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Cell therapy is being widely explored in the management of stroke and has demonstrated great potential. It has been shown to
assist in the remodeling of the central nervous system by inducing neurorestorative e
ect through the process of angiogenesis,
neurogenesis, and reduction of glial scar formation. In this study, the e
ect of intrathecal administration of autologous bonemarrow
mononuclear cells (BMMNCs) is analyzed on the recovery process of patients with chronic stroke. 24 patients diagnosed with
chronic stroke were administered cell therapy, followed by multidisciplinary neurorehabilitation.	ey were assessed on functional
independencemeasure (FIM) objectively, along with assessment of standing and walking balance, ambulation, and hand functions.
Out of 24 patients, 12 improved in ambulation, 10 in hand functions, 6 in standing balance, and 9 in walking balance. Further
factor analysis was done. Patients of the younger groups showed higher percentage of improvement in all the areas. Patients who
underwent cell therapy within 2 years a�er the stroke showed better changes. Ischemic type of stroke had better recovery than
the hemorrhagic stroke. 	is study demonstrates the potential of autologous BMMNCs intrathecal transplantation in improving
the prognosis of functional recovery in chronic stage of stroke. Further clinical trials are recommended. Clinical trial registration
number: NCT02065778.

1. Introduction

Recovery a�er stroke is quite heterogeneous, as it is deter-
mined by the site and extent of lesion.	e process of recovery
occurs through a combination of spontaneous and learning-
dependent processes. 	ese include restitution (restoring the
functional status of the injured neural tissue), substitution
(reorganization of the spared pathways in order to relearn
the lost functions), and compensation (reducing the disparity
between the impaired function of the patient and the environ-
mental demands on the patient) [1].	e process by which the
above events occur includes angiogenesis, neurogenesis, and
synaptic plasticity [2].

	e overall outcome of these patients improves with rapid
diagnosis, early preventive treatment, early recognition of

complications, and mobilization [3]. A�er a central nervous
system (CNS) insult like stroke, the quiescent stem cells
present in the bonemarrow show increasedmobilization and
migration from their resident bone marrow into the blood
circulation as a result of cytokine production from the CNS.
	us the recruitment of bonemarrow cells in the injured area
of the brain is ampli�ed. 	is process is the driving factor
for the natural recovery process [4]. However, as the chronic
stage approaches, the number ofmobilized cells reduces, thus
decreasing the rate of recovery. Most of the rehabilitative
approaches are based on the concept of neuroplasticity and
cortical reorganization of the available neurons a�er injury,
thus assisting in the natural pattern of functional recovery
[5, 6].
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Cell therapy has the potential to induce all of the above
neurorestorative processes. Stem cells are advantageous for
therapy due to their multipotency; they can be multiplied
in vitro and gra�ed into the developing and mature CNS
[7–9]. Adult bone marrow is a rich source of stem cells.
	e stem cells derived from bone marrow have a great
potential as therapeutic agents in the management of stroke.
	ey are easily obtainable and can be expanded easily ex
vivo for autologous transplantation [2]. Also they can be
di
erentiated into neurons on exposure to various inducing
regimens and are capable of secretion of growth factors,
which are critical for neuronal survival [10–13]. 	ere are
mounting evidences which support the capacity of bone-
marrow derived cells to mobilize from the bone marrow
into the peripheral blood, eventually homing into the injured
brain. 	is action is epitomized in bone marrow stem cells
mobilization following an ischemic brain injury [4].	ere are
various clinical trials conducted including animal and human
models, which aimed at assessing the e
ects of cell therapy in
stroke. 	e changes observed a�er the cell transplantation in
the animal studies included increased angiogenesis, increased
modulation of neurotrophic growth factors, and reduction
in the infarct volumes [14–20]. Human studies showed
increased neural plasticity, improved functional recovery,
and restoration of neurological de�cits. 	ere was enhanced
angiogenesis as a result of increased levels of endogenous
VEGF and other neurotrophic factors [21, 22].

	ere is a need to analyze the e
ect of cell therapy in
patients with chronic stroke. In this study, we have studied
e
ect of autologous BMMNCs in 24 patients with chronic
stroke, who had reached a plateau phase.

2. Materials and Methods

2.1. Study Design. 	e objective of the study was to analyze
if the transplantation of autologous BMMNCs along with
neurorehabilitation helps in improving the functional level
of the patients, along with balance, hand functions, and
ambulation. A nonrandomized sample of 30 patients with
chronic stroke was included in the study. Out of these,
6 patients were lost to follow up and thus they were not
included in the analysis; see Figure 1.

2.2. Patient Selection. Patients were selected based on the
World Medical Association Declaration of Helsinki: ethical
principles for medical research involving human subjects
[23]. 	e protocol of the study was approved by the Institu-
tional Committee for Stem Cell Research and 	erapy (IC-
SCRT) in accordance with the Indian Council of Medical
Research (ICMR) guidelines.	e inclusion criteria weremale
and female patients, age group of 18 and above, diagnosed as
stroke by clinical presentation and MRI �ndings. Exclusion
criteria were presence of respiratory distress, presence of
acute infections such as HIV/HBV/HCV, malignancies, and
other acute medical conditions such as respiratory infection,
fever, hemoglobin less than 8, bleeding tendency, bone
marrow disorder, le� ventricular ejection fraction <30%, and
pregnancy or breastfeeding.	e intervention was performed

Number of stroke patients enrolled

for the study

(n = 30)

Number of patients were lost to

follow up

(n = 6)

Total number of patients

completed the study

(n = 24)

Figure 1: Procedure for patient selection.

a�er gaining written informed consent from all the patients/
relatives in case of a
ection of higher mental functions.

