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Abstract: Pompe disease is classified by age of onset, organ involvement, severity, and rate of progression
in two main forms: the first one, infantile onset Pompe disease IOPD), presents before the age of 12 months
with generalized muscle weakness, hypotonia, respiratory distress, and hypertrophic cardiomyopathy as main
clinical features. The second form, late onset Pompe disease (LOPD), is characterized by an onset at the age
of 12 months to adulthood, hyperCKemia, and limb-girdle and axial muscle weakness, often complicated by
respiratory muscles degeneration. In the last 10-15 years, an increasing interest in Pompe disease has led to
multiple studies in an effort to clarify the emerging clinical aspects, to find out the best diagnostic tools to
identify the disease as early as possible, and to offer new therapeutic options apart from enzyme replacement
therapy (ERT). Since 2006, ERT—the first treatment for Pompe disease—has been universally accepted in
the majority of countries all over the world. Although for years Pompe disease has been primarily considered
a muscle disorder, nowadays it is clear that the involvement of several other organs has changed the cultural
approach to this entity which is now viewed as a multisystem disorder. The emerging clinical aspects have
greatly expanded the spectrum of the disease manifestations. In fact, central, peripheral, and autonomous
nervous systems are often involved; vascular malformations and heart involvement are frequently observed;
musculoskeletal and bone changes as well as oro-gastrointestinal and urinary tract alterations have been
better defined. A great deal of effort has been made to clarify the clinical aspects of Pompe disease, to raise

awareness of the LOPD patients’ problems and to improve their quality of life.
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Introduction

For many years, Pompe disease has been mainly considered
a muscle disorder, but several recent reports and studies
have demonstrated the involvement of other organs or
apparatuses, thus warranting the classification of the
disease as a multisystem disorder (7able 1). Pompe disease
(Glycogen storage type II, GSDII; OMIM #232300) is a
rare autosomal recessive disorder caused by mutations of
the acid o-glucosidase (GAA) gene, encoding acid maltase.
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Deficiency of GAA leads to accumulation of lysosomal
glycogen in several body tissues, especially in skeletal
and respiratory muscles and heart (1). The severity of the
disease is quite variable in terms of age of onset, symptoms
progression, and different degrees of involvement of
affected organs.

Pompe disease presents as two main forms: one with
an infantile onset (IOPD), classically characterized by

cardiomyopathy, respiratory insufficiency and severe muscle
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Table 1 LOPD clinical multisystem involvement and related investigations

Toscano et al. LOPD clinical update

Organ involvement

Clinical manifestations

Investigations

1. Skeletal muscle

2. Respiratory

3. Central nervous system/
cerebrovascular system

4. Cognitive and emotional

5. Peripheral and autonomic

nervous system

6. Vascular system

7. Heart

8. Musculoskeletal and bone

9. Dental-oro gastrointestinal and
urinary

10. Blood

Exercise intolerance/fatigue

Myalgia/hyperCKemia

Axial and proximal muscles weakness (> lower limbs)

Scapular winging

Morning headache and sleepiness

Sleep apnoea

Shortness of breath

Impaired cough

Dyspnea (more at supine position)
Vertebrobasilar dolichoectasia
Intracranial aneurysms

