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TABLE IV. Amplitudes and latencies of major wave components in Type | responses

Latency #+ SD (ms)

Amplitude + SD (uV)

Stimulation Recording Onset P1 N1

P2 P1 N1 P2

-MA -MA
nf-MA
SA
NEA
-MA
nf-MA
SA
NEA
SA -MA

48 +£0.7 119 +£ 238

49 +038 137 £ 3.6

nf-MA

6.9 £ 05 17.7 £ 0.1

NEA

SA 6.2
NEA 55

10.1
13.1

294+ 20

299 £29

352+ 03

27.1
28.7

56.0 + 4.7 223 + 7.5 119.7 + 61.8° 162.0 & 73.9°

53.5+£9.3 146 + 6.4 61.4 + 31.6 83.2 £ 37.0

704 £5.0 70+ 14 305 +35 48.5 + 0.7

55.4 5.0
55.7 8.0

15.0
15.0

40.0
39.0

SD, standard deviation; f-MA, facial motor area; nf-MA, nonfacial motor area; SA, somatosensory area; NEA, noneloquent area.
“Significantly greater compared with other stimulation/recording patterns (P < 0.01).
PSignificantly greater compared with other stimulation/recording patterns (P < 0.05).

The statistical analysis on the effect of the recording site
demonstrated that the recording site was important for a
positive contralateral CCEP response only for MA-MRI (P
< 0.05) (Table III). For MA-MRI stimulation, a significant
difference in positive CCEP response was found between
MA-MRI and NEA-MRI recordings (P < 0.01). These data
also suggested that MA stimulation tended to evoke con-
tralateral CCEP responses at the MA.

Comparisons of latencies and amplitudes

The latencies and the amplitudes were analyzed statisti-
cally using t-test, for each waveform type (Tables IV-VI).
Because of the limited data available, not all comparisons
were possible. Therefore, comparisons of waveform pa-
rameters were performed only between f-MA recording
with contralateral -MA stimulation (the most frequently

TABLE V. Amplitudes and latencies of major wave components in Type 2 responses

Latency =+ SD (ms)

Amplitude £ SD (1V)

Stimulation Recording Onset N1 P2 N1 P2
f-MA f-MA 7.8 + 0.6° 243 +1.9° 476 = 11.4 30.2 4 23.0 56.0 £+ 29.6
nf-MA
SA 9.0 33.2 29.0 14.0 29.0
NEA 121 £ 4.2 33.1 £ 29 58.7 £ 4.8 343 + 199 54.6 + 35.7
nf-MA -MA 11.3 £ 49 237 £ 24 444 + 84 193 £ 16.2 55.0 & 25.5
nf-MA 9.5 22.3 37.0 16.0 18.0
SA
NEA 135 + 47 315+ 59 493 + 7.5 150+ 14 40.0 4+ 19.8
SA -MA
nf-MA
SA
NEA
NEA f-MA 9.6 26.6 50.6 18.0 36.0
nf-MA
SA
NEA 11.8 £ 35 282 £ 5.0 529 £+ 5.6 285 + 49 42.8 + 105

SD, standard deviation; f-MA, facial motor area; nf-MA, nonfacial motor area; SA, somatosensory area; NEA, noneloquent area.
*Significantly shorter compared with other stimulation/recording patterns (P < 0.001).
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TABLE V1. Amplitudes and latencies of major wave components in Type 3 responses

Latency =+ SD (ms)

Amplitude =+ SD (nV)

Stimulation Recording Onset

P1

N1 PV NV

-MA -MA
nf-MA
SA
NEA
-MA
nf-MA
SA
NEA
SA -MA
nf-MA
SA
NEA
-MA
nf-MA
SA
NEA 7.6

20.0 £ 4.5
15.1

nf-MA 10.0

NEA 18.8

21.7

316 £ 4.1
222

28.9

34.3
29.4

25.7

52.0 £ 5.6
43.7

20.0 £ 15.6
11.0

38.3 £ 275
29.0

53.1 25.0 48.0

52.0
50.9

35.0
16.0

30.0
30.0
398

20.0 25.0

SD, standard deviation; f-MA, facial motor area; nf-MA, nonfacial motor area; SA, somatosensory area; NEA, noneloquent area.

recorded and the most prominent waveforms obtained
in this study) versus all other stimulation/recording
patterns.

For Type 1 response, no significant differences in laten-
cies such as latencies of onset, P1, N1, and P2 were
observed in all comparisons. On the other hand, all
amplitudes were significantly greater in the waveforms
of f-MA recording with contralateral f-MA stimulation
than other waveforms: from onset to P1 (P < 0.01), from
P1 to N1 (P < 0.05), and from N1 to P2 (P < 0.05) (Ta-
ble IV). For Type 2 response, the latencies of onset (P <
0.001) and N1 (P < 0.001) were shorter in the waveforms
of f-MA recording with contralateral f-MA stimulation
than other waveforms. However, no significant differen-
ces were detected in the comparisons of the latency of
P2 and of all amplitudes (Table V). For Type 3, no sig-
nificant differences were observed in all comparisons
(Table VI).

DISCUSSION

Consistent with our previous report [Terada et al., 2008],
CCEP responses were recorded from the contralateral
hemisphere in the current study. Compared with the pre-
vious study, this study investigated a larger number of
patients, and furthermore succeeded to stimulate not only
{-MA but also nf-MA and SA. The data obtained allowed
us to clarify the characteristics of these interhemispheric
connections more precisely. All patients in the current
study had temporal lobe epilepsy. Therefore, we presume
that all the CCEP responses observed in the present study
may reflect normal physiological phenomena.

