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Summary: Human beings with partial epilepsy and de-
monstrable cerebral lesions show, in addition to ipsilat-
eral epileptiform EEG discharges, apparently indepen-
dent epileptiform discharges from the opposite hemi-
sphere. Patients with apparent unilateral focal onset of
their partial seizures but without demonstrable lesions
also frequently display what appear to be bilaterally in-
dependent EEG foci. When surgical treatment or medical
prognosis is considered and there is no demonstrable le-
sion, the decision of which of the two apparent foci is
primarily responsible for the seizures is often difficult.

Even with a known structural lesion the question arises
whether, following its removal, the contralateral focus
will persist and will be epileptogenic. Two related exper-
imental phenomena bear directly on these questions—
kindling and the mirror focus. This presentation looks crit-
ically at existing evidence and finds that it fails to support
the idea that kindling and the mirror focus have roles in
human epilepsy that currently should influence clinical
decisions. Key Words: Epilepsy — Kindling—Electroen-
cephalography.

People with partial epilepsy and demonstrable
unilateral cerebral lesions often show, in addition
to ipsilateral epileptiform electroencephalographic
(EEG) discharges, apparently independent dis-
charges from homotopic areas of the opposite hemi-
sphere (Pope et al., 1946; Falconer and Kennedy,
1961). Patients without demonstrable lesions who
have partial seizures also frequently display what
appear to be independent spike foci from both hemi-
spheres (Jasper et al., 1951). When surgical treat-
ment is contemplated and no demonstrable lesion
can be discovered, making the crucial decision as
to which of the two independent electrical foci is
responsible for the seizures is often difficult. After
that decision has been made questions arise as to
the persistence and epileptogenicity of the contra-
lateral focus after the contemplated removal of the
primary focus. Even with an identified unilateral
structural lesion, the same questions remain as to
whether, after removal of the lesion, the previously
observed contralateral independent discharges will
persist and be epileptogenic. A related consider-
ation is whether the length of time that a contralat-
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eral focus has been present is related to its persis-
tence after the structural lesion has been removed.
Yet another open question that impinges on both
medical and surgical management is whether recur-
rent ipsilateral firing at a primary focus for months
and years increases its own epileptogenic sensi-
tivity and results in more frequent and severe sei-
zures.

Two experimental phenomena—Xkindling and the
mirror focus—bear directly on each of these clin-
ical questions. At a symposium held in Vancouver
in 1977, celebrating the founding of the Epilepsy
Society of Canada, I reviewed the remarkable im-
pact that recognition of the kindling phenomenon
and subsequent research have had on under-
standing the mechanisms of epilepsy (Goldensohn,
1978). Kindling was observed first in rats by God-
dard (1967; Goddard et al., 1969) and was pursued
by him and his Canadian colleagues (Racine, 1978),
including studies in primates by Dr. Wada (1976,
1981), who was host at the inaugural session. Kin-
dling as a method for investigating the develop-
ment of seizures has already added much to our
knowledge of the basic mechanisms of epilepsy.
Among its remarkable attributes is that the kindling
model can produce chronic seizures without evi-
dence of tissue damage (Goddard and Douglas,



SECONDARY EPILEPTOGENESIS IN TREATMENT OF EPILEPSY Si57

1975). The mirror focus, a related phenomenon, was
discussed in terms of human epilepsy by Pope et al.
(1946) and later by Morrell (1959, 1960) in animals.
Like kindling, the mirror focus is of physiologic im-
portance and is potentially significant in clinical epi-
lepsy. Mayersdorf and Schmidt (1982) recently re-
viewed the two phenomena in a book entitled Sec-
ondary Epileptogenesis.

I will present physiological data on Kkindling and
the mirror focus that relate to the development and
persistence of seizures in various species. The ul-
timate purpose of this contribution, however, is to
critically evaluate existing evidence that supports
or fails to support the idea that kindling and the
mirror focus play roles in human epilepsy that cur-
rently should influence clinical decisions.

