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Abstract
Cerebral palsy (CP) is characterized by a non-progressive motor 

impairment related to brain injury early in development. It may be 
associated with other deficits such as intellectual disability, speech 
and language and oromotor problems. In many cases, the cause of CP 
may not be apparent. So, the current treatment options are mostly 
focused on the symptomatic management. Herein, we present a case 
of an eight year old child diagnosed as cerebral palsy with intellectual 
disability. He was administered with autologous bone marrow derived 
mononuclear cells intrathecally. Eight months after intervention, Gross 
Motor Function Measure (GMFM) scale score changed from 1.9 to 3.077 
depicting improvement in movement. On follow up improvements 
were noticed in oromotor functions, neck control and sitting 
balance, awareness, understanding of surrounding. These functional 
improvements correlated with the improved brain metabolism in basal 
ganglia, cerebellum, hippocampus and thalamus as observed in Positron 
Emission Tomography-Computed Tomography (PET-CT) Scan. No major 
side effects were recorded after intervention. The results suggest that 
autologous bone marrow derived mononuclear cells have a significant 
potential as a therapeutic strategy for CP. 
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Introduction
Cerebral Palsy (CP) is a group of permanent neurological 

disorders affecting movement, posture, muscle co-ordination and 
balance [1]. These motor disorders are also accompanied by affected 
cognition, perception, sensation, communication and behavior [1]. 
Intellectual disability coexists in 30% of the cases with CP [2]. They 
have some common etiological factors, which limit functions and 
affect quality of life of these patients [3]. According to the Centers 
of Disease Control (CDC), worldwide prevalence of CP ranges from 
1.5 to 4 per 1,000 live births [4].

The conventional management of CP includes rehabilitation, 

pharmacological intervention and surgical management, which are 
only targeted towards managing the symptoms [5]. Currently there 
is no cure for CP. The currently available therapies do not address 
the underlying pathology of neural tissue damage in CP. Hence, an 
alternative therapeutic strategy needs to be evolved.

Recently, cellular therapy has gained attention due to its 
ability of neuromodulation, neuroprotection, axon sprouting, 
neural circuit reconstruction, neurogenesis, neuroregeneration, 
neurorepair, and neuroreplacement [6]. To explore its benefits in CP, 
we administered autologous Bone Marrow Derived Mononuclear 
Cells (BMMNCs) intrathecally in a diagnosed patient of CP with 
Intellectual Disability. 

Case report
We present a case of eight years old boy diagnosed as 

cerebral palsy with intellectual disability. Patient was delivered 
by caesarean section and had delayed birth cry. He suffered from 
hypoxic brain injury followed by seizures at five hours of birth. He 
was admitted in the Neonatal Intensive Care Unit (NICU) for 10 
days. Seizures continued till the age of 3–4 months and then had a 
repeat episode at eight years. At six years of age, he was diagnosed 
with cerebral palsy based on Magnetic Resonance Imaging (MRI) 
of brain. Since then he has been on neurorehabilitation along with 
medical treatment. His developmental milestones were delayed. 
Till the age of eight years, he had only achieved partial neck control. 
Current neurological evaluation demonstrated that, he had grade 1 
spasticity in all four limbs with poor voluntary control. Head and 
trunk control was poor along with dissociation and equilibrium 
reactions. He had bilateral tendoachilles and hamstring tightness. 
Hand functions were not developed. Speech was monosyllablic. 
Eye contact was poor, there was lack of comprehension and social 
interaction was affected. His cognition and perceptual skills were 
not developed. However, he was able to recognize his mother. 
He was totally dependent on caregiver for all his daily activities 
and was nonambulatory. On Functional Independence Measure 
(WeeFIM), he scored 18/126. Gross Motor Function Classification 
System (GMFCS) – Expanded and Revised scale score was at level 
V and his gross motor function measure (GMFM) score was 1.9. 
MRI brain with 3D SPGR showed abnormality in bilateral thalami 
and perirolandic regions with thinning of the body of the corpus 
callosum, which represents sequalae of a perinatal hypoxic 
ischemic insult. Electroencephalogram (EEG) showed evidence of 
epileptiform activity over the bilateral and independent centro-
temporal region. Positron Emission Tomography computed 
tomography (PET-CT) scan of the brain showed moderate 
hypometabolism in bilateral thalami and mild hypo metabolism in 
bilateral basal ganglia, bilateral mesial temporal lobes and bilateral 
cerebellar hemisphere (Figure 1A).
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Figure 1: (A) Pre intervention PET-CT brain scan. Blue areas indicate hypometabolism before the intervention. (B) Post intervention PET-CT brain 
scan. PET-CT scan brain of the patient performed eight months after intervention wherein the blue areas have reduced significantly indicating 
improved metabolism of the brain.

