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ABSTRACT – Aim. We discuss the effectiveness, tolerability, and safety of
vagus nerve stimulation (VNS) as adjunctive therapy in 64 paediatric patients
with refractory epilepsies. Materials and methods. Sixty-four patients
(34 male and 30 female) implanted with VNS for refractory epilepsy were
analysed. Electroclinical features were compatible with Lennox-Gastaut syn-
drome in 46 patients, focal epilepsies in 10 patients, Dravet syndrome in
three patients, epilepsy with myoclonic-astatic seizures in three patients,
and West syndrome in two. The NeuroCybernetic Prosthesis (NCP) system
(Cyberonics, Webster, TX, USA) was employed and the following stimula-
tion parameters were used: output current of 1 to 2.5mA, signal frequency
of 30Hz, signal pulse width of 500�s, and signal “on” and “off” times of
30 seconds and 5 minutes, respectively. Results. Of 46 patients with LGS,
30 cases showed a significant improvement in seizure control, with a reduc-
tion in seizure frequency of at least 50%. Ten patients with focal epilepsy,
three patients with myoclonic-astatic seizures, two patients with Dravet, and
two patients with West showed a significant improvement in seizure con-
trol, with a reduction in seizure frequency of at least 50%. A good clinical
response was evident early and efficacy progressively improved with the
duration of treatment up to 36 months. In a significant number of patients,
reduced seizure severity and shorter recovery time and hospital stay were
also observed. VNS was well tolerated in all patients. Conclusion. VNS is an
effective and well-tolerated treatment for paediatric patients with refractory
epilepsies, improving quality of life and neuropsychological performance.

Key words: epileptic encephalopathy, pediatrics, focal epilepsy, treatment,
vagus nerve stimulation
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agus nerve stimulation (VNS) is an adjunctive therapy
pproved for use in adult and paediatric patients with
rug-resistant epilepsy (Labar et al., 1999; Rossignol
t al., 2009; Kabir et al., 2009; Colicchio et al., 2010;
oykendall et al., 2010; Abd-El-Barr et al., 2010; Elliott
t al., 2011a; Elliott et al., 2011b). VNS has been
lso used for very young children (Zamponi et al.,
008). The majority of adult patients treated with
NS have focal epilepsy, however, in children VNS is
ore often used in patients with symptomatic gener-

lised epilepsy, including epileptic encephalopathies.
number of open case reports and uncontrolled

tudies of VNS have been published, suggesting
ossible benefits for patients with medically refrac-

ory seizures, including Lennox-Gastaut syndrome
LGS), and developmentally disabled or mentally
etarded patients with epilepsy (Lundgren et al.,
998; Parker et al., 1999; Murphy et al., 2000; Hosain
t al., 2000; Majoie et al., 2001; Frost et al., 2001;
elmers et al., 2001; Benifla et al., 2006; Buoni et al.,

004).
tudies to date describe effects of VNS in terms of
eduction of seizure frequency, diminished antiepilep-
ic drug (AED) requirement, and improvement in
verall quality of life (Schmidt and Bourgeois, 2000;
atum et al., 2001; Cramer et al., 2001; McLachlan et
l., 2003; Sherman et al., 2008; Mikati et al., 2009). How-
ver, the therapeutic effects of VNS are in fact more
ignificant and the benefits reported by patients are
elated to effects on seizure severity, postictal reco-
ery, and termination of seizures (Shahwan et al., 2009).
xperience also suggests improved seizure control
ver time (Uthman et al., 2004; Cersósimo et al., 2011).
ere, we discuss the effectiveness in terms of seizure

requency, seizure severity, recovery time, tolerability,
nd safety of VNS as adjunctive therapy in 64 paediatric
atients with refractory epilepsy using a new classifi-
ation for outcome (McHugh et al., 2007).

aterials and methods

n this retrospective study, 64 patients implanted with
NS, as a result of refractory epilepsy, were analy-
ed. The epileptic syndromes recognised were LGS
n 46 patients, focal epilepsies in 10, Dravet syndrome
DS) in three, epilepsy with myoclonic-astatic seizures
EMAS) in three, and West syndrome (WS) in two
atients. Twenty-six patients have been published
pileptic Disord, Vol. 13, No. 4, December 2011

reviously (Cersósimo et al., 2011).
he VNS device was implanted subcutaneously in the
pper left side of the chest under general anaes-

hesia in sixty-two patients. Because the right vagus
erve has efferent projections to the sinoatrial node,

he left vagus nerve is used for stimulation. The
agus nerve stimulator was implanted in the right

m
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ide in two patients due to a shunt for hydrocephalus
mplanted in the left hemisphere in one and severe
nfection of the device implanted in the left side in the
ther. The NeuroCybernetic Prosthesis (NCP) system

