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Abstract —A 2-[1$F]-TFluoro-2-Deoxy-D-Glucose ({'**FIFDG) and positron emission lomography
{PET} study was performed in the acute and chronic phasc of stroke in one patient with unilateral
neglect due to a right hemispheric Jesien. Tn the acutc phase, severe neglect, as well as
hypometabolism in both the right and in the left vnaffected cerebral hernisphere, was demonstraled.
Atfollow-up evaluation the patient showed an almost complete recovery from unifateral neglect. This
was associated with a return of left hemisphere metabolism to normal vatues and partial metabolic
recovery in Lhe right hemisphere, where frental and parietal areas remained functionally impatred.
Anather patient with an extensive right cerebral ischaemic lesion on CT and severe unilateral neglect
was studicd by PET in chronic phase. A severe metabolic depression in the left unaffected hemisphere
and in the right cerebral areas spared by the lesion, was found. These data suggest that the remission
of unilateral seglect might be associated o a functional metabolic recovery in both the undamaged
left hemisphere and the unaffected regions of the right hemisphere.

INTRODUCTION

LUINILATERAL SPATIAL neglect is typically produced by damage of the right cerebral hemisphere.
The lesions, as assessed by pathological examination or CT scan, most frequently involve the
inferior parictal lobe, but neglect may also occur after frontal or subcortical damage [33]. In
most stroke patients neglect recovers over time. The size of the right-sided lesion is the main
anatomical predictor of improvement: the smaller is the right-sided lesion, the better is recovery
[16, 217. A few studies using functional imaging methods for measurement of cerebral blood
flow and metabolism have been recently performed in neglect patients with subcortical vascular
lesions [2, 7, 27]. In these reports, the main finding, by means of a semiquantitative right/left
hemispheric assessment, was a functional derangement (reduced blood flow or metabolism) in
the cortex ipsilateral to the lesion, which appeared normal on CT. The follow-up study of
VALLAR et al. [34] has shown thal in patients with vascular right subcortical lesions,
spontancous recovery from neglect parallels the reduction of hypoperfusion, measured by
SPECT, in the undamaged cortical regions of the right hemisphere. These few available data
from neglect patients suggest, therefore, that a possible neural mechanism of recovery involves
restoration of function in the undamaged regions of the right hemisphere. Studies in the monkey
have shown that also the hemisphere contralateral to the lesion which has produced neglect
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may be involved in the recovery processes [11, 19, 36]. However, no guantitative data on
regional cerebral function of the left hemisphere in behavioural recovery are available in man.

We measured glucose metabolism by 2-[1*F]-Fluare-2-Deoxy-n-Glucose ([ ¥ FIFDG)and
positron emission tomography (PET) in lwo paticnts with unilateral neglect duc to a right
cerebrovascular lesion. One patient was studied longitudinally, in the acute and chronic phase,
the other 4 months after the onsct of stroke.

MATERIAL AND METHODS

Neuropsychologicol assessment

Visuo-spatial neglect was assessed by the following tasks: {1} cirele cancellation [3]: (2) letler cancellation { 13]; (3)
sentence reading; (4] Wundt Jastrow illusion test [ 22]. In thecancellation tasks the patients were required to cross-oul
left- and right-sided targets by making use of the right hand. In the reading task the patients had (o read aloud 10
newspaper headlines. Normal subjects have an errorless performance in the circle cancellation and reading tasks, while
aeplect patients typically make leff-sided omission errars. In the letter cancellation task the maximum differcnce
belween left- and right-sided vmission ecrors s 4 [22]. In the illusion lest the patients were required (o judge whether
two black fans are or are not equal in length. The illusional elfect, whereby one fan appears longer, is produced by
either the left or the right half of the fan. Neglect patients fail to show the normal left-sided iBusion cficct.

