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Abstract Foreign accent syndrome is a rare motor speech
disorder that causes patients to speak their language with a
non-native accent. In the neurogenic condition, the disorder
develops after lesions in the language dominant hemisphere,
often affecting Broca’s area, the insula, the supplementary
motor area and the primary motor cortex. Here, we present
two new cases of FAS after posterior fossa lesions. The first
case is a 44-year-old, right-handed, Dutch-speaking man
who suffered motor speech disturbances and a left hemiple-
gia after a pontine infarction. Quantified SPECT showed a
bilateral hypoperfusion in the inferior lateral prefrontal and
medial inferior frontal regions as well as a significant left
cerebellar hypoperfusion. Further clinical investigations led
to an additional diagnosis of brainstem cognitive affective
syndrome which closely relates to Schmahmann’s syn-
drome. The second patient was a 72-year-old right-handed
polyglot English man who suffered a stroke in the vascular
territory of the left posterior inferior cerebellar artery

(PICA) and developed a foreign accent in his mother tongue
(English) and in a later learnt language (Dutch). In this pa-
per, we discuss how the occurrence of this peculiar motor
speech disorder can be related to a lesion affecting the pos-
terior fossa structures.

Keywords Foreign accent syndrome . Posterior fossa .

Cerebellum . SPECT

Introduction

Foreign Accent Syndrome

During the last century, more than 170 reports of patients with
foreign accent syndrome (FAS) have been published but the
disorder is probably much more frequent than currently esti-
mated. Due to speech changes at the segmental (speech seg-
ments, e.g., phonemes) and suprasegmental level (contrastive
aspects marking speech that are not identified as segments, but
rather define the segments, e.g., rhythm, intonation), this rare
condition causes the patient with FAS to be perceived by
speakers of the same language community as a non-native
speaker. FAS has been related to various etiologies including
stroke, cerebral trauma, multiple sclerosis, dementia, and psy-
chiatric disorders. In 2010, Verhoeven and Mariën [1] distin-
guished three different sub-types of FAS: neurogenic FAS [2],
including developmental cases [3], but also psychogenic FAS
[4] and a mixed-type FAS [5].

Here, we focus on the neurogenic type, which has been the
most widely reported variant of FAS. Although most of the
patients with this subtype acquired FAS after stroke [e.g., 2; 6,
case 2; 7, 8, 9, case 2 ] or brain trauma [e.g., 10; 11, case 2; 12,
cases 4 & 5], the lesion sites do not unequivocally point towards
a single neuroanatomical substrate. In the majority of the
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vascular cases, the causative lesions were located in the language
dominant (left) hemisphere, especially in the frontal [e.g., 13,
case 3; 14; 15], fronto-temporal [e.g., 16–18], and fronto-
temporo-parietal regions [10, 19, 20]. Although handedness
was not formally investigated, Bcrossed FAS^ has been reported
in three dextral patients after right-hemisphere damage [21, case
3; 13, case 2; 22, 23]. As evidenced by SPECT, the cerebellum
was functionally affected (hypoperfusion) in three cases after
frontal lesions (mechanism of diaschisis) [2, 9, case 2, 24]. In
five other cases, FAS was directly attributed to posterior fossa
lesions [6, cases 1 and 2; 23, 25–27].

In this study, we present a survey of the literature and two
new cases of FAS after a posterior fossa lesion: the first patient
suffered a stroke in the right pons and has been described as an
example of brainstem cognitive affective syndrome byMariën
and D’aes [28]. The second patient incurred FAS after a stroke
in the left posterior cerebellum.

Posterior Fossa and FAS: Two New Cases

Case 1

A 44-year-old, right-handed, Dutch-speaking Belgian man
with an educational level of 11 years was admitted to the
hospital on April 20th, 2012 after an acute loss of conscious-
ness followed by motor speech disturbances and a left hemi-
plegia. The patient had used Bpoppers;^ alkyl nitrites which,
when aspirated, arouse euphoric feelings and relax sphincter
muscles to enhance sexual experience. CTand electrocardiog-
raphy on admission were normal. Five days later, the patient
was transferred to the Neurology department of ZNA
Middelheim Hospital. Neurological examinations on admis-
sion revealed FAS and paralytic dysarthria, a left facial nerve
paralysis, tongue protrusion to the left, a left hemiplegia, and a
left hypertonia. The patient tested positive for (neurovascular)
syphilis (blood and CSF analysis) and was subsequently treat-
ed with penicillin for 2 weeks. On admission, the medical staff
had the impression that the patient spoke with a Hollandic-like
accent. Speech was generally very slow and had a pronounced
nasal quality. After he was released from hospital, the patient’s
friends also noticed the change in accent. Vowel pronunciation
was affected by omissions (especially of schwa) and backing.
In addition, diphthongs were often articulated as monoph-
thongs. Consonants were regularly devoiced (esp. fricatives),
or omitted (esp. plosives – alveolar and velar). T1-weighted
MR imaging of the brain had demonstrated a hypointense
lesion at the level of the right pons. T2-weighted axial
FLAIR-imaging showed a hyperintense signal in the right
pons (Fig. 1).

Quantified 99mTc ECD SPECTscan inMay 2012 showed a
bilateral hypoperfusion in the inferior lateral prefrontal (L:
−2.2 SD, R: −2.7 SD) and left medial inferior frontal regions

(−2.8 SD). A significant left cerebellar hypoperfusion was
also retained (−2.1 SD) (Fig. 2).

