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Is Cerebral Arteritis the Cause of the 
Landau-Kleffner Syndrome? Four Cases 
in Childhood with Angiographic Study 

Ignacio Pascual-Castroviejo, V. Lopez Martin, A. Martinez Bermejo and A. Perez Higueras 

ABSTRACT: Four children with Landau-Kleffner syndrome were studied over a six year period. They presented with 
acquired aphasia, epilepsy, and focal or generalized EEG discharges which were exacerbated during sleep. In addition, 
cerebral angiography demonstrated isolated arteritis of some branches of the carotid arteries in all cases. Computed 
tomographic and magnetic resonance images were normal. Nicardipine in a dose of 1 to 2 mg/kg/day, added to conven
tional anticonvulsant drugs provided effective supplementary control of seizures, of paroxysmal EEG discharges, and 
of language and behavioural disturbances, even several years after the onset of the disorder and in patients whose 
response to other medications, including steroids, had been poor. Interruption of nicardipine administration was fol
lowed by relapse of the language disorder. Repeat angiography was performed in all four patients and showed recanal-
ization of obstructed vessels in two cases. Focal cerebral vasculitis may be the pathogenesis of the Landau-Kleffner 
syndrome and calcium channel blockers such as nicardipine may be effective and specific therapy. 

RESUME: L'arterite cerebrate est-elle la cause du syndrome de Landau-Kleffner? Une etude longitudinale de 
quatre cas d'aphasie acquise et d'epilepsie dans l'enfance avec etude angiographique. Nous avons procede a une 
etude longitudinale sur une periode de six ans chez quatre enfants porteurs du syndrome de Landau-Kleffner. lis se 
sont presentes avec une aphasie acquise, une epilepsie et des decharges focales ou generalisees a l'EEG, exacerbees 
pendant le sommeil. De plus, l'angiographie cerebrale a montre une arterite isolee de certaines branches des arteres 
carotides dans tous les cas. L'imagerie par tomodensitometrie et par resonance magnetique etaient normales. La 
nicardipine a dose de 1 ou 2 mg/kg/jour ajoutee aux medications anticonvulsivantes conventionnelles a amene un con-
tr61e supplemental des crises, des decharges EEG paroxistiques et des perturbations du langage et du comportement, 
meme plusieurs annees apres le debut de la maladie et chez des patients dont la reponse therapeutique a d'autres medi
cations, incluant les steroides, avait ete mediocre. L'interruption de Tadministration de la nicardipine a ete suivie d'une 
recidive du probleme du langage. Une angiographic de controle a ete effectuee chez les quatre patients et a montre une 
recanalisation des vaisseaux obstrues dans deux cas. La vasculite cerebrale focale est peut etre la pathogenese du syn
drome de Landau-Kleffner et les inhibiteurs des canaux calciques tels la nicardipine peuvent etre un traitement efficace 
et specifique. 

Can. J. Neurol. Sci. 1992; 19: 46-52 

In 1957, Landau and Kleffner described six children with a 
syndrome of acquired aphasia associated with seizures.1 It usu
ally occurs in normal children who lose receptive and expres
sive language ability, mostly gradually, though at times with a 
rapid onset and coincidental with generalized spike-wave com
plexes in the electroencephalogram (EEG). Receptive aphasia 
and behavioral disturbances dominate the clinical presentation 
and the affected children are often thought to be autistic or deaf. 
Seizures may precede or follow the onset of the language 
disturbances although they are not universally present. 
Electroencephalographic discharges are, however, always 
present. 

About 200 patients have now been described with different 
eponyms in several languages.127 Acquired receptive aphasia is 
considered essential to the diagnosis of Landau-Kleffner syn
drome. Epilepsy, however, becomes manifest in only 70% of 
cases,22 although the presence of paroxysmal EEG abnormalities 
is another diagnostic criterion with or without clinical 
seizures.1923 The etiology of the disorder is controversial. 
Several possible causes have been suggested4'5'18-24'27 but most 
authors regard the syndrome to be of unknown origin. 

