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BACKGROUND AND PURPOSE: Landau-Kleffner syndrome (LKS) is epileptiform aphasia
acquired during childhood and occurring in children with previously normal language devel-
opment. The epileptiform activity in these children is thought to result in a functional ablation
of eloquent speech areas. The purpose of this study was to investigate the usefulness of mag-
netoencephalography (MEG) for localizing the source of epileptiform activity in these patients.

METHODS: Nineteen patients with acquired aphasia and a suspected diagnosis of LKSwere
referred for MEG evaluation. Patientsranged in age from 4 to 14 years. Fourteen MEG studies
were performed on a 74-channel system, four on a 148-channel whole-head system, and one
on a 37-channel system.

RESULTS: Thirteen of the 19 patients had perisylvian MEG spikes. In 10 of the patients,
the spikes were bilateral, and in three they were unilateral. Four other patientshad non-sylvian
spikes, and two patients had no spikes recorded. The results of MR imaging were normal or

noncontributory for all 19 patients.

CONCLUSIONS: MEG can play a useful rolein evaluating children with LK'S and acquired
epileptiform aphasia, both in diagnosis and in aiding presurgical localization of epileptiform

activity when surgery is being considered.

In 1957, Landau and Kleffner (1) reported the cases
of six children with developmentally normal lan-
guage function who then developed aphasia in as-
sociation with a convulsive disorder. This has since
come to be termed the Landau-Kleffner syndrome
(LKS). The peak age at time of onset is between 3
and 8 years (2). The language dysfunction may
have an acute or insidiously progressive onset and
may fluctuate in severity. Typically, areceptive dis-
turbance, termed verbal auditory agnosia (3), isthe
initial dominant feature and often leads to mutism
and complete unresponsiveness to sounds (4).
Many of these children are incorrectly diagnosed
as having acquired deafness unless EEG is per-
formed (5).

All of the children have abnorma EEG results
but al may not display seizure activity (2). The
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type of seizure may be simple partial motor, gen-
eralized tonic-clonic, atypical absences, or, rarely,
myoclonic astatic (6). Paroxysmal EEG discharges
may be generalized, bilateral, and multifocal. Tem-
poral lobe predominance is found in 85% of the
patients. In 15% of the patients, the discharges are
reported to be unilateral and also show temporal
lobe predominance (5, 7). More than 85% of the
patients have been reported to have continuous
spike and wave discharges during slow-wave stages
of sleep (CSWS) (8). In many children, the degree
of language dysfunction correlates with the severity
of the EEG abnormality, as in the original report
by Landau and Kleffner (1). In others, improve-
ment or worsening aphasia occurs independently of
the EEG abnormalities (4, 6). Anticonvulsant med-
ications readily control clinical seizures, which
usualy resolve by 15 years of age. By contrast,
variable degrees of language dysfunction persist
into adulthood (4, 6).

The pathogenesis of this disorder is poorly un-
derstood. The results of MR and CT studies are
typically normal. ldentification of the primary
source of epileptiform discharges is important both
in understanding and in treating this disorder. Mul-
tiple subpial transections have recently been shown
to be of value in treating the language disorder (4,
9). Precise localization of the primary sourceis dif-
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ficult to identify with scalp-recorded EEG (6). Sev-
eral recent reports have shown the usefulness of
magnetoencephal ography (MEG) in localizing ep-
ileptic activity (10—20). Magnetic source imaging
(MSI) superimposes MEG localizations on the MR
images and yields improved spatial resolution as
compared with surface EEG. The purpose of this
study was to report our experience with MEG in
the cases of 19 patients who were referred with
acquired aphasia and a suspected diagnosis of LKS.

M ethods

Patients

Nineteen patients with acquired aphasia and a clinical di-
agnosis of suspected LKS were referred from multiple centers
for MEG evaluation. Patient data are summarized in the Table.
The patients ranged in age from 4 to 14 years. There were 12
male and seven female patients studied during a 3-year period.
One patient was studied twice; examinations were performed
13 months apart.

MEG

Fourteen MEG studies were performed on a 74-channel dual
probe Magnes Il biomagnetometer (Biomagnetic Technologies
Inc., San Diego, CA), four studies were performed on a 148-
channel Magnes 2500 WH whole-head system (BTI), and one
early study was performed on a 37-channel Magnes single-
probe system. Each probe of the single- or dual-probe systems
covered a recording area of approximately 15-cm diameter
over the scalp. The single-probe system was suspended from
a ceiling-mounted gantry, and the 74-channel system added a
second probe mounted on a positioning device resting on the
floor. The patients rested on an adjustable bed with the probes
placed in contact with the head. Eight to 10 probe positions
were typically used with the 37-channel system, and four sym-
metric probe positions, F3/F4, P3/P4, F7/ F8, and T5/T6, and
one anteroposterior position, Fpz/Oz, were used with the 74-
channel system. The whole-head system uses a hel met-shaped
probe that is centered over the head with the patient lying
supine and no repositioning of the probe is required.