The EEG recording was mildly impaired over both the left
and right hemisphere: polyrhythmic activity on the left
showed a fast component whereas on the right a slowing of
activities was found. Soon after admission, the patient had a
grand mal seizure and treatment with valproic acid was
started. A transesophageal echocardiogram disclosed mitral
insufficiency and a patent foramen ovale with a clear right to
left shunt.

Extensive neuropsychological testing was performed in
May 2012 (see Table 1). Intelligence, executive and visuospa-
tial functions, memory and frontal behavioural and affective
disturbances were investigated. Test results disclosed general
cognitive abilities were normal (MMSE: 27/30; −0.5 SD) [29],
but the patient had clinically deficient full scale IQ (FSIQ = 73;
−1.8 SD) and pathological performance IQ (PIQ = 61, −2.6
SD, with depressed scores for digit symbol substitution (−3
SD), block design (−1.3 SD), matrix reasoning (−1.7 SD),
picture completion, (−1.7 SD) and picture arrangement: (−2.7
SD), whereas subtest scores of the verbal IQ were within the
normal range (VIQ = 83; −1.1 SD) (Wechsler Adult
Intelligence Scale-3rd Edition; [30]). The patient obtained
pathological scores on the attention subtests (index 66, −2.3
SD) and delayed recall subtests (index 61, −2.6 SD) of the
Wechsler Memory Scale – revised (WMS-R) [31]. Visual
memory index amounted to 70 and verbal memory to 80.
Index scores on the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS) were normal [32].
Scores on the Trail Making Test were depressed (TMT A:
<pc. 10; TMT B: <pc. 10) [33]. On the Wisconsin Card
Sorting Test [34], the patient only completed three categories
(−2.3 SD; mean 5.58; 1SD = 1.1). A pathological score was
found on the Stroop Coloured Word Test (card 1: < pc. 1; card
2: < pc. 1; card 3: pc. 3) [35], and the Frontal Assessment
Battery: 13/18 [36]. In summary, the patient demonstrated a
borderline pathological full scale IQ, with a significant disso-
ciation between VIQ (−1.1 SD) and PIQ (−2.6 SD), difficulties

Fig. 1 T2-weighted axial MRI slice of the brain demonstrating an
ischemic lesion in the right pons (white arrows)
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in set-shifting and maintaining goal oriented strategies (WCST
and Stroop test), deficits in visuospatial abilities (TMT-A) and
frontal inhibition disturbances (Frontal Assessment Scale).

In October 2012, the patient was re-examined again for intel-
ligence, executive and visuospatial functions, memory, and af-
fective disturbances (same tests as in May 2012). General cog-
nitive abilities were re-tested and MMSE score amounted to 30/
30 [29]. Performance IQ was still impaired (PIQ = 65, −2.3 SD).
Pathological scores were obtained for digit symbol substitution
(−3 SD) and block design (−2 SD) while depressed scores were
found for matrix reasoning (−0.7 SD), picture completion (−1.3
SD) and picture arrangement: (−1.3 SD). The verbal IQ
(VIQ = 98; −0.1 SD) and full scale IQ (FSIQ = 82; 1.2 SD) were
within the normal range. The WMS-R [31] index score for at-
tention remained impaired (68, −2.13 SD) whereas mnestic ca-
pacities had increased significantly: the visual memory index
increased to 111, (+0.73 SD), the verbal memory index to 101
(+0.07 SD); and the delayed recall index to 115 (+1 SD). A
pathological result was found again for the WCST [34]: the
patient completed only three categories. Performance on the
Trail Making Test [33] slightly increased to respectively average
and low average levels (TMTA < pc. 30; TMT B < pc. 21). A
similar observation was made with regard to his performance on
the Stroop Colour Word Test: card 1: pc. <25, card 2: < pc. 10;
card 3: < pc. 25. Performance on the Frontal Assessment Battery
[36] slightly improved to the normal range: 15/18. The patient
obtained a defective score of 8 on the Middelheim Frontality

Scale (MFS; cut-off = ≥5, [37]), which confirmed behavioural
abnormalities related to apathy, blunting of affect as well as
anosognosia. In short, the patient’s neuropsychological profile
remained stable with respect to executive functions and visuo-
spatial abilities. A dissociation between VIQ (−0.1 SD) and PIQ
(−2.3 SD) was still present. However, there was a spectacular
increase in mnestic functioning (the patient now obtained above
average scores). The clinical profile was consistent with a diag-
nosis of brainstem cognitive affective syndrome [28].

Neurolinguistic assessments were carried out to further
evaluate speech and language functioning. Results revealed
that the patient did not suffer from aphasia. The
Comprehensive Aphasia Test (Dutch Version - CAT-NL)
[38] showed normal results. For the copying of words, letters
were poorly formed, though writing was still legible. The Test
for Systematic Detection of Graphomotor Impairment
(Systematische opsporing schrijfmotorische problemen
(systematic detection of graphomotor problems; SOS-test)
[39] was administered and revealed aberrant writing skills in
May 2012 (score 8, −4.8 SD). The scores were indicative of an
apraxic agraphia. The score was still depressed after retesting
in October of the same year (score 5, −2.5 SD).