2.3. Preintervention Assessment. Before the cell transplanta-
tion, all the patients underwent a comprehensive neurological
evaluation. 	ey were assessed for standing and walking bal-
ance, hand functions, and ambulation. Functional assessment
was performed on functional independence measure (FIM),
whereas higher mental function was tested on Mini Mental
State Examination (MMSE). All the patients underwent
routine biochemical, serological, and hematological tests for
medical �tness. If the patients were on anticoagulants, they
were stopped 48 hours prior to the procedure and restarted
48 hours a�er the procedure.

2.4. Isolation of BMMNCs. All the patients were admin-
istered granulocyte-colony stimulating factor injection 48
hours and 24 hours prior to the procedure, to mobilize
the cells and to enhance their numbers. Bone marrow
aspiration was carried out under local anesthesia with or
without sedation, depending on the individual case. Around
120mL of bone marrow was aspirated from the right anterior
superior iliac spine using bonemarrow aspiration needle and
collected in heparinized tubes. Mononuclear cells (MNCs)
were obtained by density gradient separation. 	e isolated
MNCs were checked for viability manually and con�rmed
on cell count machine by propidium iodide. 	e average
viability count was 96%.	eMNCs were checked for CD34+
by �uorescence activated cell sorting (FACS) using CD34 PE
antibody.

2.5. Administration of BMMNCs. 	eseparatedMNCs (body

weight (kg) × 106) were administered immediately a�er sepa-
ration. Using a spinal needle, the thecal sac was punctured
in the L4-L5 lumbar space. 	e cells were then injected
through the spinal needle. 	e patients were on intravenous
methylprednisolone 1 gm in 500mL Ringer Lactate during
the procedure of cell transplantation, to avoid local reaction
to the cells.

2.6. Neurorehabilitation. A�er cell transplantation, every
patient underwent an individualized neurorehabilitation
program designed according to each patient requirements
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Table 1: Demographic characteristics.

Age

Minimum 27

Maximum 79

Mean 57

Gender
Males 15 (62.5%)

Females 9 (37.5%)

H/O diabetes
Present 8 (33.3%)

Absent 16 (66.7%)

H/O hypertension
Present 15 (62.5%)

Absent 9 (37.5%)

Type of stroke
Ischemic 14 (58%)

Hemorrhagic 10 (42%)

Time since stroke (months)

Minimum 4

Maximum 144

Mean 40.54

Std dev. 31.29

Follow-up period (months)

Minimum 6

Maximum 54 (4 and half years)

Mean 30 (2 and half years)

consisting of physiotherapy, occupational therapy, and psy-
chological interventions.

2.7. Monitoring and Follow-Up. Patients were monitored
regularly for any immediate adverse e
ects in the hospital
for 4 days a�er the cell therapy. 	e patients were advised
for regular follow-up at 3 months and 6 months and yearly
therea�er. During each follow-up, the patients underwent
complete neurological assessment and were monitored for
any long-term adverse e
ects. 	e patients were followed up
for minimum of 6 months to maximum of 4.5 years.

Outcome Measures. All the patients were assessed on FIM.
	ey were also assessed for changes in ambulation, hand
functions, and standing and walking balance.

3. Results

24 patients diagnosed with chronic stroke were included
in this study based on the set inclusion and exclusion
criteria. 	e demographic characteristics of all the patients
are described in detail in Table 1. 	e stroke territory lesion
of these patients included frontal: 2 patients, temporal: 1,
frontoparietal: 1, temporoparietal: 4, temporooccipital: 1,
parietal occipital: 1, frontotemporoparietal: 4, frontal tem-
poral parietal occipital: 2, thalamic: 1, gangliocapsular: 4,
BG, thalamus, pons, and corona radiata: 1, frontal temporal
parietal occipital, BG, and mesial temporal: 1, and pons,
BG, and cerebellum: 1. All the patients underwent autolo-
gous BMMNCs intrathecally. Following cell therapy, patients
underwent individualized neurorehabilitation. None of the
patients had any major adverse events. Out of 24 patients, 3
patients agreed to undergo positron emission tomography-
computerised tomography (PET-CT) imaging before and
a�er cell therapy. 	e PET scans are shown in Figure 2.

3.1. Statistical Analysis. Descriptive statistics were used to
analyze the demographic characteristics of the patients; see
Table 1. Patients were grouped according to age, type of
stroke, time since stroke, and side of brain involvement.
As the number of patients in each subgroup was low,
percentage analysis was performed to �nd the percentage
of improvement symptomatically and functionally in each
group. Statistical analysis was done using Wilcoxon signed
rank test to compare the pre- and post-FIM values. 	is test
was performed using the SPSS 20.0 version; see Table 3.