Stroke

Cerebral hemorrhages

Lacunar encephalopathy
Sensorineural deafness

Mild cognitive impairment
Anxiety/depression

Executive functions impairment
Paraesthesia at limb extremities

Burning feet

Dilated arteriopathy

Aortic stiffness

Thoracic and basilar aortic aneurysms
Rhythm disturbances

Cardiac hypertrophy
Osteopenia/osteoporosis
Vertebral fractures

Rigid/bent spine syndromes
Scoliosis/kyphosis/hyperlordosis
Macroglossia

Dysphagia

Early satiety

Chronic diarrhoea

Urinary/bowel incontinence

PAS-positive vacuolated lymphocytes

Clinical examination
EMG/ENG
Muscle MRI

PFT (FVC, MIP and MEP at upright and supine

position)
Polysomnography
Respiratory muscles MRI

Bronchoscopy

Angio-CT
Angio-MRI
Brain MRI

Audiometry

Neuropsychological battery tests

EMG/ENG

LEPS

Skin biopsy
Vessels ultrasound

Angio-TC

EKG

Heart ultrasound
Densitometry
X-rays

Bone MRI

X-rays

Tongue ultrasound

Gastrointestinal tests

Urodynamic studies

Blood smear

EMG, electromyography; ENG, electroneurography; MRI, magnetic resonance imaging; PFT, pulmonary function tests; FVC, forced vital

capacity; MIP, maximum inspiratory pressure; MEP, maximum expiratory pressure; LEPS, laser evoked potentials.
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Figure 1 The LOPD “triangle” of clinical presentations. LOPD,

late onset Pompe disease.

hypotonia, usually starting in the first year or even in the
first days of life. The second form is a late onset type, and it
may begin any time from one year of age to adulthood [late
onset Pompe disease (LOPD)] with a chronic course that
may progress to significant motor disability and respiratory
insufficiency (2).

Classically, LOPD clinical presentations are represented
by presymptomatic hyperCKemia, often with exercise
intolerance, fatigue or myalgia progressing to limb-girdle
and axial weakness with respiratory failure. Respiratory
distress alone, as a starting symptom, seems to be very rare;
several cases that have been reported with this onset, when
carefully restudied, have shown that hyperCKemia (3),
exercise intolerance or mild muscle weakness were already
present before respiratory involvement (Figure I).

Epidemiology of Pompe disease is a subject of debate:
it is usually reported that the combined frequency of both
forms of the disease is 1:40,000/60,000 although several
countries have provided a very different account (4).

Skeletal muscle involvement

LOPD is characterized by progressive muscle weakness
with respiratory insufficiency that may present at any age
greater than 12 months, leading to premature disability,
supported ventilation and, eventually, to death (5). Initial
symptoms may appear anytime from early infancy to
late adulthood and are usually represented by myalgia,
exercise intolerance and fatigue that may precede muscle
weakness. These symptoms are often ignored and taken
as unwillingness of individuals to exercise. These clinical
disturbances are usually accompanied by variably increased
serum creatine kinase (CK) values. HyperCKemia is a very
sensitive but unspecific laboratory parameter; in addition,
CK elevation is often complemented by high levels of
alanine transaminase (ALT), aspartate transaminase (AST)
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and lactate dehydrogenase (LDH). When the levels of these
three enzymes are high, while CK is not measured at the
same time, one can erroneously assume a diagnosis of liver
rather than muscle disease. This also may explain a delayed
diagnosis of Pompe disease in similar circumstances. In
IOPD, CK levels are usually quite high, often reaching over
2,000 U/L, whereas in LOPD, especially in adult cases,
the peak level rarely exceeds 1,000-1,500 U/L. In addition,
in some cases, adult patients can have normal CK values.
Muscle pain is present either at the presymptomatic stage
or later, when the disease burden is more heavy. Some
authors reported the presence of pain at the early phase of
the disease in at least 18% of patients (1). This could also be
an overlooked and underappreciated symptom,; for example,
in a large series of German/Dutch patients, one in two
LOPD patients complained of muscle pain. Myalgia can
be caused by postural problems due to muscle weakness or
by prolonged physical efforts, not sustained by an adequate
muscle bioenergetic level (6). Moreover, fatigue and exercise
intolerance are highly disabling symptoms which can lead
to physical exhaustion caused, again, by muscle weakness or
by mental overtiredness or depression in advanced stages
of the disease (7). Decreased pulmonary function may also
contribute to the level of fatigue.

