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Background: Niemann-Pick disease type C (NP-C) is a neurodegenerative disease for which only palliative
treatment exists, and only miglustat is effective in stabilizing neurological manifestations of NP-C. Ketogenic
dietary therapies (KDT) are successfully used in patients with seizure disorders, including those associated with
various inherited metabolic diseases (IMD), to reduce seizure frequency and medication requirement as well as to
confer neuroprotection. Since patients with NP-C suffer pharmacorefractory seizures associated with ongoing
neurodegeneration, KDT might be beneficial. The concomitant use of miglustat and KDT in patients with NP-C
has not been reported.

Case presentation: We describe our experience in a now 17-year-old female with NP-C manifest early in childhood
who has been successfully and continuously treated with miglustat and KDT in a palliative care setting for 3y.
Although the neurodegeneration of NP-C progressed, she benefited from a reduction in seizure activity, fewer
hospital stays related to seizure exacerbation, and increased alertness.

Conclusion: KDT could be safely deployed in our patient with NP-C, in whom its effects have been beneficial.
Generally KDT is demonstratedly efficacious in patients with epilepsy and IMD. It reduces seizure activity and
medication requirements and confers neuroprotection. Intracellular cholesterol trafficking and regulation of
cholesterol biosynthesis are impaired in NP-C, which may prompt caution with respect to dietary lipid intake.

restriction in patients with NP-C is discussed to ameliorate the gastro-
intestinal side effects associated with miglustat therapy [8], the

1. Introduction

Niemann-Pick disease type C (NP-C) is a rare neurovisceral lyso-
somal disorder with autosomal recessive inheritance caused by muta-
tions in either NPC1 (95%) or NPC2 (~4%) [1].

NP-C is characterized by abnormal lysosomal accumulation of
unesterified cholesterol and glycolipids that results in progressive
neurological deterioration, severe loss of quality of life, and premature
death [2]. The only available drug effective in stabilizing neurological
manifestations is miglustat [2-5].

Yet NP-C is an invariably progressive disease and therapy is limited
to delaying deterioration. Ketogenic dietary therapies (KDT) are suc-
cessfully used in patients with seizure disorders and various inherited
metabolic diseases (IMD) that conduce to seizure disorders. They reduce
seizure activity and medication requirements and protect neurologic
function [6,7]. Although dietary carbohydrate modification and

concomitant use of miglustat and KDT in patients with NP-C is not
described. In a case series where the long-term effects of intrathecal 2-
Hydroxypropyl-p-Cyclodextrin treatment was evaluated, one patient
who was on KDT prior to diagnosis and miglustat therapy was included
who did not show any apparent benefit of KDT [9].

2. Case report

We describe our experience in attending a now 17-year-old female
with NP-C manifest aged 3y that has been successfully and continuously
treated with miglustat and KDT in a palliative care setting for 3y at this
writing. This therapy reduced seizure frequency and hospital stays and
improved patient alertness.
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2.1. Initial findings and diagnosis

Our patient was born at term after an uneventful second pregnancy
to non-consanguineous Caucasian parents. The first pregnancy ended in
spontaneous abortion. The mother has epilepsy treated with
carbamazepine.

The parents reported motor and language developmental delay
apparent at age 3y. The patient was seen in our clinic first at age 5y; no
diagnosis was assigned. Behavioral disturbances began at age 9y, with
self-harming and injury to others, ataxia, dysphagia, and repetitive
seizures. This prompted re-assessment. Bilateral oculomotor palsy was
found, with exotropia. Abdominal sonography showed mesenteric
lymphadenopathy and hepatosplenomegaly. A lysosomal storage dis-
ease was suspected. Filipin staining of skin fibroblasts found accumu-
lation of wunesterified cholesterol in the endosomal/lysosomal
compartment, permitting the diagnosis of NP-C. The patient proved to
harbor biallelic mutations in NPC1 (c.1421C>T/p.Pro474Leu, known
[10], and ¢.3289_3291del/p.Asp1097del).

2.2. Treatment and clinical course

Anti-epileptic treatment with levetiracetam (LEV; initial target dose,
30 mg/kg/d) was initiated empirically at age 9y, when seizures began.
Immediately after definitive diagnosis (still at age 9y), substrate
reduction therapy with miglustat was initiated (400 mg/m? body sur-
face area/d). Emesis and diarrhoea were mild. After 2mo, seizures
worsened and expressive speech was entirely lost. LEV therapy was thus
increased stagewise (dose achieved, 50 mg/kg/d).

At age 10y exotropia and hand-eye-coordination improved. Over the
next 2y, however, neurodegenerative worsening was volatile, with
emergence of swallowing difficulties that led to malnutrition. A gas-
trostomy thus was placed at age 12y and an overnight partial continuous
feeding regimen (1/3 of estimated total energy expenditure = 500 kcal)
was established. At the same time, the patient lost ability to walk.
Alternating patterns of high- and low- (1-2 seizures a day) seizure fre-
quency (respectively 20 seizures/h and 1-2/d) characterized the pa-
tient’s 12th and 13th years of life. At age 13y gastrointestinal
manifestations emerged (chronic constipation, successfully treated with
soluble fibre). At age 14y exacerbations of seizures led to escalation of
anti-epileptic treatment. Buccal midazolam (10 mg) was used as rescue
medication for seizures lasting longer than 5 min. The patient’s LEV was
enhanced (dose achieved, 70 mg/kg/d) and complemented with clo-
bazam (CLB; 0.15 mg/kg/d). Yet neurological deterioration progressed,
in particular seizure severity and seizure frequency.

