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Abstract Pompe disease is a glycogen storage disease
caused by acid alfa-glucosidase deficiency. Here, we report
clinical properties, genetic features of our late-onset Pompe
patients. Seven patients were followed during the last 10
years in our institute. The clinical and laboratory findings
were reviewed. Neuropsychological evaluation was per-
formed in four patients. Myotonic discharges of paraspinal
muscles and denervation potentials were seen in all patients
at the diagnosis and were disappeared during follow-up in
two. Only one patient, whose MRI showed cerebral atro-
phy, had attention and executive dysfunction. Compound
heterozygous patients with IVS 1-13T>G have a milder
disease. One patient who has homozygous IVS 1-13T>G
mutation had more severe disease. Two of our patients who
had very severe and fatal disease course carry double
mutations on both alleles (¢.547-39T>G and ¢.858+5ins7)
that previously scored as “unknown” in Erasmus Pompe
Center database. Lastly, we found new mutations (c.1209
C>A, 2737dupG) in two patients carrying IVS 1-13T>G in
the other allele. Systemic involvements are very rare in
late-onset Pompe patients. Similarly, Pompe disease does
not cause cognitive impairment in adult population.
Homozygous IVS 1-13T>G mutation and c.547-39T>G
mutation which are previously noted as “unknown”
pathogenicities cause a more severe disease.
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Introduction

Pompe disease is a glycogen storage disease (type II)
caused by acid alfa-glucosidase (GAA, acid maltase)
deficiency. The mutation of GAA gene located on
17p25.2-17p25.3 causes deficiency of the enzyme activity
that results in the intra-lysosomal accumulation of glyco-
gen in skeletal muscles and other tissues [1, 2]. The disease
was first described by JC Pompe in 1932 in an 8-month-old
girl whose cardiac muscle and other tissues contained
glycogen accumulation within vacuoles [3].

The disease recently has been classified into two forms
as infantile and late-onset [3]. Infantile form generally
manifests in progressive muscle weakness with “floppy
infant” appearance and progressive respiratory insuffi-
ciency as well as organomegaly. Most infants die within 1
year due to cardiorespiratory insufficiency [4].

Late-onset form includes all milder forms presented
after the first year of life. The disease generally presents as
progressive proximal muscle weakness with respiratory
insufficiency due to diaphragmatic and accessory respira-
tory muscle involvement. The disease predominantly
affects the pelvic girdle muscles and may also cause
skeletal abnormalities such as scoliosis and rigid spine [5].
Sensorineural hearing loss, cerebral aneurysms are other
rare organ involvements [1]. The electrophysiological
hallmark is the myotonic discharges in paraspinal muscles
accompanying the myopathic pattern with spontaneous
activity [6]. Reduced GAA enzyme activity assay in blood
is the screening tool for the disease whereas the diagnosis
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is confirmed by a second GAA enzyme activity test in
another tissue or GAA gene sequencing [7]. Although the
cognitive impairment in infantile Pompe patients is a well-
known phenomenon there is limited information about
adult cognitive profiles with late-onset Pompe disease
patients and in our knowledge, only one study showed
cognitive impairment mainly in executive functions in nine
late-onset Pompe patients [8].

During the last 10 years we diagnosed and followed
seven late-onset Pompe patients. Herein we report the
clinical properties, newly found mutations, new genotype—
phenotype correlations, and enzyme replacement therapy
(ERT) outcome of our patients as well as the other rare
organ involvements such as cerebral aneurisms and cog-
nitive functions.

Methods

Between 2004 and 2015, we diagnosed and followed seven
patients with Pompe disease. Six of these patients referred
to our neurology department because of proximal weak-
ness. Only one patient diagnosed before the onset of
symptoms, as she was the younger sister of patient 3. The
diagnosis was confirmed by reduced GAA enzyme activity
assay in dry blood sample (DBS) or in lymphocytes or
muscle as well as GAA gene sequencing in all patients.
The study was approved by local ethics committee (GO
16/630).

Neurological examination, 6-minute walk test
(6MVT), Walton—Gardner-Medwin scale and short form
36 (SF 36) were assessed to evaluate physical activities
in daily life and functional capacity of the patients. The
electrodiagnostic studies were performed. At minimum,;
one upper limb and one lower limb motor and sensory
nerve conduction studies were obtained. Needle elec-
tromyography (EMG) was performed by a concentric
needle electrode and consisted of assessing one lower
and upper limb proximal-distal sites routinely. Para-
spinal muscles were sampled to determine myopathic
and myotonic changes. Motor unit potential (MUP)
morphology and recruitment, spontaneous activity (fib-
rillations, positive sharp waves, complex repetitive dis-
charges and myotonic discharges) compound motor
action potential amplitudes (CMAP), distal latencies,
conduction velocities, F-wave latencies were recorded.
Seven patients had initial electrodiagnostic examinations
and four of them had follow-up examinations (mean time
interval 6 years; range 3-9 years).

