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Abstract
Background and Objectives
Neurodevelopmental disorder with spastic diplegia and visual defect (NEDSDV) is a recently
described rare syndrome caused by loss-of-function variations in CTNNB1 gene which includes
developmental delay, intellectual deficiency, visual defects, and other features. Startle disease is
not present in the classic clinical description and has been reported in only 2 patients so far.

Methods
We report 12 cases of patients with NEDSDV who present an exaggerated startle response
including 1 patient observed in our department and 11 patients recruited by addressing a
questionnaire to the members of the Facebook group of families of patients with a CTNNB1
pathogenic variant. We performed an EMG analysis of this abnormal startle response in 1
patient and a genotype-phenotype analysis of startle response in NEDSDV.

Results
All 12 patients presented exaggerated startle responses to an unexpected stimulus. They pro-
voked falls in 8 patients, causing injuries in 3, and 3 patients were afraid to walk. This startle
disorder corresponds to atypic hyperekplexia. No genotype to phenotype correlation has been
found to differentiate NEDSDV with or without startle disease.

Discussion
Our data allow us to refine the phenotypic spectrum of patients affected by CTNNB1-related
NEDSDV, suggesting that exaggerated startle reactions may be part of clinical features. A
precise questioning on startle disorders should be performed systematically in these patients
because they can lead to potentially traumatic falls, while effective treatments are available and
can improve quality of life. CTNNB1 study should be considered in patients with startle disease
associated with intellectual deficiency.
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Germline variations inCTNNB1were first reported in 2012 in 3
patients presenting with severe intellectual disability, micro-
cephaly, and spasticity with a severely impaired ability to walk.1

Later on, the clinical spectrum of this phenotype was completed
including autism, fair hair, mild facial dysmorphic features, pro-
gressive spastic diplegia, visual defects, and dystonia,2-5 and this
syndrome is now referenced as neurodevelopmental disorder
with spastic diplegia and visual defects (NEDSDV, OMIM #
615075). To date, approximately 70 patients have been reported
(eTable 1 in Supplement Data, links.lww.com/NXG/A558).
Inheritance is autosomal-dominant, and the molecular mecha-
nism corresponds to haploinsufficiency.2 In all but 2 families, the
variation arose de novo and affected a single individual.3,6

Symptoms often begin in the first year of life. EEG and brain
MRI are usually normal.3

Although not part of the current clinical description, an exag-
gerated startle response to unexpected auditory, touch or visual
stimuli possibly causing sudden falls was reported in 2 patients.3,7

Having observed a disabling exaggerated startle response in one
of our patients with NEDSDV, we assessed in a cohort of 12
patients presenting a CTNNB1-related NEDSDV, the charac-
teristics and the functional consequences of these startle re-
sponses and compared the genotypes between NEDSDV with
and without exaggerated startle response.

Methods
Twelve patients were included. In addition, to the case ob-
served in our department, patients were recruited by addressing
a questionnaire to the 586 members of the Facebook group of
families of patients with a CTNNB1 pathogenic variant. Eleven
families completed the questionnaire that comprised 2 parts,
one about the classic clinical features of NEDSDV and the
other about abnormal startle reactions, if any (eAppendix 1,
links.lww.com/NXG/A557).

Medical reports and results of paraclinical examinations in-
cluding the genetic analysis report were collected. For 2 families,
we did not obtain the molecular data, but the medical reports
were undoubtedly referring to CTNNB1-related disorder.

Standard Protocol Approvals, Registrations,
and Patient Consents
Informed consent was obtained from all responders. The
Ethics Committee for the Protection of Persons Ile-de-France
V approved the study (Number 2021-A02047-34).

