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The Landau-Kleffner syndrome of 
acquired epileptic aphasia: 

Unusual clinical outcome, surgical experience, 
and absence of encephalitis 

A.J. Cole, MD, FRCP(C); F. Andermann, MD, FRCP(C); L. Taylor, MA; A. Olivier, MD, PhD, FRCS(C); 
T. Rasmussen, MD, FRCS(C); Y. Robitaille, MD, FRCP(C); and J-P. Spire, MD 

Article abstract-The syndrome of acquired verbal auditory agnosia in childhood with mutism and epileptic discharges has 
been described in over 100 cases. An encephalitic etiology has often been postulated but never proved. We report two patients with 
this syndrome who were treated surgically. Despite careful search, no pathologic evidence of encephalitis was found. One patient, 
with the typical course, had no seizures but striking positive correlation between epileptic discharge and language disorder; the 
second, after classic onset, developed intractable temporal lobe epilepsy, a previously unreported outcome of this syndrome. EEG 
discharges are generalized, bilateral, multifocal, or with shifting predominance but mainly temporal in 85% of reported cases, and 
unilateral, also predominantly temporal, in 15%. Language areas are preferentially involved. This syndrome has certain biologic 
features that resemble the benign epilepsies of childhood and may be the result of the unusual localization of the epileptic 
abnormality. 
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In 1957, Landau and Kleffner described six children 
with a syndrome of “acquired aphasia with convulsive 
disorder.”’ Since then, over 100 additional cases have 
been reported.’-33 The disorder is characterized by the 
acute or subacute appearance of language difficulty in 
previously normal children. Convulsions, if they occur, 
may precede or follow the onset of language dysfunc- 
tion, but electrographic epileptic discharges are invaria- 
bly present. Prognosis is variable, but improvement of 
electrographic abnormalities seems weakly correlated 
with resolution of language difficulty. Although per- 
sistent or intractable epilepsy is exceptional, long-last- 
ing language deficits have ben described. 

The nature of the language abnormality has been 
best characterized by Rapin et al.23 Unlike typical ac- 
quired childhood aphasia,34 receptive dysfunction 
seems to dominate the clinical picture early in this 
disorder, so that affected children are often considered 
to have lost their hearing. Expressive deficits may de- 
velop later. Reading and writing, as well as the use of 
sign language, may be relatively spared, suggesting that 
the children have a verbal auditory agnosia associated 
with varying degrees of mutism, and not true aphasia. 
The majority of reported cases demonstrate acquired 
language dysfunction, but a number of children with 
“developmental aphasia” have been considered by some 
authors to fit into the spectrum of the Landau-Kleffner 

syndrome, insofar as no structural lesions are demon- 
strated and epileptic EEG abnormalities with or with- 
out clinical seizures are present.2J8.23.27 The etiology of 
this disorder remains unclear but an encephalitic pro- 
cess has often been postulated.10J5J6.20 We present two 
patients with convulsive disorder and verbal auditory 
agnosia and mutism (VAAM) treated with anterior 
temporal lobectomy because medical therapy failed to 
alleviate the language deficit in one, and to control the 
seizures in the second. In both cases, neuropathologic 
studies revealed mild gliosis but no evidence of encepha- 
litis. 

Case reports. Patient 1. S.L., a right-handed boy, was first 
reported by McKinney and McGreal.20 He was born after a 
normal gestation and delivery. He walked and used his first 
words at 12 months. At  2 years, his family thought he had 
difficulty with hearing because of decreased comprehension of 
spoken commands. He underwent adenoidectomy and seemed 
to improve. At  age 4 years, his hearing again seemed to deteri- 
orate: he failed to answer questions and did not follow spoken 
instructions. A t  age 5, he had the vocabulary of a 3’/z- to 4- 
year-old. An EEG revealed diffuse left hemispheric epileptic 
abnormality. The patient was placed on phenytoin without 
clinical improvement. 

