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 Deterioration of Hemiparesis after Recurrent 
Stroke in the Unaffected Hemisphere: 
Three Further Cases with Possible Interpretation 
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weighed MRI on admission showed an old infarct in the left 
middle cerebral artery territory, which had caused the origi-
nal right-sided hemiparesis.  Conclusion:  It is proposed that 
the ‘extrapyramidal’ motor pathway in the unaffected hemi-
sphere is associated with poststroke neural reorganization. 
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 Introduction 

 It has recently been suggested that reorganization of 
the central neural system plays an important role in the 
recovery of motor function after stroke  [1, 2] . Previous 
reports have shown evidence of reorganization in motor-
related cortices after stroke, by means of positron emis-
sion tomography  [3, 4]  or functional magnetic resonance 
imaging (fMRI)  [5, 6]  during various motor tasks. Both 
cross-sectional and longitudinal studies have been suc-
cessfully performed to detect the translocation of activa-
tion in motor-related cortices or interhemispheric bal-
ance of activation  [1, 3, 4, 6] . Transcranial magnetic stim-
ulation (TMS)  [7, 8]  and near-infrared spectroscopic 
imaging  [9]  also showed the existence of reorganization 
after stroke. Recently Konishi et al.  [10]  evaluated the 
corticospinal tract (CST) and stroke recovery, using MR 
tractography, but pointed out the technical limitation to 
depict the precise neural tracts.
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 Abstract 
  Background:  The concept of neural reorganization after 
brain damage is already well established, and many previous 
studies have successfully reported the translocation of the 
neural activation in the motor-related cortices during motor 
tasks using functional imaging modalities. Several primate 
and human studies have suggested the formation of newly 
reorganized tracts in the ipsilesional or contralesional hemi-
sphere, but the mechanism for the formation of these tracts 
is still largely unknown.  Methods:  Three acute stroke pa-
tients who presented with abrupt deterioration of their 
right-sided hemiparesis due to the infarcts following a recur-
rent stroke in the originally unaffected hemisphere were 
studied using magnetic resonance imaging (MRI), MR angi-
ography and single-photon emission CT. The relationship 
between the neurological symptom on admission and the 
precise location of the new infarct was carefully investigated 
from the perspective of reorganization.  Results:  Diffusion-
weighted MRI showed a new subcortical infarct in the right 
hemisphere contralateral to the initial stroke in all patients. 
These new lesions involved the thalamus, globus pallidus or 
corona radiata, sparing the area of the internal capsule. T 2 -
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  Based on these previous studies, distinct anatomical 
neural tracts related to the motor system have been 
thought to participate in neural reorganization. The bi-
lateral CST has been proposed to participate in this phe-
nomenon  [1–9] . However, there are no detailed studies on 
the role of ‘extrapyramidal’ tracts in forming the reorga-
nized network after the stroke.

  Subjects and Methods 

 Patients 
 Three acute stroke patients who presented with abrupt dete-

rioration of their right-sided hemiparesis due to subsequent in-
farcts in the originally unaffected hemisphere were studied using 
magnetic resonance imaging (MRI), MR angiography (MRA) 
and single-photon emission CT (SPECT). Each patient was scored 
on the National Institute of Health Stroke Scale (NIHSS)  [11]  and 
the Medical Research Council (MRC) score  [12] . The relationship 
between the neurological symptom on admission and the precise 
location of the new infarct was retrospectively investigated from 
the perspective of reorganization.

  MRI Protocol 
 All examinations were performed on a 1.5-tesla MRI system 

(Signa, GE Medical Systems) with echoplanar imaging capability 
and the use of a standard protocol. Diffusion-weighted images 
[DW-MRI; repetition time (TR) = 5,999 ms; echo time (TE) = 
104 ms; slice thickness = 5 mm; b = 1,000 s/mm 2 ], T 2 -weighted 
images (TR = 4,000 ms; TE = 83.6 ms; slice thickness = 5 mm) 
and MRA (TR = 26 ms; TE = 6.9 ms; slice thickness = 0.6 mm; 
matrix 256  !  160) were acquired. MRA images were processed 
with a maximum intensity projection, 3-dimensional time-of-
flight technique.

