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EDITORIAL

Early is better?
A new algorithm for early diagnosis
in Late Onset Pompe Disease (LOPD)

Pompe disease, also known as Glycogen Storage Disease type II (GSD II), is a rare autosomal recessive disorder, due to -glucosidase A (GAA) deficiency. This was
the first disease identified as a lysosomal storage disorder
in 1963 (1) and is characterized by a glycogen accumulation in multiple tissues with a predilection of skeletal
muscle and heart. Depending on age of onset, two different
clinical forms have been described: infantile and late-onset.
Infantile Onset Pompe Disease (IOPD) is associated with a
virtual absence of GAA activity (< 1% than normal values)
and characterized by severe and rapidly progressive muscle
weakness, hypotonia, feeding and respiratory difficulties,
severe cardiac hypertrophy often leading to a premature
death within the first 2 years of life. Late-onset Pompe
Disease (LOPD) is a slowly progressive form, presenting
after the first year of age with a juvenile or adult onset.
The clinical picture is usually characterized by progressive
proximal (highly recurrent limb-girdle distribution) and
axial muscle weakness, and respiratory muscle impairment, mainly diaphragmatic. These patients definitely have
a better prognosis with a median survival, since diagnosis,
of 27 years and a median age of death at 55 years, usually
because of respiratory failure and infections (2).
In 2006, the Enzyme Replacement Therapy (ERT)
for Pompe disease has been approved by the US Food
and Drug Administration and by European Medicine
Agency. The utilization of ERT has considerably changed
the natural history of IOPD improving motor and respiratory function as well as survival. In LOPD, the efficacy
of ERT has been demonstrated but with less prominent
efficacy when compared to the infantile cases. In fact, it
has been shown that ERT may improve or stabilize motor
performances and respiratory function in at least 2/3 of
treated patients (3, 4). Some studies reported that an early
start of therapy may maximize ERT efficacy, suggesting
that, in LOPD, an earlier diagnosis has to become the key
point in patients’ management (5).

In a recent paper, Kishnani et al, using data from the
International Pompe Registry, calculated the time interval between onset of symptoms and diagnosis in different categories of Pompe patients. Among those patients,
the group with onset > 12 months and < 12 years had
the longest diagnostic gap: 12.6 years. Similar data are
present in other reports from different ethnic groups suggesting that a delayed diagnosis will make more difficult
to achieve efficient therapeutic responses (6).
Several clues have been suggested to explain why
LOPD diagnosis is difficult: a) rarity of the disorder, b)
wide clinical spectrum, c) overlap of signs and symptoms
with many other neuromuscular disorders, d) variable diagnostic approach in different countries, e) insufficient
awareness of Pompe clinical manifestations, f) difficulties in completing the diagnostic itinerary.
The need for an earlier detection of LOPD cases
brought to the development of more rapid diagnostic
tools as, for example, the Dried Blood Spot test (DBS)
used to investigate, either by fluorometric or by tandem
mass spectrometry, the GAA activity. In recent years,
some algorithms have been reported (7-10) but on the
light of recent diagnostic strategies, it has been suggested to tentatively propose a newly modified algorithm
(Fig. 1).
An accurate clinical history is the first step for the diagnosis; patients with LOPD may complain of difficulties
in climbing stairs or rising from a chair, excessive fatigue,
back pain, exercise intolerance and myalgias. Respiratory
symptoms may also represent the onset in some cases:
dyspnoea, obstructive sleep apnoea, recurrent pneumonias, morning headache and excessive daytime sleepiness
have often been reported (8, 11).
Neurological examination may document weakness
of axial and proximal muscles with a limb-girdle distribution that predominantly affects the pelvic girdle. Occasionally, there may be a facial muscle weakness, eye-lid
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Figure 1. LOPD diagnostic algorithm.
(LOPD) Late-Onset Pompe Disease; (LGMD) Limb-Girdle Muscle Dystrophy; (EMG/NCS) electromyography and nerve conduction
studies; (NMDs) neuromuscular disorders; (DBS) dried blood spot; (GAA) -glucosidase A; *GAA activity <30%, borderline 30-40%.

