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Symposium: Cervical Spine Trauma

Controversies in Cervical Spine Trauma: The Role of Timing of
Surgical Decompression and the Use of Methylprednisolone
Sodium Succinate in Spinal Cord Injury. A Narrative and
Updated Systematic Review
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Division of Genetics and Development, Krembil Research Institute, University Health Network, Toronto, ON, Canada, 'Division of Neurosurgery, Department of Surgery,
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Traumatic spinal cord injuries (SCIs) have devastating physical, social, and financial consequences for both patients and their families.
SCIs most frequently occur at the cervical spine level, and these injuries are particularly prone to causing debilitating functional
impairments. Unfortunately, no effective neuroregenerative therapeutic approaches capable of reversing lost neurologic and functional
impairments exist, resulting in a large number of patients living with the persistent disability caused by a chronic cervical SCI. Over
the past decades, a multitude of nonpharmacologic and pharmacologic neuroprotective strategies have been intensely investigated,
including the timing of surgical decompression and the role of methylprednisolone sodium succinate (MPSS) in patients with acute
SCI. These strategies have been the source of vibrant debate surrounding their potential risks and benefits. Our aim in this combined
narrative and updated systematic review is to provide an assessment on the timing of surgical decompression as well as the role of
high-dose MPSS treatment in patients with traumatic SCIs, with a special emphasis on the cervically injured subpopulation. Based
on the current literature, there is strong evidence to support early surgical decompression within 24 h of injury to promote enhanced
neurologic recovery. Meanwhile, moderate evidence supports the early initiation of a 24-h high-dose MPSS treatment within 8h of
injury, particularly in patients with a cervical SCI.
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INTRODUCTION dependence for activities of daily living. In accordance
with the degree of physical impairment, direct lifetime
costs are substantially higher in those with quadriplegia,
reaching a staggering $2.3-5.1 million US dollars (USD)
per patient, as compared to patients with paraplegia,
where estimates are calculated at $1.6-2.5 million USD
per patient.?

Traumatic spinal cord injury (SCI) occurs over a brief
instant yet has far-reaching physical, social, and financial
consequences for both patients and their families.
Although the worldwide incidence ranges between 10.4
and 83 cases per million per year,!" there are currently
more than one million people living with a SCI in North
America alone. With the cervical spinal cord being the
most commonly affected level of injury, patients are
particularly prone to suffer from debilitating impairments Address for correspondence: Dr. Michael G. Fehlings,
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Unfortunately, no effective neuroregenerative therapies
capable of restoring lost neurological functions currently
exist. Current therapeutic strategies are largely targeted
towards damage control, with the goal of mitigating the
negative effects of the secondary injury mechanism?® on
neurological deficits and outcomes.™ Importantly, patients
with SCIs report that even modest improvements in motor
function would enhance their quality of life by providing
greater daily independence® A multitude of therapeutic
approaches have been investigated over the past decades,
with some of them being intensely debated. Historically,
concerns were expressed around the possibility that early
surgery might exacerbate secondary injury, although this
concern is no longer valid given the extensive basic science
and clinical evidence that indicates the safety of early surgical
intervention in the setting of acute SCI. It is particularly
critical to maintain mean arterial blood pressures higher than
85-90 mmHg during all phases of surgery for acute SCI.["

In this article, we review two of the most discussed
controversies in the therapeutic management of patients
with acute traumatic SCI: (i) the role of timing of surgical
decompression and (i) the use of methylprednisolone
sodium succinate (MPSS). First, clinical data regarding the
optimal timing of surgical decompression have been mixed,
with some studies showing an effect of timing of surgery
whereas others have not. Differing time thresholds and
heterogeneous patient populations have further limited the
development of definitive evidence. This is being complicated
since the execution of randomized controlled trials (RCTs) is
a methodological challenge in the setting of acute traumatic
SCI. Second, current knowledge on the use of MPSS
strongly relies and builds on the results of historical, large-
scaled RCTs.®11 The interpretation of these results and their
implementation into clinical practice has been the source of
vibrant debate over the past decades. Subsequent studies have
attempted to review the evidence with the aim of providing
clinicians with specific recommendations regarding the use
of MPSS in traumatic SCLI'>!'¥ However, despite a similar
evidence base, these guidelines have resulted in differing
recommendations, further complicating practical decision
making in the setting of acute SCI.