  SPECT Imaging Protocol 
 SPECT imaging was performed using a 2-headed rotating 

gamma camera (Millennium VG, GE Medical systems) interfaced 
with a dedicated computer system. Sixty images were acquired 
using a 64  !  64 matrix and a low-energy high-resolution collima-
tor during a 180° rotation. The transaxial slices were reconstruct-
ed using filtered backprojection with a Butterworth filter. The 
patients were allowed to rest in a quiet, dimly lit room and were 
intravenously injected with 111 MBq of  123 I N-isopropyl- p -iodo-
amphetamine ( 123 I-IMP). Imaging was carried out 15–40 min af-
ter the injection of the radiotracer.

  Results 

  Patient 1  
  A 74-year-old right-handed man had residual right 

hemiparesis and conduction aphasia from a brain infarc-
tion that had occurred 11 years before. He had been able 
to walk with a cane until 2 days before admission, when 
his right hemiparesis deteriorated and he became unable 

to walk. On admission the MRC score of the right upper 
extremity was 2/5 and that of the right lower extremity 
3/5. The right limbs were spastic. The deep tendon re-
flexes of the upper limbs were brisk bilaterally, and there 
was hyperreflexia in the right lower limb. A Babinski sign 
was present on the right. There was slight right upper 
 motor neuron facial palsy with dysarthria. The score on 
the NIHSS was 9/42. He did not exhibit left hemiparesis. 
T 2 -weighted MRI on admission showed an old extensive 
infarct in the left corona radiata with some cortical exten-
sion into the left middle cerebral artery (MCA) territory 
( fig. 1 a,  2 a, b). DW-MRI, however, demonstrated an acute 
lacunar infarct in the right lateral thalamus at the junc-
tion of the internal capsule ( fig. 1 b,  2 c). MRA revealed an 
occlusion of the left MCA trunk ( fig. 1 c), and  123 I-IMP 
SPECT performed 3 days after admission showed a 
marked reduction in the cerebral blood flow in the region 
supplied by the left MCA only ( fig. 1 d). Within a week he 
had fully recovered to the same level as before admission; 
the MRC score of the right upper limb improved to 3/5 
and that of the right lower to 4/5. The score on the NIHSS 
was 7/42 on discharge.

  Patient 2 
 A 76-year-old right-handed man, with residual right 

hemiparesis and Wernicke aphasia due to a stroke 11 
years before, experienced sudden deterioration of his 
right hemiparesis. Until then he had been able to walk 
without a cane, but he suddenly became unable to walk. 
The right limbs were slightly spastic. The MRC scores of 
the right upper and lower extremities on admission were 
3/5. The deep tendon reflexes of the right limbs were 
brisk, and a Babinski sign was present on the right. The 
score on the NIHSS was 5/42. The left side was unaffect-
ed. T 2 -weighted MRI showed an old infarct in the left 
corona radiata with an extensive cortical infarct in the 
left MCA territory ( fig. 2 d, e). However, DW-MRI re-
vealed a small round high-intensity area in the right co-
rona radiata, suggesting a fresh infarction ( fig. 2 f). MRA 
showed an occlusion of the left MCA at the trifurcation, 
and  123 I-IMP SPECT performed 3 days after admission 
demonstrated a reduction in the cerebral blood flow in 
the left MCA region only. He made a gradual recovery 
within 1 week of admission. The MRC score of the right 
upper and lower limbs improved to 4/5. The score on the 
NIHSS was 4/42 on discharge.

