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Abstract

Background Allogeneic umbilical cord blood is regarded as a beneficial source of stem cells with varying
therapeutic potential. On the other hand, cerebral palsy is one of the neurological conditions that are the primary
contributor to early childhood disability. The aim of this systematic review was to harvest data from currently available
sources to determine the safety and efficacy of treating cerebral palsy patients with stem cells obtained from
allogeneic umbilical cords.

Methods For this study, systematic searches of the databases PubMed, Scopus, Web of Science, Embase,
ScienceDirect, and Google Scholar were conducted with no time Limit until November 2022. Duplicates were

found and eliminated after entering the data from the chosen studies into the Endnote reference management
program. The remaining studies were assessed in line with the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses phases and the inclusion and exclusion criteria (PRISMA). The search was performed using the
keywords of Safety, Effectiveness, Stem Cells, Cerebral Palsy, and Umbilical and the (AND) and (OR) operators and their
combinations were used to construct the search strategies.

Results After several assessments and based on the inclusion and exclusion criteria, 31 of the remaining 58 studies
were eliminated. The systematic review method included 7 final studies in the end. Based on the reviewed studies, it
was reported that umbilical cord blood is currently one of the best sources of adult stem cells that contain cells with
a wide range of therapeutic potential. These studies report that allogeneic umbilical cord blood has the potential

to treat cerebral palsy and that concomitant administration of recombinant human erythropoietin (EPO), which has
neurotrophic properties, may enhance the efficacy of umbilical cord blood. These studies state that pneumonia

and irritability have been reported as complications of umbilical cord blood transfusion. These studies reported that
administration of stem cells significantly improves motor function. The safety and efficacy of treating cerebral palsy
patients with stem cells taken from an allogeneic umbilical cord were reported in all included investigations.

Conclusion Cerebral palsy has negative consequences on patients’ quality of life, many aspects of the treatment
based on allogeneic umbilical cord stem cells remain unknown. Therefore, the optimal dose, the most suitable type
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of cell, cell identification, and the best administration route should be determined appropriately. The quality of life of
patients with cerebral palsy may be negatively impacted, and many details of the allogeneic umbilical cord stem cell
therapy are yet unknown. Consequently, it is important to discover the most suitable type of cell, the optimal dose,

and the best delivery method.
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Background

Cerebral palsy (CP) is the most common cause of early
childhood impairment. Cerebral palsy is a group of con-
ditions that affect movement and posture. It’s caused by
damage that occurs to the developing brain, most often
before birth. Symptoms appear during infancy or pre-
school years and vary from very mild to serious [1-3].

About 3 out of every 1000 individuals throughout the
world are affected with CP [4]. The annual cost of caring
for a patient with cerebral palsy, who is unable to work
and pay taxes, is estimated to be around 87 billion dollars
for the economies of Australia and the United States [5].
70% of CP cases have unknown causes, and 20% of those
causes in children may be related to preterm, prenatal
trauma, or brain hypoxia. Infections and birth abnor-
malities that happen during fetal development are some
additional reasons of this illness [6].

Stem cells are defined as multipotent cells with the
ability to self-renew and the ability to differentiate into
other cells [7]. Among the sources of stem cells, alloge-
neic umbilical cord blood (UCB) is currently a valuable
source of adult stem cells that contain cells with variable
therapeutic potential [8]. UCB, which is produced from
monocytes and contains a combination of regulatory
T-cells, stem cells, and hematopoietic cells, can influ-
ence the environment of neuroinflammation and be used
to treat neurological illnesses [9]. In other words, UCB
is the most realistic alternative for treating CP due to
its established neuroprotective qualities, which include
anti-inflammatory and anti-apoptotic effects [10]. Pro-
viding the immune system and paracrine signaling to
increase cell survival in damaged tissues, encouraging
the proliferation of progenitor cells and increasing angio-
genesis is achieved through UCB infusion for the treat-
ment of neurological diseases [11]. Moreover, it has been
demonstrated that UCB prevents neuroinflammation by
reducing microglial activation and T-cell responses [12].
Although the capacity of mesenchymal stem cells (MSC)
to regenerate and differentiate into new cells is another
proposed mechanism [13], recent studies have reported
the limited efficiency of the MSC and have shown that
cell migration to the site of injury is not necessary for
treatment [14].

