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Abstract: Stroke, one of the most devastating diseases, 15 aleading cause of death and disability throughout the world

and 15 also associated with emotional and economic problems. The main purpose of this article 1s to report the
technique and clinical outcome of the intraventricular transplantation of bone marrow mesenchymal stem
cells (BM-M3Cs) in post-hemorrhagic stroke patients. This clinical study was performed with eight patients
with supratentorial hemorrhagic stroke, who had undergone 24 weeks of standard treatment of stroke with
stable neurological deficits. All of the patients received stem cell transplantation intraventrcularly via an
Ommaya reservoir using autologous BIM-M3Cs. Six months andtwelve months after stem cell treatment, the
clinical outcomes were measured using the MNational Institute of Health Stroke Scale (NIHSS) The results of
this study showedimprovement of NIH S score values before and after the treatment in 5 patients. Mo adverse
effects or complications were detected during the 1 year of observation Intraventricular transplantation of
BM-IMSCs showed benefits in improving the functional status of pest-hemorthagic stroke patients. The
repeated transplantation procedure is easier and safer to perform via a subcutaneously implanted Ommaya
reservoir

1 INTRODUCTION attempts to find better treatments based on the

pathomechanism of this disease, the outcomes remain

Stroke remains a leading cause of morbidity and poor .(Rmcon & Mayer, 2008). Nowadays, ml.u:h
mortality, with a prevalence rate of about 250— attention has been focused on neurorestorative
300/100,000 of the total population in Asian countries Fherap.les,.mclmhng stem cell transplantation. Se"_‘eral
(Bhasin et al., 2011). Approximately 30% of stroke investigations ~ have  reported  that  direct
patients become severely disabled and are left with transplantation or systemic infusion of stem cells
permanent functional disabilities (Kondziolka et al., results in neurofunctional improvement not ol
2005). Early intervention and active rchabilitation because of the cell replacement mechanism (to

still represent the standard therapy for minimizing g‘epl:_ace) but als_o beca_usc the lo_cal host environment
brain damage and maximizing functional recovery is stimulated with various trophic and growth factors

after stroke. However, once functional recovery secreted by transplanted cells (to stimulate) (Guzman
reaches the plateau phase and any neurological et al., 2008; Hamn}er et al., 20.08). .The. route apd site
deficits become fixed, patients face severe of stem cell delivery remain significant issues.
difficulties, because there is still no known proven Several Stl_“hes ha_ve l‘eported. neurofunctional
treatment (Kondziolka et al, 2005). Spontaneous recovery _Wﬁh the intravenous, 111h‘ace1‘eb1‘al. and
intracerebral hemorrhag e (ICH) causes 10-20% of all intraventricular routes of stem cell delivery
strokes (Seyfried et al., 2006), with outcomes much (Konldzmlka et al., 2005, Guzman et al.., 2008;
worse than those of ischemic stroke (Keep et al., Jozw?ak elt ?1" 20110: Sharma ct‘ al., 20112: Bliss et al.,
2012; Seyfried et al., 2010). By its nature, ICH causes 2007; Cali6 et al., 2014). For exanple, one study

a variety of neural injury mechanisms: mechanical conﬁrmel(: that ali‘ cel(lls 1‘ef;|ch .the targeli le1513111.~;., but
injury, toxicity, ischemia, inflanmation and more cells are found after intracerebral delivery

apoptosis (Seyfiied et al., 2006). Despite ongoing followed by intraventricular and intravenous delivery
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(Guzman et al., 2008; Calié et al., 2014). The indirect
route with intravenous injection is non-invasive, but
it can create a homing site for other organs far from
the target site in the brain (Calié et al., 2014; Chopp
et al., 2008).

Bone marrow mesenchymal stem cells (BM-
MSCs) have recently been studied and reported as a
potential stem cell source for various central nervous
system diseases (Seyfried etal., 2010; Bordey, 2006;
Kazanis, 2012). Compared with other sources, such
as embryonic and other adult stem cells, BM-MSCs
are readily accessible, easily expanded in culture and
amenable to manipulation (Seyfried et al.,2010). The
utilization of autologous stem cells avoids the legal
and ethical issues concerning the source of transplant
cells in stem cell therapy. BM-MSCs are pluripotent
cells that are capable of self-renewal and
differentiation in a variety of non-hematological
tissues, including brain tissue (Seyfried et al., 2010).

