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Abstract

This study reports seizures as an adverse event (AE) in children with neurological diseases treated with
autologous bone marrow mononuclear cells (BMMNCs) intrathecal transplantation. It also assesses the
effectiveness of antiepileptic prophylactic regimen to reduce the incidence of seizures as an AE. Seizures were
considered as an AE if there were increased pre-existing seizures or new onset seizures. In part |; seizures as an
AE was analyzed in detail. Seizures occurred as an AE in 8/131 (6%) in part I. Out of these 8, one patient's EEG
was not available, but showed increased preexisting seizures and 7 had a pre-existing epileptogenic focus on EEG.
Out of these 7, 3 developed new onset seizures and 4 had increased pre-existing seizures. Based on this analysis
an antiepileptic prophylactic regimen was designed. In Part |l effect of this regimen was studied and a significant
decrease in the incidence of seizures as an AE was observed along with no new onset seizures. Though small
proportions of patients show seizures as an AE of cellular therapy, it definitely requires attention and is preventable.
Pre-existing epileptogenic focus is an independent predictor for seizures as an AE. Future clinical trials of cellular
therapy in pediatric population may consider these findings.

L J

In this article, we report seizures as an adverse event (AE) of
autologous BMMNCs intrathecal transplantation in pediatric
neurological disorders (autism, attention deficit hyperactivity
syndrome, rett’s syndrome, mental retardation, cerebral palsy and
cerebellar ataxia).

Keywords: Stem cells; Cellular therapy; Adverse event; Epilepsy;
Seizures; Autologous bone marrow Mononuclear cells; Pediatric
neurological diseases

Introduction

Recent advances in the cellular therapy have led to a
neurorestorative approach for the treatment of pediatric neurological
diseases [1-3] Cellular therapy is being widely explored for the
treatment of various incurable neurological disorders [2,4-7]. There
are numerous ongoing clinical trials worldwide studying the

Reporting of Seizures as an AE (Part I)

Materials and Methods

therapeutic potential of cellular therapy. But it is also imperative to
study the adverse events associated with cellular therapy. There have
been reports of adverse events like teratoma formation [8] with the use
of embryonic stem cells and immunogenic response with umbilical
cord stem cells [9]. Although autologous bone marrow mononuclear
cells (BMMNCs) transplantation studies have shown relative safety
and efficacy for pediatric neurological disorders [2,5] there have been
reports of seizures as an adverse event [5]. One study of allogenic bone
marrow transplantation in children with leukemia has reported
seizures during the first three months follow-up. [10]. In a case series
of adult stroke patients, autologous BMMNCs intrathecal
transplantation have shown new onset seizures [11].

Seizure has been commonly identified as a co-morbid condition in
autism, attention deficit hyperactivity syndrome, rett’s syndrome,
mental retardation, cerebral palsy and cerebellar ataxia [12,13].
Therefore, occurrence of seizure after cell therapy needs to be
interpreted carefully as an adverse event and studied in depth.

Study design, participant inclusion criteria

A retrospective analysis of seizures as an adverse event of
autologous BMMNCs intrathecal transplantation was conducted.
Seizure was considered as an adverse event if there was increased pre-
existing seizures (frequency or intensity) or development of new onset
seizures.

Inclusion criteria: Children and adolescents up to the age of 18 who
were diagnosed with autism, attention deficit hyperactivity syndrome,
rett’s syndrome, mental retardation, cerebral palsy or cerebellar ataxia
and received treatment with autologous BMMNCs intrathecal
transplantation.

Detailed information about history of the seizures was gathered
over three years and two months, history of treatment with
antiepileptic drugs and electroencephalograph (EEG) findings was
compiled and then analyzed.
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Intervention demographic and diagnoses distribution (Table 2). Out of these 131

The intervention consisted of autologous BMMNCs intrathecal
transplantation. Revised World Medical Association Helsinki
Declaration for Ethical Principles for medical research involving
human subjects provided the rationale for cellular transplantation
[14]. A thorough pre-transplantation assessment was conducted
including necessary investigations. Granulocyte Colony Stimulating
Factor (GCSF) was administered 48 hours and 24 hours before the
harvest and transplantation of BMMNC:s to enhance the mobilization
[15]. Bone marrow was aspirated by a standard procedure.
Mononuclear cells were isolated by density gradient method. Viability
and CD34+ count was performed. Intrathecal transplantation of the
autologous bone marrow mononuclear cells was done by a standard
lumbar puncture procedure (the procedure has been described in
further detail in the previous publication [5]). Patients were monitored
for any immediate in-hospital AEs for one week post transplantation
and late AEs for at least six months. Patients also underwent
multidisciplinary rehabilitation for six months as a home program.