To date, many aspects of UCB-based therapy remain
unexplored. To ensure the implementation of safe and
effective protocols without raising ethical concerns the
optimal dose, the optimum cell type, and the best route

of administration of UCB need to be identified [11-13].
Considering the therapeutic importance of stem cells,
especially allogeneic umbilical cord blood, it was decided
to conduct this systematic review with a focus on the
safety and efficacy of treatment with stem cells derived
from the umbilical cord, for the treatment of cerebral
palsy patients. The purpose of this study is to systemati-
cally investigate the safety and effectiveness of treatment
with stem cells derived from allogeneic umbilical cord
for the treatment of cerebral palsy patients, which can
be considered as important evidence for the treatment of
cerebral palsy globally.

Materials and methods

In this study, allogeneic cord-derived stem cell therapy
for the treatment of cerebral palsy patients was evaluated
for its safety and efficacy using data from original inves-
tigations. The study was conducted under the PRISMA
protocol and reporting guidelines. The search was per-
formed using the keywords of Safety, Effectiveness, Stem
Cells, Cerebral Palsy, and Umbilical with no lower time
Limit until November 2022. The (AND) and (OR) opera-
tors and their combinations were used to construct the
search strategies. The searches were made within the
databases of PubMed, Web of Science, Google Scholar,
Scopus, Embase, and Science Direct. Moreover, each arti-
cle’s reference list and citations were manually reviewed
to confirm that the searches were thorough. To locate
pertinent studies, references to earlier research were
also examined. Information from the identified studies
was transferred into the EndNote reference management
software (Clarivate, Philadelphia, PA 19130). Articles that
reported the safety and effectiveness of treatment with
stem cells derived from the allogeneic umbilical cord for
the treatment of cerebral palsy patients were accepted by
the inclusion criteria.

In this study, PICO was examined and expressed as fol-
lows: The study population (P) includes cerebral palsy
patients; the Intervention includes (I) the treatment of
cerebral palsy patients; the Comparison includes (C) the
comparison of treatment with umbilical cord stem cells
and no treatment group; and the Outcome includes the
safety and efficacy of umbilical cord-derived stem cell
therapy.
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Inclusion and exclusion criteria
Studies were selected based on the following inclusion
criteria:

1 Randomized controlled trial and observational
studies that reported the safety and effectiveness of
treatment with stem cells derived from allogeneic
umbilical cord for the treatment of cerebral palsy
patients,

2 Articles of which the full text was available,

3 Articles that provided sufficient data, and.

4 Articles that were written in English.

Exclusion criteria were:

Case series,

Case report,

Review studies of any sort,

Articles of which the text was not accessible,
Duplicate studies, and.

Studies that did not provide enough information.

N UL W N

Study selection

Study selection was performed according to the PRISMA
guidelines, and the stages outlined within [14]. Initially,
the studies that were repeated in different databases
were excluded from this study, and only one copy was
retained. The publications were then initially reviewed
based on their titles and abstracts, and irrelevant ones
were eliminated using inclusion and exclusion criteria.
Further irrelevant research was eliminated at this point
as the complete texts of the remaining publications were
assessed based on the inclusion and exclusion criteria. To
avoid bias, all the steps of reviewing sources and extract-
ing data were completed independently by two review-
ers. In cases where there was a difference of opinion
between two reviewers, the article was examined by a
third reviewer.

Quality assessment

Qualitative evaluation of studies was performed using the
CONSORT checklist, which is a suitable tool for qualita-
tive evaluation of interventional studies [15]. This check-
list has 25 general items, each with Minor items and a
total of 37 minor items. Different sections include: Title
and Abstract, Introduction and Background, Methods,
Participants, Interventions, Objectives, Consequences,
Sample Size, Randomization, How to Assign Partici-
pants, Blind Allocation, Execution, Blindness of Study,
Statistical Methods, Results, Flow Participants’ presence,
sampling method, initial data of the number of people
analyzed, consequences and estimates, auxiliary analysis,
adverse reactions, explanations, interpretation, generaliz-
ability and general evidence. To rate the articles, if each
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article referred to the items in the checklist, it was given
a score of 1, and if it was not mentioned, a score of zero
was given. The Minimum and maximum scores in this
checklist are 0 and 37, respectively. Studies with a score
greater than or equal to 27 were considered high-quality
studies, and studies with a score less than or equal to 17
were considered low-quality studies.

