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Abstract

Bilateral vascular thalamic lesions are rare. Although a variety of neurobehavioral manifestations have been described, the literature is
less documented with regard to accompanying linguistic disturbances. This article presents an in-depth neurolinguistic analysis of the lan-
guage symptoms of a patient who incurred bilateral paramedian ischemic damage of the thalamus. In the post-acute phase of the stroke,
a unique combination of transcortical sensory aphasia with syntactic impairment was found. Because of this atypical semiological associ-
ation, additional analyses of spontaneous speech were performed. In spite of the typological aYnity with the grammatic characteristic of
marked simpliWcation of syntax observed in Broca’s aphasia, only a wordclass speciWc, lexical-semantic deWcit for verbs was objectiWed.
The hypothesis that lexical-semantic disturbances in our patient might result from a functional deaVerentiation of both thalami with the
frontal lobe is supported by: (1) associated neuropsychological deWcits of frontal origin and (2) frontal-like behavioral disturbances.
  2005 Elsevier Inc. All rights reserved.
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1. Introduction

A variety of neurobehavioral symptoms have been
reported in association with bilateral lesions of the thala-
mus: (1) transient vigilance disorders, (2) hypersomnia, (3)
vertical gaze palsy, (4) persistent anterograde amnesia, (5)
speech and language disturbances, and (6) apathy
(Bewermeyer, Dreesbach, Rackl, Neveling, & Heiss, 1985;
Bogousslavsky, Regli, Delaloye-bischof, Assal, & Uske,
1991; Dehaene, 1982; van Domburg, ten Donkelaar, &
Notermans, 1996; Fukatsu, Fujii, Yamadori, Nagasawa, &
Sakurai, 1997; Guberman & Stuss, 1983; Krolak-Salmon,
Croisile, Houzard, Setiey, & Girard-Madoux, 2000; Reilly,
Connolly, Stack, Martin, & Hutchinson, 1992). Although
speech and language functions have not been systematically
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investigated, dysarthric and aphasic disturbances have been
reported after bithalamic lesions (Lhermitte, 1984). On the
articulatory level, the deviant speech characteristics have
been denoted as hypokinetic dysarthria (Ackermann,
Ziegler, & Petersen, 1993; Benabdeljlil, El alaoui faris,
Kissani, Aidi, & Laaouina, 2001; Bewermeyer et al., 1985;
Dehaene, 1982; Gentilini, De Renzi, & Crisi, 1987; Gerber
& Gudesblatt, 1986; Lazzarino & Nicolai, 1988; Malamut,
GraV-Radford, Chawluk, Grossman, & Gur, 1992; Reilly
et al., 1992). Reduced spontaneous speech and diminished
verbal Xuency have been described at the linguistic level
(Bogousslavsky et al., 1991; van Domburg et al., 1996;
Engelborghs, Marien, Pickut, Verstraeten, & De Deyn,
2000; Guberman & Stuss, 1983; Krolak-salmon et al., 2000;
Krolak-Salmon, Montavont, Hermier, Milliery, &
Vighetto, 2002; Malamut et al., 1992; Rousseaux et al.,
1986; Schott, Maugiere, Laurent, Serclerat, & Fischer,
1980). In addition, some authors have reported naming
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diYculties and mild auditory-verbal comprehension distur-
bances (Bogousslavsky et al., 1991; van Domburg et al.,
1996; Engelborghs et al., 2000; Guberman & Stuss, 1983).

We report the Wndings of in-depth neurolinguistic inves-
tigations in a patient who incurred transcortical sensory
aphasia (TSA) associated with marked simpliWcation of
syntax due to a bilateral paramedian thalamic infarction. The
combination of Xuent aphasia with syntax simpliWcation is
rather unexpected since this grammatical characteristic clas-
sically relates to non-Xuent aphasia types. To the best of our
knowledge simpliWcation of syntax, characterized in our
patient by simple sentences and sentence fragments with a
complete absence of embedded clauses, has never been
reported in association with transcortical sensory aphasia.

