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Epilepsy as a common neurological disease is mostly managed effectively with antiepileptic medications. One-third of patients do
not respond to medical treatments requiring alternative therapies. Vagus nerve stimulation (VNS) has been used in the last
decades for the treatment of medically resistant epilepsy. Despite the extensive use of VNS in these patients, factors associated with
clinical outcomes of VNS remain to be elucidated. In this study, we evaluated factors affecting VNS outcomes in epileptic patients
to have a better understanding of patients who are better candidates for VNS therapy. Several databases including PubMed,
Scopus, and Google Scholar were searched through June 2020 for relevant articles. The following factors were assessed in this
review: previous surgical history, age at implantation and gender, types of epilepsy, duration of epilepsy, age at epilepsy onset,
frequency of attacks, antiepileptic drugs, VNS parameters, EEG findings, MRI findings, and biomarkers. Literature data show that
nonresponder rates range between 25% and 65%. Given the complexity and diversity of factors associated with response to VNS,

more clinical studies are needed to establish better paradigm for selection of patients for VNS therapy.

1. Introduction

Epilepsy is one of the most prevalent neurological conditions
involving nearly one percent of the world population. De-
spite optimal and successful management of epileptic pa-
tients with appropriate antiepileptic drugs, 10-30% of
patients do not respond well to these treatments and are
categorized as medically resistant epileptic patients [1, 2].
The quest for identification of treatments for neurologic
disorders and brain abnormalities have led to the devel-
opment of a treatment method called vagus nerve stimu-
lation (VNS). Historically, the inhibition of motor activity by
stimulation of vagal afferents was first reported in 1937 by
Schweitzer and Wright [3]. VNS which consists of chronic,
intermittent stimulation of vagus nerve (usually left side) has
been approved by FDA [1, 3, 4] for treatment of partial-
onset, drug-resistant epileptic patients who are not suitable
candidates for curative surgical resection or patients in
whom resective surgery has provided no benefit. Since the
early 1990s, VNS has been used as an alternative treatment in
medically resistant partial epilepsy [5]. Being initially

approved for patients with 12 years of age and older, in-
vestigations of recent decades have shown that VNS is a safe
and effective method for adults and children of all ages
suffering from different types of epileptic disorders [6, 7]. A
cohort study evaluated VNS for more than 10 years and
concluded that VNS can decrease the seizure frequency and
seizure intensity and enhance the patients’ mood. Low
morbidity and sustained therapeutic effects of VNS have
been also mentioned as advantages of this treatment. [8]
Thus, uncontrolled seizures heavily impact the patients’
functional neurodevelopment and subsequent quality of life.
Considering the cumulative effect of VNS in reduction of
seizure frequency and severity, VNS has become a valuable
modern option in the therapeutic armamentarium of pa-
tients with intractable epilepsy [7]. It is well documented
that, in patients who do not show reductions in seizure
frequency, there are still significant improvements seen in
alertness, attention, and concentration levels of patients,
reduced occurance of status epilepticus and its subsequent
hospitalization, or increases in seizure-free days [7]. These
effects promote the level of quality of life in epileptic
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patients, regardless of the efficacy of VNS in reducing seizure
frequency. Thus, improved behavior, language, or sleep and
expression of the desire for continuation of VNS are fre-
quently reported [6, 9].

The efficacy of VNS improves significantly with time,
which supports the hypothesis of a cumulative effect
[10-14]. A 17-year follow-up showed 50-90% seizure
frequency reductions in 38.4%, 51.4%, 63.3%, and 77.8% of
patients at 1, 2, 10, and 17 years after VNS implantation.
Almost all published data analyzing the long-term out-
comes of VNS reported improved outcomes over long
periods of time [15, 16]. It is well established that seizure
burden progressively reduces with continued use of vagus
nerve stimulator [17, 18]. The exact mechanism for the
improving efficacy of VNS with prolongation of therapy is
not fully understood. Chronic therapeutic response to VNS
therapy is highly associated with bilateral thalamic in-
creases in synaptic activity. During chronic VNS therapy,
brain excitatory amino acid neurotransmitter levels are
reduced and inhibitory neurotransmitter levels are in-
creased but no direct relationship with seizure control has
been found [14]. Garcia-Pallero et al. reported that VNS
effectiveness improves over one year because of an accu-
mulative effect on seizure [19]. Vagal nerve stimulation
(VNS) response is not immediate. A progressive reduction
in seizure frequency usually occurs during a period of
12-18 months after implantation [19].

Despite substantial amount of data, there is no clear
evidence regarding the group of patients in which VNS
would be most beneficial. Identifying prognostic factors not
only increases our knowledge of mechanisms by which VNS
reduces seizures but also prevents us from imposing un-
necessary surgical procedures or financial burden on pa-
tients. In this review, we discussed and reviewed current
literature on potential predicting factors that could deter-
mine the outcome of VNS therapy.

2. Methods

This narrative review on the factors affecting VNS outcomes
in epilepsy includes studies in which epileptic patients of any
type were treated with VNS. Comprehensive literature
search in PubMed, Scopus, and Google Scholar databases
was conducted through June 2020 to identify relevant ar-
ticles. Keywords of “vagus nerve stimulation,” “VNS,”
“epilepsy,” “seizure,” and “prognostic factors” with various
combinations were used. 669 studies were found in the
initial query. Then abstracts of studies were reviewed for
relevance of the studies. The majority of studies were not
focused on the topic of our review. References’ lists of se-
lected articles were also hand-searched for related articles.
Abstracts of articles were reviewed for final inclusion of
articles in the study.

3. Results

45 studies are reviewed in our study. The summary of studies
is presented in Table 1. Detailed results are provided in the
following sections.
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3.1. Patients’ Characteristics. Patients’ clinical characteristics
that had been suggested to predict responsiveness to VNS
therapy have been proven to be elusive [33]. These factors
include a wide variety of parameters including previous
history, age at implantation, and gender, which are reviewed
separately in the next sections.