In addition to an evidence-based narrative review, we
provide an updated systematic review of the literature. This
analysis provides compelling evidence to support a strong
role for early decompressive/reconstructive surgery in the
setting of acute SCI. Moreover, our analysis of the literature
supports the 2017 AO Spine guidelines, which support the
use of MPSS as a valid treatment option for acute SCI—in
particular, those individuals with an acute cervical SCI.

MarteriaLs AND MEeTHODS

Electronic literature search
We followed the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) guidelines and

conducted a systematic search in PubMed for systematic
reviews and meta-analyses, RCTs, and observational
studies published between January 2017 and March 3,
2021, on patients with acute traumatic cervical SCIs treated
with MPSS or where the timing of surgical decompression
was analyzed. The review methods were established
before conducting the review. The detailed search strategy
included the following terms: (sci [text word] or spinal
cord injury [all fields]) and (methylprednisolone [all
field] or steroid [all field] or surgery [all fields] or surgical
decompression [all fields] or decompression [all fields] or
operation [all fields]).

Two investigators (NH, BR) independently evaluated the
eligibility of potential titles and abstracts. After an initial
assessment, full texts were again independently reviewed
according to the inclusion and exclusion criteria, as
defined in the next section. Disagreements were solved by
discussion and where needed, a third reviewer (MGF) was
consulted.

Inclusion and exclusion criteria

Articles were included if (1) Participants: Cohorts included
patients with acute traumatic SCI with >50% of patients
being affected at the cervical level. (2) Intervention,
MPSS: The effects of MPSS treatment encompassing
any therapeutic regimen were compared with non-MPSS
treatment. Intervention, Surgical Timing: A cohort that
underwent early surgery was compared with a cohort
undergoing late surgery. (3) Outcomes: The effects of MPSS
treatment or the timing of surgical decompression were
investigated with adequate outcome measures (e.g. the third
version of the spinal cord independence measure [SCIM-
I11], American Spinal Injury Association [ASIA] motor
scores, or American Spinal Injury Association Impairment
Scale [AIS] grades). (4) Due to a paucity of updated data in
the field of MPSS treatment for acute SCI, we also included
systematic reviews and meta-analyses, in addition to RCTs
and observational studies, into our systematic search. (5)
Publication: Only articles published or translated into
English in peer-reviewed journals were included.

Exclusion criteria included the following: (1) Participants:
Patients <12 years old, penetrating SCIs, cohorts focusing
on patients with specific spine diseases (ankylosing
spondylitis, diffuse idiopathic skeletal hyperostosis [DISH],
cord compression due to tumor, degenerative disease),
no evidence of spinal fractures or dislocations, patients
without neurological deficits after trauma, studies only
investigating non-cervical SCIs. (2) Outcomes: Studies
not reporting on functional or clinical outcomes, studies
not reporting neurologic assessment on admission, and
studies with outcome follow-ups of <3 months. (3) Study
design: Experimental studies, case reports. (4) Publication:
Abstracts, editorials, letters, narrative reviews, and
systematic reviews without meta-analyses.
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Data extraction

From the included articles we extracted the following
data: author name, publication year, study design,
demographic information, number of patients, level
of injury, treatment details, study inclusion/exclusion
criteria, injury severity on admission, follow-up
duration, rates of follow-up, outcomes assessed, and
whether funding was received.