Results showed that, overall out of 24 patients, 12
improved in ambulation, 10 in hand functions, 6 in standing
balance, 9 in walking balance, and 10 patients in functional
status; see Table 2. Patients with age less than 60 years
showed a higher percentage of improvement in the areas
of ambulation, hand functions, and sitting and standing
balance, as compared to the patients with age more than
60 years. 	ey also showed improvement in the FIM scores.
Time since the stoke episode also seemed to have an e
ect
on the recovery of patients. 	e percentage of improvement
was higher in patients, whose episode of stroke was less than
2 years old, as compared to those patients whose stroke was
older than 2 years. Patients with ischemic type of stroke had
better outcomes in all the mentioned areas, as compared to
thosewith hemorrhagic stroke. Also, patients with right brain
involvement showed higher percentage of improvement in
area of ambulation, standing balance, and walking balance,
as compared to the le� brain; see Table 2.

With respect to higher mental functions, out of total, 9
patients were a
ected. Two patients showed improvement in
higher mental functions a�er cell therapy and neurorehabil-
itation. 	ere was a statistically signi�cant di
erence (� <
0.05) seen in FIM scores before and a�er the cell therapy.	e
results are depicted in Figures 3, 4, 5, and 6.

4. Discussion

Initially, it was considered that CNS does not possess the
capacity to regenerate and neurorestorative processes are not
possible a�er an insult to the CNS. With time, the under-
standing of brain had greatly advanced, with properties like
neuroplasticity proving that brain is capable of regeneration
and restoration. 	us, it is critical to search more novel
and therapeutic approaches which can be administered in
the chronic phase of stroke and which would amplify the
intrinsic properties of the brain for neuroplasticity and the
neurological recovery [24].

4.1. Rationale for Use of Cell �erapy in Stroke. Neuroge-
nesis, angiogenesis, and synaptic plasticity, which lead to
the process of neurorestoration, contribute to the functional
recovery a�er stroke. It is seen that adult rodent brain
generates neuronal progenitor cells in the subventricular
zone (SVZ) and in the dentate gyrus of the hippocampus
throughout the life of the animal. Endogenous precursors are
a source for neuronal replacement a�er brain injury, which
is suggested by the persistence of neurogenesis in the adult
mammalian brain. A�er stroke, the neuroblast population
expands greatly in the SVZ. 	ese cells are then recruited
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Figure 2: PET scans of 3 patients before and a�er cell therapy. Increased FDG uptake is seen in all 3 patients in the postintervention
PET-CT scans. 	e blue areas represent hypometabolic areas, green areas represent normal metabolic activity, and black areas represent
absent metabolic activity (primary area of stroke). All 3 images show reduction in the blue areas and increase in the green area, showing
improved metabolic activity. (a) Increased FDG uptake is seen in le� parietal and temporal lobes indicating increased metabolic activity. (b)
Increased FDG uptake is seen in the le� frontal, temporal, parietal, and occipital lobes, along with le� hippocampus, parahippocampus, and
le� amygdale. (c) Increased FDG uptake is seen in le� frontal, parietal lobes. 	ere is also increased FDG uptake in the right parietal lobe.

Table 2: Percentage analysis of e
ect of each factor on the recovery of 24 patients with stroke (� = 24) (% of improvement) (values in brackets
indicate number of patients improved).

Total patients
improved
(� = 24)

Time since stroke Age Type of stroke
Side of involvement of

brain

<2 yrs
(� = 10)

>2 yrs
(� = 14)

<60 yrs
(� = 14)

>60 yrs
(� = 10)

Ischemic
(� = 14)

Hemorrhagic
(� = 10)

Right
(� = 12)

Le�
(� = 12)

Ambulation (12) 50 (5) 50 (7) 50 (9) 64 (2) 20 (9) 64 (3) 30 (7) 58 (5) 42

Hand functions (10) 42 (5) 50 (5) 36 (8) 57 (5) 50 (7) 50 (3) 30 (5) 42 (5) 42

Standing balance (6) 25 (3) 30 (3) 21 (5) 36 (1) 10 (4) 29 (2) 20 (4) 33 (2) 17

Walking balance (9) 38 (4) 40 (4) 29 (7) 50 (1) 10 (7) 50 (2) 20 (5) 42 (2) 17

FIM (9) 38 (5) 50 (3) 21 (6) 43 (3) 30 (5) 36 (4) 40 (3) 25 (6) 50

Table 3: Comparative analysis of FIM in patients before and a�er
cell therapy (� = 24).

Mean
pre-FIM

Mean
post-FIM

Signi�cance
(� < 0.05)

FIM score 73.67 78.17 0.007

to the penumbral area, which is the area bordering the
infarct, where they can di
erentiate into neurons, thereby
replacing the lost neurons [25, 26]. 	e neuroblasts may

also act synergistically with the microvasculature leading
to stimulation of angiogenesis and synaptic activity in the
local environment, thus promoting neurological recovery
[24]. A�er brain injury, synaptic plasticity is related to
behavioral change and functional recovery [27].	epotential
morphological strategieswhich enable the brain to reorganize
the neuronal circuits consist of increased dendritic arboriza-
tion [28]. A�er a stroke, the synaptic activity increases at
the penumbral area. 	is is evidenced by increase in the
expression of synaptic proteins such as synaptophysin and
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Figure 3: Graph representing comparison of symptomatic improve-
ment and functional improvement in patients of ≤2 and >2 years of
onset of stroke.
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Figure 4: Graph representing comparison of symptomatic improve-
ment and functional improvement in patients with age ≤60 and >60
years.

growth associated protein.	eproduction of these proteins is
enhancedwith successful neurorestorative treatments [29]. In
response to injury, such as stroke, the quiescent stem cells of
bone marrow get mobilized resulting in increased migration
from their resident bone marrow into the blood circulation.
A key chemokine implicated in the quiescence of these cells
within the bone marrow is stromal derived factor-1 (SDF-1),
which acts via its major receptor CXCR-4 (C-X-C chemokine
receptor type 4). 	is pathway is essential for the stem cell
migration and seeding. When SDF is activated, these stem
cells are activated and are released in the circulation. 	e
CNS then contributes to the mobilization of these cells by
cytokine production, which is ampli�ed in stroke. 	us the
recruitment of these cells in the brain is increased [4].

