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Abstract

Background: One of the most devastating diseases, stroke, is a leading cause of death and disability worldwide with severe emotional and
economic consequences. The purpose of this article is mainly to report the effect of intraventricular transplantation via an Ommaya reservoir
using autologous bone marrow mesenchymal stem cells (BM-MSCs) in haemorrhagic stroke patients.

Case Presentations: Two patients, aged 51 and 52, bearing sequels of haemorrhagic stroke were managed by intraventricular transplantation of
BM-MSCs obtained from their own bone marrow. Before the procedure, both patients were bedridden, tracheostomised, on nasogastric (NG)
tube feeding and in hemiparesis. The cells were transplanted intraventricularly (20 x 10° cells/2.5 ml) using an Ommaya reservoir, and then
repeated transplantations were done after 1 and 2 months consecutively. The safety and efficacy of the procedures were evaluated 3, 6 and 12
months after treatment. The National Institute of Health Stroke Scale (NIHSS) was used to evaluate the patients’ neurological status before and
after treatment. No adverse events derived from the procedures or transplants were observed in the one-year follow-up period, and the
neurological status of both patients improved after treatment.

Conclusions: Our report demonstrates that the intraventricular transplantation of BM-MSCs via an Ommaya reservoir is safe and it improves
the neurological status of post-haemorrhagic stroke patients. The repeated transplantation procedure is easier and safer to perform via a
subcutaneously implanted Ommaya reservoir.
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(to replace) but also because of the local host environment being

Stroke remains a leading cause of morbidity and mortality, with a
prevalence rate of about 250-300/100,000 of the total population in
Asian countries™. Approximately 30% of stroke patients become
severely disabled and are left with permanent functional
disabilities™. Early intervention and active rehabilitation still
represent the standard therapy for minimizing brain damage and
maximizing functional recovery after stroke. However, once
functional recovery reaches the plateau phase and any neurological
deficits become fixed, patients face severe difficulties, because
there is still no known proven treatment™. Spontaneous
intracerebral haemorrhage (ICH) causes 10-20% of all strokes®,
with outcomes much worse than those of ischemic strokel*). By its
nature, ICH causes a variety of neural injury mechanisms:
mechanical injury, toxicity, ischemia, inflammation and
apoptosis®!, Despite ongoing attempts to find better treatments
based on the pathological mechanism of this disease, the outcomes
remain poor’®. Nowadays, much attention has been focused on
neurorestorative therapies, including stem cell transplantation.
Several investigations have reported that direct transplantation or
systemic infusion of stem cells results in neurofunctional
improvement not only because of the cell replacement mechanism

stimulated with various trophic and growth factors secreted by
transplanted cells (to stimulate)l’®. The route and site of stem cell
delivery remain significant issues. Several studies have reported
neurofunctional recovery with the intravenous, intracerebral and
intraventricular routes of stem cell delivery®”°*2 For example, one
study confirmed that all cells reach the target lesions, but more cells
are found after intracerebral delivery followed by intraventricular and
intravenous delivery”"*\. The indirect route with intravenous injection
is non-invasive, but it can create a homing site to other organs far
from the target site in the brain 541,

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®!**®). 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®. The utilization of autologous stem cells would avoid
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-haematological
tissues, including brain tissue!®.,
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Case Presentations

This study received legal/ethical clearance from the local medical
research ethics committees 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 Division of East Java, Indonesia Provincial
Government. Informed consent documents, details of the medical
treatment and other necessary approval documents were delivered to
all patients involved in the study prior to the start of the study.
Informed consent was obtained from all the patients included in the
study.

Patients in the age-group of 45 and 65 years diagnosed with
haemorrhagic stroke within the last 6 months with persistent
vegetative state, stable neurological condition in the last 3 months and
an initial diagnosis of supratentorial haemorrhagic stroke were
recruited for this study. We excluded patients with severe co-
morbidity, bleeding disorders, history of seizure after stroke,
improved neurological condition in the last 3 months, withdrawal
from standard therapy after stroke and unwillingness to participate.

Case 1

The first case was a 51-year-old male patient with a history of left
frontoparietal intracerebral haemorrhagic stroke and surgery one year
earlier at another hospital. The patient also had a history of
hypertension. He had been discharged from the hospital in a persistent
vegetative state, and he had been tracheostomised and placed on
nasogastric (NG) tube feeding. During the home care, his functional
status remained the same, and there was no significant improvement.
Then, the family took the patient to our hospital for stem cell
treatment. The examination showed the patient was in a persistent
vegetative state with a National Institute of Health Stroke Scale
(NIHSS) score of 23 and right hemiparesis, and he was
tracheostomised and an NG tube was attached. Screening and
aspiration of bone marrow stem cells was performed. After 3 weeks,
an intraventricular Ommaya reservoir was installed in the right
Kocher point, and stem cell transplantation continued
intraventricularly. A dose of 20 x 10° in 2.5 cc of normal saline was
administered slowly into the right lateral ventricle. Observation
during the first 24 hours post-transplantation showed no adverse
effects. The patient was sent home in a stable state, and after one and
two months, we sequentially transplanted BM-MSCs transcutaneously
via the Ommaya reservoir with the same dose. This procedure was
done on an outpatient basis. Follow-ups at 3, 6 and 12 months showed
improvement in NIHSS scores (20, 19 and 19, respectively). At the
last follow-up, the patient was able to sit in a wheelchair, remove the
tracheostomy and eat without the NG tube. No other side effects were
detected.