PET method

[**F]FDG PET studies were performed in resting state using 4 four ring whole-body positron emission lomograph
(Siemens/CPS, 931-04/12}. The scanner allews the simultancous acquisition of data from seven axial planes ifour
direct and three cross planes), slice thickness 6.75 mm, covering an axial leld of view (FOV) of 5.4 ci. The image
spatial resolution for a linc source in air, positioned in the centre of the field of view, was 6.1 Full Width at Half
Maximum {FWHM)} [31]. A transmission scan was taken, using ring sources of "*Ge, 1o measure atlenuation in the
scanned cross-sections for later usce in atfenuation correclion. Palients were positioned on the scanning bed, with Lhe
head symmoetrically aligned aleng the orbitomeatat ling, resting in an individually-made rigid polyurethane foam head
mould. Putients were studied with open eves, 1 a darkened, guiet room. Acquisition protocol consisted of blank and
transmission scans for attenuation correction, tracer injection, and emission scan in the steady state condition. 250-300
MBq of | '*F] FDG were injected as a bolus, followed by a rapid arterial blood sampling to abtain the arterial input
function. Arteriul blood samples were collected every 2 3 secin thefirst minute, thenaut 1.5,30,5.0.7.5, 10, 15,25, 35.45
and 65 min from the injection time. Forty-five minutes from the tracer injection (steady state), lwo spatially consecutive
emission scans (10 min cach), nceded to cover the whole brain, were acquired by an automatic software control of the
bed position. Fourteen axial slices, paraliel to the orbito-meatal line, wers thny obtained. The blooad samples were
centrifuged for plasma separation and the radioactivily in the plasma was measured using u sodium iodide well counter,
[mages were reconstructed using a filtered back-projection algorithm with a Hann filter {cut-off frequency 0.3
cycles/pixel). The imapes were zoomed by a factor 3, resulting in an effective pixel size of 1.57 mm. Values of local
cerebral metlabolic rate of glucose (LCMRGle) were caleulated acvording o a model based upon the autoradiographic
technique prospocd by SokoLorr e al. [30] and revised by REIvicH er al. [29] for human PET studies.

Data analysis

Reconstructed images were analysed on SUN (SPARC) work stations. Image processing was performed with
Analyze software (BRU/Mayo Clinic), Numerical data were abtained using circular regions of interest with a diameter
corresponding to 1.5 FWHM (9.6 mm), manually drawn on all cortical and subcortical structures. Average values of
LCMRGle were caleulated from the muitiple ROIs included within the major anatomical subdivisions, which were
identified making reference to an anatomical atlas [12]. These average values, corresponding to the 34 anatomical
regions listed in Tahle 2 were used for statistical analysis. The same atlas was used Lo identify on the CT scuns the
damaged arcas, These were excluded from the PET data analysis since reliable measures of glucose consumplion are
prevented by methodologival problems related to LCMRGle modelling in structurally damaped areas, such as in the
case of infarction [3].

The LCMRGIc values of patients in acute and [ollow-up stages were compared with cantrol ¥alues in seven normal
subjects (age 51.28 { 12.53). For cach anatomical region. averaged LCMRGle in neplect patients were considered
pathological when outside 2 §.D. from averaged 1.CMRGle of normal controls. The LCMRGle values of Case 1 were
submitled 1o an analysis of variance with two within-subject factors: time of assessment (initial and follow-up PET
study) and hemisphere (right and left). In Case 1 the pulamen and caudate structures were exciuded from the analysis
due to the presence of a right hemispherc haematoma. The cerebelium was not included due te the presence of
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contralateral diaschisis. ln Case 2, the amount of cerebral metabolic involvement was evaluated according to the
number of regions of interest with LCMRGic outside 2 S.D. [rom normal values.

Cuse reports

Case 1. A 65-year-old woman, with a long-lasting medical history of hypertension, was
admitted to hospital on 4 March 1990, after the sudden onset of weakness of the left limbs. She
was alert and co-operative. A neurological examination showed a left hemiplegia with
increased deep tendon reflexes, left herianaesthesia for touch and pain, and left homonymous
hemianopia. The patient had 5 yeurs of schooling, was right-handed on the Oldfield
questionnaire (12/12), [25], and had no family history of left-handedness. A CT scan
performed on the day of admission revealed a hyperdense lesion involving the right basal
ganglia and internal capsule, interpreted as a cerebral haematoma (Fig. 1). No abnormalities
were detected on doppler sonography. The patient was not aware of her neurological deficits
and showed mild personal ncglect. When tested for hemispatial neglect, 2 days later, she
showed extrapersonal neglect in a number of visuo-spatial tasks (Table 1). The same day she
underwent a ['®*FJFDG PET study for the evaluation of regional cerebral metabolic rate of
glucose (LCMRGlc). In this acute stage, an extensive reduction of metabelism in both cerebral
hemispheres, more severce in the right affected side (with values below 2 8.D. the mean normal
average of LCMRGiIc) was demonstrated (Table 2; Fig, 2A).