The term mirror focus is used to describe a new,
apparently independent epileptogenic focus in an
area of the brain contralateral and homotopic to an
original focus. It presumes that the secondary focus
has been induced by and has become completely
independent of the original epileptogenic focus
(Morrell, 1969). The term kindling is used to de-
scribe the progressive enhancement of electrical
and behavioral responses to short duration, initially
subthreshold stimuli that are applied at intervals of
days or hours to a discrete area of gray matter of
the brain (Goddard et al., 1969). Electrical after-
discharges that outlast the stimuli are noted first.
They increase in intensity over time, and in some
species, repetition eventually leads to complete
generalized convulsions. The enhanced responses
to subthreshold stimuli may persist for many
months without reinforcement. A wide variety of
stimulus frequencies can result in kindling but a
minimum interval between successive trains of
stimuli is critical. The enhanced responses to the
subliminal stimuli can transfer from the original area
to the homologous area of the opposite hemisphere.
Kindling has resulted in seizures in all species
tested, including some primates.

The question of the clinical relevance of kindling
and the mirror focus will be explored by examining
human cases. Such cases must show electrical ev-
idence of repetitive spontaneous electrical dis-
charging at intervals over a long time so that the
processes of kindling and the mirror focus might be
expected to develop. In each case we can ask: (1)
what findings suggest that secondary epileptogen-
esis has occurred? (2) do they persist? (3) did kin-
dling occur? and (4) was a mirror focus established?
The cases reported below and other clinical data
that appear pertinent are considered in an effort to
evaluate the role of secondary epileptogenesis in
human epilepsy.

First, let us look at 3 cases that presented prac-
tical clinical questions of management. The 3 pa-
tients together had a total of 56 years of uncon-
trolled seizures and each showed frequent, inde-
pendent epileptiform discharges from a distant area
as well as from the area of a structural brain lesion.
In order to look for contralateral independent per-
sistence, the unilateral primary focus was removed
and verified histologically in each case.

Case I

D.G., aged 39 years, was seen by me for the first
time in January 1980. He related that his seizures
began in 1961, at the age of 20 years, several months
after an automobile accident that caused a severe
head injury and 3 days of unconsciousness. In the
history given by his sister, however, his seizures
began as short periods of unresponsiveness 3 years
before the accident.

The attacks were characterized by feelings of
strangeness followed by staring and automatisms.
In spite of adequate blood levels of carbamazepine,
primidone, and phenytoin among other anticonvul-
sants, the attacks were intractable and he was re-
ferred as a candidate for surgical treatment. Neu-
rological examination was unremarkable. An EEG
in February 1980 showed he had a predominantly
left medial and lateral anterior temporal spike focus
(Fig. 1A). A second EEG on January 20, 1981,
showed independent spiking of about equal degree
from both the right and left medial temporal areas
with more medial temporal slowing on the left (Fig.
1B). A computed tomography (CT) scan of the head
in 1978 had been normal. A second CT scan with
and without contrast medium and a cerebral arte-
riogram on January 30, 1981, were normal. Closed
circuit TV recording of seizures with EEG indicated
a left temporal origin for the attacks. In summary,
this patient had had seizures for 22 years with in-
dependent epileptiform spiking coming from either
temporal lobe. On February 23, 1981, a left tem-
poral lobectomy was performed. The findings and
follow-up on this case are given later in this report.

Case 11

R.B., aged 47, had onset of recurrent seizures in
1960 at age 23 following the birth of her first child.
Four years later, in the third month of her second
pregnancy, she developed a progressively severe
headache. Examination revealed bilateral papill-
edema and angiography showed a right frontal
mass. A right frontal intracerebral hematoma was
removed. The specimen contained a vascular
anomaly with closely packed, medium-sized vas-
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FIG. 1. A: D.G., 2/7/80. Repetitive firing at left anterior temporal (F 7) and mesial temporal (PG |) electrodes best seen in
channels 6, 7, 8, and 14 and 15. B: D.G., 1/20/81 (11 months after record in A). The spiking is now mainly from the right mesial
temporal area (electrode PG 2 in channels 1 or 2) and less so at the left mesial temporal electrode (PG 1 in channels 3 and 4).

