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Email: emilie.retailleau@aphp.fr disorders have already been reported, but no study has focused yet on its frequency and

functional impact on patients' daily life.

Methods: We reviewed 100 adult LOPD patients followed in 17 hospitals in France
included in the French national Pompe disease registry. The Swallowing Quality of Life
Questionnaire and the Sydney Swallow Questionnaire were completed by patients,
and a specialist carried out a medical examination focused on swallowing and assigned
a Salassa score to each patient. Respiratory and motor functions were also recorded.
Subgroup analysis compared patients with and without swallowing difficulties based on
Salassa score.

Results: Thirty-two percent of patients presented with swallowing difficulties, often mild
but sometimes severe enough to require percutaneous endoscopic gastrostomy (1%).
Daily dysphagia was reported for 20% of our patients and aspirations for 18%; 9.5% were
unable to eat away from home. Macroglossia was described in 18% of our patients, and
11% had lingual atrophy. Only 15% of patients presenting with swallowing disorders were
followed by a speech therapist. Swallowing difficulties were significantly associated with
macroglossia (p=0.015), longer duration of illness (p =0.032), and a lower body mass
index (p =0.047).

Swallowing difficulties are reported for 32% of adult late onset Pompe disease patients included in the French Pompe disease registry and lead to significant repercussions in the
patients' quality of life.
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INTRODUCTION

Pompe disease, also called glycogen storage disease type Il
(MIM#232300), is a rare neuromuscular disorder caused by a defi-
cit in acid alpha-glucosidase. Phenotype range is wide, from very
severe forms, with infantile onset characterized by early cardiore-
spiratory failure, to late onset Pompe disease (LOPD), with patients
developing progressive limb girdle weakness and diaphragmatic in-
volvement [1].

In recent years, some studies have focused on macroglossia in
adult LOPD patients [2], a symptom initially described in 1968 by
Hudgson et al. [3], who reported on the observation of a 44-year-old
woman presenting with an enlarged tongue and mild lingual dys-
arthria. These swallowing difficulties are probably an undervalued
symptom that can have important repercussions in patients' daily
life, such as dysarthria, dysphagia, and sleep apneas [4-8].

More recent studies focusing on assessment of tongue strengthin
small cohorts of patients showed decreased tongue muscle strength
in a majority of those patients [9], as could be expected considering
the early fat replacement of these muscles in muscle magnetic reso-
nance imaging (MRI) of patients with LOPD [10]. However, the prev-
alence and clinical manifestation of tongue involvement have never
been studied among a large cohort of LOPD patients.

The aim of this study was to evaluate the prevalence and the
clinical impact of bulbar muscle involvement in a French cohort of
adult LOPD patients, which has been tracked by the French Pompe
disease registry for 20years [11, 12].

METHODS

Patient inclusion

We included all adult patients with Pompe disease followed in 17 neu-
romuscular and metabolic reference centers from 2 January 2023 to
1 October 2023 and included in the French national Pompe disease
registry. This registry was created in 2004 and currently includes
262 adult patients, of whom 207 are still alive. It is hosted on a se-
cure server at Montpellier Hospital. It is covered by section IX of the
French Data Protection Act, and it adheres to the Recommendations
for Ethics and Good Practice in Epidemiology (French version,
2007). The study was authorized by the National Commission for
Information Technology and Freedoms (No. 909,139, 23.04.2009)
and the Consultative Committee for the Treatment of Information

Conclusions: Swallowing difficulties in LOPD are common and have significant functional
impact. Increased awareness by physicians of these symptoms with systematic
examination of the tongue and questions about swallowing can lead to appropriate

multidisciplinary care with a speech therapist and dietitian if needed.

dysphagia, French Pompe registry, glycogenosis type Il, late onset Pompe disease, macroglossia

in the Field of Health (reference 08.461, 30.10.2008). All patients
signed specific informed consent form for their inclusion in the regis-
try. All neuromuscular and metabolic references centers were asked
to participate in this cross-sectional study, and 100 questionnaires
were returned from the 17 centers. We excluded patients younger
than 18years or having refused to give consent or to respond to the

questionary form.

Data collection

All patients underwent a tongue examination by a specialist in
metabolic or neuromuscular disease, which evaluated the tongue
morphology (macroglossia and lingual atrophy). Clinical data were
collected regarding presence of dysarthria, dysphagia, aspirations,
feeding habits, and potential follow-up by a speech and language
therapist. The height and weight of the patients were also recorded.
The Salassa score [13] was calculated. This score, described by
Salassa in 1999, aims at determining severity of the dysphagia and
the effectiveness of therapy for patients with oropharyngeal dys-
phagia, with six levels, from grade O corresponding to absence of
dysphagia to grade 5 corresponding to impossibility of oral alimenta-
tion (Data S1). Two groups were determined by their Salassa score
and the existence or absence of swallowing difficulties; patients
without swallowing difficulties were defined by a Salassa score of O,
and patients with swallowing difficulties were defined by a Salassa
score of 21. The time necessary to drink 80 mL of cold water, or the
Drink Test [14], was recorded and results of >8 s were considered
abnormal.

