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Abstract PRKAG2 encodes the y2 subunit of AMP-activated
protein kinase (AMPK), which is an important regulator of
cardiac metabolism. Mutations in PRKAG?2 cause a cardiac
syndrome comprising ventricular hypertrophy, pre-excitation,
and progressive conduction-system disease, which is typically
not diagnosed until adolescence or young adulthood.
However, significant variability exists in the presentation
and outcomes of patients with PRKAG2 mutations, with pre-
sentation in infancy being underrecognized. The diagnosis of
PRKAG?2 can be challenging in infants, and we describe our
experience with three patients who were initially suspected to
have Pompe disease yet ultimately diagnosed with mutations
in PRKAG?2. A disease-causing PRKAG2 mutation was iden-
tified in each case, with a novel missense mutation described
in one patient. We highlight the potential for patients with
PRKAG2 mutations to mimic Pompe disease in infancy and
the need for confirmatory testing when diagnosing Pompe
disease.
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Introduction

The unique association of hypertrophic cardiomyopathy
(HCM) and ventricular pre-excitation in certain individuals
prompted the search for a specific unifying genetic mutation
and the discovery of PRKAG2 (MacRae et al. 1995; Blair
et al. 2001; Gollob et al. 2001). PRKAG2 encodes the y2
subunit of AMP-activated protein kinase (AMPK), which is
an important regulator of cardiac metabolism (Kemp et al.
1999; Hardie 2003). Mutations in PRKAG2 follow an autoso-
mal dominant inheritance pattern and are now known to cause
a cardiac syndrome comprising ventricular hypertrophy, pre-
excitation, and progressive conduction-system disease (Arad
et al. 2003). Cardiac hypertrophy and conduction abnormali-
ties have been postulated to be due to cytoplasmic glycogen
accumulation in cardiomyocytes and the conduction system
(Arad et al. 2002). However, recent PRKAG2 mouse models
suggests that cardiac hypertrophy may be independent of in-
creased glycogen, leaving the underlying cause unknown
(Kim et al. 2014). Patients with PRKAG2 cardiac syndrome
typically present in late adolescence to early adulthood, with
the most common symptom being palpitations. Conduction
abnormalities may progress to complete heart block, requiring
pacemaker placement, often in the fourth to fifth decade of life
(Gollob et al. 2002; Murphy et al. 2005). However, some
heterogeneity has been described in the presentation of pa-
tients with PRKA G2 mutations, with five previously described
cases in infancy outside of our group (Burwinkel et al. 2005;
Akman et al. 2007; Kelly et al. 2009; Austin et al. 2017).
Additionally, skeletal myopathy and seizures have been noted
in a minority of patients with PRKAG2 mutations, broadening
the previously described phenotype of these patients (Murphy
et al. 2005; Laforet et al. 2006).

Heterogeneity in disease presentation and severity is also a
significant feature in Pompe disease. Also known as glycogen
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storage disease type II, Pompe disease is a rare, autosomal
recessive disease caused by a deficiency of acid-o-
glucosidase (GAA), which leads to glycogen accumulation
in lysosomes. Infantile- (IOPD) and late- (LOPD) onset
Pompe disease represent a continuum of the disease spectrum.
Its severity typically correlates with the level of GAA enzyme
activity, with IOPD being the most severe form (Kishnani
et al. 2006). Patients with IOPD present with HCM, general-
ized weakness, hypotonia, feeding difficulty, failure to thrive,
and respiratory insufficiency—typically within the first days
to weeks of life. In some cases, HCM can be detected on fetal
echocardiogram (ECG), and prompt early postnatal evaluation
for possible IOPD (Hamdan et al. 2010). IOPD progresses
rapidly, and patients typically succumb to cardiopulmonary
failure around 1 or 2 years of age without intervention
(Kishnani et al. 2006). Enzyme replacement therapy (ERT)
with recombinant human acid-x-glucosidase (thGAA,
alglucosidase alfa) is currently the only treatment for IOPD,
which significantly improves survival, reduces cardiac hyper-
trophy, and improves cardiac and skeletal muscle function
(Kishnani et al. 2006).

