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Spinocerebellar ataxias (SCAs) are progressive and fatal neurodegen-
erative diseases. The most frequent forms are polyglutamine SCAs
due to expansions in coding CAG repeats: ATXN1/SCA1, ATXN2/
SCA2, ATXN3/SCA3, CACNA1A/SCA6, ATXN7/SCA7, TBP/SCA17 and
ATN/DRPLA. These SCAs show faster disease progression than SCAs
which are due to conventional mutations or intronic expansions [1].
Among polyQ SCAs, SCA1 has the shortest survival rate [2] with the
strongest risk factors for death being the presence of dysphagia and
higher relative scores on the Scale for the Assessment and Rating of
Ataxia (SARA) [3]. The aim of this study was to explore how the neu-
rodegenerative process may explain shorter survival in SCA1 patients.
Neuropathological studies indicate that brainstem involvement is a
major feature in SCA1 [4], including the structures responsible for the
process of swallowing [5]. Motor neurons of the brainstem and cervi-
cal spinal cord degenerate in SCA1 knock-in (Atxn1*>4¥*) mice, in
particular in the hypoglossal nucleus (nucleus of cranial nerve XII) [6].

Impairment of the XII cranial nerve is involved in dysphagia and dysar-
thria. The different phases (lingual, pharyngeal and oesophageal) of
swallowing are altered in almost all SCA patients with consequent
dysphagia. Dysphagia represents a risk factor for aspiration pneumo-
nia, weight loss and malnutrition and is usually alleviated by a naso-
gastric tube, parenteral nutrition or percutaneous endoscopic
gastrostomy.

In this study, the patients underwent multimodal investigations
and post-mortem analysis to understand how the neurodegenerative
process threatened life in SCA1 patients.

We included 10 SCA1 patients (from 10 distinct families) with
respiratory distress, all seen in the national reference centre for rare
diseases at Pitié-Salpétriere University Hospital in Paris over an
11-year period. They underwent (i) laryngofibroscopy and electromy-
ography of the larynx muscles to explore laryngeal function;
(i) overnight polysomnography with a measure of the apnoea-

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Neuropathology and Applied Neurobiology published by John Wiley & Sons Ltd on behalf of British Neuropathological Society.

Neuropathol Appl Neurobiol. 2023;49:€12897.
https://doi.org/10.1111/nan.12897

wileyonlinelibrary.com/journal/nan | 1of 6


https://orcid.org/0000-0002-7824-8343
mailto:alexandra.durr@icm-institute.org
https://doi.org/10.1111/nan.12897
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/nan
https://doi.org/10.1111/nan.12897
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fnan.12897&domain=pdf&date_stamp=2023-03-15

COARELLI eT AL.

20f6 Neuropathology and
—LWI LEY— Applied Neurobiology

'JOURNAL OF THE BRITISH NEUROPATHOLOGICAL SOCIETY.

hypopnoea index (number of apnoea and hypopnoea episodes per
hour slept, with an index higher than 30 designating severe sleep
apnoea); (i) chin electromyography to measure the percentage of
rapid eye movement (REM) sleep without atonia, whether phasic or
tonic [7]; and (iv) diaphragm function assessment; the diagnosis of dia-
phragmatic dysfunction was based on previously defined criteria [8].

Each participant consented in accordance with French legislation,
and approval was received from the local ethic committee (Necker
Enfant-Malades on 19/12/1990 and 10/11/1992 and followed by
the Ethics committee lle de France Il on 30/9/2004 and 18/2/2010
to AD). Details for neuropathological methods are provided in
Supporting Information S1.

The mean age at onset was 32.1 + 17 years (17-67), the mean
disease duration at examination was 14.7 + 6.1 years (8-25) and the
SARA score was 26.8/40 + 6.75 (19-34) (Table 1). All patients had
severe swallowing difficulties, including one patient with a feeding
tube. Patients did not report behavioural REM sleep disorders. The
mean age at death was 51.0 years + 23.2 (29-88, n = 10), after a
mean disease duration of 18.9 years+8.0 (10-34, n= 10). The
causes of death were aspiration pneumonia (n = 5), complications
from gastroscopy (n = 1) and unknown (n = 4). CAG repeat size was
inversely correlated with the age at death (r = —0.87, p = <0.001).