2. Case report

A 78-year-old right-handed woman was admitted to our
hospital after acute loss of strength in the right arm, diplo-
pia, and speech and language disturbances. Medical ante-
cedents consisted of arterial hypertension and
hypercholesterolemia. In addition to Xuent aphasia, the
clinical neurological examination on admission revealed
vertical gaze palsy and restricted adduction of the left eye
resulting in divergent strabism due to left oculomotor nerve
paresis. Except for a mild paresis of the right arm, muscle
strength and tone were completely normal. The Wnger-to-
nose test showed dysmetria of the right arm, the knee-to-
heel test was normal. Tendon reXexes at the right arm and
leg were increased. Plantar responses were indiVerent. Sen-
sory and general physical examination revealed no abnor-
malities. Computerized tomography (CT) scan of the brain
disclosed a bilateral paramedian thalamic infarction. Brain
magnetic resonance imaging (MRI) demonstrated bilateral
involvement of the medial thalamic nucleus (Engelborghs,
Marien, Martin, & De Deyn, 1998; Kretschmann & Wein-
rich, 1992) as well as a small hyperintense area in the left
internal capsula. Extension of the left thalamic lesion to the
left red nucleus was shown as well (Fig. 1). A diagnosis of
acute bithalamic stroke with extension to the mesencepha-
lon was made. Vertebral artery dissection and signiWcant
stenoses were excluded by magnetic resonance angiography
(MRA). Trans-oesophagal echocardiography was normal.
Antiaggregant secondary preventive treatment as well as
intensive physical and speech therapy were started.

After seven weeks the right hemiparesis had recovered
completely. The vertical gaze palsy and oculomotor nerve
paresis had only partially improved. The aphasia did not
resolve.

2.1. Neuropsychological investigations

2.1.1. Methods
Language was assessed according to a time-frame model

for the study of aphasia (Alexander, 1989; Mazzochi &
Vignolo, 1979). In the post-acute phase of the stroke (lesion
phase), extensive formal language investigations were per-
formed by means of standardized language tests, among
which: the Aachen Aphasia Test (AAT) (Graetz, De Bleser,
& Willmes, 1990), the Token Test (De Renzi & Vignolo,
1962), the Boston Naming Test (BNT) (Kaplan, Goodglass,
& Weintraub, 1983; Marien, Mampaey, Vervaet, Saerens, &
De Deyn, 1998), and a semantic verbal Xuency task (unpub-
lished norms). Four weeks after the stroke (lesion phase)
analysis of spontaneous speech and syntactic competence
was performed by means of a method developed by
Vermeulen, Bastiaanse, and Van wageningen (1989) and
the Werkwoorden- en Zinnen Test (WEZT; Bastiaanse,
Maas, & Rispens, 2000).

Cognitive functions were examined during the lesion
phase one and a half month after stroke by means of the
Mini Mental State Examination (MMSE) (Folstein, Fol-
stein, & Mc Hugh, 1975), parts of the Alzheimer’s Disease
Assessment Scale (ADAS) (Rosen, Mohs, & Davis, 1984),
the Coloured Progressive Matrices (Court and Raven,
1983), the Hierarchic Dementia Scale (HDS) (Cole &
Dastoor, 1987), the Rey-Osterrieth Figure (Osterrieth,
1944), and the Judgment of Line Orientation test (JLO)
(Benton, Hamsher, Varney, & Spreen, 1983).

2.1.2. Neurolinguistic results
As shown in Table 1, the AAT results for language com-

prehension were within the low normal range at both the
auditory and written comprehension level. However, as
shown by the subtest results, auditory sentence comprehen-
sion and written word comprehension were defective,
whereas auditory word comprehension and written sen-
tence comprehension were normal. Oral language was
Xuent and characterized by word-Wnding diYculties and
semantic paraphasias. The spontaneous speech, character-
ized by simple sentences, sentence fragments with a com-
plete absence of embedded, subordinate clause indicated a
marked simpliWcation of syntax (Fig. 2).

