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ABSTRACT

Introduction: Niemann-Pick disease type C (NPC) is an autosomal recessive neurovisceral
lipid storage disorder caused by mutations in the NPC 1 or 2 genes. Movement disorders
can occur as the first symptom and as predominant symptom mainly in juvenile-onset.
The frequency and heterogeneity of movement disorders in NPC are not well described.
We studied the frequency and spectrum of movement disorders in patients with NPC of
different age of onset.

Methods: Retrospective chart review of patients with NPC diagnosed based on the
Suspicion Index tool and demonstration of foamy macrophages/sea-blue histiocytes in
bone marrow aspirate.

Results: We report 9 cases of NPC with 2 patients of late-infantile, 4 juvenile-onset and 3
of adult-onset. The mean age at onset of symptoms was 11.7 + 10.4 (range 4-38 years)
and the median duration of illness was 4 years. Vertical supranuclear gaze palsy (VSGP)
was noted in 8 patients and VSGP with slowing of saccade in 1 patient. Splenomegaly
was seen in 5 patients. Movement disorders as the first symptom occurred in 4 patients.
Dystonia was the first symptom in 2 patients and cerebellar ataxia in 2 patients. Cerebellar
ataxia occurred during the course of illness in 5 patients, dystonia in 6 patients. One
patient with late-infantile NPC had stimulus-sensitive myoclonus.

Conclusion: Movement disorders are common in NPC and occur as a presenting symptom.
Cerebellar ataxia and dystonia are the most common movement disorder in NPC. Vertical
supranuclear gaze palsy along with the movement disorders should lead to clinical
suspicion of NPC.
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1. INTRODUCTION

Sphingolipidoses are the lysosomal storage diseases
that occur due to the defective degradation and
accumulation of sphingolipids [1, 2, 3]. Niemann-
Pick (NP) diseases are the sphingolipidoses named
after the German physicians Albert Niemann and
Ludwick Pick who first described the disorders. There
is accumulation of sphingomyelin due to the defect in
the enzyme sphingomyelinase. NP Type A (NPA) and NP
Type B (NPB) are caused by defects in sphingomyelinase,
whereas sphingomyelinase activity is normal in NP
Type C (NPC) [4, 5, 6]. NPC is characterised by the
intracellular accumulation of low-density lipoprotein-
derived, unesterified cholesterol and sphingosine. It
is due to the mutations in the NPC1 (95% of cases) or
NPC2 (5%) genes with autosomal recessive inheritance
[7, 8]. NPC1 and NPC2 are the proteins involved in the
transport of unesterified cholesterol and sphingosine
out of the late endosome/lysosome compartment [9,
10]. NPC has a wide clinical spectrum that ranges from
a fatal antenatal disorder to an adult-onset chronic
neurodegenerative disease. Based on the age of onset
of neurological manifestations, it is classified as the
early-infantile (<2 vyears), late-infantile (2-6 years),
juvenile (6-15 years) and adult (>15 years) onset NPC
[11, 12]. The late infantile and the juvenile forms of
NPC constitutes about 60-70% of all cases of NPC.
The diagnosis of NPC is based on the combination of
biochemical and molecular genetic studies. The plasma
biomarkers currently in use are oxysterols, lyso-SM-509
and lyso-sphingomyelin [13]. The confirmation of the
diagnosis of NPC is by mutation analysis of NPC1 and
NPC2 genes [14]. Filipin test is no longer recommended
as a first line test for the diagnosis of NPC [15]. But it is
a useful diagnostic tool in uncertain cases wherein the
biomarkers and/or molecular analysis is inconclusive
[14]. The commonest neurological manifestation in NPC
is cerebellar ataxia, vertical supranuclear gaze palsy
(VSGP), dysarthria, dysphagia, dementia and movement
disorders [12]. Cerebellar ataxia, dystonia and myoclonus
are the common movement disorder reported in NPC
[16]. The knowledge about the frequency, heterogeneity
and timing of movement disorders during the course
of the illness is sparse. We aimed to characterize the
spectrum of movement disorders and additional
other systemic involvement, blood investigations, and
imaging abnormalities in NPC. This study will add to the
growing knowledge about the frequency and spectrum
of movement disorders in NPC.