The answer to the second question of the Rasch-Built Pompe-
Specific Activity Scale (R-Pact) [15]—“Are you able to eat?”"—was col-
lected. This validated functional scale was specifically designed for
Pompe patients to evaluate daily life abilities.

Two questionnaires were filled in by the patients to evalu-
ate the impact of swallowing disorders on their quality of life: the
Swallowing Quality of Life Questionnaire (SWAL-QOL) [16] and the
Sydney Swallow Questionnaire (SSQ) [17]. The SWAL-QOL, devel-
oped to integrate patients' perspective on the impact of dysphagia
on quality of life and quality of care, derives from a 93-item tool
first published by McHorney et al. in 2000. This questionnaire was
separated in 2002 into two parts, one of which is the SWAL-QOL, a
44-item tool that assesses quality of life. The SSQ is a 17-question
self-report inventory, developed to measure the severity of dyspha-
gia as reported by the affected patient. The questionnaire uses a
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100-mm-long visual analogue scale for all but one question about
the duration of a meal. This questionnaire was first described by
Wallace et al. in 2000 to evaluate the severity of dysphagia in 45
patients who had myogenic dysphagia.

Respiratory function data were collected with sitting forced vital
capacity (FVC) and ventilation requirement. Motor function data
were collected with ability to walk without technical assistance and
the distance covered in the 6-min walk test (6MWT).

Statistical analysis

Data are expressed as number and percentage for qualitative vari-
ables, and as mean+SD or median and interquartile range (IQR) for
quantitative variables, according to the distribution. The assumption
of a normal distribution was performed using Shapiro-Wilk test.
Patient groups with and without swallowing difficulties were com-
pared using Student test or Wilcoxon test for quantitative variables
according to the distribution and chi-squared test or Fisher exact test
for categorical variables according to the sample size. Agreement
between two classification methods, the second question of R-Pact
and the Salassa score, was assessed using Cohen kappa coefficient.
Cross-sectional analysis was performed with R 4.1.3 software (R
Foundation for Statistical Computing). Statistical tests were carried
out for a two-sided type | error at 5%. No correction for multiple
testing was applied; the interpretation of these results could be car-

ried out considering it as exploratory.

RESULTS
Demographic data

In this study, 100 patients were reviewed, 58 women and 42 men.
The mean age was 56.1+14.4years. Eighty-nine patients (90.8%)
were being treated with enzyme replacement therapy (ERT), 40
(56%) with alglucosidase alfa, 26 (37%) with avalglucosidase alfa, and
five (7%) with cipaglusidase alfa/miglustat. The median body mass
index (BMI) was 24.4 kg/m2 (IQR =20.8-29.4). Main characteristics
of the patients are reported in Table 1.

Description of the studied population

Concerning the bulbar features, 18 patients (18.2%, n=99) pre-
sented with macroglossia and 11 (11.1%, n=99) with lingual atrophy
(Figure 1); one patient presented with both. Dysarthria was reported
for eight patients (8%). Twenty patients (20%) described daily dys-
phagia, and 18 patients (18%) complained of aspirations. The Drink
Test, performed on 63 patients, was abnormal for 22 of those (38%).

We used a Venn diagram to show the correlation between mac-
roglossia, dysphagia, and dysarthria in our cohort (Figure 2). Among
the 19 patients who presented dysphagia, four patients additionally

presented macroglossia and dysarthria, three patients presented
only macroglossia, and one presented only dysarthria; among the
18 patients who presented macroglossia, seven presented daily dys-
phagia and six presented dysarthria, four presenting both.

Concerning the ventilation and motor features, noninvasive
ventilation was required for 50 patients (51%, n=98) and median
FVC was 2.4 L (IQR=1.6-3.2). Thirty-nine patients (40.2%, n=97)
needed assistance with walking, and the median distance covered
during BMWT was 410 m (IQR=226-493).

The Salassa score was evaluated for 85 patients. It was scored
grade O for 58 patients (68.2%), grade 1 for 22 patients (25.9%),
grade 2 for one patient (1.2%), grade 3 for three patients (3.5%), and
grade 5 for one patient (1.2%).

Results of questionnaires

Results of the SSQ were as follows. Nineteen patients (19.2%, n=99)
reported difficulties with swallowing liquids, 17 (17.2%, n=99) swal-
lowing thicker liquids, 19 (19.6%, n=97) swallowing soft food, 24
(24.7%, n=97) swallowing solids, 25 (26%, n=96) swallowing dry
food, and 21 (21.6%, n=97) swallowing their saliva. Twenty-eight
patients (28.9%, n=97) described foods becoming trapped, and 22
(22.7%, n=97) reported coughing during their meals. Longer meals
(>30 min) were reported for 26 patients (26.3%, n=99), includ-
ing two (2.2%) very extended (>60 min) and one who cannot eat
anything.