The patient selection was in compliance with the World 
Medical Associations Helsinki declaration criteria. The protocol of 
autologous BMMNCs intrathecal administration was approved by 
the Institutional committee for Stem Cell Research and Therapy 
(IC-SCRT). The procedure was explained to patient’s parents and 
an informed consent was obtained from them. Seventy two hours 
and 24 hours before transplantation, patient was administered 
with Granulocyte Colony-Stimulating Factor (G-CSF) to mobilize 
CD34+ cells. Eighty to Hundred ml of Bone marrow was aspirated 
from the iliac bone. MNCs were isolated from the bone marrow 
using density gradient separation method. The BMMNCs were 
checked for viability and evaluated for CD34+ by Fluorescence-
activated cell sorting analysis. The cell sorting was done using 
CD34 PE antibody (BD Biosciences). Viability of the cells was 
found to be 99%. 1.64 × 108 cells were transplanted immediately, 
in L4-L5 level. Three hundred mg Solumderol in 500 ml Isolyte P 
was simultaneously injected intravenously to improve stem cell 
multiplication to survival. After cellular transplantation, the patient 
was given customized neurorehabilitation which comprised of 
Neurodevelopmental Therapy (NDT) for the development of normal 
motor movements, strategies to improve equilibrium and positive 
supportive reaction, transition activities and exercises to improve 
weight bearing, exercises to develop trunk control and therapeutic 
activities to improve cognition and perceptual skills.

Results
The patient was followed up at regular intervals and 

functional improvements were noted. One week after BMMNCs 
transplantation, he initiated lip rounding on stimulation along with 
tongue protrusion and palate touching. He also initiated chewing 
and sucking.

On follow up after eight months of intervention oromotor 
functions were seem to be improved. And he tried to chew 
biscuits. His visual tracking was improved and he could focus 
on the objects better than before. Hand functions improved he 
could now reach out for objects. He tried to do rolling activities. 

His neck control and sitting balance also improved. Reduction in 
tendoachilles, hamstring tightness was also observed. Awareness 
and understanding of surroundings improved, so he was able to 
recognize family members. His GMFM score was increased from 
1.9 to 3.077 whereas his GMFCS score remained same i.e. level 
V. WeeFIM scale score improved from 18/126 to 19/126. On 
comparing PET-CT scan brain performed before and eight months 
after the intervention, improvement was recorded in metabolic 
activity in amygdala, basal ganglia, cerebellar hemispheres, mesial 
temporal lobe, hippocampus, and thalami as indicated by change 
in the mean Standard Deviation (SD) (Table 1). Rest of the brain 
parenchyma revealed preserved 18F Flurodeoxyglucose (FDG) 
uptake (Figure 1B).

Discussion
Cerebral Palsy is a term describing a broad spectrum of 

non-progressive disorders affecting motor functions resulting 
from brain injury or malformations occurring before, during 
or after birth. Numerous preclinical studies have reported 
functional improvements in animal models of cerebral palsy after 
cellular therapy [7,8,9]. Safety of autologous BMMNCs has been 
demonstrated in various previously conducted studies [10]. Use of 
autologous cells is safe as it reduces the risk for immune rejection 
and is more effective as compared allogenic cells [11]. Intrathecal 
administration ensures targeted application of the injected cells 
into the central nervous system and also CSF possesses properties 
which support cell growth [12].

BMMNCs have unique ability of self-renewal and 
dedifferentiation which allows them to differentiate into different 
cell types from various germ layers [13]. They alter the micro- or 
macroenvironments of the damaged tissue. Via various paracrine 
mechanisms they carry out the repair process by axon regeneration, 
remyelination, immunomodulation, angiogenesis, stimulation of 
endogenous cells, etc [14]. Periventricular leukomalacia (PVL), 
a form of white matter injury, is a primary feature in cerebral 
palsy. PVL results in loss of oligodendrocytes which further 
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leads to damaged myelin and disrupted nerve conduction [15]. 
Evidence suggests that BMMNCs are able to differentiate into 
oligodendrocytes and astroglial cells which remyelinates the axons 
and improves neuronal connectivity [16]. 

The outcome of intervention was monitored using a repeat PET-
CT scan brain along with objective scales like Gross Motor Function 
Measure (GMFM) and Wee FIM. The PET-CT scan was performed 
using the 18-F FDG radioisotope on a Siemens Biograph HD MDCT 
with LSO Detector technology. The Standardized Uptake Values 
(SUV) are standard quantitative measures of FDG uptake values 
which are used to monitor the outcome of intervention (Table 1). 
On Comparing the PET-CT scan brain before and after intervention, 
improved FDG uptake was recorded in hippocampus, basal ganglia 
and cerebellar hemisphere, partial improvement in amygdale 
and thalami. Previously hypometabolic (hypofunctioning) brain 
areas depicted as blue areas show improved metabolism post-
intervention, represented by green areas. The images reveal a 
balancing effect on overall brain metabolism (Figure 1). The changes 
in brain metabolism correlated with functional improvements 
observed in patient as mentioned in result. (Table 1) These 
functional improvements were further supported by improved 
GMFM score from 1.9 to 3.077% which revealed the improvement 
in his functional movements. 

There are some limitations of this case study as we have no 
control, however the patient can be considered as self-control 
because the improvements were seen after the combination of stem 
cell therapy and neurorehabilitation and not with rehabilitation 
alone. Serum biomarkers were not used to measure the release of 
various factors by transplanted cells, but PET-CT scan was used as 
biomarker which demonstrated significant improvements.

Intrathecal Autologous BMMNCs transplantation may be a 
safe treatment strategy and holds significant therapeutic potential 
in combination with standard treatment for cerebral palsy. As 

observed in this case, neurorehabilitation augments the positive 
effect of cellular therapy. PET-CT scan can be effectively used to 
monitor changes occurring at cellular level after the intervention.
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