Figure 1: Neuroimaging findings. Changes in occipital infarct area were clearly observed
after transplantation, and perihaematomal hypodensity area was reduced after
transplantation.
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Case 2

The second case was a 52-year-old male patient with a history of left
basal ganglia intracerebral haemorrhagic stroke who had undergone
an operation approximately 8 months earlier. The patient survived
and returned home in a persistent vegetative state with right
hemiparesis, and he was tracheostomised and placed on NG tube
feeding with an NIHSS score of 17. During his bedridden treatment
at home, his functional condition remained the same, and after 3
months, the family created a plan for stem cell therapy. We
immediately performed the bone marrow aspiration of BM-MSCs
and the expansion of stem cells in our lab. Then, after 3 weeks, we
proceeded with the simultaneous cranioplasty operation and
transplantation of stem cells via an Ommaya reservoir.
Approximately 20 x 10° cells in 2.5 ml of normal saline were
injected intraventricularly. Postoperatively, no side effects were
found. Then, 1 and 2 months later, we performed a booster
transplantation of stem cells with the same dose through the Ommaya
reservoir. At observations 3, 6 and 12 months after treatment, the
patient showed NIHSS score improvement of 17, 15 and 15,
respectively. We cannot provide images for the second case, because
the patient’s family refused to have a radiological examination after
the procedure.

BM-MSC preparation

The bone marrow of the patient (10 ml) was collected, under local
anaesthesia, from the posterior superior iliac crest. The aspirate was
mixed and coated with Ficoll and centrifuged at 1,600 rpm for 30
minutes. The ‘buffy coat’ located on Ficoll-PBS was collected, and
cells were then inoculated on a 10-cm? plate. Then, cell incubation
was performed at 37°C with humidity of 5% CO, for 24 hours.
Microscopic evaluation was done every day, and every 3 days, the
cells were washed with 10 ml PBS and 10 ml CCM was added until
the cells became confluent between 70-90%. Thus, cells were
cultured and expanded to reach the target amount within 21-28 days
and were used for intraventricular transplantation. At each procedure,
cells were fully dispersed and dissolved in 2.5 ml normal saline and
injected intraventricularly in 5-10 minutes using a 5-ml syringe.

Discussion

Some in vivo and in vitro studies have been conducted to assess the
effectiveness of stem cell transplantation therapy in stroke**"). The
results have shown that stem cell therapy in stroke is safe, but they
have not been optimal. Clinical research on the effects of stem
cell therapy in haemorrhagic stroke has been
reported™'? Purandare et al. reported that the intrathecal
administration  of autologous bone  marrow stromal cells
(BMSCs) and allogeneic cord blood stem cells (CBSCs) in patients
aged 54 years with haemorrhagic stroke produced functional and
neurological improvements based on a comparison of NIHSS scores
before and after treatment™. At the two-year follow-up, patients
showed a significant improvement of motor, sensory-cognitive and
speech function™. Sharmaet al. reported that the intrathecal
administration of autologous BMSC therapy as part of rehabilitation
therapy produced an improvement of neurological condition
(cognitive and motor strength) without side effects!2.

A wide variety of stem cell therapies in stroke patients have been
performed. For example, they varied in terms of the time of
administration, route of administration, dosage and source of stem
cellsand administration of adjuvant therapy to improve the
effectiveness of the transplantation™!. Unfortunately, there have been
no significant achievements, and research still goes on, both in
experimental animals and humanst®*"), Stem cell therapy with
indirect techniques, such as intra-arterial and intravenous techniques,
has been performed with variable results™*"*8l. Theoretically, it is
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said that the existence of the blood—brain barrier makes indirect or
systemic transplantation ineffective at repairing the abnormalities in
the brain!*®. Direct intracranial stem cell transplantation is another
option for a more effective homing process to the brain™*®. Direct
intraparenchymal stem cell transplantation has been widely reported
in the case of stroke infarction®'¥. Direct intraventricular stem cell
transplantation techniques have only been reported in the case of
amyotrophic lateral sclerosis (ALS) and ischemic encephalopathy in
paediatric patients®®%*°. In contrast to Parkinson’s disease, for which
stem cell therapy has been shown to be quite effective, stroke destroys
the highly complicated architecture of the brain tissue and is often
accompanied by vascularization defects and chronic systemic
disease™®. In haemorrhagic stroke, brain tissue damage is more
severe (often fatal), and more serious neurological deficits are
observed™®!,