2 METHODS

This study received legal/ethical clearance from the
local medical research ethics commuttees of Dr.
Soetomo General Hospital, Surabaya, Indonesia,
following the regulatory guidelines of the country.
Moreover, a research permit was obtained from the
Research and Development Department of East JTava,
Indonesia Provincial Government. Prior to the study,
mformed consent documents, details of the medical
treatment and other necessary approval documents
were delivered to all patients involved in the study.

This study was designed using a one-group pre-
test/post-test design. The subjects of this study were
postoperative  supratentorial ICH patients with
persistent neurological deficits after six months in Dr.
Soetomo General Hospital, Surabaya, Indonesia.

The subjects of this study were supratentorial ICH
patients with persistent neurological deficits after
24weeks in Dr. Soetomo General Hospital, Surabaya,
Indonesia.

Eight patients were included in the study. The
clinical evaluation was carried out using the National
Institute of Health Stroke Scale (NIHSS) 6 and 12
months after the first procedure of transplantation.
The following inclusion and exclusion criteria were
used for the patients.

Inclusion Criteria:
- Hemorrhagic stroke patients
- Aged45 to65
- Supratentorial location
- No ventricular-peritoneal shunt
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- No active infection/disease

- No systemic malignancies

- 24weeks after stroke with stable NIHSS score in
last 12 weeks

Exclusion Criteria:

- Significant neurological improvement after
stroke

- Didnot receive optimal standard therapy

- Severe comorbid factors: pneumonia, heart

diseases, diabetes mellitus, psychiatric
disorders, uncontrolled hyp ertension
- Epilepsy

2.1 Procedure

Isolation and intraventricular transplantation of bone
marrow mesenchymal stem cells (BM-MSCs) was
performed in the operating room of Dr. Soetomo
General Hospital, Surabaya.

Autologous bone marrow stromal cell isolation
was performed under general anesthesia, and
aspiration of BM-MSCs oniliac bone was performed
with a sterile procedure.

Isolation of mononuclear (MN) cells from bone
matrow samples was done using Histopaque-density
centrifugation methods. Whole MN cells were
obtained and then cultured in Dulbecco's Eagle
medium with 10% fetal bovine serum (FBS) (Sigma
Chemical) in plastic petri humidity conditions of
37°C with 5% CO2. Unattached cells were discarded,
while attached cells were expanded. After confluent
cells were achieved (referred to as passage 0), cells
were cultured up to passage 3.

Characterization of BM-MSCs was performed
using immunocytochemistry techniques. Cells were
characterized with markers of fluorescein
isothiocyanate (FITC) anti-hwman CD90 antibody
(BioLegend, USA), phycoerythrin (PE) anti-human
CD29 antibody (BioLegend, USA), peridinin-
chlorophyll-protein complex: cyanine 5.5 conjugate
(PerCp/Cy5.5) anti-human CD34 and anti-human
CD45 FITC.

2.2 Transplantation Techniques

Under general anesthesia, patients were conditioned
in a supine position. The hair was shaved just behind
the right frontal hairline, and then the arca was
washed with antiseptic solution. A mark was then
made on the right Kocher point. A 2.5-cm wide linear
incision was made in layers through the periosteum
The process was continued by creating a burr hole
in the calvaria and a small dural incision. An
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Ommaya reservoir was inserted into the ventricle, and
then a maximum of 5 cc of cerebrospinal fluid was
slowly aspirated through the Ommaya reservoir with
awing needle. Then, the stem cells were transplanted
with the same wing needle (2 x 106 cells in 3cc of
normal saline) and then flushed with 2ce of normal
saline. The surgical wound was then sutured layer by
layer.

For booster transplantation, the same procedures
were performed without the open procedure or

Experience

general anesthesia one month after the first
transplantation. Hair did not need to be shaved,
disinfection with povidone-iodine was performed at
the skin and BM-MSC injection was carried out with
the same dose using wing needle no. 25 through the
subcutaneous transplanted Ommaya reservoir [Figure
1]. Booster transplantation was done twice at one-
month intervals.

