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FIFTY YEARS OF LANDAU-KLEFFNER SYNDROME

The assessment of auditory function in CSWS:
Lessons from long-term outcome
Marie-Noëlle Metz-Lutz
Laboratoire d’Imagerie et Neurosciences Cognitives (LINC, CNRS UMR 7191), Faculté de Médecine, Université
Louis Pasteur, Strasbourg-cedex, France

In Landau-Kleffner syndrome (LKS), the prominent and often first symptom is auditory verbal
agnosia, which may affect nonverbal sounds. It
was early suggested that the subsequent decline
of speech expression might result from defective
auditory analysis of the patient’s own speech.
Indeed, despite normal hearing levels, the children behave as if they were deaf, and very rapidly
speech expression deteriorates and leads to the
receptive aphasia typical of LKS. The association
of auditory agnosia more or less restricted to
speech with severe language decay prompted
numerous studies aimed at specifying the defect
in auditory processing and its pathophysiology.

Long-term follow-up studies have addressed the
issue of the outcome of verbal auditory processing and the development of verbal working memory capacities following the deprivation of
phonologic input during the critical period of language development. Based on a review of neurophysiologic and neuropsychological studies of
auditory and phonologic disorders published
these last 20 years, we discuss the association of
verbal agnosia and speech production decay, and
try to explain the phonologic working memory
deficit in the late outcome of LKS within the
Hickok and Poeppel dual-stream model of speech
processing.
KEY WORDS: Aphasia, Auditory agnosia, Speech
processing, Phonology, Short-term memory.

Deafness versus Receptive
Aphasia

Does Auditory Dysfunction in
CSWS Occur without Aphasia?

Already in the seminal description of acquired aphasia
with convulsive disorder, impaired speech comprehension
was mentioned as the most prominent and often first aphasic symptom (Landau & Kleffner, 1957). Contrary to
childhood aphasia related to structural lesions, in which
the receptive disorder typically spares the phonologic
level of processing, thus allowing the use of verbal repetition for remediation of lexical and morphosyntactic abilities, a severe disorder in auditory comprehension is
considered a distinctive feature of the acquired epileptic
aphasia. The progressive decay of verbal expression as a
consequence of impaired auditory verbal processing leads
in many cases to muteness.

In the literature, auditory dysfunction in continuous
spike-and-wave during slow sleep (CSWS) was investigated in Landau-Kleffner syndrome (LKS), either as an
aphasic receptive disorder or an auditory verbal agnosia
(Bishop, 1985; Denes et al., 1986; Beaumanoir, 1992).
Impaired phonologic decoding is considered the primary
deficit of the receptive aphasia in LKS (Rapin et al.,
1977; Soprano et al., 1994), and the use of visual speech
(lip-reading or cued speech) or sign language has served
as a basis for remediation of verbal communication.
Agnosia for nonspeech sounds has been reported in some
cases, but in addition to the impairment of verbal processing. A comprehensive neuropsychological investigation of auditory processing in five children with LKS
showed a clear dissociation between phonologic auditory
and environmental sound discrimination (Korkman
et al., 1998). Many authors have suggested that abnormalities in phonologic production or the decay of verbal
expression leading in many cases to muteness result
from abnormal auditory experience (Landau & Kleffner,
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1957; Rapin et al., 1977; Bishop, 1985; Denes et al.,
1986).
Landau and Kleffner related the presence of language
disorders directly to a dysfunction in the cortical areas
dedicated to verbal processing as a consequence of
epileptic discharges (Landau & Kleffner, 1957). The
similar effect of right temporal epileptic discharges on
verbal processing has been explained as resulting
from bilateral spreading of spike-and-wave discharges
(Maquet et al., 1995; Morrell et al., 1995). Indeed, the
bilateralization of discharges and their generalization in
CSWS covering almost 80–90% of the slow-wave sleep
time; the homotopic temporal cortex in the opposite
hemisphere is no more available as a functional area for
auditory and verbal processing (Morrell, 1995; Morrell
et al., 1995). This may also explain why auditory
disorders limited to nonverbal sounds have not been
described in CSWS.