During the past six years, we have studied four patients with 
acquired aphasia and epilepsy. Arteriography of both carotids 
was performed in every case and images suggestive of arteritis 
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were observed in all four. All patients showed major improve
ment in the clinical and EEG disturbances after a calcium chan
nel blocker was added to the conventional antiepileptic drugs 
that had previously shown low efficacy.28 

MATERIAL AND METHODS 

Patient 1 A now 15-year-old right-handed boy had been the product 
of an uncomplicated gestation and delivery. He walked at 9 months, 
spoke his first words at 12 months, and put words together by 16-17 
months. At age 7 years, he gradually developed difficulty in speaking 
some words and had a diminished comprehension of verbal commands, 
becoming aphasic after two months. An EEG showed many spike-wave 
discharges over both hemispheres, although they were most prominent 
in the left temporal lobe. Routine blood and cerebrospinal fluid (CSF) 
studies were normal. At 7'/2 years, he developed generalized seizures of 
short duration. Computed axial tomography (CT) of the brain was nor
mal. Carotid arteriography showed images consistent with arteritis, 
especially located in the posterior branches of the left middle cerebral 
artery. Laboratory studies for viral and systemic collagen vascular dis
eases were normal. 

The child was treated with prednisone (30 mg/day) for two weeks, 
then the dose was tapered at a rate of 5 mg every two weeks. He also 
received carbamazepine (14 mg/kg/day). The language disorder persist
ed unchanged over three years and the patient had two partial seizures. 
At 10 years of age the boy was not able to understand or to speak. The 
EEG showed paroxysmal discharges over both hemispheres (Figure 1). 
Auditory evoked potentials were normal. At this time, the patient was 
given a daily dose of 60 mg of nicardipine, as a supplement to his 
antiepileptic medication (carbamazepine). After six months he was able 
to understand many things, though he still did not speak. 

Between 10 and 15 years of age, the patient remained free of clinical 
seizures. Language function recovered slowly, so that at 15 years he 
now speaks many words in a comprehensible context and is able to 
read, write, add, subtract, multiply and divide; although at a basic level. 
His EEG in an awake state has shown normal results every year. 
However, at 15 years an EEG performed during sleep revealed focal 
paroxysmal discharges over the left frontotemporal region with homolo
gous contralateral spread. Angiography also was repeated at this age, 
showing the same appearance of arteritis observed in the initial study. 
Magnetic resonance imaging (MRI) was interpreted as normal. 

Patient 2 This 15-year-old right-handed male was the product of an 
uncomplicated pregnancy and delivery. Development milestones were 
normal: he walked and used his first words at 13 months. The boy had 
normal psychomotor and language development (he had learned only 
the Catalonian language) until 6'/2 years of age when he experienced a 
generalized seizure. Within several months the patient developed a pro
gressive language disorder and six months later he showed almost total 
unresponsiveness to oral communication. The EEG revealed general
ized paroxysmal abnormalities. Treatment was instituted with 30 
mg/kg/day of valproic acid (VPA), 3 mg/day of clonazepam (CZP) and 
speech therapy. He remained free of seizures for three years while tak
ing VPA alone, and learned to speak and write in Spanish but he forgot 
the Catalonian language used before the onset of his illness. At 10 years 
of age he presented with fever of 38°C, associated with a rash on the 
face, knees, ears, genital organs and creases of the body. Within a week 
the boy had totally lost speech comprehension and expression as well as 
sphincter control, and snowed anxious behaviour. He was still able to 
eat, dress, wash and ride a bicycle, however. The EEG showed multifo
cal discharges over both cerebral hemispheres and the patient was diag
nosed as having acquired aphasia with epilepsy. Carbamazepine (3 
mg/kg/day) was added to the 30 mg/kg/day of VPA, but neither the lan
guage nor the EEG improved and he failed to recognize objects or peo
ple. 

At 11 years of age examination revealed verbal auditory agnosia 
with mutism and autistic behaviour without any response or reaction to 
stimuli. He presented a tendency to a genuflexed posture, open mouth 
with drooling, and osteotendinous hyperreflexia. 

