reported that
may be indicative of axonal loss. The EMG findings are more
difficult to directly compare, because there are significant dif-
ferences in sampling and reporting methods between laborato-
ries. For example, mixed myopathic and neuropathic pattern
was reported in 15 historical cases. The exact definition of
“neuropathic” and “neurogenic” is unclear and it is not known
whether this implies the presence of spontaneous muscle mem-
brane activity or simply describes motor unit morphology and
recruitment. However, as our data and that of others reveals,
weakness and electrodiagnostic abnormalities seem more likely
to occur with advancing age.9–11

The information collected here provides new information
about GSD III and its effects on nerve and muscle. Previous
publications have not found such a strong link between advanc-
ing age and neuromuscular dysfunction. In our series of pa-
tients, only two of five pediatric patients with GSD IIIa (Patients
1 and 3) had an abnormality on clinical or electrodiagnostic
examinations. The abnormality in both patients was mild slow-
ing of a single motor response. Despite elevated CPK levels in
the five patients who are younger than 18 years, weakness and
EMG abnormalities were not present. This limited sample sug-
gests that CPK elevation does not correlate well with weakness
or electrodiagnostic abnormalities in children, although further
study is needed. In addition, the knowledge that weakness is
more likely to appear with increasing age suggests that serial
neurologic and electrodiagnostic examinations may be appro-
priate as early identification of these abnormalities might have
implications for treatment. For example, the finding of myop-
athy in an asymptomatic patient would serve as a call to pro-
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mote more aggressive dietary therapy. An alternative explana-
tion for our findings is that pediatric patients may not have
received as an extensive electrodiagnostic evaluation as the
adult patients in the cohort.

Perhaps the most interesting finding in our patient cohort is
the occurrence of NCS and EMG changes in the two adult GSD
IIIb patients (cases 9 and 12) with normal clinical examinations.
Both GSD IIIb patients in this series had evidence of carpal
tunnel syndrome and mild myopathic changes in lower extrem-
ity muscles. By definition, muscle dysfunction is not expected
in GSD IIIb and muscle involvement was much less pronounced
in the IIIb patients than in those with IIIa. Further study is
needed to determine whether GSD IIIb patients are prone to
carpal tunnel syndrome and mild myopathy with advancing age
and why this might occur. Given the fact that both patients had
prior muscle biopsies demonstrating normal glycogen content
and structure with normal debranching enzyme activity, any
muscle involvement must result from yet unrecognized mech-
anisms such as synergistic heterozygosity, a finding seen in
other situations such as in patients with fatty acid oxidation
disorders. The neuropathic findings are certainly the more
prominent feature in both patients and may result from glycogen
deposition in nerve, which has been previously documented.24

If changes in nerve and muscle are eventually shown to be
associated with GSD IIIb in a larger cohort, serial clinical or
electrodiagnostic screenings would be important as early inter-
vention could prevent the development of permanent sensory
and motor loss. No change in the current GSD III classification
system would be necessary, because it is based on markers of
muscle glycogen metabolism, not clinical or electrodiagnostic
findings.

Another finding unique to this data are the marked intrinsic
hand muscle involvement seen. GSDs normally cause myop-
athy, which typically results in a limb-girdle distribution of
weakness. Although earlier reports have mentioned atrophy of
distal muscles and finger weakness in GSD III, detailed ac-
counts of intrinsic hand muscle involvement are lacking and it
is difficult to determine the etiology.10,11,26,27 In our study, 3 of
12 patients demonstrated intrinsic hand muscle weakness at the
time of examination, whereas 7 of 12 had abnormalities in

median or ulnar NCS or neuropathic changes on EMG of the
abductor pollicis brevis. These findings seem to be secondary to
a combination of neuropathy and myopathy. Although carpal
tunnel syndrome may account for some of the abnormalities in
Patient 9, it does not explain the appearance of myopathic motor
unit potentials in the abductor pollicis brevis (Patients 7 and 8)
or low amplitude median motor responses in the absence of
median sensory abnormalities (Patient 8). A larger series of pa-
tients will be required to better determine the etiology of intrinsic
hand muscle weakness in GSD III. Identifying and treating
this weakness is important to patients’ functioning and qual-
ity of life.

Our data also provide more evidence to support the notion
that GSD III may cause a sensorimotor polyneuropathy. This
has been reported in both children and adults with GSD III and
is believed to be secondary to glycogen deposition in axons,
although features of demyelination have been reported as
well.17,18 Six patients reviewed here had abnormalities on NCS.
Although these abnormalities occurred more frequently in mo-
tor responses, the presence of slowing cannot be explained by
myopathy. Only one patient had clinical evidence of sensory
loss and features consistent with sensorimotor polyneuropathy
on electrodiagnostic examination. Of note, this individual was
the oldest GSD IIIa patient studied (Patient 11, 53 years). As
with myopathy, involvement of sensory nerves may be more
likely to occur with advancing age.

The major weaknesses of this study arise from its retrospec-
tive nature. Only a small number of GSD III patients underwent
electrodiagnostic evaluation (12 of 40). This may have created
a selection bias for patients more likely to be experiencing
neuromuscular manifestations of disease. A second weakness
was the lack of a standardized protocol for assessing GSD III.
Patients studied in the last few years received a more detailed
evaluation, likely reflecting our evolving knowledge of the
disease. Finally, as these patients were seen over the course of
nearly two decades, it is unlikely that they were all treated by
current consensus guidelines. The effects of appropriate man-
agement of GSD III on the development of neuromuscular
disease are unknown.

Table 3 Summary of previously reported electrodiagnostic findings in GSD III

Study N NCS findings EMG findings

Coleman et al.9 13 Slowed velocities in two patients Myopathica MUPs, some SA

Di Mauro et al.10 5 Slowed motor and sensory velocities in
two patients

Myopathic MUPs Prominent SA in four patients

Kiechl et al.11 4 Slowed velocities in two patients Myopathic MUPs Neuropathic MUPs SA

Kotb et al.25 3 Mild to moderate slowing in motor nerves Mixed myopathic and neuropathicb pattern in
two patients, SA present

Momoi et al.26 19 Information not available Mixed myopathic and neurogenic pattern in 9 of
19 patients who had EMG

Moses et al.23 16 Prolonged DL of motor/sensory nerves in
three patients

Myopathic MUPs in six of nine patients with
EMG Prominent SA in three

Ugawa et al.24c 1 Slowing in upper and lower extremity
motor nerves

Myopathic MUPs

SA, spontaneous activity.
aMyopathic motor unit potentials defined by short duration, low amplitude, increased complexity and early recruitment.
bNeuropathic motor unit potentials defined by long duration, large amplitude and late (reduced) recruitment.
cReport included in Momoi et al.,26 but NCS results not detailed.
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Further efforts are underway to study all GSD III patients at
our center using a standardized nerve conduction study/EMG
protocol. The design is based on the data presented here and will
focus on both myopathic and neuropathic involvement. This
will permit better comparison and provide a broader sampling of
our GSD III population. It will also provide longitudinal informa-
tion on this disorder in many of the patients reported here. Given
the small number of patients with GSD III, collaboration with other
centers may be necessary to fully elucidate the neuromuscular
effects of debrancher deficiency and assess the impact of early
identification upon management and prognosis. In addition, further
work is also necessary to determine whether nerve and muscle
involvement commonly occur in GSD IIIb.
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