2. SUBJECTS AND METHODS

SUBJECT RECRUITMENT AND CLINICAL
EVALUATION

This was a retrospective chart review of patients
with  NPC who were evaluated in the neurology out-
patient department, and movement disorder clinic from
January 2010 to December 2020 at the National Institute of
Mental Health and Neurosciences, Bengaluru. The diagnosis
of NPC was made based on the Suspicion Index tool [17] and
demonstration of foamy macrophages/sea-blue histiocytes
in bone marrow aspirate or presence of mutation in the
NPC1 or NPC2 genes. The Filipin test [15], plasma biomarkers
[13] and molecular genetic testing (in majority of cases)
were not available. The Suspicion index tool consists of
total risk prediction score. The total risk prediction score of
<40 have a low probability of having NPC; a score of 40-69
indicates that further follow-up observation is required, and
score of >70 have high probability. Patients with Suspicion
index tool total risk prediction score of >70 and presence of
foamy macrophages/sea-blue histiocytes in bone marrow
aspirate or positive mutation in NPC1 or NPC2 genes were
included for the analysis. Institute Ethics Committee
approval (No:NIMH/DO/DEAN (Basic Science)/2020-21)
was obtained for the retrospective analysis of the data
and the informed consent was obtained from the patients
for video recording and publishing. Patients’ details were
anonymized to maintain patient privacy. A detailed review
of all the charts was done. The demographic details, age
at onset, duration of the illness, clinical features, family
history of similar illness, consanguinity, clinical examination
findings and investigations including blood investigations,
imaging and genetic data (where available) were collected.
The videos of the patients were reviewed for detailed
description of the movement disorder.

STATISTICAL ANALYSIS

Data was expressed using descriptive statistics. Continuous
variables were expressed as mean/median with standard
deviation/Inter-quartile  range  respectively whereas
categorical variables were expressed as frequencies
and percentages.

3. RESULTS

DEMOGRAPHIC DATA

Nine patients (6 males; 3 females) with suspicion index
tool score >70 were included in the study. The mean age at
presentation was 16.8 +12.1 years (median: 20 years, range
6-45 years) and mean age at onset was 11.7 + 10.4 years
(median: 13 years, range 4-38 years). The mean duration
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of the illness, from the time of onset of symptoms to the
evaluation at our hospital was 4.1 + 2.7 years (median: &4
years, range- 2-17 years). One patient had consanguineous
parentage and one patient had similar clinical features in 2
siblings with age at onset at 30-40 years. Based on the age
of onset, 2 patients had late-infantile onset, 4 had juvenile-
onset and 3 had adult-onset NPC.

CLINICAL FEATURES

Movement disorders as the first symptom occurred in 4
patients. Dystonia was the first symptom in 2 patients
(one with late-infantile and one with juvenile-onset)
and cerebellar ataxia in 2 patients (one with juvenile-
onset and one with adult-onset). The initial symptoms in
other patients were behavioural changes in the form of
disinhibition, anger outburst in 2 patients with adult-onset
type, regression of milestones with stimulus-sensitive
myoclonus in 1 patient with late-infantile onset and
decline in cognition in 2 patients with juvenile-onset NPC.
Cerebellar ataxia occurred during the course of illness in
additional 3 patients (3 patients with adult-onset type
and 2 patients with juvenile-onset type had cerebellar
ataxia in total). Dystonia occurred during the course of
illness in total 6 patients and it was generalised dystonia
in 2 patients, bilateral finger dystonia in 3 patients and
cervical dystonia in 1 patient. VSGP was seen in 8 patients
and one patient with adult-onset had VSGP with only
slowing of vertical saccades. Head thrust was seen in
2 patients (1 with late- infantile and 1 with juvenile-
onset). Splenomegaly was seen in 5 patients. Two
patients had splenomegaly detected both clinically and
on ultrasound. Remaining 3 patients had splenomegaly
detected on ultrasound only. There was no hepatomegaly
on ultrasound in any of the 9 patients. One patient with
juvenile-onset NPC had history of neonatal jaundice. The
clinical and radiological details of each case is shown in
Table 1.