Quality assessment of included studies

NH and BR independently assessed the risk of bias of
the observational studies using the Newcastle-Ottawa
Scale Quality Assessment Scale. The scale rates the
studies in three domains: selection of the groups (0-4
points), comparability of the groups (0-2 points), and the
ascertainment of outcomes (0-3 points).'"¥ The quality
of systematic reviews was assessed by the second version
of the Assessment of Multiple Systematic Reviews
(AMSTAR-2) evaluation tool.['")

ResuLts

Study selection

Our bibliography search yielded 6475 citations. Of these,
6378 were excluded based on the information provided in
the title or abstract. Ninety-seven articles were carefully
reviewed in full text. We excluded 72 articles for the
following reasons: not assessing outcomes of interest
(n = 41), systematic reviews without meta-analysis or
narrative reviews (n = 20), cohorts without SCI or cervical
SCI (n = 3), studies excluded due to short follow-up periods
(n =2), no AIS or ASIA assessment on admission (n = 2),
studies applying multiple interventions in the same group
of patients (n = 1), data previously published (n = 1),
studies solely focusing on patients with DISH (n = 1), or
groups with mixed dexamethasone and MPSS treatment
(n = 1) [Figure 1]. Among the remaining 25 studies, 21
were included in the qualitative synthesis on the timing
of surgical decompression and four studies were included

Records excluded
(n=6,378)

Full-text articles excluded for

not meeting inclusion criteria
(n=72)

Figure 1: Flow diagram of literature search
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on the role of MPSS treatment in the management of
acute SCIL.

Timing of surgery

Of the 21 studies investigating the role of the timing of
surgical decompression, five studies were systematic
reviews and meta-analyses published between 2018 and
2020. The systematic reviews had differing inclusion
criteria, methodologies, and conclusions [Table 1]. The
quality of the systematic reviews ranged from critically
low to moderate quality, as assessed by the AMSTAR-2
evaluation tool. Among the remaining 15 studies meeting
our inclusion criteria, three were prospective cohort
studies, one was a pooled analysis of four previously
independently published prospective cohort studies, and
11 were retrospective cohort studies [Table 2].

Treatment with MPSS

Four studies were included in the qualitative analysis
of MPSS treatment in acute SCI. Three articles were
systematic reviews and meta-analyses published between
2017 and 2020 [Table 3]. Their quality ranged from low to
high. The other study meeting the inclusion criteria was a
RCT published in 2019 [Table 4].

Timing of surgical decompression

Afterthe primary injury, persistent spinal cord compression
due to blood, dislodged bone, or disc fragments may impair
spinal cord perfusion and lead to localized ischemia, which
puts the perilesional penumbric zone at risk of progressive
loss of neural tissue. Timely surgical decompression
affords the opportunity to relieve the pressure on the
spinal cord vasculature and to thus restore spinal cord
blood flow as well as to mitigate the harmful biochemical
effects of the secondary injury cascade!' A meta-
analysis of preclinical studies confirmed the beneficial
effects of early surgical decompression and found it to be
key to improving neurobehavioral outcomes.'” From a
clinical perspective, early surgical treatment and internal
fixation of the potentially unstable spine favors early
mobilization, thereby reducing immobilization-associated
complications, length of hospital stay, and, ultimately,
costs of patient care.['8-2%

A number of clinical studies investigating the impact of
timing of surgery on outcomes have emerged over the past
decades. Among these, differing time thresholds have been
used to define “early” vs. “late” surgical decompression.
Only a few studies have investigated 8-12 or 48-72h
thresholds, whereas a cutoff of 24h has been studied
most frequently.?!! However, evidence has shown mixed
results for the timing of surgery on outcomes, therefore
complicating the development of strong recommendation
guidelines.””

In 1982, an observational study of 44 cases of cervical SCI
failed to show significant differences in neurologic recovery

for patients undergoing early surgery, defined as <8 h from
injury, as compared with late decompression (9-48h).
A prospective study of 283 mixed-level patients who had
experienced a SCI, which followed in 1987, determined an
association between neurologic deterioration of patients
suffering from cervical SCIs and those who underwent
early surgery within five days, therefore advocating for
delayed surgery in these patients.? And yet, a survey of
971 spine surgeons revealed that more than 80% preferred
surgical decompression within 24 h of injury.*® Due to the
ambiguity of the risks and benefits of early vs. delayed
surgical management of patients with acute traumatic
SClIs, high-quality studies were warranted.