On the AAT confrontation naming tests a defective
global score of 91/120 was found. The patient obtained a
normal result for simple nouns. Naming of colors and com-
pound nouns resulted in a deWcient score. Most errors were
of the semantic type: semantic paraphasias (e.g.,
screwdriver D hammer) and semantic neologisms (e.g.,
cleaner D suckmachine). Although the BNT-score was
within the normal range, errors were of aphasic origin: per-
severations, circumlocutions (e.g., camel D a seaƒ with two
hunches), semantic paraphasias (e.g., octopus D seal;
beaver D rat), and semantic neologisms (e.g., protractor D
electric measure organ; hammock D lie folder). In a seman-
tic word Xuency task the patient produced a normal num-
ber of items. On the AAT sentence construction subtest, in
which pictures have to be described depicting complex sce-
narios, she obtained a defective score. Repetition was
normal.

Written language, as shown by the AAT results, was normal.
Summing-up, the aphasia proWle of the patient corre-

sponds to a taxonomic diagnosis of TSA: language compre-
hension was disturbed, speech was Xuent and contained a
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Fig. 1. Brain MRI axial FLAIR slices (A, B, C—from rostral to caudal) performed one month after stroke disclosing bilateral involvement of the medial
thalamic nucleus, a small hyperintense area in the left internal capsula and extension of the left thalamic lesion to the left red nucleus.
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high incidence of semantic errors but repetition was intact.
In addition, spontaneous speech was characterized by
marked simpliWcation of syntax.

Since the association of TSA with simpliWcation of syn-
tax represents an atypical Wnding, grammatical competence
was further investigated.

Table 1
AAT, BNT and word Xuency test results

Score Max Mean SD

Akense Aphasia Test (AAT)
Language comprehension total 96 120 108.5 10.24

Auditory word comprehension 27 30 26.49 3.30
Auditory sentence comprehension 20 30 26.79 3.41
Total auditory comprehension 47 60 53.28 6.08
Reading word comprehension 21 30 28.30 2.29
Reading sentence comprehension 28 30 26.91 3.39
Total reading comprehension 49 60 55.21 4.90

Token Test 13 errors 0

Spontaneous Speech
Communicative behaviour 4 5 4.63 0.54
Articulation and Prosody 5 5 4.63 0.67
Automatisms 4 5 4.59 0.65
Semantic structure 4 5 4.59 0.53
Phonematic structure 5 5 4.54 0.56
Syntactic structure 2 5 4.41 0.55

Imposed Speech
Repetition total 147 150 144.1 8.07

Phonemes 30 30 28.91 2.09
One-syllable words 30 30 29.22 1.32
Words of foreign origin 29 30 28.94 2.31
Compound words 29 30 28.45 2.22
Sentences 29 30 28.55 1.90

Naming total 91 120 109.3 8.42
Simple nouns 28 30 27.92 2.90
Colors 23 30 27.69 1.99
Compound nouns 23 30 28.04 2.61
Sentence construction 17 30 25.69 3.72

Written language total 80 90 85.52 7.63
Reading aloud 28 30 28.95 1.93
Composing on dictation 27 30 28.57 2.75
Writing on dictation 25 30 28 3.67

Boston Naming Test 44 60 49.1 6.76

Verbal Fluency-Semantic 35 43.4 11.76
Animals 14 1 min
Vegetables 8 1 min
Clothing 9 1 min
Means of transport 4 1 min
2.1.3. Additional language analyses
2.1.3.1. Spontaneous language analysis. A sample size of
318 words (Fig. 3) was randomly selected from an extensive
corpus of recorded spontaneous speech and compared with
the normative data obtained in healthy language users
(Vermeulen & Bastiaanse, 1984). Four weeks after the
stroke, the corpus was analyzed on both the morphosyntac-
tic and lexical-semantic level.