CSF showed a moderate elevation of protein (0.60 g/1) as the only 
alteration. An EEG disclosed an active epileptogenic focus in the right 
parietotemporal region with contralateral transmission (Figure 2A). CT 
and MRI studies were normal. Bilateral carotid arteriography was per

formed and showed images suggestive of disseminated arteritis in both 
hemispheres, but predominantly on the right. Laboratory studies for 
infectious and systemic metabolic diseases were normal. 

Nicardipine in a dose of 40 mg/day divided in two doses, was added 
to the previous anticonvulsant therapy which was maintained at the 
same dose. Language functions recovered slowly but progressively and 
six months later he was able to speak and carry on uncomplicated con
versations. He still experienced some difficulty in understanding. 
During this half year he recovered sphincter control and a normal gait. 
The EEG abnormalities had disappeared and the CSF showed 0.48 g/1 
of proteins. The dose of nicardipine was increased to 60 mg/day. At 12 
years of age CSF proteins were 0.36 g/1; he was able to add and subtract 
normally and to multiply and divide by one number; his EEG was nor
mal; psychological testing (WISC) showed a performance IQ of 62, but 
he did not achieve the minimal score in the verbal IQ. 

Improvement continued slowly over the following years. At the age 
of 14 years, arteriography was repeated and now showed recanalization 
of narrowed arteries without collateral vessels. At 15 years, he is able to 
understand, speak and write both Spanish and Catalonian (his first lan
guage), he can manage money, ride a bicycle and dress himself. His 
behaviour is hyperactive and talkative. The EEG repeatedly had been 
normal, but at 15 years it showed mild focal abnormalities in the left 
temporal lobe (Figure 2B). Another CSF study showed increased pro
teins (0.70 g/1) with normal glucose and cells. Seizures did not appear 

Figure 1 —Patient 1. EEG, awake. Brief generalized paroxysmal dis
charges while receiving antiepileptic treatment. 
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Figure 2 — Patient 2. EEG, awake. (A): Focal discharges over the right frontocentrotemporal regions (underlined) with secondary generalization 
during a period of maximal language and behavioural dysfunction while receiving antiepileptic therapy. (B): Four years later, while receiving 
antiepileptic therapy and nicardipine, with recovery of language function and without seizures; mild focal discharges appear over the left cen-
troparietotemporal regions (underlined). 

and he continues to improve his language (Catalonian and Spanish) and 
mental functions. 

Patient 3 A 12-year-old left-handed girl was referred because of 
mental retardation. She was the product of a full-term uncomplicated 
pregnancy and delivery. The patient had normal psychomotor and lan
guage development during the first 3'/2 years of life, although she 
always spoke using short sentences. At the age of 3'/2 years, her speech 
began to deteriorate; she asked for things by hand signals, but preserved 
a normal comprehension of spoken language. Between 3'/2 and 7 years 
her speech deteriorated progressively to mutism and intellectual func
tion also diminished. She never had seizures. At age 7 years, her 
neurological exam revealed discrete muscular hypotonia with normal 
osteotendinous reflexes, combined aphasia and autistic behaviour. 
Ocular fundi were normal. 

An EEG showed spike discharges over both hemispheres (Figure 3). 
Brain CT and MRI studies disclosed no abnormalities. Arteriography of 
both carotids was performed, revealing images of arteritis bilaterally, 
which was more severe in the frontoparietal zone, especially on the 
right side (Figure 4A, B). CSF studies showed normal protein content 
(0.37 g/1). Extensive studies were performed for infectious, metabolic, 
immunological or blood coagulation disease, all of which were normal. 
She was treated with prednisone (1 mg/kg/day) over one month, 

decreasing the dose at a rate of 5 mg per week, phenytoin (4 
mg/kg/day), and nicardipine (1 mg/kg/day). After two months the girl 
began to communicate with her family by gesture although without 
understanding verbal speech. The epileptiform activity had disappeared 
from her EEG (Figure 5). 

