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Spinal cord injury (SCI) is a devastating condition. It not only creates enormous physical

and emotional cost to the victims but also causes a financial burden to the society at large.

The treatment of SCI focuses on preventing further injury and enabling people to return to

an active and productive life within limits of their disability. Recently there is great

excitement about the possibility of generating neural progenitor cells from sources such as

mesenchymal cells derived from skin, bone-marrow, or adipose tissue. Stem cell therapy in

traumatic spinal cord injury is an on going area of research in many centres in India and

abroad. We describe a case of traumatic spinal cord injury with complete paraplegia in an

adult where we had infused autologous bone marrow derived stem cell to damaged cord

during fixation procedure and review the literature.
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1. Introduction

Stem cell therapy is used currently as a novel strategy to

overcome physical discontinuity and support axonal growth

in experimental models of spinal cord injury.1,2 The multi-

farious potential of cellular therapy support restoration of

axonal connections, limits tissue damage and scarring, facil-

itates remyelination repair, and replaces and re-establishes

lost neural tissue and its circuitry.3 Autologous stem cells,

that are safe and efficient, possess such potentials as to be

considered an attractive alternative therapeutic regimen for

regeneration of damaged axons and neurons following spinal

cord injury. They also obviate the therapeutic bane of

immune-suppression and adverse reactions, serve as a better

option of therapy for injured spinal cord.4 We report our case

of traumatic spinal cord injury leading to complete paraplegia

in an adult where we have infused autologous bone marrow

derived stem cells into the damaged cord during spinal sta-

bilization procedure and review the literature.
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2. Case report

A 30 year old male was admitted to our institution with

history of fall from a 20 feet height. He was a manual

labourer by profession, working at a height of 20 feet, due to

imbalance he fell to ground hitting his back. On examination

he had grade-o power in both lower limb, sensory level at L1

and retention of urine. His neurological status was, ASIA

(American Spinal Injury Association) Grade-A. Injection

methylprednisolone was given according to National Acute

Spinal Cord Injury Study (NASCIS) e 2 regimen as he came

within 3 h of injury and he was catheterized. His X-ray

lumbar spine revealed L1 burst fracture (Fig. 1A). Magnetic

resonance imaging (MRI) of spine revealed burst fracture of

L1 body and mild compression fracture of L2 with retro-

pulsion of fracture fragment of L1 causing significant cord

compression with cord oedema (Fig. 1B,C,D). Patient was

planned for stabilization procedure. We also planned for

stem cell therapy for this patient in the same sitting. First we

took the permission from the ethical committee of the

institute for this novel procedure. Then we informed the
Fig. 1 e (A) plain X-ray lumbar spine lateral view showing burs

weighted image (B),T2 weighted image (C) and coronal cuts (D)

fragment causing compression of spinal cord and cord oedema
patient party about this new procedure and its pros and cons

in detail. Once got the consent from the patient party, we

informed the haematologist and the research officer in our

institute to prepare the bone marrow derived stem cells for

the patient. The haematologist aspirated the bone marrow

from the iliac crest of the patient and the research officer

collected the aspirated bone marrow in a heparinised bottle

diluted in Dulbecco's phosphate buffered saline and trans-

ferred it to the lab for further processing.
3. Stem cell preparation

3.1. Isolation and processing of human-bone-
marrowederived mononuclear cells

One hundred to 120 mL of bone marrow was aspirated from

the iliac crest of the patient in a heparinized (1 L/5000 U) bottle

and diluted in Dulbecco's phosphate buffered saline (without

calcium and magnesium) at a ratio of 1:2. The aspiration was

layered on Ficoll (FicollePaque PLUS, 1.077 g/L, Stem Cell

technologies, Vancouver, BC, Canada V5Z 1B3), and centri-

fuged at 450g for 30 min. The mononuclear cell interface was

carefully removed, andwashed twice in Dulbecco's phosphate
buffered saline at 400g for 10 min. The resultant pellet was

added with RBC lysing solution (0.7% ammonium chloride)

and incubated for 2 min. The lysing was arrested by adding

0.9%ice cold sodium chloride, and the cells were washed. The

bone marrow derived cells were washed in Dulbecco's phos-

phate buffered saline until the lysing factors were removed,

and finally, resuspended in required volume.
3.2. FACS characterization of bone marrow derived cells

One hundred microliter processed samples (1 � 106 cells/mL),

20 mL of CD34, and 20 mL of CD45 antibodies conjugated with

phycoerythrin (PE) and fluorescein isothiocyanate (FITC)

respectively (BD Biosciences, San Jose, CA, USA) were added

and incubated for 15 min at room temperature in the dark.

After incubation, 900 mL of phosphate buffered saline was

added to the stained cells andmixedwell. To thismixture, 5 mL

of the 7-Amino Actinomycin D(7-AAD) dye was added, and
t fracture of L1 vertebra, MRI of LS spine, sagittal cuts T1

showing burst fracture of L1 with retropulsion of fracture

.
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again incubated in dark for 10 min at room temperature. The

cells were vortexed and aliquoted for characterization in FACS

area (BD). One lakh event was acquired for analysis of the

cellular composition of the sample. The total viability was

assessed by 7-AAD method.
d.
3.3. Pyrogen testing by limulus amebocyte lysate method