Data synthesis and analysis

We gathered the information about increased pre-existing seizures
or development of new onset seizures from patients and records. The
data was also reviewed to ascertain the time to event from treatment
onset for each patient. Those patients who did not come for a follow
up, were contacted telephonically and detailed information about the
occurrence of seizures post cellular transplantation was noted.

The information was segregated into various groups. Three groups
were made. One group consisted of patients without pre-existing
epileptogenic focus on EEG. Second group consisted of patients with
pre-existing epileptogenic focus on EEG. Third group consisted of
patients with no EEG information available. All the groups were
further divided based on the presence or absence of history of seizures.
The percentage incidence of seizures as an AE post cellular therapy
was calculated and compared for all these groups (Table 1 and Figure
2). The comparison of the incidence was to identify the population
with a higher risk of developing seizures as AE post cellular therapy.

Results

A total of 131 patients met the inclusion criteria. Information
gathered over three years and two months was analyzed. For

patients; 8 (6%) had seizures as an AE post BMMNCGCs transplantation
(Figure 1A and Table 1). None of these patients were on any
medications that are known to lower seizure threshold. Characteristics
of these 8 patients are summarized in Table 3.

Abnormal EEG and increased pre-existing
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Figure 1A: Diagram depicting reduction of seizures as an adverse
event in part IT where patients were given antiepileptic prophylactic
regimen, Comparison between all the patients in Part I and part II.
“There were no new onset seizures in Part II
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Figure 2: Distribution of patients who did not undergo prophylactic
antiepileptic regimen

Patient Characteristics * Normal EEG Abnormal EEG
Total number of patients | Number of patients  with| Total Number of patients Number of patients with seizures
seizures as a side effect post as a side effect post BMMNCs
BMMNCs transplantation transplantation
Patients with the history of seizures| 1 0 15 4
and antiepileptic medication
Patients with history of seizures| 4 0 11 0
without any antiepileptic medication
Patients without any history of| 0 0 2 0
seizures but on antiepileptic
medication
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Patients without any history of| 16
seizures or antiepileptic medication

Table 1: Distribution of patients who did not undergo prophylactic antiepileptic regimen; according to EEG findings, history of seizures and

antiepileptic medication

“There was one patient; whose EEG status was not known, with a

medication; that showed increased frequency and intensity of seizures

history of one episode of febrile seizures and no history of antiepileptic ~ post stem cell therapy.
Number of patients who did not undergo any| Number of patients who underwent a antiepileptic
Demographic characteristics of patients antiepileptic prophylaxis (Total number of| prophylactic regimen ( total number of
patients=131, Mean age=9-5 years) patients=67, Mean age=9 years)
Males 90 51
Gender distribution
Females 41 16
Autism 50 36
Cerebral palsy 64 22
Cerebellar ataxia 7 1
Distribution according to
the diagnosis Mental retardation 7 5
Attention deficit 0 3
hyperactivity disorder
Rett’'s syndrome 3 0
Table 2: Population distribution by gender and diagnosis
Type of | Number of seizure | Duration Duration over which | Medication  used| Seizure related | Effect of seizures on clinical
seizures (pre| episodes post| between the| seizure episodes | for seizure control | complications improvement
and post | intervention cellular recurred
intervention) therapy and
first  seizure
episode
Patient | Pre- GTC One Six months No Recurrence Midazolam None There was no deterioration in
the baseline and the marked
Post- GTC L }
clinical improvement was
maintained
Patient Il Pre — Febrile | Multiple Four months Ten months Sodium Valproate | None There was no deterioration in
seizures dose was doubled. the baseline and the marked
Post - GTC C_Iobazgm was cllnllcall improvement  was
discontinued and maintained
Lamotrigine  was
added
Patient 111 Pre- No| Two Three months | Three months Sodium Valproate | None There was no deterioration in
seizures the baseline and the marked
Post- GTC cllnllcall improvement  was
maintained
Patient IV Pre - GTC Multiple Two weeks Two months Valproate dose | None There was no deterioration in
Post — GTC increased, the baseline and the marked
Lamitec, ACTH clinical improvement was
injections maintained
Patient V Pre —| Multiple One month Three months | Lamitec, None There was no deterioration in
Myoclonic (Frequency reduced | Clobazam, the baseline and the marked
to the same as| valproate clinical improvement was
Post - L
. before SCT) maintained
Myoclonic
Patient VI Pre —| Multiple Two months Six months (Under| Valproate dosage| None There was no deterioration in
Myoclonic medical care, | increased, the baseline and the marked
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Post - frequency was | Clobazam and clinical improvement was
Myoclonic higher than before till | Levetiracetam maintained
the end of the follow | dosage same as
up period) before
Patient VII Pre — No| Multiple One month Three months Antiepileptic None There was no deterioration in
seizures medication the baseline and the marked
Post - GTC cllnllcall improvement  was
maintained
Patient VIIl | Pre — No| Multiple One week Eighteen months Antiepileptic None There was no deterioration in
seizures medication the baseline and the marked
Post - GTC clmllcall improvement  was
maintained