Between 1987 and 1991, the patient was reviewed every six months. 
All psychomotor parameters showed slow improvement. The EEG 
showed transient focal discharges in the right frontoparietal region with 
normal background rhythms, but brief bilateral discharges also were 
occasionally recorded. At 9 years of age, angiographic study of both 
carotid arteries was repeated, with results similar to those seen in the 
first study. At 11 years the CSF contained elevated proteins (0.78 g/1) 
with normal cells and glucose. At 12 years the language disorder per
sists though she is able to speak single words and use short phrases. 

Patient 4 A 17-year-old right-handed male patient was the product 
of a normal gestation and delivery. He remained well and achieved 
developmental milestones at appropriate ages: sitting alone by 6 
months, walking by 11 months, using single words at 9 months, putting 
words together by 15 months, and learning to read and to write before 6 
years. 

At the age of 6, he suffered his first convulsion, which began with 
rhythmical jerking of the right side of the body that became secondarily 
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generalized. After the seizure the patient had a transient right hemipare-
sis for several hours. He was treated with 15 mg/kg/day of carba-
mazepine on a long-term basis. After several months the boy forgot 
how to read and write. Between the ages of 6 and 10, he did not experi-
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Figure 3 — Patient 3. EEG awake, obtained prior to taking nicardi
pine. Spike discharges over both hemispheres. 

ence any further seizures, but his language deficits increased and he 
became completely unable to speak or understand any words. 

At 10 years of age, he was mute and lacked contact with his envi
ronment. The EEG showed bilateral paroxysmal discharges, more 
severe over the right hemisphere. Audiometry and auditory evoked 
potentials revealed normal results. CT imaging of the brain was normal. 
Bilateral carotid arteriography showed images interpreted as arteritis 
involving middle sized and small vessels, with the most severe 
alterations in branches of the right middle cerebral artery (Figure 6). 
Investigation for metabolic, viral and immunological disease yielded 
normal results. 

Prednisone in a dose of 1 mg/kg/day over four weeks was decreased 
at a rate of 5 mg/week, added to the previous antiepileptic medication. 
One month later, the patient initiated contact with his surroundings and 
his EEG reverted to normal. After two months, he had recovered the use 
of language. Psychological testing (WISC) showed a verbal IQ of 61; 
performance IQ of 56; and combined IQ of 55. 

At 11 years of age, he began to leave out important words in sen
tences; he would leave sentences unfinished and began to develop word 
finding problems. His EEG at that time disclosed focal discharges in the 
right hemisphere. Treatment with prednisone was started and main
tained over three months. He showed moderate improvement of lan
guage, but the focal EEG alterations persisted. At 11 '/2 years of age, the 
patient suffered a focal seizure and responded with difficulty to oral 
commands. His language was very slow. An EEG showed generalized 
paroxysmal discharges and right temporal focal spikes (Figure 7). 

Nicardipine in a dose of 1 mg/kg/day was added to the previous 
antiepileptic therapy (carbamazepine, 15 mg/kg/day). Three weeks later 
the EEG showed continuous language improvement. His personality 
remained somewhat infantile. EEGs have been normal since 13'/2 years 
of age when a focus of spike activity in the right posterior temporal 
region was recorded for the last time. Bilateral carotid arteriography 
was performed again at 13 years of age and recanalization of the previ
ous obstructed vessels was observed (Figure 8). 

At the age of 15 years the patient interrupted his nicardipine therapy 
without medical consultation and after one month he presented verbal 
comprehensive language difficulties which disturbed his relationships at 
school and at home. These alterations disappeared within a few days 
after reinstituting nicardipine therapy. 