4.2. Mechanism of Action of BMMNCs in Stroke. 	e mech-
anism of BMMNCs mimics the natural process of recovery
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Figure 5: Graph representing comparison of symptomatic improve-
ment in patients with ischemic and hemorrhagic stroke.
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Figure 6: Graph representing comparison of symptomatic improve-
ment in patients with the involvement of le� and right brain.

a�er stroke as discussed above. 	e regenerative potential
of bone marrow stem cells, a type of stem cells, has been
validated in various studies, including brain ischemia [30].
	ere are also few studies done which showed improvement
in the long-term functional outcomes in patients with stroke
as a result of increase in brain plasticity, a�er delayed
treatment with stem cells [31–33]. Bone marrow stem cells
are multipotent and can di
erentiate into di
erent tissue
types, including astrocytes, neurons, and endothelial cells in
the brain [14, 34]. 	ese cells secrete various growth factors
like VEGF, bFGF, and BDNF which promote functional
outcome a�er stroke. 	ese growth factors support and
amplify angiogenesis, neurogenesis, and synaptic plasticity
at the penumbral region [17, 35, 36]. Along with the above
neuroreparative processes, the MNCs also decrease the glial
scar formation and promote glial-axonal remodeling. 	us
the MNCs act in a pleiotropic way to stimulate brain remod-
eling [32].
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4.3. Source, Selection, and Route of Administration. Bone
marrow mononuclear cells were the chosen type, as they
are the most easily accessible and most studied source of
stem cells. Initially the bone marrow was thought to contain
only hematopoietic type of stem cells. However, increasing
amount of evidence has shed light on this concept. 	e
bone marrow cells comprise hematopoietic stem cells, tissue-
speci�c progenitor cells, stromal cells, and specialized blood
cells in di
erent stages of development. 	ese cells di
er in
their potential to di
erentiate and form cells giving rise to
tissues which are di
erent from themain stem cell [37]. Since
they are autologous, use of these cells does not hold the risk
of any gra� versus host diseases or tumors. 	ese cells were
introduced intrathecally into the patients system. Intrathecal
route was used for administration of cells, as it is a minimally
invasive technique. It has also been found that administering
intrathecally through the CSF may be a more targeted way of
transmission than intravenous [38].

Cell therapy has been shown to improve functional status
in many of the neurological disorders, including cerebral
palsy, mental retardation, spinal cord injury, and stroke as
well [39–46]. 	ere is a randomized controlled trial of long-
term e
ects of autologous mesenchymal stem cell trans-
plantation in patients with ischemic stroke. A randomized
controlled trial was performed in the year 2010 by Lee and
colleagues, to assess the long-term e
ects of transplantation
of autologousmesenchymal stem cells in patientswithmiddle
cerebral artery infarct. A total of 52 patients were allocated
randomly to mesenchymal stem cells (MSC) treated group
and into a control group and were followed up for 5 years.
When compared with the control group, the follow-up
modi�ed Rankin Scale (mRS) score was decreased, whereas
the number of patients with a mRS of 0–3 increased in the
MSC group. Clinical improvement in the MSC group was
associated with serum levels of stromal cell-derived factor-1
and the degree of involvement of the subventricular region
of the lateral ventricle. 	e authors thus concluded that
intravenous autologous MSCs transplantation was safe for
stroke patients during long-term follow-up [22].

Here, overall patients showed improvements in the areas
of ambulation, hand functions, and standing and walking
balance and function. 	ese improvements can be con-
tributed to the physiological processes occurring at the
microcellular level in the brain as a result of cell therapy.
	e neurorestorative e
ects exerted by the BMMNCs like
angiogenesis, neovascularisation, production of growth fac-
tors, and paracrine e
ects lead to increased synaptic plasticity
at the penumbral area in the brain. 	ese processes help in
the formation of neuronalmaps, which are strengthenedwith
neurorehabilitation. In the present study, all the patients had
undergone standard methods of treatment available and still
demonstrated the residual de�cits before undergoing cellular
therapy. It was observed that there are a few factors, which
a
ect the recovery of patients with stroke. Factors like age,
time since stroke, type of stroke, and side of involvement
of the brain were analyzed, to see if they had any in�uence
on the recovery a�er stroke. It was observed that patients
with age less than 60 years of age showed higher percentage
of improvement with respect to ambulation, hand functions,

