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Abstract
Study design Retrospective observational.
Objectives To compare objective (neurological examination) and subjective (patients perception) recovery in patients with
spinal cord injury (SCI) who chose to undergo cell transplantation therapies (CTT) outside of clinical trials abroad.
Setting Physical Medicine and Rehabilitation Hospital, Kuwait.
Methods Nine patients with SCI who had undergone CTT outside Kuwait were identified and their neurological pre-
transplantation evaluation according the International Standards for Neurological Classification of SCI (ISNCSCI) was
collected from hospital records. Post transplantation ISNCSCI examination was conducted during follow-up visits and
scores were completed between pre and post CTT. In addition to the ISNCSCI evaluation, change in disability status, and
patient’s perception of improvement after stem cell transplantation were examined.
Results Overall, 8 males and 1 female with chronic SCI underwent CTT (42 ± 38.2 months post SCI) in various centers
(China, Egypt, Germany, India, and Iran). On follow-up post CTT assessment (89.2 ± 36 months post SCI), 55.5% of
individuals reported perceived improvement as follows: increased deep tissue sensation below the injury (100%) or increase
in bladder sensation (11.1%). Objective examination after CTT revealed that none of the examined individuals demonstrated
improvement in their motor scores or neurological level of SCI.
Conclusion We were not able to objectively document clinically useful improvements in sensorimotor, autonomic, or
functional status in individuals after CTT.

Introduction

Spinal cord injury (SCI) is a devastating event which
compromises the motor, sensory, and autonomic functions.
Despite significant progress in the management and care of
individuals with SCI presently there is still no effective
treatment available to restore connectivity within the fragile
neuronal spinal cord circuits. Cell transplantation therapies

(CTT) may possibly hold promise for spinal cord repair and
regeneration but still remains in the experimental stages [1].

During the last decade, the international scientific com-
munity made significant progress and multiple animal stu-
dies were conducted demonstrating the potential effects of
CTT on recovery of motor, sensory and autonomic func-
tions [2–5]. However, as evident from the one of the latest
detailed reviews of the potential outcomes of these therapies
in pre-clinical studies, “the results have generally not been
very promising” [6]. At the same time, a joint international
effort was put into examining the safety of the newest CTT
and development of recommendations and standards for
conducting the clinical trials with the use of CTT following
SCI [7–9]. Presently, despite significant scientific efforts,
human studies have not yet conclusively demonstrated the
efficacy of treatment with CTT.

However, a significant number of individuals with
chronic SCI who completed their rehabilitation continue to
explore any potential therapy that promises a “cure for
paralysis”. Many of these individuals are very proactive
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with their decisions and travel around the world in order to
participate in these frequently unproven treatments. It is
crucial for the medical community to be aware about the
present state of CTT that is performed outside of the well-
designed clinical trials and potential outcomes of these
treatments. In this study, we examined the experience of a
large tertiary rehabilitation hospital in Kuwait with potential
outcomes and personal perceptions of SCI patients on the
benefits of CTT performed outside of Kuwait.

Methods

Participants

The protocol for this study was approved by the Ethics
committee of the Kuwait Rehabilitation Hospital. Patients
with chronic SCI who underwent CTT treatment and were
under care and followed up at the Physical Medicine and
Rehabilitation Hospital in Kuwait were identified. All these
patients had undergone CTT in various international centers
in China, Egypt, Germany, India, and Iran. All of these
individuals had to pay out of their pocket for the performed
procedures and therefore were not part of approved clinical
trials. Only patients who were examined prior to CTT and
returned for further follow-up and management within the
Kuwait Rehabilitation Hospital were included into the
study. Considering the heterogeneity of the cells trans-
planted between all individuals, our use of the CTT term
describes any type of cells that were introduced in various
patients as a potential treatment for SCI (e.g., embryonic
stem cells, Schwann cells, autologous bone marrow-derived
cells or peripheral blood–derived cells, and others).

Patient medical records were retrieved and retrospective
data of their neurological level including bladder/bowel
status, and American Spinal Injury Association (ASIA)
Impairment Scale (AIS) conducted by the same physician

according to the Internationally Standards for neurological
classification of SCI (ISNCSCI) [10] prior to CTT were
obtained. The post CTT neurological status (AIS score) and
any neurological improvement was established following
return to Kuwait and examination by the primary treating
physiatrist as well as an independent examiner. In addition
to AIS score, data on changes in pain, bladder, bowel, and
sexual functions were collected. Finally, the patient’s per-
ceived improvement in their physical and functional status
after the CTT intervention was also documented.