Here we discuss three infants whose initial presentations
were suspicious for Pompe disease but were subsequently
found to have PRKAG2 mutations (Table 1), with a novel
mutation described in case 1. These cases emphasize the im-
portance of considering PRKAG2 mutation in the differential
diagnosis of patients undergoing evaluation for [IOPD and the
value of performing confirmatory testing via gene sequencing
prior to diagnosing and treating IOPD. Our cases not only
highlight the potential for misdiagnosis of Pompe disease,
but also demonstrate the variability in patient presentation
and outcomes of patients with PRKAG2 mutations.

Case presentations
Case 1

A full term, female infant was born to a G1P0 mother whose
fetal ultrasound was concerning for HCM at 27 weeks gesta-
tion. The newborn had a normal clinical exam with normal
muscular tone, and postnatal ECG showed mild hypertrophy
of the interventricular septum (Fig. 1a). Electrocardiogram
(EKG) was notable for a very short PR interval, ventricular
pre-excitation, and high ventricular voltages (Fig. 1b). At
2 days of life, GAA enzyme level was low at 1.5 nmol/mg
protein (normal 6-37 nmol/mg protein) on leukocyte-based
assayat a local lab, urine (E)-hex-4-en-1-yl butyrate (HEX4)
was elevated at 34 nmol/mol (normal <19 nmol/mol creati-
nine), and creatinine kinase was elevated at 2261 TU/L (nor-
mal 38-174 IU/L). Given this presentation, suspicion for
IOPD was high. Biopsies of skeletal muscle and skin were
obtained, and ERT with alglucosidase alfa was promptly
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started while waiting for biopsy results to determine CRIM
status.

Echocardiography at age 3 months no longer showed hy-
pertrophy of the intraventricular septum, but the mitral valve
was thickened and tethered by shortened chordae. There was
moderate mitral regurgitation and subsequent moderate left
ventricular dilation, for which captopril was started. The pa-
tient remained on ERT, with normalization of creatinine ki-
nase and urine HEX4 but demonstrating failure to thrive and
mild developmental delay. As the clinical picture and cardiac
findings did not fit IOPD skin fibroblast GAA level using
maltose as substrate was performed, which measured at 1.8
pmol/min/mg protein, which was 8.82% of the normal control
(control mean = 20.4 + 2.3 umol/min/mg protein) and not
consistent with IOPD. GAA sequencing subsequently identi-
fied a single common late-onset heterozygous mutation (c. -
32-13 T > G). DNA microarray analysis was negative for a
large deletion of the GAA gene in trans. Biochemical analysis
of the skeletal muscle biopsy showed normal glycogen con-
tent of 0.49% (control 0.94 + 0.55%) and low—normal GAA
activity of 0.2 pmol/min/g tissue (control 0.42 + 0.20 pmol/
min/g tissue). Subsequently, blood GAA enzyme activity was
tested after stopping ERT for a few months; AS it measured in
the low—normal range (6.13pmo/punch/h; con-
trol = 10.88 pmol/punch/h), it further ruled out the diagnosis
of Pompe disease. Light microscopic examination of skeletal
muscle showed mild myopathic changes, including increased
variation in fiber diameter, a mild increase in lipid, and slightly
increased amounts of cytoplasmic glycogen. No rimmed vac-
uoles were seen, and electron microscopy found no
membrane-bound glycogen, so there was no support for a
lysosomal glycogen storage disorder.

Given these results, the diagnosis of Pompe disease was
no longer supported. Blood was sent for a commercially
available HCM panel, and a heterozygous mutation in
PRKAG2 (c.1423A > G p. Lys475Glu) was identified.
This was a novel missense mutation predicted to be disease
causing for PRKAG?2 cardiac syndrome, as it leads to a
nonconservative amino acid substitution, occurs at a highly
conserved position in the gene, is not a known benign poly-
morphism, and mutations affecting nearby codons
(Tyr487His and Asn488lle) have been described as disease
causing. Echocardiogram (ECG), electrocardiogram
(EKG), and PRKAG?2 genetic testing were normal in both
parents, indicating a de novo mutation in their daughter.

