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Ever since the discovery by Bailey and Bre-
mer in 1938 that wvagal stimulation

(VNS) in cats induced changes in EEG”, nu-

nerve

merous studies have been made on the effects
of the vagal stimulation on brain discharges.
In 1985, Jacob Zabara published his findings
that vagal stimulation induced suppression and
prevention of epilepsy in animal modelsm, lead-
ing to the first human stimulator trial in 1988
3), ultimately approved by FDA in 1997. Cur-
rently, the vagal nerve stimulation (VNS) is,
along with ketogenic diet and epilepsy sur-
gery, one of treatment modalities applicable to
patients who are refractory to a standard me-
dical treatment. As of the year of 2002, 16,000
patients have received the VNS implantation,
with a quarter of them being younger than 18
years of age4). First Korean VNS implantation
was performed in 1999. According to the data
(Houston, TX),

more than 35 patients received the VNS im-

supplied by Cyberonics Co.

plantation in Korea by the year of 2003, with
15 of them being younger than 18 years of
ageS). The pediatric patient pool in our hospital
is one of the largest in Korea, with a history
of the VNS implantation that dates back to 5
years age. The outcomes of the pediatric pa-
tients with the VNS implantation have not
been well reported in the literature. We hereby
report on our experiences with an intention to
ald in the implementation of this relatively
new technique and to evaluate its efficacy in

children.
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Materials and Methods
1. Subjects

Twelve patients who visited the Yonsei Uni-
versity Medical Center and Sanggye Paik Hos-
pital from July 1999 to April 2004 to receive
VNS implantation were followed up and eval-
uated. Six patients were male and six were
female. Patients were considered candidates for
VNS if they were medically intractable to more
than three kinds of antiepileptic medications,
were ineligible for epileptic surgery due to
generalized epileptic focuses or unacceptably
high risk of surgery, and failed ketogenic diet
due to unsatisfactory response, side—effects, or
non-compliance. No discriminations were ap-
plied to candidates regarding age or types of
seizures. Effectiveness of the treatment was
determined by the reduction of seizure fre-
quencies as reported by the parents or guard-

ans.

2. Application of Device

VNS device was supplied by NeuroCyber-
netic Prosthesis (NCP). Four patients were im-
planted with NCP Model 100, and the rest
were implanted with Model 101. No significant
differences existed between the two devices
except battery lifespan - Model 101 can last
for 10 years, as opposed to Model 100, which
had a battery life of 5 years only. Device pa-
rameters were set in accordance with the
guidelines set by FDA and the device manual
supplied by the Cyberonics company, with
settings adjusted to each patient’s individual
requirements. After implantation, initial parame-
ters were set as follows; output current at 0.25

mA, frequency of 30 Hz, pulse width of 500
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usec, and duty cycle of 30 seconds “on” and 5
minutes “off” time. Parents or guardians were
supplied with device magnets to manipulate
the device in cases of seizures or extreme side
effects, and the magnet parameters were set
with output current 0.25 mA higher than base-
line in order to facilitate habituation at higher
currents, and hence improve tolerability. Pa-
tients were followed up every 2 weeks post-
surgically to evaluate the efficacy and the
presence of any adverse effects and to adjust
the device parameters. Output currents were
increased by 0.25 mA at every visit until clear
reduction in seizure frequency was achieved or
an output current of 3.5 mA was reached. Du-
ty cycle ratio was increased to more than 25%
(30 seconds ON, less than 1.8 minutes OFF) in
patients who did not show any visible reduc-
tion in seizure activities 3 months post-surgi-
cally. Duty cycle was returned back to the
initial setting if the patient failed to respond to

higher cycles after 3 months in order to con-

Implantation of Device

day after surgery

Start output current at
0.25 mA

Increase output current by 0,25
mé every 2 weeks until selzure
improves

Output current at 1.0 ~

VX R Bhobel K] W] A1 7 A4

Stimulation started 2 weeks post-
surgically or, if patient is comfortable, 1
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serve the battery. Pulse width was decreased
to 250 psec in cases of intolerance to initial
Stimulation was usually started 2

but

settings.
weeks post-surgically, in uncomplicated
cases with no special difficulties present after
the implantation, stimulation was initiated one

day post-surgically (Fig. 1).
3. Data Collection

Reduction in seizure frequencies, seizure
characters, and side-effects were obtained ver-
bally from parents or guardians at every clini-
cal visits, and were analyzed at three months,
twelve months and twenty four months post

surgically.