Case 2

Case 2 is a 72-year-old right-handed polyglot English man, who
was admitted to hospital in October 2012 after an acute episode

Fig. 2 Quantified 99mTc ECD SPECTshowing a bilateral hypoperfusion
in the inferior lateral prefrontal and left medial inferior frontal regions as

well as a significant left cerebellar hypoperfusion (plane a) and a
significant bilateral frontal hypoperfusion (plane b)
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Table 1 Overview of the neuropsychological investigations: case 1

General May 2012
Score (±1SD
or pc.)

June 2012
Score (±1SD
or pc.)

October 2012
Score (±1SD
or pc.)

Maximum or #
trials [range]

Mean (SD)

Mini Mental State Examination 27 (−0.5) 30 (+0.8) 30 28 (1.9)

WAiS

Wechsler Full Scale IQ (FSIQ) 73 (−1.8) 82 (−1.2) 100 (15)

Wechsler verbal IQ (VIQ) 83 (−1.1) 98 (−0.1) 100 (15)

Information 11 (+0.3) 9 (−0.3) 10 (3)

Comprehension 4 (−2.0) 10 (0.0) 10 (3)

Digit span 5 (−1.7) 11 (+0.3) 10 (3)

Arithmetic 7 (−1.0) 9 (−0.3) 10 (3)

Similarities 8 (−0.7) 10 (0.0) 10 (3)

Vocabulary 8 (−0.7) 12 (+0.7) 10 (3)

Wechsler Performance IQ (PIQ) 61 (−2.6) 65 (−2.3) 100 (15)

Digit symbol substitution 1 (−3.0) 1 (−3.0) 10 (3)

Picture completion 5 (−1.7) 6 (−1.3) 10 (3)

Block design 6 (−1.3) 4 (−2.0) 10 (3)

Picture arrangement 2 (−2.7) 6 (−1.3) 10 (3)

Matrix reasoning 5 (−1.7) 8 (−0.7) 10 (3)

Memory (WMS-R) 66 (−2.3) 66 (−2.3) 68 (−2.1) 100 (15)

Visual memory 70 (−2.0) 80 (−1.3) 111 (+0.7) 100 (15)

Verbal memory 80 (−1.3) 90 (−0.7) 101 (+0.1) 100 (15)

General memory 73 (−1.8) 104 (+0.3) 100 (15)

Delayed recall 61 (−2.6) 83 (−1.1) 115 (+1.0) 100 (15)

Executive functions

Wisconsin Card Sorting Test 3 (−2.3) 3 (−2.3) (64) 128 trials 5.58 (1.1)

Verbal fluency

Semantic fluency 40 (−1.1) 49 (−0.5) 56.1 (15.1)

Stroop Colour-Word Test

Card I 126″ (< pc. 1) 62″ (pc. 15)

Card II 163″ (< pc. 1) 80″ (pc. 10)

Card III 188″ (pc. 3) 128″ (pc. 15)

Trail Making Test

Part A 94″ (< pc. 10) 41″ (pc. 30)

Part B 223″ (< pc. 10) 99″ (pc. 25)

Behavioural

Frontal Assessment Batterya 13 15 18

Middelheim Frontality Scaleb 8

Language

Systematische Opsporing Schrijfproblemen (SOS) 8 (−4.8) 5 (−2.5) 1.7 (1.3)

Comprehensive Aphasia Test (CAT)

Cognitive screening

Semantic memory 10 (+0.3) 10 [7–10] 9.7 (0.9)

Word fluency 13 (−5.5) 71.9 (10.57)

Recognition memory 9 (−0.7) 10 [4–10] 9.6 (0.9)

Gesture object use 10 (−2.1) 12 [9–12] 11.5 (0.7)

Arithmetic 5 (−0.6) 6 [2–6] 5.5 (0.8)

Language comprehension

Comprehension of spoken words 30 (+0.9) 30 [20–30] 28.5 (1.7)

Comprehension of written words 30 (+0.5) 30 [24–30] 29.5 (1)
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of balance problems, vertigo, and vomiting. On admission to
hospital, he presented with left-sided ataxia, dysarthria (slurred
speech), and a tendency to fall over to the right side. Although the
patient mastered six foreign languages [English (maternal lan-
guage), French (learnt in school at age 11), German (learnt in
school at age 13), Serbo-Croat (learnt after crash course at age
24), Hebrew (Ivrit) (learnt at an intensive course at age 28), and
Dutch (moved to Belgium at age 35 and married a Flemish-
speakingwoman), he could only speak and understand his native
language, which was British English. He indicated that he had
some very mild word-finding difficulties in English as well. He
was completely unable to have a conversation in Dutch or any of
the other non-native languages (= differential polyglot aphasia).
Medical history included arterial hypertension, coronary heart
disease and a left occipital stroke 10 years before this admission.
The patient had an educational level of 12 years (grammar
school) and had worked as a (war) journalist in different coun-
tries. On admission, speech in English was qualified as Bslurred^

but during the next days it became marked by a slow rate with
sudden accelerations, breathiness, altered word stress, and odd
intonation patterns (terminal pitch rise). In terms of segmental
changes, diphthongs were backed and consonant articulation be-
came unclear when speech rate increased. Although he severely
struggled for everyday words and grammar, his command of
Dutch gradually started to return 2 days post-stroke but did not
reach premorbid proficiency levels. Minimal progression was
madewith regard to the other non-native languages. The patient’s
daughter reported that during the first days post-stroke her father
also had started speaking with an BEstuary English^ accent,
which is typical of the region where the patient grew up. For
his job he had commuted betweenAustralia and Europe formore
than 12 years, the reason he had adopted an Australian accent. In
Dutch, an accent change was found from pre-stroke standard
Dutch accent to a regional accent (Antwerp).