The SWAL-QOL results showed that three patients (3.3%,n=91)
could not drink still water. Of those three, two could drink sparkling
water, whereas the third could not drink at all. Two patients (2.2%,
n=91) could not eat solids (one ate ground food, whereas the second
one could not eat anything at all), and 13 (13.8%, n=94) have re-
moved some foods from their meals. Eleven patients (11.6%, n=95)
were sometimes afraid of choking while eating. These swallowing
disorders can have repercussions on their daily life. For example,
nine patients (9.5%, n=95) stopped eating out because of these
swallowing issues, six patients (6.3%, n=95) felt depressed by these
difficulties, and three patients (3.2%, n=95) changed their work or
pastimes because of the swallowing disorders. Patients also reported
difficulties with their saliva; 18 patients (18.9%, n=95) reported
thick saliva, and 20 (20.6%, n=97) dribbled saliva. Concerning the
dysarthria, 10 patients (10.5%, n=95) had difficulties in speaking,
including seven patients (7.4%, n=95) who had difficulties making

themselves understood.

Subgroup analysis

Patients without swallowing difficulties defined by a Salassa score of
0 (n=58) were compared with patients with swallowing difficulties
defined by Salassa score > 1 (n=27; Table 1). Among the patients who
scored Salassa 2 1, 16 patients (59.3%) reported daily dysphagia and
15 patients (55.6%) described suffering from aspirations. Patients
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(Continued)

TABLE 1

=27

Patients with swallowing difficulties, n

=58

Patients without swallowing difficulties, n

=100

All patients, n

Motor features

Walking ability

0.121

12 (46.25%)
7 (50%)

36 (64.3%)
8 (40%)
7 (35%)
5(25%)

58 (59.8%)
15 (39.5%)
12 (31.6%)
11 (29%)

No technical assistance

One stick

4 (28.6%)

Two sticks or rollator

Wheelchair

3(21.4%)

0.157

305 (233-397)

417.5 (227.5-483)

410 (226-493)

Distance in 6-min walk test, m

Note: Data are given as n (%), mean + SD, or median (interquartile range).

Abbreviations: BMI, body mass index; ERT, enzyme replacement therapy; F, female; M, male.

with swallowing difficulties tended to be older (60+17.9years vs.
56+12.1years), with a significant difference according to the ill-
ness duration (26.2years vs. 21.8years, p=0.032). A statistically
significant difference was observed regarding the BMI among both
groups, with a lower BMI in the group who scored Salassa 21 and
fewer overweight patients in this group (23.1% vs. 47.4%, p=0.047).

As regards bulbar features (Figure 3), macroglossia was signifi-
cantly more frequent in the group who scored Salassa 21 than in
the group who scored Salassa=0 (n=9 patients [34.6%] vs. n=7 pa-
tients [12.1%], p=0.015). No significant difference between the two
groups was found concerning lingual atrophy (n=3 patients [11.5%]
vs. n=7 patients [12.1%)]). Dysarthria was significantly more fre-
quent in the group who scored Salassa 2 1 (n=6 patients [22.2%)] vs.
n=2 patients [3.5%], p=0.012). Patients with swallowing difficulties
needed significantly more time to perform the Drink Test (10 s vs.
5 s, p=0.001); prevalence of abnormal Drink Test was significantly
different between the two groups: nine patients (56%) with swallow-
ing difficulties versus 13 patients (32%) without swallowing issues
(p=0.012). Only four patients (14.8%) presenting with swallowing

difficulties were followed by a speech therapist.

FIGURE 1 |lllustration of association of macroglossia and lingual
atrophy in Late Onset Pompe disease patients. (a, b) The tongue

of a 69-year-old man (P1) who presented with macroglossia and
complains of dysphagia with aspirations. His Salassa score was 3. He
performed the Drink Test in 7.3s. (c, d) The tongue of a 75-year-old
man who presented with macroglossia and complains of dysarthria.
His Salassa score was 1. He performed the Drink Test in 5.9s.
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Analysis of the impact on quality of life, with the SSQ (Figure 4)
and the SWAL-QOL (Figure 5), showed a significant association
with Salassa score 2 1. For example, 11 patients (42.3%, n=26) in

the group who scored Salassa 21 noted extended meals against

Macroglossia
9

Dysphagia Dysarthria
1§ | 1 1

FIGURE 2 Venn diagram representing the presence of
macroglossia, daily dysphagia, and dysarthria in our cohort of late
onset Pompe disease.