Cyberonics, Webster, TX, USA) was employed and the
ollowing stimulation parameters were used:

- output current: 1 to 2.5mA;
- signal frequency: 30Hz;
- signal pulse width: 500�s;
- signal “on” and “off” time: 30 seconds “on”,

5 minutes “off”;

he patients included in this study met the following
riteria:
. Refractory epilepsies including epileptic
ncephalopathy (Engel, 2001, 2006);
. Epilepsy history of more than five years with seizures
efractory to AEDs. In some cases, seizures were also
efractory to the ketogenic diet and callosotomy;
. Absence of progressive or systemic diseases.
atients with severe swallowing difficulties, severe
elf-mutilating behaviour, congenital heart defects, or
ith poor parental collaboration were not included.

three-month baseline frequency of seizures
stablished before implantation was used for compari-
on with seizure frequency after implantation.
mplantation included both a cervical incision for
mplanting the electrode and a subclavicular incision
or implanting the stimulating unit.
nformation was collected regarding each patient’s
re-implantation history, seizures, implant, quality of

ife (QOL), and adverse events. Approval for the chart
eview was obtained as required at the institution.

OL was assessed using the Quality-of-Life in Child-
ood Epilepsy Questionnaire (QOLCE) of the Child
pilepsy Questionnaire Parental Form (CEQ-P [II])
Sabaz et al., 2000). The QOL questionnaire responses
ere measured at baseline and after six months of VNS

herapy.
iven the retrospective nature of the study, exten-

ive chart review provided information on seizure
requency. Frequency of the seizures according to type
as recorded as reported by the patient, parent, or
uardian using a seizure diary and then combined to
alculate each patient’s average rate. After data col-
ection, seizure records were carefully analysed across
ll patient visits to corroborate correct interpretation
f the seizure counts. For the outcome measurement
fter VNS therapy, we used a classification system
383

odelled on the Engel classification by McHugh et al.
2007).
eizures were encoded according to the International
eague against Epilepsy classification (Commission,
981). The antiepileptic therapy was not changed
uring the first six months after surgery, with the
xception of one patient who had a status epilepticus.
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ental age was assessed using one of two different
ognitive tests: the WISC III or the Terman-Merrill
cales.
etiology of the type of epilepsy and epileptic syn-
rome were also considered. The aetiologies of the
ymptomatic cases were: perinatal injury in 20, mal-
ormations of cortical development in 12, sequelae of
ncephalitis in 12, hypothalamic hamartoma in one,
nd Aicardi’s syndrome in one.
nterictal and ictal EEG findings were analysed in all
atients. Video-EEG recordings were performed in
0 patients, however, video-EEG monitoring was not
outinely performed at various stages of the trial. The
ideo-EEG data were only used to accurately classify
he type of epilepsy.
ll patients had been treated with at least two AEDs

n different combinations with unsuccessful results
efore VNS placement.
he follow-up visits took place every two months to
ssess the degree of tolerance and clinical efficacy of
NS.
he intensity of stimulation, beginning at 0.50mA, was

ncreased by steps of 0.50mA until the stimulation
arameters reached 2mA at a frequency of 30 c/s, with
n “off” period of five minutes alternating with an “on”
eriod of 30 seconds (standard stimulation setting).

n 16 patients, the standard stimulation setting was
witched to an intermediate stimulation pattern (“on”
eriod of 30 seconds and “off” period of three minu-

es) after six months following an initial unsatisfactory
linical response. The intensity of magnetic stimula-
ion, beginning at 0.50mA, was increased by steps of
.25mA until the stimulation parameters reached 2mA.

ennox-Gastaut syndrome

orty-six patients, 26 male and 20 female, showed the
ypical electroclinical pattern of the syndrome. Twelve
f these patients had had epileptic spasms in the first
ear of life.
ll but one patient had multiple seizures. Overall,
ean seizure frequency was always very high. All

atients presented with mental retardation, which was
evere in 17 and moderate in three. A focal motor
eficit was found in eight patients. Seven patients had
reviously had palliative surgery (callosotomy) with-
ut good results.
ean age at implant operation was 13 years (range: 5-