A follow-up examination was perlormed 8 months later. The patient completely recovered
from hemianaesthegsia; hemignopia was no longer present, but visual extinction to double
simultanecus stimulation was found. The motor deficit improved both in the upper and the
lower limbs. Recovery from visuo-spatial neglect was virtually compilete, with a minor residual
deficit in the ietter cancellation test (Table 1). Personal neglect and anosognosia were no longer
present, A control CT scan showed a hypodensc lesion in the right basal ganglia,
corresponding to the outcome of the haematoma. Recovery of the bilateral cerebral metabolic
depression was demonstrated on the second PET study (Table 2; Fig. 2B). LCMRGle values
below the cut-off score were still present in the right fronto-temporo-parietal areas, while an
almost complete recovery of hypometabolisrn was demonstrated in the left, unalfected
hemisphere. The analysis of wvariance showed significant main effects of hemisphere
[F=104.15, df =1,30, P<0.0001] and of time of asscssment [F=39.98, df =1, 30,
P < 0.0001]. The interaction was also sighificant [F=21.13,d.f.=1, 30, £ <0.00017]. This was
explored by a test of simple main effects. The dilference between the two hemispheres was
significant both at the first [F=150.42, d.f.=1, 30; P<0.0001] and the second [F=71.32,
d.f.=1, 30, P<0.0001] PET study. The difference between the two assessments was significant
both in the right [F=6.41, df.=1,30, P<0.017] und in the left [F=69.50, d.f. =1, 30,
£ <0.0001] ccrebral hemisphere. In right hemisphere the regions with LCMRGIe values
(ml/100 g/min} below the 2 S.D. cut-ofl score were 32/32 in the first and 25/32 in the second
PET cxamination [x2=786, df.=1, P=0.005]. In thc left hcmisphere, the regions with
LCMRGlc values below the cut-off were 26/34 in the first and 7/34 in the second PET study
[¥*=2125;d.L=1; P=0.001].

Case 2. A 67-year-old man, with 17 years of schooling and a medical history of heavy
smoking and untreated hypertension, suddenly developed a left-sided hemiparesis in
September 1990 and was admitted to hospital. The patient was right-handed (12/12) at the
Oldfield questionnaire [21]. A neurological examination revealed a left homonymous
hemianopia, lcft supranuclear facial palsy and left hemiplegia. Touch and pain sensation
were abolished on the left side and a steady right-sided deviation of the head and gaze was
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also present. A large hypodense lesion corresponding to a cerebral infarct involving the right
middle and posterior cerebral artery territory was found on CT scan. A neuropsychological
cvaluation revealed a severe extrapersonal visual negiect (Table 1). A mild anosocgnosia for
hemiplegia was present.

At a 4-month follow-up examination the neurclogical deficits were unchanged. A large
right cerebral hemispheric lesion, sparing the anterior cerebral artery territory, was
confirmed on a control CT scan (Fig. 3). A neuropsychological gvaluation showed the
persistence of severe visuo-spatial neglect (Table 1). The patient was submitted to a
("*F]FDG PET study, which revealed a severe and widespread metabolic reduction in the
left hemisphere and in the right frontal, unaffected regions: the left hemisphere regions with
metabolic values below the cut-ofl score were 32/34 (Table 2).

DISCUSSION

Studies using PET and SPECT in patients with cerebrovascular disease huve revealed a
reduction of cerebral perfusion or metabolism in undamaged cerebral regions remote from
the structural lesion [3]. The term "diaschisis”, originally proposed by vox Monakow [24]
on a clinical basis, is currently used to describe these distant effects attributed Lo neural
deafferentation [15]. A few studies also investigated the relationships of this functional
cerchral involvement with ncurelogical and neuropsychological deficits {9, 23, 26-28].

The present cases show different metabolic patterns associated with different courses of
spatial neglect. Case 1, who has a comparatively small subcortical lesion, displays a
substantial, aibeit not complete, recovery from neglect and neurological deficits. These
behavioural changes were paralleled by an almost complete normalization of the severe
hypometabolism. which, in the acute phase, was present both in the left and right
hemisphere. The second PET study showed, however, a persistent hypometabolism in areas
which belong to networks involved in spatial representation, such as the right fronto-parietal
and thalamic regions [32]. A parallel between behavioural recovery and reduction of
hypometabelism in the hemisphere contralateral to the lesion has not been reported so far.
On the other hand, the observation of a reduction of diaschisis in the unaffected right
occipital and temporal areas in Case 1 is consistent with previous findings, which have
suggested a role of the undamaged regions of the right hemisphere in the recovery processes
[34]. The complete recovery of glucose metabolism in the right primary visual arcas parallels
regression of hemianopia {see comparable data in Ref. [8]}. Case 2, who has an extensive
cortico-subcortical lesion, associated with persistent neurological deficits and severe neglect,
showed a profound metabolic depression, involving not only the right cerebral areas spared
by the lesion (27, 34], but also the whole of the left hemisphere.

