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Abstract
We report on a stroke patient who showed delayed gait recovery between 8 and 11 months after the ~ Jeong Pyo Seor, M.S., P.T.

onset of intracerebral hemorrhage. This 32-year-old female patient underwent craniotomy and Corresponding author:

drainage for right intracerebral hemorrhage due to rupture of an arteriovenous malformation. Brain Sung Ho Jang, M.D.,

MR images revealed a large leukomalactic lesion in the right fronto-parietal cortex. Diffusion tensor Eg:iim:&iilm;j of
tractography at 8 months after onset revealed that the right corticospinal tract was severely injured. Rehabilitation, College of
At this time, the patient could not stand or walk despite undergoing rehabilitation from 2 months Medicine, Yeungnam

after onset. It was believed that severe spasticity of the left leg and right ankle was largely l;;::;rysﬁgzxgl Namku,
responsible, and thus, antispastic drugs, antispastic procedures (alcohol neurolysis of the motor Daegu, 705-717, Republic of
branch of the tibial nerve and an intramuscular alcohol wash of both tibialis posterior muscles) and 'f;’;:‘;iizzterEhab@
physical therapy were tried to control the spasticity. These measures relieved the severe spasticity,

with the result that the patient was able to stand at 3 months. In addition, the improvements in Received: 2012-12-21
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sensorimotor function, visuospatial function, and cognition also seemed to contribute to gait (NY20121012001)

recovery. As a result, she gained the ability to walk independently on even floor with a left ankle foot
orthosis at 11 months after onset. This case illustrates that clinicians should attempt to find the
cause of gait inability and to initiate intensive rehabilitation in stroke patients who cannot walk at 3—6
months after onset.
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Research Highlights

(1) This case report describes a stroke patient who demonstrated delayed gait recovery between 8
and 11 months after the onset of intracerebral hemorrhage.

(2) Severe spasticity of the lower extremity seemed to be largely responsible for gait inability in this

patient.
(3) Clinicians should find the cause of gait inability and initiate intensive rehabilitation in stroke
patients.
general health. In addition, gait ability is
INTRODUCTION closely related to cognition and gait
disturbance is closely related to cognitive
Stroke is a leading cause of major adult impairment™®*. Therefore, regaining gait
disability. In fact, 20—30% of stroke patients ability in stroke is a primary goal of
do not recover gait ability, and therefore, gait neurorehabilitation, along with the recovery
dysfunction is one of the most serious of hand function and cognition'".
disabling sequelae of stroke™?. Gait is
important for mobility and for maintaining Previous studies have demonstrated the
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extensive potential for gait recovery even in cases of
complete injury of the corticospinal tract, which is the
most important motor tract in the human brain®®”.
Furthermore, gait is a less demanding motor function
than hand function®®. Stroke patients can walk when
motor function is recovered in the proximal joint (hip and
knee), at least to the degree of being able to oppose
gravity. However, hand function requires a larger degree
of recovery to distal joints®™. These phenomena suggest
that detailed knowledge of gait could aid more stroke
patients in recovering their gait ability. In general, most
motor recovery after stroke occurs within 3—6 months
after onset, and gait function usually recovers within

3 months of stroke onset™ #*3, Therefore, clinicians need
to look for the cause of gait inability and perform
intensive rehabilitation for stroke patients who cannot
walk after 3—6 months after insult. We report on a stroke
patient who showed delayed gait recovery between 8
and 11 months after the onset of intracerebral
hemorrhage.

CASE REPORT

A 32-year-old, right-handed female underwent
craniotomy and drainage at the neurosurgery department

of a hospital for a right intracerebral hemorrhage caused
by rupture of an arteriovenous malformation. Brain MR
images taken 8 months after onset, showed a large
leukomalactic lesion in the right fronto-parietal cortex
including the primary motor cortex, centrum semiovale,
and corona radiata (Figure 1A). At intracerebral
hemorrhage onset, the patient had presented with
complete paralysis of the left arm and leg, and had
undergone rehabilitative management at the
rehabilitation department of the hospital (for 2 months), a
university hospital (for 2 months), and at a local
rehabilitation hospital (for 2 months) from 2 to 8 months
after onset.