Data extraction

Data extraction was conducted by two members of the
research team using a different pre-prepared checklist.
This checklist included: the first author’s name, year of
publication, study location, study type, sample size, and
study results.

Results

In this systematic review, reported results of studies
that had reported the safety and effectiveness of treat-
ment with stem cells derived from the allogeneic umbili-
cal cord for the treatment of cerebral palsy patients were
systematically extracted based on the Guidelines. After
searching the aforementioned databases, a total of 142
articles were found; additionally, 7 potentially related
articles were chosen by manual search, and their data was
also added to the EndNote reference management pro-
gram. Due to duplication, 91 articles were excluded. In
the screening phase, the title and abstract of the studies
were evaluated and 31 articles were excluded based on
the inclusion and exclusion criteria. In the eligibility eval-
uation phase, a further 13 articles were excluded through
the study of their full text and following the inclusion
and exclusion criteria. In the quality evaluation stage,
and after examination and review of the full text of the
remaining articles and based on the scores obtained from
the CONSORT checklist, studies with poor method-
ological quality were excluded, and finally, 7 studies were
included for the final evaluation. Information on these 7
studies is reported in Table 1; Fig. 1. Information on stem
cell dose, route of administration, details of immunosup-
pression, and length of follow-up in the reviewed studies
is also reported in Table 2.

Among the selected studies, 2 were conducted in 2013
[17, 18], and 2 in 2015 [19, 20], and the rest of the stud-
ies were conducted in the period between 2017 and 2022
[16, 21, 22] (Table 1). Except for 1 study, which was retro-
spective research [20], the other studies were randomized
clinical trials. A total of 286 people with cerebral palsy
were examined in these research works. The smallest
sample population was observed in the study conducted
by Kyunghoon et al., which examined 31 cerebral palsy
patients [17]. The largest sample population was also
observed in the work of Zarrabi et al., which assessed 72
samples [23]. (Table 1).
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Table 1 Summary of characteristics, extracted from the included articles that had studied safety and effectiveness of treatment with
umbilical cord-derived stem cells for the treatment of cerebral palsy patients

Author Year Region Age Sam- Type of study Result Instrument
ple
size
Amanatet 2021 Iran 4-14 36 Randomized The data showed that cell MAS, PEDI, (CP-Qol)
al.[16] control therapy was clinically effective.
+ no serious adverse events
were reported during the
follow-up periods
Fengetal. 2015 Chinese 585+6.12 47 A Retrospective had reported adverse events, Statistical analyses were performed
[20] Study but no casualties occurred using SPSS 17.0 (SPSS Inc,, Chicago, IL,
USA)
Zarrabiet 2022 Iran 4-14 72 a randomized This trial showed that intrathecal (GMFM)—66,(MAS), (PEDI), (CP-Qol),
al. [22] double-blind sham- injection of UCB were safeand  (FA), (MD), (CST), (PTR)
controlled clinical  effective in children with CP.
trial
Sunetal. 2017 USA 1-6 32 A Randomized, were well tolerated, and there Motor function and magnetic
[21] Placebo-Controlled  were no serious adverse events  resonance imaging brain connectivity
Trial related to the infusions. studies were performed at baseline, 1-,
and 2-years post-treatment.
Moonet 2013 South 2-10 32 randomized con- Mobilization with G-CSF fol- 18.00 software (IBM, 2009)
al. [18] Korea trolled trial. lowed appears to be safe and
feasible in CP children.
Kangetal. 20'5 South 6 months 36 randomized, no serious adverse events oc- Muscle strength and gross motor func-
[19] Korea to 20 years placebo-controlled, curred during this study tion were evaluated at baseline and 1,
double-blind trial 3, and 6 months after treatment. Along
with function measurements, each
subject underwent 18 F-fluorodeoxy-
glucose positron emission tomography
at baseline and 2 weeks after treatment.
Minetal. 2013 South 36.8 31 a double-blind, ran- there were no serious adverse (GMPM), (BSID-II), (18 F-FDG-PET/CT),
[171 Korea months domized, placebo- (DTI)

controlled trial.