However, there is more slow wave activity on the left. Deflections in channel 15 are EKG.

cular channels devoid of smooth muscle, and a sur-
rounding extensive cellular degeneration. Seizures
persisted about five times daily and seldom did
more than 2 days elapse without an attack. They
began with a rising abdominal sensation, and at
times the patient screamed or called out before per-
forming complex activities such as partial un-
dressing. She had no memory of the events. There
was no evident neurological deficit. In 1975, at age
38, 15 years after the seizures began and 11 years
after removal of the hematoma and vascular mal-
formation, she was considered for surgical treat-
ment. Arteriography showed an area of left frontal
hypovascularity. The EEG showed a continuous
left frontal slow wave focus and abundant intermit-
tent epileptiform spikes occurring independently
from both the left frontotemporal and right medial
temporal areas (Fig. 2A,B). In summary, this is a
case of 15 years of frequent seizures with bilateral
independent epileptiform spike foci. The patient
was operated on in 1975; an 8-year follow-up is
given below.

Case 111

R.H., aiged 39 years, had the onset of seizures at
age 20. For several years they occurred only as lim-
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ited episodes characterized by a feeling of warmth
in the upper part of the body, followed by a feeling
of strangeness in the patient’s surroundings. At the
age of 25, infrequent overt seizures began that were
characterized by rocking, loss of contact, and head
turning to the left. On several occasions these pro-
ceeded to become generalized major motor sei-
zures. For the past 12 years, the episodes occurred
four to five times weekly and often included darting
of the eyes from side to side. Each attack lasted
about a minute and was followed by a period of
confusijon for several minutes during which he felt
he had experienced a dream. At the Neurological
Institute of New York in 1970 a skull X-ray film,
EEG, brain scan, and right carotid angiogram were
normal. In December 1982, a CT scan with and
without contrast medium and a 4-vessel cerebral
angiogram were normal. In 1982, the routine sleep
and awake EEG records showed mainly a right tem-
poral spike focus but also an independent left tem-
poral spike focus (Fig. 3A,B). Closed circuit TV
gave evidence of a right lateral and medial temporal
origin for the seizures. In summary, this man had a
19-year history of recurrent attacks with 12 years
of frequent, recurrent seizures occurring four to five
times weekly, with apparently bilateral independent
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foci. He was operated on in December 1982, and I
will give a 1-year follow-up on this case below.

In terms of duration of illness, bilateral electrical
manifestations, and frequency of attacks, each of
these cases suggests the presence of a mirror focus
and warrants consideration of the possibility that
kindling had occurred.

Experimental seizures in kindled animals are ste-
reotyped and easily reproduced, and no histological
evidence of brain tissue injury is found (Goddard
and Douglas, 1975). Enhanced responses to ordi-
narily subliminal stimuli, although diminished, per-
sist over intervals of 12 months or more without
intervening stimulations. Stimulus repetition rate
and duration are not crucial for kindling to occur,
but a minimal interval between successive stimu-
lations is critical (Racine, 1978). Kindling in one
amygdala facilitates subsequent kindling of the con-
tralateral amygdala and septal regions. Increased
severity of seizures correlates with increases in the
amplitude of afterdischarges, particularly at the
homotopic contralateral sites. Of particular interest
is the fact that after full kindling has been estab-
lished, continuation of stimuli over long periods can
lead to spontaneous interictal discharges and spon-
taneous seizures (Wada et al., 1974, 1976; Wada and
Osawa, 1976). Most studies of the kindling phenom-
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FIG. 2. A: R.B., 12/11/75. Repetitive spiking from a
right mesial temporal area (electrode PG 2 in channels
2 and 3, and 13 and 14). The record also shows ex-
cessive slowing at the left frontal-temporal area (FP 1,
F 7 and PG 1). B: R.B., 12/11/75. Another part of same
record shown in A. Very active independent spiking
from either temporal lobe. From right side (channels
2 and 3, PG 2) and from left side (channels 6, 7, and
8). Excessive slowing in the left frontal area persists.
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enon have used stimulation of the amygdala. Other
areas of the brain are much less responsive, but
with repeated electrical stimulation over longer pe-
riods, kindling can result (Wada et al., 1976;
Burnham, 1978). Most primates are resistant to kin-
dling (Racine, 1978).