Effect of Stimulation and Recording Sites
Facial motor area stimulation

CCEP responses were recorded from the contralateral
hemisphere more frequently by stimulating f-MA (29.1%)
than by stimulating SA (2.9%) or NEA (3.8%). And, -MA
stimulation evoked CCEP responses more frequently at
the contralateral f-MA (55.6%) than at nf-MA (14.3%), SA
(12.5%), or NEA (22.1%), although the differences were
only significant when compared with SA or NEA record-
ings, probably because the number of data was too small.
Furthermore, the amplitudes of all components in Type 1
response were significantly greater when stimulating f-MA
and recording from contralateral f-MA. These data suggest
that compared to other areas, the f-MA has denser interhe-
mispheric connections with the contralateral f-MA. From
the physiological point of view, these connections are sup-
posed to play an important role to control facial move-
ments, which are usually symmetric or not independent
between both sides.

Nonfacial motor area stimulation

CCEP responses were recorded from the contralateral
hemisphere more frequently by stimulating nf-MA (25.0%)
than by stimulating SA (2.9%) or NEA (3.8%). Further-
more, nf-MA stimulation evoked CCEP responses more
frequently at the contralateral f-MA (80.0%) than at nf-MA
(25.0%), SA.(0%), or NEA (12.5%), although the differences
were only significant when compared with SA or NEA
recordings. There were no apparent differences in ampli-
tudes when compared with SA or NEA stimulation,
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15/68 (22.1%)

1/8 (12.5%)
1/7 (14.3%)

15/27 (55.6%)

2/43 (4.7%)
0/9 (0%)

0/2 (0%)

0/14 (0%)

§,
&

2/16 (12.5%) | NEA  6/181(3.3%)
0/3 (0%) SA 1/25 (4.0%)
nf-MA 1/4 (25.0%) nf-MA 1/13(7.7%)
4/5(80.0%) | | f-MA  2/43(4.7%) |
Figure 7.

Schematic presentation of the results. Arrows indicate the inter-
hemispheric connections. The line thicknesses correspond to
the positive rate of CCEP responses; i.e., the thicker the line is,
the more frequently the interhemispheric responses can be
recorded. It is demonstrated that both facial motor area (f-MA)

although statistical analysis could not be performed. These
findings suggest that interhemispheric connections origi-
nating from the nf-MA extend to the contralateral f-MA
more frequently than to other areas including the contra-
lateral homologous nf-MA. From the physiological view-
point, the relatively sparse connections between bilateral
nf-MA may correspond to the fact that left and right
hands are controlled separately and may move independ-
ently in humans.

In a previous electrophysiological study, Ugawa et al.
[1993] demonstrated interhemispheric connections between
strictly homotopic areas in left and right MA using trans-
cranial magnetic stimulation. In an anatomical study con-
ducted in humans, Aboitiz et al. [1992] also noticed that
most fibers in the corpus callosum connect the correspond-
ing areas of the left and right hemispheres. Furthermore,
our previous report suggests that the interhemispheric
connections are between bilateral homologous areas,
although the data were limited only to f-MA stimulation
[Terada et al., 2008]. In contrast, the current study demon-

and nonfacial motor area (nf-MA) send their neural connections
to the contralateral f-MA rather than nf-MA or other areas. Fur-
thermore, it is also seen that both somatosensory area (SA) and
noneloquent area (NEA) send sparse connections to the contra-
lateral hemisphere.

strated that the neural connections between left and right
MA were uneven. Both f-MA and nf-MA send interhemi-
spheric fibers to the contralateral {-MA more frequently
than to the contralateral nf-MA (see Fig. 7). On the other
hand, compared with nf-MA, f-MA tends to receive more
interhemispheric connections from the contralateral MA,
both f-MA and nf-MA. Anatomical analysis in animals
demonstrated uneven transcallosal connections between
left and right MA [Gould et al., 1986; Pandya and Vignolo,
1971). They reported that motor representation of the dis-
tal forelimb has no or greatly reduced callosal connections,
as was also observed in the present human study.

Sensory area and noneloquent area stimulation

Stimulation of SA or NEA evoked only rare CCEP
responses that could be recorded from the contralateral
hemisphere. Especially, SA stimulation never evoked any
response at the contralateral MA or SA, even though both
facial and nonfacial SA were examined. For both SA and
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NEA stimulation, there were no significant differences in
positive response rate among the recording sites. These
findings indicate that there is no or only very sparse neu-
ral connection from the SA or NEA to the contralateral
hemisphere in humans. There was no previous report on
the interhemispheric connection between left and right SA
in humans by any method. However, animal studies have
demonstrated transcallosal connection between bilateral
SA by anatomical investigations [Cusick et al., 1985; Jones
and Powell, 1969; Pandya and Vignolo, 1968] and also by
electrophysiological studies [Chang, 1953; Curtis, 1940a].
The discrepancy between this study and the previous
reports may represent the difference in functional organi-
zation between humans and animals or the difference in
methodology.

Analysis of MRI-defined eloquent areas

Recently, 3D reconstruction MRI imaging is used to
identify “motor area,” “somatosensory area,” or other elo-
quent areas. In this study, we also used the same method,
although we could not differentiate between f-MA and nf-
MA by MRI imaging. In the results, it was also demon-
strated that MA-MRI (25.4%) more frequently sent the
interhemispheric neural connections than SA-MRI (8.8%)
or NEA-MRI (1.8%). It was also demonstrated that MA-
MRI stimulation more frequently demonstrated the CCEP
responses in the contralateral MA-MRI (35.8%) than SA-
MRI (27.8%) or NEA-MRI (14.3%). These findings are con-
cordant with the analysis mentioned above.

In this analysis, however, the statistically significant dif-
ference was also observed in comparison between SA-MRI
stimulation (8.8%) and NEA-MRI stimulation (1.8%). In
the analysis discussed above, there was no statistically sig-
nificant difference between SA stimulation (2.9%) and
NEA stimulation (3.8%). By stimulating SA-MRI, 13 of 147
trials demonstrated CCEP responses in the contralateral
hemisphere. Of 13, six stimulations resulted in motor
response in cortical stimulation, even the electrical stimuli
were given on SA-MRL It was most likely that these six
stimulations might activate the adjacent MA, and, there-
fore, resulted in activation of the interhemispheric neural
connections arising from the MA. This kind of phenom-
enon was called “distant response” by Penfield and Jasper
[1954].