T1 and T2-weighted axial FLAIR imaging of the brain
showed inhomogeneous hyperintense areas in the left inferior

Table 1 (continued)

General May 2012
Score (±1SD

or pc.)

June 2012
Score (±1SD

or pc.)

October 2012
Score (±1SD

or pc.)

Maximum or #
trials [range]

Mean (SD)

Comprehension of spoken sentences 30 (−0.5) 32 [20–32] 30.8 (1.7)

Comprehension of written sentences 30 (−0.2) 32 [20–32] 30.4 (2.2)

Expressive language

Repetition of digit strings 5 (−0.6) 7 [0–7] 5.6 (1)

Repetition of sentences 6 (+0.5) 6 [4–6] 5.8 (0.4)

Naming objects 46 (+1) 48 [25–48] 43.2 (4.5)

Naming actions 8 (−1.9) 10 [5–10] 9.5 (0.8)

Reading words 48 (+0.5) 48 [40–48] 47.3 (1.5)

Reading complex words 6 (+0.3) 6 [2–6] 5.9 (0.4)

Reading non-words 10 (+0.3) 10 [4–10] 9.6 (1.2)

Writing (copying) 31 (+0.3) 31 [5–31] 30.1 (3.1)

FSIQ full scale intelligence quotient, WMS-R Wechsler Memory Scale-Revised, pc. percentile, PIQ Performance Intelligence Quotient, SD standard
deviation, VIQ Verbal Intelligence Quotient

Fig. 3 T2-weighted axial slice of
the brain (a) at the level of the
cerebellum, demonstrating (left) a
hyperintense area in the left
posterior inferior brainstem and
postero-inferior portion of left
cerebellar hemisphere and (b)
demonstrating an old infarction in
the calcarine region of the left
occipital lobe
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cerebellar hemisphere and the postero-inferior left cerebellum,
consistent with a recent infarct in the vascular territory of the left
posterior inferior cerebellar artery (PICA). A hyperintense area
was also observed in the left posterior inferior brainstem
(Fig. 3a). In addition, an old vascular lesion was found in the left
occipital lobe as well as small vascular lesions in the
periventricular white matter (Fig. 3b). MRA revealed
atheromatosis of the distal left vertebral artery (no flow was
detected) and the right distal vertebral artery and proximal basilar
artery (irregular shape).

The neuropsychological investigations were performed in
English 1 week after stroke (see Table 2). Neuropsychological
tests focused on general cognitive abilities, intelligence, mem-
ory, as well as visuospatial and executive functions. A strong
and consistent right hand preference was objectified by means
of the Edinburgh Handedness Inventory [40] (laterality quo-
tient = +100). General cognitive screening showed normal
performance (MMSE: 27/30, SD: −0.33) [29]. The RBANS
[32] showed superior visuospatial/constructive skills (index
121, SD: +1.40) and a very superior immediate recall (index
136, SD: +2.40). Language (index 96, SD: −0.27), attention
(index 94, SD: −0.4), and delayed recall (index 101, SD:
+0.07) were within the normal range. Raven’s Coloured
Progressive Matrices [41] revealed high average visuo-
spatial problem solving skills (pc. 90). Frontal planning and
problem solving were normal as well. The WCST showed
normal cognitive flexibility and frontal problem solving (4
categories within 64 trials). The Stroop Colour Word test
(pc. 20) showed a low average ability to inhibit a competing
and more automatic response. In summary, the patient obtain-
ed normal results for all of the administered tests.

As evidenced by the CAT [42], the patient obtained maxi-
mum results when tested in his mother tongue. Visual confron-
tation naming on the BNT [43] was normal for English (57/60,
SD: +0.03) but severely pathological for Dutch (BNT: 25/60,
SD: −10.64): 13/35 errors were intrusions from English words
(foreign words), whereas for 18/35 pictures no response was
given. Semantic verbal fluency, assessed by means of a one-
minute oral production of words belonging to a specific seman-
tic category, was within the normal range (58 items, SD: +0.31).

A diagnosis of differential polyglot aphasia and FAS follow-
ing a left cerebellar stroke was made. At the behavioural level,
no disturbances were noted. He remained positive and calm.

Survey of the Literature: FAS After Posterior Fossa
Lesions

Cole [6] was the first who described two patients with FAS
after posterior fossa lesions (Table 3, cases 1 and 2). The first
patient was a 29-year-old polyglot man, who lived in Ohio and
spoke American English and Yiddish. He developed FAS
presumably in the context of cerebellar degeneration due to

anoxia. Neurological symptoms consisted of dysphagia, atax-
ia of arms and legs, spastic-ataxic gait, and bilateral Babinski
sign. He suddenly developed an accent, which was perceived
as Italian. The second patient was a 58-year-old right-handed,
polyglot (English/Hungarian) woman, who suffered an inferi-
or pontine infarction. Post-stroke she developed an Eastern
European accent. Initial symptoms included vertigo, diplopia,
horizontal gaze palsy, speech difficulties (FAS and dysarthria),
and ataxia of the arms and legs. Before the stroke, friends and
family considered her accent to be American English, typical
of Ohio, where she was a long-time resident. Cole [6]
questioned whether there is a relationship between FAS and
dysarthria and whether the alterations of speech prosody and
rhythm are related to posterior fossa lesions. Robert Joynt
commented on these unexpected findings as follows: B...it
doesn’t appear unusual that any of the brain mechanisms
which are used to integrate motor acts may alter force, proso-
dy, and rhythm of speech. It is well that Dr. Cole has pointed
this out with posterior fossa lesions^ (p. 153). However, he
ironically added: B(...) I am enough of a romanticist to think
that these subtle inflections and nuances of speech must ulti-
mately stem from the cerebral cortex. For example, if Juliet
had said in a monotone, ‘Romeo, Romeo, wherefore art thou,
Romeo?’ I doubt if Romeo would have done himself in for
her. But then, I don’t think Shakespeare wrote for the
cerebellum.^ (p. 153). In the discussion, it was concluded that
distinct forms of dysarthria-like syndromes exist: those due to
posterior fossa lesions and those due to frontal lesions.

