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Symptoms of limb apraxia and executive dysfunctions are currently not explicitly considered by the National
Institutes of Health Stroke Scale and, thus, not routinely tested by clinicians in the acute care of patients with sus-
pected stroke. Neuropsychological testing, clinical examination, MRI, and functional magnetic resonance imaging
(fMRI) were performed in a right-handed patient with acute onset of left-sided sensorimotor hemiparesis due
to a right hemisphere ischemic stroke. Deficits in the execution of meaningless and meaningful gestures were
not detected properly on initial clinical examination but were revealed later on through neuropsychological test-
ing. Instead, the patient’s inability to respond to specific instructions in the acute care setting was mistaken to
reflect severe deficits in auditory comprehension. fMRI revealed right-hemispheric localization of language in the
right-handed patient. We suggest including a bedside test for limb apraxia symptoms in acute clinical care of stroke
patients. The distinction between deficits in limb praxis and impairments of language can be complicated owing to
the common hemispheric co-localization of the two functions.

Keywords: Aphasia; Limb apraxia; Stroke fMRI; Bedside test.

In the care of patients with suspected stroke
not only motor and sensory symptoms but also
neuropsychological deficits should be examined
early in the course of the disease in order to
improve acute stroke treatment and neuroreha-
bilitation care affecting long-term outcome. The
National Institutes of Health Stroke Scale (NIHSS)
is the most commonly used standardized neuro-
logic examination tool for detecting and quantify-
ing different neurological and neuropsychological

impairments in stroke patients (Odderson, 1999).
In contrast to aphasia and visuo-spatial neglect, a
routine screening test for symptoms of limb apraxia
is currently not part of the NIHSS. Apraxia might
therefore not be detected and could result in misin-
terpretations of other clinical aspects addressed by
the NITHSS. Proper diagnosis of limb apraxia, how-
ever, is important because of its negative impacts
on daily life activity (Hanna-Pladdy, Heilman, &
Foundas, 2003).
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Limb apraxia comprises a rather diverse range
of disorders of skilled movement which cannot be
accounted for by an elementary motor or sensory
impairment or cognitive deficit (Goldenberg, 2008,
2009; Pearce, 2009). Early theory-based classifica-
tions of limb apraxia seem to be ill-defined and not
based on sufficient empirical evidence. Neither do
they find a consistent use among researchers and
clinicians (Goldenberg, 2008). Therefore, recent
clinical and basic research on limb apraxia has
focused on specific behavioral impairments that
are consistently addressed as symptoms of limb
apraxia (e.g., imitation of meaningless and mean-
ingful gestures, gestures on command, tool use)
instead of theoretical constructs like ideomotor ver-
sus ideational limb apraxia.

We here present the case of a right-handed
patient who showed severe impairments in the imi-
tation and instructed execution of meaningless and
meaningful gestures with his upper limbs and also
the use of everyday tools. For the sake of brevity
we will refer to this combination of symptoms as
limb apraxia in this report. The patient’s consis-
tent inability to respond adequately even to simple
instructions in the acute clinical situation was ini-
tially misdiagnosed as sensory aphasia as a conse-
quence of right hemisphere stroke.

CASE

A 53-year-old right-handed man presented to our
stroke unit with suspected stroke. On examination,
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he was alert showing a brachiofacial hemiplegia
of the left side. Furthermore, he apparently pre-
sented sensory and motor impairments of language
and was not able to follow verbal instructions
or to respond verbally himself (NIHSS: 12). CT
and CT perfusion scanning revealed delayed and
decreased perfusion in the territory of the right
middle cerebral artery (MCA). The CT angiogram
showed an occlusion of the MCA on the M1 seg-
ment. Recanalization was achieved by endovascu-
lar thrombolysis starting 2.5 hours after onset of
the first symptoms. Control MRI scans on day
4 revealed demarcation of the infarcted territory
emphasizing large parts of insular and parietal
cortex and basal ganglia of the right hemisphere
(Figure 1A, C).

In the following days, the left-sided hemiple-
gia improved and spontaneous speech recovered
fully. He did not show any relevant phonological
or phonetic impairments of speech production
that would indicate aphasia or apraxia of speech.
However, auditory comprehension still seemed to
be severely impaired. In conclusion, the patient
was in all respects treated as a non-communicative
patient. The unusually clear discrepancy between
unimpaired spontaneous speech and dramatic
deficits in auditory comprehension eventually
raised doubts on the diagnosis of sensory aphasia.
Sensory aphasia is usually associated with flu-
ent, but severely disorganized speech production
(Hillis, 2007). Indeed, detailed neuropsychological
assessment showed a severe impairment in the
imitation and pantomime of meaningless and