Laryngoscopy was performed after a mean disease duration of
15.7 £ 6.3 years and a mean SARA score of 26.3+ 6.4 (n=7) and
showed a failure to abduct the vocal cords in all participants, with a
resulting narrowing of the glottic airway (n = 3) and inspiratory stridor
(n = 2). Electromyography confirmed laryngeal dystonia (n = 3), motor
neuron denervation (n = 3) and laryngeal diplegia (n = 1). Dystonia
resulted from increased activity of the thyroarytenoid and/or poste-
rior cricoarytenoid muscles. Botulinum toxin injection into the
involved muscles provided transitory improvement in dysphonia and
dyspnoea in two patients. Posterior cordotomy was performed for
one patient, and for two additional patients, autologous fat grafts in
the vocal cords improved symptoms.

Overnight polysomnography was performed after a mean disease
duration of 12.5 + 4.8 years with a mean SARA score of 28.4 +5.5
and a body mass index of 23.8 + 3.2 kg/m? (n = 6). Total sleep time,
duration of wakefulness after sleep onset and sleep efficiency were
within normal ranges, with the exception of one patient (326-79) who
slept less than 70% of the night. The percentages of sleep stages N1,
N2 and N3 were within normal ranges, but the percentage of REM
sleep was lower (<15% of total sleep time) in four out of six patients
(Table 1). The percentage of enhanced tonic plus phasic muscle chin
activity during REM sleep was higher than normal (18% to 59%) in all
six patients. The mean arousal index was 31+ 16. The apnoea-
hypopnoea index was below 5 in two patients, between 5 and 15 in
three patients and between 15 and 30 in one patient (369-20). Dia-
phragmatic investigation (n = 6) revealed diaphragm dysfunction in
three patients (326-79, 361-31 and 465-13), with lower oesophageal
pressure (<11-cm H,0) in response to bilateral phrenic stimulation.
The first had phasic cervical respiratory accessory muscle activation.
All had delayed central motor conduction (i.e., prolonged latency of

diaphragmatic motor evoked potentials in response to transcranial

Key points

e This study aimed to explore life-threatening conditions in
spinocerebellar ataxia type 1.

e Laryngeal dysfunction was severe in all patients and was
the most life-threatening condition, causing swallowing
and respiratory dysfunction and death as a result of
aspiratory pneumonia.

e Sleep disturbance may be caused by progressive loss of
pontine REM-on neurons.

o Investigation of the diaphragm suggested impairment in
the upper motor neuron pathway.

e Quantified neuronal loss was severe in the medullary teg-
mentum, with especially massive neuronal loss in the
inferior olivary nucleus and the hypoglossal motor
nucleus.

e Brainstem involvement with severe motor neuron deple-
tion may explain life-threatening conditions in SCA1

patients.

magnetic stimulation of 24.7, 27.7 and 16 ms), suggesting impairment
in the upper motor neuron pathway. There was no neuropathy on the
electromyogram nor was there abnormal phrenic nerve conduction. In
two cases, REM sleep percentages were lower than normal (4.8% and
4%). The minimal oxyhaemoglobin saturation during REM sleep was
between 89% and 91% in these patients. Both died of acute respira-
tory failure.

We analysed the medulla oblongata in three SCA1 patients
(detailed neuropathological examinations in Supporting Information
S1) to investigate motor neuron density, especially in the hypoglossal
nucleus. The ages at death were 29, 51 and 68 years after a disease
duration of 9, 21 and 25 years and a pathological ATXN1 CAG repeat
size of 63, 49 and 48, respectively. We compared the findings with
those obtained in three control cases (ages at death 54, 58 and
60 without neurological diseases).

Compared with controls, motor neuron degeneration was evident
in SCA1 brainstems with smaller medulla oblongata surface area and
motor neuron depletion, especially in the hypoglossal nucleus
(Figures 1 and S1).

This study aimed to explore the life-threatening conditions pre-
sent in SCA type 1. We enrolled only SCA1 patients with respiratory
distress. Dysphagia was the most common alteration, found in all
patients, followed by dyspnoea and dysphonia. Laryngeal dysfunction
was present in all patients which included glottis leak, vocal cord
paralysis, laryngeal hypotonia, vocal cord spasm in adduction, inspira-
tory stridor and vocal cord abduction weakness. We found that the
most significantly life-threatening complication was laryngeal dysfunc-
tion, causing swallowing and respiratory dysfunction and death from

aspiratory pneumonia. These findings should aid in clinical

95LB01 7 SUOLULLOD A1) 3[cedldde Uy Aq pausenob ae Sl VO ‘85N JO 3Nl o Akeiqi8UlIUO A8 ]I LD (SUOHIPUOD-PUE-SWLBIAL0O" A3 | 1M Afe.d ]Bu JUO//ScIY) SUORIPUOD PUe SWLB L U1 89S *[1Z02/80/22] Uo AriqiTauliuo 1M ‘9YSIeAIUN auuodos ap anbayiol|qig Aq 26821 UeU/TTTT OT/I0p/L0d A3 Im Aleq iUl |uoy/Sciy Woly papeojumod ‘Z ‘€202 ‘066259ET