Waveform types

In this study, three types of waveforms were recorded,
which we designated Type 1, Type 2, and Type 3. Judged
from the waveforms and peak latencies, the generators of
N1 and P2 in Type 1 and Type 2 are most likely to be
identical, while an additional generator may give rise to
P1in Type 1.

Type 1 responses were mainly recorded while stimulat-
ing -MA (12 of 16 Type 1 responses) and while recording
at f-MA (seven responses). Interestingly, this response was

never recorded when nf-MA was stimulated. Therefore,
we speculate that P1 in Type 1 response may be a
relatively specific component generated by the contralat-
eral f-MA.

In Type 1 response, one or two notches always superim-
pose on P1. As discussed in our previous report [Terada
et al., 2008], this notch may represent the high frequency
oscillation seen in somatosensory evoked potential [Hashi-
moto et al., 1996; Maegaki et al., 2000], or the d-wave and
i-wave observed in transcranial magnetic stimulation
[Hanajima et al.,, 2001], or the different latencies between
anodal and cathodal stimuli. Further study is needed to
specify the significance of the notches.

Judged from the peak latencies, P1' and N1’ of Type 3
may correspond to the opposite tail of dipoles of N1 and
P2. However, because of technical limitation (spatial sam-
pling problem in subdural recording), we could not ana-
lyze their distributions and fields. Therefore, we could not
confirm the presence of this dipole. Further study, includ-
ing EEG or MEG studies, is necessary to clarify the rela-
tionship between N1-P2 in Type 1/2 response and P1-N1’
in Type 3 responses.

Latencies

In this study, the onset of P1 in Type 1 response was
3.6-7.2 ms, and the peak latency of P1 in Type 1 was 7.6—
13.6 ms. The onset of N1 in Type 2 was 7.1-20.6 ms, the
peak latency of N1 15.9-38.6 ms, the onset of P1' in Type 3
7.6-24.2 ms, and the latency of P1’ 22.2-36.2 ms.

Shibasaki et al. [1978] demonstrated the latency differ-
ence of C reflexes in bilateral limbs in patients with corti-
cal myoclonus, and suggested that the transit time
between bilateral hemispheres is 9-11 ms. Brown et al.
[1991] also demonstrated similar side-to-side difference of
C reflexes in patients with cortical myoclonus. Their data
suggested that the interhemispheric transit time is 10.1-
15.6 ms. Transcranial magnetic stimulation also demon-
strated transcallosal connections between bilateral MA.
When the ipsilateral MA was stimulated as the condition-
ing stimulation, EMG responses evoked by contralateral
MA stimulation was reduced significantly. This interhemi-
spheric inhibition was maximal when the stimulus interval
was approximately 8-9 ms [Ferbert et al., 1992]. Ugawa
et al. [1993] reported that stimulation of the ipsilateral MA
facilitated the response for the contralateral MA stimula-
tion, and demonstrated that this effect was prominent
when the conditioning stimulation was given 8 ms before
the contralateral stimulation. Cracco et al. [1989] and
Amassian and Cracco [1987] reported cortical responses
similar to our results by transcranial electrical or magnetic
stimulations. Their peak latencies of the initial positive
peak were 8.8-12.2 and 9-14 ms, respectively. These stud-
ies suggest that the transcallosal transit time is approxi-
mately 8-14 ms for left and right MA, and are almost
concordant with our result (the peak latency of P1 in Type
1, the onset of N1 in Type 2, or the onset of P1' in Type 3).
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Hanajima et al. [2001] showed the occurrence of interhe-

mispheric facilitation 4-5 ms after contralateral MA stimu-
lation, followed by late inhibition maximal at 11 ms. This
facilitation occurred much earlier than our initial peak, but
occurred with the similar timing with the onset of P1 in
Type 1. Then, it is possible that the very early portion of
our CCEP components (P1 in Type 1 response) corre-
sponds to this facilitation.
" In animal studies, the initial positive wave lasted
approximately 15 ms and the second negative wave lasted
approximately 75 ms in cat [Curtis, 1940b]. Cukiert and
Timo-Jaria [1989] reported that the initial response started
at 2-10 ms and the second peak at 10-25 ms. Single neu-
ron recording in animals demonstrated that the initial unit
arrived at 6-8 ms by stimulating the opposite pyramidal
tract in cat [Asanuma and Okuda, 1962]. The latencies
obtained in the present study are consistent with those of
previous works.

Anatomically, Aboitiz [1992] reported the presence of
fast-conducting, large-caliber fibers between bilateral MA
and SA in human. Hofer and Frahm [2006] reported con-
necting fibers of larger diameters (>3 pm) between bilat-
eral MA located posterior to the midbody of corpus
callosum. The estimated conduction velocity of these fibers
is 40 mm/ms, corresponding to a transcallosal transit time
of 2.5-3.2 ms [Aboitiz et al., 1992]. This time lag is much
shorter than the latency of our initial positive peak, and
even shorter than the onset of the positive wave. This dis-
crepancy may be explained by the time lag between the
stimulation and volley generation at the stimulated site, as
well as the time lag between the arrival time of the volley
and the EPSP generation at the recording site. It is also
possible that we might have missed the earliest potential
of CCEP in the present study.

