Ochsner Journal 18:413-416, 2018
© Academic Division of Ochsner Clinic Foundation
DOI: 10.31486/t0j.18.0049

Improvement in Cardiac Function With Enzyme
Replacement Therapy in a Patient With Infantile-Onset
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Background: Pompe disease is a lysosomal storage disorder that results from an inborn error of metabolism involving abnormal
glycogen storage. Infantile-onset Pompe disease is the most severe phenotype, and enzyme replacement therapy with
alglucosidase alfa (Lumizyme) improves medical and functional outcomes in patients with infantile-onset Pompe disease.

Case Report: We report the case of a patient with infantile-onset Pompe disease who presented with severe hypertrophic

cardiomyopathy, systolic and diastolic cardiac dysfunction, and hypotonia. She experienced significant improvement in
cardiac systolic function while receiving enzyme replacement therapy.

Conclusion: Typically, patients with infantile-onset Pompe disease and severe hypertrophic cardiomyopathy are not as
responsive to enzyme replacement therapy as patients with mild or no hypertrophic cardiomyopathy. We demonstrated the
efficacy of enzyme replacement therapy in a patient with severe hypertrophic cardiomyopathy.
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INTRODUCTION

Pompe disease is a rare lysosomal storage disorder
with an incidence of 1:14,000 in African Americans and
1:100,000 in people of European ancestry.' Pompe disease
is a severe inborn error of metabolism. Biallelic mutations
in the GAA gene result in decreased or absent activity of
the GAA enzyme, causing abnormal cellular storage of
glycogen, which is membrane-bound as opposed to the
non-membrane bound-glycogen seen in glycogen storage
diseases or mitochondrial disorders. Pompe disease in-
cludes 2 major phenotypes, infantile-onset Pompe disease
and late-onset Pompe disease, that differ in their characteris-
tics based on age of onset, organ involvement, severity, and
rate of progression.2 The earlier the onset of manifestations,
the faster the rate of progression. Infantile-onset Pompe dis-
ease may manifest in utero but more often is diagnosed at
3-4 months of age with findings of hypotonia, generalized
muscle weakness, feeding difficulties, failure to thrive, hear-
ing loss, hypertrophic cardiomyopathy with systolic dysfunc-
tion, and respiratory distress. Feeding difficulties may result
from facial hypotonia, macroglossia, tongue weakness,
and poor oromotor skills.

Without enzyme replacement therapy, patients with
infantile-onset Pompe disease develop cardiomegaly and
hypertrophic cardiomyopathy that progress to left ventricular
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outflow obstruction, as well as systolic and diastolic dysfunc-
tion.34 Enlargement of the heart can result in diminished
lung volume, atelectasis, and sometimes bronchial com-
pression. Progressive deposition of glycogen results in con-
duction defects as seen by shortening of the PR interval on
electrocardiogram. In untreated infants, death commonly
occurs in the first 2 years of life from cardiopulmonary insuf-
ficiency.

We present the case of a patient with infantile-onset
Pompe disease who presented with severe hypertrophic
cardiomyopathy, systolic and diastolic cardiac dysfunction,
and hypotonia.

CASE REPORT

An African American female with an uncomplicated prena-
tal history was born at 39 6/7 weeks’ gestational age via vag-
inal delivery. Her mother did not receive prenatal care until
late in her second trimester. She took prenatal vitamins
while pregnant and denied taking any prescription or over-
the-counter medications. She also denied tobacco, alcohol,
or drug use. Prenatal ultrasounds were normal. During deliv-
ery, the patient experienced brief shoulder dystocia. She de-
veloped desaturations into the 70s shortly after birth and
was hypotonic. A palpable left clavicle fracture was discov-
ered on examination, and lung sounds were diminished on
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the left. She was transferred to the neonatal intensive care
unit (NICU) for management.

A pediatric cardiologist evaluated the infant in the NICU
after her chest x-ray showed cardiomegaly. Her initial echo-
cardiogram demonstrated normal cardiac anatomy, normal
biventricular systolic function, right ventricular hypertrophy,
and elevated right ventricular pressure. At the time, these
findings were surmised to be related to placental insufficien-
cy (which can cause right ventricular hypertrophy) and per-
sistently elevated pulmonary vascular resistance. The plan
was to reevaluate the patient at a later date to allow her pul-
monary vascular resistance to decrease and her right ventri-
cle to remodel. At follow-up at 2 months of life, the patient’s
echocardiogram demonstrated new biventricular hypertro-
phy and new, moderately diminished left ventricular systolic
function, with an ejection fraction of 38% (normal range,
55%-70%). At this time, she was clinically well with good
oral intake. She was started on oral enalapril therapy for
systemic afterload reduction. Four days later, the patient
presented to the emergency department with severe hypoto-
nia, decreased oral intake, and vomiting. The decreased in-
take and vomiting were thought to be related to a viral
illness; the patient was admitted for evaluation and treat-
ment. She was discharged home 1 week later.