To a 100-mL processed sample, 100 mL limulus amebocyte

lysate reagent (Endotoxin Test Kit, CambrexWalkersville, MD,

USA) was added, and incubated for 1 h at 37 �C. Clotting of the

sample was considered as positive indication for pyrogens at

0.06 EU/mL. All samples negative for this test and thus ready

for infusion to the patients.
U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
4. Treatment

Once the mononuclear stem cells were ready, the patient was

posted for surgery. The surgery was done on 8th day of

trauma. Transpedicular fixation of the spine from T12 to L3,

and L1 laminectomy was conducted. (Fig. 2A and 2B). 2 ml

sample containing 106�7 cultured stem cells in each mL were

taken in a 2.5 ml syringe with a 26 gaze needle, infused into

the subarachnoid space at the lower border of L1 vertebral

body level just below the damaged cord which represents the

conus level under C-Arm guidance (Fig. 2C). Wound closed in
Fig. 2 e Post operative X-ray in Lateral (A) and A.P(B) view

showing the screws in T12 and L3 body and the rods, intra-

operative picture (C) showing the stem cell infusion to cord

substance and picture of the patient on 3 months follow up

(D) showing the patient walking with KAFO device and

walker support.
layers. There were no adverse reactions noted in the post

operative period. Patient was given physiotherapy and

neurologically assessed daily for any improvement. At

discharge on Day 14, neurologic assessment revealed Grade 2

power in the lower limbs (active joint movement with gravity

eliminated). On subsequent follow up after 3 months his

power was grade-3 and he was walking with knee ankle foot

orthotic (KAFO) and walker support (Fig. 2D).
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5. Discussion

Spinal cord injury resulting from various aetiology leading to

devastating neurological deficits still remains a challenge to

treat for the neuro physicians and surgeons. Though various

options of treatment like use of high dose of methyl prednis-

olone and early surgical decompression is being practiced

routinely, which has reported good neurological outcome in

traumatic spinal cord injury, it is not same in all cases. The

results vary depending on age of patient, type and severity of

injury, the time gap between institution of methyl predniso-

lone infusion/surgical decompression and associated co-

morbidity. Stem cell therapy derived from autologous bone

marrow is an ongoing area of research in may centres in India

and abroad.

Reparative strategies for spinal cord traumatic injuries

involve cellular replacement, tropic, and a substrate support.

Loss of cellular components and de-myelination that occurs

as a post injury inflammatory process hampers the functional

recovery, and adds to regenerative complexity of spinal cord.1

Reducing progressive tissue damage and scarring, facilitation

of remyelination, and re-establishment of lost neural tissue

and its circuitry, is the aim of stem cell therapy.2e4

Bone marrow derived mononuclear cellular (BMDC) ther-

apy for acute spinal cord injury has proven as effective in

experimental animal cases. Deng YB et al reported that

transplantation of mesenchymal stem cells (MSC) in rodent

models has proved to be an effective therapeutic approach for

spinal cord injury (SCI).5 Several preliminary attempts were

made to use autologous BMDC in human clinical trials with

much emphasis on safety.6 It was observed that the neurons

regenerated from adult BMDC was shown to exhibit the same

morphologic and functional characteristics as neurons

derived from adult brain stem/progenitor cells, and both had

similar electrophysiologic response.7 In our study, we also

documented progressive neurological recovery in motor

power of the patient from 14 to 90 days post surgery and stem

cell therapy.

Clinical trials using autologous BMDC on spinal-cordere-

lated ailments, or injuries such as amyotrophic lateral scle-

rosis, multiple sclerosis, or traumatic spinal cord injury were

being conducted elsewhere, with limited sampling size.8e10

Except for minor tingling sensations, no allergic or inflam-

matory reactions, or any major adverse reactions so far have

been reportedwith the use of autologous BMDC for spinal cord

injuries. Fever and headache usually manifest in the first

week after the therapy, and then become normal with medi-

cations. Neuropathic sensory symptoms developed a 2 weeks

after the therapy, and also could be resolved with medica-

tions.11,12 In our case no fever or neuropathic pain was

http://dx.doi.org/10.1016/j.ijnt.2014.11.009
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observed. Further, it could be observed that the recovery of

sensation was not universal; that it might or might not pre-

cede the motor control (including the bladder control) in a

complete spinal cord injury (ASIA A), and the partial impair-

ment (ASIA B/C) often leading to both sensory and motor

improvement. This dichotomy in the in vivo development

could not be explained.13 In our case patient had both motor

and sensory improvement on follow up at 3 months.

Most of the study mentioned that the results of stem cell

therapy in chronic spinal cord injury has been very encour-

aging, where the initial results following use of methyl pred-

nisolone and surgical decompression has been dismal. It has

also been documented that the neurological outcome of stem

cell therapy in traumatic cervical spine injury is poorer than in

lower thoracic and lumbar spinal injury.14 In various series it

has been documented the positive neurological outcome

following bone marrow derived stem cell therapy within 3

months. It has also been documented that the results are

better if given early during surgical decompression and fixa-

tion procedure in comparison to those given following 3

months of trauma and surgical intervention.12,14

To conclude autologous bone marrow derived mono-

nuclear cellular therapy is simple, safe and cost effective for

acute spinal cord injury. BMDC Infusion into the subarachnoid

space below the level of damaged cord following laminectomy

and spinal fixation is a minimally invasive method of cellular

delivery in acute spinal cord injury without adverse reaction.

Functional outcome in traumatic spinal cord injury following

stem cell therapy in our case had a positive neurological

outcome, it will be too early to authenticate that it is due to

stem cell therapy only for which further large series study is

required.
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