3.2. Previous Surgical History. It is speculated that the
structural changes consequent to surgical interventions in
the brain may play some critical roles in response to
treatment for epileptic patients. Labar suggested that pa-
tients who had previously undergone corpus callosotomy
respond well to VNS [31]. Kawai et al. also emphasized that
previous resective surgery and residual pathology do not
influence the efficacy of VNS in treatment of epilepsy [10].
Although available data on the impact of previous surgical
history on VNS efficacy is scarce, it can be inferred from the
available studies that this factor does not significantly alter
the VNS outcome.

3.3. Age at Implantation and Gender. There was no report on
correlation of gender and clinical VNS outcome in the lit-
erature [16]. In contrast, the relationship between age at
implantation and clinical response to VNS is an issue of
controversy with conflicting results in the literature. [29]
Although the initial FDA approval of VNS was specifically
granted for age group of older than 12 years, a growing bulk
of lines of evidence have strongly suggested that VNS effi-
cacy in younger age groups is remarkable. Heterogeneous
study designs, different sample sizes, and various follow-up
periods in the studies make the conclusion on application of
VNS in younger epileptic patients a challenge. Although
precise statistical conclusion is not feasible from available
studies, the general trend in the current literature favors
none of the age groups over another in terms of response to
VNS therapy. Hereby, we review the findings regarding the
age and response to VNS in the literature.

Dede Ho et al. reported that there was no significant
correlation between the age of patients, age at VNS im-
plantation, epilepsy onset age, and VNS outcomes [25].
Chrastina et al. found that older age was not a negative
predictor of VNS efficacy [23]. Several other studies also
rejected the association of VNS outcomes with age at im-
plantation, age at onset, or patients’ age [6, 19, 33].

In contrast to studies denying the role of age in clinical
response to VNS, there are numerous studies indicating the
important role of age in achieving therapeutic goals. Ghaemi
et al. reported better response in patients below 18 years of
age at the time of implantation compared to those above 18
years of age [29]. This result could be explained by the fact
that an immature brain has a higher threshold for excitatory
stimuli and seizure-induced changes than an adult one.
Another report has claimed that there is a higher percentage
of responders in patients below 18 years of age at implan-
tation of VNS. In this cluster of patients, there were no
differences when classifying patients for age of onset of
epilepsy and preimplant epilepsy duration. In [26], Col-
icchio et al. reported that the clinical outcome in



Neurology Research International

(sased 921-2INZI3s JO

%G/ 9su0dsal 94/ / UM SIBIA G>) SIW02INO YIIM
pajemosse Apueoyrudrs wonejuerdur je 98y (1)

satsdoqida paziferouss

pUE [8D0] U99M]9Q SWOIINO UL DUIYIP ON (I1)
(3313-31nZ135 9/°G) asuodsal [edturp %ys (1)

WO02IN0 SNA IM PIjerdosse sem 10)oej oN (1)

(39suo jo saSe 1oySIy YIIm J[qeIoAe]

9I0UI) WOIINO YIIM PIJR[ILIOD JISUO 2INZIdS (11)
1eaf yig

oY) 1 %S pue IL pIg oy} 1B 9F 9F ‘Teak pug oy
JE 9T “YPUOW (39 3} JB 9%8'6 JO el asuodsay (1)
(50°0 > d) soses £sdaqido 18005 Jo 9505 pue Asdojido
pazierouad jo 96'g9 ur asuodsar [esrur) (1)
UWI00IN0 SN A IIM PIJB[a1I0D 10)0%] 12130 ON (TIT)
Asdaida pazijerousd

sryedorpr pue oryyedorpruou o) paredurod
Asdanido renred onyyedorpruou ur 9A1O9p9 210N (11)
SY)UOUI 9 J& 94,99 PUE SYIUOW ¢ Je dsuodsat 966 (1)
(£00°0 = d) swommo

SNA POOS (M paje[a.10d uonezieraie] HEY (1)
£3oome umouyun

10 DT)AUA3 AU} UI 9%9°¢Y PUE UTeIq ) JO IIPIOSIP
21[0qelou IO [eINJONIIS UT asuodsar [[am 906 (11)
(%8°8S) 2suodsax [eoturp a[qeroae] (1)

SOWO02IN0

SNA YIMm pajerdosse 10joej Jueoyrudis oN (1)
uonjernp £sdoqids 198uof 10 o3e 19p[O0

IIM P2JB[QII0D JOU dIOM SIUT0IINO SN A ISTOAA (T)

SOWO00IN0 SNA YIM PIJB[OII0D sem 10308 ON (T)

oF4q uo joedwr jueoyrudis Yym J103o0ej oN (11)
syjuowr 9 ur sngyg paaoxduwr

£1/0T pue syjuow ¢ ut sHgy paaoxdwr £1/z (1)
punoj

Sem duWodINo SN A Jo 103o1paid jueoyrudis oN (1)
awoono SNA pue uorejuerdwr je a8e 10

(sorsdaqrda pozierouald yg pue
8003 9T = u) Asdoqida jueysisar-Snig

Asdomida

jueysisar-ooeurreyd otnerpad pue jnpy

Asdapida syqeioenuy

Asdaqids arqejoenuy

Asdaqida jueysisar-Snig

Asdaqds jueysisar-8nig

Asdorida jueysisar-Snig
Asdaqida Sunser-3uo

Asdarids jue)sisar-uoryestpay

Asdaqida juessisar-Sni(y

Asdaqids juessisar-Snig

s1eaf Gz pue
syuow g u2am3aq syuaned (7

syuaned 901

(uonyeyuerduwur je sxeak 21— pade) syuoned 9g

(o8 jo s1eak 71>) syuaned G¢

(soTewr £ pue ss[ewWd) 1) UIP[IYD 67

(S/T1 :A/N) sased Jmpe /]

(sreak €'¢T F 1°6€
‘safewr ¢ pue safewdy g1) syuaned jmpe o¢

SHOpe €01

syuaned ¢g
syuaned /1

syuaned y/

110400 2a130adso1g

Apmys aanoadsornoy

MITADI
Jreyp 2anadsonay

Jreyp 2a10adsonay

MITAII
Jreyd 2a10adsonay

Apmys aanoadsoreyg

MII1ASI 2AT)dadsonay
Apmys aanoadsonoy

Apmys aanpadsorg

Apmnys aanoadsorg

Apmys aanoadsorioy

[¥] (s102)
Te 30 vedeq

[o1] (STOT)
Te 30 Suoy

[£] (9100)
Te 32 njSorepiag

[¥1] (9107)
‘[® 19 1uRqInD

[9] (9102)
Te 32 urpog

[sT]
(£107) T 3 oH

[¥2] (£102)

