CASE REPORT

ABSTRACT

Cerebral palsy (CP) is a chronic childhood disorder that
is characterized by a group of motor and cognitive
impairments, resulting in abnormal movement
patterns, loss of motor control, incoordination, and
unbalanced posture. It can also have an impact on
fine motor skills, gross motor skills, and oral motor
functioning. Currently, the treatment of CP is palliative
and does not cure the disease pathology. Hence, there
is a need for an intervention that might be able to
alter the core pathology. Autologous bone marrow
mononuclear cells (BMMNC) transplantation is one
of the novel treatment strategies in recent years. In
this study, we presented the case of a 4-year-old
male child with spastic diplegic CP who underwent
two intrathecal transplantations at interval of

seven months with autologous BMMNC along with
neurorehabilitation program. During an overall
16-month follow-up, significant improvements were
observed in motor control, coordination, balance,
sitting tolerance, and memory. The abnormal ‘W’
sitting posture and scissoring gait pattern of the
patient resolved. Started sitting with good head,
trunk, and pelvic alignment and attained regular gait
pattern; the patient started to walk independently
without support as well. On objective scale, Gross
Motor Functional Measure score improved from
60.67 to 81.78. The patient's Gross Motor Functional
Classification System grade improved from Level 3 to
Level 2, and Functional Independent Measure score
improved from 97 to 99. A comparative positron
emission tomography—computed tomography (PET
(T) brain scan was performed before and seven
months after the first intervention, which revealed
improvement in the metabolism of the anterior
cingulate lobe, parietal cortex, medial temporal
cortex, thalamus, basal ganglia, and cerebellum.

No adverse events were recorded throughout the
study. Thus, multiple cellular therapies, along with
neurorehabilitation, might be a novel safe, feasible
option to enhance recovery in CP.
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Cerebral palsy (CP) is defined as a
heterogeneous group of nonprogressive
developmental disorders. It is a lifelong
condition with disability that increases with
age,' with an incidence rate of 2.1 per 1000 live
births:2CP is a result of many prenatal, perinatal,
and postnatal risk factors; hypoxic ischemia
during the perinatal period is considered as
one of the major risk factors. Periventricular
leukomalacia (PVL) is the foremost underlying
pathogenesis of CP3 The clinical presentation
of CP mainly depends upon the location and
extent of the cerebral structures involved. It
is characterized by symptoms such as muscle
spasticity, involuntary movements, delayed
milestones, decreased mobility, behavioral
problems. Based on the type of neuromuscular
deficit, five major diseased patterns of CP are
spastic, flaccid, ataxia, athetoid, and mixed.*
(P affects the movement and posture causing
severe neurodisability. Permanent disability
in children with CP limits their participation in
the society, which leads to increased family and
social burden. Various treatment approaches,
such as pharmacological, surgical, and
multidisciplinary rehabilitation programs, are
available, but they are symptomatic and do not
concentrate on the neuropathology of CP.

Autologous bone marrow mononuclear cells
(BMMNC) transplantation gives a new scope in
the management of cerebral palsy. Mechanism
of action of these cells majorly involves direct cell
replacement and indirect cell repair via paracrine
effect. The ability of neural plasticity, neural
repair, and neurogenesis restores the functioning
of the injured cells and allows normal adjacent
cells to compensate for the functions of injured
cells.’ Few clinical studies have shown the safety
and effects of cellular therapy in various types
of cerebral palsies,®” but these articles failed to
discuss the results broadly; comparison brain
positron emission tomography—computed
tomography (PET CT) imaging study was not
used, and the long-term follow-up was not
done, which provides strong evidence on
effect of cellular therapy in cerebral palsy. In
this report, we treated a case of a child with
spastic diplegic CP and with multiple cellular
therapies after showing limited response to
rehabilitation. Results of clinical improvements
were correlated with objective scales, such as
Gross Motor Functional Measure (GMFM), Gross
Motor Function Classification System (GMFCS),
and Functional Independence Measure (FIM) and
(PET CT) brain imaging studies.
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FIGURE 1. Row A) Pre-intervention images of PET CT Brain scan. Anterior Cingulate Lobe (ACL), Parietal Cortex (PC),
Medial Temporal cortex (MT), Basal ganglia (BG), Thalamus (T), and Cerebellum (C). Row B) Post-intervention images of
PET CT Brain scan after six months following first transplantation showing improvements in the marked areas. Blue color
represents hypometabolic areas. Green color represents normal metabolism areas. Comparison of Figure A and B show
significantly reduced blue areas and increased green areas which indicates improved metabolism of the brain.