9.5 years), with a mean epilepsy duration of 10.5 years.
84

he mean follow-up time was 30 months (range: 12-
08 months).

ocal epilepsies

en patients, six female and four male, had focal epilep-
ies, which were symptomatic in nine. Mean age at

s
s
t
D
a
A
c

mplant operation was 17 years (range: 13-19 years),
ith a mean epilepsy duration of 12.5 years. The
ean time of follow-up was 30 months (range: 12-

0 months).

ravet syndrome

hree patients, two male and one female, had charac-
eristic electroclinical features of DS. All three patients
ad multiple and daily seizures, severe mental
etardation, and behavioural disturbances. VNS was
mplanted at 13, 14, and 16 years of age and the

ean time of follow-up was 23, 26, and 30 months,
espectively.

pilepsy with myoclonic-astatic seizures

wo male and one female patient had electroclini-
al features compatible with EMAS. Two patients had
aily seizures and one had weekly seizures. All three
atients presented with severe mental retardation and
ehavioural disturbances. VNS was implanted at 13.5,
5, and 17 years of age and the mean time of follow-up
as 28, 34, and 40 months, respectively.

est syndrome

wo female patients had electroclinical features
ompatible with WS. Both patients had daily seizures
nd presented with severe mental retardation and
ehavioural disturbances. VNS was implanted at 5.5
nd 6 years of age and the mean time of follow-up
as 20 and 24 months, respectively. These two patients
ad epileptic spasms in clusters associated with
odified hypsarrhythmia when the VNS device was

mplanted.

esults

hirty-six males and 32 females implanted with VNS
ere included in the study. Mean age at implant opera-

ion was 14 years (range: 5-19.5 years) with a mean
pilepsy duration of 9.5 years. The mean follow-up time
as 32 months (range: 12-108 months).

ffectiveness

he children were discharged 48-72 hours after implant
Epileptic Disord, Vol. 13, No. 4, December 2011

urgery. On post-operative day 14, the VNS device was
witched on and the patients were periodically con-
rolled as outpatients.
ata were available for all patients and patients were

nalysed according to their type of epileptic syndrome.
s the study was retrospective, it was not possible to
ompare the percentage change in seizure frequency
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etween baseline and after treatment for the level
f stimulation. In patients with LGS and EMAS
ho responded well to VNS, drop-attack seizures
ecreased. In DS patients with positive results, all

ypes of seizures decreased. In the LGS group, we
id not find differences between the symptomatic and
ryptogenic patients either in terms of the severity of
ental retardation or seizure reduction, or differences

etween those patients who had previously had West
yndrome (WS) and those who had not. In patients
ith focal epilepsies, focal seizures decreased. Effec-

iveness of VNS according to epileptic syndrome is
ummarised in table 1 and according to seizure type
s summarised in table 2.

herapy

ver a follow-up of between 12 and 108 months,
he number of AEDs was reduced in 13/64 children,
hile the dose was reduced in ten without com-
romising seizure control. Ten patients received psy-
hotropic medications for concomitant behavioural
isturbances and these pharmacotherapies were sub-
equently discontinued in four children. Two patients
esponded well to the combination of VNS and zoni-
amide; for one of these patients with LGS and a seizure
eduction of 80%, zonizamide was added leading to
omplete seizure control.

europsychological outcome

omparing the changes in QOL questionnaire
esponses at baseline and after six months of VNS
herapy, all patients except three showed a significant
pileptic Disord, Vol. 13, No. 4, December 2011

mprovement in behavioural disturbances and cogni-
ive abilities related to seizure and AED reduction
nd the severity of mental retardation pre-VNS. The
atients also showed improvement with regards to
nergy levels, social aspects, and fear of seizures. The
ognitive test showed that all patients who responded
ell to VNS had improved mental age.