Between the ages of 5 and 7 his language deficit fluctuated 
widely over periods of months, and included both receptive 
and expressive elements. During periods of maximal language 
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Figure 1. EEG recordings from 
patient 1 demonstrate 
(A) continuous sharp and slow 
wave activity over the left fronto- 
centro-temporal regions with 
contralateral transmission during a 
period of maximal language 
dysfunction and while receiving no 
medication, and (B) 2 weeks later, 
after initiation of phenytoin 
therapy, only minor background 
slowing without epileptiform 
activity. A t  the time of the second 
recording, language function had 
substantially improved. 
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Figure 2. Brain maps from surgical records showing the limits of resections. Shaded areas were removed. The letters and 
numbers refer to sites of stimulation during corticography. (A) Patient 1: 5, 16, and 2 lie on theprecentral gyrus, while 8, 13, 
and 3 lie on the postcentral gyrus. (B) Patient 2: 1,2, and 3 lie on the precentral gyrus, B and A lie on the first temporal 
gyrus. 

dysfunction, EEGs revealed almost continuous epileptiform 
disturbance over the left fronto-centro-temporal region. In 
contrast, when speech improved, the epileptic activity disap- 
peared, leaving only minor slowing of background activity 
(figure 1). Unfortunately, this improvement was only tran- 
sient. 

At  age 6’12 years, speech and comprehension deteriorated 
markedly over 3 months. He had no seizures. On examination, 
he was alert but had no spontaneous speech. Although he 
turned his head when his name was called, he was unable to 
follow spoken commands. He seemed frustrated by his lan- 
guage difficulties, but he rapidly followed gestured commands. 

Pneumoencephalography revealed slight generalized atro- 
phy of the left cerebral hemisphere, most marked in the tem- 
poral lobe and in the adjacent regions of the parietal lobe. A 
left carotid arteriogram was normal. 

An EEG showed an active focus of epileptogenic activity 
composed of slow sharp waves and 2-Hz spike and wave com- 
plexes from the left temporal, posterior temporal, and parietal 
regions with contralateral transmission. No independent 
right-sided epileptogenic abnormality was detected. Neuro- 
psychological evaluation demonstrated language function at  
only the 2- to 3-year level. In contrast, nonverbal skills were in 
the low-average range with a performance IQ of 91. 

At age 7, the patient underwent a left temporal lobectomy. 
Electrocorticography revealed high-amplitude rhythmic 
spikes from the parietal opercular and posterior temporal 
regions as well as from the hippocampus. Because of persistent 
epileptogenic activity after resection of the anterior 5 cm of 
the temporal lobe, the transverse gyrus of Heschl was removed 
(figure 2A). Post-resection corticography demonstrated per- 
sistent but reduced epileptic discharge from the posterior 
bank of the removal. 

Neuropathologic examination of the surgical specimen 
showed normal gross appearance. Cytoarchitecture of the cor- 

tex and underlying white matter showed only mild subpial 
gliosis. There was no evidence of inflammation, or loss of 
myelin. The hippocampus and ependyma were normal (figure 
3). 

Immediately after operation, speech improved rapidly. It 
was then possible to administer the verbal test of the WISC, 
which yielded a verbal IQ of 53. Performance IQ was measured 
at 101. Stories read to the patient were repeated in fragments. 
He reported twice as many digits presented to the left ear on 
dichotic testing as he had before operation, but reported no 
digits presented to the right ear. By the time of discharge, he 
was forming five- to seven-word sentences and had improved 
auditory comprehension. 

Ten months later the patient was reevaluated. He was attend- 
ing a special grade 1 class but required language therapy. His 
mother noted that he was speaking in sentences and seemed to 
chatter incessantly. He appeared happy and well behaved. On 
examination, he was slightly dysarthric. He was able to count to 
30 with two errors, to identlfy colors, and to name objects. An 
EEG examination revealed active epileptogenic discharge from 
the left mid and posterior temporal regions. 

Repeat neuropsychological testing showed that language 
comprehension had improved, but difficulty in discriminating 
between similar sounding words persisted. Although expres- 
sive language had also improved, words were occasionally 
unintelligible. His verbal IQ had increased to 65. He was able 
to remember twice as many story details as he had in the 
immediate postoperative period, and for the first time he was 
able to retain some of those details in delayed recall testing an 
hour later. There continued to be complete suppression of 
digits presented to the right ear on dichotic testing, while 
scores from the left ear continued to increase. Reading and 
writing skills were rudimentary; he misspelled his first name. 
Shortly thereafter, language and the EEG again deteriorated. 
Unfortunately, he has since been lost to follow-up. 
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Figure 3. Temporal neocortex (patient 1) demonstrates 
normal architecture with mild subpial gliosis. (Hemntoxylin 
and eosin, magnification X200 before 30% reduction.) 