CASE PRESENTATION

Herein, we present a case of a 4-year-old
male child who was diagnosed with CP at the
age of 1 year. The child was born full term by
cesarean section delivery, with birth weight of
2.75kgs and a history of delayed birth cry; he
also had history of three episodes of seizures,
hence he was on anti-epileptic drugs. The chief
complaints were that he was unable to stand
and walk independently and had tightness in
both lower limbs. His milestones were delayed,
as he attained rolling by 4 months, head control
by 6 months, sitting with support by 8 months,
sitting independently by 1 year, crawling by a
little over 1 year, and standing and walking with
support by 2.5 years. He underwent surgery for
the right tendoachillis (TA) release at the age of
3 and was on continuous physiotherapy for two
years but still had major deficits and could not
walk independently.

On complete neuropsychological assessment,
speech, command following, social interaction,
and play behavior were good. Sitting
tolerance, attention, concentration, memory,
and ability to learn new tasks were fair and
not age appropriate. He also had behavioral
issues, such as throwing objects when angry.

Additionally, all superficial and deep sensations
were intact, and tone of both lower limbs was
hypertonic and hyperreflexia; Babinski’s sign
was positive; bilateral adductors, iliacus, psoas
major, hamstrings, and calf muscles were

tight; both hips were internally rotated with
equinovarus foot and had scissor gait. The tone
of the right upper limb was normotonic with
good voluntary control and that of left upper
limb was hypertonic and voluntary control

was less, compared to the right upper limb.
Posture, balance, and coordination were poor.
Functionally, he was moderately dependent for
his activities of daily living. His GMFM score was

60.67, GMFCS level was 3, and FIM score was 97.

Magnetic resonance imaging (MRI) brain
suggested mildly altered signal intensity in
bilateral periventricular white matter with
evidence of the marked paucity of cerebral
white matter and posterior limbs of bilateral
internal capsules. Mild cerebral atrophy was
suggestive of in utero infection with the
possibility of perinatal hypoxic insult. PET
(T of the brain revealed hypometabolism in
anterior cingulate gyrus, parietal cortex, medial
temporal cortices, basal ganglia, thalamus,
and cerebellum. Sleep electroencephalogram
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(EEG) record suggested right side epileptic
dysfunction.

Procedure. The selection of the patient was
based upon the World’s Medical Association
Helsinki declaration.® The protocol was reviewed,
and ethical approval was taken from the
Institutional Ethics Committee (IEC) and specific
to our institution. The procedure was clearly
explained to the parents and informed written
consent was obtained. Before the intervention,
the child underwent all neurological,
biochemical, and preoperative investigations
to assess his fitness for anesthesia. Human
granulocyte colony stimulating factor (G-CSF)
injections were administered subcutaneously, 72
hours, and 24 hours prior to autologous BMMNC
aspiration. Additionally, 80mL of bone marrow
was aspirated from the right side anterior
superior iliac spine in supine position under local
anesthesia; the aspirated bone marrow was
collected in heparinized tubes; mononuclear
cells were separated from bone marrow and
checked for viability, which was found to be 98
percent; (D34+ cells count percentage were
calculated using fluorescence-activated cell
sorting (FACS) analysis, which was found to be
1.69 percent. Approximately 7.36 <108 BMMNCs
were administered intrathecally through lumbar
puncture between L4 and L5 spinal segments.
Simultaneously, 300mg solumedrol in 500mL
of Ringer lactate solution was also administered
intravenously to decrease the inflammatory
effects and to enhance the viability of the
infused BMMNC.

After the transplantation procedure, the
patient underwent a customized rehabilitation
program, which included physiotherapy,
occupation therapy, aquatic therapy, and special
education along with dietary advice for one
week. Physiotherapy exercises concentrated on
stretching and strengthening exercises for the
limbs and trunk, while occupational therapy
concentrated on balance, coordination exercises,
and trained activities of daily living. Aquatic
therapy focused on strengthening exercises,
postural control, balance, and gait training.
Cognitive and vocational skills were trained by
special education. The patient was advised to
continue the rehabilitation as a home program
after discharge.