Figure 1. Anatomy of the lesion and fMRI ROI results. (A) Individual normalised rendered T1 scan with overlays of BA45 (blue) and
the lesion (red). The slices that are shown in C are indicated. (B) The signal changes of the language lateralization task for left and
right BA45 and BA45 without the lesion. (C) Six single horizontal slices are shown indicating the lesion (red) and BA45 (blue), i.e., the
ROI for the fMRI analysis. The z-values are indicated at the top in MNI-coordinates and Tailarach space. The bottom row shows the
corresponding T2 fluid-attenuated inversion recovery (FLAIR) slices. [To view this figure in color, please visit the online version of this

Journal.]
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TABLE 1
Neuropsychological assessment 14 and 69 days post-stroke

14 days post-stroke 69 days post-stroke

Limb Apraxia Tests
1. Meaningless imitation (Goldenberg, 1996)
e Right hand
e Left hand
e Right fingers
e Left fingers
2. Pantomiming (Goldenberg, Hermsdorfer,
Glindemann, Rorden, & Karnath, 2007)
3. Pantomiming after visual presentation of objects'
4. Actual object usage?
5. Complex object usage’
Aphasia Tests
1. Bedside Screening (Weniger, 2006)
Repetition of speech
Reading aloud
Naming
Depicting
Writing
Auditory comprehension
e Visual comprehension
Executive Tests
1. Wisconsin Card Sorting Test*
e Total errors
e Perseverative errors
e Categories achieved
2. Trail Making Test-A/-B

3. Tower of London (TL-D)
Neglect Tests ( Rorden & Karnath, 2010)
1. Letter cancellation
o Left
e Right
e CoC-value
2. Bells cancellation
o Left
e Right
e Coc-value
3. Copy task

12/20 20/20
12/20 18/20
18/20 19/20
13/20 19/20
15/55 43/55
- 11/15
2/7 15/15
- 4/4
6/10 10/10
6/6 6/6
8/8 8/8
8/10 9/10
6/6 5.5/6
8/8 6/8
7/8 5/8
Below average Below average
58% 49%
34% 35%
0/6 1/6
- (A)z=10.98
B)z=-0.8

— 12/20 (percentile rank: 6%)

22 28
29 30
0.094 0.034
12 13
10 15
—0.083 0.044
1 0 (but spatially conspicuous)

IFifteen objects were visually presented on the table out of peripersonal space: comb, key, hammer, screwdriver, cup,
wooden saw, pen, spoon, screw-wrench, toothbrush, paint-brush, scrubber, watering can, rubber, knife.

2In the first examination, seven objects were used: wooden saw, hammer, comb, pen, key, screwdriver, cup. In the second
examination, the same fifteen objects were used as for pantomiming after visual presentation.

30pening and closing a padlock with a key; drinking a glass of water where a crown cap had to be opened first; preparing
a letter to be sent, preparing coffee with a standard filter coffee machine.

4The whole set contains 128 trials. In the first measurement 71 trials were performed, in the second measurement
115 trials due to reduced resilience. Therefore, the percentage of errors is calculated to compare them to group means
of a normative sample (cutoff for total errors: 19%; cutoff for perseverative errors: 13%).

meaningful gestures as well as in the actual usage
of objects and tools (Table 1). Additionally, the
patient showed noticeable impairments in execu-
tive tasks producing perseverative responses and
demonstrating inefficient conceptualization. These
impairments of executive functions together with
severe limb apraxia are indeed sufficient to explain

persistent problems to follow even simple verbal
instructions with simultaneous full remission of
spontaneous speech production.

During a follow-up neuropsychological assess-
ment 9 weeks post stroke after rehabilitation
training, the patient clearly demonstrated major
improvements of limb apraxia and also in following
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verbal instructions, although still presenting
residual symptoms mainly during pantomiming
(Table 1).

fMRI measurement

A functional magnetic resonance imaging (fMRI)
study using a word generation task for detecting lat-
eralization of language was conducted 69 days after
stroke (see e.g., Chlebus et al., 2007). We used a
block design with active tasks alternating with peri-
ods of rest, each block lasting 30 seconds. Twelve
blocks of word generation were performed within
two sessions. The patient silently generated as many
words as possible, beginning with a letter that was
visually presented. The task was practiced before
scanning verifying that the patient understood the
task and performed it accurately. During the rest
periods, the patient simply relaxed. We conducted
a region-of-interest (ROI) analysis for signal lev-
els in Brodmann area (BA) 45. The definition of
this region was derived from a combination of
the patient’s individual anatomy with a standard-
ized histological definition (Amunts et al., 1999).
This ROI analysis showed higher right-hemisphere
signal changes during the active task in the patient
(Figure 1B). Since part of BA45 overlaps with the
lesion of this patient, the signal changes as well as
the lateralization indices were calculated for both
the original ROI covering the complete BA45 and
a modified ROI where BA45 was masked with the
lesion. The lateralization index (classical MRLI =
(L-R)/(L+R)*100 (+100 = strong left hemisphere
dominance; —100 = strong right hemisphere domi-
nance; see Chlebus et al., 2007)) for an uncorrected
threshold of p = .001 yielded an MRLI = -21 for
the original ROI and an MRLI = -22 for the ROI
without lesion. When corrected for multiple com-
parisons (FWE, p = .05), the functional analysis
yielded an MRLI = -32 for both the original and
the modified ROI, altogether suggesting an atypical
language lateralization in this patient.