DISCUSSION 

The combination of acquired aphasia, involution of the per
sonality and focal, multifocal or generalized EEG abnormalities 
with or without clinical seizures, appearing within a short time, 
are the criteria for the diagnosis of Landau-Kleffner syndrome. 
Most patients have severe impairment of verbal comprehension, 
sometimes seeming deaf. Autistic behaviour is observed in 

Figure 4 — Patient 3. (A): Left lateral carotid angiogram shows narrowing and occlusion of vessels of middle size (arrows) of unknown origin. (B): 
Right lateral carotid angiogram of the same case reveals narrowing, occlusion and ectasia in branches of the middle cerebral artery, especially in 
the territory of the opercular artery (arrows). 
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many patients, at least during some phases of the disease. 
Hyperactivity has been reported as one of the most frequent 
behavioural abnormalities,3"5'4'7 although in our series hyperki

nesia appeared most commonly during recovery after treatment. 
This syndrome usually has an onset between 18 months and 10 
years." 
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Figure 5 — Patient 3. Normal EEC awake, recorded two months after 
the EEC shown in Figure 3 and while receiving nicardipine. 

Figure 6 — Patient 4. The right lateral carotid angiogram at 10 years 
of age reveals occlusion and narrowing of vessels of middle size 
(arrows) of unknown origin. 
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Figure 7 — Patient 4. EEG, awake, at 12 years of age, prior to taking 
nicardipine. Paroxysmal right focal discharges with contralateral 
spread are seen. 

Figure 8 — Patient 4. Right lateral carotid angiogram at 13 years of 
age, after one year of nicardipine therapy. The obstructed arteries 
seen in Figure 6 have recanalized (arrows). 
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The EEG abnormalities are variable. The most common 
alteration consists of generalized spike-wave discharges, 
although these discharges may be multifocal with shifting pre
dominance, but mainly temporal in 85% of reported cases, and 
are unilateral and also predominantly temporal in 15%.2 

Discharge topography and pattern change frequently increase 
during sleep,5 1 5 1 6 1 9 ' 2 6 having a higher expressivity in the 
frontocentroparietal a reas . " The abnormal EEG and the 
impaired higher functions develop and regress together, but not 
with strict temporal correlation.22 The epileptiform activity in 
this syndrome is interpreted as an epiphenomenon reflecting 
underlying abnormalities of speech areas rather than the cause 
of the aphasia. This could explain the low efficacy of anticon
vulsants on speech.8 This opinion is in agreement with the 
pathological and therapeutic findings observed in our series. We 
find that recurrence of the EEG alterations, mostly focal in type, 
is often observed during treatment and does not always correlate 
with worsening of language and/or of the epileptic disorder. 

Several possible etiologies or developmental mechanisms of 
the disease have been postulated. Some authors observe organic 
lesions such as mild gliosis and hippocampal sclerosis,2 inflam
mation of the brain tissue,7'2 or neurocysticercosis;24 in any 
case, a subjacent pathology is the origin not only of the aphasia 
but also of the abnormal activity of the EEG.'7 Others, by con
trast, consider a functional disorder of the brain more probable, 
such as electrical dysregulation in several parts of the cortex12 or 
the result of a blockage of the normal auditory route to language 
learning.7 

Neuroradiological studies have rarely been mentioned. On 
the other hand, classical neuroradiological images, pneumoen
cephalography during the first years, CT since the 1970s and 
MRI most recently, usually do not reveal any important abnor
malities. Arteriography has been performed only rarely216,20 

without alterations. Bilateral carotid arteriography showed 
images suggestive of localized arteritis in all four cases of our 
series. These vascular alterations were not uniform. The most 
frequent findings were those of disseminated vasculitis affecting 
medium-sized or small vessels, the disease being more severe in 
one hemisphere. Opercular arteries were the most frequently 
and severely affected. 

Arteriographic irregularities and/or obstructions may change 
after treatment with calcium channel blockers and recanalization 
of previously obstructed arteries, as seen in two of our four 
patients in whom serial arteriography was performed. It is very 
difficult to include the patients in our series in any pathogenic 
classification of cerebral arteritis.29 These patients seem to pre
sent isolated angiitis of the CNS.30-31 This disorder is an uncom
mon clinicopathological entity characterized by vasculitis 
restricted to some cerebral vessels without apparent systemic 
vasculitis. Angiography can be valuable and indeed diagnostic if 
characteristic irregular narrowings of the small and medium-
sized cerebral vessels are seen.30 

Mild to moderate elevation of CSF proteins is usually found 
in isolated angiitis of the brain,3031 and in some previously 
reported cases of Landau-Kleffner syndrome.318 Elevation of 
CSF protein was also seen in two of the three patients of our 
series whose CSF was studied; and may be the expression of a 
low grade focal inflammation of the brain. 