The results in our patients suggest, thercfore, that restoration of metabolism not only in
the undamaged regions in the right hemisphere, but also in the left hemisphere, may
contribute to recovery from spatial neglect.

Animal experiments provide support for the view that both the contralateral and the
ipsilateral damaged hemisphere are involved in the recovery processes. CROWNE et al. [11]
found that lesions of the frontal eye field produce a contralateral visuo-motor deficit, which
recovers over time. A successive callosal section brings about a worsening of the deficit,
suggesting a role of the undamanged hemisphere, via the callosal commissures, in the recovery
process. However, the deficit produced by the callosal section also lessens over time. This
suggests that the intcgrity of the callosal pathways is not crucial for recovery, which is likely to
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Fig. 1. Case |. CT images showing a capsulo-lenticular hacmatoma.

Fig. 2. Case 1. (A) ['®F]FIXG PET (axial slices) in acute phase showing bilateral cerebral
hypometabolism, more severe in the right atfected hemisphere. (B} ['*FIFDG PET in chronic phase
showing the complete metabolic recovery in the left hemisphere and in the posterior cortical areas of
the right hemisphere, where residual hypometabolism is present in the frontal and parietal regions.
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Fig. 3. Case 2. CT images showing a larpe ischaemic lesion involving the right middle cerebral artery
territory and the right occipital lobe.
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Table 1. Case 1. (A) Performance in tasks assessing visuo-spatiai neglect
in the first (I} and follow-up {II) assessments. The scores are left-sided
errors, The patient did not make right-sided errors. (B) Contralateral
(left) neurologica! deficits on a standard neurological examination [4].
Score: 0 (normal), 1/2/3 (mild, moderate, severe deficit). In the case of
somatosensory and visual half-ficld deficits score 1 indicates contra-
lateral extinction to double simulianeous stimulation. (C) Anosognosia
for motor and visual half-field deficits; scare 0-3 (absent-to-severe) [6];
n.c.: not examined due to recovery from the neurological deficit

Case I. Test T 11
(A) Visuo-spatial neglect
Circle canceliation 3/6 0/6
Letter cancellation 31/53 7/53
Sentence reading 310 0/10
Wundt-Jastrow illusion test 6/20 0720
(B) Neurological deficit
Motor
Upper limb 3 2
Lower limb 3 2
Somatosensory
Upper imb 3 0
Lower limb 3 0
Visual half ficld
Upper quadrant 2 i
Lower quadrant 3 1
(C) Anosognosia
Motor deficit
Upper limb 3 0
Luower limb 3 0
Somaltosensory deficit
Upper limb 3 ne.
Lower imb 3 n.c.
Case 2, Test I 11
{A} Visuo-spatial neglect
Circle cancellation a/6 6/6
Letter cancellation™® 91,104 64104
Sentence reading 30 10/10
Wundt—Jastrow ilfusion test 20,20 20420
{B) Neurological deficit
Motor
Upper limb 3 3
Lower imb 3 3
Somatosensory
Upper limb 3 3
Lower limb 3 3
Visual half ficld
Upper quadrant 3 3
Lower quadrant 3 3
(C) Anosognosia
Motor deficit
Upper limb 1 ]
Lower limb 1 0
Somatosensory deficit
Upper limb 1 Q
Lower limb 1 ]

*In this task the paticnt failed to cross out letters in the left half of the
sheet and in the left portion of the right half of the sheet.
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Table 2. Local cerebral metabalic rate of glucose consumption (LCMRGIe) is expressed in ml/100g/min. The
cerebral regions are labelled according (o Lhe atlas of Damasio and Damasio [12], with the corresponding
Brodmann's areas in brackets