Results

Twelve cases were analyzed, which was
composed of six male and six female patients.
The mean age (X£SD) at the initiation of VNS

were 9 years 9 months (X60.5 months) (2

Gradually adjust duty

1.5 mA
Increase output current by
0.25 mA every 4 weeks until
seizure improves

Output current at

After 3 months, start
adiusting duty cyvcle if
effect Is unsatisfactory

cycle ratio to 35% every 3
months

If symptom persists at duty
cycle ratio of more than
35%, retumn to initial duty

maximum of 3.5 mA

cycle setting

Fig. 1. Recommended protocol of VNS parameter settings (Data from
Heck C, Helmers SL, Degiorgio CM. Neurology 2002;59(Suppl 4):31-

7).
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years 9 months-17 years 10 months), and the
mean duration of seizure (£ SD) before implan-
tation was 8 years 7 months (£68.6 months)
(1 year 8 months-17 years 10 months). Mean
follow-up period after implantation was 21.6
months (+£23.3 months) (3 months-4 years 9
months). In five patients, follow-up period ex-
ceeded 12 months, while in seven patients, it
was less than 12 months. Types of seizure
included 9 with Lennox-Gastaut syndrome,
two patients with partial seizure with second-
ary generalization, and one patient with gel-
astic seizure originating from hypothalamic
harmatoma. All cases of Lennox—Gastaut syn-
drome received ketogenic diet and failed due to
either unsatisfactory effect or patient intoler-
ance. Two cases of partial seizure with sec-
ondary generalization were inappropriate can-
didates for surgery due to the presence of
multiple seizure foci over both hemispheres,
and one case of hypothalamic harmatoma did
not receive resection of mass due to parental
refusal to operate owing to the risks associ-

ated with surgery, which they deemed unac-

ceptable (Table 1). Efficacy of the treatment
was evaluated at 3 months, 12 months and 24
months after implantation. Among the five pa-
tients who were followed up for more than 12
months, two patients with Lennox—Gastaut
syndrome and one patient with partial seizure
of cryptogenic origin showed a 50% decrease
in seizure frequency after 3 months. At 12 and
24 months, patient with partial seizure showed
a 90% reduction in seizure frequency, while
one case of Lennox-Gastaut syndrome origi-
nating from previous encephalitis showed a
reduction of 75% at 12 and 24 months, and
one case of Lennox—Gastaut syndrome of cryp-
togenic etiology showed maintenance of re-
duced seizure frequency at 50% of baseline.
One case of gelastic seizure from hypothalamic
harmatoma and a case of cryptogenic Lennox-—
Gastaut syndrome failed to respond to VNS
after 24 months of treatment. However, brief
reduction of seizure severity was observable
after magnetic stimulation of the device in gel-

astic seizure. Magnetic stimulation was useless

in other four cases. In seven patients, follow—

Table 1. Clinical Data of Twelve Patients with VNS Implantation

Patient Age at surgery Duration of F/U Epilepsy classification Etiology

1 87 57 P2G Cryptogenic

2 92 38 LGS Encephalitis

3 214 57 LGS Cryptogenic

4 177 53 Gelastic Hypothalamic harmatoma
5 76 26 LGS Cryptogenic

6 139 3 LGS Pacygyria

7 &85 8 LGS Cryptogenic

8 33 4 IS = LGS Tuberous Sclerosis
9 40 4 LGS Cryptogenic

10 152 3 LGS Cryptogenic

11 207 3 P2G Cryptogenic

12 101 3 LGS R/O Metabolic disorder

Datas are in months, P2G : Partial Sz ¢ 2° Generalization, LGS : Lennox-Gastaut Syndrome, IS : Infantile