At 8 months after onset, the patient was admitted to the
rehabilitation department of the Yeungnam University
Hospital for further rehabilitation. At the time, Mini-Mental
State Exam (MMSE), Motor-Free Visual Perceptual Test
(MVPT), and ideomotor apraxia test scores were 20
(cut-off score < 25), 17 (cut-off score < 27), and 40
(cut-off score < 32), respectively (Table 1), In terms
of motor function, she was able to extend the left hip and
knee without gravity. Subscale scores for tactile
sensation (full mark: 20) and kinesthetic sensation (full
mark: 24) of the Nottingham Sensory Assessment (NSA)
were 10 and 3, respectively™” on the left side.

hemorrhage.

Figure 1 T2-weighted brain MR and diffusion tensor tractography in a 32-year-old, right-handed female with right intracerebral

(A) T2-weighted brain MR images 8 months after onset showing a large leukomalactic lesion in the right frontoparietal cortex
including the primary motor cortex, centrum semiovale, and corona radiate. R: Right.

(B) Diffusion tensor tractography of the corticospinal tract (CST). The CST of the left hemisphere (yellow) originated from the
primary sensorimotor cortex and descended through the known CST pathway at 8 and 11 months after stroke. By contrast, the
right CST (red) originated from the posterior parietal cortex and descended through the posterior margin of the leukomalactic
lesion at 8 months. No significant change was observed at 11 months. R: Right; A: anterior.
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Table 1 Clinical data of the patient at 8 and 11 months after intracerebral hemorrhage

Duration from onset

Scale

8 months 11 months
MMSE 20 24
MVPT 17 27
IMA 40 40
MRC Shoulder abductor 2" 2"
Elbow flexor 2" 2"
Finger flexor 0 0
Finger extensor 0 0
Hip flexor 2" 3
Knee extensor 3 3
Ankle dorsiflexor 0 2
NSA Tactile sensation 10 12
Kinesthetic 3 18
MAS Hip adductor G2 Gl
Knee flexor G3 G1*
Ankle plantar flexor G3 G1
FAC 0 3

In terms of motor function, scores for all scales on the left side, with the exception of evaluation for ankle function (both sides), and the right ankle
plantar flexor on the modified Ashworth scale (MAS) were G2, G3, G3 and G2, respectively™™®. The patient also showed bilateral ankle clonus and
varus contracture of the left ankle (20°). Accordingly, she was not able to stand or walk independently. MMSE: Mini-Mental State Exam (cut-off
score < 25). MVPT: Motor-Free Visual Perceptual Test (cut-off score < 27). IMA: Ideomotor apraxia test. MRC: Medical Research Council, 0 = no
contraction; 1 = palpable contraction, but no visible movement; 2 = movement without gravity; 3 = movement against gravity; 4 = movement
against a resistance lower than the resistance overcome by the healthy side; 5 = movement against a resistance equal to the maximum
resistance overcome by the healthy side. NSA: Nottingham Sensory Assessment. MAS: Modified Ashworth scale. FAC: Functional Ambulatory
Category™™, 0: non-ambulatory; 1: needs continuous support from one person; 2: needs intermittent support from one person; 3: needs only
verbal supervision; 4: help is required on stairs and uneven surfaces; and 5: can walk independently anywhere.

Spasticities of the left hip adductor, knee flexor and ankle
plantarflexor, and the right ankle plantarflexor on the
modified Ashworth scale (MAS) were G2, G3, G3 and G2,
respectively™®. She also showed bilateral ankle clonus
and varus contracture of the left ankle (20°). Accordingly,
she was not able to stand or walk independently.

The patient underwent a comprehensive rehabilitative
management program, including neurotrophic drugs
(pramipexole, bromocriptine, amantadine, levodopa)
antispastic drugs (tizanidine 8 mg, baclofen 60 mg,
diazepam 4 mg), movement therapy, and neuromuscular
electrical stimulation therapy of left knee extensors and
ankle dorsiflexors. Movement therapy was conducted
primarily to improve postural control and motor function
of the left leg, and was performed 5 days (2.5 hours per
day) per week. Alcohol neurolysis for the motor branch of
the tibial nerve in both legs, an intramuscular alcohol
wash of both tibialis posterior muscles, and physical
therapy, including stretching exercise, were performed to
control spasticity®?2.

[20]

After 3 months of rehabilitation (11 months after onset),
improvements were observed in cognition, visuospatial
function, motor-sensory function, and spasticity as
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follows, MMSE: 20 to 24, MVPT: 17 to 27, Medical
Research Council: left hip flexor 2* to 3, left knee
extensor 3™ to 3, left ankle plantarflexor O to 2, right ankle
plantarflexor 4 to 5. NSA: Kinaesthetic 3 to 18, MAS:
knee flexor G3 to G1", left ankle plantarflexor G3 to G1,
and right ankle plantarflexor G2 to G1. As a result, she
gained the ability to walk independently on even floor
with a left ankle foot orthosis at 11 months after onset.

