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ABSTRACT: Background: Early studies of cognitive motor control have shown deficits in complex 
reaction time tests of epileptic subjects. The purpose of this efficacy study was to determine whether 
chronic (28 months) stimulation of the left vagus nerve (VNS) to control seizures increased these 
deficits in 6 epileptic subjects with intractable complex partial seizures. Methods: Subjects were 
assessed for simple reaction time, Test A, and subsequent Tests B and C which involved more complex 
cognitive strategies. Tests were done pre-operatively (SI) and at intervals, 6-8 weeks (S2-S3), and at 6 
month intervals (S4-S6) over a 28 month period. Data were collected and collated on an Apple II E 
computer (Apple, Cupertino CA. U.S.A.) and on electronic switch pad. Data were analyzed using a 
repeated measures analysis of covariance technique with 2 within subject factors, day, and time of day. 
Results: 2/11 cognitive measures showed a statistically significant difference. Error rate associated with 
Test A (simple reaction time) significantly decreased for the factor of day (repeated visits) p = .01. For 
Test C, error rates decreased in the afternoon (p = .03). This test involved the subjects ability to respond 
quickly to one signal while simultaneously ignoring a second signal. Data analysis of the covariate 
showed that the effects of VNS are weak in comparison to baseline differences and the frequency of 
nerve stimulation negatively predicts the number of wrong errors. High frequency stimulation results 
showed fewer errors than low frequency stimulation T = -2.31, p = .03. Conclusion: Chronic stimula
tion of the left vagus nerve to control seizure activity does not impair cognitive motor control. 

RESUME: La stimulation chronique du nerf vague gauche: effets moteurs cognitifs. Introduction: Des 6tudes 
preliminaires du controle moteur cognitif ont montre des deficits dans les epreuves du temps de reaction complexe 
des sujets epileptiques. Le but de cette etude d'efficacite etait de determiner si la stimulation chronique (28 mois) 
du nerf vague gauche (SNV) pour controler les crises d'epilepsie augmentait ces deficits chez 6 Epileptiques qui 
avaient des crises partielles complexes resistantes au traitement. Methodes: Le temps de reaction simple a €i€ 
evalue chez les sujets, test A, et on a ensuite precede a des tests impliquant des strategies cognitives plus com
plexes, les tests B et C. Les tests etaient faits avant 1'intervention (SI) et a intervalles de 6 a 8 semaines (S2-S3) et a 
intervalles de 6 mois (S4-S6) sur une periode de 28 mois. Les donnees etaient recueillies et colligees sur un ordina-
teur Apple II E (Apple, Cupertino CA. U.S.A.) et sur une tablette a commutateur electronique. Les donn6es ont il€ 
analysers au moyen d'une analyse de covariance pour mesures repetees avec 2 facteurs par sujet, le jour et l'heure. 
Resultats: II y avait une difference statistiquement significative pour 2 mesures cognitives sur 11. Le taux d'erreur 
associe au test A (temps de reaction simple) diminuait significativement pour le facteur jour (plusieurs visites) p = 
0.01. Pour le test C, le taux d'erreur diminuait dans l'apres-midi p = 0.03. Ce test eValuait l'habilite des sujets a 
repondre rapidement a un signal tout en ignorant un second signal donne' simultanement. L'analyse des donnees de 
la covariante a montre que les effets de la SNV sont faibles compares aux differences initiales et que la frequence 
de la stimulation predit negativement le nombre de fausses erreurs. Les resultats de la stimulation a haute frequence 
ont montre moins d'erreurs que la stimulation a basse frequence T = -2.31, p = 0.03. Conclusion: La stimulation 
chronique du nerf vague gauche pour le controle des crises n'augmente pas les deficits moteurs cognitifs. 
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Stimulation of the left vagus nerve has been used as an 
adjunctive treatment to control intractable complex partial 
seizures in man.1"9 Efficacy studies are necessary to determine 
the impact of continued chronic stimulation of the left vagus 
nerve (VNS) on cognitive motor control. Reaction time method
ologies are used to assess cognitive motor function and the 
results have wide application to assessment of activities of daily 
living. 

Reaction time experiments of epileptic subjects who were 
treated with conventional anticonvulsant drug therapy demon
strated no significant differences between epileptic patients and 
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normal controls for simple reaction time tests.1011 However, the 
response time of the epileptic group was significantly slower 
than the control group for more complex reaction time tests and 
epileptic subjects made more errors. Other stimulation studies 
involving direct stimulation of the anterior thalamic nucleus in 
epileptic subjects resulted in gradual, steady improvement in 
pegboard performance and reaction time variability.12 

Cognitive motor function studies in subjects with intractable 
complex partial seizures who were receiving electrostimulation 
of the left vagus nerve showed no significant acute adverse 
effects which could be attributed to VNS.13'14 These studies did 
show that response times of the epileptic group were much 
slower than normal controls and older control subjects with 
Parkinsons disease (Figure 1). The chronic effects (28 months 
post operatively) of stimulation of the left vagus nerve on cogni
tive motor response times in subjects with intractable complex 
partial seizures are reported below. 