spasm
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up duration was 3 months. Patient group was
composed of six Lennox-Gastaut syndromes
and one partial seizure patient with secondary
generalization. One Lennox—Gastaut patient ex-
hibited pachygyria in brain MRI, one case had
Lennox—Gastaut syndrome that evolved from
infantile spasm with concomitant tuberous scle-
rosis, one case had suspected metabolic disor-
der, and the rest of the Lennox-Gastaut cases
were cryptogenic in origin. One case of partial
seizure was cryptogenic in origin. One case of
cryptogenic Lennox-Gastaut syndrome and one
case of tuberous sclerosis showed total abla-
tion of seizure activity 3 months after implan-
tation. One case of Lennox-Gastaut syndrome
with pachygyria and one case of cryptogenic
origin showed 50% reduction in seizure fre-
quency after 3 months, while one case of par-
tial seizure also showed a 50% reduction of
seizures. Another cryptogenic Lennox-Gastaut
syndrome patient showed a 25% decrease in
seizure activity, and one patient with suspected
metabolic disease failed to respond to the
treatment (Fig. 2). In cases that are non-re-
sponsive to the treatment, output current was

increased to over 3.0 mA, and changes in duty

@3 Months B12 Months 024 Months

1001

80r

60f

40

20

-.,l e

2 3 4 5 6 7 8 2 10 11 12

Fig. 2. Seizure frequency reduction compared to
baseline for each patients at 3, 12 and 24
months after VNS implantation.
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cycles were made as dictated by the protocols
or according to the patient’s tolerability. How-
ever, alterations in duty cycle was clearly
effective in only one case of Lennox—Gastaut
syndrome, who showed complete ablation of
seizure after 3 months. In cases where seizure
reduction of over 75% were achieved, range of
output current varied from 0.75 mA to 3.25
mA, but in most cases, high output current
over 2.0 mA were necessary to reduce seizure
frequencies. Duty cycles were adjusted in cases
of inadequate effectiveness, but they were
mostly ineffective, necessiating a change back
to previous duty cycles (Table 2). Antiepileptic
medications were unchanged in most patients,
except two in whom reduction in seizure fre-
quency was maintained by single and double
antiepileptic drug therapy. Complications were
observed in four patients. On case developed
hoarseness after 12 months at output current
of 225 mA, and again after 21 months at
output current of 2.0 mA. In each episodes,
symptoms were controlled after output current
was reduced by 0.25 mA. This particular pa-
tient also developed wound infection of the op-
eration site that was unresponsive to antibiot-
ics treatment, but infection was healed after
revision of the wound site. Another case re-
ported excessive salivation at 3 months, but
this particular symptom subsided after clinical
observation. One patient complained of a sense
of mild dyspnea during sleep, but his symptom
improved after follow—up without any changes
in the device settings. Only one case of
generator malfunction was present after 44
months, and removal of device was necessary
in this case. No adverse side-effects such as
bradycardia or arrhythmia were observed dur-

ing implantation and test run of the device
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Table 2. VNS Parameter Settings at the Time of Data Acquisition

Patient Output current Duty cycle alteration

1 275 mA

2 3.25 mA

3 3.25 mA Off time set to 5 min at 3 years 6 months — No effect

4 3.5 mA On time set to 60 sec, Off time set to 3 minutes after 3 months — No effect
5 3.0 mA On time set to 60 min, Off time set to 3 min after 3 months — No effect
6 1.25 mA

7 2.0 mA Off time set to 3 min after 2 months

8 0.75 mA Off time set to 5 min from the beginning

9 1.25 mA On time set to 60 sec, Off time set to 5 min after 1 months

10 0.5 mA

11 0.75 mA

12 0.75 mA

inside the operating room.

