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Abstract

Introduction Classic infantile Pompe disease is the most severe phenotype within the clinical spectrum of Pompe disease
and is characterized by central nervous system (CNS) involvement.

Methods A systematic review on histopathological findings in classic infantile Pompe disease was conducted using Embase,
Medline Ovid, Web of science and Cochrane central databases for original research articles until 16-12-2025. Articles
reporting a histological examination of the CNS were selected. Classic infantile Pompe disease was defined by hypertrophic
cardiomyopathy, symptom onset < 12 months of age, and GAA deficiency, if available.

Results Of the 3734 records identified, 39 articles were included in the study, comprising 49 patients, 7 of whom treated
with enzyme replacement therapy. The median age at autopsy was 6 months (range 1.2—-17.0) for untreated and 12 months
(range 7.5-21.0) for treated patients. Histologic abnormalities were found throughout the CNS. The cerebral and cerebel-
lar white matter (WM), globus pallidus, dentate nucleus, motor nuclei of the brainstem, and anterior horn cells were most
frequently affected. Glycogen accumulation was severe in astrocytes and in neurons of the globus pallidus. Cortical neurons
were affected with greater variability, and subcortical structures were more frequently involved than cortical ones.
Conclusions Understanding of CNS involvement in classic infantile Pompe disease is rapidly evolving. Histopathological
studies from children up to 21 months demonstrate early and widespread CNS pathology. Notably, there is a marked tempo-
ral gap between the extensive abnormalities observed at autopsy in infancy and later radiological, biochemical, and clinical
manifestations. While white matter pathology is already prominent in young patients, abnormalities on magnetic resonance
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imaging typically emerge from 2 to 3 years of age, biomarker changes from around 5 years, and cognitive decline, reduced
processing speed, and background activity slowing on electroencephalogram from approximately 8—10 years onward. These
observations suggest a gradual evolution of CNS disease, although direct clinicopathological correlations remain limited.
Epilepsy has been reported later in the disease course, and we have observed upper motor neuron signs in older patients,
suggesting progressive gray and white matter involvement that may contribute to cognitive decline. The mechanisms linking
glycogen accumulation to neurological manifestations remain incompletely understood. Taken together, these observations
form the basis for several hypotheses on the pathogenesis of CNS involvement in classic infantile Pompe disease.

Graphical abstract

Central Nervous System Involvement (CNS) in Classic Infantile Pompe Disease

Systematic review on CNS autopsy findings
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Introduction

Classic infantile Pompe disease is a severe, progressive
metabolic disorder, in which alpha-glucosidase deficiency
leads to a multisystemic glycogen accumulation, most pre-
dominantly in cardiac and skeletal muscle. It represents the
most severe end of the Pompe disease phenotypical spec-
trum and is characterized by hypertrophic cardiomyopa-
thy, severe generalized hypotonia, and respiratory distress
[1]. The disease course of classic infantile Pompe disease,
associated with premature death in the first year of life, has
been greatly modified by the advent of enzyme replacement
therapy (ERT) with recombinant human alglucosidase
alpha. This made Pompe disease the first treatable genetic
neuromuscular disorder. ERT has allowed many patients to
achieve walking and some patients to reach early adulthood.

@ Springer

However, ERT is not curative, and patients still suffer from
substantial unmet medical needs, such as residual proximal
and distal muscle weakness, bulbar muscle weakness, and
central nervous system involvement, ranging from mild cog-
nitive impairment to extensive white matter abnormalities,
cerebral atrophy, and epilepsy [2—6]. Recombinant alglu-
cosidase alpha and the second generation ERTs, avalglu-
cosidase alpha and cipaglucosidase alpha, do not cross the
blood-brain barrier (BBB), highlighting the urge of innova-
tive treatments which may address the CNS involvement.
While working toward new therapies which may cross the
BBB [7, 8], it is crucial to fully understand the histopatho-
logical consequences of classic infantile Pompe disease in
order to identify the involved anatomical regions and cell
types. Anatomical pathology reports can contribute to the
elucidation of the pathophysiological sequence of events
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leading to CNS involvement. This literature review aims to
provide a histopathological overview of the central nervous
system involvement in classic infantile Pompe patients and
correlate histological findings to neuroimaging studies and
known clinical symptoms.

Methods
Search strategy

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines, as illustrated in
Fig. 1. Although no protocol was prospectively registered,
the review methodology was predefined and consistently
applied throughout the study. The databases Embase, Med-
line Ovid, Web of science and Cochrane central databases
were systematically searched for the terms “Pompe dis-

acid alpha-glucosidase deficiency”, “acid maltase

LEINT3

ease”,

deficiency” and “glycogen storage disease type II”. We
conducted a separate, broader search for “glycogen storage
disease” in old Embase (< 1975) and old Medline (< 1966)
databases, to avoid missing articles due to incorrect indexa-
tion. All searched terms are summarized in Appendix A.
All databases were searched for results from inception up to
16th December 2025.

Selection strategy

Title and abstract screening were conducted independently
by two reviewers (JvdD and JMPvdH) to identify poten-
tially eligible studies, followed by full-text screening by
both reviewers. Subsequently, data extraction was carried
out independently by JD and verified by JMPvdH. Any dis-
crepancies arising during the screening or data extraction
phases were resolved through discussion and consensus.
Studies were considered eligible if they reported histo-
logical examination of the central nervous system in patients
with a confirmed diagnosis of classic infantile Pompe

Fig. 1 PRISMA-style flow
diagram of study identification,
screening, eligibility, and inclu-
sion for the systematic review

3734 records identified
through database searching

| 1286 duplicates removed

2448 records screened on

2367 records excluded
based on title and abstract

title and abstract
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Full text not available (n=5);

81 articles assessed for

review (n=1); abstract (n=3)
language (n=4); animal study
(n=4), no classic infantile Pompe
(n=9), no autopsy report on

eligibility >

central nervous system (n= 18)

37 articles included

2 articles added based on
references

A 4

39 articles included
in qualitative synthesis

@ Springer



496 Page4of 14

Journal of Neurology (2026) 273:496

disease. This diagnosis was defined by deficient acid alpha-
glucosidase activity and/or symptom onset before one year
of age in combination with hypertrophic cardiomyopathy.
Studies were excluded if: (1) they were not published in Eng-
lish, French, German, or Dutch; (2) they were review articles
or conference abstracts; (3) the full text was unavailable;
or (4) the diagnosis or clinical criteria were insufficiently
defined or uncertain.

In addition, the reference lists of all included studies
were manually screened to identify any further relevant
publications.