  Patient 3 
 A 64-year-old right-handed man had incurred chron-

ic right hemiparesis and dysarthria 4 years before. Al-
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though he had recovered to the point of being able to walk 
without a cane and to write with a pen, his right hemipa-
resis deteriorated a few days before admission, and he be-
came unable to walk unassisted and unable to write. He 
presented with right hemiparesis, predominating in the 
proximal limbs, with impairment of coordinated move-
ments. The MRC scores of the right upper and lower ex-
tremities on admission were both 3/5. There was right 
facial palsy and dysarthria. The score on the NIHSS was 
4/42. There were no signs of left hemiparesis. T 2 -weight-
ed MRI showed old lacuna infarcts in the left paraven-
tricular region and a chronic cortical infarct in the left 
occipital lobe ( fig. 2 g, h, i). DW-MRI revealed a fresh in-
farct in the right corona radiata and globus pallidus 
( fig. 2 j, k). MRA showed a tight stenosis of the posterior 

division of the left MCA.  123 I-IMP SPECT performed 2 
days after admission showed a reduction in the cerebral 
blood flow in the left MCA region. He recovered to the 
same level as before admission within 1 week. The MRC 
score of the right upper and lower limbs improved to 4/5. 
The score on the NIHSS was 3/42 on discharge.

  Discussion 

 The uncrossed CST (uncrossed pyramidal tract) has 
been proposed to participate in reorganization after 
stroke  [1–9] . However, there are no detailed studies on the 
role of extrapyramidal tracts in the reorganized network 
after stroke. In this study the relationship between the 

  Fig. 1.  Patient 1: T 2 -weighted MRI ( a ), 
DW-MRI ( b ), MRA ( c ) and  123 I-IMP 
SPECT ( d ). DW-MRI on admission re-
vealed the high-intensity lesion in the right 
lateral thalamus at the junction of the in-
ternal capsule, in the hemisphere contra-
lateral to the initial stroke. 

  Fig. 2.  The 3 patients’ MRI to determine 
the location of the initial and recurrent in-
farcts. Initial infarcts (gray areas in  a ,  b ,  d , 
 e ,  g ,  h  and  i ) and recurrent infarcts (black 
points in  c ,  f ,  j  and  k ). The fresh infarcts 
(black points) in all patients did not in-
volve the area of the internal capsule. 
 a–c  Patient 1.  d–f  Patient 2.  g–k  Patient 3. 
IC = Internal capsule; Th = thalamus; 
GP = globus pallidus; Pu = putamen; Ca = 
caudate nucleus. 
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symptoms of the secondary neurological deterioration 
and the precise locations of the infarcts were used to in-
vestigate the neural tracts underlying the reorganization 
after stroke.

  Regarding the CST, the axons in the motor-related 
cortices descend through the subcortical white matter, 
gather in the internal capsule and then descend to the ce-
rebral peduncle  [13, 14] . It has been reported that the se-
verity of the motor deficit after stroke is related to a lesion 
involving the internal capsule, which is a pivotal area for 
the CST  [15, 16] . Most CST fibers cross to the opposite 
side in the medulla at the pyramidal decussation, but 
around 10% of the fibers do not cross until they reach the 
level of the spinal cord, at which point they terminate. 
The uncrossed CST extends only to the upper thoracic 
cord and primarily innervates the muscles of the neck, 
trunk and proximal upper extremities  [13, 14] .

  Recent neuroimaging studies documented poststroke 
reorganization  [1, 2] . Cao et al.  [5]  demonstrated that bi-
lateral primary sensorimotor cortices were activated dur-
ing paretic hand movement using fMRI and proposed 
that the uncrossed CST might be recruited for the activa-
tion in the contralesional hemisphere. Ago et al.  [17]  re-
ported a similar case in which a subsequent lacunar in-
farct in the corona radiata of the unaffected hemisphere 
caused deterioration of the original hemiparesis. They 
suggested the uncrossed CST in the unaffected hemi-
sphere could intensify the motor recovery or neural reor-
ganization. Using both TMS and fMRI, Johansen-Berg et 
al.  [8]  provided evidence that the activation of the con-
tralesional dorsal premotor area has an important role in 
affected hand movement. They proposed that uncrossed 
CST from the contralesional dorsal premotor area might 
be recruited after stroke. However, TMS studies do not 
strongly support a role for the uncrossed CST in ipsilat-
eral fine hand movement of stroke  [1, 2, 7, 8] . Also, imag-
ing studies do not generally support the idea that the con-
tralateral motor-related areas participate in recovery, al-
though opinions diverge  [1–6] .