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results
Clinical Presentation of the Startle Response in
Our Case
Our 19-year-old female patient had a typical clinical pre-
sentation of NEDSDV, associating severe motor impairment,
intellectual disability, and behavioral abnormalities. She is
referred to as Patient 1 in Table 1 and eTable 2 in Supplement
Data (links.lww.com/NXG/A559). Exaggerated startle re-
sponses to sudden noise or touch appeared in the first months
of life. They were frequent and intense, sometimes leading to
traumatic falls, but with habituation after repetition of the
stimulus (see Videos 1 and 2). No EEG abnormalities were
noted during startle responses, and brain MRI was normal.
The surface EMG response to 120 dB auditory stimuli
recorded on the orbiculari oculi, trapezius, biceps brachii, and
tibialis anterior showed a rostro-caudal propagation of the
startle response, the amplitudes of which were more than 2
standard deviations higher than those of the EMG responses
in 20 control participants. Moreover, a response was consis-
tently obtained in tibialis anterior, which was absent in control
participants. Treatment by clonazepam and then with di-
azepam drastically reduced the startle responses and sup-
pressed sudden falls.

No pathogenic variation was found in the 2 major genes in-
volved in hyperekplexia (GLRRA1 and SL6A5).

Group Study of CTNNB1-Related Startle Disease
All 11 families who responded to the questionnaire reported
the occurrence of exaggerated startle response to unexpected
stimuli. All patients presented with typical clinical features of
NEDSDV (eTable 2). In all 12 patients, exaggerated startle
responses to an unexpected stimulus, most often to a sudden
noise or touch, more rarely to emotions, were reported
(Table 1). Most often they appeared in the first years of life
(from birth to 3 years). The oldest age at onset was 12 years. A
stiff baby syndrome was reported in only 1 patient. Intensity
and frequency of abnormal startle reactions were variable.
They provoked falls in 8 patients, causing injuries in 3 and 3
patients were afraid to walk. Half of the 12 patients showed no
startle habituation to repeated stimuli, and habituation was
inconstant in one.

Brain MRI was normal in all patients. EEG was normal in 8
patients and not performed in the remaining 4 patients.

The spontaneous course of the exaggerated startle reactions
along life was stability in 8 cases, improvement with less fre-
quent startle responses in 3 cases and worsening in 1 patient.
Apart from our case, no patient had tried any medication for
this symptom.

Glossary
NEDSDV = neurodevelopmental disorder with spastic diplegia and visual defect.
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Table 1 Clinical Features of Startle Responses in Our Cohort (From the Questionnaire Completed by the Families and
From Collected Medical Reports)

Patient
number (age)

Stiff baby
syndrome Exaggerated startle Habituation Falls

Onset of
exaggerated
startle Evolution

1 (19 yo) No Yes. At sudden noise,
touch, and emotion

No Yes. Harmless but
fear of walking

5 mo Worsening since puberty
because of anger emotion
(tantrums…)

2 (10 yo) No Yes. At sudden noise,
touch, and contact of
hot tea on her lips

No Yes. With some
injuries, but no fear
of walking
afterward

NA NA

3 (13 yo) No Yes. At sudden noise,
touch, or surprise

Yes No Approximatively
3 y

Spontaneous
improvement (less frequent)

4 (17 yo) No Yes. At sudden noise No Yes. With some
injuries

1 yo Stability

5 (2 yo) No Yes. At sudden noise
and touch

Inconstant No 6 mo Stability

6 (15 yo) NA Yes. At sudden noise,
touch, and emotion

Yes Yes. With fear of
falling

NA Stability

7 (3 yo) No Yes. At sudden noise
and touch

Yes Yes. Harmless Birth Stability

8 (18 yo) No Yes. At sudden noise
and touch

No No About 3 yo Stability

9 (3 yo) No Yes. At sudden noise Yes Yes. Harmless Birth Improvement but relapse
when ill

10 (12 yo) Yes. At surprise or when in
bed; she outstretch her arms,
become stiff, and gasp for air