Patients
without swallowing difficulties

. with swallowing difficulties

only four (7.1%, n=56) in the group who scored Salassa=0; nine
patients (34.6%, n=26) in the group who scored Salassa >1 re-
ported difficulties in choosing their food against only two patients
(3.6%, n=57) in the group who scored Salassa=0. Thus, nine pa-
tients (34.6%, n=26) in the group who scored Salassa 21 had to
remove food from their diet against 1 (1.9%, n=53) in the group
who scored Salassa=0.

No significant difference between the two groups in the respira-
tory and walking features was found.

Comparison with the second question of R-Pact showed that
100% of patients who scored Salassa=0 answered that they could
eat without difficulty, whereas 12 patients (67%, n=18) who scored
Salassa 21 answered that they had difficulties eating. This corre-
sponds to a specificity of 1.0 and a sensitivity of 0.67, a positive
predictive value at 1.0, and a negative predictive value at 0.85. The

Kappa correlation coefficient is 0.72 (p <0.05; Table 2).

DISCUSSION

Although tongue involvement is a clearly established sign of LOPD,
leading to significant swallowing impairment in some patients, the
prevalence and clinical impact of this manifestation has not yet been
studied extensively in the population of LOPD patients. Thanks to
the French neuromuscular network (FILNEMUS), we have been able

to systematically collect both clinical symptoms and data extracted

63%

Abnormal drink test 4
30%

Dysarthria ] H
4%
Aspiration ] H
2%

Daily dysphagia 4

59% ]
2%

FIGURE 3 Bulbar features comparing
patients without swallowing difficulties
(defined by a Salassa score of 0) and
patients with swallowing difficulties

- 12%
Lingual atrophy ] &
12%
_ 35‘%,
Magroglossia 4 ] *
12%
T T T T T
0% 25% 50% 75% 100%
Percentages

(defined by a Salassa score of >1).
*p<0.05, ***p<0.001. NS, p>0.05.
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Patients

without swallowing difficulties

. with swallowing difficulties

Quality of life affected by the swallowing issues -

Need to swallow more than once to swallow their food fully -

Nasal regurgitation -

Meals lasting more than 30 minutes <

Aspirations with liquids -

Aspirations with solids -

Foods staying stuck in the throat

Difficulties swallowing saliva -

Difficulties swallowing dry food -

Eead

I - |

o

2

=
—

12%

o
'S
B3
—
e

5%

o
%
B
—
«

10%

56% ]

65% ]:
19%

ey

24%

Difficulties swallowing solids -

Difficulties swallowing soft food -

Difficulties swallowing thick liquids -

Difficulties swallowing fluids -

[4,]
%
o~
[—
*x

10%

IS
>
=
—
&

9%

F=S

N

=
[—

5%

I |,
0% 25% 50% 75% 100%
Percentages

FIGURE 4 Sydney Swallow Questionnaire results comparing patients without swallowing difficulties (defined by a Salassa score of 0) and
patients with swallowing difficulties (defined by a Salassa score of >1). **p <0.01, ***p <0.001.

from questionnaires assessing bulbar muscle involvement in a large
cohort of 100 patients in the French Pompe registry.

The main finding of our study through this cohort representing
LOPD patients is the high frequency of bulbar muscle impairment
in this population, with 32% of patients complaining of swallowing
difficulties. These symptoms are often mild, but can be severe in
some patients, potentially leading to percutaneous endoscopic gas-
trostomy and affecting patients' quality of life. These swallowing
disturbances are often predominant with solids and dry food but can
also affect liquids or saliva.

Although the presence of swallowing difficulty is not correlated
with age in our study, we nevertheless note that the four most se-
vere cases in our cohort were >60years old. Several age-related pa-
thologies can also promote the occurrence or increase of swallowing
disorders, such as stroke, neurodegenerative diseases, or dental
conditions. On the other hand, they are significantly correlated with

the duration of progression of the disease, with no significant re-
sult for time between firsts symptoms and beginning of ERT. It is
interesting to emphasize that swallowing disorders are not associ-
ated with more severe respiratory dysfunction as is often the case in
neuromuscular diseases. Patients with swallowing disorders do not
require more ventilation assistance, and their vital capacity is no dif-
ferent from patients without swallowing disorders.

Furthermore, the patients with swallowing disorders present a
lower BMI, and only 15% of them are followed by a speech ther-
apist. This underlines that these difficulties are often undervalued
and thus undertreated. Being proactive in the early detection of
dysphagia in LOPD patients will then allow anticipation of severe
consequences such as undernutrition or inhalation pneumonia.