The largest prospective cohort study investigating the
role of timing in a cervical-only SCI population was
the Surgical Timing in Acute Spinal Cord Injury Study
(STASCIS, n = 313), which was published in 2012.2¢
The study evaluated the effectiveness of early (<24h
after injury) vs. late (>24h) surgical decompression on
neurological outcomes, as defined by the changes in AIS
grades at six months post-injury. Of the 222 patients with
follow-up data available at six months post-injury, 19.8%
of patients undergoing early surgery showed at least a
two-grade improvement in AIS, as compared with 8.8%
in the late surgery group (odd ratio [OR] = 2.57, 95%
confidence interval [CI]: 1.11-5.97). Moreover, there was a
nonsignificant trend toward less in-hospital complications
in the early surgery group. Bourassa-Moreau et al.*" found
the improved rates of AIS conversion of 20 patients with
cervical AIS grade A to be associated with early surgical
decompression within 24 h of injury.

Although there has been a paucity of studies only
focusing on patients with cervical SClIs, several other
studies with mixed-level SCI populations have been
published. Another Canadian-based prospective cohort
study published in 2012 (n = 84, cervical = 52.4%)
with follow-ups at rehabilitation discharge found a
significantly greater proportion of patients with at least
a two-grade AIS improvement when operated within
241 of injury.”® The study published by Dvorak et al.”
(n = 888, cervical = 62.3%) showed that SCI patients with
incomplete AIS grades B to D profited from an additional
6.3 points of motor score recovery when undergoing
surgical treatment within 24 h from injury. Although these
results have not been observed in patients with AIS grade
A, patients with AIS grade A and B experienced shorter
lengths of stay.

Updates since 2017

The significance of strengthening the current evidence
on the role of the timing of surgical decompression has
been reflected in ongoing efforts of 21 studies published
since 2017. Among the five systematic reviews and meta-
analyses, differing cutoffs of 8, 24, and 72 h have been used
to define early vs. late surgical treatment, with cutoffs of 8

Indian Spine Journal | Volume 5 | Issue 1 | January-June 2022 -




Hejrati, et al.: Review of surgical timing and MPSS for SCI

dn-morjoj jo syjuowr

XIS UBY) SSO[ )M SAIPNIS
syuaned ornerpad

uo SuIsnooj sAIpnI§

soIpn}s uLre-a[surg

syrodar pajeadoy
soL1ds/s110dar ase))
SUOISN]IXH

Ayrerrowr pue ‘suonedrduod
‘feas NI JO YISUS| ‘SOT
‘ueL] VISV 4q (13)
Sow0ono Jo Sunroday
snje)s o13o0[oInau dn-mofjoj
pue durpeseq Jo Surrodoy
K1931ms 9)e]

pue A[1Bd U29M]0q SIUWI0IINO
[eorur]d aaneredwoo

j10da1 03 pey saIpnig

K1931ns Su1A19091 1DS onewnen) QUBIYO0D)

K10A0021 1DS onewnen yyum syuaned yum syuaned 10§ ‘ISVIINA

2130[0INAU JO SULId) UI SJJAUQ UM (91L = N) sarpnis SAIPNJS [RUOIDAS [ Q UMM A193INS INITAIN
pajeIodOSSE SI [DS onewner) yim syudned syjuow /9 PazIwopuel-uou (Y §<) 9Je[ sa -SSOI0 10 1I0U00 ST Y JO SI09JJ9 [BIOhAUaq ‘PaNANd ‘610T (0202)
MO 10 (4 g>) uo1ssardwooap JuadI) 0} SYIUOW XIS UAADS ST oML  (Y8>) A[1eg uoisnpouf OU} QUIMLIAOP O,  JOqUIdd( [1IU() nel1P 12 BN