Umbilical cord blood (UCB) is now one of the best
sources of adult stem cells, containing cells with a range
of therapeutic potential [8]. Allogeneic umbilical cord
blood has the potential to treat cerebral palsy. Based on
the results of the study conducted by Min K et al. in 2013,
the simultaneous administration of recombinant human
erythropoietin (EPO) which has neurotrophic proper-
ties, may boost the efficiency of UCB [17]. Within the
same study, UCB therapy improves motor and cognitive
impairment in CP children as well as structural and met-
abolic alterations in the brain [17].

Pneumonia, and irritability were reported as compli-
cations of UCB injection. It is also worth mentioning
that pneumonia and irritability are also side effects of
cyclosporine, as it seems that these complications were
brought on by cyclosporine medication rather than by
UCSB injection (cyclosporine was used in the mentioned
studies) [17]. Contrary to the results mentioned in these
2 studies, some articles report the neuroprotective effects
of cyclosporine similar to EPO [24—27], which in combi-
nation denote stronger neuroprotection [28].

Some other side effects of stem cell injections include
fever and vomiting. Intrathecal infusion and commencing

treatment in patients 10 years of age or less are risk fac-
tors for these side effects [20]. In the first 24 h following
treatment, back pain, headaches, and irritability were the
most typical side effects, which were largely connected to
lumbar puncture [16, 22]. Fever was the most common
side effect and this finding was consistent with research
that noted the same adverse effect [16-18, 20, 29].
Arrhythmia occurred in one patient during the injection,
yet this was resolved spontaneously without any inter-
vention. In addition, six study participants experienced
limb numbness which was also resolved spontaneously
[16].

Several articles reported that administering stem cells
significantly improved motor function [16, 17, 19, 21,
22, 30]. UCB treatment was reported to increase muscle
strength in other articles [19, 22]. Moreover, the enhance-
ment of cognitive performance was reported in a clinical
trial [17]. Based on the results of 2 other studies, imaging
data after UCB injection demonstrated an improvement
in the white matter structure (16, 22).

In accordance with these studies, other research
reports that UCB injection significantly improves self-
care, mobility, and social functioning; the scores on the
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Fig. 1 PRISMA Flow Diagram for Study Selection

Cerebral Palsy Quality of Life questionnaire (CP-QOL) in
the two domains of “friends and family” and “Participa-
tion in activities” were statistically higher than those of
the control group; and functional disability and neurolog-
ical function also improved significantly [23].

It should be noted that, in the study by Min K et al., the
treatment group displayed increased activity in the bilat-
eral basal ganglia, thalamus, small areas in the bilateral
frontal lobes, the right parietal lobe, and the left tempo-
ral lobe, whereas the control group displayed increased
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Table 2 Information on stem cell dose, route of administration,
details of immunosuppression, and length of follow-up in the
reviewed studies

Authors

Stem Route of
cell  administration
dose

Details of theim-  Length

munosuppression of
follow-
up

No immunosup- from

pressive drugs were  base-

used. line
to12
months
after
proce-
dures

Amanat 2 X intrathecal route

etal[16] 10’

Fengetal 2-3x
[20] 107

The first injection - from

was intravenous admis-

infusion and the sion

rest were intrathe- to6

cal injections months
after
treat-

ment
Zarrabiet 5X intrathecal route

al [22] 10°

No immunosup- from
pressive agents base-
were administered  line
during the course  to 12
of study months
after
inter-
vention
Sunetal 1-5X%
[21] 107

a single intrave- - base-
nous infusion line,
1- year,
and
2-years
Moonet A 5 days
al[18] single
daily
dose