‘Te 39 puedry
[¢2] (£102)

‘Te 39 eunseiy)

[61] (£107) Te 3
0I3[[ed-eIoIen)

[z2]
(8107) Te 30 nrT

[12] (8107)
‘Te 39 eunseIy)

uoneoyissep Asdofrde usamiaq uorjerosse oN (1) Asdoida pazijerouad Arewrig syuorjed 17 MILA loz] (8102)
JIeyd 2ARd2dsox)oy Te 39 YoM

Kouanbaiy arnzies pasoxdwr %p9 (1)
REJii (el lg) sisouder(g uonjendod £pnig udrsop Apnig Tea/10UyIny

"MITAJI 9] UT pajenjeAs sarpnjs Jo inESw ‘] 214V],



S2INZIdS JIUO[D-O1U0) paziferoudad ur asuodsar
3se3] 9 ‘saanzras [enaed-spdwrs ur jgauaq [esturpd
15912213 £(100°0 > d) s2d4£) a1nz10s JUSIIYIP UIMIAQ

osuodsal [eSTUI[d Ul OUIPIP JUBdYIUSIS (AT)
Asdaqids jo suoryenp

19)I10Ys Ul SN A 0} asuodsar a[qeroae] a10JN (1I1)
(81000 =d

‘dnoid s1eak @1 < 9¢g pue sdnoid sreak g1-9 pue
s182£ 9> UT WONONPAI %09) sdnoid a8e usamiaq

asuodsa [edTutd Ul duIaPIp Juedyrudig (1)

(SNA 1oye s1ea£ 7 979 Pue ‘SNA

1938 1A T 995 ‘SN A Ioye sypuour ¢ Louanbaiy
9INZISS UI 9SBIIDIP 949F) UOHBIND JUSUIJEIT)
M JJOUq [BDTUI JO ISBAIOUT JAISSAIZ0I] (T)

Neurology Research International

(¥20°0 = d)

s1eak @1> Juedwr je a8e pue (zzo'0 = d)
S15019]0s sno1aqn) ‘(£10°0 = d) 430[ona [euorsa]
)M PIJRId0SSe sem SN A O3 asuodsar 1a33g (11)
ayer asuodsax 940F (1)

awoono SN A dundaye 10308) oN (1)

9%9'TF JO a1el asuodsar a[qeroae] (1)

aw0dIN0 SN A Jo s1ojorpaid

9IaM SUOTSI] YA PUB ‘DT U0 IeYdSIp

2qo] rerodura) ‘sarnzias jo Aouanbaiy aurpaseq (1)
2Wo0INO J[qeIoAe] Jo s10)o1paId

jueoyrudis a1om uonejuerdwr a10joq Asdafrda

JO uoreINp pue YA UO UOISI[ JO 20Uasqy (11)
931J-2INZ13S %¢6 (T)

Asdaqids Teuorsayuou

Aq pa1o1pard SN A 03 asuodsar [eIAQ) (AT)

ad£y amzros pazierousd pue sreak g1< josuo
Asdarids jo 93e £q pajorpard wopaay anziag (11r)
(9213-21nZ13s %7°Q)

SNA 193e syjuouwr 8§ 03 F¢ ur asuodsar 94¢9 (1)
(9913-91nZ198

%T1°'S) SNA 193Je sypuow 0] () ut asuodsar 96¥ (1)

(SNA

I9)Je SYUOW 7 pue ‘71 ‘9 ‘¢ 10J sjuanjed
€L PUR ‘67T ‘69T ‘66€ =U) 12Y0 (1114)
(SNA 12y suow ¢ pue ‘T ‘9 ‘¢

103 GF PUB ‘THT ‘6€T ‘STT=U) JIUOIY (I1A)
(SNA I9yye sqauow 7 pue ¢ ‘9 ‘¢

103 6G PUE ‘GG ‘96T F8T = U) 2UISQY (1A)
sz> uwﬁm mﬁﬁﬁoe i 4

PUE ‘T ‘9 ‘¢ 10J L6 PUC FIT ‘BET ‘GTE = U)
uwﬁoﬁuuuﬂﬁou UwNSm,ﬁwﬁwm \AmHNUEOuww A>v
(SNA 19y sqiuow 7 pue

TT ‘9 ‘€ 10J ¥TT PUR ‘GLT OT€ ‘F8F =U)
JIUO[D-JIU0) woN:Sw:ww Arewrtig (A1)
(SNA Toyye

SYIUOW 7 pue ‘7T ‘9 ‘€ 10} 1€S puUB ‘[H71
‘92€1 ‘0207 =) [enred xapdwo)y (1)
(SNA Toyye

sqjuow 7 pue ‘71 ‘9 ‘¢ 10J 98 pue ‘C81
TIT ‘00¢ =u) 2mzras enred opdurg (1)
(SNA 19y syyuow g pue 1 ‘9

‘€ 10J 61 PU® 6} S 9. = 1) A[uo-emy (1)

Asdaqds jueysisar-Sniq

Asdopida £10100150y

Asdaqida L10300130y

Asdarids j9su0-pooypryD

Asdaqids o[qeioenury

(s1eaf 1< syuanjed g/ pue

‘s1eaA §1-9 syuaned ez ‘sieak 9> syuaned (¢
FOTT =u) Aderoy) SN A Ioye Sypuow g (A1)
(s1eaf 1< syuonjed 9G/1 pue

‘s1ea4 §1-9 syuaned 1¢g ‘s1eak 9> syuaned 111
‘8697 = ) Ade1ay) SNA Toye sypuow 71 (1)
(s1eaf 1< syuonjed Q¥61

pue ‘s1eak g1-9 sjuaned /¢e ‘s1eak 9> syuaned
SST ‘0F0¢ = 1) Aderay) SN A 1033e syyuour 9 (1)
(s1eaf 1< syuoned ¢zgy pue