There was a follow-up at seven months, where
the patient was reassessed for postintervention
clinical changes on objective scales and brain PET
(T scan. Based on his overall improvements, he
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underwent a second BMMNC transplantation to
further augment recovery. Approximately, 5.12
%108 BMMNCs with 98 percent viability were
administered intrathecally, and D34+ cells
were found to be 0.014 percent. Another follow-
up took place at nine months after the second
transplantation.

RESULTS

Adverse events after the first cellular therapy,
the patient had mild pain at the site of insertion,
which was subsided within 24 hours. A complete
reassessment was done at seven months; no
other adverse events and episodes of seizures
were recorded throughout the course. He showed
improvements in standing and walking balance,
abnormal "W" sitting posture and scissoring
pattern of gait had reduced, and protective
and equilibrium reactions while standing and
walking improved. Compared to his condition
before, his weight shifts improved in sagittal
and frontal planes; alignment of head, trunk,
and pelvis also improved, and tightness in the
hamstrings and calf muscles reduced bilaterally.
The patient started performing bimanual tasks.
Cogpnitively, his attention span and sitting
tolerance were improved as well, as he attended
his school regularly. GMFM score improved from
60.67 to 67.75; GMFCS grade improved from
Level 3 to Level 2; and FIM score improved from
97 0 99. On comparing results of a brain PET
(T scan performed before and during seven
months after the first cellular therapy, significant
improvement was recorded in metabolic activity
in the anterior cingulate lobe, parietal cortex,
medial temporal cortex, thalamus, basal ganglia,
and cerebellum (Table 1).

Taking into consideration the improvements
observed over the course of seven months after
the first cellular therapy, he underwent a second
transplantation.

The subsequent follow-up at six months
after the second cellulartherapy (13 months
after first transplantation) showed additional
improvement in balance and coordination while
sitting and standing. "W" sitting posture and
scissoring gait pattern were reduced further.

The patient started to maintain balance while
walking on uneven surfaces and stepping with
minimal support, and his GMFM score improved
from 67.75 to 73.33 and the scores of GMFCS and
FIM were maintained.

Nine months after the second cellular therapy
(16 months post first transplantation), abnormal

"w" sitting posture and scissoring gait pattern
were resolved. He was sitting with good head,
trunk, and pelvic alignment and attained reqular
gait pattern. Functionally, he started to walk
independently and with minimal assistance on
uneven surfaces. The patient also started stair
climbing independently with minimal railing
support, and his GMFM score improved from
73.33 t0 81.78 and GMFCS and FIM scores were
maintained.

DISCUSSION

(P is a nonprogressive neurological disorder
that is caused by brain injury or malformation
that occurs while the child’s brain is under
development that primarily affects body
movements and muscle coordination. The extent
of brain damage and involvement of brain
structures decides the prognosis of the disease.
The primary goal of management is to improve
new motor learning pathways in the brain.
Symptomatic pharmacological management
and external rehabilitation approaches have
alimited effect on the underlying pathology
of the brain in CP? though cellular therapy has
shown a promising outcome as a treatment
strategy for CP. Various cells have been studied
for their safety and efficacy. " To study the
effect of multiple cellular therapy in CP, we
administered autologous BMMNGs intrathecally,
as they are safe, easily obtainable, and involve
no tumorigenicity." Mechanism of action
of transplanted cells includes direct cell
replacement and indirect cell repair via paracrine
mechanisms,'® while transplanted BMMNCs
migrate to the site of injury, get self-renewed,
differentiate into host cells, and replace the
injured neuronal cells. These self-renewed
neurons improve synaptic connectivity and
signal conduction in CP. BMMNCs also promote
the repair process by enhancing neuroprotection
and angiogenesis, decreasing inflammation,
preventing apoptosis, releasing chemotactic
factors, assisting in extracellular matrix tissue
remodeling, and activating resident cells.” The
release of neurotrophic factors, such as nerve
growth factors, and glial derived growth factors
aid in survival and regeneration of the neurons'
and reduce the levels of tissue necrotic factors-a,
Interleukin-1B, and 6, which promotes neuronal
connectivity and signal transduction.?
Enhanced angiogenesis results in the formation
of new blood vessels and improved blood supply
to the damaged cerebral tissue, which reverses