In rats, intraperitoneal injections of ordinarily in-
effective doses of pentylenetetrazol at 8-h intervals
cause the gradual development of increasingly se-
vere convulsive movements (Fig. 4) (Pinel and Van
Oot, 1976). The observation that the periodic ad-
ministration of a chemical agent can cause kindling
in the same manner as electrical stimulation sug-
gests that potentially convulsive drugs that are ad-
ministered for clinical purposes may be capable of
inducing lasting increases in patients’ susceptibility
to convulsions. Such studies also make it clear that
the electrical kindling originally described by God-
dard is but one example of a more generalized phe-
nomenon that follows the application of many local
and generalized agents.

Electrical kindling intensifies and lowers the
threshold to pentylenetetrazol seizures (Fig. 5)
(Cain, 1980). These findings indicate that kindling
produces a general increase in responsiveness to
other convulsive agents, a process referred to by
Cain as ‘“‘cross-talk’” (Cain, 1981). Alcohol with-
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F4 -4

P e AN N A e N e N N S A A A A N
4 - P4

[ oA P e A

A s

-0

P
S

et g W P e e
N e A b i
A A A
o G P A S LA e

Mp\é',,_/‘}/\//‘fvaff e , AV aViTaN e N P

e A NN A A e S il N e N PSPt

7 A

WA sl Ned A Nt P A, A e e Sl S gesmsimhermm St o

T3 - Ay
W v AN AN ST T N R L Ve
T v/‘"\/\/\,f\//\n/\/“

E.S. GOLDENSOHN

-7

Y
APPSR B P VWU WSy . s,
T T8 Ty | \JN

1

o\ e NHN g P ANNAAN [ et N [N N I

F4- 4

o A e A b e AP AN N e sl e SN

“U.mn
',
F N S T A R o e = ede L I gt e
F3-03 ’

e A S A\ SN o, S s e
es-n

N NNTDG AN AN AN N " S
AT N A ol N N o NS N

T - A '
NI NAL AL A o e P o™
e .
S

v ) M/»/“’ /".MW«ML/j Y W
AA\W’\JMMM/\/&MW

VN AT A ,J\/“WJ«’-J\J«WVJ /\\//“"VW"\,«

FIG. 3. A: R.H., 12/8/82. Repetitive focal temporal spikes and sharp waves at right mesial and inferior temporal electrodes (PG
2 and A 2) and at anterior and mid-temporal electrodes (F 8 and T 4). Calibration signal 50 microvolts and one second. B: R.H,,
12/8/82 (same date as A). Spiking at left mesial and inferior temporal areas (PG 1 and A 1) and at anterior and mid-temporal

areas (F 7 and T 3). Calibration signal 50 pV and 1 s.

drawal seizures are also intensified after kindling by
either electrical stimulation or injections of pentyl-
enetetrazol. The degree of severity is rated on a
scale of 5: facial movements, clonus and head-nod-
ding, focal clonus, drooling, and falling. Figure 6
shows the intensification of alcohol withdrawal
motor seizures following amygdaloid kindling in
rats who received subthreshoid electrical stimula-
tion three times daily, 5 days a week for 3 weeks.
To create withdrawal symptoms, both kindled and
control animals received ethanol by intubation at 8-
h intervals for 2 weeks. Hyperactivity, clonus, and
muscular jerks were each increased over 300% in
the kindled animals as compared with the controls
with unmodified alcohol withdrawal symptoms.
There are three types of excessive electrical re-
sponses found in kindled tissues: one is the en-
hancement of evoked responses or long-term po-
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tentiation (Racine et al., 1975), another is the oc-
currence of interictal spikes generated by. the
neuronal paroxysmal depolarization shifts (PDS),
which trigger bursts of action potentials, and the
third is afterdischarge (Racine et al., 1981). It ap-
pears that each of these relatively separate phe-
nomena are involved in the production of kindling.
The enhancement (long-term potentiation) of syn-
aptic responses occurs as a result of driving neu-
ronal pathways to a high level of activity. The re-
sulting long-lasting increases in the amplitude of
evoked responses (Fig. 7) may be related to in-
creases in either the number or the sensitivity of
receptor sites in postsynaptic membranes. The in-
terictal spike or PDS may be related to intrinsic
characteristics of the membrane itself rather than
solely to increased synaptic drive (Schwartzkroin
and Wyler, 1980). The development of afterdis-
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FIG. 4. The development of increasingly se-
vere convulsive movements following the ad-
ministration of pentylenetetrazol in low
doses at 3 day intervals. By the 46th injec-
tion, facial movements (1 on ordinate), head
nodding (2 on ordinate), and four limb
clonus (3 on ordinate) developed regularly.
(From Pinel and Van Oot, 1976.)
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charge is essential for kindling, and its mechanism
is also not fully understood (Cain, 1981). Anti-
convulsants that are effective against motor sei-
zures affect afterdischarge and interictal spikes in
different manners (Fig. 8).