‘s1eaf §1-9 syuaned 7zHT ‘steak 9> syuanjed
8T ‘c8FF = u) Ade1oyy SNA I9)Je syjuow ¢ (1)

(soreway 0z pue safew ¢¢) syuaned ¢
(sorewr £6) syuaned 101
syuaned oF
(STeAH'S F I'FT

‘sofewrd) 0z pue sofewr ¢7) syuaned ¢

MOTADT 2INJRINI] WOIJ 6987 + A1ISISa1
swoojno jusned Aderoy) SNA WoOIJ $SGS

(1] (1102)
Te 32 joSug

SOLIOS 3SBD JO MIIADI
JIeyd 2Adadsoxoy

[o2] (2102)

Apnys aanoadsorg [ 38 OTPINOD

S95BD
JO MIIAAI 2ATIO2dS0IIY

(8] (z102) e
xneadweyD)

[81] (¥107)

Apmys aanpadsona
Ps oAl ! ‘Te 39 sooxy

[21]
(¥107) Te 32 BAry

MITAII
JIeyd 2A1d2dsoxoy

MOTADI DINJRIN]
pue sjuarjed Jo matAdx
JIeyd 2And2dsoxoy

[c] (s102)
‘Te 30 jo18ug

sawrodInQ

sisouSer(y

uonendod Apmg

udrsop Apnig Iea/10yIny

ponunuo) 1 dIdV],



Neurology Research International

SWOIPUAS JNEBISEH)-XOUUdT 0} paredwiod sawooino
15139q pey ‘sypene doip noynm 1o Y (1)
Asdoyida [enaeq (1)

SNA 1oye syjuow ¢ pue 71 ‘9

‘€ 8 UOTIINPAI 2INZIdS 99 PUR ‘%67 “%8E “%6E (1)
SNA Sumopjoy sawooino

9[qeIOAR] IOMO] pey SIed£ 91> sjuaned (1)

SNA Toye s1eaf 3G pue ‘pug

ST 38 9su0dsax [eDTUT 9%FH9 PUB %/ °8S “%¥ ¥ (1)
WOPIAIJ 2INZISS YJIM PIJBIDOSSE dIoM ZIRYdSIp
unroyndoyida [ejorrajur erejeyrun pue ‘sisauaSsAp
[eon1oo ‘uonejuerdwr je afe 1o8unox (1)
991J-2INZ13S %69 (1)

2WO02IN0 SN A

uo uoneinp £sdoyids 19310ys jo Joedwr 2a1)ISOJ (AT)
(£0°0 = d) Asdond> renaed pue

nejsen-xouua] o) paredwod Asdafids [eoojnnuu
9I9A2S UT dWO00INO0 I19330q Apueoyrudig (I1r)
(ua1pryo 031 paredwod S)NPe U JUIODINO ISIOM)
awo2ino uo juefduwr Jo a8e Jo 30979 JuedyIudIg (11)
(70°0 = d) uonemp juswiean) pue asuodsar
[ed1uId JO uonePLI0d 2AnIsod juedyrusdig (1)
(#00°0 = d) swoomo pue Asdoqida

Jo 2d£) usamiaq uomne[a1I0d JuedyIuSIS (111)
swooino £1oyoeysnes pey Asdaqrde aqog

reroduwa) 9,61 pue £sdayrda aqoy [ejuoay 9469 (1)
w00 £10108JS1ES %€ TH (1)

Asdoqida

[exodwa) 10 [ed0] Ut asuodsarx JuedyIudIs JSOA (111)
(60°0 = d) saInz1as [e20J A[PAISN[OX

M syuaned ur awoono 19)12q 10J puan vy (1)
(#00°0 = d) sowoono

paaoxdur pajorpaid sSurpuy Hyy [edo (1)
asuodsax eoturp jo uwonorpaid

10§ Sa0TpUT JUdYTUSIS se spueq eydfe pue ejoyT, (11)
asuodsar 03 paredwod

asuodsaIuou YJm pajerdosse DI JO spueq elaq
pue ejoy “eydfe “e3p2p 103 sonpea [Sgpd 10y3IE (1)
SOWO00IN0 SN A 9[qBIOAE]

pue uonenuaduod dulfeuarperou reduresoddry
PaseaIdUT U29M)9q UoIjerd0sse Juedyrudig (1)

Asdoida A103001301 TEIIRg (98e Jo s1eaL G TT) WAIPTIYD ¢ Apmnys aanoadsorg

Apns
oqer-uado “rajuaonmnur
aandadsonay

Asdanids juesisar-Snig syuanjed (6

Asdaqida L1030R150y syuanjed HH1 Apmys aanoadsonoy

(8 =u Asdoyida [enied (Fs=u
‘c¢ =u Asdopida [eooynur o10A3s QT =u  ‘STRIAQT< pUR {[¢=U ‘SILIAQT-¢T ‘gE=U
nejseny-xouua ) Asdofide jueisisar-Sniq  ‘s1eah g1-/ Q1 =u ‘s182£ 9-¢°0) syuenjed G¢1

MIIASI
Jreyd aaTpoadsonoyg

(sarewr %09 SOLIOS Sk

Asdapda arqerrenur A[rearpo s1e2A €£°7T F 5¢'GH = 9 ueowr) syuoned of  Jo sisAfeue aandadsonay

Asdaqida jueysisar-jusuuearr, (s1R2L 9/—T ‘sorewd) 946°0S) syuaned 9¢y MITARI dATIdddsoTIY

Asdoarda £101001501 AJ[ROTPOIN syuanjed g1 Apnys aanoadsorg

S9INZIdS JIqUII[ JO [9POW [BUITUY S)eI IeJSTA\ O[eIN Apmnys aanoadsorg

[0€] (9007)
Te 39 DPIYAY

[ST] (8007)
Te 19 eqny|

[62] (0107)
‘Te 19 TwaeyH

[11] (0107)
Te 32 o1y010)