Forty years later, Dankovičová&Hunt [23] (Table 3, case 3)
described a 56-year-old man with a stroke affecting the anterior
margin of the mid pons immediately left to the midline. The
lesion was discovered on MRI 16 months after the patient suf-
fered the stroke with persistent speech difficulties and a notice-
able change of accent, identified mainly as Italian or Greek in a
perceptual accent rating experiment. The patient’s original ac-
cent was typical of his Essex hometown. He was raised in
London. His father was an Englishman and his mother was of
Greek descent. However, she declared that she had always spo-
ken English with her son. In the light of the patient’s speech
characteristics, the authors hypothesised that FAS after a ponti-
ne lesion may be related to dysarthria (ataxic or bulbar/flaccid).

In 2013, Tran and Mills [26] (Table 3, case 4) described a
60-year-old African-American woman, who presented at the
emergency department with an acute change of accent which
appeared to her as Jamaican, accompanied by gait distur-
bances, heaviness of both legs and severe headache. CT scan
of the brain on admission was normal but an MRI scan re-
vealed an infarction in the left pons. Magnetic resonance an-
giography (MRA) confirmed this finding.

In one case, a lesion in the posterior fossa was argued to
be—counter intuitively—implicated in the accent remission.
In 2009, Cohen et al. [25] (Table 3, case 5) described a 58-
year-old English-speaking woman who developed FAS after a
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left frontoparietal infarction. However, she suddenly lost the
accent after incurring a right cerebellar hemorrhage. Cohen
et al. [25] explained this phenomenon stating that the infarc-
tion may have caused a disruption of the Bcompetitive inter-
actions between the two cerebellar hemispheres^ (p. 566) and
may have led to functional facilitation of the left cerebellar
hemisphere in the presence of Bmaladaptive activation^ (p.
566) of the right cerebellar hemisphere.

The case described by Mariën et al. [27] (Table 3, case 6)
suffered a cerebellar hemorrhage in the right cerebellar hemi-
sphere, demonstrated on a CT and MRI. The stroke receded
without intervention but left the patient with a posterior fossa
syndrome and cerebellar cognitive affective syndrome (CCAS)

or Schmahmann’s syndrome [46], a constellation of executive,
visuospatial, affective and linguistic disturbances in patients
with cerebellar damage. Initially, the patient wasmute (akinetic),
though later he developed FAS and an ataxic dysarthria. Due to
the important cognitive and linguistic impairments as well as
personality changes, the researchers also performed a SPECT
scan. The functionality of the crossed cerebro-cerebellar connec-
tions had definitely been compromised by the lesion as a severe
hypoperfusionwas demonstrated in the bilateral prefrontal areas,
which could account for the executive disturbances, behavioural
changes and was reconcilable with the linguistic profile.

Three patients demonstrated FAS after a disruption of the
functional connection between the perisylvian speech areas and

Table 2 Overview of the
neuropsychological
investigations: case 2

General Score (± SD or pc.) Maximum or #trials Mean (SD)

Folstein MMSE 27 (−0.3) 30 27.7 (2.1)
RBANS
Visuospatial/constructive index 121 (+1.4) 100 (15)
Immediate recall index 136 (+2.4) 100 (15)
Language index 96 (−0.3) 100 (15)
Concentration index 94 (−0.4) 100 (15)
Delayed recall index 101 (+0.1) 100 (15)

Raven’s colou red progressive matrices 29 (pc. 90) 36
Executive functions
Wisconsin Card Sorting Test 4 cat 64 trials 4 cat
Stroop Colour Word Test
Card 1 45″ (pc. 65) 48″
Card 2 46″ (pc. 95) 6″
Card 3 128″ (pc. 20) 99″

Language
Boston Naming Test (BNT) NL 25 (−10.6) 60 54.9 (2.8)
Boston Naming Test (BNT) EN 51 (−1.4) 60 54.9 (2.8)
Verbal fluency 58 (+0.3) 53.9 (13.2)
Comprehensive Aphasia Test
Cognitive screening
Line bisection −1 (+0.9) −1 [−2; −1] −0.2 (0.9)
Semantic memory 10 (+0.3) 10 [7–10] 9.7 (0.9)
Recognition memory 10 (+0.4) 10 [4–10] 9.6 (0.9)
Gesture object use 10 (-2.14) 10 [9–12] 11.5 (0.7)
Arithmetic 6 (+0.6) 6 [2–6] 5.5 (0.8)