Scalp EEG was recorded concurrently with the MEG, using
an international 10-20 system, 20-channel bipolar montage
(Neurofax 440 A; Nihon Kohden, Tokyo, Japan). The simul-
taneous EEG served to assist in spike identification, recorded
real time, and avoidance of collection and analysis of data
confounded by artifact. Electrocardiographic recording was
also used to filter out the large magnetic signal generated by
the heart, which can distort MEG recordings. Fiducial points
at the nasion and left and right preauricular points along with
the surface of the patients’ scalp were digitized for subsequent
data analysis and superimposition of the MEG source locali-
zations on the MR images. MEG and EEG outputs were mon-
itored on real-time displays by trained technologists. A trigger
was activated to record an epoch of 5 s of preceding data and
1 s of postactivity data into the buffer memory, at a sample
rate of 300 Hz and a band pass of 0.1 to 200 Hz, when epi-
leptiform spike or sharp wave activity was observed. Data re-
cordings typically lasted 2.0 to 2.5 hours.

MEG Analysis

MEG and EEG wave forms were digitally filtered at a band
pass of 3 to 70 Hz. Visually selected spike or sharp wave
activity was digitally marked and mapped by using a single
equivalent current dipole model at each sampled time point.
The model assumes a spherical head shape. The diameter and
center of the sphere are chosen based on the previous head
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digitization. The equivalent current dipole model uses an it-
erative algorithm to calculate the location, strength, and ori-
entation of the current dipole that best accounts for the actual
magnetic field pattern measured. To be considered significant,
the correlation of fit must be greater than or equal to 0.98 with
the recorded field pattern and have a physiologically realistic
current magnitude (Q < 400 nAm). The detected magnetic
field must have a root mean square average of at least 400
femto-T, thus assuring an adequate signal-to-noise ratio. When
a large number of dipole sources were detected, a clustering
algorithm was used to concentrate the data in the regions with
the most frequent spike activity.

MR imaging was performed on a 1.5-T imager (Signa; Gen-
eral Electric, Milwaukee, WI). Five-millimeter sagittal and ax-
ial Tl-weighted images and 5-mm axial and corona T2-
weighted images were obtained. Fiducial markers were placed
on the nasion and bilateral preauricular points during MR im-
aging. These coordinates were then used to map the MEG di-
poles onto the MR images using interactive software (MR
overlay, Biomagnetic Technologies, Inc.).

The patients were sedated during the MEG recordings and
MR studies with 1V administered propofol in 13 studies and
oraly administered amitriptyline in five studies (Table). In two
studies, no sedation was used.

Results

The results of the MEG are summarized in the
Table. MEG revealed perisylvian spikes in 13 of
the 19 patients studied. These were bilateral in 10
patients (Fig 1) and unilateral in three (Fig 2). Of
the patients with unilateral perisylvian spikes, one
had left-sided spikes and two had right-sided
spikes. One of the patients with right-sided spikes
had a questionable diagnosis of LKS; the other had
right posterior frontal and parietal perisylvian
spikes.

Four of the 19 patients had non-sylvian MEG
spikes. One of these four had bilateral middle fron-
tal gyrus spikes, one had left central and parietal
spikes; one with questionable LKS had right pari-
etal occipital spikes; one with a diagnosis of LKS
versus autism had left middle frontal gyrus spikes.

Two of the 19 patients did not have MEG spikes.
One of these patients was uncooperative during the
recording session. The second patient had a ques-
tionable diagnosis of LKS.

One of the 19 patients was studied twice, with
examinations performed 13 months apart (case 5a
and b in the Table). The first MSI study showed
bilateral perisylvian spikes. A second study per-
formed after a right temporal lobectomy showed
left frontal and left temporal perisylvian spikes.
EEG studies performed concurrently with MEG
agreed with the general region of MSI spike detec-
tion in 16 of 19 patients, but M SI was more precise
in yielding more focal localizations.