Data extraction and semi-quantitative scoring
system

From included studies we gathered the following clinical
information: sex, age at first symptoms, age at autopsy, and
presence of cardiomegaly. From the autopsy reports we gath-
ered brain weight, fixation and staining methods, as well as
details from the histological description.

Autopsy reports were assessed using a standardized
semi-quantitative scoring system developed for this study
to describe the degree of pathological involvement across
anatomical regions. Information from the literature was
classified on a scale from O (no involvement) to 3 (severe
involvement), based on the terminology used by the original
authors to describe the degree of pathology. Specifically,
regions described as spared were assigned a score of 0;
descriptions such as mild, minimal, or sparse involvement
(and synonyms) were scored as 1; moderate involvement as
2; and severe or very severe involvement as 3.

Severity scoring was based on the overall description of
pathological involvement within each region, including gly-
cogen accumulation, gliosis, neuronal loss, and/or myelin
loss. No weighting was applied to individual pathological
features. In cases where only a single feature (e.g., glyco-
gen accumulation) was described, this was used as the basis
for classification. Reports that did not provide information
on the degree of severity (e.g., only noting the presence of
pathology without qualification) were excluded from sever-
ity scoring and from subsequent calculations.

An average severity score per anatomical region was cal-
culated to enable a pictorial synopsis of the data. To reduce
bias due to a limited number of observations, average scores
were only calculated for regions described in autopsy reports
of at least six subjects. The underlying extracted data and
assigned severity scores are provided in Supplementary File
1.

Severity scoring was performed by a single reviewer (JD),
and the extracted data and assigned scores were reviewed
for consistency by a second author JMPvdH). Formal inter-
rater agreement was not assessed. Given the heterogeneity
of reporting across studies, the scoring system should be

@ Springer

regarded as a semi-quantitative tool to facilitate comparison
between reports rather than a validated pathological scoring
system.

Results
General

We identified 39 autopsy studies, comprising a total of 49
patients (Fig. 1) [9-47]. An overview of all included reports
is shown in Table 1. Most reports were written before the
advent of ERT in 1999 and describe patients who were not
treated with ERT. Four studies consisting of seven autopsy
reports were published after 1999 and describe autopsies
on ERT treated patients [43, 44, 46, 47]. The median age
of untreated patients was 6 months (range 1.2-17.0), while
the median age of treated patients was 12 months (range
7.5-21.0).

Although histologic abnormalities have been found
throughout the central nervous system, there were clear dif-
ferences in the degree of involvement, regarding both ana-
tomical region and cell type (Table 1). We constructed an
overview of the involvement of the most important anatomi-
cal structures using the scoring system (Fig. 2).

The cerebral and cerebellar white matter, globus pallidus,
dentate nucleus of the cerebellum, motor nuclei of the brain
stem, and anterior horn cells of the spinal cord were most
frequently affected. These areas are discussed consecutively
below.

Cerebral cortex

The cerebral cortex was described in 25 cases [12, 14-16,
18-22, 26, 27, 30, 32, 34, 36, 38, 40-43, 46]. It was one of
the least involved areas of the central nervous system. The
cerebral cortex consists of six different layers. Four studies
specifically describe these distinct cortical layers [21, 27, 34,
40], with marked glycogen accumulation and gliosis in layer
I, which consists mainly of glial cells [21, 27, 40]. Most
severe involvement of neurons was described by Mancall
et al., in layers III-V [27] and by Hogan et al., in layers
IV-VI [34]. No distinction was made between involvement
of different cortical lobes.

Complete sparing of the cortex was found in 8 patients
(median age 8 months, range 4.1-17.0) [14, 19, 22, 30, 41,
42]; mild or moderate glycogen accumulation, with varia-
tion between different cell types, was reported in 17 patients
(median age 7 months, range 3.5-21.0) [12, 15, 16, 18, 20,
21, 26, 27, 32, 34, 36, 38, 40, 43, 46]. Affected neurons
usually contained small quantities of glycogen [15, 16, 36,
38, 40, 43], although severe involvement with ballooning
and destruction of neurons was described in two cases [27,
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Fig.2 Anatomical representation of central nervous system involvement in classic infantile Pompe patients, with color coding reflecting histo-
pathological findings identified by the systematic review. Colors range from green (no or minor involvement) to red (extensive involvement)

34]. Involvement of cortical glial cells varied considerably
between studies. Glycogen accumulation in astrocytes var-
ied from mild to severe [12, 16, 27, 34, 36, 38, 40], while
oligodendroglia were mildly involved [16, 34, 36]. Moderate
to severe gliosis of the cortex was described in two reports
[27, 36].

Cerebral white matter and lateral ventricles

Moderate to severe involvement of the cerebral white mat-
ter was found in the majority of case reports [15-17, 21, 22,
27,32, 34, 36, 38, 41]. Normal myelination [21, 27, 38], as
well as a decrease in myelin content or demyelination [15,
22, 23, 34], have both been reported. Although glycogen
accumulation has been described in all types of glial cells,
a considerable difference in severity of involvement was
noted, and oligodendrocytes were relatively spared [22, 36,
38]. Glycogen accumulation was especially severe in astro-
cytes, with strong astrocytic proliferation and hypertrophy
[17,21-23, 27, 36, 38, 41, 46]. Several studies report mod-
erate to intense fibrous gliosis throughout the white matter

and accentuated around blood vessels [15, 16, 21-23, 27, 36,
38]. Glial glycogen storage and gliosis were also noted in
the subependymal zone [27, 38, 40]. Moderate amounts of
glycogen were seen in ependymal cells and vessel walls of
the choroid plexus [14-16, 18, 21, 22, 30, 34, 38].

Subcortical structures

Thalamic neuronal and glial glycogen storage was usually
mild[9, 15, 16, 18, 22, 27, 30, 34, 38, 40, 46], with sub-
stantial variation between different thalamic nuclei [38],
although no detailed information was available. Similar neu-
ronal storage was reported in the hypothalamus [16, 27, 34,
38, 40]. Hippocampal involvement varied, with some reports
noting differences between hippocampal regions; however,
these differences were not consistently observed [16, 21,
38]. Hippocampal neurons stored mild to moderate amounts
of glycogen; accumulation was mild in both astrocytes and
oligodendroglia [12, 14-16, 20, 21, 26, 34, 38]. The puta-
men and caudate nucleus showed variable involvement, but
usually not more than moderate glycogen deposition [15,

@ Springer
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16, 18, 21, 22, 27, 30, 46]. In contrast with surrounding gray
matter structures, extensive neuronal glycogen accumulation
was consistently reported in the pallidum [15, 16, 18, 21,
22,217, 30, 38].