On the morphosyntactic level, mean utterance length
(MLU), number of modal verbs (may, must, can, will, ƒ)
and copulae (be, become, seem, stay, ƒ), number of subor-
dinate clauses, and the proportion of conjugated verbs were
calculated. The number of utterances with conjugated verbs
was divided by the number of expressions with one or more
verbs. In the lexical-semantic analysis, the number of nouns
and lexical verbs as well as the diversity of nouns and lexi-
cal verbs represent important variables. To assess lexical
diversity, the type token ratio for nouns and lexical verbs
was computed. In the type token ratio, which is always cal-
culated on words belonging to the same speciWc word class
( D homogeneous words), the total amount of words
belonging to a speciWc word class (noun, lexical verb) is
counted Wrst (token). Then the diVerent, diverse words
belonging to that speciWc word class are counted ( D type).
Each word is deWned as ‘diVerent,’ ‘diverse’ when it occurs
for the Wrst time. Morphological forms (e.g., ‘eating’ or
‘dogs’) are not counted as diverse words when already used
in another morphological form (‘eat’ or ‘dog,’ respectively).
The number of types is then divided by the number of
tokens to obtain the type token ratio. Semantic as well as
phonological paraphasias were counted as well.

At the morfosyntactic level, analysis of the spontaneous
speech sample revealed a mean utterance length (MLU) of
4.53 (245/54) words (normal mean: 8.22; range 5.7–10.7).
Thirteen copulae and modal verbs were used (normal
range: 4–18). Only one subordinate clause was produced
(normal range: 3–15). The ratio of conjugated verbs was
0.63 (23/41) (normal range 0.83–1). At the lexical-semantic
level the corpus only contained 34 nouns. The type token
ratio for nouns was 0.65 (22/34) (normal mean: 0.75; range
0.54–0.88). Thirty-Wve lexical verbs were produced. The
type token ratio for lexical verbs was 0.48 (17/34) (normal
mean 0.74; range 0.63–0.86).

Quantitative analysis of a randomly selected spontane-
ous speech sample thus showed no marked diVerences
between the number of nouns and the number of verbs. The
Fig. 2. Structured conversation (literal English translation).
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diversity in the use of nouns was normal but clearly defec-
tive for lexical verbs. Mean utterance length and number of
subordinate clauses were deWcient.

2.1.3.2. Grammatical analysis. Comprehension and produc-
tion of verbs and sentences were investigated by means of
the WEZT (Table 2). This test consists of several tasks
which allow identiWcation and description of grammatical
deWcits. On the receptive level the test is composed of three
subtests including verb comprehension, sentence compre-
hension, and grammaticality judgment; on the expressive
level the test consists of seven subtests: action naming, sen-
tence completion with inWnitives, sentence completion with
conjugated verbs, oral sentence construction, sentence ana-
grams, and interrogative sentence anagrams.