Table 3: Details of Eight patients who had seizures as an adverse event post cellular therapy

Out of these 131 patients 42 had a pre-existing epileptogenic focus
on EEG. 7 out of 42 patients (17%), showed presence of seizures as an
AE (Figure 1B and Table 1). 4 (57%) out of these 7 patients had pre-
existing history of seizures and were compliant with their antiepileptic
medications. 3 (43%) out of 7 developed new onset seizures post
intervention.

seizures as an AE post intervention. This patient had experienced only
one episode of febrile seizures in childhood with no recurrence and no
antiepileptic medication.

Based on the analysis of part I, prophylactic antiepileptic regimen
was devised (Table 4 and Figure 3) and Part IT was conducted.

Increased pre-existing
seizures 109%

4

New onset seizures 7%

Without seizures as an
adverse event 3%

Partl

Increased pre-existing seizures

‘ Initial assessment ‘

\
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EEG findings available

I | EEG findings not available |

6%
p— |
Without seizures as an
adverse event 94%
Partll

Normal EEG findings Pre-existing epileptogenic
focus on EEG

Conduct an EEG testing

*

¥

‘ No history of seizures

b

| ‘ History of seizures

Figure 1B: Comparison between patients with pre-existing
epileptogenic focus in Part I and part II

}

No prophylactic antiepileptic regimen was

Prophylactic antiepileptic regimen as

started

* . .
There were no new onset seizures in Part II

Out of 131 patients 21 had normal EEG. None of these patients
developed seizures as an AE post intervention (Table 1).

given in the table below was started

regimen

Figure 3: Assessment of patients for antiepileptic prophylactic

Out of 131 patients 68 patients did not have any EEG information
available (Table 1). Out of these 68, there was 1 patient who had

Antiepileptic prophylactic regimen

Criteria Patients with pre-existing Patients without pre-existing epileptogenic focus on EEG
epileptogenic focus on EEG (Normal EEG)
(Abnormal EEG)
Patients  with On the day of transplantation On the day of transplantation
:Lsitz?;ryes of Patients already F’revious medication with same dosage, IV, twice a day at an Pre_vious medication with same dosage, 1V, twice a day at
taking  antiepileptic| interval of 12 hours an interval of 12 hours
medication From the next day of transplantation From the next day of transplantation
Previous medication with the same dosage as before, oral Previous medication with the same dosage as before, oral
On the day of transplantation On the day of transplantation
Patients not taking Levetiracetam 10 mg/kg body weight, 1V, twice a day at an| Levetiracetam 10 mg/kg body weight, IV, twice a day at an
any antiepileptic | interval of 12 hours interval of 12 hours
medication From the next day of transplantation From the next day of transplantation
Levetiracetam 10 mg/kg body weight, oral for 3 months Levetiracetam 10 mg/kg body weight, oral for 3 months
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Patients without | Patients not taking| On the day of transplantation
hlgtory of | any o antiepileptic Levetiracetam 10 mg/kg body weight, 1V, twice a day at an
seizures medication

interval of 12 hours

From the next day of transplantation

Levetiracetam 10 mg/kg body weight, oral for 3 months

Antiepileptic prophylaxis was not given to any patient

Table 4: Assessment of patients for antiepileptic prophylactic regimen in Part IT and antiepileptic prophylactic regimen

Prophylaxis for Seizures as an AE (Part II)

Materials and Methods

Part II analyzed the effect of prophylactic antiepileptic regimen on
seizures as an AE of autologous BMMNC:s intrathecal transplantation.
Patients of identical age group and diagnosis as in part I and who were
given prophylactic antiepileptic regimen, were included for analysis.