Language comprehension
Comprehension of spoken words 30 (+0.9) 30 [20–30] 28.5 (1.7)
Comprehension of written words 30 (+0.5) 30 [24–30] 29.5 (1)
Comprehension of spoken sentences 32 (+0.7) 32 [20–32] 30.8 (1.7)
Comprehension of written sentences 32 (+0.7) 32 [20–32] 30.4 (2.2)
Comprehension of spoken paragraphs 4 (+0.7) 4 [0–4] 3.5 (0.7)

Expressive language
Repetition of words 32 (+0.4) 32 [24–32] 31.4 (1.4)
Repetition of complex words 6 (+0.2) 6 [2–6] 5.9 (0.5)
Repetition of nonwords 10 (+0.6) 10 [0–10] 9 (1.8)
Repetition of digit strings 7 (+1.2) 7 [0–7] 5.6 (1.0)
Repetition of sentences 6 (+0.5) 6 [4–6] 5.8 (0.4)
Naming objects 48 (1) 48 [25–48] 43.2 (4.5)
Naming actions 10 (+0.6) 10 [5–10] 9.5 (0.8)
Reading words 48 (+0.5) 48 [40–48] 47.3 (1.5)
Reading complex words 6 (+0.3) 6 [2–6] 5.9 (0.4)
Reading function words 6 (0) 6 [4–6] 6 (0.2)
Reading non-words 10 (+0.3) 10 [4–10] 9.6 (1.2)
Writing (copying) 31 (+0.3) 31 [5–31] 30.1 (3.1)
Written picture names 23 (+0.7) 23 [8–23] 21.6 (2)

MMSE Mini Mental State Examination, pc. percentile, RBANS Repeatable Battery for the Assessment of
Neuropsychological Status, SD standard deviation
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the infratentorial regions (i.e., the cerebellum) [2, 9, case 2, 24].
Hwang et al. (2001) [24] (Table 4, case 1) described a 40-year-
old, right-handed, Mandarin-Chinese speaking Taiwanese
woman, who was admitted to hospital with a sudden change of
accent to (American) English as an isolated symptom. Initial
physical and neurological examinations, as well as a series of
blood tests were normal. The patient displayed focal
hyperintensities at the level of the bilateral internal capsules (gen-
ua and posterior limbs) on T2-weighted MRI, but these were
considered clinically insignificant. The accent receded 3 days
after hospitalisation, but the hyperintensities were still visible
on repeat MRI 2 years later. In contrast, SPECT performed
1 day after admission revealed a hypoperfusion at the level of
the left lateral temporal region and right cerebellum. The authors
hypothesised that these functional deficits were due to a transient
ischemic attack in the left temporal area. Repeat SPECT 2 years
later showed a complete resolution. Hence, the authors argued
that the hypoperfusion may have played a significant role in the
accent change.

The case described by Verhoeven and Mariën [2], also
discussed in Mariën and Verhoeven [9] (here Table 4, case
2] is the first of two stroke patients in whom remission of
FAS symptoms was directly related to normalisation of the
hypoperfusion in the right cerebellum after focal left
frontoparietal damage (diaschisis). The patient was a 53-
year-old, right-handed, Dutch-speaking Belgian woman who
was admitted to hospital because of an acute motor speech
impairment rapidly evolving to mutism associated with a
right-sided loss of strength. In addition to mutism, the neuro-
logical examination revealed a right hemiparesis and central
facial nerve palsy. CT demonstrated an infarction in the left
frontoparietal region. Two weeks later, an MRI confirmed
ischemic damage in the left middle cerebral artery territory,
comprising the inferior frontal gyrus, precentral gyrus, anterior
insular cortex, postcentral gyrus and supramarginal gyrus.
99mTc ECD SPECT at 33 days post-stroke revealed a hypoper-
fusion in the left frontal motor and parietal cortex, the thalamus
and striatum of the left hemisphere as well as in the right cere-
bellum (no standard deviations provided). Repeat SPECT
3 years after the stroke showed that perfusion deficits at the
supratentorial level had only marginally improved, but that per-
fusion in the right cerebellum had normalised. Parallel to the
observed improvement of the perfusion changes at the cerebel-
lar level, a resolution of FAS (French or Russian-like accent)
was attested. The second patient was a 61-year-old right-
handed Dutch-speaking native Belgian man who suffered a
basal ganglia hemorrhage (Table 4, case 3). This patient acutely
developed global aphasia, which evolved to conduction aphasia
after approximately 1 week. After this transition of aphasic
symptoms, the patient’s accent was perceived as BNorth-
African.^Neurological examinations disclosed a right hemiple-
gia and right hemianopia. A repeat MRI of the brain 3 weeks
later confirmed that the lesion comprised the left putamen, genu

and posterior limb of the internal capsule extending to the
insula, temporal and parietal lobe. Quantified 99mTc ECD
SPECT 1 month post-stroke revealed a severe hypoperfusion
(more than 2 SD) at the cortical and subcortical level, including
the left thalamus, left lentiform nucleus, left medial, lateral tem-
poral region, left motor cortex and right cerebellum. Repeated
SPECT completed at 6 months post-stroke demonstrated a
complete resolution of the hypoperfusion at the infratentorial
level, whilst perfusion deficits at the supratentorial level had
only slightly enhanced. Around the same time (i.e., 6 months
post-stroke) an improvement in both FAS and aphasic symp-
toms was observed. The congruent remission of the cerebellar
hypoperfusion and the linguistic deficits left the authors to
hypothesise on the possibly crucial role of the cerebellum in
motor speech planning disorders, including FAS.