No structural or ultrastructural changes have yet
been found in association with kindling (Goddard
and Douglas, 1975), although some suggestive
changes in the size of synaptic terminals have been
seen (Morrell et al., 1975). Several possibilities
could explain the occurrence of increased excit-
ability without clearly detectable anatomical
changes. These include increased release of trans-
mitter substances to a given stimulus, increased
sensitivity of postsynaptic membrane to a given
quantity of transmitter, decreased pre- or postsyn-
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FIG. 5. The mean dose of PTZ (mg/kg) necessary to evoke
each convulsive symptom in the three groups. The standard
deviation is indicated on each bar. U, Unstimulated group; n
= 7, S, stimulated group, n = 10; K, kindled group, n = 29.
(From Cain, 1980.)
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aptic inhibition, and an increased number of pre-
synaptic release sites. An approach to such molec-
ular changes at the plasma membrane has shown
that although kindling produces no significant
change in cholinergic receptor binding at either the
homotopic or opposite amygdala, both amygdala
show reductions in norepinephrine receptor binding
(Corcoran, 1981). The decrease in B3-adrenergic
binding sites implies that, in part, kindling is caused
by a reduction in neuronal inhibition at both the
stimulated and opposite amygdala. This evidence,
combined with the finding of no change in musca-
rinic cholinergic receptor sites, suggests that reduc-
tion in inhibition plays a larger role in the Kkindling
process than direct enhancement of excitability.
This idea also fits with the finding of depletion of
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FIG. 6. Intensification of alcohol withdrawal motor seizures
following a series of amygdaloid electrical stimulations in
rats. Hyperactivity, clonus and muscular jerks have each
been increased by over 300% in the kindled animals as com-
pared to those with unmodified alcohol withdrawal seizures.
(From Pinel and Van Oot, 1976.)
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FIG. 7. The traces show the changes that develop in evoked

potentials as the result of enhancement or kindling. Elec-
trical pulses were applied to the amygdala and responses
recorded in the entorhinal cortex in (A) and dentate gyrus
(B). The kindled responses were measured 48 hours after
completion of amygdala kindling. (From Racine et al., 1981.)

catecholamines (including norepinephrine) in the
hippocampus of kindled brain.

The kindling phenomenon as a whole may have
a common molecular basis. In the search for such
a basis, it has been found that cyclohexamide,
which inhibits protein synthesis, reduces the dura-
tion of afterdischarge and impairs the development
of kindling through blocking afterdischarge in the
frog (Morrell et al., 1975). Cyclohexamide, which
is also a direct anticonvulsant, was found ineffec-
tive when applied during the intervals when the kin-
dling process is developing and consolidating, sug-
gesting an indirect effect (Ogata, 1977). Another
protein synthesis inhibitor, anisomycin, arrests sei-
zure development in mice but does not prevent the
occurrence of afterdischarge (Cain, 1981). Aniso-
mycin prevents increases in the duration and com-
plexity of afterdischarges that ordinarily occur in
the untreated kindled animal. After seizures are
fully developed, anisomycin has no effect on the
kindled seizures. It appears, therefore, that ongoing
protein synthesis is necessary for the development
of kindling, but the intermediate molecular pro-
cesses involved in kindling are only now beginning
to be clarified.