Generators

As discussed above, we speculate that there are at least
two independent generators for the current CCEP, corre-
sponding to the initial (P1 in Type 1) and the following
peaks. Curtis [1940b] reported that the initial positive and
the second negative peaks responded differently to chemi-
cal agents. He, therefore, concluded that ascending fibers
in the upper layers of the cortex give rise to the initial
positive peak, and descending fibers, which reach the
deeper cortical layers from interneuron in the upper layer,
generate the next negative peak. Chang [1953] analyzed
the effects of Novocaine and strychnine to these compo-
nents, and compared the potentials between stimulation
of contralateral hemisphere and direct stimulation on cor-
pus callosum. He speculated that the initial positive wave
is caused by the antidromic volley and the presynaptic
orthodromic volley, and the second peak is the activity of
the superficially placed callosal afferent and their postsy-
naptic neurons. The feline study of Cukiert and Timo-
. Iaria [1989] suggested that the early and late components
reflect most probably the involvement of mono- and poly-

synaptic pathways, respectively, on account of the differ-
ences in latency, response to stimulus frequency, and the
stability.

CONCLUSION

As previously reported, we demonstrated interhemi-
spheric connections between left and right MA in humans
in this study. In addition, we also demonstrated that the
interhemispheric connections were uneven. The f-MA has
dense connections with the contralateral f-MA, and the nf-
MA also has dense connections with the contralateral f-
MA but less dense connections with the contralateral ho-
mologous nf-MA. The SA has no or only sparse connection
with the contralateral MA or SA.
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Epilepsy surgery and employment

Yushi Inoue, Mutsumi Hashimoto, Kazumi Matsuda

National Epilepsy Center, Shizuoka Institute of Epilepsy and
Neurological Disorders, Shizuoka, Japan

The aim of epilepsy surgery is to stop or at least reduce the seizures while preserving daily
and professional functions. Most patients receiving surgery have had a long history of
medically refractory disabling seizures, which impair their daily and social life directly or
indirectly through chronic fear of seizure occurrence. They often have neuropsychological
or neuropsychiatric comorbidities, which also contribute to the disabling condition. As a
consequence, they have endured long periods of burden and handicap.

Once the surgery has been performed, there is usually a dramatic effect on seizures. The
patients have to adapt to the abrupt change from a condition with seizures to one without
seizures, although the comorbities usually do not or minimally change, which may pose
psychological conflicts as a function of expectation for surgery of the patients and related
persons. When the surgical effect on seizures is insufficient, the patients may remain the
same as before, or become worse if there is any complication.

Employment is an important domain of social life. It contributes to economic life, personal
identity and self-worth. The unemployment rate of people with epilepsy has been shown
to be two to four times higher than that of the general population, and 40% of those
employed are underemployed; the employment problems in epilepsy are the result of a set
of adverse internal (personal) and external (social) factors interacting with each other in
a complex manner [1].

As early as 1984, Augustine et al. [2] investigated occupational adjustment of 32 patients
1 to 10 years after surgery and found an increase of the employed, a decrease of the
underemployed and little change of the unemployed. Poor occupational adjustment was
often associated with fair or poor seizure control and also related to the presence of
pre-operative psychiatric disorders, a history of past unemployment, and cognitive
disturbances.

An appropriate intervention program before and after surgery may help facilitate the social
integration of patients. There are some practices and practical proposals of the relevant
interventions in various phases of the pre/post-surgery process [3].

This article reviews the effect of surgery on employment condition, adding our personal
experience and discussions about the necessary interventions.
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m Epilepsy and employment

Employment rates vary widely according to the economic and social situations and bet-
ween communities and countries. The rates among persons with epilepsy can also differ
according to patient selection, definition of employment, and even treatment conditions.
Moreover, the diagnosis of epilepsy was often hidden in the society. Surveys of members
of Japan Epilepsy Association [4] found the employment rates of persons with epilepsy to
be 51.6% in 1984, 40.2% in 2001 and 36.4% in 2007, although the members of the
association changed and the socio-welfare system of Japan changed during these years.
These figures suggest that émployment rates reflect many factors in the society. Never-
theless, past studies clearly indicate that many people with epilepsy face difficulties in
finding and maintaining employment. ‘

Several factors have been suggested to contribute to lowered employment among persons
with epilepsy [1]. Besides the actual risk of seizure-related injury and economic loss, many
other factors are involved, such as stigma, perception of stigma, fear of seizure, low self-
esteem, inappropriate work belief [5], anxiety and depression, as well as other psychopa-
thologies. Some patients with epilepsy may have impaired sensorimotor or cognitive func-
tion due to organic, epilepsy-related or drug-related brain dysfunction. Growth with a
chronic condition may hamper acquisition of interpersonal skills.

According to our study comparing the occupational performances and the results of work
aptitude tests in 15 subsequently employed and 14 persistently unemployed patients, the
unemployed showed significantly lower scores in volition and spontaneity for work habit,
tendency of self-isolation in interpersonal relationship, and lower results in fine motor
and motor coordination tasks, although the abilities to work and practice showed no
differences. With regard to job maintenance, Fraser et al. [6] pointed that the best discri-
minators of keeping a job at 1 year post-employment are related to cognitive flexibility
and motor speed. Furthermore, a literature review indicated that self-efficacy, self-directed
activities, and active coping strategies are crucial in adapting to epilepsy and in finding
and maintaining employment [1].

® Surgery effect on employment

In so far as surgery is an option of treatment for seizures, the employment situation after
surgery may not differ from that after medical treatment, as long as both treatments are
equally effective in controlling seizures. However, there are some, mainly quantitative,
differences. First, most patients who underwent surgery had experienced disabling seizures
and drug effects for a long period of time, which profoundly impaired their daily and
psychosocial lives. They grew up with this burden often from early childhood. Second,
patients treated by surgery often had detectable brain lesions that cause, apart from the
epileptic seizures, more serious brain dysfunction than patients without lesion and respon-
sive to medical treatment. Third, the surgical patients and their environment have high
expectation for surgery, which may sometimes be unrealistic. During the process of psy-
chodynamic development after surgery, this unrealistic expectation may prevent them
from adopting and adapting to new roles. Fourth, surgery may cause new neurological and
neuropsychological complications not present before surgery, although surgery may also
relieve some preexisting neuropsychological dysfunctions.
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The issue of employment after surgery should be addressed taking all these differences
into consideration. Numerous studies were devoted to identify the effects of surgery on
employment (Tables I and 1I). Generally, employment increased, and underemployment
and unemployment decreased after surgery, although often not dramatically. Sperling et
al. [7] suggested that the employment gains came slowly: unemployed patients took up to
6 years to obtain work after surgery. Wilson et al. [8] suggested that factors leading to
employment gains evolve over the first 2 years alongside improvements in areas such as
family dynamics, social functioning, and driving.