  Fisher  [18]  reported 2 cases with subsequent strokes. 
Based on detailed neurological observations and patho-
logical studies, the uncrossed CST was suggested to have 
participated in the motor recovery. Moreover author im-
plied that the extrapyramidal tract might also be among 
the possible tracts underlying the motor recovery.

  Among the extrapyramidal tracts, several motor-re-
lated cortical areas, including the primary motor, premo-
tor and supplementary motor areas, send fibers to the ip-
silateral caudate nucleus and putamen as the corticostri-
ate fibers  [19] . Contralateral projections from these 

cortical areas cross the midline in the corpus callosum 
and enter the caudate nucleus and the putamen as a 
 transhemispheric connection  [20] . The globus pallidus, 
which receives fibers from the caudate nucleus and puta-
men, is the main receiving center and is connected with 
the subthalamic nucleus, substantia nigra, reticular for-
mation and red nucleus, which discharge to the lower 
motor neurons at all levels of the cord via the reticulospi-
nal and rubrospinal tracts. The reticulospinal tract has 
both crossed and uncrossed fibers at the spinal level. The 
globus pallidus is connected to the thalamus, which in 
turn is connected back to the caudate nucleus and the 
motor-related cortical areas, thus establishing a feedback 
mechanism    [19] . This extrapyramidal tract is correlated 
with highly coordinated, quick but instinctive movement 
and crude movement, and thus constitutes a primitive 
motor tract  [19] .

  The study by Alagona et al.  [7] , using TMS and motor-
evoked potentials, assumed that the corticoreticulospinal 
tract in the unaffected hemisphere might play a role in 
stroke recovery. In their recent review, Calautti and Bar-
on  [1]  concluded that the involvement of the contrale-
sional hemisphere was important for motor recovery, to-
gether with the enhanced activity of the ipsilesional mo-
tor network. They suggested the corticoreticulospinal 
tract receiving from premotor areas could subserve the 
motor recovery after damage of the motor cortices spar-
ing the internal capsule.

  In our cases the new lesion spared the internal capsule 
in the right hemisphere and induced neurological dete-
rioration of the pre-existing right-sided hemiparesis. Pa-
tient 1 had a recurrent infarct in the lateral thalamus 
( fig. 2 c), patient 2 in the corona radiata ( fig. 2 f) and pa-
tient 3 in the corona radiata and globus pallidus ( fig. 2 j, 
k). Although a recurrent infarct in the corona radiata of 
patients 2 and 3 might be close to the pyramidal tract  [21] , 
the corticostriate fibers should be involved in these le-
sions  [20] . In addition the globus pallidus was affected by 
the infarct in patient 3. Considering the locations of re-
current infarcts in our patients, extrapyramidal tracts 
might be more likely to participate in reorganization after 
the first stroke. It is intriguing that in most of the previ-
ously reported cases as well as in our patients  [17, 22]  the 
new infarct caused deterioration of ipsilateral previous 
hemiparesis, but no detectable deficit, contralaterally, 
which might be a characteristic feature of reorganization 
in the contralateral side, possibly involving the extrapy-
ramidal motor pathway whose damage would not nor-
mally cause a neurological deficit (‘silent stroke’) but be-
come ‘eloquent’.
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  It would have been of interest to obtain the motor-
evoked potentials in our patients to demonstrate the un-
changed situation of the CSTs, but this was not possible.

  In conclusion this study suggests that the extrapyra-
midal motor pathway in the contralesional hemisphere is 
associated with neural reorganization. In the clinical set-
ting neurological deterioration in the original hemipare-
sis may be useful in clarifying the reorganized motor 
pathways after stroke.
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