In conclusion, the combination of muscle aches, fatigue,
exercise intolerance and/or hyperCKemia may constitute
a presymptomatic stage of LOPD. At advanced phases of
the disease, patients complain of difficulties in walking,
running, performing sports, climbing stairs or standing up
from the floor, bed or chair. Disease progression is quite
slow and affects axial, limb-girdle and respiratory muscles,
particularly the diaphragm.

Although the regional distribution of skeletal muscle
impairment is variable, lower limbs and paraspinal
muscles are affected first (5), followed by upper limbs
and respiratory muscles. At thigh level, weakness is more
evident in hip extensors, adductors and abductors, and
then hip flexors; posterior thigh muscles are selectively
affected with early involvement of the adductor magnus
and semimembranosus and, later, of the long head of the
biceps femoris and semitendinosus. Leg and foot muscles
are spared or minimally involved tll the later stages of the
disease.

As for the scapular girdle, weakness is also present at
the scapular fixators, particularly at the trapezius inferior,
rhomboid, and subscapularis muscles with a later moderate
involvement of serratus anterior, deltoid, and supraspinatus
muscles. When the fixators of the scapula (lower trapezius,
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Figure 2 LOPD clinical aspects. (A) Unilateral eyelid ptosis in a 64-year-old LOPD female; (B) scapular winging in a 55-year-old LOPD

man; (C) positive Gower’s manoeuvre in a 48-year-old LOPD female. LOPD, late onset Pompe disease.

latissimus dorsi and rhomboid), as well as subscapularis and
neck flexors (sternocleidomastoid) are involved, a protrusion
of the scapula, defined as “winging scapula”, is clearly
noticeable in resting position and as soon as the individual
lifts the arms anteriorly or laterally.

Progression of motor weakness leads to appearance of
scoliosis and then to lumbar hyperlordosis due to reduced
strength of truncal muscles. More rarely, patients may
present with a “rigid spine syndrome (RSS)”, as in other
myopathic disorders.

Facial and bulbar weakness are also present in LOPD
patients. It is well known that tongue weakness (often an
early sign) as well as bulbar muscles involvement cause
swallowing disturbances, dysphagia and dysarthria.

LOPD patients could also present an increased incidence
of ophtalmologic abnormalities, such as eyelid ptosis,
strabismus and, less frequently, ophthalmoplegia (Figure 2).

The clinical picture in the late stages may include
progressive inability to walk, a need for mobility assistance
devices or a wheelchair and, often, an assisted ventilation.
Exitus is usually due to respiratory insufficiency.

Respiratory involvement

LOPD may cause a progressive muscle respiratory
impairment characterized by pulmonary symptoms and
respiratory failure. In these patients, abdominal muscles
and diaphragm are involved resulting in a progressive
deterioration of both mobility and pulmonary function.
Initial signs of respiratory distress manifest as decreased
sleep quality, fatigue, daytime sleepiness, headaches
and decreased respiratory capacity. In fact, respiratory
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and abdominal wall muscle weakness cause ineffective
cough and attenuation of airway protection and secretion
clearance (8).

Respiratory failure is mainly due to diaphragmatic
weakness (9) as well as to the abdominal wall muscles,
particularly of internal obliques and rectus abdominis,
with sparing of the antero-posterior chest expansion due
to the activity of the intercostal muscles. The reduced
strength of the diaphragm has also been attributed to the
impairment of the respiratory motor neurons in addition
to skeletal muscles weakness (10). This specific central
nervous system pathology has been observed on autopsy;
glycogen accumulation was detected in the ventral region
of the spinal cord that houses the phrenic motor neurons
innervating the diaphragm. In addition, the atrophy of
diaphragm can be accompanied by reduction of lung height
and band-like atelectasis (9). To assess respiratory failure,
it is necessary to measure forced vital capacity (FVC) both
in seated and supine positions, because patients may have
a normal seated FVC, and, if supine FVC is not measured,
the diaphragm weakness can be missed (11). A postural drop
in FVC (usually more than 25% from the sitting to the
supine position) is an indicator of reduced diaphragmatic
strength. Other useful measurements for inspiratory
muscle weakness detection are maximum inspiratory
pressure (MIP) and sniff nasal inspiratory pressure (SNIP).
Impaired coughing effectiveness can be evaluated by using
maximum expiratory pressure (MEP) or peak cough flow
(PCF). Respiratory muscle weakness also contributes to
sleep-disordered breathing (SDB) and to its progression to
nocturnal hypoventilation. These symptoms initially start
with hypercapnia at night, eventually followed by daytime
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respiratory failure. Sleep disturbances and non-restorative
sleep contribute to physical and mental exhaustion, causing
reduced sleep quality, daytime sleepiness, and fatigue (8).