Procedure for BMMNCs transplantation and multidisciplinary
rehabilitation was identical for all patients as that in Part I. In addition,
they underwent a prophylactic regimen of antiepileptic drugs based on
the previous history of seizures or treatment with any antiepileptic
medication and EEG findings prior to transplantation (EEG was
considered abnormal only in presence of epileptogenic focus). This
prophylactic regimen was devised based on the analysis of the data
gathered in Part I. Table 4 describes Prophylactic regimen.

Prophylaxis was started on the day of cell transplantation and
continued for 3 months. After three months, based on the follow up
findings, patients were advised regarding further continuation of the
medication. Patients with no seizure episode for three months were
advised to discontinue the prophylactic medication. In the event of
increased pre-existing seizures or new onset seizures patients were
advised to contact us immediately for antiepileptic medicine dosage
adjustment.

Patients were advised to come for a follow up at three months and
six months post cellular therapy. Those patients who did not come for
a follow up were contacted telephonically. During each follow up a
detailed assessment was carried out to identify seizures as an AE and
the side effects of prophylactic medication.

The patients were segregated into two groups. One group consisted
of patients without a pre-existing epileptogenic focus on EEG. Second
group consisted of patients with a pre-existing epileptogenic focus on
EEG. These groups were further divided into two groups each based
on presence or absence of history of seizures (Table 5 and Figure 4).
The percentage incidence of seizures as an AE post cellular therapy
was calculated separately for each group. The results were then
compared with the results of Part I, to find out the effect of
prophylaxis.

‘ Total number of patients = 67 |

|
l l

Withoutany pre-existing With a pre-existing
epileptogenicfocuson EEG= 30 epileptogenicfocus on EEG = 37

l L l

Withh/o Withouth/o Withh/o Withouth/o
seizures=5 seizures = 25 seizures= 16 seizures=21

Seizuresas an
AE post SCT
total 2 patients

Figure 4: Distribution of patients who underwent prophylactic
antiepileptic regimen

Normal EEG Abnormal EEG

Patient Characteristics Total number of patients Number of patients with seizures | Total Number of patients Number of patients with seizures
as a side effect post BMMNCs as a side effect post BMMNCs
transplantation transplantation

Patients with the history of| 1 0 12 2

seizures and antiepileptic

medication

Patients with history of seizures| 4 0 4 0

without any antiepileptic

medication

Patients without any history of| O 0 4 0

seizures but on antiepileptic

medication
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Patients without any history of | 25 0
seizures or antiepileptic
medication

17 0

Table 5: Distribution of patients who underwent prophylactic antiepileptic regimen

Results

In the prophylactic antiepileptic regimen, 67 patients were included
for analysis. None of them had any side effects of the prophylactic
antiepileptic regimen. Patients were followed up over a period of eight
months. Out of the 67 patients, two showed seizures as an AE (3%)
(Table 5 and Figure 1A).

34 out of these 67 patients had abnormal EEG. 2 out of these 34 had
seizures as AE post transplantation. Percentage incidence of seizures
was 6% for the patients with abnormal EEG (Figure 1B). Both these
patients had history of seizures.

None of the patients developed new onset seizures.

None of the patients with normal EEG findings developed seizures
as an AE post transplantation.

It is noteworthy, that in both Part I and Part II, patients who had
seizures as an AE did not show any clinical deterioration and it did not
interfere with the improvements after cell transplantation.

Comparison of the post transplantation seizure incidence in
Part I and Part II

After administration of prophylactic regimen, the global incidence
of seizures as an AE reduced from 6% to 3% and incidence of new
onset of seizures reduced from 2% to 0% (Figure 1A). For patients
with abnormal EEG findings incidence of seizures as an AE reduced
from 17% to 6% (Figure 1B).