1DS onewnen
AN 10j uorssardwoosap
wolsnpoxsy  [ed1dins (Y g<) 91e|

uorssorduwooop URy) SOWO0IN0O
[eo131ns (7 g<) e[ 'SA a130101nau - §NJODS QOUANS
K1331ns oye] yim paredwod (48>) A[1e9 Jo sowoono  Juraordwl Ul 10139q  JO QAN QUBIYD0)D)
JuowaAoIdwr O130[0INAU JO SULID) UT (059 = N) sarpmis [eorurpo Surredwod sarpnig ST U01ssa1dw0odp ‘ASVAINA
[BIO[AUdQ SeM [DS dNBWINRI) I9)J8 [ SUIUOW /9 PAZIWOPURI-UOU ([ §<) B[ SA 1DS 2Inoe M sjudned  [ea13Ins (Y g>) A[1ed ANTTAIN (8102)
9JBIOPOIA uryim uorssardurooop [eo1Sins A[1eq 03 SYIUOW XIS INOJ ‘SEOY 21yl  (Yg>) A[1eg SUOISHIOU]  IOYIOYM 9JBN[BAD O, ‘910z 01 dn log '[P 12 997
UsISuy ur jou sa[onIy
SoIpmis [ewiuy DS
auorsnpxy - 991dwod jo £103s1y QUBIYO0D)
SOIPNIS [BUONEBAIISQQ [eInjeu ) Sunodjje “THVNID
DS s[ewny [eorur)  s10joej Sunenjead  ‘sndodg ‘pajAqnd
V-VISY YN sjuaned jo 9YeI UOISIOAU0D Uye<) VISV Suisn  pue y-yISV s ANITAIN
19y31y © Jo aanorpard st (Kmfur jo y4¢ syuow 7| (Iv1 =N) 91 'sa sowooino Juntodar srodeq syuoned uo Funiodax asequiy ‘7661 (8102)
MO[ A[[eoniI)  uryim A193Ins se pauyop) A193Ins A 0} SYIUOW OM], SLOY %Iyl (Yg>) Aleq uoisnpouy ®)Rp OZA[RUR O] AIBNuRf DV (/P 12 AL [
alogs abuel ajqejieae eLIB)II sajep (1eak)
¢-HVY1SINY suoisnjauoa Aewnid dn-moj|o4 ase( aJuaping Burwny uoisnjaxa pue uoisnjouj asoding aleas ainjesal judwissassy

19S 31nJe Jo Juawjeas) ay) ul uoissaidwoaap [eaibins jo Buiwy ay) Buissasse sasAjeue-ejaw pue SMaIAaJ INewa)sAs snoinaid Jo MainIanQ : | 3jqel

Downloaded from http://journals.lww.com/isoj by BhADMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 01/10/2024

| January-June 2022

al | Volume 5 | Issue |

-Indian Spine Journ



Hejrati, et al.: Review of surgical timing and MPSS for SCI

juowes1| [eurpniISuo] Jo1e)sod ay) Jo uoneosyisso = TIdO

‘parrodar jou = YN ABIs JO PISUI = SOT IUN AIBD JAISUUI = D] DQWOIPUAS PIOD [BIIUD = §D)) SHAPUOdS SUISOJANUR = QY ‘SMIIAIY ONJBWIISAS SSISSY 03 [00], JUWAINGBIN V = YVISINV