Neurophysiologic
Investigations of Auditory
Dysfunction in the Presence
of CSWS
Children with LKS behave as deaf, despite normal hearing levels and normal brainstem auditory evoked potentials (BSAEPs). Almost all studies investigating the
auditory system observed a normal functioning at least up
to the level of the thalamus (Paetau et al., 1991). One
investigation of the auditory and visual system in four
LKS children with generalized CSWS predominant over
the left temporal region, found that high-amplitude spikes
generated within the temporal region altered the late, not
only auditory but also visual evoked potentials
(Mel’nichuk et al., 1990). These findings were discussed
within Luria’s conception of the integrative role of the
temporal cortex essential to the understanding of speech:
‘‘the convergence of auditory, visual, and modally non
specific afferentation in the temporal cortex play[s] an
important role in the understanding of speech’’ (Luria,
1966). Data from recent neuroimaging studies provide
evidence for the role of the superior temporal sulcus
multisensory area in integrating auditory and visual information, not only about speech but also about objects and
other behaviorally relevant stimuli (Beauchamp et al.,
2004a,b). Using magnetoencephalography (MEG), Paetau
et al. (1991) localized the epileptiform activity in the nonprimary auditory cortex and showed that a unilateral focus
altered the late auditory evoked potentials bilaterally
(Paetau et al., 1991; Paetau, 1994). Other neurophysiologic data suggest that the primary epileptic focus in LKS
involves the superior bank of the sylvian fissure in the area
of the planum temporale (Morrell et al., 1995, Sobel et al.,
2000, Paetau et al., 1999). Paetau et al. (1999) also showed
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that unilateral spike activity originating in the intrasylvian
cortex could spread to the contralateral sylvian cortex and
operate like a pacemaker with secondary spikes in the ipsilateral temporooccipital and parietooccipital areas. Such a
sequence of events may explain the neuropsychological
deficits associated with auditory dysfunction in LKS,
involving speech production and behavior.

Impaired Verbal Abilities
Subsequent to Phonologic
Processing Impairment
Phonologic processing is essential for a number of
cognitive abilities, and its impairment may compromise
verbal comprehension, phonologic short-term memory,
new word acquisition, and the acquisition of reading and
writing skills. It has a pivotal role in working memory
through the phonologic loop system specialized in storing
verbal material. According to Baddeley’s model of working memory, the phonologic loop system is composed of
two subsystems: the phonologic store and the subvocal
rehearsal system. The phonologic store receives directly
and mandatorily all auditory verbal information and stores
it into sound-based code, whereas the subvocal rehearsal
system maintains the information within the store and
serves to register visual information within the store, provided the items can be named (Baddeley, 2003; Baddeley
et al., 1998). The phonologic loop system has been shown
to play a crucial role in the acquisition of new words
(Baddeley et al., 1998). According to the cognitive structure of the phonologic loop, the phonologic short-term
store can be fed only with auditory information that has
passed the phonologic analysis, which is also required
prior to the rehearsal process. Therefore, a deficit involving only the phonologic analysis would disable the whole
phonologic loop system and impede all verbal processing
relying on it. If receptive language impairment, arrest in
lexical growth, acquisition of novel morphosyntactic
abilities, and further difficulties in the development of
reading skills typically associated with auditory dysfunction in CSWS may be explained by a single impairment
in phonologic processing, the decline of speech production subsequent to auditory verbal agnosia remains
unexplained.

Speech Production Decline
Following Auditory Verbal
Agnosia
The relationship between verbal agnosia and speech
production disorders in LKS may be accounted for within
the recent model of functional neuroanatomy of speech
processing proposed by Hickok and Poeppel (2007). This
model attempts to resolve some paradoxical clinical
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findings, such as deficits of speech production instead of
auditory comprehension following a lesion of the left
superior temporal gyrus, or deficits in discrimination or
identification of speech consecutive to damage in the left
frontal or inferior parietal areas. It posits that the early cortical stages of speech perception involve auditory fields in
the superior temporal gyrus bilaterally (although asymmetrically) and that the cortical processing system then
diverges into two broad processing streams, one involved
in mapping sound onto meaning (the ventral stream), and
another involved in mapping sound onto articulatorybased representations (the dorsal stream). According to
this model, the first step of speech processing involving
both hemispheres includes a spectrotemporal analysis in
the dorsal superior temporal gyrus and a phonologic processing in the middle to posterior portions of the superior
temporal sulcus. The second step of processing includes a
left dominant sensory motor interface in the dorsal stream
and a lexical interface in the ventral stream. The sensorimotor interface, located in a left lateralized region at the
parietotemporal boundary of the posterior sylvian fissure—area Spt—is considered part of a larger auditorymotor integration circuit, which would play an important
role in speech development and continue to support
speech production and verbal working memory in adults
(Hickok et al., 2003). This model may account for the
main features of auditory dysfunction and their relationship with impaired speech production in LKS. Indeed,
according to this model, left as well as right temporal
focus spike-and-wave (SW) activity would similarly hamper the first steps of verbal auditory processing, spectrotemporal analysis, and phonologic processing, and
consequently impair verbal auditory comprehension.
Moreover, as SW activity spreads to the left posterior sylvian fissure, one may conjecture that its inhibitory effect
on area Spt might also imply the anterior part of the dorsal
stream, the posterior inferior frontal gyrus (IFG), thus
hampering speech production. This model is also helpful
in accounting for the impairment of phonologic short-term
memory in the late outcome of LKS. An alternative explanation of impaired speech production in LKS could be
related to progression or spread of the epileptic abnormality from the sylvian fissure to Broca’s area through the
arcuate fasciculus.