The patient’s subsequent genetic evaluation was consis-
tent with a diagnosis of Pompe disease, with very low activity
of acid alpha-glucosidase and compound heterozygous
mutations in the GAA gene (maternal c.525delT/p.
E176RfsX45 and paternal ¢.1979G>A/p.R660H). Her family
history was negative for Pompe disease. Her 3-year-old full
sister was asymptomatic, but the parents were reluctant to
test her for the GAA mutations. Both parents are African
American, and they denied consanguinity.

The patient was scheduled to receive her first enzyme re-
placement therapy infusion of alglucosidase alfa (Lumi-
zyme) one week before she turned 4 months of age.
However, on the scheduled day, she was febrile and ill ap-
pearing and had a mild cough. She was admitted to the in-
patient floor with bronchiolitis (later found to be coronavirus)
and worsening heart failure. She was admitted to the pediat-
ric cardiology service for the next 3 months. Shortly after ad-
mission, her clinical status deteriorated with worsening
ventilation. She was started on supplemental oxygen but
was eventually transitioned to noninvasive positive-pressure
ventilation.

An echocardiogram revealed worsening of her systolic
function with an ejection fraction of 25%-30%, down from
30%-35% the week prior. She was transferred from the gen-
eral pediatric unit to the pediatric cardiovascular intensive
care unit (CVICU) to initiate a milrinone infusion. Diuresis
was initiated and increased because of pulmonary edema.
Once the patient’s coronavirus infection was thought to be
resolved, a wean from milrinone was attempted but failed
as the patient had increased work of breathing, elevated
heart rate, and elevated brain natriuretic peptide level. She
also required double diuretic therapy with furosemide and
chlorothiazide, as well as digoxin, spironolactone, and car-
vedilol therapy for her heart failure. Low-dose aspirin was
started for antiplatelet therapy.

One week after her admission, the patient was started on
enzyme replacement therapy that was initially given at the
standard dose of 20mg/kg every 2 weeks. However, given
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the severity of her symptoms and systolic dysfunction, the
frequency was increased to weekly starting with the third
dose based on evidence from studies that had demonstrat-
ed increased efficacy at higher doses.>® Testing for cross-
reactive immunological material (CRIM) status was positive,
requiring immune modulation (immune tolerance induction)
with a low-dose immunosuppressant (methotrexate) and
leucovorin rescue. The patient’s immunoglobulin G (IgG) an-
tibody titers were low after initiation of enzyme replacement
therapy at the standard dose and did not increase as a result
of the increased dosage. Therefore, her immune modulation
was stopped after the fourth dose to reduce the risk of infec-
tion, and her IgG titers remained low.

Given her respiratory and heart failure, the patient was fed
via a nasogastric tube during her initial stay. While in the
CVICU, she underwent a swallow study that demonstrated
severe pharyngeal dysphagia with silent aspiration of thin
liquids and penetration with nectar-thick liquids. The recom-
mendation from speech therapy was no oral feeds. The pa-
tient subsequently had a gastric tube placement.

During the patient’s admission, several extensive discus-
sions were held with the patient’s parents and her extended
family regarding her Pompe disease, cardiomyopathy, and
overall prognosis. In addition, an outside genetics consul-
tant provided a second opinion and counseled the family
on expectations. The family was very concerned about plac-
ing the gastric tube and was very much against a tracheos-
tomy tube.

The plan at discharge was for heart failure therapy includ-
ing home milrinone infusions, noninvasive positive-pressure
ventilation, gastrostomy tube feeds, and continuation of en-
zyme infusions. The enzyme replacement therapy infusions
were planned to be continued for 6 months, followed by a
reassessment of her status.