[s] (1102)
Te 30 1zedyeing

[c1] (1102)
Te 32 J01[[T

[82] (1102)
‘Te 19 SOA 2

[£2] (1102)
‘Te 19 1paey

sawrodInQ

sisouder(g uonjendod £pnig udrsop Apnig

Iea/10yIny

ponunuo) 1 dIdV],



Neurology Research International

(50°0>d) a3e jo 1eak 1 19e Asdoyida jo jasuo
P syuanjed ur awoono 19339q Apuesyrudig (1)
STUO[D-DTUO0) PIZI[RIdUT

ur 96 pue ‘Tenied xodwod ur 98y @duUIsqe

Ul 94G9 ‘SaINZIdS dTUO0)e UT asuodsar 9408 (I1)
asuodsax [esrurd %89 (1)

£y112A9s 21nz198

M Appanisod pajear10d awoono SNA (11)
SNA 1o)Je 134 y3F 03 IST 10J %69 PUB ‘%HS ‘%9%
‘0561 ul Aouonbaiy ainzids ur wonoNpar 9,09< (1)
DI %L°SE PU® “UDS %L, “dd

%¥'6 ul uowdar Snip ondopidenyue paonpay (1)
dOI %I°LS

pue “IDS %T1'9% ‘Ad %T L Ur asuodsar [eotury) (1)
WO0IN0 SN A YIIM PIjerdosse

219M (€£00°0 PUB ‘€€0°0 ‘910°0 JO sanfea d) nejsen
-XOUUYT UBY) JOYJO SOWIOIPULS pue ‘uorneinp
Asdayida 198uo] 98e 19p[o {(100°0 > d) syiuow 9
JB 948G PUB SYIUOW ¢ J 9G¥ JO asuodsai [earur]) (1)
swodino pue uoneinp Asdopide

U20M}0q UOIIBIOO0SSE dAT)ESOU 0] puaI) y (1)
2wooIN0o SNA PIM (ADIA) Iuswdopasp

[e213105 JO UOnBWLIOJ[EW Jo dudsaid pue

(adr) seSzeyostp wrondayide e3drIg)uT TRINR[Iq
JO 20U2sqe U29MJ9q UOTIeIO0sSe Juedyrusig (1)
SNA 19ye 221-21n7138 %¢T (1)

Asdaids Ax030e1301 A[TEOIPON

Asdarids spqeoenur Arestpay

(sTeak 9T-SyjUOW TT) UIP[IYD 8¢

(sarewr 9565) syuaned €7

((go1) £sdoide paziersuad orypedorpr

pue (396) £sdoqrds pazierousd
onewoydwids ¢1 () Asdopda

syuanjed 697

renxed g¢r) Asdopida L1030RI501 A[[ROTPIIN

s3nip

ondonidonyue padueypun uo syuanjeJ

Asdaqids jueysisar-juounjealy,

syuaned 97

(s1e2£ 9’11 F £'72) sywaned /3

310400 2A1302dso1g

310700 2A130adso1g

Apmis aanoadsoroyg

Apmys aanoadsorioy

JIeyp 2A1dadsonay

[6] (0002) Te 32
E«QUB&SH&&

[o1] (2002)
Te 19 Teme)]

[z€]
(#002) Te 3° SN

[1€] (#002)
‘Te 19 TeqeT]

[e1] (5002)
Te 30 Ayzsue(

sawodnQ

sisouser(y

uonerndod £pmg

udrsop Apmig

Teakj1oyny

‘panunuo)) i1 AI4V],



Neurology Research International

preadolescent age group (0-12 years) is slightly better than
that in adolescent age group (13-18 years) and much better
than that in adult patients. The significant difference was
between “very young” (0-6 years) and adult patients. Very
young patients who had the highest averages of seizure
frequency at baseline showed the highest percentages of
seizure reduction [11]. Thus, significant prognostic factors
for the end point of “time to the first best response” at
univariate analysis were age at implant and lesional etiology
[29]. These findings suggest that earlier intervention in the
course of disorder may lead to improved efficacy of VNS [1].
Lagae et al. reported that the only factors which influence the
outcome were age at implantation and duration of epilepsy
[4]. Statistically, there was a correlation between younger age
at implantation (<5 years compared to >5 years) and seizure
freedom [4]. Englot et al. reported that seizure freedom
occurred in only 8.2% of patients aged between 4 and 48
months [2]. Labar found greater seizure rate reductions in
patients above 32 years of age compared to younger patients,
whereas Wernicke et al. found greater seizure rate reduc-
tions in patients below 34 years of age [31]. Kuba et al. found
lower response rates in the children compared to the whole
group (the age ranged from 13 to 64 years). This finding can
be attributed to the patient selection in that study with the
children suffering from more severe epileptic conditions
[15]. As mentioned, there is controversy going on regarding
the efficacy of VNS in various age groups. Still, there is no
consensus on the age cut-off for when VNS is most effective.
Ages from 5 to 34 years were reported in the literature as cut-
off points for comparison of age groups.

3.4. Types of Epilepsy. Initially FDA approved VNS for
treatment of patients with partial-onset seizures but the
clinical applications of this procedure have expanded over
the last 20 years. To avoid unnecessary interventions in
patients, which types of epilepsies respond well to VNS must
be determined.

In a study on four distinct seizure types including
generalized, focal, myoclonic, and atonic seizures, it was
observed that generalized tonic-clonic and atonic types had
significantly more favorable outcomes with VNS compared
to other seizure types [7]. These findings prompt the need for
classification of seizure frequency reduction results
according to seizure types to achieve a more comprehensive
and accurate conclusion. [7] Another study has demon-
strated that seizure frequency reduction is marginally higher
compared to cryptogenic cases, but the difference could not
reach statistical significance (p>0.05) [11].

Analysis of symptomatic epileptic conditions including
cortical malformation, ischaemia, meningoencephalitis, and
tuberous sclerosis has shown that cortical malformation is
associated with significantly worse clinical outcomes in
comparison to postinfection cases [29]. Assessment of
clinical outcomes in patients with severe multifocal epilepsy,
partial epilepsy, and Lennox-Gastaut syndrome revealed
that the best and worst outcomes were seen in severe
multifocal epilepsy and Lennox-Gastaut groups, respectively
[11]. There are also reports revealing that VNS therapy is

particularly effective in patients with Lennox-Gastaut syn-
drome [33].