It is also important to take into consideration glycogen
deposition in the lower airway smooth muscles which
contributes to LOPD respiratory difficulties (12). In fact,
in 2015, Yang er al. reported a 16-year-old girl presenting
with progressively altered respiratory function (13). She
had a pulmonary hypertension and was already on ERT and
nighttime CPAP ventilation for several years. Because of her
pulmonary failure, she underwent “flexible bronchoscopy”,
followed by an implantation of a bronchial airway stent.
After the stent, respiratory function and pulmonary
hypertension stabilized and she continued ERT. A similar
case was also reported by Brenn ez 4/. in another patient
receiving ERT who complained of a progressive obstructive
airway and restrictive pulmonary disease: the bronchoscopy
revealed a collapse of the lower trachea and bronchi, with a
compression of the left main bronchus (14). These findings
were likely the result of a large glycogen accumulation
in the smooth muscle layers of the trachea and bronchi.
Unfortunately, respiratory failure remains a major cause of

death in LOPD.

Central nervous system and cerebrovascular
involvement

The central and peripheral nervous systems are
also involved in LOPD. In fact, several studies have
demonstrated accumulation of lysosomal glycogen in brain,
anterior horn cells, peripheral nerve and smooth muscles.
Some autoptic studies on LOPD patients highlighted the
presence of periodic acid-Schiff (PAS)-positive vacuoles
within the smooth muscle cells in the tunica media of
cerebral arterioles and arteries, together with numerous
small aneurysmal dilatations (15,16). Clinically, the vascular
smooth muscle pathology may present in brain with a
cerebral aneurysm or dilative arteriopathy. These aspects
suggest that vacuolar degeneration and glycogen storage
alter arterial walls architecture and may contribute to
aneurysms formation. In addition, weakened glycogen-filled
muscle myocytes may be the origin of dolichoectasia, which
reduces blood flow and may cause stenosis of the cerebral
artery in some cases (17).

In addition to blood vessel occlusion, the cerebral
artery walls may break leading to a fatal rupture of
aneurysms, haemorrage, and coma. However, the origins
of cerebrovascular abnormalities are not fully understood;
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inadequate cerebral oxygenation and glycogen accumulation
in cerebral arteries may reduce the smooth muscle integrity
and alter their anti-thrombotic properties suggesting a
hypoxic-ischemic pathogenic mechanism (18). Additional
mechanisms have been hypothesized to explain the dilation
of resistance vessels: (I) elevated pressure of carbon dioxide
can cause vasodilation and (II) glycogen-filled vacuoles in
the vessels walls (15) could interfere with the production
of extracellular matrix proteins such as collagen and elastin
of matrix metalloproteinases or vasoactive substances like
nitric oxide. In adult patients with Pompe disease, the
abnormalities of cerebral arteries increase with the duration
of the disease, resulting in an augmented risk of cerebral
ischemic or hemorrhagic stroke.

These cerebrovascular abnormalities have been
described as emerging aspects of LOPD, often with
adjunctive features such as brain microbleeds or lacunar
encephalopathy (18). Vascular alterations are found
predominantly at the posterior vascular circulation because
of the weakness of intracranial arterial elastic layer which
is more vulnerable to the formation of aneurysm expansion
and vascular diseases.