3 RESULTS
Table 1: Data progress of post-hemorrhagic stroke and post-treatment patients.
Age _ 24Weeks After 48-Weeks
No. GEEI;EI (years }l[.ocatu?ln of Baseline Stroke Evaluation Improvement
(MLE) old) emorrthage WIH:S NIHSS
e Severe aphasia =
Mild-to-moderate
Left Basal aphasia
1 F 45 g 3 3 .
Ganglia o Severe dysarthria =2
Mild-to-moderate
dy sarthria
2 it 63 Right Parietal 2 2 2 i
3 M 50 £ 5 5 5 i
Ganglia
LOC Questions,
Left Basal ,, Answer one question
4 N = Ganglia ¥ % = correctly = Answer
both question correctly
o Left & Right Arm,
some effort against
_ LEft_. . nn gravity = Drift
5 M 56 Frontoparieta 23 22 19 ]

1 EP o Left & Right Leg,
some effort against
gravity = Drift

® Level of
Consciousness, not
alertlevel 2 = Level
of consciousness,
- Right Basal not alertlevel 1
6 M 2 Ganglia 7 17 13 o LOC Commands;,
Performs neither
task correctly =2
Performs one task
correctly
7 E 59 Right Pa_rleto— 5 5 5 )
occipital
Left Basal Limb Ataxia, present
g L 48 . 5 5 4 . . .
Ganglia in one limb = absent
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3.1 Patient Characteristics

The average age of patients in this study was 53.44 £
6.02 years. The youngest patient was 45 years old,
and the ol dest was 63 years old. The average age of
patients was 54.25 £ 6.50 years.

In terms of gender, six patients (75%) were male,
and two patients (25%) were female. All the patients
had standard treatment for hemorrhagic stroke
including medical treatment and  physical
rehabilitation. Two of the patients had surgical
treatment (craniotomy and clot removal).

In terms of the site of supratentorial bleeding, five
patients (62.5%) had bleeding in the basal gangla,
one patient (12.5%) had it in the right parietal and one
patient (12.5%) had it as a right parieto-occipital
hemorrhage. Further details on patient characteristics
and clinical outcome are shown in Table 1.

3.2 Clinical Results

From the cight patients followed for 12 months, 5
patients showed improvement in neurologic status
and 3 patients showed no change. One patient showed
motor repair and 2 patients showed improvement in
the level of conception. Two other patients showed
improvement from ataxia and improvement of
aphasia and dysarthria. For a safety result evaluation,
we observed the incidence of increased intracranial
pressure, infection, seizures and signs of rejection
from the patient's body. We did not observe any sign
of such adverse effects from the 8 patients.

3.3 Intraventricular Transplantation

The ventricular system has thin walls composed of
ependymal cells (Bordey, 2006; Kazanis, 2012). The
permeable properties of ependymal cells make it quite
effective for the treatment of certain medicines,
imncluding stem cell therapy targeting the brain
parenchyma (Kazanis, 2012). On the lateral ventricle,
the ventricular walls are surrounded by the SVZ,
which continuously produces new neurons (Doetsch
et al., 1999; Okano, 2002).

The SVZ was first discovered in mice, then in
larger mammals, and later, it was found in humans
(Bordey, 2006; Kazanis, 2012). The location of the
neurogenic niche area is very close to the lateral
ventricle, which explains why the administration of
stem cells through the intraventricular route is an
effective method for stem cell therapy in stroke. The
lateral ventricles are easy to access, enabling direct
stimulation of the SVZ.
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Moreover, in essence, cerebrospinal fluid is the
endogenous  regulatory  factor of mneuronal
differentiation in neural regeneration, where the
plexus choroideus produces substances during brain
development or the regeneration process after brain
injury (Faledo, 2012). The occurrence of this
endogenous neurogenesis has been widely reported in
several studies (Okano, 2002).

Intraventricular transplantation of stem cells in
hemorrhagic stroke patients has never been reported.
Three previous reports related to the subject were
case reports: two were children with post-hypoxic
encephalopathy, while the other was a case of
amyotrophic lateral sclerosis (ALS). Jozwiak et al.
performed intraventricular transplantation using
autologous umbilical cord stem cells on a 16-month-
old child who had post-hypoxic encephalopathy with
fairly good clinical results (Jozwiak et al., 2010).
Baek et al. performed intraventricular transplantation
using the Ommaya reservoir in cases of ALS. There
were no reported complications from the study (Baek
et al., 2012).