Considering the tools available to screen swallowing disorder,
we have chosen to use the Salassa score to classify patients into
subgroups with or without swallowing difficulties. This simple and
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Patients
without swallowing difficulties

. with swallowing difficulties

Feeling exhausted 4

Feeling week <

Position towards their relatives have changed 4
Do not enjoy parties anymore

Have to change their hobbies -
Difficulties having a social life 4

Do not eat out anymore 5

Frustrated by their swallowing issues 4
Depressed by their swallowing issues 4
Difficulties speaking clearly 4

Difficulties making themselves understood
Food choices difficult 4

Difficulties coughing 4

Difficulties in clearing throat -

Too much saliva 4

Difficulties chewing 4

Thick saliva 4

Chocking on liquid 4

Chocking on food 4

Coughing during meals

Lost of pleasure in eating 4

Longer meals 4

Swallowing causing a major discomfort 4

Difficulties living with swallowing issues

I oo )

31%

I oo |
28%
I e | .

2%
I
2% ] az’
.
2% ] a
I - |
4%
I o
7% ] @

I |,

0%

0% 25% 50% 75% 100%

Percentages

FIGURE 5 Swallowing Quality of Life Questionnaire results comparing patients without swallowing difficulties (defined by a Salassa
score of 0) and patients with swallowing difficulties (defined by a Salassa score of 21). *p <0.05, **p<0.01, ***p <0.001. NS, p 20.05.

TABLE 2 Test of concordance between Salassa score and

second question of R-Pact.

quick score can be carried out routinely. It has already been shown

to have positive results in detecting swallowing disorders in other

Salassa=0

neuromuscular disorders, such as in oculopharyngeal muscular dys-

R-Pact no difficulty with eating 33
R-Pact eating with difficulty 0
Total 33

Salassa21  Total

trophy by Trollet et al. [18]. This score can be used as a screening test
6 39

before clinical evaluation to refer patients if necessary to specialized
12 12 evaluation by a speech therapist.
18 51

The R-Pact, used routinely to evaluate Pompe patients, presents

Abbreviations: R-Pact, Rasch-Built Pompe-Specific Activity Scale.

good specificity but mild sensitivity in detecting swallowing difficulties.
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The results of our study extend the knowledge on tongue in-
volvement in LOPD patients and are consistent with the study of
Dubrovsky et al. [5], which assessed tongue strength in 19 consec-
utive LOPD patients with manual muscle testing and reported dys-
arthria and/or dysphagia in seven of 19 patients (37%). It should be
noted that all patients examined in this study exhibited lingual weak-
ness, even if no swallowing disorders were reported. These findings
have then been confirmed by a study of quantitative assessment of
lingual strength in 30 LOPD patients [9], showing tongue weakness
in 80% of patients; severity was estimated as mild in 29%, moderate
in 29%, and severe in 42%. In a subsequent study, Jones et al. [19]
confirmed that patients diagnosed with LOPD have significantly de-
creased tongue strength with both manual and quantitative muscle
testing and found increased echo intensity of tongue muscles and
decreased muscle thickness at ultrasound. These findings strongly
suggest the existence of fibrofatty replacement of lingual muscles
even in asymptomatic LOPD patients. Tongue MRI was also stud-
ied in LOPD patients, and the bright tongue sign described in these
patients [20] suggests as well fibrofatty replacement and could be
a quite specific sign to search for when diagnosing a muscle weak-
ness. Considering the difficulties in clinically defining macroglossia,
imagery could also help to quantify precisely the volume of tongue
using MRI or ultrasound imaging. The correlation between swallow-
ing disorders and measuring of tongue volume could be explored in
further dedicated studies.

Physiopathology of the swallowing disorders and the reason for
specific fatty infiltration in the tongue remain for now unclear. To our
knowledge, no study has yet been done on that subject. Mechanisms
of these swallowing difficulties could also be clarified with fiberoptic
endoscopic evaluation of swallowing.

More recently, Dupé et al. [2] reported five cases of LOPD pa-
tients who presented macroglossia, all but one suffering from symp-
toms related to macroglossia before the diagnosis of Pompe disease.
Among these patients, two had severe dysphagia, one of whom un-
derwent percutaneous endoscopic gastrostomy. In this latest study,
swallowing difficulties seemed to be associated with macroglossia
and longer duration of iliness, and patients often complained of dys-
arthria and excessive saliva.

The strength of our study was the data collection of signs and
symptoms allowing us to assess the incidence and severity of bul-
bar muscle involvement in a large cohort of LOPD patients, thus
objectively reflecting the significance of these. Limitations of this
cross-sectional study are the lack of consensus on clinical definition
of macroglossia. Quantitative evaluation of the tongue volume with
MRI or tongue muscle strength with dynamometry would be more
accurate but unfortunately is not performed routinely. In addition,
this study does not allow the assessment of the rate of progression
over time of these symptoms, because the introduction of these
swallowing questionnaires in the French Pompe registry is only
recent. Including these clinical assessments and questionnaires in
the yearly follow-up of LOPD patients will allow us to improve our
knowledge of the evolution speed and severity of these symptoms.
As a consequence of the cross-sectional nature of this study, we

have not been able to evaluate the effect of ERT on progression of
the tongue involvement either. Considering the early fatty replace-
ment of tongue muscle in patients with Pompe disease and its poten-
tial severity, symptoms relating to tongue weakness and changes in
size should probably be taken into account in future long-term stud-
ies evaluating the benefit of innovative treatments. The collection of
these data is ongoing in the French Pompe registry.