Aneurysm pathophysiology is regulated by complex
interactions between anatomical (vascular anatomy,
aneurysm size, shape, location), structural (arterial walls),
and hemodynamic factors (flow patterns, wall shear stress)
that play a role in aneurysm formation, growth and rupture.

Vertebrobasilar dolichoectasia is characterized by
expansion, elongation and tortuosity of the vertebrobasilar
arteries that may become symptomatic due to brainstem
compression, obstructive hydrocephalus and/or
haemorrhage (Figure 3). The natural histories of more
than 200 patients with non-classic IOPD and LOPD
showed that cerebral aneurysm rupture caused 3% of
deaths, an unexpected high number for an underevaluated
symptom (5).

In LOPD patients, magnetic resonance imaging (MRI)
and magnetic resonance angiography (MRA) may reveal
cerebrovascular abnormalities in vertebrobasilar, cerebral
and carotid arteries. In fact, it has been suggested that MRI
and MRA should be included in the clinical workup of all
adult Pompe disease patients (18).

The incidence of cerebrovascular abnormalities in
LOPD patients is higher compared to the healthy, aged-
matched populations, suggesting that an early detection of
cerebrovascular malformations could avoid life-threatening
events such as sub-arachnoid haemorrhage or brainstem
compression.
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Figure 3 Brain imaging in LOPD. (A) CT-scan showing a vertebral dolichoectasia in a 64-year-old LOPD female; (B) T2 weighted scan

showing a lacunar encephalopathy (Fazekas score 2). LOPD, late onset Pompe disease.

Finally, spinal motor neurons seem to be quite sensitive
to the accumulation of an excess of glycogen with a swollen
appearance of cells (16), increasing the burden of motor
dysfunctions in LOPD patients.

Hearing loss

In LOPD, otoacoustic alterations have been rarely
investigated. Evaluation of hearing loss was performed
in 24 GSDII patients, mainly with the infantile form, but
including juvenile patients: a sensorineural audiological
defect was present in almost all infantile patients but rarely
in juvenile cases (19). Moreover, in a group of adult Pompe
disease patients, hearing dysfunction occurred frequently
but no more than in general population (20). Another
study investigated more deeply the origin of sensorineural,
conductive or mixed hearing impairment. In a cohort of
20 patients, hearing loss was detected in 21/40 ears (52.5%);
the affected patients had sensorineural (57%) or conductive
(33%) hearing loss, whereas 10% presented with a mixed
pattern. This study revealed that the auditory system
impairment with prominent cochlear involvement was more
recurrently present than previously thought (21).

Cognitive and emotional involvement

Cognitive impairment has been reported in IOPD patients
but less frequently in LOPD. Studies in two different
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small groups of patients found no relevant alterations
of the cognitive profile apart from a mild dysfunction in
attentive and executive functions (22,23). More recently, a
comprehensive study in a larger cohort has been performed
to explore the potential impact of brain damage on cognitive
functions including a neuropsychological evaluation.
Cognitive ability was moderately compromised in 57% of
patients with a prevalent impairment of visual-constructive
abilities and executive functions. These data have shown a
cortical impairment strictly related to cognitive status (18).
Depression and anxiety have also been described in LOPD
patients (7) due to multiple reasons, not necessarily linked
to the specific disease condition (24).

Peripheral nerve system involvement

Peripheral nerve involvement has also been described in
LOPD, including the results of autopsies. Glycogen storage
has been detected in Schwann cells within the spinal cord
and in sural nerve (25). The presence of lysosomal-bound
glycogen was described in the axons of intramuscular
nerves (26) as well as in Schwann cells of both myelinated
and unmyelinated nerve fibers with a large prevalence in
myelinated nerve fibers (27).