After 3mo of unsatisfactory drug therapy, we re-considered the

3
J25
©
E2
o 15
L 1
Q
M5
0
3210123456

days pre/post initiation of KDT

e B-OHB morning
B-OHB evening

Molecular Genetics and Metabolism Reports 27 (2021) 100723

therapeutic options. Expecting more side effects without improvements
if another anti-epileptic drug was begun, we decided to initiate a clas-
sical KDT with a ketogenic ratio of 4:1 whilst continuing the drug
regimen then in place.

Enteral feeding via gastrostomy facilitated this, using a ketogenic
formula (fat to non-fat 4:1). KDT is traditionally introduced by
increasing the ketogenic ratio stepwise. We replaced one-third of calo-
ries/d until full tolerance was achieved (1560 kcal/d, 45 kcal/kg).
Within 5d whole blood p-hydroxybutyrate (B-OHB) levels rose to 2.7
mmol/L (Fig. 1). Duration and frequency of seizures fell (Fig. 1) and
alertness increased. Although neurodegeneration was thought to prog-
ress, with persistent and worsening signs, during the first 3y of KDT,
average hospital admissions and inpatient days were fewer within 3y
under KDT than during the 3y before (10 vs. 14 and 94 vs. 113
respectively).

As electroencephalography (EEG) was stressful for our patient and
little clinical benefit was expected, it was limited to a minimum. EEG
10mo prior to KDT showed multifocal as well as generalized epilepto-
genic activity as typically seen in patients with Lennox-Gastaut syn-
drome. After initiation of KDT, little changed yet stabilized
epileptogenic activity was observed. Changes included slowing of
background rhythm and continuous disorganization of sleep related
elements. Generalized seizures were solely identified by an increased
activity from 6 to 8/s to 14-30/s for 30 to 120 s.

The 3rd year of KDT saw an abrupt rise in hospital admissions and
inpatient days that we ascribe to personnel and structural changes in the
care facility where the patient lives rather than to a change in her dis-
order. After initiation of KDT no further hospital admissions due to
seizure exacerbation were necessary (Fig. 2). Seizure duration remains
<5 min even after 3y on KDT. The patient now, at age 17y, has received
KDT for 3y without any identified KDT-associated side effects.

3. Discussion

Concomitant use of miglustat and KDT (“Syner-G”) improves sur-
vival in patients with GM1 gangliosidosis and GM2 gangliosidosis (Tay-
Sachs disease, Sandhoff disease) [11]. Ketosis may increase miglustat
uptake and accumulation in forebrain of the B-hexosaminidase (Hexb)
knockout (—/—) murine model of Sandhoff disease [12].

How KDT acts in pharmacoresistant epilepsy is not fully understood.
Proposed mechanisms are linked either to direct effects of ketones and of
glucose restriction or to interactions with receptors, channels, and
metabolic enzymes [13]. KDTs in IMDs are used either to target the
underlying metabolic disorder (e.g., glucose transporter type 1 defi-
ciency syndrome) or to target symptoms (e.g., seizures in non-ketotic
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Fig. 1. Ketosis (serum B-OHB levels) and seizure frequency during KDT.
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Fig. 2. Hospital admissions and inpatient days before and after initiation of KDT.

hyperglycinemia) [14]. They efficaciously reduce seizure activity and
medication requirements and confer neuroprotection. One of the hy-
potheses of underlying pathophysiology in NP-C is that it triggers
oxidative stress damage and apoptotic cell death [15]. Chronic ketosis as
induced via KDT is thought to limit reactive oxygen species generation
and thus might prevent apoptosis [16]. In addition, carbohydrate
modification and reduction as derived by KDT could show successful
amelioration of gastrointestinal side effects associated with miglustat in
two patients with NP-C [8].

Although intracellular cholesterol trafficking and regulation of
cholesterol biosynthesis are impaired in NP-C, which may prompt
caution with respect to dietary lipid intake, fat-rich KDT can perhaps be
safely deployed in patients with NP-C, in whom its effects may be
beneficial.

4. Conclusion

In a non-terminal palliative care setting, KDT could temporarily
improve quality of life through reduction in seizure activity, increased
alertness, and reduction in both hospital admissions and inpatient days
in a 14-year-old female patient with NP-C. Our experience may
encourage further research into how KDT can be beneficially deployed
in NP-C patients.

Synopsis

Over 3y beginning at age 14y in a girl with NP-C, classical KDT
combined with miglustat, levetiracetam, and clobazam improved qual-
ity of life over that achieved with miglustat, levetiracetam, and cloba-
zam. KDT reduced seizure activity and increased patient alertness.
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