Narmal controls Case 1 Case 2
Ist study 2nd study PET study
Repions LH RH LH RH LH RH LH RH
T1 6.06 {0.80) 5.9% (0.03) 4,07 3.82% 4.74% 3.97* 3.18% 2.80%
2 7.22 {0.94) 7.31 (1.03) 5.08* 4.32% 4.36% 4.26% 4.44%* 2.79*
F3 643 (071 6.28 (0.60) 5.27 4.13% 3.65 4.14* 3.91* 3.09*
I-4 6.21 (0.66) 610 (0.88) 4.37* 143* 5.00 346* 3.55% 2.76*
F3 6537 {0.91) 6.54 (1.02) 4.86 4.18% 5.07 4.858 4.27% 350
F& 6.37 (0.70) 6.51 (0.64) 4.44* 1.66% 5.31 2.70* 4.03* #
7 663 ((L60) 6.50 (0.71) 4.33* 143* 527* 282 4.14* 2.46%
R 6.57 ((.6H) 6.59 (0.67) 4.66* 3.52¢* 577 2.95% 4.43*% #
1l 5.93 (0.62) 589 (0.67) J.8R* 3.02* 4.09% 2.96% 373 2.85*
Iz 5.96 (0.46) 5.88 (0.45) 4.0+ 3.32% 4.47* 3.31% 3.63* 2.71%
Pt 6.14 (0.44) 6.33 (0.61) 4.38% 3.42% 5.45 3.06% 3.948* #
p2 6.48 (0.58) 65.59 {0.65) 4.81* 3.74% 6,04 3.a3* 4.29% #
F3 684 ((1L8Y) H.92 (1.62) 4 18* 3.85% 537 4.02% 4.79* g
P4 7.61 (1.10) 7.534 (0.94) 5.15* 4.45* 593 5.28* 4.64* 3.45%
T3 5.70 (055} 5.69 (0.56) 4. 10% 34a* 495 341% 3.66% #
T4 6.37 (0.63) 6.9 ¢0.60) 4.10* 3.16% 5.20 3.60* 3.88* #
TS 3.0 (0.62) 5416 (0.58) 425 3.36* 4.06 3.90% 3.43* #
T6 5.90 (0.30) 578 (0.52) 4.38* 3.59% 5.68 4.58* 4.16* #
T7 6.53 (0.42) 647 {0.71) 5.52% 4.35% 6.39 4.05% 4.99 #
T8 5.34 (0.46) 5.45 (0.49) 4,51 3.60% 4.80 3.81* 3.98* #
TY 6.24 (0.57) 6.32 (0.53) 4,99* 3.95% 0.11 4.31% 4.30% #
T10 4.49 {04 4.32 (043 3.07* 2.68% 170 347+ 2.98* #
Tl 5.2310.66) 5.31 {0.58) 3.80% 3.40% 5.54 3.81% 3.83% 4
TI2 4.34 (0.57) 4.25(0.23) 3.48 2.36% 4.03 3.24% 3.05% #
01 7.08 (041 690 (0.33) 4.23% 4.34% 5.44* 5.28* 4.26* #
02 7.35(0.92) 7.31 (0.89) 3.19% 4407 6.8% 595 5.13* #
Q3 5.90(0.69) 5.80 {0.69) 4 04 4.03#* 4.8% 5.03 3.95% #
04 06.42 {1.02) .48 (0.80) 4.16% 308% 5.79 517 4.04* #
O3 6.42 (0.97) 6.55{t.13) 4.70 4194 6.30 5.16 4.63 #
0172 7.84 (1.32) 7.62 (1.28) 335 4.82% 7.29 6.22 5.74 #
CAU 6.37 10.539) 6.38 (0.56) 4.95% # 5.30 # 385 #
PUT 6.70 (0.71) 6.70 {0.65) 6.36 # 6.59 # 4.84%* ¥
THAIL 6.32 {0.73) 644 (0.77) 4 .59% 3.20% .45 2.12% 4 40 #
CBL 5.56 (B.68) 5.56 (0.62) 3.35% 4.73* 3.62* 5.30 2.90* 4.69