Discussion

Cellular therapy is a promising new technique for the treatment of
pediatric neurological diseases. Efficacy and short term safety of these
cells has been demonstrated in various pediatric neurological diseases
but the AEs need equal attention [2,5]. The therapeutic benefits are
attributed to various paracrine mechanisms more than the actual
formation of new neuronal tissue. BMMNCs have been shown to
influence the plasticity of endogenous brain cells, modulate the
inflammatory response, stimulate neovascularization, prevent
apoptosis of host cells and recruit existing stem cells for the repair of
damaged tissue [16]. The function of lost neuronal tissue is taken over
by the viable neuronal tissue by virtue of cortical reorganization and
remapping. This ability of neuronal tissue to adapt their functional
potential is termed as plasticity. Brain plasticity is evidenced by
increased afferent and efferent connections of the damaged tissue to
the surrounding areas, improved synaptic activity and strengthening
of current synapses following brain injury [17,18]. Cell transplantation
increases the expression of synaptic proteins and enhance brain
plasticity [19]. BMMNCs have modulatory effect on the inflammatory
processes of the brain by alteration of the microglial response [20].
They secrete various anti-inflammatory cytokines like IL-10
responsible for cytoprotection and reduce the levels of inflammatory
cytokines like TNF-a,IL-1pB, IL-1a, IL-6. They also induce secretion of
neurotrophic factors like connective tissue growth factor, fibroblast

growth factor 2 and 7 that are responsible for cell proliferation and
neuroprotection [21]. Neurotrophic factors down regulate the cellular
apoptotic processes [20,22]. Neoangiogenesis triggered by BMMNC:s is
associated with the magnitude and rate of tissue recovery.[23] There is
mobilization and enhanced homing of existing vascular endothelial
progenitors from the surrounding areas that are integrated in the
repair of the damage to the existing blood vessels [24,25]. Mobilization
of stem cells involves the chemoattractant pathways guided by
chemokines like stromal derived factor -1 (SDF-1) [26]. These
pathways render the cells a unique property to home to the damaged
tissue to bring about precise repair. Preexisting epileptogenic focus can
also be considered as damaged tissue and similar chemoattractant
pathways could bring about the homing of stem cells to these areas. It
can be hypothesized that, various paracrine effects as discussed above
could lead to increased excitability of these epileptogenic cells
triggering a seizure. Neurotrophic factors (NTFs) are fundamentally
neuroprotective however they play a dual role in epileptogenesis and
may themselves contribute in epileptogenesis. Types of receptors and
signaling pathways determine the role of NTFs in epileptogenesis.
NTFs comprise of several proteins namely Brain derived neurotrophic
factor (BDNF), Nerve growth factor (NGF), basic fibroblast growth
factor (FGF-2), Glial cell line derived neurotrophic factor (GDNF)
andVascular endothelial growth factor (VEGF). Various proteins from
amongst these are found to be proepileptogenic [27]. Kindling models
of epileptogenesis in animals suggest FGF-2 and BDNF may be the
contributing factors [28]. These models also indicate that VEGF has a
pivotal role to play in epileptogenesis post seizures, causing tight
junction dysfunction that leads to altered blood brain barrier
permeability and increased immunoglobulin G leakage and
concentration in neurons [24]. Following seizures, the initial up
regulation of VEGF ensures neoangiogenesis, blood flow adaptations
and neuroprotection. However excessive angiogenesis leads to
upregulation of matrix metalloproteinases; which leads to leakage of
albumin in the neurons that increases oncotic pressure and causes
interstitial tissue edema, triggerring a new seizure event [25]. NGF has
been suggested to have proepileptogenic effect [27]. A seizure episode
has also been suggested to increase Monocyte chemoattractant protein
-1 which induces migration on neuronal progenitors that may give rise
to aberrant circuitry and contribute to epileptogenesis [29].
Theoretically, the increased production of BDNF, VEGF and NGF by
BMMNC:s transplantation may be implicated as one of the underlying
basis for seizure as an AE but the exact mechanism still remains to be
unknown.

Children with diagnoses of autism, attention deficit hyperactivity
syndrome, rett’s syndrome, mental retardation, cerebral palsy or
cerebellar ataxia and treated with autologous BMMNCs intrathecal
transplantation were analyzed. Epilepsy is found to co-exist in many of
these patients [12,13]. Therefore these groups were selectively
analyzed. Seizures were considered to be an AE, when there were
increased pre-existing seizures or development of new onset seizures.
Here we have reported seizure as an AE of cellular therapy for
pediatric population.
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Correlation with abnormal EEG

As reported in the first part out of the 131 children treated, 8 (6%)
children developed seizures as an AE post transplantation. Out of
these 8 children, 7 showed presence of a pre-existing epileptogenic
focus on previous EEG examination. EEG findings were unavailable
for one patient who had seizures as an AE. None of the patients with
normal EEG had any kind of seizures post cellular therapy. Presence of
epileptogenic focus on an EEG either immediate preoperatively or in
past could therefore be considered as one of the predictors for seizures
as an AE post cellular therapy.