13652990, 2023, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/nan.12897 by Bibliothéque de Sorbonne Université, Wiley Online Library on [27/03/2024]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

'JOURNAL OF THE BRITISH NEUROPATHOLOGICAL SOCIETY

Neuropathology and 30f6
Applied Neurobiology— WV LEYJ—

BULBAR DYSFUNCTION IN SCA1

‘Asdojne yum sjuaned,

"9IDASS ‘4 ‘91es9pow ‘H-+ (pliw ‘4 "sisAjesed pIod [BIOA ‘dA JUSWSAOW dAS pidel ‘A TY ‘Aemuie
21330|3 3y} JO SuIMOUIeU ‘YON DUOP JOU ‘PU ‘UOIJBAISUSP [BUOINSU JOJOW ‘N|A -BIU0ISAp |ea8uAie] ‘T oplis Adojedidsul ‘S| ‘Aydes30Aw0.3d9[ ‘DIAT ‘uoljednp aseasip ‘g dwil uoldNpuUod ‘| ) suolielnaiqay

(sw) (uonejnwis diRUSEW

9 pu €9 pu 599 pu A pu 14% SL'L [BIAISD WIOUY) D dAIBU DIUdIYd
(sw) (uonenwins
JneuSew [eluesdsuel)
91 pu L'Le pu pu pu pu pu L'vC pu wouj) 17 dlrewselydelp-0o1340)
(do31s WY
8T pu LE pu 9¢ pu 9¢ pu 14 6S 40 %) eluoje Jnoyym das|s INTY
14 pu (014 pu €1 pu 174 pu 14 €l (dwn dass [e307 Jo %) da3|s INTY
9 pu €1 pu 0s pu I pu 4 €T (4/N) xapul [esnoly
(4/N)
ce pu ¥8 pu 68 pu € pu 6T ze  do9|s uunp sjuswanow 83| dipoLiad
das|s
43 pu 11 pu S pu 14 pu €1 6 INTY Ul xapul esoudodAy-esoudy
4 pu € pu 6C pu €T pu 8 T xapul esoudodAy-esoudy
an NN al NI pu NN pu an pu pu ONT xuhie]
S| 'VON swseds
‘SpJ0d |eJ0A 3y} ei3s|dip S| ‘SpJ0D |EDOA pue ejuojodAy
VON jonpge o} ainjied  [eaSuAde] ‘YyON  3ed] 2110I8 ‘dA pu ayj 3onpge 03 ainjie4 pu  >es|omo|9 pu |easuAie AdoosouqiyoSuiie]
++ ++ ++ ++ + ++ + + + + esoudsAQg
++ ++ + ++ ++ ++ ++ ++ ++ +++ eiSeydsiq
- + — + — + — - — + eluoydsAg
+ - + + - + - — ++ — Juawtedw! aAIU30D
- - ++ ++ - ++ ++ ++ ++ ++ uoie|ndsey [ensury
- — - ++ + - + ++ +++ — su3is |eplwelAdes)x3y
++ ++ ++ ++ +++ ++ ++ ++ +++ + susis |eplwelAd
124 61 g6z §'6z Ve ve T 61 1€ 43 (O ®njeA xew) 3103S ViVS
LT 0c €1 61 61 T4 (0] 8 8 8 (s1eaA) uonelnp aseasiq
(lewuou
ce/6e ce/6e 6¢/S¥ 6¢/8% 6¢/6% 6¢/09 1€/99 0€/LS 0€/€9 62/99 /Iev180joy3ed) syeadal DD TNXLY
€1-59v 818-66€ 1€-19€ «L1-098  .0T-69€ 11-LbE  ST-20€ 0T-T2L  «6L-9C€ G-96€ ai

"ssal3sip AJojesidsas ypm sjusired T adA} eixele Jejjagasadoulds Jo suofrelojdxa [epowynw pue edul) T 379V 1



COARELLI ET AL.

Applied Neurobiology

'JOURNAL OF THE BRITISH NEUROPATHOLOGICAL SOCIETY.