® Factors relating to social improvement after surgery

Because surgery primarily aims at stopping or reducing seizures, all studies first investigated
the relation between seizure outcome and employment outcome. Indeed, seizure relief is
the essential factor for improved employment in most studies. Comparisons between sur-
gery patients and medically treated patients made this difference more clear (Table II).
Surgery patients with residual seizures show closer figures to the medically intractable
patients. Sperling et al. [7] suggested that complete seizure freedom and not just reduction
in seizure frequency may be the most important issue in gaining employment.

However, besides seizure reduction, other factors have been shown to be important for
employment outcome. Guldvog et al. [9] stressed that surgery resulted in significant impro-
vements in the actual working situation only for those in regular education or work before
treatment, concluding the superiority of surgical treatment to traditional therapy in assu-
ring maintenance of full-time employment. Thorbecke et al. [3] also suggested that pos-
toperative employment status was best predicted by pre-operative work status.

As factors for postoperative employment, Lendt et al. [10] indicated the importance of
successful seizure control, pre-operative employment, young age, and postoperative impro-
vements in the neuropsychological status. Students who underwent surgery are more likely
to achieve employment after graduation than older patients [11].

Wilson et al. [12] regarded early anxiety as a marker for poor psychosocial outcome, and no
vocational changes in the first 12 months as indicator for poor employment outcome. Dulay
et al. [13] suggested that the frequency of unemployment was directly related to 1QQ, which
might be related to onset of epileptic seizures at an earlier age, or more severe epilepsy.

Wilson et al. [14] reported on the difficulties associated with the cessation of seizures after
surgery; i.e., burden of normality. This burden may be felt by the majority of the patients, but
could reach a pathological level in some, spanning a minimum of 2 years. They show inability
to cope with a new situation that entails less social constraints but at the same time makes new
demands. According to Thorbecke et al. [3], patients with few resources for adaptation, i.e.,
those with a dearth of social skills and cognitive impairments before surgery, especially with IQ
in the range of learning disability, are more susceptible to develop these maladaptive reactions.

m Experience at Shizuoka Epilepsy Center

The data of two studies conducted at Shizuoka Epilepsy Center where epilepsy surgery
has been performed since 1983 will be shown here.

Fifty-four patients who underwent resection surgery at ages older than 16 years and followed
for more than 2 years postoperatively were randomly selected for pre- and post-surgical
evaluations according to the criteria proposed by Dodrill et al. [15]. The epileptogenic foci
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Table I. Employment outcome after surgery in the literature
Reference Patiénts Follow?up Employment status and relevant findings
Taylor, 1968 100 TLE 2-12 years Unemployment: pre 37%, post 21%
[18] e T (ofwhxchm% unemp!oyed beforesurgery)
Augustine, 32 )   1~,1'{‘)\(3.9) Emp!oyed pre
. epilepsy . . years . Underemp[oyed‘pre25%,post0

el

Bladin, 1992 TO7TLE - 110W)years

15 (3) years

Lendt, 1997 ‘ 151 focal

mor  epil i
Reeves, 1997 134TLE ~  4.2years
an

1-30(8.4)
jears

e 427(19)
. .years

: 7»1 8 years

Dupofﬁ,ZéﬁG ,:' 110 mkesxkat Z

1-17 (D) years .
TLE e
"Dufay‘zoos 90 TLE Caas(ma
{131 e

"Unempt b
) improvement in occupavonal status was related

months
i Atrendwhere employment was associated

Unemployed: pre 31%, post 28% .

. Unemployment was related to seizure control,
o psychnatnc disorder, past unemp)oymen‘t
and cognmve dssturbances f : o

Full-time: pre 48%; post 59%

5%, post 11%

to the degree of postoperative seizure relief
Employment gains came slowly .

‘Unemployed patients tended to be olderthan
'patients who became employed

Unemployed pre 33%, post 16%.
Improved 21%, unchanged 68%,
deteriorated 1% =~

 Important factors were successfu! seizure

control, pre-operative employment, younger
age and improvements in the
neuropsychological status

Full- and part-time: pre 75%, post 74%
Unemployed: pre 4%, post7%

Work outcome was influenced by presurgical
work experience, successful postsurgical
seizure control to allow driving, and obtaining
further education after surgery

e Employed/unemployed: pre 45%/47%,

post 76%/16%
Agood seizure outcome was re!ated to agood

X psychoscc;al outcome B

Employed 78%, part-time 3%, homemaker 9%,

. unemployedii%v

Good seizure outcomé was assoc:ated
wnth good psychosomal outcome ‘

kProfessnona! status xmproved in 53% )
- of seizure-free (> 1 year) patients
©andi in256% of patients with persisting seizures;
worsened in11% and 22%, respectively

Employment status was not different

for short- or long-term follow-up

Urxemployment 46.7% before surgery
and 35.6% after surgery

with gaod seizure outcome
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Asztely, 2007
[23]

'Presurgery 74% fuli or part-time employed
2 years 76% of seizure-freeand 44% -
with seizures were full- or part-time emplo

Lo -term 74% of sexzure free and 30%

o Fu!l-,part-t:me dusabled unemployed '
pre-39.5%, 6.9%, 26.7%, 11, 7%,2 years 42. 8/&,' 8
- 12.4%,20.7%,9.7% N