Another comparison among nonidiopathic partial epi-
lepsy, nonidiopathic generalized epilepsy, and idiopathic
generalized epilepsy demonstrated that VNS is significantly
more efficacious in nonidiopathic partial epilepsy patients
compared to other two groups (p <0.01) [6]. Patients suf-
fering from status epilepticus also benefit from VNS by
decreasing the frequency of attack episodes [6]. As Englot
et al. have stated, the response to VNS in patients with
predominantly partial seizures, particularly simple-partial
seizures, and auras is most favorable, while the worst out-
comes are seen with generalized tonic-clonic seizures [1].

The origin and nature of seizures can also be important
factors in determining the outcomes of VNS therapy. Pa-
tients with the etiology of neuronal migration disorders
seem to respond less to VNS [12]. Frontal lobe epilepsy
shows better response to VNS than epilepsy arising from
temporal regions [5]. In contrast, Ghaemi et al. reported that
VNS efficacy in patients with an onset of seizure activity in
the temporal area is better than that in those with frontal or
frontocentral seizure activity [29]. One study claimed that
response to VNS in patients with independent seizure foci in
both hemispheres may not be satisfactory [33].

There are conflicting reports on seizure frequency re-
duction in patients with focal epilepsy and generalized
epilepsy. Rychlicki et al. [30] found that partial epilepsy had
better prognosis for seizure control. Englot et al. [2] pre-
dicted a better result in generalized epilepsy. Rice and
Valeriano [34] found a notable reduction in seizure fre-
quency in those patients who had just one type of seizure
compared to patients harboring multifocal seizures [18].

Lagae et al. confirmed that there was no significant
difference in VNS outcome between generalized and focal
epilepsies [4]. A study by Gurbani S et al. indicated that
VNS therapy was successful in focal epilepsy and some
types of generalized epilepsy. VNS results have been re-
ported to be satisfactory in patients with Lennox-Gastaut
syndrome and tuberous sclerosis complex. VNS was useful
in achieving >50% reduction in seizure frequency for
patients with Lennox-Gastaut syndrome, encephalitis,
cortical dysgenesis, perinatal encephalopathy, and tuberous
sclerosis complex. Best responses were seen in patients
suffering from primary generalized epilepsy with tonic-
clonic seizures followed by primary generalized epilepsy
with atypical absence seizures [14]. Studies have found
prominent improvements in seizure control in patients
with daily baseline seizures, as in tuberous sclerosis, hy-
pothalamic hamartomas, and Lennox-Gastaut syndrome.
Nevertheless, Tanganelli et al. reported that, regardless of
the type of seizure, VNS therapy in patients with severe
encephalopathy was not effective [35].

Ng and Devinsky suggested that VNS can reduce both
seizure frequency and medication usage in patients with
refractory idiopathic generalized epilepsy significantly
compared to those with refractory partial epilepsy [32].
Moreover, in patients with generalized epilepsies, VNS may
be more effective in idiopathic disorders than in symp-
tomatic forms [32].



In Ghaemi et al’s study, the presence of unilateral
interictal epileptiform discharges, cortical dysgenesis, and
younger age at implantation could independently lead to
more seizure-free days [29]. Englot et al. reported that
generalized epilepsy, traumatic epilepsy, and tuberous
sclerosis were correlated with significantly higher seizure
frequency reductions [36]. Patients with posttraumatic
epilepsy showed reduction rates of 50% and 73% in 3- and
24-month follow-up sessions, respectively, while in
nontraumatic epilepsies, these rates were 46% and 57%,
respectively.

Dede et al. reported more favorable VNS outcomes in
motor seizure and startle epilepsy [25]. In patients with a
history of febrile seizures, central nervous system infection,
or brain injury, the reductions in seizure frequency had no
remarkable differences [18].

Mental retardation remains a matter of debate as some
series show that patients with mental retardation respond
favorably to VNS therapy. Arcos et al. confirmed that VNS
outcome was correlated with severity of the mental retar-
dation. The level of intellectual disabilities correlated neg-
atively with positive clinical outcomes [18]. Other studies
could not detect similar findings.

Comparing the lesional nature and nonlesional nature of
seizures, Englot et al. reported that, in epilepsies with
lesional etiology, particularly tuberous sclerosis, greatest
clinical benefit from VNS is achieved [2]. Colicchio et al.
claimed that the lesional etiology (particularly postischemic
and tuberous sclerosis) of seizures is associated with the
highest percentage of responder to VNS among patients
[26]. Further analysis had shown that, in the subgroup of
epileptic patients with lesional etiology, a preimplantation
epilepsy duration of less than 15 years and an age of less than
18years at implantation reflect the highest chance of
benefiting from VNS.

3.5. Duration of Epilepsy. Long duration of epilepsy can
cause permanent damage to the central venous system,
which can influence the patients’ response to VNS. Colicchio
et al. have reported that there is a strong link between in-
creases in duration of epilepsy and reduction of clinical
response to VNS. They have claimed that patients with more
than 21 years of clinical history show worse clinical out-
comes with 13% reduction in frequency after one year and
10% after three years [11]. Therefore, seizure reduction rate
tends to be inversely correlated with the duration of epilepsy
[11]. However, they have claimed that age itself can be a
confounding factor in this conclusion and further regression
analysis must be performed to determine the effect of these
factors on VNS outcomes separately. Englot et al. found that
clinical outcome in patients with shorter duration of epilepsy
is considerably better than that in those with a seizure
history of more than 10 years [1]. Among children, in
younger ones with a short duration of epilepsy, VNS therapy
is highly efficacious in treatment of seizures [30]. Renfroe
and Wheless revealed that patients with seizures of less than
5 years before VNS implantation responded better to
treatment compared to patients with longer history of
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epilepsy [37]. In contrast to previously mentioned studies,
Labar has reported that prolonged duration of epilepsy has
been associated with more favorable VNS outcomes. Clinical
justification of this finding is difficult [31]. Consistant with
the work of Labar, Chrastina et al. confirmed that greater
duration of epilepsy was not a negative predictor of VNS
efficacy [23]. Another study also claimed that the duration of
epilepsy before VNS implantation did not have a remarkable
difference between the responder and nonresponder groups
[31]. Chrastina et al. denied any relationship between age or
epilepsy duration and >50% and >90% seizure frequency
reduction rates at 1-year and last follow-up sessions [23].
Although there are some contradictions in the literature,
higher duration of epilepsy seems to be associated with
worse clinical responses to VNS.