Discussion

Anitepileptic medications are, in general, ef-
fective in treating epilepsies in children, but
32% of patients are pharmacoresistant — name-
ly, their symptoms are resistant to more than
three kinds of antiepileptic agents used in
combination®. Various kinds of treatment were
devised for treatment of such children, and
three kinds of treatment modalities are cur-
rently favored, namely Kketogenic diet, epilepsy
surgery, and vagal nerve stimulation. VNS is
a relative newcomer to this group, but the
possibility of such treatment was first sown in
1938, when Bailey and Bremer published their
article concerning EEG changes in cats in-
duced by vagal stimulation”. In 1985, Jacob
Zabara discovered that vagal stimulation was
effective in prevention of Seizuresm, and first
human application was performed in 1988 by
Kiffin Penry of Bowman Gray School of Med-
icine”. Approval for human application was

granted in Europe in 1994, and FDA approval

was granted in 1997 for “use as an adjunctive

therapy in reducing the frequency of seizures
in adults and adolescents over 12 years of age
with partial seizures which are refractory to
antiepileptic medications”.

The anatomy of the vagal nerve is impor-
tant in understanding the effects and adverse
reactions of VNS. The superior portions of the
vagus nerves are attached by multiple rootlets
to the medulla, and exit the skull by way of
jugular foramina. Covered by carotid sheath,
the vagus nerve runs through the neck between
the carotid artery and the jugular vein, and in
the upper chest, distributes to the left and
right side of the trachea. Afterwards, the vagi
distributes to various viscera in the abdomi-
nopelvic cavities. Vagus nerve is composed of
three types of fibers - A, B and C-fibers.
Narrow-caliber, unmyelinated C-fibers com-
prise the majority of vagal nerve components,
while myelinated, faster conducting A and B-
fibers accounts for the rest”. The vagal nerve
carries the somatic and visceral afferents and
efferents. The efferent fibers mainly originate
from neurons located in the medulla oblongata,
and the afferent fibers mainly originate from

two parasympathetic ganglia near the base of
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the skull. Vagal efferents innervate the mus-
cles of pharynx and larynx as well as most of
the thoracoabdominal viscera. They are mostly
parasympathetic projections to the heart, stom-
ach, liver, pancreas and intestines. The left va-
gus nerve carries most of the parasympathetic
fibers that less densely innervate the ventri-
cles, and the right vagus nerve carries most of
the parasympathetic fibers that more densely
innervates the cardiac atria® (Hence, vagal
anatomy favors left side over right to mini-
mize the cardiac complications). Afferent com-
ponent comprise about 80% of the fibers in the
cervical portion of the vagus nerve. Majority
of the special and general visceral afferents
carry gustatory information, visceral sensory
information, and other peripheral information,
while smaller group of vagal somatosensory
afferents carry sensory information from on
and near the ear.

The exact mechanism by which vagal stim-
ulation ablates or prevents seizures are not
clearly understood. Traditionally, desynchroni-
zation of hypersynchronous epileptic brain ac-
tivities were thought to be the reason behind
the therapeutic effects of VNS?. Current find-
ings suggest multitude of physiologic changes
that might contribute to the anti-convulsive
effect of the therapy. Decreased synchrony of
synaptic activities and increased arousal due to
better synaptic activities in thalamus and thal-
amocortical projections after timed stimulation
of vagus nerve was considered as one of such
changes. Other findings showed that synaptic
activities were increased in components of cen-
tral anatomical systems, such as insula and
hypothalamus. Transiently decreased synaptic
activities in components of limbic systems, such

as amygdala and hippocampus, were noted.
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VNS, in the long run, resulted in increased
concentration of serotonin and norepinephrine
in Raphe nucleig), and increased cerebral blood
flow'™ ™ that might contribute to the decrease
in seizure frequency.