Benfflé; 2 A -free patlents (86%] than restduai
o 3 ars < selzuvrepatngnts(w%)wereemp!oyed iU

- Tanriverd TLI 6months, . Full-or partt e;ob pre 37. 5%,6 monihs
2yearsand ’;62 5%, 2 years 74.5%, 12 years 67%
-12years. ¢ - Seizure free| pahents had higher empfoy en
o L, ratethan non-seizure free at short« and

' Thorbecke,

: Zyéafsy “,Unemployed' pre 20% posts%,
’2008 {31 :

‘improvedin22.5%

“ Work-related problems; pre- 69%, post 25%

sl Postoperatwe employment status was best
predicted by pre-operative work status

* General improvement after surgery except
frequency of socnal contact

were in the temporal lobe in 49 patients, frontal lobe in 4, and temporo-occipital lobe in 1.
The mean age at surgery was 30.9 years (16-55) and mean postoperative follow-up period
was 3.2 (2-5) years. There were equal numbers of men and women. Resection side was the
left in 18 and the right in 36. Seizure outcome was Engel class I (no seizure) in 47 patients,
class I1 (rare disabling seizures) in 1, and class Il (worthwhile improvement) in 6.

Vocational outcome is shown in Table III. One patient (Engel class ) in class 4 had a
child so that she voluntarily reduced working hours, another patient (Engel class ) in
class 4 was working part-time in a job that he wished to continue, hoping to become
full-time in the near future. Two patients (Engel class I) in class 5 had psychiatric symp-
toms that continued or aggravated postoperatively (psychosis and severe anxiety-dissocia-
tive state). The remaining three patients (Engel class IIl in 1, and Engel class I in 2) in
class 5 had mild aphasia, subjective memory decline or visual field defect.

Social outcome was evaluated for 6 domains (mobility, sports, leisure time activities, social
contacts, living situation and financial situation) and the results are shown in Table IV.
Two patients (Engel class I) in class 4 had memory disturbance or somatoform disorder,
another patient (Engel class 1) became busy at work so that he had less time for leisure
or sport activity. Two patients (Engel class I) in class 5 had psychosis or depression.
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Table ll. Comparison of employment outcomes between surgically treated
and medically treated patients

Author  Subjects ~taﬁﬂroi7: Follow-up  Results
‘ : : (SUfQ¢W) . \:':’j;ﬁ e \’(‘megn) ; T

‘92 focal ..12-28(17) Higher proportion of surgically {53.2%)
epitepsy - . “years .. than medically treated patients {24.2%}
medically - hes v yc!almed that treatment had improved
~treated their ” workmg abllity , but this resulted
“7in swgmﬁcant tmprcwements inthe actual
" working situati i
‘- _regular educat:
: treatment

Gu!dvbg,’k 1
1991[9] = ;e

1-17{5.8) Changed from unemployed to employed
years {surgery vs. non-surgery) 28.2% vs.
o . .25.7%, unchanged: 66.1% vs, 65.7%,
- _changed from employed to unemployed:
- 4 8% vs 8 6% {no dn‘ference) i

46 pat:ants

80% of sexzure—free and 53% of panents
: havmg less than 10 seizures per year
*in gainful employment postoperatively,
. ‘compared with 28% and 27% of patients
. having greater than 10 seizures peryear .
orthose who were unsmtab!e i
for surgery

Kellete, . 94 focal
(1997(28] - epilepsy

1vear o Employed/attendmg schook surg;ca!
i group; 56.4%; non-surgical 38.5%
(non-ssgmﬁcar}t) o

‘Jdnes, - B1TLE - 23 TLE 2-9(5.8) Full-time employment: surgery grdup

2002{301 . -+ unfitfor years : (preSBA,postSQ%),medtcalgroup
: . surgery ) e . {pre- 48%, post 39%)

Among surgery group with full-time
employment, 69% were seizure-free

Table lil. Experience at Shizuoka Epilepsy Center: vocational outcome after surgery
{54 patients followed for > 2 years)

‘Marked improvement 8
No change 25 (incl. 7 students)

Markeddetenoratton Y-

Some detenoration

In summary, for both vocational and social outcomes, no change was the most common
outcome, followed by improvement and then deterioration. Patients with deterioration
often had neurological, neuropsychological or neuropsychiatric complications that may
explain their poor employment condition.
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Table IV. Experience at Shizuoka Epilepsy Center: Social outcome after surgery
{54 patients followed for > 2 years)

We then looked at the long-term employment condition. Medical records of 170 patients
who underwent resection surgery (temporal lobe in 142 and extratemporal lobe in 28)
more than 15 years before were reviewed and their employment conditions were retros-
pectively investigated. The mean age at surgery was 25.5 years (4-55) and mean postope-
rative follow-up period was 18.6 (15-25) years. There were 102 males and 68 females.
Resection side was the left in 79 and the right in 91. Seizure outcome was Engel class I
in 129 patients (76%), class II in 16, classIll in 8, and class IV in 16 (no worthwhile
improvement) at the last follow-up. Seven patients died. Antiepileptic medication was
discontinued in 78 patients, continued in 54, and unknown in 31. Most of the unknown
cases were assumed not to be in a medically serious condition, otherwise they would have
been under our care.

Employment outcome is shown in Table V. There is generally an increase of stable employ-
ment and a decrease of unemployment. Among 12 unemployed persons after long-term
follow-up, only 6 were in Engel class I, 5 had neurologic complications (anomia, paresis,
anopsia), and 9 had psychiatric symptoms. They were significantly younger at seizure onset,
and were unemployed or unstably employed before surgery.

Table VI compares the employment status between patients who stopped medication and
those who continued taking medication. Medication status of 31 patients was unknown.
Reduction towards a cessation of medication was tailored to each patient with an extended
period of tapering. A patient who has discontinued medication (also without seizure) is
no longer regarded as a person with epilepsy. The number of unstable employment and
unemployment was apparently higher in patients who continued to take medication.

m Interventions and rehabilitation

Not all patients need intervention in the postoperative course. However, there are some
who are more vulnerable in the ability to adapt to the postoperative situation and require
support and interventions.