The patient was diagnosed with PRKAG2 cardiac syn-
drome with a carrier status for LOPD, and ERT was stopped
at 8 months of age. Creatinine kinase and urine HEX4 levels
were followed for 1 year after stopping ERT and remained
normal. Follow-up ECGs continued to show thickened mitral
valve leaflets with shortened chordae and moderate mitral
valve regurgitation with left ventricular dilation but no ven-
tricular hypertrophy. At 5 years of age, the child continues on
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Table 1  Three case presentations
Case  Presenting Initial findings Evaluation Intervention/ status PRKAG?2 Mutation
age mutation previously
reported?
Patient Birth HCM noted prenatally. Mild Elevated initial CK and urine One-year course of ERT. Heterozygous No
1 hypertrophy of the HEX4 and low GAA CK and urine HEX4 c.1423-
intraventricular septum enzyme on blood-based normalized. No A>Gp.
postnatally. assay” concerning for ventricular hypertrophy Lys475Glu
Developmental delay and ~ IOPD. GAA enzyme low on echocardiogram.
failure to thrive. on cultured skin fibroblasts ~ Abnormal mitral valve
and low—normal in muscle; ~ with mitral regurgitation.
heterozygous c. Stable on captopril at
-32-13 T > G mutation on 5 years of age.
GAA sequencing consis-
tent with LOPD carrier
state.
Patient 5 weeks Wheezing, severe HCM, Normal GAA enzyme level — Deceased at 4 months. Heterozygous Yes, three cases of
2 ventricular ectopy, on blood-based assayb, c. severe HCM,
progressive GAA sequencing, and 1592G > A fatal within
cardiopulmonary failure. urine HEX4. p- Arg531Gln months
(Table 2).
Patient 2 months  Gross and fine motor delay, Mildly elevated CK; GAA ~ Myopathy controlled on Heterozygous Not previously
3 hypotonia, areflexia, enzyme low on ERT at 6 years of age. c. described in
tremors, seizures, mild blood-based assay” but 298G > A infancy but
hypertrophy of normal in cultured skin fi- p. Gly100Ser reported in 9

intraventricular septum,
frequent respiratory
infections.

broblasts and muscle; het-
erozygous ¢. -32-13 T > G
mutation on GAA se-
quencing consistent with

patients, ages
16-49 years
(Austin et al.
2017).

LOPD carrier state.

HCM hypertrophic cardiomyopathy, HEX4 (E)-Hex-4-en-1-yl butyrate, GAA acid-x-glucosidase, CK creatinine kinase, LOPD late-onset Pompe

disease, ERT enzyme replacement therapy
# Assay performed in less experienced laboratory

® Assay performed in experienced laboratory

captopril for afterload reduction, but she remains asymptom-
atic from a cardiovascular standpoint and has no overt mus-
culoskeletal weakness per report from the treating physician.

Case 2

A full-term female infant had wheezing at 5 weeks of age and
failed bronchodilator therapy for presumed reactive airway
disease. At 11 weeks of age, she presented with more severe
wheezing at her pediatrician’s office, which prompted referral
to the emergency room. Chest X-ray showed severe
cardiomegaly, and an ECG demonstrated severe biventricular
hypertrophy, severe mitral regurgitation, and moderate tricus-
pid regurgitation (Fig. 2a). EKG showed biventricular hyper-
trophy, a short PR interval, and interventricular conduction
delay (Fig. 2b). She was transferred to the cardiac intensive
care unit where she was started on milrinone, oxygen, and
furosemide for heart failure. She developed persistent ventric-
ular ectopy, which required a lidocaine infusion. Suspicion for
IOPD was high, but blood GAA enzyme activity level was