Cerebellum

The cerebellar cortex was spared or mildly involved [14-16,
18, 19, 21, 22, 25, 27, 30, 34, 41, 46]. While Purkinje cells
were frequently spared [15, 16, 19-21, 25-27, 34, 35, 38, 43,
46] and glycogen accumulation was absent or sparse in the
cortical granule cells, abundant accumulation was reported
in Golgi type [T cells [15, 16, 18, 21, 25, 27, 38]. Severe gly-
cogen storage was consistently seen in the cerebellar white
matter glia cells, resulting in astrocytic hypertrophy and
gliosis [16, 21, 27, 34, 46]. With some exceptions, extensive
neuronal glycogen accumulation was also found within the
cerebellar nuclei, including the dentate nucleus [12, 14-16,
19-21, 25-28, 30, 34, 37, 38, 41, 46].

Brainstem

Within the brainstem, severe glycogen storage has been
found in all cranial nerve nuclei [10, 12, 14, 16, 18-23,
25-28, 30, 31, 34, 37, 38, 40, 42, 44—46]. The motor nuclei
of the cranial nerve region were specifically described as
one of the most severely affected areas of the central nerv-
ous system [14-16, 21, 22, 27, 30, 31, 34, 38]. Accumula-
tion of glycogen in the pons and pontine nuclei varied from
moderate to very severe [12, 14, 16, 18, 20-23, 25, 38, 45,
46]. Involvement of the substantia nigra and nucleus ruber
was mild, and varied from complete sparing to moderate
glycogen deposition [15, 16, 18, 21, 22, 30, 38, 46].

Spinal cord

Glycogen storage was found throughout the spinal cord,
with differences between cell types and anatomical regions.
Neurons in the anterior horn were consistently described
as most severely affected. Involvement comprised glycogen
storage with distension and frequent destruction mostly of
the large motor neurons [10, 12, 14-16, 18, 21, 27, 30, 31,
34, 36, 40, 43, 46]. Other neurons of the spinal cord were
involved to a lesser degree, although glycogen storage has
been reported throughout the gray matter [10, 12, 14-16,
21, 27, 31, 34, 36, 38, 40]. Glial cells were also affected,
with storage in astrocytes, oligodendroglia, microglia and
the ependymal cells of the central canal [15, 16, 20, 21, 36].
Gliosis has been reported in the anterior horn cells[38] and
throughout the spinal cord [15, 16]. One study found myelin
reduction[34].

@ Springer

Central nervous system involvement in ERT treated
patients

Seven autopsies of ERT-treated patients were described, of
which 4 briefly [43, 44, 46, 47]. Differences between ana-
tomical regions were rarely discussed in all of the reports,
which makes it difficult to compare these results with pre-
ERT autopsy studies. Overall the pattern of CNS involve-
ment did not differ between treated and untreated patients.
Glycogen was found in neurons of the cerebral cortex [43,
46] and glial cells, including astrocytes, of the cerebral white
matter [46]. In the cerebellum, glycogen accumulation was
found in neurons of dentate nucleus and glial cells of the
white matter [46]. Purkinje cells were relatively spared [43,
46]. PAS positive material was also reported in basal ganglia
[46, 47], thalamus [46] and brainstem [44, 46, 47]. In all
cases glycogen storage was found in the spinal cord [43, 44,
46, 47] and anterior horn cells were specifically mentioned
[43, 46]. In one case, cytoplasm vacuolar transformation in
ganglionic neurons of the myenteric plexus of small intestine
and colon was observed [47].

Discussion
General pathology

Central nervous system involvement has become increas-
ingly apparent among long-term survivors with classic
infantile Pompe disease and represents a relevant unmet
medical need of this patient cohort. Working toward the
development of innovative treatments which may address the
CNS, we hereby performed a systematic review of published
autopsy reports describing its involvement.

The available evidence is subject to limitations: most
studies were conducted prior to the introduction of stand-
ardized histochemical and immunohistochemical techniques,
resulting in substantial variability in tissue sampling, fixa-
tion, staining, analysis, and reporting. These methodologi-
cal differences, together with small sample sizes, selective
regional sampling, and the possibility of reporting bias, may
influence the apparent distribution and severity of pathologi-
cal findings and limit direct comparisons across studies and
anatomical regions. Furthermore, because severity scores
could only be assigned when explicit descriptions of sever-
ity were available and regions without sufficient information
were excluded from scoring, incomplete reporting may have
influenced the estimated distribution and severity of pathol-
ogy across anatomical regions. Despite these limitations,
the available studies provide valuable insight into the over-
all pattern of CNS involvement in classic infantile Pompe
disease.
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In summary, neuropathological studies showed that
glycogen accumulation in classic infantile Pompe disease
affects the CNS in a region- and cell-specific manner. The
cerebral cortex was relatively spared, whereas cerebral white
matter, particularly astrocytes, showed severe involvement
with perivascular gliosis. Subcortical gray matter, especially
the pallidum, was variably affected, while the cerebellar
dentate nucleus, brainstem motor nuclei, and spinal ante-
rior horn neurons consistently demonstrate marked glycogen
storage and gliosis. Importantly, available autopsy reports of
ERT-treated infants are limited in number, detail, and age
at death (median age of death 12 months, range 7.5-21.0).
Nevertheless, despite the relatively young age of these
patients, CNS pathology was still documented across corti-
cal, subcortical, cerebellar, brainstem, and spinal regions.
These observations are biologically plausible given that
intravenously administered ERT has been shown to have
no meaningful penetration of the blood-brain barrier and is
therefore unable to correct the enzyme deficiency within the
CNS [48, 49]. However, the currently available post-mortem
evidence remains sparse.

Relationship between histopathological,
radiological, biochemical, and clinical findings

Before investigating the relationship between the histopatho-
logical and clinical findings, it is important to consider the
wide gap between the young age at autopsy (12 months for
the treated patients) and the age currently reached by a few
classic infantile patients (around 25 years old). Additionally,
CNS involvement progresses over time, with some patients
showing a faster rate of progression, while others deteriorate
more slowly.

Autopsy studies consistently identified the cerebral white
matter as extensively involved in young patients with clas-
sic infantile Pompe disease. Such histopathological findings
have both a well-known radiological, biochemical, and clini-
cal correlation. Interestingly, however, there appears to be
a marked temporal discrepancy between pathological and
clinical evidence: despite severe white matter involvement at
autopsy at a young age, radiological abnormalities become
first evident only from approximately 2—-3 years of age, fol-
lowed by biochemical changes from around 5 years, and
clinical manifestations generally emerging from around 8
to 10 years of age.