Horowitz et al. [16] described a five-phase model of psychosocial development after surgery,
by which the patient detaches himself from his chronic disease: moratorium, reappraisal,
great expectations, turbulent period within self, and gradual adaptation. The endpoint is
an autonomic person or chronically ill person. This model can be applied to postoperative
rehabilitation where appropriate interventions should be programmed according to
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Table V. Experience at Shizuoka Epilepsy Center: Long-term (> 15 years)
employment outcome of 163 patients

‘ Pre  Post(>15years)
Emplo?ééstabié e o4 67
Employedtnstable 41 15
Sh'eite‘revd‘i} ; o F ‘,‘V : 10 - 7
Onwelfare SRE ' 7
uhé}hptc}védf ST 12
Housekeeping - 25
Student 0
Unknb\&h 30

* Part-time was included in the unstable employment.

Table IV. Experience at Shizuoka Epilepsy Center: Employment situation of patients who discontinued
and patients who continued to take medication after surgery

AED discontinued AED continued
s S e ~v=ser
Emb:oyedétéb;e B O L
Employedunstable 4 . g
Shehtered D a
On welfare R ) 1 el 4
Unefpplqyed ! o 3 k 6
Housekeeping o ’ -: 1 L g2
Student o oo 0
Unkncwn e e e B b s S gt 1

* (Ehgel class éS, It 10, 11 6, IV: 8); AED: amiepilep’tié dfués.

the phase of the patients. Thorbecke et al. [3] suggested that the first three phases are
passed in the first 6-12 months after surgery and only in rare cases does it take longer, and
it seems that the situation at 24 months after surgery can be taken as the outcome of
SUrgery.

Smeets et al. [1] recommended specific training interventions that focus on increasing the
self-efficacy and coping skills of people with epilepsy so that these individuals will be able
to accept their disorder and make personal and health-related choices that help them
achieving better employment positions in the society.

Reeves et al. {17] suggested the importance of further education after surgery in case of
insufficient qualification before surgery.

Thorbecke et al. [3] indicated that postoperative improvements of the psychosocial situation
depends strongly on pre-operative expectations or aims set in connection with the surgical
intervention, and recommended rehabilitation to start before surgery in the form of working
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out realistic expectations together with patient and family. Postoperatively, they proposed
three occasions for considering rehabilitation support: 1) immediately after surgery if there is
a high risk for psychosocial complications or complications have already occurred; 2) about
6 months after surgery when there are hints that the patient does not profit as much as would
have been possible; and 3) when the seizure relapses after some time without seizures.
Rehabilitation should be performed by a team composed of multidisciplinary professionals.

m Conclusion

For patients with intractable epilepsy, surgery is more effective than medical treatment to
achieve employment when there is complete control of seizures. Younger patients with
pre-operative education or work experience have greater benefits, and employment inte-
gration needs time. Appropriate interventions and support as well as education help vul-
nerable patients integrate into employment life. Such interventions should be started
before surgery and performed by a comprehensive team. i
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BELE

1 WEBRA~OH T — T MEA LR
EEREGUALOME
FESEEA Lo
SHEE SRR O - BRREORE
EERE (DA, B, BNEEERL )M
| RiERELREET . o
FERBOEERR
EEReEERD
CREEARRE :
30 ﬁwmﬁmwwrmmﬁﬁ (h na 1~9 ) :

Wit Noovior BRLUw N

i
o
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IWada7 A b2 B8 - aliEkERema

—TAPAMROFRIBRC ST 60—

s, SHEMAITREREIAONG, FIESERE
AHT2 & 5 U Cn 7 8082 & QIR 2 B iR ME
IEL, SiBMEELREEL 25, SiEMEES TR
PIZEET 25, EERET, GBFCHEEr r0LE
TR HB SN B T EME, —K, JESTEEAETIE,
—EF R EREE LR U 20, @KFETIERY, £,
EE & 5 (EH T 2 St E OMAZ T H 2
2, EHBCHEE), SHELERDBVIEELH
5, EEAE CHERESRDLII LSS oTH, ¥
FAIPRR, FeEE, RWE, EEGER{TR SIWEET, &K
R IZRR D 220,

SRR ONE X, B, iR O
EAREE G, KEEEAROFHEEILORH R
8% S EEEAA L HE T 5, L & OREEROE
MEHBHITR B, 2L, SBEILOESTORMZE
D30 BMUNDEE, WMESHELEEE S DEND 5.,
5 AEE AL o 2 2w T AN 8 #(laterality
index) %1 5 Jif% b T 5°.

(4) ERBBEERE(CH T 2 RS L UTHE
FEBBEEOMEBEDAEHNE TAHERRET S 2
L L, BEIIREEEE AR O RREER R L T
WHIRETERS W 2 EEREOHE», TEHEE
PRALBEENZ L, FERECK LT, H5r UDHRE
FOREDREHEE2HEZ TBL OB RLTEBL.
BRI R p R A IEEE 2R T 24 2 v
BHIERIC X D B> TBY, ERICIMERC &L 218
PR SR B2 1 B R BRIAS 2 TER e, ISR AR
WRPIOEBRIGHTRD 5N T & irlEiE 2 iy
LR ENDH B,
SEREEE ORI L TE, SRR T 3
BE RN T 25605 2, HRIREHR &
LT, HEMCERT 2SR, vae) gk
1 OfNE, BEYIOME, ESHE ), %
M, BEAY, i, B s E2b 3. HER
REEE LT, SEEEERE, o, BELE
REVEHweNG, BREEREBRI RS
25, BRERISR ORGE § 2 B MR RE R TH B B
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RRTEEEETH 5.