normal at 15.8 pmol/punch/h (normal > 10.88 pmol/punch/h),
and GAA gene sequencing and urine HEX4 were also normal.
Because of the care team’s experience with PRKAG2 cardiac
syndrome in the patient described in case 1, this was high in
the differential diagnosis. Blood was sent for a commercially
available familial HCM panel, which showed a disease-
causing mutation in the PRKAG?2 gene (c.1592G > A p.
Arg531GlIn). The patient had persistent arrhythmias and poor
cardiac function requiring high-dose inotropy and was there-
fore listed for cardiac transplant at 3 months of age. She
remained in the hospital on milrinone infusion awaiting trans-
plant, but her clinical status continued to decline. At 4 months
of age, she had an episode of cardiac arrest requiring extracor-
poreal membrane oxygenation (ECMO) cannulation. She then
developed severe renal dysfunction, a large right intracerebral
hemorrhage presumably from anticoagulation required for
ECMO, and was unable to recover any meaningful cardiac
function. The decision was made by the family and healthcare
team to withdraw support, and the patient died at 4 months of
age. No muscle tissue biopsy or autopsy was performed.
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Fig. 1 Cardiovascular evaluation in case 1: a Parasternal long-axis echo-
cardiogram view from initial study showing mild intraventricular septal
hypertrophy. b Initial electrocardiogram showing a very short PR interval,
ventricular pre-excitation, and high ventricular voltages

Case 3

A previously healthy, full-term, male infant was noted to have
hypotonia, areflexia, and generalized weakness at 2 months of
age. Over the next several months, he continued to show gen-
eralized weakness and developed recurrent respiratory infec-
tions with frequent hospital admissions. Evaluation during
these admissions showed creatinine kinase mildly elevated at
197 TU/L (normal 38—174 IU/L) and blood GAA enzyme
level (done at the local facility) was low at 4.81 U (18.66-U
control sample). ECG showed mild hypertrophy of the inter-
ventricular septum but an otherwise normal left ventricular
mass. EKG showed a normal sinus rthythm without evidence
of pre-excitation or hypertrophy. Due to his persistent hypo-
tonia, muscle weakness, and low GAA enzyme level, he was
diagnosed with nonclassic IOPD at 11 months of age and
started on ERT with alglucosidase alfa

After just 3 months of ERT, the patient showed significant
improvement in motor skills; he could crawl well, sit
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Fig. 2. Cardiovascular evaluation in case 2. a Parasternal long-axis echo-
cardiogram view showing severe biventricular hypertrophy in . b Initial
electrocardiogram showing biventricular hypertrophy, a short PR interval,
and interventricular conduction delay
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unassisted, and pull to a standing position—none of which
he could do prior to starting ERT. At 2.5 years of age, he
had a normal gait and could jump and climb stairs. The pre-
viously noted hypertrophy of the interventricular septum re-
solved, and he had no abnormalities on ECG or EKG.

Given the patient’s unusual course and atypical presenta-
tion for IOPD, additional testing was performed at 2.5 years of
age. GAA enzyme testing on skin fibroblasts was normal at
50.7 nmol/h/mg (control 45—180 nmol/h/mg). GAA gene se-
quencing identified a heterozygous mutation (c. -32-
13 T > G), consistent with being a carrier of LOPD. Parental
testing showed the same heterozygous mutation in his mother
and no abnormalities in his father. These new data no longer
supported a diagnosis of IOPD, and ERT was discontinued.

To identify the true cause of his myopathy, further testing
was performed. At age 3, he underwent a quadriceps muscle
biopsy that showed mild myopathic features on light micros-
copy, including increased variation in fiber size, focal
myocyte degeneration, a mild increase in cytoplasmic
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glycogen and other intermyofibrillar material, and
subsarcolemmal blebs of uncertain composition. No rimmed
vacuoles were seen, and electron microscopy showed no
membrane-bound glycogen, which argued against a lysosom-
al glycogen storage disease. Finally, a glycogen storage dis-
ease sequencing panel showed a pathogenic mutation in
PRKAG? (c. 298G > A p. Glyl00Ser), a known disease-
causing mutation.