DISCUSSION

We present the case of a right-handed patient with
left-sided sensorimotor hemiparesis and persisting
symptoms of limb apraxia due to a right-
hemisphere ischemic stroke. Critically, limb apraxia
was not detected initially by standard clini-
cal examinations, which are essentially based on
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the widely used NIHSS. Therefore, any follow-
ing examinations were biased by the assump-
tion of a severe aphasia instead and the patient
was addressed and treated as non-communicative.
In emergency care this is rather unfortunate since
immediate therapeutic decisions such as thrombol-
ysis may not be discussed with the patient himself
when an impaired auditory comprehension is mis-
conceived. So the patient is not involved himself
in the therapeutic decisions with all consequences.
Furthermore, decisions in targeted rehabilitation
would depend crucially on a distinction between
limb apraxia, executive dysfunctions, and sensory
aphasia early in the acute phase of stroke. Based on
our experience, we presume that limb apraxia and
executive dysfunctions mimicking aphasia in acute
ischemic stroke is an underestimated problem. The
reasons are 2-fold. First, since the NIHSS does not
include tests assessing limb apraxia but attributes
any noticeable problems of auditory (i.e., instruc-
tion) comprehension to aphasia, limb apraxia is
often not diagnosed. Supplementary tests for limb
apraxia fitting to the particular needs of emergency
care settings have not been used consistently so far.
Second, neural networks supporting praxis overlap
with language circuits.

Recently, a new bedside test was established
allowing reliable and valid assessment of limb
apraxia within minutes based on the test for upper-
limb apraxia (TULIA) (Vanbellingen et al., 2011).
The Birmingham Cognitive Screen, lasting around
1 hour, is not a test for the acute setting but pro-
vides a novel cognitive profile across a range of
cognitive processes, amongst others also for praxis
functions (Bickerton et al., 2012). In individuals
with speech or language disorders, the Apraxia
Battery for Adults (ABA-2) can be used for the
diagnosis of limb apraxia when administered by
experienced speech-language pathologists (Dabul,
2000). There are also standardized tools available
to estimate the influence of apraxia on daily routine
(Schwartz, Segal, Veramonti, Ferraro, & Buxbaum,
2002). We suggest that these tests should find a
wider use in stroke assessment. Additionally, future
versions of the NTHSS should explicitly incorporate
the imitation of meaningful and meaningless ges-
tures. Testing imitation only would obviously not
cover the full range of limb apraxia symptoms. Yet,
the nonverbal nature of these tests would allow for
an evaluation of a patient’s performance even in the
presence of sensory aphasia.

In the majority of humans, language and praxis
functions are both controlled dominantly by the
left hemisphere (Bryden, Hecaen, & DeAgostini,
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1983). In dextrals, the left hemisphere is assumed to
be dominant for language in around 85% (Bryden
et al., 1983). The lateralization for praxis is less
clear due to the considerable variety of symp-
toms and test procedures associated with the con-
cept of limb apraxia but is usually assumed to
coincide with speech lateralization (for a detailed
overview please see Goldenberg, 2008). Indeed, the
laterality of parietal representations for gestures
is predictive for the laterality of frontal repre-
sentation for language (Kroliczak, Piper, & Frey,
2011). As shown with the fMRI language lateral-
ization task, this phenomenon is exactly observed
in our patient, although his initial aphasic symp-
toms were sparse and regressed rapidly. The case
reported here is remarkable due to coincident right-
hemispheric localization of both language and
praxis in a right-handed patient. There are only few
case studies presenting right-handed patients with
apraxia and aphasia after right hemisphere stroke
(e.g., Rapcsak, Gonzalez Rothi, & Heilman, 1987).
This report is the first demonstrating lateralization
of language in such a right-handed patient using
fMRI.

In conclusion, we strongly suggest conducting
a concise screening for limb apraxia symptoms
even in the acute stage. Such a screening could be
confined to a short test of the imitation of few
meaningful and meaningless gestures. The atypical
lateralization pattern in this patient reminds us to
focus on overt behavioral impairments that seem to
be unlikely to occur in a particular case.

Manuscript received 21 November 2011
Revised manuscript received 15 October 2012
First published online 3 January 2013
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