Cranial magnetic resonance imaging and angiographies
were done for the diagnosis of cerebral aneurysm. More-
over, detailed neuropsychological examinations were per-
formed in four of our patients who accepted the tests
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(patients 3, 4, 6 and 7). Mini-mental state examination
(MMSE), Beck depression scale, Stroop color test, trail
making test A and B, Benton line orientation test, Benton’s
facial recognition test, months backward test, clock draw-
ing test, auditory verbal learning test (AVLT), Wisconsin
card sorting test, visual reproduction subtest of Wechsler’s
memory scale (WMS-VR), Boston naming test, digit span
forward and backward were administered to evaluate
general cognition, depression, attention, memory, execu-
tive functions and visuo-spatial abilities. Scores of MMSE,
Beck depression scale, digit span forwards and backwards,
Boston naming test, Wisconsin card sorting test, WMS-
VR, clock drawing test, AVLT, Benton line orientation
test, Benton’s facial recognition test were presented as the
total number of the correct responses with higher scores
indicating better responses. The time of reciting months
backward, Stroop test, trail making test A and B were noted
in seconds. Performance of a patient was reported as
impaired or normal according to cutoff scores of each test.

Transthoracic echocardiography, pulmonary function
tests were performed by specialists to determine the sys-
temic complications of Pompe disease.

Results

Five of our Pompe patients were female. The mean age of
onset was 29.43 (range 17-37 years) and the mean age of
diagnosis was 39.5 (range 27-41 years) years (Table la).
Muscle biopsies were performed from left biceps brachii
muscles in six patients and all showed vacuolar myopathy
(Fig. 1) but one who showed only type 1 fiber atrophy.

Neurological manifestations

The proximal weakness was the first manifestation in all
patients except one who had both proximal and distal
weakness. The weakness was prominent in lower extrem-
ities in all except one patient (patient 1). Respiratory
insufficiency was seen in two patients and they needed
mechanical ventilation after several years of the diagnosis
(after 2 years in patient 1, after 5 years in patient 2).
Besides two other patients had decreased forced vital
capacities (FVC) without symptoms. Patient 4 had a nor-
mal FVC whereas the polysomnographic analysis depicted
hypopnea and apnea.

The cranial magnetic resonance imaging (MRI) and
magnetic resonance angiography (MRA) were performed
and none of these patients had cerebral aneurism. Cranial
MRI showed mega cisterna magna, partial empty cella and
minimal cerebral atrophy only in one patient (patient 4) but
these findings were not related to Pompe disease.
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Fig. 1 Muscle biopsies of the patients showed vacuoles in the majority of muscle fibers by modified Gomori trichrome staining (a), with
increased acid phosphatase activity (b) and glycogen deposition detected by periodic acid-Schiff (c)

Table 2 The

neuropsychological evaluation Patient 3 Patient 4 Patient 5 Patient 6
of the patients Variable

Age (years) 42 45 37 30

Gender F M F F

Education 17 13 15 17
Screening test

MMSE 30 29 30 29

Beck depression scale 3 1 7 0
Memory

AVLT 12 1 13 12

Wechsler visual memory (recall) 14 14 14 14
Attention

Trail making test A (s) 15 530 18 20

Digit span forwards 7 5 8

Digit span backwards 6 4 5
Executive functions

Trail making test B (s) 63 107° 50 43

Reciting months backwards (s) 13 20 8 15

Stroop color test (s) 22 25 30 16
Visuo-spatial functions

Clock drawing test 4 4 4 4

Benton line orientation test 28 27 23 25

Benton’s facial recognition test 40 40 42 40
Language

Boston naming test 60 60 60 59

AVLT auditory verbal learning test, MMSE mini-mental state examination

# Indicates abnormal (lower)

® Indicates (higher) scores of the neuropsychological tests adjusted for age and education

severe disease course with loss of ambulation and respiratory
failure and both died within 10 years after the diagnosis.

Discussion
Late-onset Pompe disease, which is a rare metabolic

myopathy, has drawn attention after the discovery of
enzyme replacement treatment. Although the prominent

manifestation is proximal myopathy, it is known that the
disease can have several systemic and neurological
involvements. Here, we reviewed the clinical and labora-
tory findings of our late-onset Pompe patients.