METHODS 

A longitudinal double blinded cross over study, part of a mul-
ticenter trial was done to determine the effects of chronic stimu
lation of the left vagus nerve on seizure control in 8 subjects 
with complex partial seizures.1"8 In addition, subjects were 
assessed to determine whether there were any adverse effects on 
cognitive motor function. This paper reports the effects of VNS 
on cognitive motor control. The project was approved by the 
Medical Ethics Committees of Chedoke-McMaster Hospitals, 
Hamilton, Ontario, Canada and was supported by the Michael 
DeGroote Foundation for research in epilepsy. 

Subjects were implanted with a Neurocyberonics pacemaker, 
Model 100, Cyberonics Inc. Webster, Texas, U.S.A. Complete 
data sets were available on 6 of the 8 subjects. The reason that 2 
subjects had incomplete data sets was that one subject was 
severely mentally retarded and was unable to concentrate long 
enough to do all sets of the trials and one subject had severe 
compliance problems. The six subjects had a mean age of 33 ± 
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Figure 1: Group comparisons of response time. Young subjects mean 
age 27.3 ±4.48, Old subjects mean age 68.8 ±4.75, Parkinsonian sub
jects mean age 67.8 ± 4.92, Vagal subjects mean age 33 ± 9.17 SD 
years. 

9.17 SD years and five subjects were male. All were on three 
anticonvulsant medications to control intractable complex par
tial seizures and all had seizures for more than 20 years. 
Inclusion criteria were that subjects must have at least 6 
seizures/month without more than a 2 week interval between 
seizures. Exclusion criteria were pregnancy or evidence of other 
neurological disease. Patients were originally randomized into a 
high frequency (30 Hz, 500 |Xsec) and low frequency stimula
tion (1 Hz, 130 |asec) group. After 12 weeks all subjects 
received high frequency stimulation because it was found that 
seizure frequency decreased more with high frequency stimula
tion.1"3'68 Anticonvulsant drug levels were at therapeutic levels 
throughout all tests and dosages were not changed. 

Subjects were assessed on how quickly they responded to a 
randomized light signal appearing on an electronic switch pad 
(test A-reaction time), then to a randomized signal appearing 
bilaterally (test B-choice reaction time) and finally their ability 
to respond quickly to one signal while simultaneously ignoring 
a second signal (test C-inhibition time). All tests were preceded 
by a set of warning signals indicating that the test was about to 
begin. The tests varied in complexity, particularly in the amount 
of attention and strategizing required. 

Data were collected and collated using an Apple HE com
puter (Apple, Cupertino, CA, USA). The software used was 
developed at Simon Fraser University, Burnaby, British 
Columbia, Canada, based on experiments of Donders & Posner 
et al. (1969,1978).1516 Each session (S1-S6) involved assess
ment at half hour intervals over a 7 hour period. Each test set 
(test A, B, C) takes a combined time of 10 minutes. Evaluations 
were done preoperatively (SI) and at 6-8 week intervals (S2-S3) 
and every 6 months thereafter (S4-S6) over 28 months. There 
were 6 sessions per subject. 

A repeated measures analysis of covariance technique with 2 
within subject factors, day, (repeated visits) and time of day 
(a.m. versus p.m.) was used to compare the mean values of sev
eral cognitive outcome measures. The outcome measures were 
response time, response errors, total errors, premature errors, 
wrong errors, slow errors and the cost benefit ratio. For each 
test, there were 54 observations per subject. The time of day fac
tor was calculated by using the first 4 observations of the testing 
day to create a morning mean. In a similar manner the last 5 
observations are components of the afternoon mean value for 
each variable. The covariate in each individual design was the 
session 1 pre-implant value. The covariate was defined by the 
BMDP program 2 VI as one that changes across trials to corre
spond with the a.m./p.m. divisions for each day of testing. The 
regression analysis was done for each cognitive measure indi
vidually. The set of potential predictors for each measure were 
session and time of day. The pair-wise comparisons for time of 
day was a level of 2 and with sessions, the level is 5 (sessions 2-
6). Session 1 was the covariate which changed across trials. 

A coefficient of variation (CV) analysis was done in order to 
compare the variation between the parameters relative to the 
mean. The calculation is: 

CV = standard deviation of the test scores 
mean of the test scores 

X 100% 

Because of the indeterminate shelf life of the batteries, the stim
ulation frequency has to be viewed as a RANDOM EVENT 
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rather than a fixed factor in our designs. Therefore, the stimula
tion frequency, regression analysis was done independently. 
Seizure frequency was also viewed as a RANDOM EVENT 
which changes erratically and was not used in our design. 