3.6. Ageat Epilepsy Onset. The impact of age at epilepsy onset
on VNS outcomes has also been evaluated in very few ar-
ticles. Serdaroglu A et al. have reported that parameters
including age at VNS implantation, duration of epilepsy, and
seizure type were not found to be considerably associated
with clinical effectiveness of VNS. The only parameter which
was significantly correlated with clinical response was age at
epilepsy onset. Patients with early seizure onset show poor
outcomes following VNS. [7]. In contrast, Colicchio et al.
ruled out age at epilepsy onset as a confounding factor
affecting lesional etiology as an independent prognostic
factor for prediction of VNS outcomes in epilepsy [26].
Englot et al. also claimed that age of epilepsy onset of more
than 12 years is associated with significantly higher degrees
of seizure freedom [2].

3.7. Frequency of Attacks. The impact of frequency of seizure
attacks on VNS outcomes in patients has not been exten-
sively studied in the available literature. One study has re-
ported that patients with a low frequency of seizures respond
faster to VNS therapy [18]. Tanganelli et al. reported that,
regardless of the type of seizure, VNS in patients with a very
high seizure frequency was not effective [35].

3.8. Antiepileptic Drugs and VNS. Although the interference
of antiepileptic drugs and VNS outcomes is theoretically
expectable, there is scarce data regarding this issue in the
current literature. Welch et al. [20] reported that the number
of antiepileptic agents at 1 year after VNS was not signifi-
cantly different from that before VNS intervention. Garcia-
Pallero et al. evaluated 85 patients who were VNS candi-
dates. Patients were categorized into two groups: a group of
those who changed their antiepileptic drugs after VNS
implantations and another group of those who did not
change their medications. The results showed that, after 18
months, 54.1% of patients had >50% seizure frequency re-
duction. These figures in change-drug and unchanged-drug
groups were 63% and 45.2%, respectively. Statistical analysis
revealed no significant difference among these groups [19].
A study by Chrastina et al. showed that, in the subgroup of
patients with late VNS response, there was a 54.5% drug dose
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increase and 27.2% drug change in the year prior to VNS
response [21]. Another study by Arcand et al. also reported
that medication alterations (dose or type) after VNS were
57%, 33%, 59%, and 81% at 6, 12, 24, and 36 months, re-
spectively. The percentages of VNS responders were 43%,
48%, 41%, and 50% at 6, 12, 24, and 36 months, respectively
[24]. As is seen, these rates do not match. These results can
be explained just similar to the findings of Chrastina et al.
Thus, there is controversy going on regarding the association
of treatment changes and optimized function of VNS.

3.9. VNS Parameters. Optimal parameter settings for VNS
therapy are not yet well defined [14]. Stimulation parameters
consist of pulse amplitude, pulse duration, frequency, du-
ration of “on” and “off” times, and ratio of “on” to “oft”
times. Theoretically, alterations in each parameter can cause
changes in the responses produced by patients.

Labar reported that there was no difference in response
to VNS between patients who remained on standard cycling
and patients who switched from standard cycling to rapid
cycling [31]. Gurbani et al. demonstrated a greater reduction
in seizure frequency in patients with rapid cycle compared to
standard cycle. Pediatric population shows a better response
to rapid cycles in comparison to adults [14]. To overcome
these discrepancies found in the literature, two meta-anal-
ysis reviews were performed. The review of Chambers and
Bowen [38] showed that high-stimulation modes had sig-
nificantly higher efficacy for reduction of seizures compared
to low-stimulation modes in adults. There was no significant
difference between these two paradigms in the pediatric
population. Another meta-analysis by Panebianco et al. also
showed that >50% reduction in seizure frequency is more
probably seen with therapeutic mode compared to low-
stimulation settings [39]. More research with larger pop-
ulation is recommended for further study of these
parameters.

3.10. EEG Findings. EEG findings reflect the status of
epilepsy in patients. Dede Ho et al. have suggested that VNS
would be more beneficial if EEGs demonstrate bilateral and
multifocal discharges [25]. Another study concluded that, in
patients with bilateral discharge compared to unilateral
discharge, greater responsiveness was observed [13]. In
contrast, Tecoma and Iragui [33] found that patients with
independent epileptic foci in both hemispheres may exhibit
worse responses to VNS. Another study also emphasized
that absence of bilateral interictal epileptiform discharges on
the EEG could result in a better outcome [18]. This study has
also analyzed the discharges from temporal lobe with or
without contribution of other brain regions in forming
seizures. They concluded that presence of temporal lobe
discharges is associated with significantly better VNS
responses.

Compared to patients without discharges from temporal
lobe, this study suggests temporal lobe discharge as an early
indicator of response [18]. Complete normalization of the
EEG abnormalities in all children who became seizure-free
was reported in Serdaroglu et al.’s investigation [7]. A study

revealed conflicting results regarding EEG findings in pa-
tients after VNS. In that study, 10 out of 17 patients showed
improvements at 3 and 6 months after VNS on EEG but four
patients showed more abnormalities on EEG 6 months after
VNS compared to 3 months after VNS. [22] Another study
revealed that alpha, theta, delta, and beta bands had sig-
nificantly higher pdBSI values in nonresponders than in
responders. It is reported that pdBSI values of alpha and
theta are significant indices in predicting responders and
nonresponders to VNS [28]. Further research for clarifica-
tion of precise and exact effects of VNS on EEG is warranted.