Yes. At sudden noise,
touch, or emotion

Yes Yes. With some
injuries

12 yo Improvement

11 (13 yo) No Yes. At sudden noise
and touch

No No About 3 yo Stability

12 (7 yo) No Yes. At sudden noise No Yes. Harmless, little
fear of walking

First years of life Stability

Total 1/12 12/12 6/12 8/12 _ _

Figure Genotype-Phenotype Comparison Between Patients Carrying a CTNNB1 Pathogenic Variant With (NEDSDV Startle
Disease Group) or Without (NEDSDV Control Group) a Reported Startle Disease

Neurology.org/NG Neurology: Genetics | Volume 8, Number 6 | December 2022 3

http://neurology.org/ng


Genotype-Phenotype Analysis of Startle
Response in NEDSDV
We compared the localization and nature of CTNNB1 variants
between patients affected by startle disease (10 distinct variants in
our cohort and 2 additional variants reported in other 2 studies3,7)
and patients not reported with startle disease (64 distinct variants).
No obvious genetic difference was found between the 2 groups
(Figure, eTable 1). Four variants were present in both groups
(p.Arg535*, p.Arg587*, p.Glu642Argfs*6, and p.Glu642Valfs*5).
Genotypedoes not seem topredict the occurrence of startle disease.

Discussion
We report a cohort of 12 patients with NEDSDV, presenting
with startle disease. This number has to be compared with a
total of more than 70 other patients reported in the literature,
among whom only 2 has been reported with abnormal startle
reaction.3,7 Exaggerated startle reactions were found in all pa-
tients whose families responded to the questionnaire in our
study. However, the recruitment through a questionnaire
addressed to the Facebook group of families of patients with a
CTNNB1 pathogenic variant induces a possible bias because
only parents who recognized startle reactions in their child and
who felt concerned by the study may have answered the
questionnaire. Therefore, our study cannot determine the fre-
quency of this exaggerated startle reactions among patients with
NEDSDV. Moreover, because of the rarity of the syndrome, we
could not observe directly any of the patients except our per-
sonal case, and data were collected from medical reports and
family questionnaires, which is a major limitation of our study.

The phenotype of our 12 patients was consistent with NEDSDV
but also included exaggerated startle responses to unexpected
stimuli such as noise, touch, or emotion that could lead to falls and
sometimes injuries. This presentation is close to that of hyper-
ekplexia, a nonepileptic startle disease characterized by generalized
stiffness attacks in the newborn and an exaggerated startle reflex.
As in our patient with abnormal startle responses, the surface
EMG recording of the muscle responses to unexpected stimuli in
patients with hyperekplexia shows an extended response at all 3
levels (face, upper and lower limbs), with a rostro-caudal pro-
gression. Moreover, clonazepam, which has shown good efficacy
in hyperekplexia, was also effective in our patient.

Despite strong similarities, clinical features of our patients do
not exactly correspond to hyperekplexia. In particular, neonatal
hypertonic accesses, which are characteristic of hyperekplexia,
were reported in only 1 of our 12 patients with NEDSDV.

Of the 12 patients included in this study, our patient was the
only one treated for startle disease. The reason why most
patients were not treated probably pertains to the fact that
startle overreaction was underdiagnosed, especially in the
context of a complex neurocognitive syndrome and possibly
confused with sensory hyper-reactivity, a symptom frequently
observed in autism spectrum disorders.

The molecular characteristics of the CTNNB1 variants found in
our cohort of patients with NEDSDV affected by startle disease
are not different from those reported in the literature for other
patients with NEDSDV without mention of abnormal startle
responses. The variants found in our cohort are typical de novo
null variants, diffusely distributed in the protein. It is noteworthy
that some patients from literature may have an undiagnosed
startle disease. However, we had no means to identify those
individuals. Because one of our patients (patient 12) with startle
disease carries an intragenic deletion, the startle disease in pa-
tients with NEDSDV is very likely related to haploinsufficiency
of the CTNNB1 and thus constitutes a feature of the syndrome,
the frequency of which remains undetermined.
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