standing and walking balance, and FIM scores, as compared
to the patients older than 60 years. 	e causes for lesser
recovery in aged population are multifactorial. It has been
exhibited in the past that the number of stem cells derived
from bone marrow declines with age. 	ere is also an age
related decline in the “�tness” of these cells, which might
a
ect their usefulness in remodeling of the CNS [47]. Aging
process is associated with progressive losses in function
acrossmultiple systems including sensation, cognition,mem-
ory, motor control, and a
ection. In older adults, there are
4 core factors which interact with each other, therefore
creating a downward spiral of degraded brain functions.
	ese 4 factors include reduced schedules of brain activity,
noisy processing, weakened neuromodulatory control, and
negative learning [48]. Age related changes in brain plasticity
have also been proven in the past. 	e neurotransmitter
interactions in functionally connected systems may change
as a function of age. Glutamate has a role in the maintenance
of cellular function, as well as cell death which reduces with
age. Several glutamatergic transporters and receptors play a
critical role in synaptic and dendritic plasticity [49]. Along
with a
ected balance and increased instability as a result
of ageing, older patients are less likely to perform vigorous
exercises, thus directly a
ecting the quality of rehabilitation
[50]. Previous studies have shown that younger patients had
better survival and early and long-term outcomes [51].

Time since stroke was another factor analyzed in this
study. 	e group of patients, whose time a�er stroke was less
than 2 years, showed better improvement in all the areas, as
compared to the ones who had the stroke episode more than
2 years.	ere are studies which state that earlier intervention
in patients with stroke shows better outcomes with respect
to functional gains on FIM measurement [52]. As the time
a�er the stroke increases, there is an alteration in the muscles
with respect to structure and function. Muscular atrophy is
seen, with shi� to fast myosin heavy chain in the hemiparetic
leg muscles, leading to alterations in the gait patterns. As
the time progresses, contractures and deformities set in,
which leads to altered biomechanical alignment, directly
a
ecting the rehabilitation. At the microcellular level, a�er
injury to the neurons, in�ammatory processes begin, with
time leading to scarring at the neuronal level. 	us the
plasticity of the brain reduces, making it di�cult to learn
new patterns by the process of neuronal mapping. At the
physiological level it has been postulated that stem cells along
with G-CSF induced mobilization of CD34 cells may have
contributed to the angiogenesis, which provided a supportive
microenvironment for neuronal regeneration, and that both
the angiogenesis and the neurogenesis by stem cells along
with G-CSF treatment play roles in functional restoration
during chronic stroke [53]. Along with neurogenesis and
angiogenesis, MSCs signi�cantly decrease the glial scar for-
mation, promoting glial-axonal remodeling [32].

Stroke is classi�ed into 2 main categories, depending
on the pathophysiology-ischemic and hemorrhagic stroke.
It has been seen in the literature that hemorrhagic strokes
are more severe than the ischemic strokes and overall have
poor outcomes, due to larger hemorrhage volume. In hemor-
rhagic stroke, rupture of the vessel leads to extravasation of
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the blood into the neighboring brain tissue, thus a
ecting
the surrounding areas of the brain and the dampening of
their functions, along with the primary hemorrhagic area.
In contrast, ischemic stroke seems to have better outcomes,
as a result of collateral blood circulation of the neighboring
areas of the infarct, thus maintaining the tissue viability and
preventing expansion of the injury [54]. We postulate that, in
the hemorrhagic stroke, more numbers of stem cells may be
needed for remodeling of the widespread injury, as compared
to the ischemic stroke. 	e �ndings of our study correlate
well to the above events. Patients with ischemic stroke
showed better outcomes in the form of higher percentage of
improvements with respect to ambulation, hand functions,
standing and walking balance, and FIM scores.

Side of involvement of the brainmay have an e
ect on the
outcome of patients with stroke. In a study, it has been shown
that the total functional scores of patients with right brain
a
ected were slightly higher at the time of admission and
discharge than for the ones with le� brain a
ected in all the
age groups. 	e possible reasons for the lesser improvement
in patients with le� brain a
ection was due to statistically
signi�cantly lower subscores for communication and social
cognition, most likely a
ected by aphasia [55].

A study done by Hicks et al. in 2007 demonstrated the
role of physical activity and enriched environment on the
recovery of stroke models when administered with stem cell
therapy. Enriched housing and voluntary running exercise
enhanced migration of transplanted stem cells toward the
region of injury a�er stroke and there was a trend toward
increased survival of stem cells. Enrichment also increased
the number of endogenous progenitor cells in the subven-
tricular zone of transplanted animals. Functional recovery
measured in the cylinder test was facilitated only when the
stem cell transplants were combined with enrichment and
running exercise 7 days a�er the transplant. 	ese results
suggest that the ability of transplanted stemcells in promoting
recovery can be augmented by environmental factors such as
rehabilitation [56].