Let us now look at experimental data related to
the mirror focus. There is no question that some
experimental animals show apparently independent
epileptiform EEG spikes in areas homologous and
contralateral to epileptogenic foci. However, Mor-
rell (1978, 1979) and his co-workers, and others
(Wilson et al., 1977), believe that this contralateral
EEG activity represents a new zone of epilepto-
genic tissue capable of producing seizures indepen-
dent of the primary epileptogenic focus. Experi-
mental evidence supporting this hypothesis is not
strong. Practically all the corroborative data are
EEG and electrocorticographic evidence showing

Epilepsia, Vol. 25, Suppl. 2, 1984

that paroxysmal activities in the two homotopic
areas do not always occur synchronously or in ob-
vious relationship. One study of cellular activity
(Wilder and Morrell, 1967) reported epileptogenic
characteristics at the mirror focus of bullfrogs but
in cat preparations epileptiform activity projected
into contralateral homotopic areas did not show
typical cellular epileptogenic features (Ajmone-
Marsan, 1963). Nevertheless, EEG evidence of in-
dependent, contralateral, focal epileptiform activity
is seen experimentally in many species. The relative
length of time needed for the development of con-
tralateral independent discharges increases loga-
rithmically as the phylogenetic scale is mounted.
Wilder et al. (1968) compared the times it took to
develop EEG mirror foci among different species.
In amphibia it occurred in hours and in rhesus mon-
keys it took up to several years (Fig. 9). The evi-
dence for contralateral independent foci in rhesus
monkeys is, however, not conclusive. Harris and
Lockard (1981), using rhesus monkeys, showed de-
cisively that total removal of a primary epilepto-
genic zone after years of recurrent seizures invari-
ably prevented further seizures and the develop-
ment of contralateral independent epileptiform
activity (Figs. 10 and 11). Also, Lowrie and Et-
tlinger (1980), using 29 monkeys, were unable to
replicate in any of the animals their earlier reported
experience that secondary independent foci de-
velop. Finally, there is no convincing evidence of
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FIG. 8. The first line shows baseline frequency of interictal
spiking in epileptogenic focus produced by penicillin. The
second line shows a period of afterdischarge. The third line
shows the end of the afterdischarge burst. The fourth line
shows a decrease in interictal spike frequency as the focus
becomes stronger shortly before the injection of an anticon-
vulsant. The last line shows the increase of interictal spike
frequency which occurs following the injection of the anti-
convulsant in therapeutic amounts. The same dose promptly
stops afterdischarge and prevents recurrence for hours.
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SPECIES
Amphibian
Frog
Reptile
Cayman
Mammals
1} Opossum
2) Rabbit FIG. 9. Time table for secondary epilep-
togenesis. Approximate times required
3) Cat for genesis of independent secondary
4) Monkey epileptic foci in certain vertebrates. (From
a) Squirrel Wilder et al., 1968.)
b) Rhesus
5} Human
% 1 2 4 812 1 2 4 8 23]1248]12
Time in: Hours Days Weeks Months Years

actual seizures beginning spontaneously from a
mirror focus after the primary focus was removed.

The significance of kindling and of the mirror
focus (secondary epileptogenesis) in man will now
be examined further in terms of the postoperative
findings in the 3 patients described earlier, who pre-
operatively had bilateral, apparently independent
foci.

Case 1 follow-up

On the basis of 20 years of intractable seizures
and localization by clinical and EEG evidence,
D.G. was subjected to a left temporal lobectomy on
February 23, 1981. The corticogram showed high
voltage spikes repeating about once per second
maximal at the temporal tip. Slowing was also seen
in that area (Fig. 12A). The left anterior temporal
lobe was removed in sections. At sectioning there
was a gray mass 1.2 cm in its greatest dimension.
The white matter and cerebral cortex were infil-
trated and partly replaced by a moderately cellular
neoplasm that extended into the leptomeninges.
The neoplasm did not appear to extend into the
deep margins of the resection. Diagnosis was
glioma with features of astrocytoma and oligoden-
droglioma in white matter, cerebral cortex, and lep-
tomeninges. The patient is on reduced medication.
The most recent EEG showed mild background
slowing and asymmetries related to the skull defect
(Fig. 12B). There have been no seizures in the 3
years since operation.