Patient 2. C.J. is a 28-year-old right-handed woman. Gesta- 
tion and delivery were uncomplicated. Developmental 
milestones were normal: she walked at 12 months and was 
using short sentences at 24 months. 

When she was 4’12 years old her parents noted occasional 
hesitation in her response to spoken commands. Over the next 
15 months her language function regressed, with initial loss of 
verbal comprehension and eventual disappearance of all 
speech. Examination a t  that time revealed verbal auditory 
agnosia with mutism, preserved hearing, and mild right facial 
weakness. An EEG showed spike activity, but no further 
details are available. 

At age 6 years, 18 months after the onset of language 
difficulty, she suffered her first convulsion, which began with 
jerking of the right arm and after an unknown interval became 
secondarily generalized. After the seizure she had a right 
Babinski response. An EEG demonstrated bursts of gener- 
alized multiple spike discharges followed by slow waves. CSF 
was normal, as was a left carotid arteriogram. Phenytoin was 
prescribed and the patient remained seizure-free for 1 year, 
with continued verbal auditory agnosia and mutism. 

Between ages 7 and 12 years, she suffered eight generalized 
seizures and four episodes of generalized status epilepticus. 
Language deficits persisted, but she responded to environ- 
mental sounds, eg, the doorbell or the telephone. At age 12, she 
began having complex partial attacks. There was no aura. The 
spells were characterized by staring, chewing, and automatic 
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movements of the right hand, as well as occasional cursive 
episodes. 

By age 13, behavioral changes were noted. She became 
intermittently withdrawn and belligerent. Neuropsycholog- 
ical testing showed a performance I& of 96, but evaluators 
commented on strikingly poor social adjustment. Verbal lan- 
guage deficits were severe, but she used sign language and 
finger spelling for communication. Over the next 10 years she 
continued to suffer frequent complex partial seizures, infre- 
quent generalized convulsions, and progressive behavioral de- 
terioration. 

There was no family history of seizures, language disorder, 
or psychiatric disease. At age 28, she was a mute woman who 
sometimes used sign language or finger spelling for communi- 
cation. She did not respond to oral commands, but was able to  
read simple sentences and follow written instructions. She 
was able to respond correctly to 38 of the first 40 items of the 
Token Test of Language Comprehension when these simple 
directions were presented visually. Her score on the Peabody 
Picture Vocabulary test was at the 2-year, 6-month level. 
Prolonged maintenance of bizarre postures with waxy flexi- 
bility was frequently noted. There were no focal neurologic 
deficits. 

Multiple EEG recordings from scalp and sphenoidal elec- 
trodes revealed striking rhythmic slow and slow sharp activity 
over the left temporal region (figure 4). In addition, there were 
similar less active independent contralateral epileptic dis- 
charges. An electrographic seizure without clinical accom- 
paniment consisted of rhythmic 2Yz- to 3-cps sharp and slow 
wave complexes over the left temporal region, with phase 
reversals a t  T3 and on occasion at  SP1. 

Audiograms were normal, demonstrating speech detection 
a t  15 dB in each ear. Brainstem auditory evoked responses 
(BAERs) were normal on two occasions. Attempts were made 
to measure cortical evoked responses (CERs). Pure-tone stim- 
uli a t  varying frequencies were presented with 0.9-msec rise- 
fall time and 250-msec duration. Stimulus levels were 50 and 
70 dB HL. Recording was from electrode position FPz, re- 
ferred to the medial surface of the test ear. On four different 
occasions, CERs were absent in spite of normal BAERs. Spe- 
cifically, Nl ( l25  msec) and P2 (250 msec) could not be demon- 
strated (figure 5). 