2
a
T
s
1
S
i

Table 1. Effectiveness of VNS in a series o

Epileptic syndrome Total Class 1A Class 1B Class 2A

LGS 46 28 0 12

Focal epilepsy 10 3 4

DS 3 0 0 1

EMAS 3 0 0 2

WS 2 0 0 1

he number of patients are summarised as a function of epileptic syn
GS: Lennox-Gastaut syndrome; DS: Dravet syndrome; EMAS: myoclo
Vagus nerve stimulation in paediatric epilepsy

ide effects

he surgical implantation of the device was well tole-
ated in all patients without significant complications.
n three patients, transient pain was reported at the
eurostimulator implantation site. Sixteen patients
omplained of hoarseness and coughing during the
etting phase when the stimulation parameters were
ncreased. Both these side effects disappeared within
ne to two days after stimulation adjustments. A
hange in vocal timbre was reported in all patients
xcept one during the stimulation period, however,
his was not considered a significant problem. Two
atients presented with an infectious complication;

n one the device was changed to the right side. No
ther significant side effects were observed in this
eries of patients. One patient of our series died due to
neumonia.

iscussion

n this study of VNS, in addition to the positive
esults for epileptic encephalopathies, we observed
ood seizure control in patients with focal epilep-
ies. In patients implanted with VNS, there may be
change in the severity of seizures. Therefore, even
hen seizure frequency is only slightly reduced, QOL
ay improve considerably due to fewer episodes of

tatus epilepticus resulting in less visits to the hospi-
al and more seizure-free days (Shahwan et al., 2009).
hus, VNS therapy may have a direct positive effect on
ood, behaviour, and attention, often independently

f seizure reduction.
ccording to the modified Engel score (McHugh et al.,
385

007), our study shows that 48.5% of the patients had
reduction in seizure frequency of 80% or more.

he results of VNS treatment in the children in our
eries support those of earlier reports (Lundgren et al.,
998; Murphy et al., 2000; Schmidt and Bourgeois, 2000;
chermann et al., 2001; Rychlicki et al., 2006). It is

nteresting to note that, similar to other series

f 64 patients with refractory epilepsy.

Class 2B Class 3A Class 3B Class 4 Class 5

0 6 0 0 0

0 3 0 0 0

0 1 0 0 1

0 1 0 0 0

0 1 0 0 0

drome and class.
nic-astatic seizures; WS: West syndrome.
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Table 2. Effectiveness of VNS according to seizure type in a series of 64 patients.

Epileptic
syndrome

Focal
seizures

Tonic
seizures

AA Drop
attacks

SGTCS Myoclonic
seizures

ES GTCS

LGS + +++ ++ +++ No SGTCS No Myoclonic
seizures

+ No GTCS

Focal epilepsy +++ No tonic
seizures

No AA No drop
attacks

+++ + No ES No GTCS

DS + No tonic
seizures

+ No drop
attacks

+ ++ No ES No GTCS

EMAS No focal
seizures

No tonic
seizures

++ ++ No SGTCS ++ No ES +

WS No focal No tonic No AA No drop
cks

No SGTCS + ++ No GTCS

A nic
s ol; +:
L oclo
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seizures seizures atta

A: atypical absences; SGTCS: secondary generalised tonic-clo
eizures; +++: very good seizure control; ++: good seizure contr
GS: Lennox-Gastaut syndrome; DS: Dravet syndrome; EMAS: my

ublished, patients who experienced a > 80% seizure
eduction account for the largest group (Rychlicki et al
006; Alexopoulos et al., 2006). None of our patients
ecame completely seizure-free. Results in the lite-
ature show that only 2-3% of all treated patients
ecome seizure-free while around 20% have a seizure
eduction of >75% (Ben-Menachem et al., 1999; Ben-

enachem, 2002; Boon et al., 2001) and 41.4% of
atients experience a seizure reduction of at least 75%

Elliott et al., 2011a; Elliott et al., 2011b).
his study supports our previous observation that
NS is also effective and safe in children with epilep-

ic encephalopathies. The present series includes
atients with LGS, DS, EMAS, and WS. Paediatric VNS
eries are often heterogeneous including different
ypes of epileptic syndromes, however, studies of
atients with epileptic encephalopathies, mainly LGS,
ave previously been published (Parker et al., 1999;
urphy et al., 2000; Hosain et al., 2000; Majoie et al.,