RESULTS 

Two of eleven cognitive measures showed statistically signif
icant differences between SI, (pre-operative) assessment and 
S6, (after 28 months of stimulation). Test A (reaction time), 
error rate showed a decrease in number of errors over time. The 
mean number of errors decreased from 1.60 pre-operatively to 
.82 after 28 months of stimulation. This decline in errors is sup
ported by a statistically significant F value for the covariate 
[(F(4,20) = 7.61 p = .05]. The within subject repeated factor of 
session was also significant [F(4,20) = 4.28 p = .01] but the 
improvement in performance was not a clear linear progression. 
Fluctuations in performance can be expected due to the nature 
of epilepsy and the effect of drug therapy. For test C (inhibi
tion), error rates declined from morning to afternoon when com
pared to presurgery rates [F(l,4) = 15.85 p = .01]. After 
stimulation, analysis of results of morning vs. afternoon values 
showed statistically significant improvement occurring in the 
afternoon [F(l,4) = 10.41 p = .03]. The above errors include 
whether the responses were too fast, too slow or incorrect for 
the specific trials. There was no effect for response time for any 
of the reaction time tests. 

In several of the other analyses, the covariate (SI) was found 
to be statistically significant more often than the within subject 

repeated factor of session (2 through 6). Since SI was the base
line measure pre-surgery and the covariate used across the trials, 
this finding indicates that the effect of vagus nerve stimulation 
is weak in comparison to the baseline differences among 
patients and their cognitive functioning. Although the factor of 
time of day did not yield statistically significant differences in 
those cases, a close look at the pre-operative morning means 
compared to the post operative overall morning means makes 
the improvement over time more apparent. The pre-operative 
afternoon compared to the post operative overall afternoon 
means showed a similiar trend. 

A multiple regression equation was used to look for variables 
which influence each cognitive outcome. Only 1 statistically 
significant predictor was found. The frequency of stimulation 
negatively predicts the number of wrong errors T = -2.31, p = 
.03. Therefore, with high frequency stimulation, performance 
resulted in fewer errors than with low frequency stimulation. 

Results of the coefficient of variation analyses show (Table 
1) that performance is repeatable between sessions. With 
repeated sessions the variations relative to the mean are very 
low, indicating that the variance in standard deviation around 
the mean is fairly small from session to session. 

DISCUSSION 

Chronic stimulation of the left vagus nerve showed no 
adverse effects for simple reaction time, or for the more com
plex cognitive motor reaction time tests. In fact, improvement 
was shown in some tests. Error rates decreased significantly 

Table 1: 

TESTA 

TESTB 

TESTC 

Response Times for Tests A, B 

Session 

SI 
S2 
S3 
S4 
S5 
S6 

SI 
S2 
S3 
S4 
S5 
S6 

SI 
S2 
S3 
S4 
S5 
S6 

SD = Standard Deviation 

Mean 

454.32 
423.56 
417.97 
424.74 
432.02 
449.56 

494.24 
462.25 
467.63 
471.65 
463.11 
487.33 

512.51 
493.03 
503.00 
507.69 
504.44 
524.73 

CV = Coefficient of Variation 
S = Session 
N = 6 

&C. 

SD 

125.73 
116.04 
92.87 
94.71 
84.30 
73.78 

121.84 
99.35 
69.39 
79.65 
64.98 
95.01 

116.74 
112.37 
92.26 

100.66 
86.32 

105.67 

CV(%) 

27.6 
27.3 
22.2 
22.2 
19.5 
16.4 

24.6 
21.4 
14.8 
16.8 
14.0 
19.4 

22.7 
22.7 
18.3 
19.8 
17.1 
20.1 

Significance 

NS 
NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 
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Figure 2: Group comparisons of response time after 2'A years of 
stimulation. Young subjects mean age 27.3 ± 4.48, Old subjects mean 
age 68.8 ± 4.75, Parkinsonian subjects mean age 67.8 ± 4.92, Vagal 
subjects mean age 33 ±9.17 SD. 

over time in Test A, and there was a significant decrease in error 
rate from morning to afternoon in Test C. Statistical regression 
analyses showed that the effect of left vagal nerve stimulation 
on cognitive performance is weak. Any improvement in perfor
mance over time is thought to be the result of post-operative 
stimulation rather than a learning effect. Further, changes are 
not likely to be due to repeated exposure to the tests because 
there was not a great improvement or deterioration in perfor
mance which would have been the case had subjects simply 
learned how to perform more proficiently or on the other hand 
become bored and careless (Figure 2). Using subjects as their 
own control in this study design is valid because the within sub
ject variance is accounted for in the design. Persistent impair
ment of cognitive motor control (response time) may be 
attributed, in part, to the chronic long term effects of anticonvul
sant drug therapy and/or the natural history of complex partial 
seizures. These conclusions are supported by other reports and 
The Multicenter Holmfrid Study of significant improvement in 
psychomotor speed after drug withdrawal.1718 Furthermore, 
phenytoin has been shown to cause more impairment of motor 
and mental speed than carbamazepine, and phenobarbital has 
been shown to produce worse results on choice reaction time in 
healthy adults.19 In a study of newly diagnosed patients with 
epilepsy, phenytoin was shown to have a negative effect on 
motor speed of the hands.20 These effects may be contributing 
factors affecting the results of our study. Our results clearly 
show that vagal nerve stimulation to control complex partial 
seizures does not impair cognitive motor function in subjects 
with intractable complex partial seizures who are on long term 
anticonvulsant drug polytherapy. 
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