Skull x-rays were normal. Head CTs with and without 
contrast infusion demonstrated slight enlargement of the left 
temporal horn. P E T  was used to study glucose utilization and 
oxygen uptake. Twelve partial complex attacks were observed 
during the 10 days prior to the PET study, but no seizures were 
recorded by telemetered EEG monitoring during the scans 
obtained after administration of ‘*FDG and I5O2. Glucose 
utilization was reduced by 50% in the right temporal region 
when compared with the left. This was associated with a 40% 
decrease in regional cerebral blood flow in the same region, as 
compared with the contralateral temporal lobe. 

Because of uncontrollable complex partial seizures, resec- 
tion of the anterior 5.5 cm of the left temporal lobe was carried 
out under general anesthesia (figure 2B). Electrocorticog- 
raphy showed spiking activity posteriorly over the temporal 
lobe. Chronic herniation of the uncus a t  the incisura was 
reported. The amygdala and the parahippocampal ~ Y N S  were 
abnormally firm. Post-resection corticography demonstrated 
reduced but persistent spiking from the posterior bank of the 
removal. 

Neuropathologic examination of the resected specimen 
showed slight widening of the temporal sulci. Gyri were firm 
and rubbery. White and gray matter distinction was well 
preserved. Microscopic examination showed normal 
cytoarchitecture with preservation of vertical and horizontal 
cortical lamination. There was mild subpial gliosis with mini- 



Figure 4. EEG recording 
f rom patient 2 
demonstrates rhythmic 
sharp slow complexes with 
maximum amplitude at 
T3. 
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Figure 5. Cortical auditory evoked responses. (A) Normal control recording demonstrates clear reproducible N ,  and P2 
waveforms in  response to  stimuli at 500 Hz and 2,000 Hz. (B) Tracing obtained from patient 2 shows no reproducible peaks 
in  response to stimulation of either ear. (See “Methods” in  text.) 

ma1 white matter gliosis. Occasional fibrous astrocytes were 
seen throughout the cortical gray matter. There was no evi- 
dence of chronic infection or dysgenesis (figure 6). 

One year after operation, the parents reported qualitative 
improvement in communication ability. Seizure frequency 
was estimakd a t  10% of the preoperative level. Psychotic 
features had largely disappeared. She was noted to enjoy music 
and sewing, and was able to manage her own finances. Neu- 

rologic examination showed continued VAAM but striking 
reduction in schizophreniform behavior. Neuropsychological 
testing confirmed a continued severe disturbance of speech 
skills with preservation of reading, writing, and signing abil- 
ity, in contrast to near normal scores on a variety of visuo- 
spatial tests. 

EEG showed infrequent epileptiform sharp waves with 
phase reversal a t  T3. The rhythmic activity seen previously 
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Figure 6. Temporal neocortex (patient 2) shows normal 
architecture with well-preseroed lamination and no 
evidence of inflammation. (Kliiuer- Barrera stain, 
magnification X 150 before 31% reduction.) 

was no longer apparent, and contralateral discharges were not 
seen. BAERs were normal, but once again CERs could not be 
elicited. 

Discussion. These two patients represent opposite 
ends of the clinical spectrum of the syndrome of ac- 
quired epileptic verbal auditory agnosia and mutism. 
Both commenced in the usual way with gradual loss of 
receptive and then expressive language function and 
emergence of EEG abnormalities. The first patient con- 
tinued to evolve in the typical fashion. He never devel- 
oped seizures. There was a strong correlation between 
the severity of the language disorder and the presence of 
epileptogenic EEG abnormalities. He was treated sur- 
gically at  a time when the natural history of this syn- 
drome was less clear, with the hope of improving 
language by removing tissue producing continuous elec- 
trographic abnormalities. The second patient evolved 
in an unusual manner to develop severe independent 
bitemporal epileptic abnormalities, uncontrollable 
complex partial seizures, and later a chronic schizo- 
phreniform disorder. She was operated in the hope that 
reducing the seizure tendency would enable her to live 
more independently. In neither case could an underly- 
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ing cause for the disease be identified. 
The PET data obtained from the second patient are 

difficult to interpret. She had bilateral independent 
epileptic abnormalities, but both preoperative studies 
and the postoperative course suggest that the predomi- 
nant interictal abnormality and the seizures originated 
on the left side. The left temporal region displayed more 
epileptic activity as monitored with scalp and 
sphenoidal EEG recording throughout the period when 
PET studies were performed, but no seizures occurred 
during the glucose or oxygen scans. The PET data 
showing relative right temporal hypometabolism must 
therefore be interpreted as supporting the presence of 
bitemporal dysfunction. 