Six of the 19 patients were reported to show con-
tinuous spike wave activity during CSWS, as re-
vealed by previous EEG performed at their referring
ingtitutions. Among these six patients, MEG detect-
ed bilateral perisylvian spikesin three, bilateral mid-
frontal gyrus spikes in one, and occasional right pa
rietal spikes in one. One patient was uncooperative
during the MEG recording and had an incomplete
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# of
MEG
Case Age (yrs) Chan-
# /Sex Sedation nels MEG Spike Location Concurrent EEG MR
1 6/F amitriptyline 37 No spikes Occasiona L temporal spikes Slightly larger left tempo-
ral horn, otherwise nor-
mal
2 7IF propofol 74 Left mid-frontal L frontal and tempora spikes and Normal
sharp waves
3 7™M amitriptyline 74 Bilateral posterior temporal/ Active spikes from L central tempora  Normal
perisylvian regions w/spread to L frontal region.
Some Independent R central/parietal
spikes
4 10/M amitriptyline 74 Bilateral posterior temporal/ Frequent central and temporal spike Normal
perisylvian Left central and wave discharges bilaterally.
Most appear synchronously
5a 1UM amitriptyline 74 Bilateral posterior temporal/ Frequent bilateral central temporal Normal
perisylvian spikes at times appearing indepen-
dently, and at other times synchro-
nously. Maximal on R
5b 12/M propofol 74 Left frontal/temporal Very active moderate to high voltage  Right temporal lobectomy
Perisylvian L. anterior frontal discharges over L frontal temporal with temporal occipital
area. Rare R temporal discharges topectomy. Gliosis
around margin
6 10/F none 74 Left posterior temporal/ Frequent repetitive spike and slow ac-  Normal
perisylvian. L occipital tivity over L temporal and central
region w/some spread to R central
and parietal region
7 6/F amitriptyline 74 Bilateral mid & posterior Frequent bi-hemispheric, frontal tem-  Normal
temporal perisylvian poral and central fairly synchronous
spikes
8 10/F none 74 Left central parietal Frequent bi-hemispheric synchronous ~ Normal
Left posterior parietal spike and wave discharges, most
prominent over R posterior temporal
and parietal regions
9 6/M propofol 74 No spikes, extensive bilateral Normal EEG w/medication effect Normal
slow waves/perisylvian
bilateral central slow waves
10 5/M propofol 74 Right central parietal Frequent spikes R central and parietal Normal
spikes. Rare L central parietal
spikes
11 14/M propofol 74 No spikes, extensive bilateral Occasiona sharp contoured thetaac-  Normal
slow waves/perisylvian tivity. L frontal region
bilateral central slow waves
12 10/M propofol/ 74 Right parietal Repetitive spike and sharp wave R in-  Right hippocampal atrophy
fentanyl Right occipital ferior temporal region, sometimes
spread to R frontal and central
regions, few spikes over the R pari-
etal region.
13 13/M propofol 74 Right parietal Many R temporal spikes, few indepen- Normal
Right occipital dent L temporal spikes sharp waves
over centra region CZ/C3
14 9IM propofol 74  Bilateral mid-frontal Frequent generalized polyspikes and Normal
wave discharges, maximal over
frontal/temporal regions
15 6/M propofol 74 Bilateral frontal/perisylvian/ Bilateral, central and temporal spikes. Normal
few bilateral parietal Most are not synchronous
16 6/M propofol 148 Bi-temporal/perisylvian Bi-temporal independent spikes maxi-  Normal
mal on R with some spread to cen-
tral region, greater on L
17 4/F propofol 148 Right frontal-parietal/perisylvian  Sharp waves over left anterior tempo-  Normal
ral region
18 9F propofol 148 Right posterior frontal-parietal-  Monophasic sharp waves R posterior  Normal
perisylvian/few left parietal frontal and central and occasional R
perisylvian parietal. Less frequent over same
area of L hemisphere
19 8/M propofol 148 No spikes No epileptiform discharges Normal

Note—F indicates female, M male, R right; L left.
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FIG 1. Images from the case of a 6-year-old male patient.

A, Sagittal T1-weighted image from the right hemisphere shows perisylvian clustering of spike activity in the posterosuperior temporal
gyrus or Wernicke’s area.

B, Sagittal T1-weighted image from the left hemisphere shows perisylvian clustering of spike activity in the posterosuperior temporal
gyrus or Wernicke’s area.

C, Coronal T2-weighted image shows bilateral perisylvian clustering of spike activity in the posterosuperior temporal gyrus or Wer-
nicke's area.

D, Six-second data epoch shows MEG wave forms from the left hemisphere above, right hemisphere below, and concurrent EEG in
the middle. Numerous spikes are present bilaterally.

study with no spikes detected. The results of MR
imaging were essentially norma in 18 patients and
showed right hippocampal atrophy in one.