The patient, now 7 years old, was restarted on ERT just
before his fourth birthday due to worsening muscle weakness
when off ERT. He continues to make progress in gross motor
skills and has some fine motor delays, but there is no further
evidence of HCM or pre-excitation.

Discussion

Patients with PRKAG2 mutations typically present in adoles-
cence or young adulthood, but five cases presenting in infancy
have been described outside of our group (Table 2). Three of
those patients had a p.Arg531GIn mutation, which was also
found in our case 2 patient. All three of those previously
reported cases had similar presentations of fetal bradycardia,
severe HCM, and a short PR interval on EKG as seen in case
2. They were acutely ill shortly after birth and had a relatively
rapid cardiopulmonary decline, succumbing between 2 and
11 weeks of age. Phosphorylase b kinase (PHK) level was
low in all three patients, and PHK mutations were assumed
to cause this severe phenotype. However, further study
showed no PHK mutations and, instead, identified a p.
Arg531Gln PRKAG?2 mutation in each case (Burwinkel
et al. 2005). In another report of a PRKAG2 mutation present-
ing in infancy, a baby girl presented at 10 weeks of age with

Table 2  Reported patients with PRKAG2 mutations presenting in infancy

severe HCM, left ventricular outflow obstruction, and pre-
excitation on electrocardiogram. Analysis of cultured skin fi-
broblasts did not support a diagnosis of Pompe disease. Due to
progressive cardiac hypertrophy and failure to thrive, she was
listed for heart transplant but died of aspiration pneumonia at
5 months of age. PHK level was undetectable, and the infant
was initially diagnosed with PHK-deficient cardiomyopathy.
Due to the aforementioned PRKAG2 mutations found in in-
fantile presentations of HCM and the low PHK, postmortem
PRKAG2 sequencing was performed and showed a p.
Arg384Thr mutation (Akman et al. 2007). Third, a 6-month-
old boy presented to a pediatric cardiologist for a murmur and
was found to have HCM with moderate left ventricular out-
flow tract obstruction and no pre-excitation on EKG. By
10 months of age, he had developed pre-excitation and severe-
ly obstructive HCM requiring surgical septal myomectomy.
His father had undergone heart transplant at age 29 for cardio-
myopathy, and his sister was had high-normal left ventricular
mass on ECG. All three family members carried a heterozy-
gous p. GluS06GIn mutation in PRKAG?2.

Our case series highlights the challenges of diagnosing
PRKAG?2 in infancy due to varying degrees of disease sever-
ity and progression. Similar to the three previously described
cases with p. Arg531GIn mutation in PRKAG2 (Burwinkel
et al. 2005), the patient in case 2 had severe HCM and heart
failure at 11 weeks of age and succumbed at 4 months of age,
which supports the idea that this particular mutation leads to a
severe phenotype. Case 1 was unique in that HCM was noted
prenatally, but postnatal ECG showed only mild hypertrophy
of the interventricular septum (Fig. 1a), which resolved
months later. She has thickened mitral valve leaflets with
shortened chordae and moderate mitral regurgitation and re-
mains clinically stable on captopril, with no overt muscle

Case Presenting age Presentation/Clinical findings

Status/Intervention PRKAG?2 mutation

(Burwinkel et al. 2005)* Birth

Fetal bradycardia, short PR interval, HCM,

Deceased at 2 months. Heterozygous p. Arg531GlIn

progressive cardiopulmonary failure.

(Burwinkel et al. 2005)° Birth

Fetal and postnatal bradycardia, feeding

Deceased at 34 days. Heterozygous p. Arg531GlIn

difficulty, apnea, short PR interval, HCM,

progressive heart failure.
(Burwinkel et al. 2005)° Birth

Fetal bradycardia, pre-excitation, HCM,

Deceased at 2 weeks. Heterozygous p. Arg531GIn

progressive cardiopulmonary failure.