subcutaneously -

Kangetal 6x10’ intra-arterial routes - base-

[19] line
and 1,
3,and 6
months
after
treat-
ment

Minetal 3 x
7] 107

a single intrave- - 6
nous infusion months

activity in a significant area in the bilateral frontal lobes
and the basal ganglia [17]. Another study reported
that people in the intervention group had a significant
decrease in activity in the white matter of the occipital
and temporal lobes bilaterally, while an increase in activ-
ity was observed in several cortical areas in the frontal
and parietal lobes (reference needed). Individuals in the
control group showed a decrease in activity in multiple
brain regions, yet an increase in activity in small areas of
the frontal lobes and parietal cortex was observed [19].
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It seems that the prescribed dose of UCB or age vari-
ables can affect the therapeutic outcome after injection
[17]. When compared to individuals who received lower
doses, people who received higher doses demonstrated
statistically significant improvement [17, 19, 21]. More-
over, improvements were greater in older CP patients
whose motor performance was associated with fewer
impairments, while children with more severe physical
impairments had greater improvement in mental perfor-
mance; nevertheless, these improvements were not sig-
nificant in terms of motor performance [17]. In addition,
inherited characteristics can predict the effectiveness of
stem cell therapy [31].

All selected studies showed that stem cells derived
from the allogeneic umbilical cord do not have serious
and life-threatening complications [16-23].

It is worth noting that during a study, a 25-month-old
female patient (reference needed) who had deep hypoxia-
induced quadriplegia with central gray matter and brain-
stem involvement died 14 weeks after treatment. The
patient was unable to control his or her head due to sig-
nificant motor impairment. However, tube feeding was
required due to poor oral motor function despite that
patient’s parents insisted on oral feeding. Moreover, there
was persistent obstructive sputum in this patient. From
the medical point of view, following the UCB injection,
the patient had continuous improvement in neurological
function until the last evaluation (within 3 months).

Medical examination revealed that the patient was neu-
rologically stable when presented to the pediatric neu-
rology department for routine seizure follow-up on the
day of death. The patient passed away during sleep for no
apparent reason, and following a rigorous review of all
pertinent documents and incidents, it was found that this
patient’s death was not related to UCB injection [17].

Discussion

Although UCB stem cells have been introduced as a new
strategy in the treatment of cerebral palsy, which causes
long-term disturbance in patients’ life, it is vital to dem-
onstrate their safety and efficacy. Many studies report
that the use of allogeneic umbilical cord stem cells is
safe and effective and non-uniform UCB injection can
be used for the treatment of CP [32-34]. Possible funda-
mental mechanisms for the therapeutic effectiveness of
UCB stem cells include immune modulation, secretion
of nutritional factors, antioxidant metabolites, angio-
genic factors, and anti-inflammatory, anti-fibrotic, and
anti-apoptotic activity that can increase the repair of
injured tissues [35-38]. In trials on CP-affected mice, a
preclinical investigation showed that the long-lasting
and beneficial benefits of allogeneic UCB injection are
caused by their paracrine actions, which accelerate heal-
ing in the damaged brain cells and prevent future brain
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damage [39]. Moreover, clinical trials have demonstrated
that both autologous and allogeneic UCBs are beneficial
for treating CP patients [17, 40]. The reported effects
may be associated with factors other than stem cells. For
instance, a significant increase in frontal lobe activity was
observed in experiments using EPO. This effect could
be induced by dopaminergic stimulation [41, 42], or in
another investigation, it was found that vigorous exercise
could activate the cerebellum in the untreated control
group [43].

Increased metabolism was seen in the thalamus region
in the treatment group of a study that utilized UCB; this
is a promising finding that may be significant; however,
in a prior publication by the same author, UBC was not
used, and a decrease in perfusion in the same location
(thalamus) was seen [44]. In a different trial that exam-
ined the positive benefits of UCB, erythropoietin was
also given to the control group in addition to the case
group. The disparity in results between the case and con-
trol groups may be a result of how UCB affected the brain
[17]. It should be highlighted that UCB injection is gener-
ally more appropriate in children and adolescents since
the cells can be collected safely without invasive and
painful procedures. Also, compared to the transplanta-
tion of stem cells obtained from autologous bone mar-
row, the use of allogeneic UCB is cheaper and requires
less time. In other words, the isolation, purification,
expansion, identification, and extraction of MSCs from
bone marrow can take much longer (about 1 month) than
the preparation of allogeneic UCB [31].