Case 11 follow-up

On the basis of 24 years of intractable seizures
and clinical, EEG, and angiographic localization, a
left frontal craniotomy was performed. At operation

on the left frontal lobe a large densely gliotic mass
was reviewed that still showed evidence of a vas-
cular anomaly. Following the procedure a few mild
episodes occurred the second week; since that time
R.B. has been seizure-free for the past 8 years. The
last EEG, done in January 1983 (Fig. 13), showed
intermittent motor slowing of the interior frontal
area with a few slightly suggestive spikes in the left
frontal area and nothing abnormal in the opposite
hemisphere during the past 8 years.

FIG. 10. This photograph shows the superior surface of
monkey brain with the excisions outlined in dotted lines. 1,
first; 2 second; and 3, third resections of cortex. Alumina
granuloma is in first resected tissue. (From Harris and
Lockard, 1981.)
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FIG. 11. Mean seizure frequency (n =
15) and associated standard deviation
before and after each phase of the
study (baseline, resections 1 and 2,
and presacrifice). The means are daily
seizure averages for each week. The
first resection removed tissue con-
taining alumina and the second resec-
tion removed tissue judged epileptic
by ECoG. (From Harris and Lockard,
1981.)
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Case III follow-up

On the basis of 19 years of intractable seizures
and localization by clinical and simultaneous EEG
localization, a right anterior temporal lobectomy
was performed on R.H. Corticography showed an-
terior temporal spikes and focal irregular slowing

Ty D6 0. 2/23 288 ~

1-18

WWW””W

3-18

)8

A A s

FIG. 12. A: D.G., 2/23/81. Electrocorticogram. Electrodes
1, 2, 3, and 4 are from before backwards on the inferior
temporal gyrus and electrodes 11, 17, 7, and 8 from before
backwards on the middle temporal gyrus. Electrode 18 is
a reference on the bone. Spikes are seen at electrodes 1
and 11 near the tip of the temporal lobe. Slow waves from
the middle temporal gyrus are seen mainly at electrodes
6 and 7. B: D.G., 1/20/83. Two years after temporal lobec-
tomy. The record is free of spikes. There is a voltage as-
symetry with higher voltage activity from the left hemi-
sphere (channel 4 compared to channel 1 for example),
which is the result of the skull defect.
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(Fig. 14A). A lesion was found that consisted of an
oval area of dark red-black hemorrhaging, mea-
suring 7 X 5 X 6 mm, extending from the lepto-
meninges into the underlying cortex as far as the
junction with the white matter and surrounded by
a narrow band of orange colored staining. This le-
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FiG. 13. R.B., 3/8/80. Five years posi-
operative. Residual but reduced
slowing is present in the left frontal
area (electrodes FP 1 and F 7). A rare
single positive spike is seen at elec-
FP2-F4 trode F 7 with a very restricted field.

sion was an arteriovenous malformation, mainly in-
tracortical in the temporal neocortex (Fig. 14B),
and showed evidence of having bled in the past,
with severe degeneration of nerve cells and astro-
cytosis confined to the immediate vicinity of the
lesion. In the past 10 months there has been com-
plete control except for some darting eye move-
ments in the first few days after operation. There is
no further paroxysmal activity on the EEG (Fig.
14C).

The existence of mirror foci in lower forms has
already been discussed in some detail, with the con-
clusion that although the existence of apparently
independent epileptiform activity can be observed,
no convincing evidence of epileptogenic activity
causing seizures has been forthcoming. The exis-
tence of ‘‘mirror foci’’ in some patients with tem-
poral lobe epilepsy has been inferred by showing a
longer duration of illness in patients with bilateral
as compared to unilateral spike foci (Hughes and
Schlagenhauff, 1961; Gupta et al., 1973). Such data
are open to the alternative interpretation that pa-

tients with bilateral epileptogenic lesions have more
severe forms of epilepsy, which begin earlier than
those in patients with unilateral lesions. This is sup-
ported by studies of Van Buren et al. (1975), who
found no evidence of progressive changes in epilep-
tiform activity in human cases of persistent seizures
and active foci after 5-year periods of observation.