On the receptive level the ‘verb comprehension task’
examines the ability to comprehend single verbs. In this
task the subject is requested to depict one picture from an
array of four that matches the verb orally presented by the
examiner. The three distractors represent: (1) an object that
shares a close semantic relationship with the target verb, (2)
an action that is related to the target action and, (3) an
object that is related to the action distractor. The 60 items
are controlled for frequency, transitivity, and name related-
ness with a noun (e.g., ‘to hammer,’ related to ‘hammer’
instead of ‘to knock’). All these features are indicated on
Table 2. A deWcient result was found for this subtest (54/
60). The majority of errors resulted from lexical-semantic
problems. The errors consisted of selection of the semantic
distractor of the target verb (n D 3) (e.g., target: ‘to squeeze,’
subject’s answer: ‘to sift’ D a related action distractor with
no name relationship), selection of the distractor noun that
closely relates to the target verb (n D 2) (e.g., target: ‘to
grate,’ subject’s answer: ‘a grater’ D a distractor with name
relationship), and selection of the distractor noun semanti-
cally related to the action distractor (n D 1) (e.g., target: ‘to
conjure,’ subject’s answer: ‘a magician’ D a distractor with
no name relationship to the target word). The ‘sentence
comprehension task’ contains stimulus sentences with
moved constituents as in passives (theme, verb, agent) and
sentences in which the order of the thematic roles is canoni-
cal as in actives and subject-cleft constructions (agent, verb,
theme). These sentence types allow the examiner to investi-
gate whether the order of the thematic roles has an impact
on sentence comprehension. The procedure used is analo-
gous to the ‘verb comprehension task’: four pictures are
presented to the subject while the examiner reads a sentence
aloud. The subject is asked to single out the picture that
matches the sentence. The distractors consist of: a picture in
which the action and the participants are the same as the
target picture but in which the thematic roles are reversed, a
picture in which a diVerent action is depicted and a picture
in which both the thematic roles are reversed and in which
the action is diVerent. The result on this subtest was also
deWcient (34/40). Three errors consisted of role exchanges
(e.g., target: ‘the grandmother photographes the child,’ sub-
ject’s answer: ‘the child photographes his grandmother’)
and another three errors due to selection of a semantic
related action (e.g., target: ‘mother pulls the child,’ subject’s
answer: ‘mother hits the child). The ‘grammaticality judg-
ment task’ investigates whether the patient is able to parse a
sentence. Only irreversible sentences are tested as they can
Fig. 3. Spontaneous speech sample (literal English translation).
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be judged correctly without the need to map thematic roles
onto the arguments if one has access to the grammatical
structure. This subtest yielded a normal result (49/50).

In the ‘action naming task’ on the productive level, the
patient is asked to name in one word what is happening on
the picture shown to him. Forty items are presented that
represent agentive verbs. The inXuence of several linguistic
parameters (frequency, transitivity, and name relatedness
with a noun) can also be determined. The patient obtained
a defective score on this subtest (33/40). Most errors con-
sisted of semantic paraphasias (e.g., target: ‘to play at
draughts,’ subject’s answer: ‘to play chess’ D an error
against an intransitive, low-frequent verb with no name
relationship; target: ‘to crawl,’ subject’s answer: ‘to
search’ D an error against a transitive, high-frequent verb
with no name relationship) and the splitting of the target
verb in a semantic related noun and verb (e.g., target: ‘to
fence,’ subject’s answer: ‘to play with a sword’ D an error

Table 2
WEZT lesion phase data

WEZT Score Max M SD ASD Cut-oV

Verb comprehension 54 60 59.27 1.13 4.66 56
Transitive 28 31
Name relationship 18 20
High frequent 26 28
Intransitive 26 29
No name relationship 36 40
Low frequent 28 32

Grammaticality judgment 49 50 49.70 0.56 1.25 48
Grammatical sentences 24 25
Non-grammatical sentences 25 25

Sentence comprehension 34 40 39.77 0.42 13.7 39
Verb-agent-theme 9 10
Agent-theme-verb 8 10
Agent-verb-theme 8 10
Theme-agent-verb 9 10

Action naming 33 40 38.77 1.73 3.33 32
Transitive 17 20
Intransitive 16 20
Name relationship 17 20
No name relationship 16 20
High frequent 18 20
Low frequent 14 20

Filling in inWnitive 8 10 9.57 0.50 3.14 9

Filling in conjugated verbs 9 10 9.65 0.48 1.35 9

Sentence construction 8 20 16.35 2.95 2.83 9
Transitive 4 10
Intransitive 4 10
Reversible 2 5
Not reversible 2 5