(5) FRBAH S DEITHERR

—ARPED-P BRI & E REREEAS IR L 7e D 2 TR L
T b GEY, FREREEA 10~15 5348), LERED
L, HRRETERmT 2. MHORED B R
Frebi, FREEZEOREL DbETEML,
ELHERTELLOBEME UTRREZFHNT 5.

2. EFELRER

Wada 7 A FOEFI»6OEHNTHY, SHIEEH
WTHRLBEREHOV L0, SHEMIEROR
ETH2, BENARNES & OCTEZ 8 L 72 REI
B TAlEII, BB, MESEEABROLEE
OIREEW X D FITE N2 D EEENE Y, Thbb,
BHREMATREAEIBEShOIL, EEE
BT, —Fa SRR L E U T EHEIR RS,
BHRELEROBWEELH D, I OWHERERICX
D EREEMIERETE B,

—Ji, TA»ANBHEEIC BT 5 R OE L
LCOEEREHME, —HOEEEEYIRRIC & 2 itk
e U TEBBEERE U LREHRA R E S » R FHE
T2ZETHD, ZL OB T, BRIOMTSE
FEA CELIBRE R A DY 67 % (& BEE 0 3 540
)P LThnE, BALIRRCTEEEOBRS S
{, 67 % kM ThhIMBRLEREOREELH 3,
EOHEREEINTWSY, Wada TAPDAIZLD
WEOEEEDOY A7 2REETE b TR
D, WHRHEEOSE—BRE LCOBEERE2E T
LLDTH5B.

1. RIELDFER
(1) VRo, afE
Wada 7 A MdEIIRER, &7 —FVEAZHED
REMRETH S, MIEEZRELFAEDOY) A2 B
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FUORPUBREBHEICE 2 Z LICHE L2 TEES
v, U afERe Ui, BREEE, iRk
BRM & 7o 13 D 2R, BIIRA /S L, FHIT L
WE =R EDNDH D, HEOWEEE AT IR EE
(%1 51.3 1%) 01 T, BBIIRIFEED & HHEH &
SNz EDIED H B, SHALREIC L 2 HHHED
AT, 1% TH 2, fuitkiconwtiy, +
SHHHOS 2, XECL2FEELETHEMT 2 LHE
BhHb.,

(2) RILEETIEE

I &R, mEOEST, REOFIEHER
T % LA, Wada 7 A MDOFERCBEL252 3
HEEME D B B MNEET OMAE, Tz RO KKE)
i< s HB D BT A MEEIIR N DIRAD 2 BIER T 2 72
DIHLETH S, RNEREHRE L Wada 7 A b
DFERNEFIEHRIC L > TR > TB Y, MnEkEE
FHitic Wada 7 A b 2T 254 —fﬂﬂ@
Wada 7 A b E s g # ik ﬁﬁ%%kb
BIZHI D Wada 7 A b #EMT 255035 3.

(3) HRERENDE

B SN 2B, oL ST TN VEY —
WIS AFEREEC 2 o 7z 7o 012, BRORBENIEFEEL,
i X DS R LS, TRV ESY — BN
HHEINTHBHEEE, TaR7 13—, =¥k
NESF =), ZANNET =), X INFVFT )L
ERDHB(RAIANFY T —NIEbWE TR,
M+ 2SR X - ¢, HHE, D o O EHEERE
PIEG L, R, EALROSERES c—@Eo
FRBEELELC 2D RRT, R L CHEHENE
HoNTw3, YER, TuR7+—VERAETT
me) ZEHRALTWw3,

(4) BB D REIBFECER

HEERIC & o TS, HRIERREEDFHIT D 72 o i % HIE
Ladss Wada 7 A M 2ET 5. BB & 0 BRI
EFRICERBE SRS 2 0 2 HER L CEREIE, UiER
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BZFEML, RESHEL TroriEmeE, HdnE
ZEiET 5.

(6) HREMDIRE

& & A E DR THHlOREZERL TWbE, Eh
Eb S s ME G T 2003, R L, itr
B ewwis s, BEI» S 2T 2 Mg,
N5 FREIEEAME D & WA & BRIR T 5 MR #b%
HE, FHCHEloRE L ERT 225, —Hlomis
T L Tz b & REIMBEE OB R R L7 D 2T
MOMELFEHT 2 LERH L. TENNVEY—LE
R 2856, % < O T 30 52 S O PEH
hluwﬁﬁ%kfﬁﬁﬂﬁkmmbfﬁﬁ% Rl L
Twab,

2. FHECHITDEER
SEEEIEEREE B LT, Bk, ZUEoEy
METHZ I ERHMERIZWTHS S, Lrl, »
ML HHELTRETIE AL, HINCIE U GHETIIC R
BT ENHETHS, BENRETHZ DI,
BREOME THBREZRE T2 2 L ZREETH 379,
BeifE B o TR B 9250 U 7ol T, BENEE
bo CTERBEBMAUIHEREN EOMENDH 5,
Wada 7 A Mz 2 AL DWW CFHIll L 72 W98
b, BEBEMAIFZEICOWTIE Wada 7 A M D
HElEZOMBBEORELEL LTnaY, JETRE
Mg, BEEOBWRETHL L L, SHBEAER
ERETAHETHY, H2OFEHORELFRET
533D TRERVWEND T ETHS, Broca®, Wer-
nicke ¥l YO EHBH ORIE I, KEBLRHBMRE,
BRRERY MRI (functional MRI ; fMRD#i# 7 & 2 8
WAELENH B,
FEERAE L LTO Wada 7 R i DoWwWT i,
ZOFEHEESTSTHE LT Z R VnEEEEL TB
R EPBETHEY, 37, BEOMEREIXRAE
BNEEIIRR, RBPEREANBRTHEZe» 5, B
HFERICIEA L R Tl E 2R 2 RELT 5 2 &
WTET, Licat->T, @ EEP0L L LR
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