Neuropsychological assessment of both these pa- 
tients was limited by their language comprehension 
difficulties and their lack of expressive speech. In spite 
of these limitations, it was possible to show that both 
patients had relative preservation of visuospatial skills 
in contrast to their severe language impairments. In the 
first patient, continued suppression of digits presented 
to the right ear in the dichotic condition pointed to 
ongoing disturbance of function in the primary auditory 
cortex of the left hemisphere. In the second patient, 
simple span tests using verbal and visuospatial se- 
quences demonstrated limited function of the left hemi- 
sphere in contrast to almost normal function of the 
right hemisphere. 

Normal audiograms with preserved brainstem au- 
ditory evoked responses confirmed the integrity of sub- 
thalamic auditory pathways. The inability to 
demonstrate long-latency cortical evoked responses, 
however, supports the hypothesis that this patient suf- 
fered from bilateral posterior temporal cortical dysfunc- 
tion. Woods et aP5 have reviewed the localization of N1 
and P2 generators using animal models, particularly the 
cat. They also studied a patient with bilateral posterior 
temporal infarcts and cortical deafness, and concluded 
that these waveforms are generated by the cortex in area 
39, the angular gyrus, but not precisely in the primary 
auditory cortex (areas 41 and 42). In addition, experi- 
mental evidence suggests that these waveforms are gen- 
erated bilaterally, and thus a unilateral lesion may 
result in reduced amplitude but not in disappearance of 
these potentials, as seen in our case. 

Review of 95 cases reported in 25 publications, as 
well as our 2 cases, allowed localization or lateralization 
of epileptogenic abnormalities in 74 instances. In 88%, 
discharges were either bitemporal, generalized, or mul- 
tifocal (including those cases with shifting lateraliza- 
tion). In only 13 cases (12%) were strictly unilateral 
discharges reported 10 patients had left temporal or 
central discharges and 3 had right-sided discharges. In 
both bilateral and unilateral cases, there was a strong 
predominance of temporal localization. In 72% of the 39 
cases for which information is available, severity of the 
language dysfunction and the EEG abnormality were 
positively correlated. Our first case is an example of this 
phenomenon. One must be cautious in interpreting 
such retrospective data, since further recording might 
have shown contralateral, generalized, or shifting ab- 
normalities. Predominance of bilateral epileptogenic 



activity in the great majority suggests that this is im- 
portant in the development of the syndrome. 

The morphology of the EEG abnormality in this 
condition is distinctive, and is reminiscent of the EEG 
findings in the benign rolandic and occipital epilepsies 
of however, the localization is mainly 
temporal in this condition. A similar conclusion has 
been reached independently by Dulac et aL3* Spikes 
tend to be of high amplitude with shifting lateralization, 
background is well preserved, and epileptic activity is 
often sensitive to anticonvulsant therapy. In addition, 
Rodriguez and Niede rme~er ,~~  in a report of four cases 
of acquired epileptic aphasia studied with sleep record- 
ing, demonstrated a dramatic increase in epileptic ab- 
normalities during sleep, similar to that seen in benign 
rolandic epilepsy. The presence of slow spike and wave 
in many of these cases may be reminiscent of secondary 
generalized epilepsy; however, the degree of focalization 
and shifting lateralization is greater than expected in 
that disorder. 

Epileptic seizures in the present syndrome are usu- 
ally benign. Thirty percent of patients have no seizures 
at and in the remainder, attacks are brief, easily 
controlled, and generally do not progress to status epi- 
lepticus. Patients seldom manifest the frequent minor 
attacks so often seen in the various forms of secondary 
generalized corticoreticular epilepsy that lead to mental 
deterioration. Only exceptionally does the syndrome 
proceed to malignant epilepsy, as in our second case. 