Discussion
MSI localized epileptiform activity in 17 of the
19 children referred with acquired aphasia and a

suspected diagnosis of LKS. The MSI localizations
were more precise than EEG and were useful in
confirming the diagnosis of LKS and in helping to
understand the cause of the associated language
dysfunction. Thirteen of the patients had spikes in
a perisylvian location, thus supporting the concept
first proposed in 1957 by Landau and Kleffner (1)
that persistent epileptic discharges cause a func-
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FIG 2. Image from the case of a 10-year-old female patient.
Sagittal T1-weighted image shows unilateral clustering of spike
activity in the left posterotemporal lobe, with spikes bordering the
posterior aspect of the left sylvian fissure.

tional ablation of areas concerned with linguistic
communication. Morrell et al (4) further suggested
that excessive epileptic discharge during the child-
hood period of language development results in
functionally inappropriate synaptogenesis and then
deficient synaptic pruning in the same regions sub-
serving language function in children with LKS.

The cause of epileptiform activity in LKS is un-
known. As in the cases of our patients, MR imag-
ing results are either normal or noncontributory.
Holmes et a (21), in contrast to the idea of epilep-
tic activity causing aphasia, suggested that both the
epileptic discharges and the aphasia were epiphe-
nomena of underlying pathologic abnormalities in
the speech areas. Deonna (6) reviewed the argu-
ments both for and against epileptiform causality
of aphasia. Supportive evidence included spectac-
ular speech recovery in some patients, coincident
with disappearance of EEG abnormalities when
treated with steroid or antiepileptic agents, as well
as the success of multiple subpia transections in
aleviating language dysfunction. For patients with
bilateral EEG spikes, intracarotid sodium Amytal
injection or systemic methohexital injection has
been used to confirm a unilateral hemisphere as the
primary generator (4, 6). Arguments posed against
an epileptic cause include the development of clin-
ical seizures in some children long before or long
after the onset of language dysfunction. Addition-
aly, some children never develop clinical seizures,
athough they typically do have abnormal EEG
results.

The reported EEG abnormalities in cases of LKS
and acquired epileptiform aphasia are extremely
variable and heterogeneous. Thisisin part because
of the varied definitions of these conditions. Tuch-
man (22) defines LKS as an acquired aphasia in
association with abnormal EEG readings, including
spikes, sharp waves, and spike-wave discharges,
which are usually bilateral and occur predominant-
ly over the temporal and parietal regions. Accord-
ing to Tuchman, the term acquired epileptiform
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aphasia is now equated with LKS. No single EEG
pattern is said to include all cases of acquired epi-
leptiform aphasia reported in the literature (23). A
controversy surrounds whether LK S should include
al children who have language regression with an
epileptiform EEG, including those with CSWS or
autism (22). CSWS reported by Patry et a (24) in
1971 was considered by Morrell et a (4) as an
essential criterion for LKS. Others suggest that
LKS and CSWS are overlapping syndromes on the
same spectrum, with aphasia being present in
CSWS when the epileptiform activity involves the
language areas (8, 25). The diagnosis of LKS in
our patients was based on acquired aphasia in the
setting of previously normal language devel opment
associated with MEG or EEG epileptiform activity
in or near eloquent speech areas. Other suggested
overlapping syndromes include rolandic epilepsy,
autistic regression, and disintegrative regression (3,
22). In LKS, the regression typically involves lan-
guage only and the spikes, athough variable, are
predominantly central and temporal. In autistic epi-
leptiform regression, there is autistic behavior in
addition to language loss and the spikes are pre-
dominantly centrotemporal. In disintegrative epi-
leptiform regression, there is regression of lan-
guage, behavior, and cognitive function and the
epileptiform activity tends to be more globa (22).

In general, the four children with non-sylvian
spikes displayed various other cognitive or behav-
ioral dysfunctions in addition to aphasia. Of these
four patients, two were considered to have LKS on
the basis of clinical findings, with CSWS in one.
One of these two had bilateral midfrontal spikes
and a pervasive developmental disorder. Normal
milestones were reached until the age of 3 years,
when the patient developed regression of speech
and self-help activities and became isolated and
aoof (case 14). The other had left centroparietal
and posteroparietal spikes and presented with vi-
suospatial problems and agnosia in addition to
aphasia (case 8). One patient with a clinical diag-
nosis of LKS versus autism had left midfrontal
spikes. This patient had difficulty with attention
span, self-stimulatory play, and clear gaze avoid-
ance. Unlike a child with typical autism, she was
“warm and cuddly” in her interactions (case 2).
Her twin sister had normal communication skills.
One patient with questionable LKS had CSWS re-
vealed by previous EEG and right parietal occipital
spikes at MSI. This patient had attention deficit hy-
peractive disorder with problems of aggressive be-
havior, loss of personal hygiene, and left hemi-
paresis. Although there has been a definite
deterioration in language skills, the patient is still
able to communicate verbally and repeat full sen-
tences (case 12). A possible explanation for the
lack of perisylvian spike detection in these patients
is sampling error, with perisylvian spikes not oc-
curring during the time of MEG data acquisition
but being present at other times during deep sleep.
Others include secondary propagation to language
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areas not detected by MSI, regression of the epi-
leptiform activity, and an incorrect diagnosis of
LKS. No specific differences were noted between
children with bilateral and those with unilateral
involvement.