Some patients complain of painful paresthesias, mainly
distally at lower limbs—a condition known as a “small
fiber neuropathy (SFN)” that involves myelinated and
unmyelinated nerves and accounts for neuropathic pain
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and temperature alterations due to glycogen deposition in
the Schwann cells of peripheral nerves. In fact, SFN was
observed in two patients after skin biopsy: one of them
showed epidermal nerve fibers swellings, likely related
to axonal degeneration, whereas the second patient had
a loss of epidermal nerve fiber density and an absence of
intraepidermal nerve fibers at the distal calf site. In a larger
group, 22 (50%) of 44 individuals with LOPD, showed
neuropathic involvement such as SEN (25). The presence
of SFN with neuropathic pain could be an important clue
to alert physicians of a potential autonomic dysfunction that
may also cause orthostasis, gastrointestinal (GI) dysfunction,
dry eyes, and sexual dysfunction.

Musculoskeletal and bone involvement

In the last few years, an important group of pathologies,
strictly related to the musculoskeletal and bone involvements
came to light: osteoporosis, bone fractures, scoliosis,
kyphosis, hyperlordosis, RSS or bent spine syndrome (BSS),
all likely due to the progressive degeneration of bone and
joints related to muscular structures weakness.

RSS is a neuromuscular disorder that affects patients
of all ages and is characterized by a very limited flexion of
cervical and dorsolumbar spine. This clinical picture can be
associated with severe restrictive respiratory changes that,
in turn, may lead to respiratory distress. LOPD patients
with RSS present with a moderate to severe limbs muscle
involvement, and, often, with an extreme difficulty to walk.
RSS has been described in about 20% of LOPD patients
and is more prevalent in the adult form than in the infantile
form (28).

A similar syndrome—BSS, also called “camptocormia”—
is characterized by progressive weakness of the extensor
muscles of the spine causing an anterior curvature of the
thoracolumbar tract. The patient may get some relief with
passive extension of the spine itself. In this case, the erector
spinae muscles are often massively infiltrated by fat and
connective tissue. Other abnormal conditions related to
the axial skeleton are represented by scoliosis, kyphosis and
lumbar lordosis (29).

In 2011, Roberts et al. (30), analysing the patients data
from the international Pompe Registry, found that the
prevalence of scoliosis in Pompe patients was as high as
about 33% (235 of 711 patients), but it seemed to be more
recurrent in patients with onset of symptoms in childhood
or adolescence. They also observed that a large percentage
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of patients later needed a respiratory support because of
highly reduced pulmonary function.

Kyphosis and lumbar lordosis may also affect LOPD
patients. Kyphosis is characterized by an excessive turning
of the back at the thoracic or lumbar region, whereas
hyperlordosis shows an exaggerated spinal extension that is
more prominent at the lumbar region due to abdominal and
hip extensor weakness. Unfortunately, some LOPD patients
may be sequentially affected by scoliosis with kyphosis and
lordosis.

There is an emerging evidence that bone mass density
(BMD), e.g., osteoporosis and fractures are often present
in subjects with Pompe disease (31,32). According to the
literature data, there is no current evidence suggesting
that alpha-glucosidase deficiency has a direct role in
bone metabolism. On the other hand, a combination of
degenerative myopathy, loss of weight-bearing ability
and reduction of force may lead to secondary loss of bone
mass (33) and progressive bone degeneration.

In a recent study by Bertoldo ez al. (34), a high prevalence
of morphometric vertebral fractures was found: in fact, at
least one fracture, although asymptomatic, was detected in
17 of the 22 (77%) patients studied. However, the authors
emphasize that fracture prevalence was independent of
muscular and respiratory functional parameters and of
genotype (34). Bone fractures have been reported not only
in infants and children, but also in adults (mostly in the long
bones such as femur and humerus), mainly when they are
nearly immobile or bedridden. In LOPD patients, there is
a greater involvement of the femoral neck compared to the
lumbar spine. In fact, the “trabecular bone” (e.g., lumbar
spine) is mainly influenced by general and systemic factors
(e.g., hormone status), whereas the cortical bone (e.g.,
femur) is more subject to mechanical influences such as
gravity, muscle mass, and muscle strength.