The neuropathologic basis of this disorder has been 
much debated and an encephalitic etiology frequently 
postulated. The clinical course of the Landau-Kleffner 
syndrome is quite different from that of children with 
chronic encephalitis of the Rasmussen type.39 In that 
condition, epilepsia partialis continua is practically al- 
ways present, and dysphasia may also occur. Patients 
always progress to develop severe neurologic deficit be- 
fore the disorder becomes arrested. Mild forms of the 
disorder may be postulated but have not so far been 
documented. 

A cortical biopsy was performed by Lou et aP5J6 in a 
patient whose condition resembled the Landau- 
Kleffner syndrome, but their case was atypical insofar 
as the CSF protein was elevated, brain scan showed 
focal temporal abnormality, and the patient developed a 
bulbar paralysis. The relevance of the biopsy findings 
suggesting chronic encephalitis in their case is therefore 
uncertain. In neither of our cases was there pathologic 
evidence of chronic encephalitis40 although we looked 
specifically and carefully for this. In both our cases, mild 
gliosis was seen, and in the second case there was evi- 
dence of hippocampal sclerosis. No dysgenetic lesion or 
abnormality of cortical architecture could be dis- 
covered. Pathologic analysis of biopsy specimens can be 
biased by sampling error, especially in cases of focal 
epilepsy where the causative lesion may be remote from 
the most active focus. In the absence of autopsy data, 
however, our cases emphasize that chronic encephalitis 
does not appear to play a role in this disease. 

Long-term prognosis in this disorder is difficult to 
predict due to a relative lack of studies reporting ade- 
quate long-term follow up. Bishop,41 in a review of 45 

cases from the literature in which there was follow-up to 
at  least age 12 years, has suggested that prognosis corre- 
lates to a certain degree with the age a t  onset, with those 
patients affected early having a worse prognosis than 
those affected late. This conclusion is supported by the 
data of Toso et  aPO and Dulac et  al.38 In cases of struc- 
tural brain disease, it has been shown that before age 5 
or 6 years, there is considerable plasticity of language 
representation, and significant injury to the dominant 
hemisphere is capable of forcing language function into 
the contralateral h e m i ~ p h e r e . ~ ~  In early-onset cases of 
the present disorder, one must hypothesize that either 
the dominant hemisphere is not compromised suffi- 
ciently to force this shift, or that nonstructural or sub- 
acute disease of the dominant hemisphere does not 
result in the same plastic changes seen with structural 
or acute disease, or that dysfunction must be bilateral. 
Better prognosis in cases with later onset suggests that 
language dysfunction in this syndrome may be related 
to disordered auditory processing of verbal information, 
and not to frank disruption of areas involved in higher 
order language pr0cessing.4~ Because of extensive repre- 
sentation of the auditory cortex in both hemispheres, 
bilateral dysfunction must again be postulated. Cortical 
auditory evoked response data from our second case 
support this contention. 
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Genetic factors in myasthenia gravis: 
A family study 

L. Kerzin-Storrar, MS; R.A. Metcalfe, MRCP; P.A. Dyer, PhD; G. Kowalska, BSc; I. Ferguson, MD, MRCP; 
and R. Harris, MD, FRCP, FRCPath 

Article abstract-We studied forty-four patients with myasthenia gravis (MG) and their families. Thirty percent of patients 
had a confirmed family history of autoimmune disease; in one case this was MG. In all the families with autoimmune disease, the 
affected relatives were related to the patients through the maternal line. HLA-B8 and DR3 were increased in patients due to the 
high incidence of these antigens in female, nonthymoma patients with onset before 40 years. HLA-BS was increased in patients 
with older onset. The haplotype Al-BS-DR3 was not found to be increased given the presence of B8 or DR3. 

NEUROLOGY 1988;38:38-42 

The mechanism that gives rise to the production of 
autoantibodies directed against acetylcholine receptors 
in myasthenia gravis (MG) is unknown and may vary 
between patients. MG appears to be a heterogeneous 
condition; a number of studies have attempted to sub- 
divide the disease based on clinical and laboratory data 

(sex, age at onset, thymus histology, severity of disease, 
and level of anti-acetylcholine receptor antibodies).’-* 
The contribution of genetic factors to the etiology of 
MG has also been investigated. Although MG itself 
rarely recurs within patients as well as their 
relatives often suffer from other autoimmune condi- 
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