Radiologically, corresponding MRI abnormalities range
from delayed myelination in infancy to progressive white
matter involvement thereafter [2, 50-54], with the earliest
detectable changes reported around 2-3 years of age [2,
51]. Biochemically, a longitudinal increase of serum neuro-
filament light chain (NfL) [51, 55], an accepted biomarker
of neuroaxonal and astroglia damage, and plasma glial
fibrillary acidic protein (GFAP) [56], indicating astrocytic

dysfunction, have been reported in classic infantile Pompe
disease from approximately 5 years of age onward. Clini-
cally, white matter abnormalities correlate with slower pro-
cessing speed and progressive cognitive decline, which may
become evident on neuropsychological testing around the
age of 8—10 years old [5, 50-52, 57, 58]. This temporal gap
between early pathological changes and later radiological,
biochemical, and clinical expression suggests that under-
lying disease processes likely evolve gradually over time,
with alterations accumulating until a threshold is reached at
which they become detectable by current imaging modali-
ties or clinical assessment. However, the precise nature of
these processes remains insufficiently understood. Further
autopsy studies in long-term survivors are needed to better
elucidate the pathological correlates of disease progression
and strengthen clinicopathological correlations.

We previously hypothesized that cognitive decline in
classic infantile Pompe disease could be understood within
the Parieto-Frontal Integration Theory (P-FIT), which pro-
poses that cognitive functioning depends on efficient com-
munication between brain regions, mediated primarily by
intact white matter tracts such as the superior longitudinal
fasciculus. Supporting this hypothesis, diffusion tensor
imaging (DTI) in a classic infantile Pompe cohort revealed
abnormalities in this tract, indicating structural disruption
[59]. Consistent with diffuse white matter dysfunction and
delayed neuronal signal transmission, slowing of back-
ground electrical activity on electroencephalography has
also been observed in a cohort of classic infantile Pompe
patients who developed epilepsy [60], even though further
studies are required to investigate such a hypothesis.

Beyond cognitive decline, widespread damage to white
matter, including the corticospinal tract, is likely to clini-
cally manifest with upper motor neuron signs (UMN), such
as spasticity and hyperreflexia. Although UMN signs were
traditionally not observed in classic infantile Pompe patients,
potentially because they were masked by severe muscle
weakness, reports on patients with UMN signs are growing
[5, 61]. While UMN signs have been only recently recog-
nized, it is well known that patients with classic infantile
Pompe disease often develop distal muscle weakness [3].

The underlying mechanisms of distal muscle weak-
ness are not fully understood and appear to differ between
patients. Evidence points to both myopathic and neurogenic
contributions. In one well-documented case, rapid distal
weakness under ERT was associated with severe myopathy
but only mild peripheral nerve involvement [62]. Conversely,
a series of patients who developed bilateral foot drop under
ERT showed electrophysiological and histological evidence
of coexisting motor neuronopathy, hypothesized to result
from glycogen accumulation in spinal motor neurons [63].
This interpretation aligns with autopsy studies demonstrat-
ing extensive glycogen deposition in anterior horn cells,
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although the extent to which this contributes to clinically
overt lower motor neuron (LMN) signs remains uncertain.
LMN involvement is classically characterized by flaccid
weakness, muscle atrophy, and hyporeflexia; however, these
neurogenic features may be clinically subtle or obscured in
the presence of severe myopathy. Thus, distal weakness in
Pompe disease likely reflects a complex interplay between
progressive myopathy and, in some patients, coexisting neu-
rogenic involvement. A neurogenic component cannot be
excluded also for bulbar muscle weakness and facial myopa-
thy, commonly observed in classic infantile Pompe patients
[6, 64], which are partly due to incomplete glycogen clear-
ance in muscle despite ERT.

In contrast to the white matter and motor neuron involve-
ment highlighted in this systematic review, histopathologi-
cal studies in young patients indicate that cortical neurons
are affected with a higher degree of variability and sever-
ity. While autopsies show less gray matter involvement
in younger children, the pathology is likely evolving, as
reflected by the progressive clinical presentation. In imaging
studies, hyperintensities of subcortical structures including
basal ganglia and thalamus are detected around the age of
8 years and 9.5 years, respectively [2]. Conversely, while
motor nuclei of the brainstem generally showed extensive
involvement in autopsy studies, MRI of the brainstem gener-
ally shows no abnormalities until a later age [2, 52]. Atro-
phy, which can be gray and/or white matter related, as well,
is mostly observed at an older age in a subset of patients.
CNS autopsy studies in older patients would contribute to
understanding the extent of gray matter involvement. As
mentioned previously, clinical manifestations of subcortical
gray matter and cortical structures damage, such as hyper-
tonia, clonus, spasticity, hemiplegia and cerebellar signs,
are increasingly being reported in older patients. Moreover,
twenty-three cases of patients with classic infantile Pompe
disease who developed epilepsy have been published to date,
typically presenting after the age of 7 ([5, 60, 65]). Both
cognitive decline and epilepsy may be secondary to both
white matter and gray matter pathology.

Other CNS manifestations in classic infantile Pompe
disease include hearing and vision impairments. Although
autopsy studies of the ear in patients are lacking, Pompe
mouse models showed glycogen storage in cochlear struc-
tures and spiral ganglia, likely contributing to the senso-
rineural hearing loss frequently reported in patients [4, 6,
66—69]. In line with known histopathology, mildly prolonged
interpeak latencies on auditory brainstem response (ABR)
suggest subclinical brainstem involvement in some cases
[69]. Ocular involvement has also been reported, with gly-
cogen deposition in multiple ocular tissues including the
retina, as well as in ocular muscles, where it contributes to
ptosis and extraocular motility disorders [70-74]. Clinically,
myopia, ptosis, and ocular movement abnormalities have
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been observed, but blindness, whether originating from reti-
nal or visual tract involvement, has not been reported to date.
Nevertheless, careful long-term follow-up of visual function
remains important, as such complications may emerge as
the cohort of treated patients becomes larger and older. A
single case of intermediate uveitis with retinal detachment
in a patient might further suggest that additional ocular com-
plications may emerge with longer survival on ERT [75].