Screening for asymptomatic vertebral fractures should be
routinely performed in LOPD, irrespective of the disease
severity (34). Importantly, physical activity and exercise
training may help to reduce bone involvement in these
patients.

Cardiac involvement

The first case of Pompe disease was a 7-month-old girl with
severe cardiomyopathy, described in 1932 by Dr. JC Pompe.
The case was characterized by massive accumulation of
glycogen in vacuoles in all the examined tissues, particularly,
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in the heart. In the infantile classic form, the heart is nearly
always severely affected; in contrast, in the adult form only
a minority of patients have cardiovascular involvement,
including atrio-ventricular conduction abnormalities and
myocardial hypertrophy.

In a large group of patients, Soliman ez a/. (35) reported
only one patient with permanent atrial fibrillation and a
second one with cardiac hypertrophy. Other studies did
not reveal any major cardiac abnormalities; only minor
changes were observed, most likely related to other factors
such as hypertension and/or advanced age. In a study of 87
patients, Forsha et 4. (36) analysed cardiac features before
and after ERT; at baseline, a short PR interval was present
in 10%, decreased left ventricular systolic function in
7%, and a mildly elevated left ventricular mass in 5%. No
abnormalities were detected after ERT.

In 2012, Angelini ez al., after having followed 74 patients
on ERT over 4 years, found that 13% of them showed
a variable degree of heart hypertrophy (37). Rhythm
disturbances have been also reported in LOPD, especially
as sinus arrhythmias, supraventricular tachycardia, Wolft-
Parkinson-White syndrome or atrio-ventricular block that
required pacemaker implantation (7,38).

Vascular involvement

In LOPD patients, extracerebral vascular involvement
may include cervical arteries, thoracic aorta, iliac and
renal arteries, the latter leading to a possible kidney
infarct (39). Evidence of dilated arteriopathy, involving
primarily the ascending thoracic aorta, was reported in five
females (40). One individual had a bicuspid aortic valve and
developed dissection, whereas another individual with a
juvenile onset of the disease had both thoracic and basilar
aortic aneurysms. Furthermore, aortic stiffness leading
to increased blood pressure, a predictor of cardiovascular
accidents, was observed in a cohort of 17 LOPD
patients (41). Aortic pathology from an autopsy of an
individual who died because of respiratory failure, showed
glycogen accumulation in the vascular smooth muscle cells
of the aorta (42), as well as of the carotid artery, coronary
arteries and small vessels of numerous organs including
heart, skeletal muscle, skin, small intestinal serosa, kidney,
liver, diaphragm, lung, and cerebellum (16). Moreover,
Nemes et al. reported a significant increase in diastolic
aortic diameter and aortic stiffness index in patients with
Pompe disease compared to age and gender-matched
controls (41).

© Annals of Translational Medicine. All rights reserved.
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Peripheral blood involvement

Glycogen storage is found in lysosomes throughout
the body, even in the peripheral blood, particularly, in
lymphocytes (43). Vacuolated lymphocytes, e.g., lysosomes
filled with non-degraded material, may occur in many
storage disorders. In a retrospective review of a database,
Anderson er al. identified vacuolated lymphocytes in 156
of 2,500 samples of which 23% were detected in patients
with Pompe disease—15% in the classic infantile form and
8% in milder forms presenting in childhood, adolescence,
or adulthood (44). A unique feature of Pompe disease
pathology is that lymphocytes stain positively with PAS,
indicating glycogen storage. The test can be performed by
using a simple and inexpensive technique such as the Blood
Smear Examination (BSE). Consequently, this kind of
examination has been proposed as a possible screening tool
for Pompe disease. In addition, it has been recently shown
that the number of glycogen-filled vacuoles in lymphocytes
may decrease after ERT, thus, making BSE a possible
biomarker of therapeutic efficiency (45).