Auditory Function and
Phonologic Memory in the Late
Outcome of LKS
With the exception of rare cases with chronic auditory
agnosia or aphasia (Baynes et al., 1998; Sieratzki et al.,
2001), verbal auditory comprehension and expressive language recover with the normalization of the electroencephalography (EEG) findings at the beginning of

adolescence. Comprehensive evaluation of auditory function consistently evidenced a one-ear dichotic listening
extinction contralaterally to the focus of SW activity
localized during the active phase of epilepsy in the posterior temporal area. A similar one-ear dichotic listening
extinction was described in temporal or parietotemporal
lesions (Kimura, 1961; Damasio & Damasio, 1980) and in
the selective disruption of the geniculocortical pathway
(Damasio & Damasio, 1979). Observed transitorily in
temporal lobe epilepsy, it was related to continuous epileptic discharges, suggesting an interference of epileptic
activity with the processing and transmission of simultaneously presented auditory information (Roberts et al.,
1990). In five children who recovered from LKS, the comparison of auditory evoked potentials with those of five
control children matched for age and gender provided
arguments for a dysfunction in the associative auditory
cortex contralateral to the dichotic extinction (Wioland
et al., 2001). Poor performance in sentence, word, and
nonword repetition in children who recovered from LKS
has been related to a verbal short-term memory (STM)
deficit, but a recent study investigating three children with
LKS evidenced a selective impairment of phonologic
STM with normal lexicosemantic STM (Majerus et al.,
2007). This phonologic STM deficit may also be
explained in the light of the model of cortical organization
of speech processing, which proposes that the basic neural
mechanisms for phonologic STM is supported by the
dorsal auditory–motor stream including the posterior
superior temporal gyrus.

Lessons for the Future
Several issues regarding the specification of auditory
and verbal dysfunction during the active phase of and
after recovery from CSWS remain unsolved. To
improve our understanding of language disorders in
LKS, neuropsychological investigations during the
active epileptic period should tap the different levels of
auditory verbal processing quite exhaustively. A comprehensive evaluation of the audiovisual, visual-motor,
and auditory-motor integration may be useful to orientate rehabilitation. Indeed, auditory dysfunction arises
from an SW focus in the temporal lobe, the posterior
part of which is involved in multimodal integration
along with phonologic processing. Consequently, audiovisual speech processing (e.g., cued speech) would be
less appropriate than sign language when the integration
of visual and auditory information is impeded by the
epileptic activity.

Acknowledgment
Disclosure: The author has no conflicts of interest to declare.

Epilepsia, 50(Suppl. 7):73–76, 2009
doi: 10.1111/j.1528-1167.2009.02225.x

76
M. -N. Metz-Lutz

References
Baddeley A, Gathercole S, Papagno C. (1998) The phonological loop as
a language learning device. Psychol Rev 105:158–173.
Baddeley A. (2003) Working memory and language: an overview.
J Commun Disord 36:189–208.
Baynes K, Kegl JA, Brentari D, Kussmaul C, Poizner H. (1998) Chronic
auditory agnosia following Landau–Kleffner syndrome: a 23 year
outcome study. Brain Lang 63:381–425.
Beauchamp MS, Argall BD, Bodurka J, Duyn JH, Martin A. (2004a)
Unraveling multisensory integration: patchy organization within
human STS multisensory cortex. Nat Neurosci 7:1190–1192.
Beauchamp MS, Lee KE, Argall BD, Martin A. (2004b) Integration of
auditory and visual information about objects in superior temporal
sulcus. Neuron 41:809–823.
Beaumanoir A. (1992) The Landau–Kleffner syndrome. In Roger J,
Bureau M, Dravet C, Dreifuss FE, Perret A, Wolf P (Eds) Epileptic
syndromes in infancy, childhood and adolescence. 2nd ed. John
Libbey and Company Ltd, London, pp. 231–243.
Bishop DVM. (1985) Age of onset and outcome in ‘‘Acquired aphasia
with convulsive disorder’’ (Landau–Kleffner syndrome). Dev Med
Child Neurol 27:705–712.
Damasio H, Damasio A. (1979) ‘‘Paradoxic’’ ear extinction in dichotic
listening: possible anatomic significance. Neurology 29:644–653.
Damasio H, Damasio AR. (1980) Dichotic listening pattern in conduction
aphasia. Brain Lang 10:281–286.
Denes G, Balliello S, Volterra V, Pellegrini A. (1986) Oral and written
language in a case of childhood phonemic deafness. Brain Lang
29:252–267.
Hickok G, Buchsbaum B, Humphries C, Muftuler T. (2003) Auditorymotor interaction revealed by fMRI: speech, music, and working
memory in area Spt. J Cogn Neurosci 15:673–682.
Hickok G, Poeppel D. (2007) The cortical organization of speech
processing. Nat Rev Neurosci 8:393–402.
Kimura D. (1961) Some effects of temporal lobe damage on auditory
perception. Can J Psychol 15:156–165.
Korkman M, Granstrom ML, Appelqvist K, Liukkonen E. (1998)
Neuropsychological characteristics of five children with the Landau–
Kleffner syndrome: dissociation of auditory and phonological
discrimination. J Int Neuropsychol Soc 4:566–575.
Landau WM, Kleffner FR. (1957) Syndrome of acquired aphasia with
convulsive disorder in children. Neurology 7:523–530.
Luria AR. (1966) Human brain and psychological processes. Harper &
Row, New York.
Majerus S, Metz-Lutz M-N, Van Der Kaa M-A, Van Der Linden M,
Poncelet M. (2007) Evidence for a further fractionation of the verbal