In conclusion, swallowing difficulties are reported for 32% of
adult LOPD patients included in the French Pompe Disease reg-
istry and result in repercussions in patients' quality of life. Bulbar
involvement is additional evidence that Pompe disease is a mul-
tisystemic disease that needs regular systemic evaluation. These
symptoms require an increased awareness of physicians of the
need to systematically examine the tongue and swallowing in
LOPD patients, thus recognizing these symptoms can enable mul-
tidisciplinary care with a speech therapist, dietitian, and ear, nose,
and throat specialist if needed. A delay in recognition of these
symptoms could lead to undernutrition or inhalation pneumonia,
with a potentially severe impact on vital prognosis and quality of
life of LOPD patients. Future studies will be necessary to refine
knowledge on the impact of ERT on swallowing disorders for adult
LOPD patients.

AUTHOR CONTRIBUTIONS

Emilie Retailleau: Writing - original draft; methodology; writ-
ing - review and editing. Claire Lefeuvre: Conceptualization; meth-
odology; validation; visualization; supervision. Marie De Antonio:
Formal analysis. Francoise Bouhour: Investigation. Celine Tard:
Investigation. Emmanuelle Salort-Campana: Investigation. Emmeline
Lagrange: Investigation. Anthony Béhin: Investigation. Guilhem
Solé: Investigation. Jean-Baptiste Noury: Investigation. Sabrina
Sacconi: Investigation. Armelle Magot: Investigation. Aleksandra
Nadaj Pakleza: Investigation. David Orlikowski: Investigation.
Stéphane Beltran: Investigation. Marco Spinazzi: Investigation.
Pascal Cintas: Investigation. Maxime Fournier: Investigation. Fatma
Bouibede: Investigation. Héléne Prigent: Investigation. Guillaume
Nicolas: Investigation. Nadjib Taouagh: Investigation. Taissir El
Guizani: Investigation. Shahram Attarian: Investigation. Azzeddine
Arrassi: Investigation. Dalil Hamroun: Investigation. Pascal
Laforét: Conceptualization; methodology; validation; visualization;

supervision.

AFFILIATIONS

INeurology Department, Raymond Poincaré University Hospital, Assistance
Publique des Hopitaux de Paris, Garches, France

2Nord-Est-lle-de-France Neuromuscular Reference Center, Fédération
Hospitalo Universitaire PHENIX, Garches, France

SBiostatistics Unit, Direction de la Recherche Clinique et de I'Innovation,
Clermont-Ferrand University Hospital, Clermont-Ferrand, France

4Service d'Electroneuromyographie et Pathologies Neuromusculaires,
Hospices Civils de Lyon, Hospices Civils de Lyon, Lyon, France

SInstitut National de la Santé et de la Recherche Médicale, Lille University
Hospital Center, U1172, Lille Neuroscience & Cognition, University of Lille,
Lille, France

%Centre de Référence des Maladies Neuromusculaires, Hépital Timone
Adultes, Assistance Publique Hopitaux de Marseille, Marseille, France

85UB017 SUOLIIOD BAE8ID 3ol idde 8y Ag peussnob afe sejole VO ‘88N J0 S8|ni 1oy Afiq1T8UlUQ 48] I/ UO (SUOTPUD-PUE-SULBY WO AS | 1M AlR1q | U [UO//SANY) SUORIPUOD PUe SWs 1 8y} 89S *[Z0Z/0T/T0] Uo ARiqiauljuo 8|1 ‘soueld 8ueIyo0D AQ 8279T 8US/TTTT OT/I0P/WO0 A8 1M AIq iUl |uo//Sdny Woiy papeojumod ‘0T ‘202 ‘TEET8IYT



100f 11

RETAILLEAU ET AL.

7PACA Réunion Rhéne Alpes Reference Center for Neuromuscular Diseases,
FILiere NEuro MUSculaire, Marseille, France

8Department of Neurology, Grenoble University Hospital, Grenoble, France
Assistance Publique des Hopitaux de Paris, Service de Neuromyologie,
Institut de Myologie, GH Pitié Salpétriére, Paris, France

1ONeuromuscular Reference Center, Bordeaux University Hospital
(Pellegrin), University of Bordeaux, Bordeaux, France

Ynstitut National de la Santé et de la Recherche Médicale, Lymphocytes B
Autoimmunité et Immunothérapie, Unité Mixte de Recherche 1227, Centre
de Référence des Maladies Neuromusculaires Atlantique Occitanie Caraibes,
CHRU de Brest, Brest, France