NEUROIMAGING

Brain magnetic resonance imaging (MRI) was done in
8 patients. Diffuse cerebral and cerebellar atrophy was
seen in 6 patients. Two patients with late-infantile onset
had signal change in periventricular white matter with
bilateral fronto-temporal atrophy (Figure 1 & 2). Computed
tomography of the head was done in one patient with
juvenile-onset and showed cerebellar atrophy.

BONE MARROW BIOPSY AND HAEMATOLOGICAL
FINDINGS

Bone marrow biopsy was done in 6 patients and showed
foamy macrophages and sea blue histiocytes (Figure 3).
The other 3 patients without bone marrow biopsy had

genetic confirmation of NPC. There was thrombocytopenia
in 5 patients (3 patients with adult-onset, 1 patient with
late-infantile onset and 1 patient with juvenile-onset).

GENETIC ANALYSIS

Genetic analysis was done in 3 patients with juvenile-
onset NPC. A novel homozygous missense variation
in exon 16 of the NPC1 gene (NM_000271:c.2473T>C:
p.Tyr825His) in patient 5. Two likely pathogenic missense
variants in compound heterozygous state in NPC1 gene
(ENST00000269228:¢.2974G>T;p.Gly992Trp/c.3634G>T'p.
Val1212Leu) occurred in patient 8. A likely pathogenic
missense variant in homozygous state in NPC2 gene
(ENSTO0000541064:c.358C>A:p.Pro120Thr) was seen in
patient 9.

CASE VIGNETTES

Patient-2 (Adult NPC)

A 27-year-old lady developed imbalance while walking
of 2 years duration which was slowly progressive. At
presentation, she was self-ambulatory. She had vertical
saccades slowing, dystonic posturing of (Video 1),
impaired tandem gait. There was mild splenomegaly with
thrombocytopenia. MRI of the brain was normal. Bone
marrow examination showed sea blue histiocytes and
foamy macrophages.

Patient-5 (Juvenile NPC)

A 20-year-old lady born of non-consanguineous parental.
She had a history of neonatal jaundice and developed
dystonia of upper limbs at the age of 12 years which became
generalised involving cranial, oropharyngeal musculature.
The dystonia was gradual in onset and progressed to be
generalised in topographic distribution within 3 years
of onset. In addition, there was VSGP. The Burke-Fahn-
Marsden dystonia rating scale (BFMDRS) score was 109. MRI
of the brain showed diffuse cerebral and cerebellar atrophy.
She underwent deep brain stimulation (DBS) of bilateral
globus pallidus interna (GPi) due to sub-optimal response
to medications. At 6-month follow-up, there was reduction
in the severity of dystonia (BFMDRS score - 68). She was
able to ambulate with persons support (Video 2).

Patient-6 (late infantile NPC)

An 8-year-old girl child born out of consanguineous
parentage with normal perinatal history and developmental
milestones developed dystonia of upper limbs at the age of
4 years which became generalised within 1-2 years. There
was no diurnal variation. She had decrease in scholastic
performance with dysarthria. She had VSGP, generalised
dystonia and bi-pyramidal signs (Video 3). Bone marrow
examination showed sea blue histiocytes.
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Figure 1 Brain MRI of 2 patients with late-infantile onset NPC (A-F); (A-C) Fluid-attenuated inversion recovery (FLAIR) axial images
showing periventricular hyperintense signals (red arrow); (D) axial T1-weighted image showing normal cerebellum (red arrow); (E, F) Axial
T2-weighted image showing periventricular hyperintense signals and fronto-temporal atrophy (red arrow); (G) Axial T1-weighted image of
juvenile-onset NPC showing right lateral frontal atrophy (red arrow).

Figure 2 Brain MRI of patients with adult-onset NPC; Patient no 2 (A) Sagittal T2-weighted image showing cerebellar atrophy (red arrow);
Patient no 3 (B, C)- (B) Axial T1-weighted image showing frontal atrophy with prominent ex-vacuo dilation of lateral ventricles (red
arrow); (C) Axial T2-weighted image showing bilateral temporal atrophy and cerebellar atrophy (red arrow); Patient no 4 (D-F); (D) Axial
T2-weighted image showing cerebellar atrophy (red arrow); (E) Axial T1-weighted image showing cerebellar atrophy (red arrow); (F) Axial
FLAIR image showing cortical atrophy (red arrow).
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Figure 3 Bone marrow aspirate (A, B) showing sea blue histiocytes (red arrow).