Deceased at 5 months. Heterozygous p. Arg384Thr

(Akman et al. 2007) 10 weeks HCM, left ventricular outflow tract obstruction,
short PR interval, progressive ventricular
wall thickening, failure to thrive.

(Kelly et al. 2009) 6 months

Heart murmur, family history of cardiomyopathy, Surgical septal myectomy. Heterozygous p. Glu506GIn

pre-excitation, HCM, left ventricular outflow

tract obstruction.

HCM hypertrophic cardiomyopathy
Patient A
® patient D
¢ Patient E.

@ Springer



828

J Inherit Metab Dis (2017) 40:823-830

Table 3  Differential diagnosis of hypertrophic cardiomyopathy in infancy

Diagnosis Presentation

Genetic defect

Reference

Infantile-onset Pompe
disease

HCM, generalized weakness, hypotonia,
feeding difficulty, failure to thrive, and
respiratory insufficiency.

HCM, pulmonary stenosis, distinctive
facial features, poor feeding,
developmental delay, lymphatic
malformations, and abnormal bleeding.

Family history of HCM, murmur, and/or
congestive heart failure.

Noonan syndrome

Familial hypertrophic
cardiomyopathy

Autosomal recessive disease due to
mutations in GAA.

Autosomal dominant and variably expressed,
most often caused by mutations in PTPN11/
mutations (approximately 50%), SOSI, RAF1,
KRAS, and NRAS.

Typically autosomal dominant mutations in proteins
of the cardiac sarcomere: (3-myosin heavy chain,
a-myosin heavy chain, myosin essential light chain,
myosin regulatory light chain, cardiac troponin T,
cardiac troponin I, x-tropomyosin, and myosin
binding protein C, as well as titin and actin.

(Kishnani et al. 2006)

(Roberts et al. 2013)

(Colan 2010)

Danon disease HCM, palpitations, chest pain, murmur,
skeletal myopathy, and intellectual
disability.

PRKAG2 mutation HCM, ventricular pre-excitation,

X-linked dominant lysosomal disease due to
LAMP?2 mutation

Autosomal dominant disease due to mutations

(Fuetal. 2016)

(Kelly et al. 2009)

and progressive conduction delay in PRKAG2

Infant of a diabetic mother HCM typically resolves by 6 months NA (Hay 2012)

of age.

Steroid therapy for chronic HCM resolves months after steroid use ~ NA (Bobele et al. 1993;
lung disease or infantile discontinued. Doyle et al. 2014)
spasm

Idiopathic Approximately 50% of infantile cases NA (Colan 2010)

of HCM.

HCM hypertrophic cardiomyopathy, NA not applicable

weakness and experiencing normal development. While this
cardiac phenotype has not been described in other PRKAG2
patients, interestingly, in vitro work studying this novel
PRKAG2 mutation (c.1423A > G p. Lys475Glu) suggests an
alteration in mammalian target of rapamycin (mTOR) signal-
ing that results in cellular hypertrophy, which can be reversed
with rapamycin (Xu et al. 2017). The patient in case 3 pre-
sented with significant myopathy and mild hypertrophy of the
interventricular septum that resolved while on ERT with
alglucosidase alfa. Whereas myalgia during or immediately
after exercise has been described in eight patients with
PRKAG?2 mutations (Murphy et al. 2005; Laforet et al.
2006), our case 3 is the only description of clinically signifi-
cant muscle weakness and an essentially isolated skeletal my-
opathy without an overt cardiac phenotype. This patient im-
proved on alglucosidase alfa ERT, and we recently described
this patient’s presentation to prompt further study as to wheth-
er ERT may benefit other patients with PRKAG2 mutations
(Austin et al. 2017). The use of ERT for ventricular hypertro-
phy in patients with PRKAG2 mutations and comparison of
cardiac biopsy specimens in PRKAG2 patients with and with-
out a cardiac phenotype could be revealing.