12peripheral Nervous System and Muscle Department, Université Cote
d'Azur, CHU de Nice, Nice, France

13Centre de Référence des Maladies Neuromusculaires Atlantique Occitanie
Caraibes, CHU de Nantes, Filnemus, European Neuro Muscular Diseases,
Nantes, France

Department of Neurology, University Hospital, Strasbourg, France
15European Neuro Muscular Diseases: European Reference Network for
Rare Neuromuscular Diseases, Institut de Myologie, GH Pitié-Salpétriere,
Paris, France

|nstitut National de la Santé et de la Recherche Médicale, CIC 1429 GHU
Paris Saclay, AP-HP, Garches, France

Y Amyotrophic Lateral Sclerosis Center, Francois Rabelais University, Tours,
France

18Neuromuscular Reference Center, Department of Neurology, University
Hospital, Angers, France

¥Département de Neurologie, CHU Toulouse, Hépital Purpan, Toulouse,
France

20Department of Neurology, CHU Caen, Normandie, France

21CHR d'Orléans, Internal Medicine Department, Orléans, France

22|nstitut National de la Santé et de la Recherche Médicale, Université
Versailles Saint Quentin en Yvelines, Paris Saclay, Versailles, France
23Centre Hospitalo-Universitaire de Montpellier, Hopital Arnaud-de-
Villeneuve, Montpellier, France

ACKNOWLEDGMENTS
We thank Genzyme-Sanofi as a source of funding for the French
Pompe registry and C. Keane Davis for her kind proofreading.

CONFLICT OF INTEREST STATEMENT

C.L,M.S, PC, AB., AM,, and M.F. have received fees for partici-
pation on scientific boards and scientific congress sponsoring by
Sanofi-Genzyme. Fr.B.,C.T.,E.S.-C., J.-B.N., A.N.P., and S.A. have re-
ceived fees for participation on scientific boards and scientific con-
gress sponsoring by Sanofi-Genzyme and Amicus Therapeutics. P.L.
has received fees for participation on scientific boards by Amicus
Therapeutics, Sanofi, Genzyme, and Spark Therapeutics, consult-
ing fees from Sanofi Genzyme, BioMarin, Sanofi Genzyme, and
Spark Therapeutics, and scientific congress sponsoring by Sanofi
Genzyme, Amicus Therapeutics, and Spark Therapeutics. The other

authors report no relevant disclosures.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author; the data are not publicly avail-
able due to privacy or ethical restrictions.

ORCID
Emilie Retailleau "= https://orcid.org/0009-0000-8908-544X

Emmeline Lagrange "= https://orcid.org/0000-0002-9844-0762

https://orcid.org/0000-0002-7589-1421
https://orcid.org/0000-0003-4718-0902

Armelle Magot
Stéphane Beltran

REFERENCES

1. Laforét P, Nicolino M, Eymard B, et al. Juvenile and adult-onset acid
maltase deficiency in France: genotype-phenotype correlation.
Neurology. 2000;55:1122-1128.

2. Dupé C, Lefeuvre C, Solé G, et al. Macroglossia: a potentially se-
vere complication of late-onset Pompe disease. Eur J Neurol.
2022;29:2121-2128.

3. Hudgson P, Gardner-Medwin D, Worsfold M, et al. Adult myopathy
from glycogen storage disease due to acid maltase deficiency. Brain.
1968;91:435-462.

4. Margolis ML, Howlett P, Goldberg R, Eftychiadis A, Levine S.
Obstructive sleep apnea syndrome in acid maltase deficiency.
Chest. 1994;105:947-949.

5. Dubrovsky A, Corderi J, Lin M, Kishnani PS, Jones HN. Expanding
the phenotype of late-onset pompe disease: tongue weakness: a
new clinical observation: lingual weakness in Pompe. Muscle Nerve.
2011;44:897-901.

6. Pinto WBVDR, Souza PVSD, Bortholin T, et al. Abnormal tongue
features as a clinical clue for late-onset Pompe's disease. Arqg
Neuropsiquiatr. 2017;75:835-836.

7. Winkel LPF, Hagemans MLC, Doorn PA, et al. The natural course
of non-classic Pompe's disease; a review of 225 published cases. J
Neurol. 2005;252:875-884.

8. Hobson-Webb LD, Jones HN, Kishnani PS. Oropharyngeal dyspha-
gia may occur in late-onset Pompe disease, implicating bulbar mus-
cle involvement. Neuromuscul Disord. 2013;23:319-323.

9. Jones HN, Crisp KD, Asrani P, Sloane R, Kishnani PS. Quantitative
assessment of lingual strength in late-onset Pompe disease: lingual
strength in LOPD. Muscle Nerve. 2015;51:731-735.

10. Carlier R-Y, Laforet P, Wary C, et al. Whole-body muscle MRI in
20 patients suffering from late onset Pompe disease: involvement
patterns. Neuromuscul Disord. 2011;21:791-799.