Diffusion tensor imaging was performed at 8 and 11
months after intracerebral hemorrhage using a
sensitivity-encoding head coil on a 1.5-T Philips Gyroscan
Intera unit (Hoffman-LaRoche Ltd., Best, the Netherlands)
using single-shot echo-planar imaging. For each of the 32
non-collinear diffusion-sensitizing gradients, we acquired
67 contiguous slices parallel to the anterior
commissure-posterior commissure line. The imaging
parameters used were as follows: matrix = 128 x 128, field
of view = 221 x 221 mm’, repetition time/echo time =

10 726/76 ms, sensitivity encoding factor = 2, echo planar
imaging factor = 67, b =1 000 s/mm?, number of
excitations = 1, and thickness = 2.3 mm. Fiber tracking
was performed using the fiber assignment continuous
tracking algorithm implemented within the diffusion tensor
imaging task card software (Philips Extended MR
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WorkSpace 2.6.3)?%. For corticospinal tract analysis, a
seed region of interest was placed on the corticospinal
tract at the anterior pontomedullary junction on an axial
slice and a target region of interest was drawn in the
corticospinal tract area of the anterior medulla®®’. The
termination criteria were fractional anisotropy < 0.2 and an
angle change of > 45 degrees®®.

The corticospinal tract of the left hemisphere originated
from the primary sensori-motor cortex and descended
through the known corticospinal tract pathway on both 8-
and 11-month diffusion tensor tractography. By contrast,
the right corticospinal tract originated from the posterior
parietal cortex and descended through the posterior
margin of the leukomalactic lesion on the 8-month
diffusion tensor tractography. This observation was
unchanged on the 11-month diffusion tensor
tractography (Figure 1B).

DISCUSSION

We report on a patient that regained the ability to walk
independently at 11 months after 3 months of
rehabilitation that was started at 8 months after
intracerebral hemorrhage onset. This seems to be
attributted to functional recovery rather than motor
recovery because no significant change of the affected
corticospinal tract was observed between 8 and 11
months on diffusion tensor tractography which has the
advantage of being able to visualize the architecture and
integrity of the corticospinal tract at the subcortical level
in three dimensions® %%, Gait requires the
coordination of many brain functions related to
motorsensory, execution, attention, and visuospatial
functions to achieve stepping movements, adequate leg
and trunk muscle power and tone, maintenance of
equilibrium, and interlimb coordination!® 7%,

At the start of our rehabilitation program at 8 months after
onset, many problems were found to limit gait function,
namely, severe spasticity of both legs, contracture of the
affected ankle, somatosensory deficit, visuospatial
dysfunction, weakness of the affected leg, and poor
postural control. However, after 3 months of rehabilitation
therapy (from 8 to 11 months after onset), the patient was
able to walk independently on an even floor. Initially, we
considered that control of severe spasticity in both legs
was the most important factor, and we tried to achieve
this using antispastic medication, alcohol neurolysis of
the motor branch of the tibial nerve, intramuscular
alcohol wash of both tibialis posterior muscles, and

physical therapy, including stretching exercises™ *%%,

The severe leg spasticity was relieved and the patient
was able to stand with improved postural control.
Furthermore, sensorimotor function, visuospatial function,
and cognitive improvements also appeared to contribute
to the gait recovery. By contrast, the rapid recovery of the
left ankle dorsiflexor (from 0 to 2 on the Medical
Research Council scale from 8 to 11 months after-onset)
suggests the presence of some type of limb kinetic
apraxia®¥.

Little is known about delayed gait recovery in stroke®*. In
2012, Kwon and Jang described a patient with
intracerebral hemorrhage, who showed unusually
delayed leg motor recovery due to the resolution of limb
kinetic apraxia, which started at 6 months after
intracerebral hemorrhage onset and resulted in the
patient being able to walk independently at 9 months
after onset. However, functional recovery, mainly
attributed to the control of severe spasticity, appears to
have been responsible for the regained ability to walk in
our patient, not motor recovery. Our results suggest that
clinicians should bear in mind the potential for gait
recovery, and attempt to determine the causes of gait
inability. This investigation will then in turn allow the
initiation of intensive rehabilitation aimed at recovering
ambulation in stroke patients that cannot walk at 3—6
months after insult.
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