In this study, all the patients were given a choice of
undergoing 18-�uorodeoxyglucose (FDG) PET CT scans.
Out of 24 patients, 3 patients agreed to undergo PET CT
scan before and a�er cell therapy in a gap of 1 year. PET
CT scan is a noninvasive functional imaging tool, which
examines the correlation of changes in the metabolic activity
of the brain with the activity of the nervous tissues. 	e
18-FDG dye used for the PET CT scan is an analogue of
glucose which provides functional information of the cells
based on the glucose uptake. 	ere are glucose transporter
proteins, which transport FDG to the cells. 	is is then
metabolized and converted into FDG-6 phosphate, which
cannot be metabolized further and gets trapped into the cell,
as the cell membrane is impermeable to this molecule. 	is
trapping of the glucose molecule is considered to be directly
proportional to the rate of glycolysis in the tissue. Reduced
FDG uptake indicates reduced metabolic activity [57, 58].
	e standardized uptake value (SUV) is used as a relative
measure of FDG uptake [59]. 	ese values are compared
to a normal controlled SUV and a standard deviation (SD)
value is calculated which indicates the areas of the brain

functioning beyond the normal limits. Hence, in stroke the
ischemic areas which are hypofunctioning are seen as areas
of hypometabolism. Increased FDG uptake in hypofunction-
ing areas indicates improvement. We hypothesize that the
paracrine e
ects, neoangiogenesis, and secretion of various
growth factors lead to improved oxygenation and functioning
of damaged neurons, leading to increased glucose uptake,
thus increasing the metabolic activity of the ischemic areas
(see Figure 2).

5. Limitations

	e limitations of this study are that it is a nonrandomized,
uncontrolled single-center study with a small sample size and
heterogeneous groups. Also, e
ective dose and timing of cell
therapy need to be studied. E
ect of repetition of cell therapy
dose on the recovery of patients with chronic stroke needs
to be analyzed. Magnetic labeling of the injected cells would
be helpful to analyze the homing of these cells in the injured
brain. PET-CT was available only for 3 patients out of 24.
We would have got a better insight of the changes at the
microcellular level if the investigations were available for the
complete sample.	ough this study has shown improvement
in the chronic stage, it is di�cult to attribute it to either cell
therapy or rehabilitation individually.

6. Conclusion

	is is a preliminary study, which supports the use of
combination of cell therapy and neurorehabilitation. It also
indicates that intrathecal autologous BMMNCs transplanta-
tion is safe, feasible, minimally invasive, and a viable option.
It may be bene�cial in accelerating the functional recovery
in patients with chronic stroke and enhance the results of
rehabilitation. 	us, by augmenting the process of recovery,
a�er all the available treatment options are exhausted, cellular
therapy ful�lls the current unmet medical need in chronic
stroke. Earlier intervention may in�uence the amount of
recovery in patients with chronic stroke. Factors like time
since stroke and type of stroke may also in�uence the process
of recovery. 	ough the intrathecal administration of autol-
ogous BMMNCs augments the recovery process in chronic
stage of stroke, which has come to a plateau, it does not help
in complete recovery.	us our quest of �nding di
erent type
of cells, route administration, and dose is ongoing.
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[10] G. Muñoz-Elias, D. Woodbury, and I. B. Black, “Marrow
stromal cells, mitosis, and neuronal di
erentiation: stem cell
and precursor functions,” Stem Cells, vol. 21, no. 4, pp. 437–448,
2003.

[11] D. C.Hess andC. V. Borlongan, “Cell-based therapy in ischemic
stroke,” Expert Review of Neurotherapeutics, vol. 8, no. 8, pp.
1193–1201, 2008.

[12] K. Hara, T. Yasuhara, M. Maki et al., “Neural progenitor NT2N
cell lines from teratocarcinoma for transplantation therapy in
stroke,” Progress in Neurobiology, vol. 85, no. 3, pp. 318–334,
2008.

[13] D. C. Hess and C. V. Borlongan, “Stem cells and neurological
diseases,” Cell Proliferation, vol. 41, no. 1, pp. 94–114, 2008.

[14] L. Zhao, W. Duan, M. Reyes, C. D. Keene, C. M. Verfaillie,
andW. C. Low, “Human bone marrow stem cells exhibit neural
phenotypes and ameliorate neurological de�cits a�er gra�ing
into the ischemic brain of rats,” Experimental Neurology, vol.
174, no. 1, pp. 11–20, 2002.

[15] W. C. Shyu, S. Z. Lin, M. F. Chiang, C. Su, and H. Li,
“Intracerebral peripheral blood stem cell (CD34+) implantation
induces neuroplasticity by enhancing �1 integrin-mediated
angiogenesis in chronic stroke rats,”�e Journal of Neuroscience,
vol. 26, no. 13, pp. 3444–3453, 2006.

[16] N. Pavlichenko, I. Sokolova, S. Vijde et al., “Mesenchymal
stem cells transplantation could be bene�cial for treatment of
experimental ischemic stroke in rats,” Brain Research, vol. 1233,
pp. 203–213, 2008.

[17] J. Chen, Z. G. Zhang, Y. Li et al., “Intravenous administration
of human bone marrow stromal cells induces angiogenesis in
the ischemic boundary zone a�er stroke in rats,” Circulation
Research, vol. 92, no. 6, pp. 692–699, 2003.

[18] Y. Li, J. Chen, L. Wang, M. Lu, and M. Chopp, “Treatment
of stroke in rat with intracarotid administration of marrow
stromal cells,” Neurology, vol. 56, no. 12, pp. 1666–1672, 2001.

[19] S. Jeong, K. Chu, K. Jung, S. U. Kim, M. Kim, and J. Roh,
“Human neural stem cell transplantation promotes functional

recovery in rats with experimental intracerebral hemorrhage,”
Stroke, vol. 34, no. 9, pp. 2258–2263, 2003.