11. Laforét P, Laloui K, Granger B, et al. The French Pompe registry.
Baseline characteristics of a cohort of 126 patients with adult
Pompe disease. Rev Neurol (Paris). 2013;169:595-602.

12. Lefeuvre C, De Antonio M, Bouhour F, et al. Characteristics of pa-
tients with late-onset Pompe disease in France: insights from the
French Pompe registry in 2022. Neurology. 2023;101:€966-e977.
doi:10.1212/WNL.0000000000207547

13. Salassa J. A functional outcome swallowing scale for staging oro-
pharyngeal dysphagia. Dig Dis. 1999;17:230-234.

14. DePippo KL, Holas MA, Reding MJ. Validation of the 3-oz
water swallow test for aspiration following stroke. Arch Neurol.
1992;49:1259-1261.

15. Van Der Beek NAME, Hagemans MLC, Van Der Ploeg AT, et al. The
Rasch-built Pompe-specific activity (R-PAct) scale. Neuromuscul
Disord. 2013;23:256-264.

16. McHorney CA, Bricker DE, Kramer AE, et al. The SWAL-QOL out-
comes tool for oropharyngeal dysphagia in adults: I. Conceptual
foundation and item development. Dysphagia. 2000;15:115-121.

17. Wallace KL, Middleton S, Cook IJ. Development and validation of
a self-report symptom inventory to assess the severity of oral-
pharyngeal dysphagia. Gastroenterology. 2000;118:678-687.

18. Trollet C, Boulinguiez A, Roth F, et al. Oculopharyngeal muscu-
lar dystrophy. In: Adam MP, Feldman J, Mirzaa GM, et al., eds.
GeneReviews®. University of Washington; 1993.

19. Jones HN, Hobson-Webb LD, Kuchibhatla M, et al. Tongue weak-
ness and atrophy differentiates late-onset Pompe disease from
other forms of acquired/hereditary myopathy. Mol Genet Metab.
2021;133:261-268.

85UB017 SUOLIIOD BAE8ID 3ol idde 8y Ag peussnob afe sejole VO ‘88N J0 S8|ni 1oy Afiq1T8UlUQ 48] I/ UO (SUOTPUD-PUE-SULBY WO AS | 1M AlR1q | U [UO//SANY) SUORIPUOD PUe SWs 1 8y} 89S *[Z0Z/0T/T0] Uo ARiqiauljuo 8|1 ‘soueld 8ueIyo0D AQ 8279T 8US/TTTT OT/I0P/WO0 A8 1M AIq iUl |uo//Sdny Woiy papeojumod ‘0T ‘202 ‘TEET8IYT


https://orcid.org/0009-0000-8908-544X
https://orcid.org/0009-0000-8908-544X
https://orcid.org/0000-0002-9844-0762
https://orcid.org/0000-0002-9844-0762
https://orcid.org/0000-0002-7589-1421
https://orcid.org/0000-0002-7589-1421
https://orcid.org/0000-0003-4718-0902
https://orcid.org/0000-0003-4718-0902
https://doi.org//10.1212/WNL.0000000000207547

MUSCLE IMPAIRMENT IN POMPE DISEASE

110f 11

20. Karam C, Dimitrova D, Yutan E, Chahin N. Bright tongue sign in pa-
tientswithlate-onset Pompedisease.JNeurol.2019;266:2518-2523.

SUPPORTING INFORMATION
Additional supporting information can be found online in the
Supporting Information section at the end of this article.

How to cite this article: Retailleau E, Lefeuvre C, De Antonio
M, et al. Bulbar muscle impairment in patients with late onset
Pompe disease: Insight from the French Pompe registry. Eur J
Neurol. 2024;31:e16428. doi:10.1111/ene.16428

85US017 SUOLILIOD BAFE81D) 3|edldde 8U Aq pauRA0D 318 S3[o e WO ‘88N JO S3NJ 0 AX1q 1T 8UIIUO 43| 1M UO (SUORPUOD-PUR-SUSYW0D A8 | IM*Ale1q 1 [ou 1 JUO//SUNY) SUORIPUOD PUe SWi L 8U388S *[202/0T/T0] Uo A%iqiauluo A3|IM ‘soueId UeI400D AQ 8ZF9T BUS/TTTT OT/I0P/W00 A8 | 1M Alelq 1 pul|UO//SdNY W1} papeo|umoq ‘0T %202 ‘TEETSIYT


https://doi.org/10.1111/ene.16428

	Bulbar muscle impairment in patients with late onset Pompe disease: Insight from the French Pompe registry
	Abstract
	INTRODUCTION
	METHODS
	Patient inclusion
	Data collection
	Statistical analysis

	RESULTS
	Demographic data
	Description of the studied population
	Results of questionnaires
	Subgroup analysis

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