Discussion

Two new cases of FAS after a posterior fossa lesion are doc-
umented. The first case developed FAS and paralytic dysar-
thria after an ischemic stroke in the right pons, causing dam-
age to the brainstem nuclei and interrupting the crossed ponto-
cerebellar pathway. The combination of linguistic, cognitive
and affective changes allowed for a diagnosis of Bbrainstem
cognitive affective syndrome^ which closely relates to
Schmahmann’s syndrome [46]. From an anatomoclinical
point of view, the clinical symptoms were consistent with
the SPECT findings, demonstrating a hypoperfusion affecting
the frontal and prefrontal areas bilaterally as well as in the left
cerebellum [28]. The second case developed differential poly-
glot aphasia and FAS after an infarction in the vascular terri-
tory of left PICA. He did not demonstrate any affective or
behavioural disturbances, nor any cognitive impairments. At
the linguistic level, however, Dutch as well as all the other
non-native languages were severely disturbed while his moth-
er tongue (British English) remained clinically unaffected (dif-
ferential polyglot aphasia). Post-stroke FAS reflected a rever-
sion to a previously learnt accent [50, 51].

Both patients’ speech characteristics may also be qualified as
typical apraxia of speech (AoS) (slow speech rate, increase in
errors when speech rate is increased, attainment of vowels more
than consonants, (irregular) initiation difficulty) or as ataxic
dysarthria (slow speech rate altered with sudden fast speech
rate, disrupted articulation of vowels and consonants, slurring)
[52], but do not allow for a clear differentiation. Ataxic dysar-
thria is the most typical motor speech disorder associated with
cerebellar disorders and is mainly characterised by a distorted
articulation and prosody [53]. Although ataxic dysarthria is
traditionally considered a disorder of motor execution, recent
studies have attributed typical characteristics of ataxic dysar-
thria to a disruption of motor speech programming/planning
instead of to a dysfunctional execution of motor speech [9,
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53]. Since ataxic dysarthria shares some evident semiological
characteristics with AoS, a typical speech planning and pro-
gramming disorder, some authors also hypothesised that ataxic
dysarthria may be subserved by a similar pathophysiological
mechanism [54]. However, only a handful of cases of AoS have
been reported with possible cerebellar involvement. Apart from
the FAS case of Verhoeven and Mariën [2] (Table 4, case 2),
one other case of AoS has been reported in which the right
cerebellum may have played a role. Mariën et al. [55] reported
a patient who presented with agraphia and severe AoS after a
left cerebral hemisphere infarction with lesions affecting the
anterior insular cortex and the opercular part of the left inferior
frontal gyrus. SPECT not only showed a hypoperfusion in the
insular region but also in the right cerebellar hemisphere. After
1 year, AoS completely receded which was reflected by a re-
perfusion of the right cerebellar hemisphere.

The case described by Mariën et al. [27] on the other hand,
demonstrated ataxic dysarthria, in combination with FAS (and
CCAS) after a right cerebellar stroke. The newly reported pa-
tients demonstrated FAS in association with a left cerebellar
hypoperfusion (case 1) and a left cerebellar infarction (case 2).
It might be hypothesised that disruption of the cerebro-
cerebellar network—due to a pontine (case 1) and left cerebellar
lesion (case 2)—are responsible in both patients for the planning
and organisation deficits at both the linguistic and non-linguistic
level (case 2). The first patient presented a significant hypoper-
fusion of the left inferior medial frontal regions as the result of
cerebello-cerebral diaschisis reflecting the loss of excitatory im-
pulses from the cerebellum to the supratentorial areas
subserving the planning and organisation of motor and non-
motor linguistic and non-linguistic processes, including articu-
lation. For the second patient, no SPECT data were available.
Speech production, and more particularly speaking with a mo-
notonous voice, has not only been associated with right but also
with left cerebellar hemisphere activations in overt and covert
speech tasks [56]. The differential resolution of the aphasia
selectively affecting the non-native languages in this patient,
in combination with the attested left cerebellar damage, could
be related to the theories of the more bilaterally distributed
speech and language networks—possibly also those mediating
prosody in particular—in bilinguals and polyglots. More right
hemisphere structures are recruited in polyglots when they
speak non-native languages. These regions are structurally con-
nected with the contralateral left cerebellar hemisphere. In our
patient, a reduction or even loss of excitatory impulses from the
left cerebellar hemisphere due to stroke might have induced
functional disruption of the right cerebral regions crucially im-
plicated in non-native language production [57, 58].

From a pathophysiological perspective, FAS has also been
related to an impaired position of vocal tract or increased
tension [59, 60]. If increased tension would be one of the
primary instigators of FAS-like speech, then this could be an
argument in favour of FAS as an executive disturbance: theT
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increased muscle tone can be an upper motor neuron sign
which characterises patients with (spastic/pseudobulbar) dys-
arthria. This would constitute an Borganic explanation^ for
FAS. However, current patients both presented with dysarthria
types associated with muscle tone weakness: paralytic dysar-
thria and ataxic dysarthria. This explanation does not seem
applicable for current patients. Particularly interesting is the
neurocomputational viewpoint on FAS.