The etiology of the arteritis remains unknown in our cases, 
even after laboratory studies to investigate infectious, immuno

logical and other systemic diseases. Inflammatory disorders may 
undergo relapses or remissions, especially when they are chron
ic, affecting brain and/or meninges including blood vessels. The 
fluctuating course of the aphasia, the EEG activity and CSF pro
teins, with periods of exacerbations and remissions3'4'9101417 

could be related to the changing organic condition of the brain 
and perhaps influenced by the permeability of the affected arter
ies at that time. 

Treatment of Landau-Kleffner syndrome is controversial. 
The efficacy of antiepileptic drugs on the seizures, the EEG 
alterations and the long term neuropsychological difficulties has 
been widely discussed.15-26-32-33 Corticosteroids have been used 
with a consistently beneficial effect on clinical, electroen-
cephalographic and disturbed higher functions in some patients 
with Landau-Kleffner syndrome.I3'16-18-26-32-34 The delay in 
response to steroids and the severity of the neuropsychological 
sequelae, however, seem to depend on the duration and the 
importance of clinical symptoms before starting treatment.32-34 

In our experience, etiology of a possible cerebral arteritis would 
be another consideration. The response of EEG and neuropsy
chological alterations to corticoids was prolonged for a limited 
time. 

Nicardipine, the only calcium antagonist used by us, has 
been safe and effective over several years without decreasing its 
positive effects over a prolonged period. Other calcium channel 
blockers have been demonstrated to possess anticonvulsant 
activity in some experimental seizure models35-36 as well as in 
clinical seizures in humans.37 Clinical studies of calcium chan
nel blockers in epilepsy have mainly focussed on the use of flu-
narizine as an adjuvant or supplementary drug in the treatment 
of seizures not controlled by conventional antiepileptic ther
apy.3839 The anticonvulsant action of nicardipine, the first calci
um antagonist derived from the dihydropyridines, has been pre
viously described in epileptic patients who presented cerebral 
vascular disease.40 In our studies, only seizures appearing in 
patients with vascular disturbances showed a high response to 
nicardipine, always in association with other conventional 
antiepileptic drugs which previously had been ineffective.40 The 
therapeutic action of the calcium channel blockers in epilepsy 
has received little attention despite their potential for facilitating 
or enhancing the antiepileptic function of conventional drugs. 
This may be especially important in seizures induced by 
ischaemia, as has been observed in experimental animal 
models.35 Abnormal cerebral glucose utilization during sleep 
with lower metabolic rates in subcortical structures than in cor
tex have recently been described in patients with Landau-
Kleffner syndrome by using positron emission tomography 
(PET).41 

The evolution of this disease has been widely discussed. A 
prolonged follow-up period is necessary to obtain objective data 
on the long-term evolution of this syndrome.3710 According to 
our observations, the most important variables predicting out
come are the severity, perhaps the etiology of the arteritis, its 
uni- or bilaterality more than its intracerebral location, and the 
early initiation of treatment including perhaps the use of calci
um channel blockers for long continuous periods as supplemen
tary therapy to antiepileptic drugs. It is possible that corticos
teroid therapy in high doses and with very early initiation may 
improve the prognosis.32 Bitemporal lesions or dysfunctions, 
however, imply a late, slow and possibly more incomplete 
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recovery of the language disorder.51541 Although in some series, 
a good prognosis has been emphasized,21 most publications 
are less optimistic and incomplete recovery is usually 
reported.2.5.7.10.12-15 -pne correlation between the seizures and/or 
the EEG abnormalities and the language disturbance remains 
an open question. 
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