Results

Demographic and treatments received

A total of nine individuals with SCI were included into the
study. There were 8 males and 1 female between the ages of
20 to 29 years (mean age 23.33 years) at the time of injury
and they all sustained SCI as a result of motor vehicle
accident (MVA), Table 1. The time duration between the
onset of SCI and first CTT was ~42 ± 38.2 months. Our nine
participants’ received a total of 14 CTT procedures. Four
individuals (44.4%) underwent multiple CTT procedures.
One individual (case #3) underwent four CTT procedures in
China over a 4 year period—two treatments with fetal stem
cells, one with “nerve cells” and one with olfactory cells as
per patient reports. Two individuals, in addition to CTT,
also received autologous nerve graft implantation to the site
of injury. One of these individuals also received intravenous
injection of an unknown substance. Finally, the last indi-
vidual received CTT (autologous bone marrow-derived
cells) at two different centers (Table 2). It was evident from
our participant interviews that 55.5% of the patients had a
poor understanding of the procedures and nature of trans-
planted cells. Only 4 individuals had received discharge
reports for the procedures (29%). Two of these subjects (#1

Table 1 Demographic of participants

Patient Gender Age at
injury

Date of
injury

Cause and level
of injury

Neurological level and
AIS

Initial
management

# 1 Male 20 2005 MVA T10 A Surgical

# 2 Male 20 1999 MVA C3 C Surgical

# 3 Male 24 2000 MVA T6 A Surgical

# 4 Male 21 1999 MVA C7 A Surgical

# 5 Male 22 2010 MVA T8 A Surgical

# 6 Male 25 2015 MVA T8 A Surgical

# 7 Male 21 2004 MVA C8 A Surgical

# 8 Male 28 2009 MVA T5 B Surgical

#9 Female 29 2011 MVA T6 C Surgical

AIS American Spinal Injury Association Impairment scale, MVAMotor vehicle accident, C cervical, T thoracic
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and 4) had discharge summaries that included details of
their CTT, and only in two cases (case #4 and 9) we were
able to obtain a clear description of the type, volume of
transplanted cells and the site of implantation (Table 2).

Neurological and functional outcomes

Comparison of neurological examination before and after
CTT (average time post CTT 91.2 ± 36 months) revealed
that none of the individuals in our study demonstrated any
improvement in motor score (Table 3). Subject #4 (C7 AIS
A) 6 months after CTT developed flicker of finger flexion at
the proximal interphalangeal joint of the ring, middle, and
index fingers of the right hand (flexor digitorum super-
ficialis). However, weak contraction of the muscle was
noted even prior to CTT. The visible movement of the
fingers 6 months post CTT could be explained by the
intensive physical therapy program which he underwent
after the procedure. He also presented with newly devel-
oped neuropathic sensations after CTT in his perianal region
and left leg 4 years after CTT. Subject #5 showed no change
in his neurological level of T8, but his sensory scores
improved from 112 to 131 (up to T12 dermatome)Fig 1 .
However, he perceived significant improvement in sub-
jective sensation up to L3 level within a day following CTT.

Subject #3, #6 and #9 also had minor improvements in
sensory scores but no change in motor scores or neurolo-
gical levels.

Patient’s perceived benefits

Four of the participants reported that they did not receive
any benefits from the CTT (Table 3). None of the partici-
pants noted functional motor improvements following CTT.
However, the majority of participants (5 individuals, 55.5%
reported some perceived improvements in sensation. But in
two of these individuals, the reported sensory changes fol-
lowing CTT were neuropathic in nature (e.g., the described
presence of hot sensation). One individual (subject #1;
11.1%) also reported an increase in bladder sensation,
improvement in sexual function (improved ejaculation and
erection), and improvement in trunk control. However,
there was no change in his bladder function or sexual health
management following CTT.