Cases of human secondary epileptogenic lesions
have been described but are few and not well doc-
umented (Wilson et al., 1977; Morrell, 1978, 1979;
Torres and Jacome, 1982). Pope et al. (1946) stated
that EEG “‘mirror foci’’ are frequently observed in
association with unilateral foci but that they regu-
larly disappear after the primary epileptogenic
focus is removed. Torres and French (1973) and
Wilson et al. (1977) each reported single cases of a
degree of persistence of independent epileptiform
contralateral activity following corpus callosotomy,
which soon disappeared. In other studies (Falconer
and Cavanaugh, 1959; Falconer and Kennedy, 1961,
Falconer et al., 1962), contralateral spiking disap-
peared promptly after removal of the primary foci
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and did not reappear during several years of follow-
up.

Torres and Jacome (1982) state that they were
unable to find in the literature concerned with lo-
calized resections for epilepsy any case that would
be strongly supportive of the concept that sec-
ondary epileptogenesis occurs in humans. To my
knowledge, there is no documentation of persistent
clinical or electrographic seizures, either in lower
primates or man, that arise from mirror foci after
the primary focus has been removed.
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FIG. 14. A: R.H., 12/19/82. Electrocorticogram shows
multiple spikes near temporal tip (Electrode 12). Slow
waves involving electrodes 11, 12, and 8 are from the in-
ferior temporal gyrus. B: R.H. Section of arteriovenous
malformation found in inferior temporal cortex extending
into the leptomeninges. C: R.H., 1/23/83 (22 days post tem-
poral lobectomy on right). Record is free of paroxysmal
activity but shows slight residual slowing and increased
amplitude of background on the right side. The latter is
related to the skull defect.

At this time, 15 years after kindling was first de-
scribed, it seems important to put that phenomenon
in some perspective as it relates to human epilepsy.
We do not know if kindling can even occur in the
human, and if it does occur, what the trigger param-
eters might be that correspond to the kindling stim-
ulus in experimental animals. As with the mirror
focus, we know that evolutionary advancement is
associated with progressively greater difficulty in
producing kindling (Wilder et al., 1968). Also, spon-
taneous seizures unrelated to a triggering stimulus
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are rare even in fully kindled animals and are not
observed in primates except in those with genetic
convulsive tendencies (Wada and Osawa, 1976;
Wada et al., 1976). Further, spontaneous interictal
discharges are not universally present and are usu-
ally related to the kindling process itself rather than
being present at long intervals after kindling is com-
plete (Fitz and McNamara, 1979). While it is clear
from experimental studies that interictal discharges
are related to seizure susceptibility, their long-term
or permanent effects on the process of epileptogen-
esis are not established. One of the most active
EEGs in terms of frequency of focal interictal
spiking is recorded in children with benign focal
epilepsy of childhood (*‘sylvian seizures’’). Yet it is
characteristic of these children to be normal be-
tween attacks, for their seizures to be easily con-
trolled, and for both the clinical and EEG manifes-
tations to disappear in adolescence. Indeed, in any
patient with epilepsy, there is at best only a rough
correlation between the amount of interictal epilep-
tiform activity on the EEG at any point in time and
the frequency of clinical attacks. Further, cognitive
deficits generally (O’Leary et al., 1981) and the be-
havioral syndrome of temporal lobe epilepsy in par-
ticular (Bear and Fedio, 1977) relate to the duration
of illness but not to seizure frequency. This suggests
that seizures and interictal psychological distur-
bances (if any) are only indirectly related.

In summary, I believe that present evidence is
against the existence of a mirror focus capable of
producing chronic seizures in man. Clinical evi-
dence is lacking and contralateral EEG changes are
not persistent. For these reasons, the concept of the
mirror focus should have no place in affecting de-
cisions in the treatment of epilepsy.

Kindling remains an intriguing phenomenon and
a very useful experimental model for studying epi-
lepsy and central nervous system plasticity. Obser-
vations in man, however, do not support a place for
kindling that currently should influence the making
of decisions for the diagnosis and management of
patients with epilepsy.
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