Sentence anagrams ¡ picture 19 20 20 0 20
Active 9 10
Passive 10 10

Sentence anagrams + picture 20 20 20 0 0 20

wh-question anagrams + picture 10 20 19.75 0.78 12.5 18
Arguments Who/What 5 10
Adjuncts 5 10
against an intransitive, low-frequent verb with no name
relationship). In this task the parameter ‘frequency’ rather
than ‘transitivity’ and ‘name relatedness with a noun’
seemed to determine the patient’s performance. She
obtained 14/20 for low-frequent verbs and 18/20 for high-
frequent verbs. The ‘sentence completion task with inWnitives
or conjugated verbs’ comprises two sets of sentences: 10 sen-
tences that require completion with an inWnitive verb and
10 sentences that require a Wnite verb. On the ‘sentence
completion task with inWnitives,’ our patient obtained a
defective score (8/10). Only semantic errors occurred. In the
‘sentence construction task,’ the patient is instructed to
describe a picture in one sentence. The 20 items that build
up this test are controlled for three factors: frequency (all
verbs are of high frequency), transitivity (10 transitive and
10 intransitive verbs), and reversibility of thematic roles (5
reversible and 5 irreversible sentences). On this subtest a
score of 8/20 was found. Expressive agrammatic features
(use of inWnite verbs, omission of function words, stereo-
type sentence construction) and lexical-semantic deWcits
disrupted performance at the ‘sentence construction task’
(e.g., woman swim instead of the child swims, father falls
instead of the baby crawls) (Fig. 4).

‘The sentence anagram task’ consists of three subparts. In
the ‘sentence anagram task with pictures’ the subject is pre-
sented a picture and three cards, each of which has a sen-
tence constituent printed on it. The subject is asked to sort
these cards into a sentence that matches the picture. This
subtest contains 20 items representing 10 reversible and 10
non-reversible sentences. The ‘sentence anagram task with-
out pictures’ contains 20 irreversible sentences of which 10
are active and 10 are passive. In this task, three cards with
constituents have to be arranged into a sentence. The ‘inter-
rogative sentence anagram task’ includes 20 items: Wve items
for each wh-question word (who, what, where and when).
The procedure is similar to the sentence anagram task (Bas-
tiaanse, Edwards, Maas, & Rispens, 2003). Only on the
interrogative sentence anagram task the patient obtained a
pathological score (10/20) as a result of role exchanges and
incorrect word order. No diVerence was found between
arguments (5/10) and adjuncts (5/10) (Fig. 5).

Summing-up, formal linguistic analysis of expressive and
receptive syntax disclosed: (1) a lexical-semantic impair-
ment at the level of the category of verbs, (2) a discrete
mapping problem, and (3) a selective disturbance for inter-
rogative sentence constructions.

2.1.4. Neuropsychological test results
One and a half month post-onset, cognitive functions

were formally investigated. Manual preference was assessed
by means of the Edinburgh Handedness Inventory (Old-
Weld, 1971) which revealed a laterality quotient of +100.
Orientation, gnosis, praxis, problem solving, arithmetics,
memory, and spatial intelligence were normal. On the Mini
Mental State Examination the patient obtained a normal score
of 26/30 (Crum, Anthony, Bassett, & Folstein, 1993). She
obtained percentile 75 on the Raven Coloured Progressive
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Matrices and normal results were found for ‘word recall,’
‘commands,’ ‘naming Wngers and objects,’ ‘constructional
praxis,’ ‘ideational praxis,’ ‘orientation,’ and ‘word
recognition’ of the Alzheimer’s Disease Assessment Scale
(Zec, Landreth, Vicari, Feldman, & Belman, 1992a, 1992b).
No indications for a bucco-labio-lingual, dressing, visuo-
constructive, ideational or ideomotor apraxia were found.
Visuo-spatial processing as well as visual, tactile, and audi-
tory recognition were normal. Normal results were found
on the memory items of the Hierarchic Dementia Scale:
‘registration,’ ‘recent memory’ en ‘remote memory.’ Frontal
dysfunctions were objectiWed on both the behavioral and
psychometric level. As evidenced by a severely deWcient
score on the Stroop Color–Word test (<percentile 5) the
ability to inhibit a competing and more automatic response
set was severely disrupted. DeWcient frontal planning and
organisation were indicated by a severely defective result
on the Wisconsin Card Sorting Test (zero categories in 128
trials). On the level of mood and behavior a variety of fron-
tal-like disturbances were observed among which, disinhibi-
tory verbal reactions, euphoric mood, loss of initiative, and
apathy.