Endocrine involvement

Endocrine system has been rarely studied in LOPD. Very
few reports tried to explain the possible relationships
between this system and LOPD. In some infantile cases,
different glands—thyroid, parathyroid, adrenal cortex,
and pituitary—have been found infiltrated by glycogen.
Most recently, Schneider et al. reported a high prevalence
of hypothyroidism in a group of ten patients with LOPD
compared to the general adult population, suggesting a link
between the enzyme deficiency and thyroid function (46).

Dental-oro-gastrointestinal and urinary tract
involvements

Dental abnormalities have been described only in few cases,
mainly in children with some developmental abnormalities.
Large gingival overgrowth has been reported in a single case
of an 8-year-old girl with IOPD, and several comorbidities
could have contributed to this dental pathology (47).

In this review (see section “Skeletal muscle involvement”),
we have already mentioned the frequent presence of
macroglossia and lingual weakness in LOPD. Therefore,
the patients need to be carefully examined by physicians
to avoid severe consequences such as dysarthria and
dysphagia (48). These problems usually stem from bulbar
muscle weakness, and, in fact, oropharyngeal dysphagia
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has been identified in the adult population (49). However,
a similar clinical pattern has recently been described in the
so-called “long-term survivors”, a group of ERT-treated
infants who are still alive after at least 5 years of therapy
(50). Although these patients could now be considered as
juvenile cases, their clinical condition is quite different from
age-matched LOPD patients with a juvenile onset. In fact,
the “survivors” exhibit motor weakness, speech deficits,
sensorineural and/or conductive hearing loss, osteopenia,
gastroesophageal reflux and dysphagia with aspiration risk.
However, the majority of them are still independently
ambulant (49).

Recent reports have pointed out to the GI symptoms
including severe chronic diarrhea, intestinal incontinence,
abdominal pain, lack of appetite, early satiety and vomiting
that are underevaluated in the late onset form (51). It is not
surprising that the GI system is affected, since glycogen
storage has been detected in smooth muscle cells—
a pathology which can impair peristalsis and intestinal
transit (52). The ERT treatment greatly reduced the
GI discomfort and allowed to avoid embarrassing social
situations. Also, Gesquiére-Dando er al. (53) report two
sisters with an atypical presentation of “fibromyalgia-like
pain” and GI symptoms. ERT improved the GI symptoms
but did not decrease pain. Pardo et /. (54) described a
similar clinical situation and response to ERT in a patient
who presented intense lower GI symptoms that were halted
by ERT. Nevertheless, in most patients, urge symptoms
persisted and did not seem to respond to ERT.

In the last few years, the urinary tract has also been an
object of studies to better understand why and how it is
involved in LOPD. According to some authors (55), the
prevalence of incontinence in LOPD patients can be as
high as 25% assuming no other etiologies or risk factors
for this condition. Therefore, the frequent occurrence of
bowel incontinence or urinary tract symptoms suggests
that there is a common origin of these symptoms due to
smooth muscle dysfunction (42). Some authors suggested
that urinary incontinence is less frequent than bowel
incontinence (55), whereas others (56) reported a higher
number of patients with lower urinary tract symptoms

(LUTS), with specific differences related to gender.

Conclusions

In the last 10-15 years, several major steps have been
accomplished by researchers and physicians in the Pompe
disease field. A great deal of effort has been put into the
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development of new diagnostic tools and new therapeutic
approaches. Although ERT is quite efficient (especially for
infants), we are still looking for other treatment options to
improve patients quality of life. In the meantime, it is very
clear that the awareness about “old” and “new” clinical
aspects of Pompe disease allows for earlier diagnosis and
better management of Pompe disease patients.
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