Hypothesized pathophysiological mechanisms
of central nervous system involvement in classic
infantile Pompe disease

Autopsy studies consistently identify astrocytes as the most
prominently affected cell type within the central nervous
system in classic infantile Pompe disease. This vulnerability
likely reflects their distinctive metabolic role: glycogen in
the brain is almost exclusively localized within these cells,
where it normally serves as a rapidly mobilizable reserve
of energy. Although these histopathological observations
are well supported, the causal links between glycogen accu-
mulation and downstream neuronal dysfunction remain
incompletely understood. The mechanistic interpretations
discussed below are primarily inferred from established neu-
robiology, biomarker studies in patients, and experimental
findings in animal models.

Recent advances in tissue fixation and analytical tech-
niques have improved our understanding of brain glycogen
distribution and function [76, 77]. Physiologically, glycogen
is heterogeneously distributed throughout the brain, being
most abundant in astrocytes and present to a lesser extent
in neurons and microglia. Astrocytic glycogen plays a cen-
tral role in supporting neuronal activity, including through
the astrocyte—neuron lactate shuttle and the glutamate—glu-
tamine cycle, thereby sustaining axonal conduction, synaptic
transmission, and memory consolidation [76, 77].

Human autopsy studies and knockout mouse models both
demonstrate extensive astrocytic glycogen accumulation,
astrocytic hypertrophy, and microglial activation, suggesting
that gliosis may represent an early and central component
of the white matter disease process [7, 78—80]. In classic
infantile Pompe patients, increased blood levels of GFAP
and NfL provide indirect evidence of astrocytic activation
and axonal injury, respectively. Together, these biomarkers
may provide in vivo findings that are broadly consistent with
the underlying neuropathology and animal studies.

Although astrocytes show the most prominent glyco-
gen storage in young patients, involvement of neurons and
oligodendrocytes has also been demonstrated. These cell
types may be directly affected by glycogen accumulation
within their lysosomes; additionally, neurons and oligo-
dendrocytes may be secondarily injured by astrocytic dys-
function, resulting in impaired metabolic support, defective
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neurotransmitter clearance, imbalances in the extracellular
ionic milieu (including calcium, potassium, and sodium) and
dysregulation of myelination processes [81-83]. These pro-
posed mechanisms are summarized schematically in Fig. 3.
Oligodendrocyte involvement appears less evident in young
patients and only mild pathology was described in autoptic
reports. However, this limited early involvement should be
interpreted in the context of normal myelination patterns.
The typical progressive brain MRI pattern consists
of symmetrical white matter abnormalities with relative

sparing of U-fibers, a pattern that resembles that observed
in several leukodystrophies, including metachromatic leu-
kodystrophy. While this observation may be compatible
with oligodendrocyte involvement, it does not establish oli-
godendrocyte dysfunction as the primary pathological pro-
cess, particularly given the prominent astrocytic pathology
observed in autopsy studies. Interestingly, a periventricular
rim has also been observed in Pompe disease, a radiological
feature that is characteristically associated with Alexander
disease, an astrocytopathy. However, radiological overlap
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Fig.3 Hypothesized pathogenesis of central nervous system (CNS)
involvement in classic infantile Pompe disease. Autopsy studies and
alpha-glucosidase (GAA) deficient mouse models identify astrocytes
as the most affected cell type, characterized by glycogen accumula-
tion, hypertrophy, and associated microglial activation [7, 78, 79].
Although astrocytes exhibit the most consistently reported and severe
pathology, neurons and oligodendrocytes may also be involved,
either through direct lysosomal glycogen storage or secondary injury
resulting from astrocytic dysfunction. Based on general neurobio-
logical principles and animal studies, we hypothesize that astrocyte
impairment may disrupt critical astrocyte-neuron interactions. Such
interactions include the astrocyte—neuron lactate shuttle, in which
astrocytic glycolysis generates lactate from pyruvate via lactate dehy-
drogenase 5 (LDHS), and lactate is exported to neurons where lac-
tate dehydrogenase 1 (LDH1) converts it back to pyruvate to support
mitochondrial oxidative phosphorylation and ATP synthesis. Glucose
uptake into astrocytes and neurons occurs via glucose transporters 1

and 3 (GLUTI1 and GLUTS3, respectively), with astrocytic glycogen
serving as a local energy reserve. In parallel, dysfunction of the gluta-
mate—glutamine cycle may occur, whereby uptake of glutamate (Glu)
by astrocytes from the synapse, via excitatory amino acid transport-
ers (EAATS), followed by conversion of glutamate to glutamine (Gln)
by glutamine synthetase (GS), and subsequent neuronal reconversion
of glutamine to glutamate by glutaminase (GLS), is compromised.
Postsynaptic glutamate signaling is mediated by glutamate receptors
(GIuR). These metabolic and neurotransmitter recycling processes are
tightly coupled to astrocytic regulation of extracellular ion homeo-
stasis, including Na*, K, and Ca?* fluxes, as well as redox balance
(NAD*/NADH). Disruption of these integrated pathways is hypoth-
esized to contribute to neuronal dysfunction, impaired myelination,
and progressive CNS involvement in classic infantile Pompe dis-
ease. These mechanisms remain largely inferential and have not been
directly demonstrated in human disease. Created with BioRender.com
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does not necessarily imply shared cellular mechanisms, and
the significance of these observations remains unknown.
Importantly, relative sparing of U-fibers may reflect the nor-
mal sequence of myelination and therefore does not exclude
oligodendrocyte involvement. Their late myelination, higher
metabolic demands, and less compact structure may render
these fibers relatively resistant in the early stages of dis-
ease [84—87]. Thus, the preserved U-fibers in young Pompe
patients may reflect developmental timing rather than true
protection, with oligodendrocyte involvement hypothesized
to become more prominent as the disease advances, consist-
ent with patterns observed in other leukodystrophies and in
older individuals.

Limitations

Several limitations should be considered when interpreting
the available neuropathological data. First, a number of stud-
ies provide insufficient detail regarding the tissues exam-
ined and the procedures used for tissue preparation, while
others applied different histological methods, complicating
direct comparison across studies. Second, the examined
CNS regions were not consistent between reports, with most
studies focusing on a limited set of areas. Finally, the total
number of autopsy cases remains small, and most patients
were very young at the time of death, including those treated
with ERT, which restricts the ability to assess age-related
progression of pathology. Taken together, these factors high-
light the need for cautious interpretation of cross-study com-
parisons. Despite these limitations, however, the histologi-
cal findings reported to date are relatively consistent across
anatomical regions and cell types, supporting the robustness
of the observed patterns.