Discussion

On the basis of our experience at the Kuwait Rehabilitation
Center with follow-up of individuals with chronic SCI who

Table 2 Details on cell transplantation therapy

Patient Date of CTT
procedure

Source of
informationa

Details of CTT (cells type; rout of administration;
volume)

Time post SCI
(years)

Cost of CTT
($USD)b

# 1 2009 PR “Cells from my leg nerve” 4 12,000

2013 DS Autologous bone marrow; 2 ml of cell suspension was
injected intrathecally

8 15,000

# 2 2008 PR “Blood cells” 9 9000

# 3 2006 PR “Embryonic cells” 6 20,000

2007 PR “Embryonic cells” 7 10,000

2008 PR “Cells from my leg nerve” 8 10,000

2009 PR “Cells from my nose” 9 10,000

# 4 2006 DS Autologous olfactory glial cells; 100 µl containing
1,000,000 cells injected to the C6 spinal cord segment

7 30,000

# 5 2011 PR “Cells from my bones”; multiple intrathecal injections 1 120,000

2012 PR “Cells from my bones” 2 15,000

# 6 2015 PR+DS Mixture of the autologous cells from peripheral nerve
and embryonic stem cells were injected intrathecally

0.3 42,000

# 7 2006 PR “Cells from my nose” 2 42,000

# 8 2010 PR “Cells from my bones”; multiple injections 1 570

# 9 2012 PR+DS+ RRL Fetal stem cells; 5 million cells injected at the site of
injury.

0.8 45,000

CTT cell transplantation therapy
a The source of information regarding the CTT: PR patient’s own report based on verbal communication with medical professionals at time of
treatment. In majority of cases patients did not fully understand the type of cells that were injected and here we are using the “terms” used by
patients; DS discharge summary provided at the time of discharge from the center; RRL response to Request Letter by the treatment center
following our letter of request for additional information
b Cost of the procedure based on patient’s reports

676 S. Al Kandari et al.



underwent CTT abroad and outside of approved clinical
trials they unequivocally demonstrated a lack of functional
motor recovery. Subject #3 had minimal improvement in
sensory scores after CTT performed 6 years post SCI.
Subject #5 who had CTT done 1 year after SCI showed
improvement in sensory scores. Subject #6 who did CTT
3 months post SCI showed minimal increase in sensory
scores which is expected as part of the natural recovery.
The greatest change in scores was seen in subject #9 who
underwent CTT within a year post SCI. However, she was
AIS C at the time of injury and was expected to improve
spontaneously to some extent. On the basis of analysis of
natural progression of recovery following SCI, it is gen-
erally agreed that the greatest gains typically occur in the

first 6 months, with majority of recovery complete by
12 months post injury. However, additional recovery and
small improvements have been seen up to 18 months post
SCI [11, 12].

Present literature evidence is inconsistent with respect to
potential functional recovery and benefits of various CTT
among individuals with chronic SCI. One of the earliest
reports by Dobkin et al. [13] who evaluated seven indivi-
duals with chronic SCI who underwent CTT in Beijing,
China, documented that individuals who received these
treatments have encountered serious medical complications
and there was no clinically useful sensorimotor, disability,
or autonomic improvements. In a study by Dai et al. [14]
from China, the efficacy of autologous bone marrow

Table 3 Perceived benefits by the SCI patients post cell transplantation therapy

Subject
ID #

AIS and motor/
sensory scores
before CTT

Perceived benefits AIS and motor/
sensory scores
after CTTMotor Sensory Others

# 1 T10 AIS A
MS= 50
LTS= 70
PPS= 70

Nil Improvement in L1 and
L2 dermatome (hot
sensation)