All of our cases presented in infancy but had quite differ-
ent clinical courses, and none shared the same PRKAG2 mu-
tations. These examples support the notion that a wide range
of phenotypic variability exists among patients with PRKAG2
mutations (Gollob 2008), making the initial diagnosis
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challenging. Furthermore, our cases demonstrate the potential
for a misdiagnosis of IOPD in these patients. In combination
with the five previously reported patients, our cases demon-
strate that some PRKAG?2 patients present very early in life
with HCM and/or skeletal myopathy, making IOPD high on
the differential diagnosis among other causes of HCM that
may present in infancy (Table 3). With typical mortality
around 1-2 years of life without intervention, there is strong
motivation to promptly diagnose IOPD and begin ERT. In
two of our cases, GAA enzyme activity was low on blood-
based assays tested locally, suggesting a diagnosis of IOPD.
Both patients were started on ERT due to concern for IOPD,
but subsequent testing of GAA activity in skin fibroblasts and
skeletal muscle tissue showed levels inconsistent with IOPD.
Both patients were subsequently found heterozygous for the
common late-onset mutation c. -32-13 T > G, making them
carriers for LOPD (Huie et al. 1994; de Vries et al. 2012). The
estimated allele frequency for the c. -32-13 T > G GAA mu-
tation is 0.3% in the general population (National Center for
Biotechnology Information 2017). It is possible that there is
interaction between the c. -32-13 T > G GAA and PRKAG?2
mutations, contributing to the unique and early presentation
of these two cases, but it is also possible that this is merely an
association. Further assessment of the interaction of these
mutations should be considered. Additionally, in case 1, the
skin fibroblast GAA level being 8% of control is lower than
expected with a heterozygous c.-32-13 T > G mutation. It is
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possible that altered kinase activity in patients with PRKAG2
mutations affects in vitro measurement of skin fibroblast
GAA activity. In contrast, when measuring GAA activity on
muscle biopsy, the muscle tissue itself serves as the substrate,
without the need for in vitro cell culture (Kishnani et al.
2006), and may have been more accurate in this patient. In
our laboratory, a similar phenomenon has been encountered
when measuring phosphorylase kinase activity in patients
with PRKAG?2 mutations.

Methods for IOPD diagnosis have evolved. Initially, the
presence of membrane bound glycogen on ultrastructural anal-
ysis of skeletal muscle biopsy tissue was used to make the
diagnosis. Then, measuring GAA enzyme activity in muscle
or cultured skin fibroblasts became the method of diagnosing
Pompe disease. Currently, GAA enzyme activity is typically
measured using simple blood-based assays (purified lympho-
cytes and mixed leukocytes) and by noninvasive dried blood
spot assays. While blood-based tests are less invasive and allow
more rapid diagnosis, in less experienced laboratories, false-
positives can occur (Kishnani et al. 2014). The three cases
presented here demonstrate the similarities that may exist be-
tween patients with [OPD and PRKAG2 mutations and under-
scores the importance of the most recent American College of
Medical Genetics recommendation that more than one diagnos-
tic tool be used to confirm the diagnosis of Pompe disease
(Kishnani et al. 2006). Furthermore, a PRKAG2 mutation
should be in the differential diagnosis of any patient being
evaluated for IOPD, and our three cases demonstrate the utility
of genetic sequencing to differentiate these diagnoses.

Conclusion

Classically, patients with mutations in PRKAG2 had HCM, ven-
tricular pre-excitation, and progressive conduction delay, pre-
senting initially in adolescence or young adulthood. Our case
series combined with those previously published demonstrates a
cohort of patients with PRKAG2 mutations presenting in infan-
cy. These patients have varying presentations, ranging from se-
vere cardiopulmonary failure and death within weeks, to HCM
requiring surgical septal myectomy, and even to skeletal myop-
athy with little or no cardiac phenotype. Considerable overlap
exists in the presentation of IOPD and patients with PRKAG?2
mutations, making the risk of a misdiagnosis of IOPD high. We
emphasize the importance of considering the diagnosis of
PRKAG?2 mutation in patients suspected of having IOPD and
the need for confirmatory testing before diagnosing IOPD.
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