Correlation with history of seizures

In addition it was observed that out of the 8 patients who had
seizures 5 patients had a history of seizures. Animal studies show
epileptogenic effects of growth factors are seen only after an initial
episode of seizures [27,30]. Pre-clinical studies also show that a single
episode of febrile seizures is enough to induce epileptogenic changes in
an adult brain [30], suggesting long term effects. Such febrile seizures
may not necessarily give rise to an epileptogenic focus detectable on
EEG. The EEG findings could be normal in such patients but they may
still be predisposed to developing seizures. Epileptogenic potential of
history of seizures cannot be underestimated. Although this is not
sufficient to consider history of seizures as a predicting factor, cautious
approach while treating these children is warranted.

Effect of antiepileptic prophylactic regimen

Based on the findings of part I, we designed an antiepileptic
prophylactic regimen (Table 4) for the subsequent patients. Patients
showing pre-existing epileptogenic focus on an EEG were given an
antiepileptic prophylactic regimen. In addition patients with history of
seizures were also considered for the antiepileptic prophylactic
regimen. The regimen differed for the patients based on various
criteria as explained below. All the patients showing epileptogenic
focus on EEG who were not on any antiepileptic medication were
treated with a perioperative administration of intravenous
levetiracetam as it is safe and tolerable in pediatric population [31].
Oral levetiracetam was continued post operatively for three months.
That who had recurrent seizures and was on regular medication, the
same medication was continued.

The antiepileptic prophylactic regimen was continued for a
maximum of three months because the data in Part I showed that
majority of the patients had seizures as an AE in the first three months
post BMMNCs transplantation. Also in a study of children with
leukemia, autologous and allogenic bone marrow transplantation
showed new onset or increased pre-existing seizures in the first three
months [13].

Only two (3%) patients out of 67 showed seizures as an AE of
cellular therapy in Part II. Both these patients had a pre-existing
epileptogenic focus on EEG, history of seizures and were taking
regular antiepileptic medication. The percentage of patients that
developed seizures in part IT was significantly lesser than part I. None
of the patients developed new onset seizures in part II. This suggests
that prophylactic antiepileptic regimen can prevent new seizure
occurrences post cellular therapy. It is noteworthy that despite seizures
as an AE in both parts I and II, patients showed clinical improvements
post BMMNCs transplantation and these improvements were
sustained.

Clinical implications

It is important to understand that increased pre-existing seizures
and development of new onset seizures is a potential adverse effect of
cellular therapy. In order to prevent and control this AE, detailed
clinical information about history of seizure activity, previous EEG
examinations, current and previous antiepileptic medication must be
acquired. It would be advisable to have pre-existing seizures under
control with antiepileptic medications before considering cellular
therapy. A pre-procedure EEG examination must be carried out.
Prophylactic perioperative antiepileptic medication should be
administered to all the patients that demonstrate an abnormal
epileptogenic focus on EEG. For patients who have only history of
seizures with normal EEG a prophylactic antiepileptic regimen can be
considered (Table 4). Any antiepileptic regimen, other than used in
this study, may also be tested. Patients should be monitored at regular
intervals during the first three months after cellular therapy.
Development of new seizures may be prevented completely and
increased pre-existing seizures may be controlled with prophylactic
antiepileptic medication. The interpretation of these results should
take into consideration the limitations of the analysis.

Limitations

One of the limitations is that exact molecular mechanism for
seizures triggered post transplantation was not established and the
underlying mechanisms are explained in only theoretical manner.
Hence future studies aiming at understanding molecular mechanisms
can be undertaken. Here we have reported seizure as an AE of only
autologous BMMNC:s intrathecal transplantation therefore different
cell types and routes of administration should also be studied. This
study was conducted only in one center with relatively small sample
size which may also be a limitation.

Conclusion

Although a small percentage of patients show seizures as an AE of
autologous BMMNC:s intrathecal transplantation, it definitely requires
attention. The incidence of seizures reduced from 6% to 3% with
antiepileptic prophylactic regimen. It is important to understand that
it is one of the preventable AEs of cellular therapy in children with
neurologic diseases. Pre-existing epileptogenic focus is an independent
predictor of the risk of developing seizures as an AE of cellular
therapy. History of seizures and antiepileptic medication should also
be considered in assessing the risk. Thorough clinical assessment
should be undertaken and prophylaxis, if indicated, should be
commenced to prevent this AE. Further analytical studies should
consider large sample size, longer follow up duration and multiple
centers for conclusive findings.
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