3.11. MRI Findings. Findings of MRI can show correlations
with VNS outcome measures. According to Janszky et al.’s
study, malformation of cortical development on MRI and
the absence of bilateral spike focus were correlated with
satisfactory VNS outcomes [13]. However, logistic regres-
sion analysis showed that only the absence of bilateral
interictal epileptiform discharges was independently asso-
ciated with the efficacy of VNS and the presence of cortical
malformations was not ruled out [13]. Arcos et al. [18]
reported that, 6 months after VNS, there was no significant
difference regarding VNS outcomes between patients with
abnormal and normal MRI but, after 12 months, abnormal-
MRI groups showed significantly higher responses to VNS
compared to normal-MRI patients (82.4% versus 45%).
Similarly, Arya et al. [17] revealed that response rates in
abnormal-MRI and normal- MRI patients have been 80.8%
and 52.9%, respectively. MRI in post-VNS epileptic patients
also needs further studies to be more elucidated.

3.12. Biomarkers. Preliminary reports have mentioned that
elevations in extracellular norepinephrine levels can be the
mechanism of VNS eflicacy in epilepsy [27]. The source of
norepinephrine has been speculated to be locus coeruleus
(LC). Elevations in gamma-aminobutyric acid (GABA)
signaling and decreases in excitatory glutamate signaling
were also reported in LC [40, 41]. It was shown that transient
VNS can commence fast and periodic activity of neurons in
LC but increases in pulse and intensity of VNS can dra-
matically increase the neuronal activity in LC. In addition to
LG, elevation in CSF GABA after VNS is also reported [42].
Thus, measurement of norepinephrine and GABA in ex-
periments can be considered as a key to prediction of VNS
function.

3.13. Side Effects of VNS. VNS has been proven to be safe
[7, 15, 16] and well tolerated [16] and is usually not asso-
ciated with the common central nervous system adverse
effects [7].

Most patients will face mild and transient stimulation-
related side effects including vocal hoarseness (the most
frequent adverse effect [18, 25]), sore throat, paresthesia,
anorexia, and cough, which occur only during stimulation
and resolve over time. Common stimulation-related side
effects (e.g., cough, voice alteration, and throat paresthesias)
are typically mild and can be reversed by adjusting the
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stimulation parameters [3]. Neck sensory abnormalities in
up to 15%, voice hoarseness in up to 50%, cough in up to
15%, and dyspnea in up to 15% of patients are reported at 12
months but they are reduced to 5%, 20%, 1%, and 3% at five
years, respectively [43]. Complications associated with im-
plantation include infection at the incision site (may lead to
the removal of the stimulator), lead impedance problem, and
transient paralysis of the left vocal cord [7]. A study has
demonstrated that adverse effects are fewer in patients below
12 years of age [30]. In another study, adverse events oc-
curred within 48 hours after increasing stimulation pa-
rameters and then resolved either spontaneously or via
substantially decreasing stimulation parameters [6]. The
infectious complications need intravenous antibiotics or
removal of stimulator [6]. Cough, paresthesia, pain, dyspnea,
headache, infection, and asystole are also occasionally re-
ported [1]. Unilateral vocal cord paralysis, seroma/hema-
toma requiring aspiration, pneumothorax, hoarseness,
dysphagia, superficial, and deep infections were seen in
Elliott et al.’s study [12]. A review of 247 VNS implantations
showed an overall implantation complication rate of 8.6%.
Specifically, the most common complications were as fol-
lows: infection (2.6%), postoperative hematoma (1.9%), and
vocal cord palsy (1.4%) [44].

3.14. VNS versus Other Neurostimulation Therapies. There
are other neurostimulation systems available for the treat-
ment of refractory epilepsy. Responsive Neurostimulation
(RNS) continuously senses electrographic activity via depth
or cortical strip leads implanted based on the patient’s
seizure foci and it works by detecting seizures at start and
then stimulating the seizure focus to prevent the propagation
[45]. Randomized controlled trials have demonstrated RNS
efficacy in patients with one or two seizure foci [46]. In a
study by Wang et al., the authors compared the outcomes of
VNS versus RNS. They concluded that there is no statistically
significant difference between VNS and RNS in terms of
reduced seizure frequency for patients with temporal lobe
epilepsy; however, this study suffers from small sample size
and different duration of follow-up for VNS and RNS groups
[47].

Deep brain stimulation (DBS) of the anterior thalamic
nuclei (ATN) is another approved therapy that has shown
efficacy in randomized trials. In SANTE trial, the median
seizure reduction in the stimulation increased from 21.3%
after electrode placement to 40.4% after 90 days [48]. In a
long-term follow-up of patients treated with ATN-DBS,
median seizure reduction increased from 41% at one-year
follow-up to 69% after five years. Additionally, responders
increased from 49% to 68% after five years [49]. There is
some evidence suggesting that VNS and ATN-DBS share
common pathways and the thalamus is consistently involved
in VNS therapy. Positron emission tomography (PET) and
functional magnetic resonance imaging (fMRI) have shown
the effects of VNS on higher brain structures through the
vagus nerve [50]. Kulju et al. have reported similarities
between the responses to ATN-DBS and VNS. In their study,
the authors evaluated eleven patients with previous VNS
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therapy who underwent ATN-DBS implantation. They re-
ported that the response to ATN-DBS therapy seems to be
correlated to the response to previous VNS therapy; if a
patient had positive effect of VNS, ATN-DBS effect also
showed the same effect. In VNS therapy nonresponder
patient, the chances for a stable response to DBS were re-
duced as well [51].

Outcome data of different neurostimulations show that
they are an effective, yet palliative approach. Current evi-
dence does not provide sufficient data regarding the supe-
riority of one neurostimulation over another. More studies
are warranted to compare efficacy and safety of available
neurostimulations.

4. Limitations

Given heterogeneity of patients undergoing VNS implan-
tation and the degree and quality of presurgical workup,
currently there is no clear agreement on factors associated
with response to VNS.

5. Conclusion

It is important to take into consideration the fact that
complete seizure freedom is rarely achieved using VNS
[15, 36]. Based on the current literature, nonresponder rate
ranges between 25% and 65%. Thus, it is essential to select
the best candidates for VNS before implantation [25], given
the probable adverse effects. Given the complexity and di-
versity of factors associated with response to VNS, more
clinical studies are needed to establish better paradigm for
selection of patients for VNS therapy.
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