Conclusion

CNS involvement in classic infantile Pompe disease is
increasingly recognized as widespread and clinically rel-
evant, particularly as current enzyme replacement therapy
does not adequately address CNS disease. The precise cas-
cade leading to CNS pathology remains to be clarified, but
it is evident that cerebral white matter is particularly vulner-
able to disrupted lysosomal glycogen metabolism in young
patients; the extension of gray matter disease and its trans-
lation into symptoms is not yet defined, although clinical
descriptions in line with upper motor neuron involvement
are increasingly growing. Evidence of distal muscle weak-
ness, sensorineural hearing loss, and ocular manifestations
further illustrates that glycogen storage affects multiple com-
ponents of the nervous system.

These observations underscore the need for systematic,
longitudinal monitoring of affected patients, including
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neurological examination, cognitive assessment, brain
MRI, and the development of reliable biomarkers of CNS
disease. Future therapies will need to target not only skel-
etal muscle but also the central and peripheral nervous sys-
tem. A key unresolved question is whether CNS pathology
is reversible; encouragingly, astrogliosis has been shown
to reverse in Pompe knock-out mice treated with lentivi-
ral modified human stem cell transplantation [7], offering
hope for future interventions.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-026-13991-y.

Acknowledgements The authors wish to thank Christa Niehot from the
Erasmus MC Medical Library for developing and updating the search
strategies. Several of the authors of this publication are members of
the European Reference Networks for Hereditary Metabolic Disorders
(Metab-ERN) and Rare Neuromuscular Diseases (EURO-NMD) and/
or the Dutch Neuromuscular Center (SCN).

Author contributions J.vd D. and J.M.P.vd H. conducted the systematic
research, data extraction, and interpretation. J.M.P.vd H., N.A.M.E.
vd B., WM.M.PP, R.V., and A.T. vd P. contributed to data interpre-
tation. M.C.F. updated the literature search and data analysis, wrote
the manuscript draft, and correlated the histopathological findings to
current literature. J.M.P. vd H. and A.T. vd P. supervised the project.
All authors critically reviewed several versions of the manuscript and
approved the final one.

Funding Research on Pompe disease at the Erasmus MC is finan-
cially supported by the Prinses Beatrix Spierfonds (project number
W.TR19-02), For Wis(h)dom Foundation, LSH-TKI (project number
LSHM16008), and Stichting Ziekte van Pompe.

Data availability All data supporting the findings of this study are
available within the paper and its Supplementary Information.

Declarations

Conflicts of interest A.T. v. d. P, JM.P. v. d. H. and N.A.M.E van der
Beek received funding for research, clinical trials, and/or as advisor
from various industries working on ERT or next-generation therapies
in the field of Pompe disease under agreements with Erasmus MC
University Medical Center. PWWMP is co-founder and unpaid Chief
Scientific Officer of LentiCure, a company developing gene therapy
for lysosomal disorders including Pompe disease. The other authors
declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


https://doi.org/10.1007/s00415-026-13991-y
http://creativecommons.org/licenses/by/4.0/

Journal of Neurology (2026) 273:496

Page 130f 14 496

References

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

van der Ploeg AT, Reuser AJJ (2008) Pompe’s disease. Lancet
372(9646):1342-1353

van den Dorpel JJA et al (2024) Long term survival in patients
with classic infantile Pompe disease reveals a spectrum with
progressive brain abnormalities and changes in cognitive func-
tioning. J Inherit Metab Dis 47(4):716-730

van den Dorpel JJA et al (2020) Distal muscle weakness is a
common and early feature in long-term enzyme-treated classic
infantile Pompe patients. Orphanet J Rare Dis 15(1):247

Hahn A, Schanzer A (2019) Long-term outcome and unmet
needs in infantile-onset Pompe disease. Ann Transl Med
7(13):283. https://doi.org/10.21037/atm.2019.04.70
Kenney-Jung D et al (2024) Severe CNS involvement in a sub-
set of long-term treated children with infantile-onset Pompe
disease. Mol Genet Metab 141(2):108119

Prater SN et al (2012) The emerging phenotype of long-
term survivors with infantile Pompe disease. Genet Med
14(9):800-810

Liang Q et al (2022) IGF2-tagging of GAA promotes full cor-
rection of murine Pompe disease at a clinically relevant dos-
age of lentiviral gene therapy. Mol Ther Methods Clin Dev
27:109-130

George K et al (2025) Novel transferrin receptor-mediated enzyme
replacement therapy efficiently treats myogenic and neurogenic
aspects of Pompe disease in mice. Mol Ther Methods Clin Dev
33(3):101547

Hertz W, Jeckeln E (1936) Glykogenspeicherkrankheit unter dem
klinischen Bilde des Myxddems. Z Kinderheilkd 58(3):247-258
Giinther R (1939) Beitrag zur Kenntnis der Glykogen-Speicher-
krankheit. Virchows Arch 304(1):87-96

Wachstein M (1947) Glycogen storage (von Gierke’s) disease pre-
dominantly involving the heart report of a case with histochemical
phosphatase studies. Am J Med Sci 214(4):401

Clement DH, Godman GC (1950) Glycogen disease resembling
mongolism, cretinism, and amytonia congenita; case report and
review of literature. J Pediatr 36(1):11-30 (illust.)

Di Sant’Agnese PA et al (1950) Glycogen storage disease of the
heart. I. Report of 2 cases in siblings with chemical and pathologic
studies. Pediatrics 6(3):402-424

Childs AW, Crose RF, Henderson PH (1952) Glycogen disease
of the heart; report of two cases occurring in siblings. Pediatrics
10(2):208-217

. Selberg W (1953) Die Glykogenose des Sauglings unter dem Bilde

einer todlich verlaufenden cerebrospinalen Erkrankung. Z Kinder-
heilkd 72(3):306-320

Schnabel R (1958) Uber die neuromuskulire Form der Grlyko-
genspeicherungskrankheit. Virchows Arch 331(3):287-313
Wilson RA, Clark N (1960) Endocardial fibroelastosis associated
with generalized glycogenosis: occurrence in siblings. Pediatrics
26(1):86-96

Muller OF, Bellet S, Ertrugrul A (1961) Glycogen-storage disease:
report of a case with generalized glycogenosis and review of the
literature. Circulation 23(2):261-268

Stoeckle H, Goldman AS, Webb JA (1961) Generalized gly-
cogenosis*. Am J Cardiol 8(5):675-681

Caddell JL, Whittemore R (1962) Observations on generalized
glycogenosis with emphasis on electrocardiographic changes.
Pediatrics 29:743-763