VNS was approved by FDA after five pilot
studies (E01-E05) as treatment modality for
medically intractable partial seizure disorders
under the age of twelve. No age limitations
are set in Europe, and its application is wider
than in US. We did not set any age limita-
tions in selecting candidates for this treatment,
and all seizure types that are not responsive to
medical treatment and ketogenic diet have been
considered for implantation. As of year 2002,
over 16,000 patients world-wide have received
VNS implantation, with a quarter of them be-
ing under the age of 18 years, and half of the
youngsters being less than 12 years of age4).
After the first Korean patient has been im-
planted with VNS in 1999, 35 patients have
received this treatment by year 2003 in Korea,
and 15 of them are less than 18 years of ageS).

Effectiveness of VNS was established after
multicenter, double-blind, randomized, parallel,
active—controlled studies, of which E03 and E05
trials were pivotal. In these studies, patients
were randomly assigned to either high (30 Hz,
30 seconds ON, 5 minutes OFF, 500 psecond
pulse width) or low (1 Hz, 30 seconds ON, 90
to 180 minutes OFF, 130 usecond pulse width)
stimulation. Percentage change of seizure fre-
quency compared to that of baseline after treat-
ment was evaluated for both study groups. In
both pivotal trials, the mean percentage of sei-
zure reduction was significantly greater in the
high stimulation group, 24.5% versus 6.1% (P=
0.01) in the EQ03 Studyw and 28% versus 15%
(P=0.039) in E05". Overall, median seizure re-
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duction was 34% after 3 months and 45% after
12 months (P=0.0001). Furthermore, after 12
months, 209% of the patients had seizure fre-
quency reductions of 75% or more. According
to data supplied by Cyberonics company ac-
cumulated until January 2002, 57% of patients
showed mean seizure reduction of more than
50%, and 36% of patients showed a mean

14)

reduction of more than 75% ~. These reports,

along with report published by Degiorgio et
alIS), also states statistically significant long-—
term, gradual reduction of seizure after chronic
implantation. In a multicenter report published
by Korean Epilepsy Society, 29% of patients
implanted with VNS showed more than 50%
reduction in seizure frequency after 3 months,
but the proportion increased to 43% after 12
months, implicating cumulative therapeutic ef-
fect'®. Study on long—term responders of VNS
published by Morris also reports increased sei-
zure reduction rate as time passes, with 23%
of patients showing more than 50% reduction
of seizure at 3 months, 37% at 1 year, and up
to 43% at 2 and 3 yearsm. Although VNS
was permitted in United States for use in pa-
tients over 12 years of age, the treatment ap-
pears equally as effective in reducing seizures
in children younger than 12 years as in other
age groups. According to data supplied by Cy-
beronics, by January 2002, 509 of VNS implant
patients between the age of 0 to 6 showed
more than 50% reduction in seizure frequency
after 3 months, while 59% showed more than
50% decline in seizures by 12 months post—
operatively. This figure is not so different from
results obtainable in other groups - between
the age of 7 to 11, responders with more than
50% seizure reduction accounted for 50% of all

patients at 3 months and 61% at 12 months,

while in age group between 12 to 18, the re-
sults were 53% at 3 months and 61% at 12
months. Older patients between the ages of 19
to 35 showed 53% of total patients with more
than 50% reduction of seizure by 3 months,
with the proportion increasing to 562 of all by
12 months. In patients between the ages of 36
to 55, 47% of all patients showed more than
50% reduction in seizure frequency at 3
months, with the proportion increasing to 56%
of total after 12 months”. Murphy et al™ re-
ported similar result in their study of 100 chil-
dren treated with VNS - effectiveness of VNS
is similar in children both under 12 years and
older. In patients with Lennox-Gastaut syn-
drome, one third of 43 patients treated with
VNS showed more than 75% reduction of
baseline seizure frequency]g). In refractory child-
hood epilepsy associated with tuberous sclero-
sis, VNS was effectively reduced seizure fre-
quency by more than 50% in 9 out of 10
patients, with 5 patients showing seizure re-
duction of more than 90%™. Finally, Renfroe
et al reported their findings that 90% of pe
diatric patients treated with VNS showed sta-
tistically significant improvement in seizure fre-
quency by 5 years post-operatively, suggesting
earlier implementation of the device in children
who satisfy the indications®”. VNS also poS-
sesses the merit of being a mechanical antiepi-
leptic modality that does not utilize antiepilep-
tic medications, which are known to have
negative effects on cognitive functions. More
than 70% of refractory epilepsy patients who
are candidates of VNS have some form of
mental retardation or delayed development,
VNS can prevent excessive seizure activities
and lower usage of higher dosages of anticon-