3. Discussion

In our patient, bilateral paramedian ischemic lesions of
the thalamus induced a unique combination of cognitive
dysfunctions. Indeed, standardized cognitive tests
revealed a symptom complex that consisted of: (1) TSA,
(2) marked simpliWcation of syntax, and (3) dysexecutive
neuropsychological disturbances. To our knowledge, the
combination of TSA with grammatical simpliWcation fol-
lowing bilateral thalamic damage has never been reported
before.

Comparison of the MRI images with an atlas of neuro-
imaging and neuroanatomy (Kretschmann & Weinrich,
1992) conWrmed bilateral involvement of the thalamic
medial nucleus. Although the presence of a right ataxic
hemiparesis might suggest involvement of the ventral lat-
eral nucleus, analysis of the neuroimaging data did not
reveal structural damage of this nucleus. Alternatively,
right ataxic hemiparesis as well as vertical gaze paralysis
and left oculomotor nerve paresis can be attributed to the
extension of the left thalamic lesion into the mesencephalon
with involvement of the left red nucleus. As thalamoperfo-
rating arteries (terminal branches of the paramedial tha-
lamic artery) usually supply the medial and paramedian
segments of the thalamus (nuclei intralamellares and
nucleus medialis) (Engelborghs et al., 1998), and given the
small size of the intralaminar nuclei that certainly limits
their identiWcation on MRI images, we cannot rule out that
the intralaminar nuclei are involved in the bilateral parame-
dian thalamic infarction.

Several neuropsychological studies have reported cate-
gory-speciWc deWcits of grammatical word classes but in
none of them the causative lesion was situated in the thal-
amus (Bak, O’donovan, Xuereb, Boniface, & Hodges,
2001; Berndt, Mitchum, Haendiges, & Sandson, 1997;
Breedin, SaVran, & Schwartz, 1998; Luzzatti, Raggi,
Zonca, Pistarini, & Contardi, 2001, 2002). In agreement
Fig. 4. Sentence construction (WEZT) (literal English translation).
Fig. 5. Wh-interrogative sentence constructions.
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with these observations, a disruption of verb comprehen-
sion, verb production, and a diversity in the use of verbs
in spontaneous speech indicated in our patient a lexical-
semantic impairment at the verb level. Although sponta-
neous language analysis was limited to only one speech
sample, the omission of obligatory sentence parts, the
omission of grammatical morphemes and articles, a
decline of the number of conjugated verbs and a reduction
of utterance length strikingly resembled the grammatical
characteristics typically associated with Broca’s aphasia
(Schwartz, SaVran, Fink, Myers, & Martin, 1994). In spite
of this syntactic deWcit, normal results were found on sen-
tence anagram tasks and sentence completion tasks (with
conjugated verbs).

The dissociation between normal grammaticality judg-
ment and defective sentence comprehension might in our
patient be explained as a discrete mapping problem at the
sentence level. Although the patient was able to adjust the-
matic roles on the basis of the syntactic structure of the sen-
tence, she did not succeed to map these roles into
grammatical sentences. In addition, simpliWcation of syntax
occurred in the entire subject’s spoken language output
where integration of lexical-semantic, syntactic, morpho-
logical, phonological, and articulatory information is
required. As a consequence it might be hypothesized that
this grammatic feature in our patient reXects a higher-level
cognitive frontal disorder. As simpliWcation of syntax in the
absence of agrammatism has been noted with frontal
lesions (Nadeau, 1988) but not with thalamic damage, we
hypothesize that the syntactic deWcit might result from a
functional deaVerentiation of both thalami with the frontal
lobe leading to disruption of the thalamo-frontal circuit
that subserves the integration of linguistic information, lan-
guage planning, and organisation. As most paramedian
thalamic artery infarctions involve the medial nucleus and
the intralaminar nuclei, disconnection of both the medial
nucleus or the centromedian nucleus with the prefrontal
cortex might explain the symptoms our patient displayed
(Nadeau & Crosson, 1997).

