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Current Concept and Future of the Management of
Spinal Cord Injury: A Systematic Review

Il Choi, M.D., Jin Gyeong Ha, M.D., Sang Ryong Jeon, M.D., Ph.D.

Department of Neurological Surgery, Asan Medical Center, University of Ulsan, College of Medicine, Seoul, Korea

Spinal cord injury (SCI) is a serious condition associated with social and familial burden, as well as significant
neurologic deficit. Despite the many advances in the treatment of spinal cord injury, a fundamental treatment
for neurologic functional recovery has not yet been developed. In this article, we review two directions of devel-
opment for spinal cord injury treatment: neuroprotective pharmacological agents and axon-regenerating cell
therapy. We expect developments in these two to lead to improve functional recovery in patients with spinal
cord injuries and to reduce burdens on society, as well as the patients’ families.
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Table 1. Prospective completion and ongoing study for spinal cord injury

SCl type,
Tria name Y ear N Study design treatment Treatment arms Conclusions
window
MPSS, 100 mg
scis 984 330  Ph c 48h x 10 days diff
NASCISI 1 ase |1l RCT I, r MPSS, 1000 mg No difference
x 10 days
Negative primary anaysis
MPSS (24 hr) Secondary analysis showed
NASCISII 1990 487 Phaselll RCT C/l, 12 hr Naloxone improved recovery if treated
Placebo with MPSS within 8 hr of
injury. Naloxone negative
Marviand Phase Il RCT aM Improved neurological
Y - 1 . S
GM-1 1991 34 pilot study I, 72 hr Placeho recovery with GM1 in this
small pilot study
Significantly more steroid-
et al blinded - 8h M PSSh(NASCIS treated patients had some
Otani et al. 1994 158 Nonblin RCT ?, 8hr 11, 24 hr) sensory improvement. No
Placebo _
motor differences
Phese Il RCT TRH Suggestion of improved
TRH 1995 20 pilot study C/l, 2 hr Placebo neuro.logu.:al rmovqy with
TRH in thissmall pilot study
S (24 h Improved neurological
MESS EA:;' hr; recovery with MPSS if
r .. -
NASCISIII 1997 499 Phase Il RCT 1,12 hr MPSS bolus then administered early (within
™ 3 hr after SCI), TM not
superior to MPSS
Nimodipine
MPSS (24 hr) No difference. Study probably
Nimodipine 1998 100 Phase |1l RCT C/l, 6 hr Nimodipine + underpowered to detect a
MPSS (24 hr) difference
Placebo
Gacyclidine
(0.005 mg/kg)
Gecyclidine Negative study; trend to
Gecyclidine 1999 280 Phase |l RCT Cll, 2 hr (0.01 mg/kg) improved motor recovery
Gacyclidine with incomplete cervical injuries
(0.02 mg/kg)
Placebo
MPSS (NASCIS
11, 24 hr) No neurological differences
il a ) 1 Blinded RCT 2 8h Nimodipine between groups. Trend to
Pointillart et . 000 06 n c > 8hr MPSS + increased infections in groups
nimodipine receiving MPSS
Placebo
Phase |l
prospective, bid
Minocyclin 2008 ? randomized, 2,12 hr 250 mg IV bi On going
for 7 days
placebo-
controlled
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Table 1. Prospective completion and ongoing study for spinal cord injury

SCl type,
Trial name Year N Study design treatment Treatment arms Conclusions
window
Ph Nat+ channel
Riluzol 2007 36 Iti o SCI C/l,12h blockade, On going
fuzole mu tlctt?in;er ' r antiglutamatergic
50 mg PO bid
Phase | infused into the
ATI-355 2006 52 multicenter open- C? subarachnoid No posted
label phase I/I1A space for 28 days
Phase I/11
nonrandomized adose of 0.3 to 27% ASIA i ) t arad
. . () impairment grade
Cethrin 2005 48 opej-label C? 9 mg vyas mixed conversion rate
multicenter with Tisseel
clinical trial

GM: monosialotetrahexosylganglioside , MPSS: methylprednisolone, NASCIS: National Acute Spinal Cord Injury Study, RCT: ran-
domized controlled trial, SCI: spina cord injury, TM: tirilazad mesylate, TRH: thyrotropin-rel easing hormone
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9] A (Targeting myelin—associated inhibitors of

regeneration)of ¥gk Ao|rt, Ao &4 & B4 HY
o] 417 FAre] A vl ofFrt, F5 AAAl= 2

Z
A1 &) 95 wkgo] won th4] AZ(macrophage)
O] A&ol "WolA &4H =229 FAkEo] HWol dof gl
g}, o] Foll FA4F9 A2 AAske xS =40]
4= A% Tl (myelin associated protein)2ld] o] £A
G4 (myelin)o|4 3] 7] AlZ(oligodendrocyte)?] AF
oA ATk G A Stk o] dhulde] tigh F
FAZE =] & AlA FA Fo Aloll F4k9
Aol ZRHE AL B Qlef o] & ti3EAQl o] chon—
droitin sulfate proteoglycans (CSPGs)o|t}, CSPGY] &
o7} A4t S 758 g =&o] Hrpal Hal Ea gl
th(8) Eet ARAoR ATl AARAL B @
22Q1 NOGO®| thslf dejx|ar o] S HER = BA—
210(Cethrin), ATI-355 5°| ¥4 A& Fof AUt (19)

do b off = £

ﬂmﬂ rjﬂ

A= AR HAE 222K Neurotrophins)So]t}, ’\]ﬁo’\ﬂ
FARMAE2 9 AFA AN HeEd T A7
S

SA ATkl Eof Stk dlE S0 #3] A4 AAHepi—
dermal growth factor, EGF), A% ZAZ A% oz}
(fibroblast growth factor—2, FGF-2)2] &4 o Yo +
olo _/.\_/\}Q /\]7:19] /\H}__Q_ _%x /\]7]51_ _/.\_/\szlg] &3 zH