[20] D. C. Hess, W. D. Hill, A. Martin-Studdard, J. Carroll, J. Brailer,
and J. Carothers, “Bone marrow as a source of endothelial cells
andNeuN-expressing cells a�er stroke,” Stroke, vol. 33, no. 5, pp.
1362–1368, 2002.

[21] O. Y. Bang, J. S. Lee, P. H. Lee, and G. Lee, “Autologous
mesenchymal stem cell transplantation in stroke patients,”
Annals of Neurology, vol. 57, no. 6, pp. 874–882, 2005.

[22] J. S. Lee, J. M. Hong, G. J. Moon, P. H. Lee, Y. H. Ahn,
and O. Y. Bang, “A long-term follow-up study of intravenous
autologous mesenchymal stem cell transplantation in patients
with ischemic stroke,” Stem Cells, vol. 28, no. 6, pp. 1099–1106,
2010.

[23] R. V. Carlson, K. M. Boyd, and D. J. Webb, “	e revision of the
Declaration of Helsinki: past, present and future,” �e British
Journal of Clinical Pharmacology, vol. 57, no. 6, pp. 695–713,
2004.

[24] J. Chen and M. Chopp, “Neurorestorative treatment of stroke:
cell and pharmacological approaches,” NeuroRx, vol. 3, no. 4,
pp. 466–473, 2006.

[25] J. M. Parent, Z. S. Vexler, C. Gong, N. Derugin, and D.
M. Ferriero, “Rat forebrain neurogenesis and striatal neuron
replacement a�er focal stroke,” Annals of Neurology, vol. 52, no.
6, pp. 802–813, 2002.

[26] A. Arvidsson, T. Collin, D. Kirik, Z. Kokaia, and O. Lindvall,
“Neuronal replacement from endogenous precursors in the
adult brain a�er stroke,” Nature Medicine, vol. 8, no. 9, pp. 963–
970, 2002.

[27] R. J. Nudo, “Functional and structural plasticity in motor
cortex: implications for stroke recovery,” Physical Medicine and
Rehabilitation Clinics of North America, vol. 14, no. 1, pp. S57–
S76, 2003.

[28] R. J. Nudo, E. J. Plautz, and S. B. Frost, “Role of adaptive
plasticity in recovery of function a�er damage to motor cortex,”
Muscle and Nerve, vol. 24, no. 8, pp. 1000–1019, 2001.

[29] R. P. Stroemer, T. A. Kent, and C. E. Hulsebosch, “Enhanced
neocortical neural sprouting, synaptogenesis, and behavioral
recovery with D-amphetamine therapy a�er neocortical infarc-
tion in rats,” Stroke, vol. 29, no. 11, pp. 2381–2395, 1998.

[30] M. Dezawa, M. Hoshino, Y. Nabeshima, and C. Ide, “Marrow
stromal cells: Implications in health and disease in the nervous
system,” Current Molecular Medicine, vol. 5, no. 7, pp. 723–732,
2005.

[31] J. Chen, Y. Li, L.Wang et al., “	erapeutic bene�t of intravenous
administration of bone marrow stromal cells a�er cerebral
ischemia in rats,” Stroke, vol. 32, no. 4, pp. 1005–1011, 2001.

[32] Y. Li, J. Chen, C. L. Zhang et al., “Gliosis and brain remodeling
a�er treatment of stroke in rats withmarrow stromal cells,”Glia,
vol. 49, no. 3, pp. 407–417, 2005.

[33] L. H. Shen, Y. Li, J. Chen et al., “	erapeutic bene�t of
bone marrow stromal cells administered 1 month a�er stroke,”
Journal of Cerebral Blood Flow andMetabolism, vol. 27, pp. 6–11,
2006.

[34] S. Wislet-Gendebien, F. Bruyère, G. Hans, P. Leprince, G.
Moonen, and B. Rogister, “Nestin-positive mesenchymal stem
cells favour the astroglial lineage in neural progenitors and stem
cells by releasing active BMP4,”BMCNeuroscience, vol. 5, article
33, 2004.

[35] P. Carmeliet and E. Storkebaum, “Vascular and neuronal e
ects
of VEGF in the nervous system: implications for neurological



Stroke Research and Treatment 9

disorders,” Seminars in Cell and Developmental Biology, vol. 13,
no. 1, pp. 39–53, 2002.

[36] K. Jin, Y. Zhu, Y. Sun, X. O. Mao, L. Xie, and D. A. Greenberg,
“Vascular endothelial growth factor (VEGF) stimulates neuro-
genesis in vitro and in vivo,”Proceedings of theNational Academy
of Sciences of the United States of America, vol. 99, no. 18, pp.
11946–11950, 2002.

[37] A. Sharma and N. Gokulchandran, “Mechanism of action,” in
Stem cell �erapy in Neurological Disorders, A. Sharma and N.
Gokulchnadran, Eds., pp. 61–69, Surekha Press, Mumbai, India,
2010.

[38] A.Mahmood, D. Lu,M. Lu et al., “Treatment of traumatic brain
injury in adult rats with intravenous administration of human
bone marrow stromal cells,” Neurosurgery, vol. 53, no. 3, pp.
697–703, 2003.

[39] A. Sharma, H. Sane, A. Paranjape et al., “Positron emission
tomography—computer tomography scan used as amonitoring
tool following cellular therapy in cerebral palsy and men-
tal retardation—a case report,” Case Reports in Neurological
Medicine, vol. 2013, Article ID 141983, 6 pages, 2013.