Proximal weakness was the first symptom in all patients
except one who had both proximal and distal myopathy.
Rigid spine was observed in two of our patients. Respira-
tory failure due to diaphragmatic, intercostal and accessory
muscle weakness is a well-known phenomenon in Pompe
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patients [3]. Accordingly four of our patients had respira-
tory dysfunction and two of them needed mechanical
ventilation. Patient 4 has never complained about dyspnea
but his polysomnography depicted central and obstructive
sleep apnea syndrome. However, his polysomnography
showed minimal improvement after 3 years of ERT.
Several electrophysiological findings such as reduced
CMAPs, positive sharp waves, fibrillations, myotonic dis-
charges and myopathic MUPs prominent in proximal limb
muscles were reported in Pompe patients [9-11]. Myotonic
discharges may be isolated to the paraspinal muscles. Thus,
these muscles should be examined in case of suspicion of
Pompe disease [12]. We also observed that the myotonic
discharges disappeared during the follow-up of ERT in two
patients. This finding is in accordance with the previous
report of Hobson-Webb et al. [6]. It may be related to the
fibrosis and fatty tissue replacement during the course of
chronic myopathy. Thus, it should be kept in mind that this
finding may be missing in advanced Pompe patients.
Glycogen storage in brain results in mild cognitive
deficits in patients with infantile Pompe disease [13]. It is
recommended to start the ERT early, as it is shown early
treatment results in better motor outcome and cognitive
development [14]. A few available autopsy data of
untreated infants indicate that glycogen is stored in the
anterior horn cells of the spinal cord, the brain stem, the
thalamus, the cerebellum and the cerebral cortex [15-17].
Brain abnormalities including delay in myelination, white
matter changes might be observed on neuroimaging studies
[18]. However, there is limited information about adult
cognitive profiles with late-onset Pompe disease patients
and in our knowledge, only one study showed cognitive
impairment mainly in executive functions in nine late-onset
Pompe patients [8]. We could not confirm these data in our
limited patient group. Only one of our patients (patient 4)
had mild dysfunction in attention, executive functions and
memory domains when compared to age, education
adjusted healthy controls. Moreover, this unique patient
had several brain MRI pathologies such as mega cisterna
magna, partial empty cella and minimal cerebral atrophy.
So far more than 500 mutations were identified in GAA
gene, which is located on 17q21-23. IVS 1-13T>G
mutation is a highly prevalent mutation found in 70% of
the Caucasian compound heterozygous patients [19]. This
mutation generally leads a milder form of the disease
[19-21]. Accordingly three of our patients were compound
heterozygous owing one IVS 1-13T>G mutation and they
have a milder disease with lower Walton—Gardner-Medwin
scale compared to other patients. However, two of these
patients, who are sisters, have a second nonsense mutation
as E888X 2662G>T previously reported as a cause of
severe infantile and late-onset Pompe disease [22-25].
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Homozygous IVS 1-13T>G Pompe patients is very rare
and Musumeci et al. reported that homozygous status is not
so mild as previously supposed [26]. We agree with them
as our unique patient with homozygous IVS 1-13T>G
mutation has a more severe disease than our compound
heterozygous patients.

Remarkably, two of our patients had a very severe and
fatal disease course with loss of ambulation and necessity
of mechanical ventilation. Both of them carry double
mutations on both alleles (c.547-39T>G and c.858+5ins7)
that previously scored as “unknown” in Erasmus Pompe
Center database (http://www.pompecenter.nl). The alter-
ation c¢.858+5ins7 in intron 4 was previously reported with
high frequency in Brazilian population and considered as a
non-pathogenic polymorphism [27]. Therefore, c.547-
39T>G mutation should be responsible for the disease in
these two patients and results in a severe phenotype.

We also determined two new mutations as ¢.1209C>A
and 2737dupG, which cause Pompe disease.

Enzyme replacement treatment (ERT) became available
during the follow-up of our patients. Six of our patients
received ERT. Only one patient decided not to continue to
the treatment after the second infusion due to allergic
reaction. Two of our patients were severely affected when
they started ERT thus they did not benefit from the treat-
ment. The other four patients on ERT have steady muscle
strength and respiratory function.

In summary, our observation in this small group showed
that the systemic involvements as well as neurological
complications other than myopathy are very rare in late-
onset Pompe patients. Similarly, Pompe disease does not
cause cognitive impairment in adult population. Homozy-
gous IVS 1-13T>G mutation causes a more severe disease
than compound heterozygosity. Moreover, ¢.547-39T>G
mutation which is previously noted as “unknown”
pathogenicity may cause a severe Pompe phenotype.
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