Video 1 Adult-onset NPC. Video of patient-2 showing slow
vertical saccades with round the houses sign, zig-zag trajectory
of vertical saccades (segment 1) and outstretched hands finger
dystonia (segment 2) (Consent taken for publication).

Video 2 Juvenile-onset NPC. Video of patient-5 showing
generalized dystonia (segment 1) and vertical supranuclear gaze
palsy (segment 2). There was no parkinsonism (Consent taken for
publication).

4. DISCUSSION

Movement disorders is one of the clinical manifestations of
NPC. We report 9 cases of NPC with different age at onset
and elucidate the spectrum of movement disorders in NPC.
Two patients had late-infantile onset, 4 juvenile-onset
and 3 adult-onset NPC. Movement disorders was the first

Video 3 Late infantile onset NPC. Video of patient-6
showing vertical saccadic initiation failure with head thrust
(segment 1) and upper and lower limb dystonia (segment 2)
(Consent taken for publication).

symptom in 4 patients. Dystonia was the most common
movement disorder in our cohort followed by ataxia and
myoclonus. The spectrum of movement disorders in late-
infantile NPC has not been reported. There are few studies
which have described the spectrum of movement disorders
in juvenile and adult-onset NPC. Ebrahimi-Fakhari et al
reported spectrum of movement disorders in 5 patients
with NPC. The age of onset of movement disorder was
between 10 and 14 years of age. Ataxia and generalised
dystonia (4 out of 5 patients) and only ataxia in one patient
was the most common movement disorder in their cohort.
Gelastic cataplexy was reported in 2 patients and akathisia
in 1 patient [18]. Anheim et al from France reported the
heterogeneity of movement disorders in 4 juvenile-
onset and 1 adult-onset NPC patients. Ataxia was the
most common movement disorder followed by dystonia,
myoclonus and chorea [19]. Koens et al reported 8 cases of
NPC wherein 5 were juvenile-onset and 3 adolescent/adult-
onset NPC. Myoclonus (cortical, positive and negative) and
dystonia (generalised) were the most common movement
disorder followed by ataxia [20]. Overall, dystonia, ataxia
and myoclonus are the most common movement disorder
in NPC across all age of onset. A summary of these studies
is shown in Table 2.


https://vimeo.com/746440774
https://vimeo.com/746440834
https://vimeo.com/746440800
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STUDY SEVIN ET AL, 2006  ANHEIM ET AL, 2014 KOENS ET AL, 2016 CURRENT STUDY
Number of patients 13 5 8 9
Study country France France Netherlands India

Categorization based on 13 adult-onset

age at onset

4 juvenile-onset
1 adult-onset

2 late-infantile onset
4 juvenile-onset
3 adult-onset

5 juvenile-onset
3 adolescent/adult-onset

Types of movement Ataxia (11) Ataxia (5) Myoclonus (5) Dystonia (6)
disorders (n) Dystonia (7) Dystonia (3) Dystonia (5) Ataxia (5)
Myoclonus (2) Myoclonus (3) Ataxia (3) Myoclonus (1)
Chorea (1) Chorea (1)
Cataplexy (2)
Movement disorder as Ataxia (2) Ataxia (3) Ataxia (4) Ataxia (2)
first symptom (n) Dystonia (3) Myoclonus (1) Myoclonus (3) Dystonia (2)
Dystonia (1)

Table 2 Summary of other studies on spectrum of movement disorders in NPC.

n-number of patients, NPC-Niemann-Pick Type C.