The ventricular system, which is divided into four sections (two
lateral ventricles, ventricle 3, and ventricle 4)%, contains a thin wall
composed of ependymal cells™?2Y. The permeable ependymal cell
layer is quite receptive to certain medications, including stem
cell therapy, to the brain parenchyma®*?2. In the lateral ventricle, the
ventricular wall is surrounded by a neurogenic area known as the
subventricular zone (SVZ)?**'that continuously produces new
neurons (2232527l The SvZ was first discovered in mice, then in
larger mammals and later, it was found to be present in humans!?*?7.
The fact that the neurogenic niche area is very close to the lateral
ventricle explains why the intraventricular administration of stem
cells is an effective route for stem cell therapy in stroke cases!™. This
is because the lateral ventricles are an easy target, and of course, they
directly stimulate the S\VZ©22,

The natural ventricular system and its cerebrospinal fluid activities
regulate the endogenous stimulation of neuronal differentiation in the
neural regeneration process, where the plexus choroideus produces
certain substances in the brain during development or neural
regeneration after brain injury®®2% The occurrence of endogenous
neurogenesis has been widely reported in several studies(2°222426-271

In this study, we used BM-MSCs from the patients’ autologous BM-
MSCs, thus avoiding the ethical issues and preventing complications
related to stem cell source. The likelihood of rejection by the body
was minimal, and there was no need to use immunosuppressant
drugs. Seizure complications are usually due to the effects of foreign
bodies and mass effects’®. This was avoided, because in this study,
the transplants were given intraventricularly without causing a
permanent mass effect or irritating effect in the brain tissue.

Many experimental studies on the use of adult mesenchymal stem
cells (MSCs) have been carried out on a wide variety of
diseases®*>1 It is well known that the transplantation of MSCs
taken from the bone marrow can not only affect the tissue repair
process by stimulating the processes of proliferation, migration and
differentiation of progenitor cells endogenous in all the tissues of the
body, but also suppress inflammatory and immune reactions and
prevent apoptosisi>#%.

Stem cell transplantation dose has also varied greatly in previous
studiest291%1218] and there is currently no standard dose for stem
cell therapy associated with administration route and disease
typel®. Wang et al.’s research comparing stem cell doses showed that
an optimal dose for therapeutic stem cell transplantation is necessary,
but this does not mean that a larger dose of stem cells is better. For
example, for intraparenchymal sites, overly large transplant doses can
affect the nutrition of grafted cells,and when administered
intravascularly, they could cause microemboli and the occlusion of
blood vessels!?®],

In  this study, we performed stem cell transplantation
intraventricularly with doses of 20 x 10°% higher than those in
previous studies. Unlike in the intraparenchymal transplantation
technique, in direct intraventricular transplantation, dosage
adjustment is more flexible, because it can be controlled by reducing
the ventricular fluid as needed while the transplantation procedure is
performed. The risk of increased intracranial pressure and mass
effect can be avoided. In this study, we used a dose of 20 x 10° BM-
MSCs administered in 2.5 ml of liquid to avoid hyper-concentration
as well as excess volume, and we found no complications regarding
increased intracranial pressure or other complications, such as
infection or seizure.

Figure 2: Booster transplantation via Ommaya reservoir

The Intraventricular transplantation of stem cells In stroke patients
has not been reported widely. The three previous reports were case
reports (i.e. two cases of children with post-hypoxic encephalopathy
and one case with ALS). Jozwiak et al. performed intraventricular
transplantation using autologous umbilical cord stem cells in a 16-
month-old child with post-hypoxic encephalopathy with fairly good
results!®. Luan et al. reported a case of an infant with severe
ischemic encephalopathy that was successfully treated with human
foetal neural stem cell transplantation into the cerebral ventricle with
no adverse effects!™. Baeket al. conducted a transplantation
technique using an Ommaya reservoirin a case of ALS. The
Ommaya reservoir facilitated any additional injections (booster
therapy)™*.

Conclusion

We have reported two cases of persistent vegetative state patients
after haemorrhagic stroke treated with the intraventricular
transplantation of BM-MSCs via an Ommaya reservoir. Evaluation
and follow-up of patients for up to 12 months showed that this
treatment is a safe and well-tolerated procedure. Both patients
experienced improvement of functional status post-transplantation, as
indicated by their NIHSS scores. To the best of our knowledge, this
is the first report of the intraventricular transplantation of autologous
BM-MSCs using Ommaya reservoirs for stroke and it may be
developed for future therapies. Further large clinical studies are
needed to determine the efficacy of this procedure for treating
disability after stroke.
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Abbreviations

ALS : Amyotrophic Lateral Sclerosis
BM-MSCs : Bone Marrow Mesenchymal Stem Cells
BMSCs : Bone Marrow Stromal Cells

CBSCs : Cord Blood Stem Cells

CCM : Complete Culture Medium

ICH . Intracerebral Haemorrhage

MSCs : Mesenchymal Stem Cells

NG : Nasogastric

NIHSS : National Institute of Health Stroke Scale
PBS : Phosphate-buffered Saline

svz : Subventricular Zone
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