SYIUOU XIS UBY)
ss9 Jo dn-mo[[oj Juaned
YL uey

arow jo jjoino [erodwa],
IDS oneWNEBIIUON

[DS dnewnen

s1BA 1> 9By yum syuoned ur
SUOISNIIXTT suoneordwod
91008 [eo1snsisod pue
[uel] PuB YISV UO paseq JjuowdAoIdwr  3sanQ)0Id QUG
Y 7L>/YTL< SOWOIINO PISSISSE SAPNIS o1o[onau  Jo qopm ‘SNdODS
Uye>Mvi< IDS Jo sewoano uo A1931ms “TVILNAD
Ainfur jo ygz1 urgim £oeorgo wnwrndo (€089 = N) sarpnys U 8>/Y8< UO UOoIssardwoodp [eo13Ins uorssardwooap ‘ASVIINA
ue Yy suonesrdwos [eorsinsysod SYIUOW {7  PAZIWOPURI-UOU ISPoINd  I9Je[ UM A[IBD JO §)09JJ0 [eurds oje| pue “INITAIN
20Npal pue £19A0921 d130[0Indu daoxduur o) syjuowr g ‘spOY-Isenb  paxmur yum oy Surredwoos sarpmyg A[189 JO $109JJ0 ‘6102 1090100  (0200) [ee'I? 12
MO0 ued uorssardwooap [eurds Areq XIS  OM] ‘SIDY om], sarpmg ‘uoisnpouy oy aredwod 0], 03 0007 Arenue[ PpIeJyosnox
T1dO
‘HSIA 'SV ‘SDD onewnei],
o3e Jo s1edLk G[>
syuaned (1> Im sapnig
SUOISNIIXTT
dn-morjoj je
K1931ms 9)e] UOTJRUIIEXA [BIISO[OININ 1DS dnewnern
pue 189 Ud9M]9q JR[IWIS ST 9W0JINO uorssordwooop  [eo1A100 9)9[dwoour
[e9130]0INAU ‘TDS OTBWNEI) [BIIAID eordins jo Surwr pue 0jo[dwod
9191dwoour Y3Im ot} uf ‘(DS dnewner) UOT)BOYISSL[D 10§ 193108
[eo1A100 9391dwod yym sjuaned ur UOSIe pue ‘[ozuog ‘[d[uel] e[ pue K183 108
juowasoxduur [njSuruedw A[edIUNd  syjuow [¢1 (9Z1] = ) SIIpnIs (Ug<) VISV dulaseq Sururejuod yuowdAoxdwr ASVIINA
yuM pajedosse Ajpuanbary arow st 0] syjuowr paziwopuel e[ sA IDS dnewne) [eoIAI) [eo13ojoInau ‘PoNANd ‘L10T  (610T) e’ I? 12
M0 Y ¢ ungim uoissarduwoosp [eorsing om[, -uou G| (Ypg>) Alreq uorsnpouy SSOIPPE O] JOQUIDAON [1U() [oSuop 191,
alogs abue. ajqejieae BLIBJID sajep (1eak)
¢-HYLSINY suoisnjauoa Aewnid dn-mojjo4 ase( aJuaping Burwny uoisnjoxa pue uoisnjauj asoding 4dJeas ainjesal juawissassy

panuiuo’ :| ajqelL

Downloaded from http://journals.lww.com/isoj by BhADMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 01/10/2024

January-June 2022 -

al | Volume 5 | Issue 1

Indian Spine Journ




Hejrati, et al.: Review of surgical timing and MPSS for SCI

(L8 01 6T woyy
o3uelr) syuowidos

6T Ul (Jeuriou

10 ‘uonounjysAp
TURSqR) €1

224008

yor4d urd pun
yonoy 31 S1v

(0L o

() woiy aguel)

(%L'91) 8TS/88 :D

(%T'12)
0coI/91C:d
(%L 'LD)
0201/181 O
(%$11)
0COT/LTT *d
(%69°6%)
0201/90S 'V
:opeIs IV
:dnous
A4234ns 2107

(%%9°81)
875/86 :A

MZﬁ

JUOISNIIXTT

Kuy

:K1nfur jo [oae
-V sopeid SIv

(%8°7)

0201/6T ‘n1ovsoquinp
(%z'L1)

0COT/SLT 21ovioy ]
(%408) 0Z01/918 142D
:Km(ur jo oA
%6°6L PIEIN

w

6'8¢€ {(Qs) ueow 3y
(0201 = N)

dnoi3 £1a31ns are
(%80

8TS/S1 ipiposoquin
(%z0D)

8TS/HS wiovioy [
(%6'98)