hypoxia and tissue necrosis.”" Intrathecal route
of transplantation was used, as it is a safe and
minimally invasive procedure that drives cells

to the brain without causing any neural tissue
damage;? also, transplantation of autologous
cells minimizes the risk of immune rejection.%
Rehabilitation exercises accelerate the recovery
process by helping the mobilization of local stem
cells, improving angiogenesis and release of
cytokines and nerve growth factors after cellular
therapy.?

Solopova et al*® conducted a study on
neurorehabilitation in spastic CP, and they
reported exercise maintains the optimal
length of the muscles and joints range
of motion, which finally establishes new
standing and walking stereotypes. Thus, a
combined therapeutic approach of cellular
therapy and neurorehabilitation facilitates the
neuroregeneration and fastens the recovery
process in CP. In this case report, we evaluated
the safety and long-term effects of multiple
cellular therapies in spastic diplegic CP.

Here, postcellular therapy outcomes were
monitored on objective scales, such as FIM,
GMFM, and GMFCS and comparative PET (T scan
brain neuroimaging studies. Over the course of
16 months, GMFM score improved from 60.67 to
81.88, where the domains of sitting improved
from 59 to 60, crawling and kneeling from 32
to 40, standing from 6 to 27 and walking, and
running and jumping from 8 to 32. GMFCS grade
improved from Level 3 to Level 2, as the child
was able to sit in the chair with both hands
free, walk and run without assistance on even
surfaces, and stair climb holding on a railing. FIM
score improved from 91 to 99, which revealed
improvements in his functional status.

The improvement in objective scales was
supported by improved brain metabolism
observed in comparative brain PET (T studies.
Brain tissue requires glucose for normal
functioning. In the brain, the active absorption
of glucose is always directly proportional to its
metabolism. PET (T records brain metabolism
by using fluorodeoxyglucose (FDG) uptake. Low
uptake of FDG indicates hypometabolism and
hypofunction of neurons in the brain, while
increased uptake denotes an improvement in
metabolism and neuron function.??Therefore,
it is an accurate testing tool to detect cellular
effects of neurorestoration in cellular therapy.
Postcellular therapy, a PET CT brain scan showed
increased uptake of FDG in the anterior cingulate
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lobe, parietal cortex, medial temporal lobe, basal
ganglia, thalami, and cerebellum compared to
the pre-scan. Improved metabolic activity in
these areas of the brain resulted in improvement
of various functions corresponding to them, as
shown in Table 1. Improved sensory integration
of movements and calculation were associated
with improved metabolism in parietal cortex.
Increased FDG uptake in anterior cingulate lobe
was correlated with improved behavioral issues,
such as throwing objects while angry, were
resolved, and he started to learn new tasks.
Attention, concentration, sitting tolerance, and
memory were allied with augmented uptake in
medial temporal cortex. Enhanced metabolism
in thalamus related to acquired normal postural
and alternative movement patterns of the
limbs. Improved metabolism in basal ganglia
was correlated with normalized tone and gait
pattern. Improvement in balance, coordination,
and fine motor skills were associated with
increased FDG uptake in cerebellum.
Limitations. One of the limitations of this
case report is there was no control to compare
the effect of only rehabilitation. But since the
child was undergoing rehabilitation for two years
before cellular therapy with plateaued recovery,
the improvements later signify vital role of cell
transplantation. Larger, multicentric, randomized
trials with multiple cell transplantations are
required for comprehensive analysis.

CONCLUSION

This study demonstrates that multiple cellular
therapies along with neurorehabilitation is
effective in improving the gross motor functions
and functional independence in CP. Multiple
transplantations of autologous BMMNCs
followed by intense neurorehabilitation fastens
the process of neuroregeneration, which in
turn reflects positive outcomes on the level of
disability and quality of life of the patient. PET
(T scans can effectively be used to monitor
changes occurring at cellular level after the
intervention. Thus, multiple cellular therapy is
safe, feasible, and can be effectively used as an
augmentative treatment in combination with
neurorehabilitation for CP.
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