Tomasino et al. [61] argued that the deficits of FAS patients
are due to deficient sensory feedback (in the case of primarily
subcortical damage) or feedforward (in the case of cortical and
perilesional subcortical damage) control mechanisms. They ex-
plain deficits in the context of the DIVA-model (i.e., Directions
into Velocity of Articulators) [62, 63]. The model describes
speech production as relying on two subsystems: a feedforward
control system and a feedback control system. Applied to
speech development, the model can be explained as follows:
the phonemes that were acquired at an early age are stored in
speech sound maps in the inferior frontal gyrus and are directly
linked to articulator positionmaps stored in the ventral premotor
cortex; together they form the feedforward control loop. Via the
feedforward control, one is aware of the phonological results of
set of motor programs (predictive component) which are trans-
ferred to the articulator position and velocity maps. When the
initiation maps in the (bilateral) supplementary motor area
(SMA) become active, these commands are released. In these
commands, the position of the different articulatory variables
(jaw height, tongue height, tongue shape etc.) are encoded,
which are translated into movements of the vocal tract. The
speech sound maps define the auditory and somatosensory tar-
get maps in the feedback control system. When speech is artic-
ulated, the somatosensory and auditory-perceptual awareness,
mediated by subcortical nuclei, activates the feedback control
loop, which allows for an update of the feedforward loop and
the correction of the articulatory encoding to achieve targets
correctly. If the deficits in FAS are explicable, even partly, in
the context of the DIVAmodel, then a role for the cerebellum—
affected in both patients—is not inconceivable. The cerebellum
plays an important role in Bthe learning and maintenance of
feedforward motor commands^ [63, p. 11]. Since it stands in
close connection to the motor areas on the one hand, and on the
other hand receives input from the somatosensory cortex and
auditory areas [64], it is attributed a cardinal role in feedforward
motor control via supposed feedbackmotor learning in response
to amiscalibration of intendedmovement or execution of targets
[64]. These feedforward projections are hypothesised to also
include the basal ganglia (axons in the dentate nucleus in the
cerebellum project to the contralateral (motor) cortex via the
thalamus). This is reconcilable with the theories of Reeves
and Norton [65], Blumstein and Kurowski [66], Schiff et al.
[67] who claim that FAS is due to a disruption of the cortico-
striatopallidal-thalamic pathways. Thus, the rhythmic distur-
bance can be consistent with a defect in the predictions

(feedforward control) exerted by the cerebellar circuitry. This
could then also serve as an explanation for the semiological
resemblances between FAS and AoS, and by inference FAS,
AoS, and ataxic dysarthria. The hypothesis of errors in predic-
tions leading to compensatory substitution mechanisms by the
unaffected cerebral areas (including the cerebellum itself) could
be put forward. From a cognitive perspective, FAS has been
viewed as the result of an impairment in distinguishing between
a direct and indirect speech encoding route [68]. The results of
the SPECT scan for the first patient demonstrated disturbed
physiological communication between the cerebellum and fron-
tal regions, which are responsible for speech planning and pro-
gramming. For the second patient, the left cerebellar hemisphere
was damaged. Here, a maladaptive compensation under the
form of an aberrant recovery process [69] or an overcompensa-
tion mechanism, as reported when the inhibitory signals from
the cerebellum are affected, could also be considered [70]. A
maladaptive compensation from the part of the contralateral
cerebellar hemisphere, exerting distance effects on the frontal
cerebral areas (including for instance) the motor cortex, might
be hypothesised. The precise roles of (a) the olivo-cerebellar
pathway, a second major inflow tract to the cerebellum with a
major role in pace-making activity, and (b) the projections from
the cerebellar cortex to cerebellar nuclei remain undetermined.
However, these explanations are reminiscent of the case de-
scribed by Cohen et al. [25] who described a 58-year-old wom-
an who developed FAS after an MCA stroke affecting the left
frontoparietal lobe. The authors dwell on how the sudden re-
mission after a second cerebellar stroke in the right inferior
posterior lobe can be explained. Cerebellar-parietal connections
have been argued to underpin phonological storage, although its
exact role remains unclear [71, 72].

In conclusion, it seems that a disruption of the cerebro-
cerebellar circuitry following a right pontine lesion and left
cerebellar lesion in the posterior lobe, exerting remote func-
tional effects in the cortical areas subserving planning and
organisation, may play a foremost important role in the path-
ophysiology of FAS following posterior fossa lesions. Several
hypotheses have been formulated as to how this damage may
be related to the onset of FAS. These explanations were not
mutually exclusive. It was argued that FAS can be the conse-
quence of disturbed feedforward and/or feedback speech con-
trol mechanisms. The cerebellum has been hypothesised to
play an important role in feedforward speech control via pro-
jections to the frontal cortex. This is relatable to earlier theo-
ries claiming that FAS is the result of a disruption affecting the
cortico-striatopallidal-thalamic pathways [66–68]. These the-
ories might explain FAS in the first case: as demonstrated by
SPECT, damage to the crossed ponto-cerebellar pathway (in-
flow tract to the cerebellum) induced (pre)frontal dysfunction.
On the other hand, the possibility of maladaptive compensa-
tion from the part of, possibly, the contralateral cerebellum
could be related to the FAS characteristics in case 2.
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However, this patient was a polyglot. Hence, the impact of the
left cerebellar hemisphere lesion on the speech and language
in this patient should also be considered in the context of a
more bilaterally distributed language network in polyglots.

In future studies on FAS, DTI and/or fMRI experiments
may be a relevant addition with a view to investigate (possibly
disrupted) (bi-hemispheric) network activity, as well as fiber
tracts. This will allow researchers to hypothesise on FAS prog-
nosis and possibly also on whether the semiological resem-
blance with (ataxic) dysarthria or AoS is grounded on a shared
neural and/or neurophysiological substrate.
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