Lewine et a (26) presented the MEG findings of
six children with classic LKS and 20 with acquired
developmental aphasia. All six children with clas-
sic LKS were reported to show CSWS during
sleep, involving the superior temporal gyrusin five
and the angular and supramarginal gyri in one with
propagation to the temporal lobe. Sixteen (80%) of
the 20 patients with acquired developmental apha-
sia showed occasional epileptic spikes during sleep.
In nine of these children, the spikes occurred in
either the right or left superior temporal gyrus.

Morrell et a (4) reported the cases of 14 children
with LKS treated with multiple subpial transections
and illustrated MEG findings in two children, both
of whom showed perisylvian, temporal spikes. In
11 of 14 patients with bilatera symmetric dis-
charge EEG pattern, they were able to show a uni-
lateral generator by using methohexital suppres-
sion. Paetau et a (27) reported MEG findings in
four patients with LKS, al of whom were found to
have the earliest spike activity originating in the
intrasylvian cortex. They detected secondary spikes
in the ipsilateral perisylvian, temporo-occipital, and
parieto-occipital areas within 10 to 60 ms. In one
patient, the activity had spread to the contralateral
sylvian cortex within 20 ms. In two of the patients,
the primary spike generator was determined to be
unilateral, whereas in the other two, bilateral in-
dependent activity was found.

An underlying cause of the epileptiform activity
in LKS has not been elucidated. MR imaging stud-
ies, surgical resections (5, 7), and biopsies (28, 29)
are typicaly normal. Rarely, causative factors have
been identified. Cortical biopsies in one report (30)
did show evidence of slow virus infection. Other
case reports have been associated with toxoplas-
mosis (31), otitis media (32), cysticercosis (33), ar-
teritis (34), inflammatory demyelinating illness
(35), and temporal lobe tumor (36, 37). In another
report, interictal single-photon-emission CT
showed unilateral left temperoparietal hypoperfu-
sion and positron emission tomography showed bi-
lateral hypermetabolism (38).

Although the seizure disorder tends to remit in
LKS, the prognosis for language recovery is vari-
able. Some children recover completely from their
aphasia, whereas in others, severe aphasia persists
into adulthood. Most patients show marked im-
provement but still have some linguistic dysfunc-
tion (6). Mantovani and Landau (39) reported the
follow-up findings of nine patients, obtained 10 to
28 years after the onset of aphasia. Four patients
had full language recovery, one had mild language
dysfunction, and four had moderate language dys-
function (39).

Several factors have been reported to influence
language prognosis negatively. These include early
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age of onset, high frequency and long duration of
epileptiform discharge in language areas, and
spread to homologous cortex (6). It has been hoped
that earlier diagnosis and antiepileptic treatment
might improve the long-term prognosis, although
success has been variable (6). Morrell et a (4) re-
ported return of speech in 11 (79%) of 14 patients
who had been aphasic for at least 2 years and were
subsequently treated with subpial intracortical re-
section (4). This surgical technique has only re-
cently been applied to children with LKS and is
still considered an investigational rather than a de-
finitive form of treatment.

The role of MEG in evaluating patients with ep-
ilepsy continues to evolve. MEG is sensitive to ep-
ileptic activity originating from the depths of sulci,
such as the sylvian fissure, because it reveals mag-
netic fields generated by transmembrane synaptic
currents oriented in a plane tangentia to the skull
surface. The precise localizations afforded by MEG
compared with EEG can sometimes obviate the
need for invasive video EEG recording as well as
direct the placement of intraoperative electrodes
when surgery is being considered for patients with
medically intractable epilepsy. Specificaly, for pa-
tients with LKS, MEG is useful in confirming the
diagnosis and may prove useful in preoperative lo-
calization if subpial intracortical transection be-
comes widely accepted for the treatment of intrac-
table cases.
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