A& ZAFE(20) T Wl ThFE ofolt]ojEo] ATE
ek vlieAfo]Z# (Minocycline)S &4 4] B5 mdl
W oj2tA] A4 &S ol 7I5F IES X A
= AS2 dYA ek (2] 28 MAYESZE vlA|
O]'JJ—/\ﬂi(mlcrogha cell) A EoiFH, AlZ 2g 1A
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A FH54 4 A3S(YW FAE ¥, amyotrophic
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lateral sclerosis)®] X|=Zof lo] o]&H A 10¢ 7}
benzothiazole 3 ¥ A AE F&Eo|th (23) SH|EAE,
g A QoA = HEZH EYEE (methylpred-
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ShaL Qltk, F 5 WAL At = oA A2 ET7IA2
AN7AE7] AEZ AL, =5 Fd £7] A=E, 75 A=
(Schwann cell), 2} A|X(olfactory ensheathing cell,

OEC, OEG)7} a7 olt}, &z M| EZ(olfactory ensheating
cel)E Aol A4 FUshs ol tigt Aol o2 A+
£ &l AEE(25-28) FHg AE U ik AR o] A2
S SIS 5 ot 2571 s A H A A A
T WHEAYA ZYCE(29)

37F HlEZ, 78F Al Y AlZA R o] QIZF HATEA
o] e A7] vl A2 (blastocyte)olAl st vjorE7| Al E
(embryonic stem cel)®} 419 E+E7|AZ(bone
© E7ME 257 A==
AN 22 RE FfE= 2E

I:D{l

Fl
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marrow stem cel)® &
t}.(30) B8l ErE7IME=
%A EZ(hematopoietic stem cell)2} = 71 Zol|A F2
F22E A= F4 FH 4 E7|ME(bone marrow mes—
enchymal stem cel)Z thA] +EE 4= it} A F4 &
AFo A A E X3 AFA L R Eo| 1A 32 9AF Ake]
T8 opz] S gtk & 4= Qlt}.(31-35) 7|42
TH(source)t E3Fsd o weh vt E71A1=7F .
HjotE 7| A 2= M7FA viY(germ layer) 22 £3} & 4=
Q= 58 g&o] AS(pluripotent) E7]A3E0]H (36,37)
A E7IMEs B A 23t o2 g o E3be
(multipotent) &7| A2 o]t} (38-41) A £71A129] T
Al o7t 2ERA 2} S F SVIMER FEEE T
frelf 7M1 Zolth, HiolET A2 AL B FEHY Al
2 23 g 4 9oy 718 F(teratoma) 2 o I 91E
o] glof Al A7 Sith.(42-44) EZF vjoE7| A
oA FreH AlAIZA A bl gt =71 A
7b Bag JHE vjolET|AMEE o83 ddATt= AR

8= 2] o= Aejo]ar (43) 8] =AY o 25 E ZH-EE

W
S gloks v 5t ook olol w24 A B4 A 2

7M1= S5 AR, S90S Bl vl 4A =5 5= 9
1 o]& wiF & thA] A7t o]4] H(autograft) &2 AA| Ui

R 3 59 ool WAe 7t
0] stk o] 7 & Aot $1 o E7IA2=
A wijoFo] golsta AZFAE(chondrocyte), ZoF AlE
(osteoblast), AHAE(adipose cell) 522 23} & 4= gl
o} (45) A &4 FEARAA X G E71MEY o4
Hpga(cavity) 43 2AEdE ARA7IH A4
71559 BlEo] el HiEil §li (46-53) HH42] ¢
A= Ft A E7INE ARe A 2 FaA0
B =3 Qlth (34,46,47,54-62) AA7A Rag Fo o
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= Al E ZEA7]9(cell label technique)o] % Wl ek,
A= F9A%7] Aol HEA #(biomarker) & 2 FA|
(contrast agent)2 EAZE ol AU 7FA3Hin vivo
visualization)& & 4= Qleh. tEAS olE0] 27|53 P
Ao 2 Q1 7153t super paramagnetic iron oxide
(SPIO) particles, PET (positron emission tomogra-—
phy) &2 SPECT (single-photon emission computed
tomography)2 ¢l 7Fsdt HAM & F(radionuclide)
%°It}. super paramagnetic iron oxide (SPIO) parti—
clesZ #2383} € &7 25 4ot A1 B2 5= A
o, A AN =95 HE AEE(63-68) °lE AT EA
7ol WA W gl 7HedtA etk A PAdE 1
sho] g% At Eol F 7HsAdol Al

mpREto 8 §H2; 224 Fal E71A12 AR, o
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