Increase of bladder
sensation, sexual
function and trunk
balance

T10 AIS A
MS= 50
LTS= 70
PPS= 70

# 2 C5 AIS C
MS= 22
LTS= 35
PPS= 10

Nil Nil Nil C5 AIS C
MS= 22
LTS= 35
PPS= 10

# 3 T6 AIS A
MS= 50
LTS= 53
PPS= 53

Nil Improved deep sensation:
“awareness” of the legs
when seated

Nil T6 AIS A
MS= 50
LTS= 58
PPS= 58

# 4 C7 AIS A
MS= 27
LTS= 29
PPS= 20

Nil Improvement in deep
sensation in lower limbs

Nil C7 AIS A
MS= 27
LTS= 24
PPS= 20

# 5 T8 AIS A
MS= 50
LTS= 56
PPS= 56

Nil Improved sensation in
legs

Nil T8 AIS A
MS= 50
LTS= 69
PPS= 62

# 6 T8 AIS A
MS= 50
LTS= 66
PPS= 60

Nil Nil Nil T8 AIS A
MS= 50
LTS= 69
PPS= 62

# 7 C8 AIS A
MS= 42
LTS= 20
PPS= 20

Nil Nil Nil C8 AIS A
MS= 42
LTS= 20
PPS= 20

# 8 T5 AIS B
MS= 50
LTS= 105
PPS= 51

Nil Nil Nil T5 AIS B
MS= 50
LTS= 105
PPS= 51

# 9 T5 AIS C
MS= 56
LTS= 67
PPS= 55

Nil Improved sensation in the
trunk and legs

Nil T5 AIS C
MS= 56
LTS= 86
PPS= 58

AIS American Spinal Injury Association Impairment Scale, MS motor score, LTS light touch score, PPS pin-prick score
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mesenchymal stem cells in individuals with chronic com-
plete SCI (range 18 to 74 months post injury) was reported.
Among 20 individuals who received CTT, 10 participants
showed significant clinical improvement in terms of motor,
light touch, and pin-prick sensorium and a decrease in
residual urine volumes, whereas 9 patients showed changes
in AIS grade. In a study by Yazdani et al. [15] from Iran, 8
individuals with chronic complete SCI (range
13–63 months post injury) received treatments with a
combination of autologous bone marrow mesenchymal
stromal cell and Schwann cell directly into the injury site.
The investigators reported that these individuals had neg-
ligible improvement in sensory scores and no improvement
in motor scores. Finally, in a study by Mendonca et al. [16]
from Brazil, 14 subjects with chronic traumatic SCI (with at
least 6 months post injury) received autologous bone
marrow-derived stem cells. The investigators reported
improvements in touch sensation in all participants, whereas
8 subjects exhibited lower limb motor function gains.
Experimental studies have shown that CTT performed in
the acute and sub-acute phases of SCI are typically asso-
ciated with better evidence of locomotor recovery compared
to procedures performed in chronic phases [17]. This indi-
cates that the therapeutic window for this type of treatment
may be limited to the early post injury period [18].

However, this also could coincide with the natural pro-
gression and recovery following the SCI [12].

Although none of the participant reported any compli-
cations following CTT, we were unable to document any
benefit in sensory-motor or autonomic functions following
CTT. Interestingly, the majority of subjects in our study
who reported perceived improvement in their sensory
functions were mostly describing an increase in their neu-
ropathic sensations.

We would also like to acknowledge numerous limitations
of this study, including the retrospective nature and the fact
that in the significant number of procedures the crucial
information of the nature of CTT was missing (79% of
procedures did not have any information regarding nature of
the transplanted cells). However, the aforementioned lack of
available information on CTT in these cases provides cru-
cial insight into the challenges that clinicians face when
following-up and managing patients who have made the
decision and became recipients of unknown or poorly
defined therapies.

Conclusion

We were unable to objectively document any clinically
useful neurological recovery or functional ability after CTT
among the participants in our study who received these
therapies abroad. Furthermore, in 60% of individuals who
reported “improved” sensation following CTT, the “new”
sensations were neuropathic in nature. Many of the centers
did not provide sufficient documentation or follow-up to the
recipients of CTT. Despite the existence of numerous
international recommendations on cell transplantation, we
were unable to see any evidence that the offered treatments
followed any valid clinical trial protocols. As the cost
related to CTT treatments and care after the surgery are
exorbitant, individuals with SCI who undertake these
mostly unproven interventions, are not only left frustrated
and disappointed with the results, but they and their families
are also subject to significant financial losses. Hence, it is
our recommendation that medical professionals who are
involved in the care of individuals with SCI should caution
those planning to undergo CTT regarding the experimental
nature of the treatment and its limited potential benefits.
Individuals and clinicians should learn more about the
treatment centers, nature of the procedure, the cells to be
transplanted, and if this intervention is a part of a clinical
trial (in this case participants would not pay for the pro-
posed treatments). The research team of this study would
like to emphasize that CTT should be done as part of an
approved and well-designed clinical trial, conducted at
recognized institutions to ensure that international standards

Fig. 1 MRI thoracic spinal cord post CTT in subject #5. a MRI per-
formed in 2013, 2 years post CTT shows cystic changes in the cord
opposite at T9/10 level. b MRI performed in 2017, 5 years following
CTT. The cystic lesion within the spinal cord shows no change in size.
Metal artifacts from the spinal fixation are seen in both images
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and guidelines are followed that will safeguard the welfare
of the patients.

Data archiving

There were no data to deposit.

Compliance with ethical standards
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