After discharge at 8 months of age, the patient’s systolic
function improved dramatically (Figure), and by 10 months
of age (6 months into enzyme replacement therapy), she
was weaned off milrinone without issue. After the patient
was weaned from milrinone, enalapril was restarted. During
the next 3 months, the patient’s systolic function continued
to improve, although her ventricular hypertrophy remained
unchanged, and her heart failure regimen was slowly
weaned. She displayed good growth, started rolling over
at 9 months of age, and was sitting supported at 11
months. However, she had multiple viral illnesses during
this period and was admitted to the hospital for several
of them. Her skeletal muscle weakness progressed, wors-
ening her ventilation. She died at age 13 months from car-
diac arrest, likely secondary to hypoventilation from one of
the viral episodes.

DISCUSSION

Lysosomal GAA is a ubiquitous enzyme that catalyzes the
breakdown of glycogen into glucose and results in the accu-
mulation of lysosomal and nonlysosomal glycogen in multi-
ple tissues.” Consequently, Pompe disease affects multiple
organ systems in the body. In infantile-onset Pompe dis-
ease, GAA enzyme activity is either completely or nearly
completely absent (typically <1% of normal activity in skin
fibroblasts). Infantile-onset Pompe disease is a progressive,
multisystem disorder that causes hypotonia and feeding dif-
ficulties in the first year of life. The disease affects cardiac,
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Figure. Patient’s ejection fraction over time, measured using Simpson'’s biplane method. At
age 2 months, the patient presented with new systolic dysfunction and worsened biven-
tricular hypertrophy; at 3 months she was diagnosed with Pompe disease; and at 3 months,
3 weeks she was admitted to the hospital for bronchiolitis and worsening heart function.
She received her first alglucosidase alfa (Lumizyme) infusion at 4 months and was dis-
charged home from the hospital at 8 months. At 9 months, she rolled over for the first
time and was weaned off milrinone at 10 months. At 11 months, she sat supported. At
13 months, the patient had a normal ejection fraction but died from a viral illness.

skeletal, and smooth muscles; the pulmonary and gastroin-
testinal systems; and anterior horn cells. Death because
of cardiorespiratory failure typically occurred in the first 2
years of life prior to the availability of enzyme replacement
therapy with GAA. Recent (2017) evidence has shown a fail-
ure of productive autophagy in patients with Pompe disease
and the progressive accumulation of autophagosomes that
disrupt the contractile apparatus in muscle fibers.® More-
over, currently unknown abnormalities in a subset of lyso-
somes interfere with the recycling of autophagosomes and
their contents, which leads to cardiac and skeletal muscle
damage.®

Synthetic GAA is effective in reversing glycogen accumu-
lation in cardiac muscle cells when administered to infants
with Pompe disease."® We used a higher dose of enzyme re-
placement therapy (20 mg/kg weekly vs biweekly) that likely
resulted in greater efficacy in improving cardiac function. Re-
cent studies have demonstrated the increased effectiveness
of higher doses of enzyme replacement therapy in infantile-
onset Pompe disease.>®'! Case et al (2015) demonstrated
the efficacy of alternative enzyme replacement therapy regi-
mens (high frequency at 20mg/kg weekly or high dose at
40mg/kg every 2 weeks) in initially responsive patients who
had experienced declining function on standard enzyme re-
placement therapy (20 mg/kg every 2 weeks).® Their patients
demonstrated an overall trend for motor improvement from
baseline after 52 weeks of the more intensive enzyme re-
placement therapy. In addition, 6 of 11 (55%) patients with
a decline or clinical plateau in motor skills showed functional
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improvement with an increased dose of enzyme replace-
ment therapy. The authors stated that an increase in algluco-
sidase alfa dose may be beneficial in patients with Pompe
disease who experience a plateau or decline in motor func-
tion over time while receiving a standard regimen. No new
safety concerns emerged for either dose regimen. van
Gelder et al (2016) reported that their data may suggest
that a dose of 40mg/kg weekly vs the currently recom-
mended dose of 20mg/kg every 2 weeks improves out-
comes for CRIM-positive patients.® New trials in Pompe
disease based on gene therapy are currently ongoing.'?
However, treatment of severe cardiac disease remains
quite challenging.'®'®

CONCLUSION

Typically, patients with infantile-onset Pompe disease and
severe hypertrophic cardiomyopathy are not as responsive
to enzyme replacement therapy as patients with mild or no
hypertrophic cardiomyopathy. Our patient had severe hy-
pertrophic cardiomyopathy, and despite her death, we be-
lieve that her heart had significantly improved, and her
death was related to the sequelae of her respiratory infection
and hypotonia rather than cardiac dysfunction. We demon-
strated the efficacy of enzyme replacement therapy in a pa-
tient with severe hypertrophic cardiomyopathy.
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