The movement disorders in adult-onset NPC in our
cohort were cerebellar ataxiain all 3 patients (as presenting
symptom in 1 patient) and bilateral finger dystonia in 3
patients. Sévin et al reported a larger cohort of 13 cases
of adult-onset NPC and cerebellar ataxia, dystonia was the
common movement disorder. Dystonia was generalised in
2 patients, hemidystonia in 1 patient and involving both
hands and feet in 6 patients. Five patients had movement
disorder as the first symptom (Table 2) [16]. Anheim et al
reported 1 patient with adult-onset NPC presenting with
cerebellar ataxia and cortical myoclonus [19]. Koens et al
reported 3 patients with adult-onset and 2 had ataxia, 1
had myoclonus as the first symptom. All 3 patients had
cerebellar ataxia, 2 patients had generalised dystonia
and 2 patients had myoclonus during the course of their
illness [20].

Juvenile-onset patients of our cohort had generalised
dystonia as the first symptom in 1 patient and cerebellar
ataxia in 1 patient. Ebrahimi-Fakhari et al reported 3
patients with juvenile-onset and all 3 had cerebellar ataxia
and generalised dystonia [18]. Anheim et al reported 4
patients with juvenile-onset and cerebellar ataxia occurred
in all 4 patients, dystonia in 3, myoclonus in 2 and chorea
in 1 patient. Cerebellar ataxia was the first symptom in 3
patients and myoclonus in 1 patient in their cohort [19].
Koens et al reported 5 patients with juvenile-onset and
myoclonus in 2 patients, cerebellar ataxia in 2 patients
and dystonia in 1 patient was the presenting movement
disorder. Cerebellar ataxia was seen overall in 4 patients,
dystonia in 3 and myoclonus in 3 patients [20]. One
patient with juvenile-onset NPC from our cohort had
undergone bilateral GPi DBS for the generalised dystonia
with improvement in the severity of the dystonia. Gonzalez
V et al had reported DBS (GPi and thalamic target) in

one patient with adolescent-onset NPC who had status
dystonicus [21]. DBS has shown to reduce the severity of
dystonia in NPC.

Jahnova et al reported 13 patients with late-infantile
onset NPC and had psychomotor retardation/regression,
retardation of speech development, epilepsy, gelastic
seizures/cataplexy, ataxia and dysarthria [22]. We had
2 patients with late-infantile onset and one patient
presented with generalised dystonia and the other with
regression of acquired milestones with stimulus-sensitive
myoclonus. To summarise the spectrum of movement
disorders in different age of onset, juvenile and adult-
onset NPC have similar spectrum of dystonia, ataxia and
myoclonus whereas late-infantile onset NPC have dystonia
and myoclonus associated with developmental delay than
the cerebellar ataxia.

Vertical supranuclear saccadic paresis is one of the
robust early neurological indicators of NPC. Slow and
hypometric vertical saccades particularly downward is
the initial oculomotor abnormality in NPC. As the disease
progresses, there is complete VSGP seen [23, 24]. All our
patients had VSGP except one patient who had VSGP with
only slowing of saccades. Interestingly, we had 4 patients
with thrombocytopenia which may be secondary to splenic
sequestration. The thrombocytopenia has been reported
in NPB cases and fetal NPC but not in the other age at
onset. There are about 700 NPC1 variants which have been
reported so far, among which around 420 are considered
as pathogenic variants. The p.I1061T NPC1 mutation has
been commonly associated with a juvenile-onset NPC and
p.P1007A NPC1 mutation commonly associated with a
juvenile and adult onset [25].

This study adds to the growing literature on the spectrum
of movement disorders in different age at onset cases of
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NPC. However, this study was not devoid of limitations.
The small sample size, lack of molecular genetic testing
for diagnostic confirmation, selection and recall bias while
recruiting the cases were the limitations of this study.

CONCLUSION

Movement disorders are common in NPC and it can occur as
a presenting symptom. Dystonia and cerebellar ataxia were
the most common movement disorder presenting as first
symptom in our cohort. However, dystonia was the most
common movement disorder during the course of the illness.
NPC has variable clinical presentation according to the age of
onset. Juvenile and adult-onset NPC have similar spectrum
of movement diorders with dystonia, ataxia and myoclonus
as the common movement disorder. However, late-infantile
have dystonia and myoclonus as common movement
disorder than cerebellar ataxia associated with developmental
delay. The presence of VSGP, movement disorders, dysarthria,
dysphagia, cognitive decline and psychiatric disturbances
should lead to the clinical suspicion of NPC.
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