3.4 Safety Results

This is the first report of repeated stem cell
transplantation through the intraventricular route. The
application of stem cell therapy for stroke is very
rational, as the principle of this therapy is to replace
and repair the damaged brain tissue (Li & Ikehara,
2013). Recently, a theory suggesting that adult neural
stem cells could be stimmlated either exogenously or
endogenously was put forth (Alonso, 2001; Okano,
2002). Some recent research studies on stem cell
therapy in stroke suggest some imp ortant issues that
need further research: 1) sources of optimal stem
cells, 2) most effective delivery route, 3) most
cffective time, and 4) optimal dose (Chopp et al.,
2008).

The results of the clinical evaluation of the eight
patients with treatment showed no decrease in
neurological status and no complications associated
with the actions and effects from stem cells. Five
patients showed improvement on NIHSS with
different types of neurological status enhancement.
Some possible side-effects that could be observed
after treatment are 1) increased intracranial pressure,
2) seizures, 3) infection and 4) rejection reaction by
the body. However, this study demonstrated that this
technique is safe and reported no complications. One
other advantage, the presence of the reservoir,
facilitates repeated injections when applying booster
therapy.
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3.5 Clinical Outcomes

NIHSS scores were used to evaluate the neurological
status ofthe stroke patients, determine the appropriate
treatment for the patients and predict the patients’
prognosis (Levine et al., 2006). Determining the
severity of stroke 1s very important in assessing the
prognosis associated with the disease, including
mortality, length of stay in hospital, progress of
neurological deficit and functional recovery of stroke
patients. A study by Williams et al. showed that the
reliability of the NTHSS was almost perfect (Williams
et al., 2000). Examining the NIHSS scores obtained
prospectively and retrospectively 1s an excellent
method for analyzing patients’ conditions, and no
bias on the scale was found in the retrospective
process, although there were some missing elements
of physical examinations in the medical records
(Williams et al., 2000).

Kondziolka et al. implanted cultured human
neural cells by the stereotactic technique in ischemic
stroke patients. At the 18-month and 24-month
observations, there were some functional
improvements in patients (Kondziolka et al., 2000).
This finding 1s consistent with this study. When we
compared the ‘before and after’ conditions in stem
cell transplantation, there were functional
improvements in some patients.

Bang et al. reported the transplantation of BM-
MSCs intravenously in patients with stroke infarction
evaluated at months 3, 6 and 12. The results showed
a significant difference in NIHSS scores in treated
patients compared with controls (Bang et al., 2005).
Bhasin et al. reported a significant difference among
six stroke infarction patients compare d with controls
after the intravenous transplantation of BM-MSCs.
Post-treatment clinical and radiological evaluation
was performed after eight weeks (Bhasin et al.,2011).
In this study, the evaluation was conducted after 48
weeks. All of the previous reports were studies on
stroke infarction, whereas in this study, we conducted
the research on hemorrhagic type.

Compared to ischemic stroke and subarachnoid
hemorrhage, intracerebral hemorrhagic stroke has the
highest mortality rate, more severe complications,
and poorer long-term prognosis (Andres et al., 2008).
Based on the pathology, the tissue damage is more
severe compared with ischemic stroke (Andres et al.,
2008). In the chronic phase, permanent damage or
encephalomalacia frequently occurs, which usually
does not respond to treatment, except physical
rehabilitation therapy (Andres et al.,2008). Based on
these conditions, stem cell transplantation tends to
work through the paracrine effects of trophic factors
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as a neuroprotective and stimulator agent of neuronal
plasticity to improve the neurological function
(Andres et al., 2008). This study included cases of
supratentorial hemorthagic stroke, and after
transplantation procedures were performed, there was
an improvement in neurological status in some
patients.

4 CONCLUSIONS

In this study, climcal evaluations conducted using
NIHSS scores after 24 and 48 weeks of treatment
showed an improvement without evidence of side-
effects or complications.Because of the small sample
size and non-randomized trial performed in this
study, we could not reach a definitive conclusion
regarding the potential of intraventiicular
transplantation of BM-MSCs in chronic stroke.
However, this small study shows that repeated
intraventricular transplantation of autologous BM-
MSCs is advantageous. More advanced study is
required to evaluate the efficacy of intraventiicular
stem cell therapy in stroke.
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