[40] A. Sharma, P. Kulkarni, H. Sane et al., “Positron emission
tomography—computed tomography scan captures the e
ects
of cellular therapy in a case of cerebral palsy,” Journal of Clinical
Case Reports, vol. 2, no. 13, 2012.

[41] A. Sharma, N. Gokulchandran, G. Chopra et al., “Administra-
tion of autologous bone marrow-derived mononuclear cells in
childrenwith incurable neurological disorders and injury is safe
and improves their quality of life,” Cell Transplantation, vol. 21,
no. 1, pp. S79–S90, 2012.

[42] A. Sharma, N. Gokulchandran, H. Sane et al., “Detailed analysis
of the clinical e
ects of cell therapy for thoracolumbar spinal
cord injury: an original study,” Journal of Neurorestoratology,
vol. 1, pp. 13–22, 2013.

[43] A. Sharma, H. Sane, N. Gokulchandran et al., “Role of autol-
ogous bone marrow mononuclear cells in chronic cervical
spinal cord injury—a longterm follow up study,” Journal of
Neurological Disorders, vol. 1, no. 4, 2013.

[44] A. Sharma, P. Badhe, P. Kulkarni et al., “Autologous bone
marrow derived mononuclear cells for the treatment of spinal
cord injury,” �e Journal of Orthopaedic and Trauma Surgery,
vol. 1, no. 1, pp. 33–36, 2011.

[45] A. Sharma, N. Gokulchandran, G. Chopra et al., “Administra-
tion of autologous bone marrow-derived mononuclear cells in
childrenwith incurable neurological disorders and injury is safe
and improves their quality of life,” Cell Transplantation, vol. 21,
supplement 1, pp. S79–S90, 2012.

[46] A. Sharma, H. Sane, P. Badhe et al., “Autologous bone marrow
stem cell therapy shows functional improvement in hemor-
rhagic stroke,” Indian Journal of Clinical Practice, vol. 23, no. 2,
pp. 100–105, 2012.

[47] A. Stolzing, E. Jones, D. McGonagle, and A. Scutt, “Age-related
changes in human bone marrow-derived mesenchymal stem
cells: consequences for cell therapies,”Mechanisms ofAgeing and
Development, vol. 129, no. 3, pp. 163–173, 2008.

[48] H. W. Mahncke, A. Bronstone, and M. M. Merzenich, “Chapter
6 Brain plasticity and functional losses in the aged: scienti�c
bases for a novel intervention,” Progress in Brain Research, vol.
157, pp. 81–109, 2006.

[49] G. S. Smith, “Aging and neuroplasticity,” Guest Editorial.

[50] P. Arora, S. Yardi, and N. Siddiqui, “E
ect of core mus-
cle strengtheneing on blance and quality of life in geriatric

patients,” Indian Journal of Physiotherapy & Occupational �er-
apy, vol. 7, no. 2, p. 120, 2013.

[51] H. Nakayama, H. S. Jørgensen, H. O. Raaschou, and T. S. Olsen,
“	e in�uence of age on stroke outcome: the Copenhagen
Stroke Study,” Stroke, vol. 25, no. 4, pp. 808–813, 1994.

[52] K. Salter, J. Jutai, M. Hartley et al., “Impact of early vs delayed
admission to rehabilitation on functional outcomes in persons
with stroke,” Journal of Rehabilitation Medicine, vol. 38, no. 2,
pp. 113–117, 2006.

[53] C. S. Piao, M. E. Gonzalez-Toledo, Y. Q. Xue et al., “	e role
of stem cell factor and granulocyte-colony stimulating factor in
brain repair during chronic stroke,” Journal of Cerebral Blood
Flow and Metabolism, vol. 29, no. 4, pp. 759–770, 2009.

[54] P. J. Kelly, K. L. Furie, S. Shafqat, N. Rallis, Y. Chang, and
J. Stein, “Functional recovery following rehabilitation a�er
hemorrhagic and ischemic stroke,”Archives of PhysicalMedicine
and Rehabilitation, vol. 84, no. 7, pp. 968–972, 2003.

[55] C. V. Granger, B. B. Hamilton, and R. C. Fiedler, “Discharge
outcome a�er stroke rehabilitation,” Stroke, vol. 23, no. 7, pp.
978–982, 1992.

[56] A.U.Hicks, K.Hewlett, V.Windle et al., “Enriched environment
enhances transplanted subventricular zone stem cell migration
and functional recovery a�er stroke,”Neuroscience, vol. 146, no.
1, pp. 31–40, 2007.

[57] M. E. Raichle, “Visualizing the mind.,” Scienti�c American, vol.
270, no. 4, pp. 58–64, 1994.

[58] E. K. J. Pauwels, M. J. Ribeiro, J. H. M. B. Stoot, V. R. McCready,
M. Bourguignon, and B. Mazière, “FDG accumulation and
tumor biology,”Nuclear Medicine and Biology, vol. 25, no. 4, pp.
317–322, 1998.

[59] J. A. 	ie, “Understanding the standardized uptake value,
its methods, and implications for usage,” Journal of Nuclear
Medicine, vol. 45, no. 9, pp. 1431–1434, 2004.



Submit your manuscripts at

http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 

Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment

AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 

Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