40f6 Neuropathology and
tote LWL py—Negroratholosy

management: Early detection of dysphagia, dysphonia and dyspnoea

should be anticipated and thoroughly investigated. Taking precautions
to avoid aspiration pneumonia and, consequently, recurrent hospital
admissions could improve the quality of life of these patients. Detec-
tion of vocal cord abnormalities is essential in order to propose symp-
tomatic treatments such as botulinum toxin, posterior cordotomy,
autologous fat graft in the vocal cord and, eventually, tracheotomy.
For respiratory and sleep alterations, nocturnal ventilator assistance
should be considered, based on polysomnographic studies.

These alterations are similar to those seen in other polyglutamine
SCAs and multiple system atrophy patients [9, 10]. Loss of bulbospinal

FIGURE 1 Comparison of the
hypoglossal nucleus in SCA1 patients and
control. Haematoxylin-eosin staining.
(A, C, E, G) The x2 objective, scale bar:
200 um. (B, D, F, H) The x10 objective;
scale bar: 100 um. (A, B) Control case,
60 years at death. (A) The black arrows
delineate the limits of the hypoglossal
nucleus. At higher per view (B), normal
motor neurons. (C, D) Patient 369-20,
51 years at death, ATXN1 pathological
expansion of 49 CAG repeats (normal
allele 29). In (C), the surface area of the
hypoglossal nucleus (black arrows)
appears smaller. In (D), neurons are
smaller and chromatolytic (arrow). (E, F)
Patient 326-79, 29 years at death.
ATXN1 pathological expansion of 63 CAG
repeats (normal allele 30). In (E), the
nucleus appears atrophic (black arrows)
and pale. The number of neurons is
reduced (F), one of which (arrow) is
chromatolytic. (G, H) Patient 860-17,

68 years at death, ATXN1 pathological
expansion of 48 CAG repeats (normal
allele 29). In (G), the hypoglossal nucleus
is smaller and pale. Chromatolytic motor
neurons are present (arrow).

motor neurons is thought to be responsible for the neurogenic atro-
phy of laryngeal muscles [9]. In particular, the hypoglossal nucleus
extends the length of the medulla and innerves the intrinsic and
extrinsic muscles of the tongue (except for the palatoglossus), which
are essential for mastication, speech, swallowing and upper airway air-
flow during sleep. [11].

A notable exception to bulbar motor neuron loss is in SCA6 [4]
which has a less severe phenotype. In SCAs, clinical features, found
by the different investigations, are well correlated with the neuropa-
thology: atrophy of the brainstem, neuronal loss in the cranial nerve
nuclei, including the ambiguous and hypoglossal nuclei, pyramidal
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tract reduction, loss of neurons in the substantia nigra, spinocerebellar
tract thinning, moderate depletion of Purkinje cells, neuronal loss in
the dentate nucleus and neuronal rarefaction in the anterior horn of
spinal cord. Post-mortem examination of the three SCA1 patients in
our study matches the characteristics found in previous neuropatho-
logical studies [12, 13].

Some specific sleep alterations, including the reduced percentage
of REM sleep, increased arousal and REM sleep without atonia, may
be caused by the progressive loss of pontine REM-on neurons (non-
motor neurons) because the locus coeruleus appeared normal. In addi-
tion, deficiency in the genioglossus muscle (innervated by the
hypoglossal nerve), a muscle that usually prevents decreases in airflow
and pharyngeal collapse, may increase the risk of obstructive sleep
apnoea syndrome; however, this occurrence was rare. This is the case
in SCA1 because apnoea-hypopnoea events are associated with
increased disease severity despite the absence of typical risk factors
like advanced age or obesity [14]. The diaphragm, which is not inhib-
ited during REM atonia, is the single inspiratory muscle active during
REM sleep. This muscle was dysfunctional in three patients, resulting
in decreased REM sleep percentages in two. This deficit was not
related to the presence of neuropathy but probably to the degenera-
tion of upper and lower motor neurons like in amyotrophic lateral
sclerosis.

The small number of patients limits the generalisability of our
conclusions. However, SCA patients are rare and attaining the inclu-
sion criterion of respiratory distress was difficult, as at that stage of
the disease, patients are severely functionally impaired and therefore
difficult to include in research.

In conclusion, laryngeal dysfunction causing respiratory and swal-
lowing failure was evident in our patients. Neuropathological findings
explain these conditions showing significant brainstem involvement in

SCA1 with severe motor neuron depletion.
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