Crome L, Cumings JN, Duckett S (1963) Neuropathological and
neurochemical aspects of generalized glycogen storage disease. J
Neurol Neurosurg Psychiatr 26:422-430

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Gautier M et al (1964) [Cardio-muscular glycogenosis. Study of
2 Cases] Les Glycog’enoses Cardio-Musculaires. Etude De Deux
Cas. Sem Hop 40:1025-1029

Kahana D et al (1964) Generalized glycogenosis: report of a case
with deficiency of alpha glucosidase. J Pediatr 65(2):243-251
Lewis GM, Sutherland TW (1964) Sibs with cardiac glycogenosis.
Arch Dis Child 39(207):523

Loeb H et al (1964) [Study of 2 Cases of Generalized Glycogeno-
sis with Cardiomegaly (Pompe’s Disease)] Etude De Deux Cas
De Glycog’enose G’en’eralis’ee Avec Cardiom’egalie (Maladie
De Pompe). Rev Belg Pathol Med Exp 30:167-187

Dincsoy MY et al (1965) Generalized glycogenosis and associ-
ated endocardial fibroelastosis: report of 3 cases with biochemical
studies. J Pediatr 67(5):728-740

Mancall EL, Aponte GE, Berry RG (1965) Pompe’s disease (dif-
fuse glycogenosis) with neuronal storage. ] Neuropathol Exp Neu-
rol 24:85-96

Toussaint D, Danis P (1965) Ocular histopathology in generalized
glycogenosis (Pomepe’s disease). Arch Ophthalmol 73:342-349
Hernandez A et al (1966) Cardiac glycogenosis: hemodynamic,
angiocardiographic, and electron microscopic findings—reportof
a case. J Pediatr 68(3):400—412

Joassin G et al (1966) Generalized glycogenosis in siblings. Can
Med Assoc J 94(3):137

Mekanik G, Smith RL, MacLeod RM (1966) Enzyme patterns in
glycogen storage disease type II (Pompe’s disease). Metab Clin
Exp 15(7):641-648

Hug G, Schubert WK (1967) Glycogenosis type II. Arch Pathol
84(2):141-152

Garancis JC (1968) Type II glycogenosis. Biochemical and elec-
tron microscopic study. Am J Med 44(2):289-300

Hogan GR et al (1969) Pompe’s disease. Neurology 19(9):894-900
Nihill MR, Wilson DS, Hugh-Jones K (1970) General-
ized glycogenosis type II (Pompe’s disease). Arch Dis Child
45(239):122-129

Gambetti P, DiMauro S, Baker L (1971) Nervous system in Pom-
pe’s disease. Ultrastructure and biochemistry. J Neuropathol Exp
Neurol 30(3):412—430

Leitriz H, Apitz J, Kemter B (1973) Glycogenosis type II: Pom-
pe’s disease. Report of two siblings with hypertrophic sub aor-
tic stenosis due to glycogen storage. Monatsschr Kinderheilkd
121(9):584-589

Martin JJ et al (1973) Pompe’s disease: an inborn lysosomal disor-
der with storage of glycogen. A study of brain and striated muscle.
Acta Neuropathol 23(3):229-244

Sakurai I, Tosaka A, Mori Y (1974) Glycogenosis type II (Pompe).
The fourth autopsy case in Japan. Acta Pathol Jpn 24(6):829-846
Hui KS et al (1985) The endocrine glands in Pompe’s disease:
report of two cases. Arch Pathol Lab Med 109(10):921-925
Shotelersuk V et al (2002) Clinical, pathological, and electron
microscopic findings in two Thai children with Pompe disease. J
Med Assoc Thai 85(Suppl 1):S271-279

Teng YT et al (2004) Infantile-onset glycogen storage disease type
II (Pompe disease): report of a case with genetic diagnosis and
pathological findings. Chang Gung Med J 27(5):379-384
Thurberg BL et al (2006) Characterization of pre- and post-treat-
ment pathology after enzyme replacement therapy for Pompe
disease. Lab Invest 86(12):1208-1220

Llerena JC et al (2008) Autopsy findings in 2 early-onset Pompe
disease crim-negative patients on enzyme replacement therapy.
Clin Ther 30:S31-S31

Dos Santos OC, Schultz R (2015) The infantile-onset form
of Pompe disease: an autopsy diagnosis. Autops Case Rep
5(4):45-51

@ Springer


https://doi.org/10.21037/atm.2019.04.70

496 Page140of 14

Journal of Neurology (2026) 273:496

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Pena LD, Proia AD, Kishnani PS (2015) Postmortem findings
and clinical correlates in individuals with infantile-onset Pompe
disease. JIMD Rep 23:45-54

Ceron-Rodriguez M et al (2022) Classic infantile-onset Pompe
disease with histopathological neurologic findings linked to a
novel GAA gene 4 bp deletion: a case study. Mol Genet Genomic
Med 10(7):e1957

Van der Ploeg AT et al (1991) Intravenous administration of phos-
phorylated acid alpha-glucosidase leads to uptake of enzyme in
heart and skeletal muscle of mice. J Clin Invest 87(2):513-518
Bijvoet AG et al (1999) Human acid alpha-glucosidase from rabbit
milk has therapeutic effect in mice with glycogen storage disease
type II. Hum Mol Genet 8(12):2145-2153

Korlimarla A et al (2020) Novel approaches to quantify CNS
involvement in children with Pompe disease. Neurology
95(6):e718-e732

Hsu YK et al (2023) Evaluating brain white matter hyperintensity,
1Q scores, and plasma neurofilament light chain concentration in
early-treated patients with infantile-onset Pompe disease. Genet
Med 25(1):27-36. https://doi.org/10.1016/j.gim.2022.10.005
Ebbink BJ et al (2018) Classic infantile Pompe patients approach-
ing adulthood: a cohort study on consequences for the brain. Dev
Med Child Neurol 60(6):579-586

Chien YH et al (2006) Brain development in infantile-onset
Pompe disease treated by enzyme replacement therapy. Pediatr
Res 60(3):349-352

Mclntosh PT et al (2018) Neuroimaging findings in infantile
Pompe patients treated with enzyme replacement therapy. Mol
Genet Metab 123(2):85-91

Mackenbach MJ et al (2023) Neurofilament light and its asso-
ciation with CNS involvement in patients with classic infantile
Pompe disease. Neurology 101(6):e594—601