ptosis and/or dysphagia. General physical examination
may reveal skeletal abnormalities such as scoliosis, lumbar hyperlordosis and rigid spine (12). Cardiac involvement is often present in IOPD whereas it is usually absent
or very mild in LOPD being characterized by cardiac ar-

rhythmias, ventricular hypertrophy and Wolf-ParkinsonWhite syndrome. In the last few years, an involvement
of other organs has been increasingly reported such as
sensorineural hearing impairment, vascular abnormalities with cerebral aneurysms, gastrointestinal involve-
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ment with macroglossia, hepatomegaly, diarrhoea and
low body mass index (13-15), further expanding LOPD
phenotype and clinical variability.
In the majority of patients, first-line laboratory workup shows an elevation of CK, LDH, AST and ALT. HyperCKemia is usually mild (two-five fold control values)
and sometimes can be the only manifestation in asymptomatic patients, however normal CK values do not exclude
a diagnosis of LOPD.
The algorithm, herein proposed, distinguishes, after
clinical history, neurological examination and routine
laboratory tests, three different phenotypes that should
raise suspicion of LOPD:
I) patients presenting with proximal/axial weakness,
with or without respiratory symptoms;
II) patients affected by restrictive respiratory insufficiency;
III) patients with asymptomatic hyperckemia.
Given the low specificity of such clinical presentations, it is useful to perform electrophysiological studies (comprehensive of needle electromyography, motor
nerve conduction velocities and, if necessary, single fibre
electromyography) as first-line exams to address clinicians among the different neuromuscular disorders.
Electromyography (EMG) may evidence a myopathic pattern with signs of spontaneous activity and myotonic discharges, often recorded in paraspinal muscles, or
it can be normal (16).
At this point, the use of DBS to measure the GAA
activity in blood samples is a crucial step.
DBS is a simple, rapid, minimally invasive and
inexpensive assay utilized to test patients for GSDII
detecting GAA activity in whole blood spots dried on
filter paper (17). To obtain reliable DBS results, it is
necessary to apply a correct procedure avoiding excessive or insufficient amount of spotted blood (18). For
this reason, as previously stated by the Pompe Disease
Diagnostic Study Group, it is recommended to confirm
DBS positive results repeating the test (Retest), whereas
a negative result should suggest other neuromuscular
disorders (7, 19).
A positive retest must be followed by a confirmatory biochemical assay and/or by a molecular genetic
test. In the former option, clinicians should measure
GAA activity in, at least, one other tissue sample (skin
fibroblasts, skeletal muscle or purified lymphocytes)
whereas the latter option will lead directly to GAA sequence analysis.
Measurement of GAA activity in skin fibroblasts is a
minimally invasive, reliable and well-established method.
The main disadvantages are related to the difficulties to
have access to cell culture facilities as well as the long

time needed to obtain the culture results (approximately
4-6 weeks) (19).
Another option is to test GAA activity on purified
lymphocytes preparations since they do not contain other
isoenzyme activities (i.e. maltase-glucoamylase - MGA).
This method could sometimes supply false-negative results
if contaminating neutrophils are present in the sample.
GAA assay on skeletal muscle implies performing a
muscle biopsy that, even though invasive, can also provide morphological informations, useful in evaluating the
severity of muscle degeneration. A vacuolar myopathy
is the most frequent finding; vacuoles may stain positive for Periodic Acid Schiff (PAS) and show abnormally
elevated acid phosphatase reactivity. However, in some
cases, muscle biopsy can be normal or with nonspecific
changes (20).
Tissue GAA assay, either on skin fibroblasts, skeletal
muscle or purified lymphocytes, is generally considered
normal if GAA activity is over 40% of control values. In
such cases, diagnosis of Pompe disease can be excluded
and clinicians should think of an alternative neuromuscular disorder. If GAA tissue activity is below 30% of residual activity, the enzyme is usually considered deficient
and a diagnosis of LOPD can be assessed (21). When
the enzyme activity is between 30% and 40% (considered borderline values), it is reasonable to think that these
cases, that could be either unaffected carriers or patients,
need GAA gene molecular analysis to ultimately define
their clinical condition.
GAA molecular analysis is important to confirm
the diagnosis in the above mentioned cases but also for
genotype-phenotype correlations, prognostic implication,
family carriers identification and genetic counseling.
Some clinicians, after a positive DBS result, may prefer to directly proceed with GAA gene sequencing. This
study often yields to the identification of two pathogenic
mutations thus confirming the Pompe diagnosis. However, sometimes just one mutation is detected and this result
has to be considered not conclusive and leading back to
biochemical assays as already described in the diagnostic
tree.
In conclusion, we wish that this new diagnostic algorithm will help clinicians to recognize LOPD patients,
thus leading to an early start of ERT, when in agreement
with the most recent international guidelines (22).
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