vulsants, helping cognitively delayed patients

- 139 -



— 2B 9] 631 @ XA TAFo
overcome their neurologic problems and facil-
itate neural development4).

Our results showed similar efficacy of the
treatment in young patient groups. Although
the number of samples are too small to draw
any statistical conclusions, our results agree to
the reports derived from other VNS patient
groups. Eight out of twelve patients showed
more than 50% reduction in seizure frequency.
Four patients showed a 50% reduction in sei-
zure frequency at the time of last follow-up,
while one patient showed a 75% drop and one
showed a 90% drop in seizure frequency. Two
patients showed total control of seizures after
3 months of treatment. VNS therapy, as op-
posed to other antiepileptic treatment such as
antiepileptic medications, Kketogenic diet and
epilepsy surgery, does not show immediate and
radical improvement in seizure reduction in
most cases, rather its effect is gradual and
cumulative, with ongoing clinical improvement
observable after 2 years in some cases'”. Our
cases also shows this cumulative effect of
treatment in two out of five patients who
were followed up for more than 24 months. In
all five cases where long term follow-up was
possible, none showed clinical deterioration of
symptoms after VNS therapy, even in those
cases where VNS was not effective.

Bipolar lead of the device was implanted in
left vagus nerve in all patients due to fewer
cardiac effects associated with its anatomical
location. All patients received their first im-
pulse inside the operating room to monitor the
presence of acute complications such as ar-
rhythmia or asystole. No such problems occur-
red in all cases. No acute surgical complications
were observed post-operatively, and initiation

of treatment was begun, in most cases, two
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weeks after the surgery. Application of device
parameters were mostly concordant with the
manual and published reportszz' = However, in
cases where patient tolerance is obvious and
satisfactory, settings were increased as situa-
tions warranted. Seizure control was obtained
at high output currents in most cases. In cases
where therapeutic effectiveness was less than
satisfactory, alteration of duty cycle was ap-
plied, with ratio as high as 36% applied in
non-responsive cases. Changes in duty cycles,
however, was not effective in reducing seizure
in those patients, and ultimately, resulted in a
return back to baseline cycles with increased
output current.

All patients continued their antiepileptic med-
ication treatment post-operatively. At the time
of their last follow—up, all patients were still
on medications, mostly without changes in
types or numbers, except the two patients who
100%

months, in whom number of medications taken

achieved seizure reduction after 3

were reduced from four to two in one case
and from two to one in the other.
Electroencephalographic follow-up of patients
after the implant showed no interval changes
in most cases, but in two cases with complete
seizure ablation, improvement of background
rhythms with much less frequent generalized
seizure activities were observed in one patient,
while in the other, complete cessation of epi-
leptic discharges were seen. Such improvement
in electroencephalography was also reported by

Koo after long-term treatment with vagal

stimulation™.

Various complications have been reported
after VNS. Among them, hoarseness, respira-
tory difficulty, throat tightness and difficulty

during swallowing are the most common com-
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" Report of VNS therapy in

plications reported
pediatric patients by Helmer et al" noted voice
alteration in 57.9%, coughing in 37.8%, and
motor incoordination and mild right-sided
weakness in some others. Such complications
were rarely life-threatening, and were cor-
rected with lowering of output currents, reduc-
tion of frequency, or correction of pulse width
from 500 pseconds to 250 pseconds. Three pa-
tients out of twelve showed some kind of
side—effects in our patient population. Hoarse-
ness and mild respiratory difficulty during
sleep were present in one patient, which were
corrected by lowering output current by 0.25
mA. He later developed infection of the sur-
gical wound which was healed after wound
revision. Increased salivation was observed in
one other patient, which improved after clinical
observation, and failure of pulse generator was
observed in one, which required surgical re-
moval of the device.