001; Frost et al., 2001). Several studies have shown that
NS produces satisfactory seizure control in patients
ith LGS, while others have failed to do so (Parker et

l., 1999; Labar, 2000; Rychlicki et al., 2006; Abd-El-Barr
t al., 2010). VNS was found to be more effective in
atients with symptomatic LGS in one study (Rychlicki
t al., 2006). Effectiveness also depends on the seve-
ity of mental retardation (Majoie et al., 2001; Rychlicki
86

t al., 2006). Currently, VNS is considered the treat-
ent of choice for LGS patients as it is less invasive

han callosotomy, is reversible and has few serious side
ffects (Frost et al., 2001; You et al., 2008). In our series,
eizure control was no better in LGS patients treated
ith VNS who had had a previous callosotomy than

n those who did not have a previous callosotomy.

r
d
T
b
l
l
S

seizures; ES: epileptic spasms; GTCS: generalised tonic-clonic
regular seizure control.
nic-astatic seizures; WS: West syndrome.

t is worth mentioning that one patient in our series
ith LGS associated with hypothalamic hamartoma,

s well as two patients with double-cortex dysplasia,
ad an excellent response to VNS. Another patient
ith hypothalamic hamartoma treated with VNS was
ublished by Murphy et al. (2000). In patients with
efractory LGS, VNS associated with the ketogenic diet
ay be a rational polytherapy (Kossoff et al., 2007). We

id not find a good synergic effect between VNS and
evetiracetam (Werz and Smith, 2001). These findings
hould be confirmed by studies with larger numbers
f patients. Since patients with LGS had WS in the first
ears of life and one of the patients with WS responded
ell to VNS, we consider that an earlier VNS implant
ay be beneficial for patients with refractory epileptic

pasms.
n our series, a good response was achieved early after
he device was implanted and improved gradually con-
rming the cumulative effect of VNS (De Giorgio et al.,
000; Aldenkamp et al., 2002; Schachter, 2002; Wilder
t al., 2004). This early good response to VNS may have
een obtained with a non-therapeutic amplitude of
timulation. This observation has recently been sug-
ested (Rychlicki et al., 2006) and supports the idea
hat, at least for paediatric patients, intensities of stim-
lation lower than those commonly used in clinical
ractice in adults may be therapeutic. However, the
Epileptic Disord, Vol. 13, No. 4, December 2011

ole of the stimulation parameters has not been clearly
efined so far.
he majority of our patients improved in terms of
ehavioural disturbances, cognitive abilities, and qua-

ity of life. Similar results have been described in the
iterature (Majoie et al., 2001; Hallbrook et al., 2005;
herman et al., 2008; Mikati et al., 2009).
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s in other series, the side effects of short and
ong-term VNS were mild (De Giorgio et al., 2000;
ldenkamp et al., 2002; Schachter, 2002). The most com-
on side effects, such as coughing, hoarseness, and

oice alteration, are related to the stimulation of the
evice and usually improve and disappear progres-
ively. In only two cases were infectious reactions to
he device observed.
ased on the outcome in these patients with particu-

ar focus on the epileptic syndromes, we believe that
NS is an important alternative option for patients
ith refractory epileptic encephalopathies and focal
pilepsy (Parker et al., 1999; Hosain et al., 2000; Majoie
t al., 2001; Frost et al., 2001; Buoni et al., 2004; De
iorgio et al., 2000; Aldenkamp et al., 2002; Schachter,

002; Rossignol et al., 2009; Kabir et al., 2009; Colicchio
t al., 2010; Coykendall et al., 2010; Abd-El-Barr et al.,
010; Elliott et al., 2011a; Elliott et al., 2011b).

onclusions

NS is an effective treatment for patients with refrac-
ory epileptic encephalopathies and focal epilepsies
nd effectiveness is also shown for different types of
pileptic seizures.
n our series of patients with LGS, an important number
f cases showed a significant improvement in seizure
ontrol, with a reduction in seizure frequency.
e also found a significant improvement in seizure

ontrol, with a reduction in seizure frequency of at
east 50% in patients with DS, EMAS, and WS.
dditionally, VNS should be considered in patients
ith hypothalamic hamartoma, double-cortex dyspla-

ia and refractory epilepsy.
good clinical response was evident at an early stage

nd effectiveness progressively improved with the
uration of treatment up to 40 months.
OL and neuropsychological performance improved

n patients who not only had a reduction in seizure
requency, but also in the severity of the seizures.
he classification by McHugh is useful to measure the
utcome after VNS therapy beyond seizure frequency
eduction alone. Use of the classification will allow
or better comparisons between future studies of VNS
herapy. �
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