Another safe and efficient source of stem cells for
CP patients is human fetal tissue [45]. However, due to
issues with isolation techniques and the requirement for
a sophisticated extraction apparatus, this source (embry-
onic tissue) cannot be employed in many clinical situa-
tions [46]. Furthermore, the extraction of cells can lead
to fetal death, which raises major ethical concerns. Neu-
ral progenitor cells and olfactory lining cells were other
types of effective cells used in children with CP and
isolated from aborted human embryos [47, 48]. Recent
reports suggest that stem cells may be used to treat neu-
rological problems [36]. According to some research,
the allogeneic umbilical cord stem cells can treat a vari-
ety of neurological conditions [49-52]. Emerging clini-
cal reports have also shown the possibility of using stem
cells, including UCB, for pediatric brain lesions [53-55].
According to another study, UCB injection significantly
improved gross motor function in individuals with severe
cerebral palsy [56]. A non-randomized trial of 8 sets of
identical twins (n=16) reported that gross motor func-
tion after 1 month of allogeneic intrathecal injection of
allogeneic umbilical cord mesenchymal stem cells had
no significant improvement during the initial months of
treatment, yet after 6 months, significant improvement
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was observed. In addition, it has been found that the
effectiveness rate following UCB injection is predicted by
genetics [31]. The overall changes in the average scores
of gross motor function were lower in several studies [57,
58, 59]. This could be because of the basic characteris-
tics including the age of the participants. Another study
showed that motor development/function among chil-
dren with CP has more potential after the age of 5-7 [60]
and that patients can expect better treatment outcomes
at a time that is closer to the moment of injury [61]. In
addition, smaller changes in the treatment group could
also be due to the single-dose injection of allogeneic
umbilical cord mesenchymal stem cells (due to a lower
dose or not using consecutive doses) [16].

The most efficient approach to delivering UCB stem
cells is unknown, but there are several options avail-
able. Some studies reported that intravenous or intra-
arterial injection of UCB stem cells can accelerate the
functional development of CP patients [17, 19, 62]. Even
yet, these methods of cell transplantation are less inva-
sive than intrathecal injection. Studies have shown that
UCB cells are less likely to reach lesion sites using intra-
arterial/intravenous methods, since they may be retained
(trapped) by other organs or the cells are unable to cross
the brain’s blood barrier [63, 64].

The intra-arterial injection was also shown to be asso-
ciated with an increased risk of microembolism (e.g.,
blood clot) [65]. A case report used a combination of
intravenous and intrathecal injections of allogeneic cord
mesenchymal cells and reported significant improve-
ments in EEG (electroencephalogram), motor function,
and linguistic expressiveness [66]. Although intraven-
tricular cell injection was also suggested, not all patients
are candidates for it due to being an invasive treatment
[47]. Four studies reported that intravenous/intra-arterial
injection of allogeneic umbilical cord mesenchymal cells
greatly improved motor function [11, 17, 19, 67]. Another
study reported that intravenous injection of allogeneic
umbilical cord mesenchymal cells was effective, and
those administered with higher matched units (human
leukocyte antigen (HLA) with complete HLA or 1 mis-
matched unit) improved more motor performance than
those with 2 mismatched HLA units [67]. In general, the
noted complications related to stem cells were not seri-
ous or life-threatening, and most of them improved with
supportive care or spontaneously.

Limitation

Future clinical research should compute the normal treat-
ment dose based on the weight or age of the patients in
CP to minimize side effects. However, no definitive con-
clusions can be drawn from small sample trials, and fur-
ther studies are required to investigate and validate these
results. The optimal dose and route of injection should be
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determined in future studies to find the most appropri-
ate cell transplantation protocol. Only two studies tested
different doses (and only 2 different doses) [21, 23]. Lon-
ger follow-up periods are recommended to determine
the long-term safety and efficacy of treatment with stem
cells. The small sample size in some of the selected stud-
ies is another limitation of this review.

Conclusion

According to the research reviewed, these studies
reported that UCB stem cells have beneficial effects in the
improvement and treatment of cerebral palsy patients,
and given that no major side effects were observed in
the use of this treatment in the patients studied, it can be
considered in the treatment of these patients.
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