VNS is a safe and effective method, and
possesses the advantage of having no adverse
effect on cognitive functions, which is a major
setback in utilization of antiepileptic drugs
among pediatric patients undergoing critical
stages of neural development. However, unlike
surgery or ketogenic diet, complete ablation of
seizures cannot be achieved in most cases, and
the procedure itself is exponentially expensive,
making wide-spread application of this proce-
dure difficult. No official guidelines exist in
Korea regarding the implementation of VNS,
and if past experiences hold true, ultimate ap-
proval criterions will very likely be similar to
FDA regulations. But VNS is equally effective
in children under the age of twelve as in other

age groups, and its merits in controlling sei-

zures and helping cognitive development in

children who are in the middle of their neuro-
logic growth mandates more active and wide-
spread application of this treatment in refrac-

tory pediatric epilepsy.

Abstract

Purpose : VNS has been used as a adjunc-
tive treatment modality in medically intractable
epilepsy patients since 1988, and is presently
considered a safe and effective mode of treat-
ment. However, its safety and efficacy in pedi-
atric epilepsy patients have not been as well-
studied. We the authors have experienced 12
pediatric patients who received VNS implanta-
tion, and evaluated the safety and efficacy of
the procedure in the pediatric age group.

Methods : 12 patients who received VNS
implantation in Yonsei University Medical Cen-
ter and Sang-gye Pailk Hospital Epilepsy Cen-
ter from June 1999 to April 2004 have been
evaluated for clinical symptoms, presence of
reduction in seizure frequency, EEG changes
and side-effects after VNS implantation. Datas
were analyzed retrospectively through review
of clinical records, with emphasis on evaluation
of effectiveness and safety of the treatment.

Results : Mean age of the patients at the
time of VNS implantation were 9 years 9
months (£60.5 months)(2 year 9 months-17
yvears 10 months). Mean duration of follow-up
was 21.6 months (%£23.3 months). Five pa-
tients out of twelve could be followed—up for
more than 12 months. Nine out of twelve pa-
tients possessed Lennox—Gastaut syndrome,
two were diagnosed as partial seizure with
secondary generalization, and one patient had
gelastic seizure caused by hypothalamic har-

matoma. Eight patients showed more than 50%

- 141 -



— A% 9 6l

1

reduction in seizure frequency compared with
with
abla-

tion. One patient showed a 25% decrease in

baseline 3 months after the implantation,

two patients exhibiting complete seizure

seizure frequency, and VNS was ineffective in
three patients. Among the patients with more
than 50% reduction of seizures, two patients
respectively showed a 75% and 90% decrease
in seizure frequency at 12 months and 24
months post-operatively. One case of hoarse-
ness, one case of dyspnea during sleep, one
case of post-operative wound infection and one
case of generator malfunction were noted after
VNS, but most of these adverse effects im-
proved through manipulation of output current.
Wound infection necessitated surgical revision
and generator failure required surgical removal
of the device. EEG patterns of the two pa-
tients with complete seizure ablation exhibited
marked improvement of background rhythms
and reduction of epileptogenic discharges, but
others did not show any significant improve-
ment in their EEG.

Conclusion : This study showed significant

improvement in seizure frequencies among
medically intractable pediatric epilepsy patients
after VNS,

could be controlled without discontinuation of

and most of its adverse effects
treatment. Therefore, we believe that VNS is a
safe and effective treatment modality in pedi-
atric patients with intractable epilepsy, and
merits wider implementation for medically in-

tractable epileptic children in the future.
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