Epilepsia, 50(Suppl. 7):73–76, 2009
doi: 10.1111/j.1528-1167.2009.02225.x

STM system: Selective impairments for item and serial order retention capacities in LKS patients. Brain Lang 103:185–186.
Maquet P, Hirsch E, Metz-Lutz MN, Motte J, Dive D, Marescaux C,
Franck G. (1995) Regional cerebral glucose metabolism in children with deterioration of one or more cognitive functions and
continuous spike-and-wave discharges during sleep. Brain 118:
1492–1520.
Mel’nichuk PV, Zenkov LP, Morozov AA, Kogan EI, Averyanov YN.
(1990) Neurophysiological mechanisms of aphasia in epilepsy. Zh
Nevropatol Psikhiatr Im S S Korsakova 90:34–40.
Morrell F. (1995) Electrophysiology of CSWS in Landau–Kleffner syndrome. In Beaumanoir A, Bureau M, Deonna T, Mira L, Tassinari
CA (Eds) Continuous spikes and waves during slow sleep. John
Libbey & Company Ltd, London, pp. 77–90.
Morrell F, Whisler WW, Smith MC, Hoeppner TJ, De Toledo-Morrel L,
Pierre-Louis SJ, Kanner AM, Buelow JM, Ristanovic R, Bergen D,
Chez M, Hasegawa H. (1995) Landau–Kleffner syndrome. Treatment
with subpial intracortical transection. Brain 118:1529–1546.
Paetau R, Kajola M, Korkman M, Hamalainen M, Granstrom ML, Hari
R. (1991) Landau–Kleffner syndrome: epileptic activity in the
auditory cortex. Neuroreport 2:201–204.
Paetau R. (1994) Sounds triggers spikes in the Landau–Kleffner
syndrome. J Clin Neurophysiol 11:231–241.
Paetau R, Granstrom ML, Blomstedt G, Jousmaki V, Korkman M,
Liukkonen E. (1999) Magnetoencephalography in presurgical
evaluation of children with the Landau-Kleffner syndrome. Epilepsia
40:326–335.
Rapin I, Mattis S, Rowan AJ, Golden GG. (1977) Verbal auditory agnosia
in children. Dev Med Child Neurol 19:192–207.
Roberts RJ, Varney NR, Paulsen JS, Richardson ED. (1990) Dichotic
listening and complex partial seizures. J Clin Exp Neuropsychol
12:448–458.
Sieratzki JS, Calvert GA, Brammer M, David A, Woll B. (2001) Accessibility of spoken, written, and sign language in Landau–Kleffner
syndrome: a linguistic and functional MRI study. Epileptic Disord
3:79–89.
Sobel DF, Aung M, Otsubo H, Smith MC. (2000) Magnetoencephalography in children with Landau-Kleffner syndrome and acquired
epileptic aphasia. AJNR Am J Neuroradiol 21:301–307.
Soprano AM, Garcia EF, Caraballo R, Fejerman N. (1994) Acquired
epileptic aphasia: neuropsychologic follow-up of 12 patients. Pediatr
Neurol 11:230–235.
Wioland N, Rudolf G, Metz-Lutz MN. (2001) Electrophysiological
evidence of persisting unilateral auditory cortex dysfunction in the
late outcome of Landau and Kleffner syndrome. Clin Neurophysiol
112:319–323.