Reviewing the literature on the neurobehavioral conse-
quences of bithalamic lesions since 1980 (Ackermann et al.,
1993; Barbizet, Degos, Louarn, Nguyen, & Mas, 1981;
Benabdeljlil et al., 2001; Bewermeyer et al., 1985; Bogous-
slavsky et al., 1991; Calabrese, Haupts, Markowitsch, &
Gehlen, 1993; Charles & Fenichel, 1994; Dehaene, 1982;
van Domburg et al., 1996; Engelborghs et al., 2000; Genti-
lini et al., 1987; Gerber & Gudesblatt, 1986; Guberman &
Stuss, 1983; Hodges & McCarthy, 1993; Krolak-Salmon
et al., 2002; Lazzarino & Nicolai, 1988; Malamut et al.,
1992; Reilly et al., 1992; Rousseaux et al., 1986; Schott
et al., 1980; Winocur, Oxbury, Roberts, Agnetti, & Davis,
1984) we only encountered 12 out of 41 patients with apha-
sia (Benabdeljlil et al., 2001; Bogousslavsky et al., 1991,
cases 1–2; van Domburg et al., 1996; Engelborghs et al.,
2000; Guberman & Stuss, 1983, cases 1–2; Hodges &
McCarthy, 1993; Malamut et al., 1992; Rousseaux et al.,
1986, cases 2–3; Schott et al., 1980). Seven of these patients
displayed reduced spontaneous speech output (Bogousslav-
sky et al., 1991, cases 1–2; van Domburg et al., 1996; Enge-
lborghs et al., 2000; Hodges & McCarthy, 1993; Malamut
et al., 1992; Schott et al., 1980).

In addition, in 17 out of 24 patients (71%) in whom it
was looked for ‘psychic akinesia’ or a ‘loss of psychic self-
activation’ (Bogousslavsky et al., 1991) was found. This
syndrome is characterized by a complex of behavioral alter-
ations such as apathy, aspontaneity, indiVerence, motor
inertia, and mental inertia (Ackermann et al., 1993; Bewer-
meyer et al., 1985, case 4; Bogousslavsky et al., 1991, cases
1–2; Dehaene, 1982, case 2; van Domburg et al., 1996;
Engelborghs et al., 2000; Gentilini et al., 1987, cases 2,8;
Gerber & Gudesblatt, 1986, case 1; Guberman & Stuss,
1983, case 1; Hodges & McCarthy, 1993; Malamut et al.,
1992; Rousseaux et al., 1986, cases 1–3; Schott et al., 1980).
In contrast to ‘the akinetic state’ these behavioral altera-
tions are reversible at external stimulation. In our patient,
similar behavioral changes were observed. The frontal-like
behavioral disturbances among which abusive verbal reac-
tions, euphoria, loss of initiative, and apathy may conse-
quently be attributed to a functional deaVerentiation of
both thalami with the frontal lobe.

4. Conclusions

We presented a neuropsychological and neurolinguistic
analysis of a unique patient with transcortical sensory
aphasia and simpliWcation of syntax due to a bilateral
paramedian thalamic ischemic stroke. The hypothesis that
the agrammatic symptoms reXecting an underlying lexi-
cal-semantic deWcit might result from a functional deaVer-
entiation of both thalami with the frontal region is
supported by: (1) associated neuropsychological deWcits
of frontal origin and (2) frontal-like behavioral
disturbances.
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