Regmi N, Abar B, Lim J-A, Kenney-Jung D, Malinzak M, Jones
KA, Jung S-H, Stiles AR, Koch RL, Kishnani P (2026) Plasma
glial fibrillary acidic protein (GFAP) is a promising biomarker
for central nervous system involvement in infantile-onset Pompe
disease. EBioMedicine 123:106096

Pfrimmer C et al (2024) Long-term outcome of infantile onset
Pompe disease patients treated with enzyme replacement ther-
apy—data from a German-Austrian cohort. J Neuromuscul Dis
11(1):167-177

Ebbink BJ et al (2016) Cognitive decline in classic infantile
Pompe disease: an underacknowledged challenge. Neurology
86(13):1260-1261

van den Dorpel JJA et al (2023) Diffusion tensor imaging of the
brain in Pompe disease. J Neurol 270(3):1662-1671

Faraguna MC et al. (2026) Epilepsy is part of the central nerv-
ous system phenotype in classic infantile Pompe disease. Neurol
Genet 12(5). https://doi.org/10.1212/NXG.0000000000200432
Broomfield A et al (2018) Rapidly progressive white matter
involvement in early childhood: the expanding phenotype of infan-
tile onset Pompe? JIMD Rep 39:55-62

Schanzer A et al (2019) Severe distal muscle involvement and
mild sensory neuropathy in a boy with infantile onset Pompe dis-
ease treated with enzyme replacement therapy for 6 years. Neu-
romuscul Disord 29(6):477-482

Tsai LK et al (2019) Clinical features of Pompe disease with motor
neuronopathy. Neuromuscul Disord 29(11):903-906

van Gelder CM et al (2012) Facial-muscle weakness, speech dis-
orders and dysphagia are common in patients with classic infantile
Pompe disease treated with enzyme therapy. J Inherit Metab Dis
35(3):505-511

Rairikar M et al (2017) High dose IVIG successfully reduces high
rhGAA IgG antibody titers in a CRIM-negative infantile Pompe
disease patient. Mol Genet Metab 122(1-2):76-79

Springer

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Kamphoven JH et al (2004) Hearing loss in infantile Pompe’s dis-
ease and determination of underlying pathology in the knockout
mouse. Neurobiol Dis 16(1):14-20

Hsueh CY et al (2021) Hearing characteristics of infantile-onset
Pompe disease after early enzyme-replacement therapy. Orphanet
J Rare Dis 16(1):348

Regmi N et al (2025) Infantile-onset Pompe disease entering
adulthood: insights from 2 decades of enzyme replacement ther-
apy experience. Genet Med 27(12):101590

van Capelle CI et al (2010) Hearing loss in Pompe disease revis-
ited: results from a study of 24 children. J Inherit Metab Dis
33(5):597-602

Yanovitch TL et al (2010) Clinical and histologic ocular findings
in pompe disease. J Pediatr Ophthalmol Strabismus 47(1):34—40
Prakalapakorn SG et al (2014) Ocular and histologic findings
in a series of children with infantile pompe disease treated with
enzyme replacement therapy. J Pediatr Ophthalmol Strabismus
51(6):355-362

Slingerland NW et al (2011) Ptosis, extraocular motility disorder,
and myopia as features of pompe disease. Orbit 30(2):111-113
Goebel HH, Kohlschutter A, Pilz H (1978) Ultrastructural obser-
vations on the retina in type II glycogenosis (Pompe’s disease).
Ophthalmologica 176(2):61-68

Pokorny KS et al (1982) Ultrastructure of the eye in fetal type
II glycogenosis (Pompe’s disease). Invest Ophthalmol Vis Sci
22(1):25-31

Thomas AS, Grewal DS, Toth CA (2022) Intermediate uveitis
with retinal detachment in a patient with Pompe disease. Retin
Cases Brief Rep 16(3):293-295

Markussen KH et al (2024) The multifaceted roles of the brain
glycogen. J Neurochem 168(5):728-743

Rich LR, Harris W, Brown AM (2019) The role of brain glycogen
in supporting physiological function. Front Neurosci 13:1176
Sidman RL et al (2008) Temporal neuropathologic and behavioral
phenotype of 6neo/6neo Pompe disease mice. J Neuropathol Exp
Neurol 67(8):803-818

Turner SMF et al (2016) Transcriptome assessment of the Pompe
(Gaa-/-) mouse spinal cord indicates widespread neuropathology.
Physiol Genomics 48(11):785-794

McKenna MC, Schuck PF, Ferreira GC (2019) Fundamentals of
CNS energy metabolism and alterations in lysosomal storage dis-
eases. J Neurochem 148(5):590-599

van der Knaap MS, Bugiani M (2017) Leukodystrophies: a pro-
posed classification system based on pathological changes and
pathogenetic mechanisms. Acta Neuropathol 134(3):351-382
Brandebura AN et al (2023) Astrocyte contribution to dysfunc-
tion, risk and progression in neurodegenerative disorders. Nat Rev
Neurosci 24(1):23-39

Shichkova P et al (2024) Brain metabolism in health and neuro-
degeneration: the interplay among neurons and astrocytes. Cells.
https://doi.org/10.3390/cells13201714

Barkovich AJ (2000) Concepts of myelin and myelination in neu-
roradiology. AJNR Am J Neuroradiol 21(6):1099-1109
Barkovich AJ et al (1988) Normal maturation of the neonatal and
infant brain: MR imaging at 1.5 T. Radiology 166(1 Pt 1):173-180
van der Voorn JP et al (2006) Childhood white matter disor-
ders: quantitative MR imaging and spectroscopy. Radiology
241(2):510-517

Schiffmann R, van der Knaap MS (2009) Invited article: an MRI-
based approach to the diagnosis of white matter disorders. Neurol-
ogy 72(8):750-759


https://doi.org/10.1016/j.gim.2022.10.005
https://doi.org/10.1212/NXG.0000000000200432
https://doi.org/10.3390/cells13201714

	Central nervous system histopathological findings in classic infantile Pompe disease: a systematic review with clinical relevance
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 
	Graphical abstract

	Introduction
	Methods
	Search strategy
	Selection strategy
	Data extraction and semi-quantitative scoring system

	Results
	General
	Cerebral cortex
	Cerebral white matter and lateral ventricles
	Subcortical structures
	Cerebellum
	Brainstem
	Spinal cord
	Central nervous system involvement in ERT treated patients

	Discussion
	General pathology
	Relationship between histopathological, radiological, biochemical, and clinical findings
	Hypothesized pathophysiological mechanisms of central nervous system involvement in classic infantile Pompe disease
	Limitations

	Conclusion
	Acknowledgements 
	References