F1:anterior cingulate gyrus [24]; F2; posterior cingulate gyrus [23, 31]; F3: measial supplementary motor arca
[61; F4: pre-frontal regions [8 10]; F3: mesial relandic regions [1-4]; F6: frontal operculum [44, 45]: F7: pre-
frontal regions [8, 9, 46]; F8: lateral pre-motor {6] and rolandic [1 47 regions; F11: anterior orbital rontal regien
1107 F12: posterior orbital frontal regions [11-13,47]; P1:supramarginal gyrus §407]; P2: angular gyrus [39]; P3,
P4: lateral and mesial superior parictal lobule | 5, 7]; T3: anterior part of middle temporal gyrus | 217; T4d: posterior
part of middle temporal gyrus [37]; TS: anterior part of inferior temporal gyrus [20]; T6: posterior part ol inferior
temporal gyrus [37]: T7: auditory region [41,42]; T8, T9: superior lemporal gyrus anlerior and posterior 1o
audilory region [227]; 110, T11: mesial temporal regions [28. 36]; T12: polar temporal area | 3%]; O1,/2: calcarine
cortex | 17]; OL, 032: infra and supra calcarinc mesial occipital arcas | 18, 19]; O3: temporo-occipital junction
[37. 36]: O4, O5: inferior and superior lateral accipital regions [18, 19]: CAU: caudate nucleus, PUT: putamen:
TEHAL: thalamus; CBL: cerebellum: #: structural lesion.

be mediated by the undamaged regions of the lesioned hemisphere. In line with these findings,
in monkeys with a partially recovered contralateral visual deficit produced by a lesion in the
frontal eye ficlds, a second lesion in the contralateral [rontal eye fields yields a worsening of the
visual disorder [197.

The present observation of a reduced metabolism in the hemisphere contralateral to the
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lesion is consistent with findings in patients with unilateral vascular lesions examined by PET
in an early phase after stroke [1, 14, 17, 18, 20]. In the absence of other variables such as
multiple bilateral lesions, large vessel occlusion, transtentorial herniation or drug effects, the
contralateral functional depression associated with a unilateral lesion has been explained in
terms of transhemispheric neuronal diaschisis [ 14, 18, 207. This interpretation is supported by
the observation that in baboons the anterior section of the corpus callosum produces a
bilateral depression of cortical metabolism, mainly in the anterior regions [37]. The extent of
transhemispheric diaschisis tmay in turn be related to the size of the contralateral lesion: larger
lesions are more likely to disrupt interhemispheric callosal connection, therefore producing a
more severe metabolic depression. In line with this view, Case 2, who had an extensive rigat
cortico-subcortical lesion, showed a major hypometabolism in the left hemisphere, which did
not recover over time. By contrast, in Case 1, who had a right subcortical haematoma, the
cortex was undamaged on CT scan, but a severe reduction of metabolism was shown by PET.
This right cortical metabolic depression may in turn have produced, through callosal
connections, a comparatively minor left hemispheric diaschisis, which recovered over time,
Also the site of the cerebral damage may be relevant; smali lesions, if strategically located to
disrupt the interhemispheric connections, may bring about a severe contralateral hypo-
metabolism (see the experimental callosal sections of YamacGUcHI et al.) [37].

The present study has shown a correlation between clinical and functional parameters:
recovery from hemineglect and neurological deficits parallels the reduction of hypometabolism
in both cerebral hemispheres. In the follow-up study, Case 1 showed neurological recovery and
has & mild residual visuo-spatial neglect. The latter may be related to the persistent
hypometabolism in the fronto-parietal and thalamic regions of the right hemisphere, which are
known to be involved in visuo-spatial functions [27, 337. These fhindings suggest that the
regression of functienal impairment in the left hemisphere contributes to the amelioration of
neglect. However, a complete behavioural recovery requires a total regression of diaschisis in
the undamaged regions of the right hemisphere. Accordingly, in Case 2 the severe diaschisis in
the left cerebral areas, contralateral to a large right-sided lesion, may have prevented the
takeover of neuropsychological [unctions by the left hemisphere.

The present suggestion of a bi-hemispheric contribution to recovery from neglect and
neurological deficits is in line with recent PET [indings in patients with hemispheric vascular
lesions, who recovered from hemiplegia. Finger movements of the contralateral recovered
hand activate a number of bilateral regions (sensorimotor, premotor, and inferior parietal
cortex, cerebellum, ete.). By contrast, movements of the unaffected fingers activate mainly the
contralateral hemisphere [10] (see also Ref. [35]). This suggests thal rccovery of motor
function is mediated by a bilateral ncural network.

Finally, the relative contribution of the two hemispheres may not be fixed, but vary over time.
For instance, the role of the undumaged left hemisphere may be more important in an early
phasc after stroke, when the right hemisphere dysfunction is maximal. In a later recovery stage
the role of the undamaged regions of the right hemisphere may become more and more relevant.
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