8TS/6SY po1a1a)
:Kmfur jo oA

So[osnul ] 10§ @%.ﬂ 2 o8e jJo sieok 7= %6L P[RIN
(uonouny [euriou (%6'59) wmm\mm 4 198 BIEp oY) Uulypm (6'91F) eTP
0} UOIORIIUO0D 8HS1/0201 (%2 .mvv 1DS 9noe 10§ £1931ns dAI1SSAIdWOIP G 6¢ (S) ULowW 93y :SON ‘s}10709
ou) ) Y 72 .wNm\ 09¢ -V JUIMISPUN OYM SIUdNIRJ (825 =N) aanoadsord
24008 (%I'¥€) PEI3 SIV 107 yore]N dnoi3 A1931ns A[1eq  InOJ JO SISATeuR
1ojoul STV 87S1/8TS “dnois 01 1661 T9qUI(T WOoij el %G66L PRI P[ood (120T)
PAAIEdAI Furpuny oN (249°99) 189K QU opvi3 STV q y> AN A123.4ns AJve “UoISHIOUT 8YST = N [z1? 12 eremiypeq
sarpnis Surgew Ayijenb-1oog
dn-mofjoj 03 3s0[ 10 SUILQ
JudwRSeURW dANRIOAOUON
uorssardwooap prod [eurds
orenbopeur Suneorpur [YN-doisod
1DS 18014100 10dd )
DS Sunenaudg
juoned 9]qeIsa)-UoN
G/€Z opeI3 SUOISNIXTT
oposnuw A3y Jo syjuow 9z dn-moq[oq
2,06 “919dwosuy (%%9°€2) K1331ms 19)Je UOISSaIdwooap
10101\ :d TL/L1 :Awolodure | eurds 93oidwos Junesrpur
§/¢> opeis (%€°ST) YA pue 1D eaneradoisod
J[osnuwr A9y Jo TL/11 :Awolosure| pue aaneradoard ojqereay (%%001)
9,0S “9[dwosuy (%8°07) PUe 4DV SUonBI0[SIp CLITL -1BdIAIY
1010N =D ST Y S 8EI-HT (%L ¥€) CLI0 -a oy oulds [BO1A109 [BIXEQNS :Amfut jo (oA
aperdwoouy (%L'#€) TL/ST :AworauiueT  (%9°0¢) TL/TT :D dseasip 1o Lmfur Suruelealyi-oJif ON ©L1%) €T
sqpuow 71< K1osuog ' TL/ST U ¥T—CI pue JADV  (%6°1€) TL/ET *d FITSOD 9% (QS) ueow 3y ‘SON ‘110100
SisaIaul [elOUBUY 01 (4001) 210w aR[dwo) 1y (%t vy) (%6°€1)  (%S'LE) TLILTV sieak 91 < a3y %€ €8 e[BINPANddSOI] “(0Z0T)
Sunadwods oN 10 syjuouw XIg oppa3 STy TLITE U TI> CL/0T -AdDV ‘opeIs SIV UOISHIOUT L=N vl [P 12 1qRIRY
selq Jo
sainseaw Buwn (uoissiwpe soljsuajaeiey? ¥su pue ‘ubisap
Buipung (%) awn dn-mojjo4  swo9NQ |leaibing  uonuaniajui jo adAl  uo) Aj1anag BLI3}119 UOISN|IXd pue uoIsnjau| pue ajdwes ‘(1eaf) toyiny

19S 31nJe Jo Juawieay) ay) ul uoissaidwoaap [eaibins jo Huiwy ay) Buissasse saipnys 110403 Jo sansiiajaeIeya Apn)s :Z ajqer

Downloaded from http://journals.lww.com/isoj by BhADMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 01/10/2024

| January-June 2022

al | Volume 5 | Issue |

-Indian Spine Journ



Hejrati, et al.: Review of surgical timing and MPSS for SCI

(%/60€) ¥6/8T
(%Ly) :IRqUIN[OORIOY ],
99/1¢ sKep 76T (%9) ¥6/9 VN (%0L) 6/99 :TeIAIOD
(voLt) (%6'85) 95/€€ (%1€) ¥6/6T :A AN :Kmfur jo Ay T
99/1¢€ ‘sKep GI1 (STITFIPD) (%L1) ¥6/91 D UOISHIIXT Loz ‘SON 100
(%1°65) L7743 (%€1) ¥6/TT :d  010T PUB 900T Udamiaq sunuasald 9 /p (((S) ueaw 98y aanoadsonoy
99/6¢ sKep L°9¢ (%1°1¥) 95/€C (%€€) ¥6/1€ 'V ‘TOS duewiner) se papood sjusned %6L PRI (L107) per'1? 12
AN ‘[BOIAIDD) oppa8 STV (SFH'ET) UbT> AN “opeIs SIV “uorsnjouf P6 =N uosyeq
A1931Ins jo [esnjor
JUOSUOD PIULIOJUI PAUTIS JO Jov
®IRP JUdWI L)
pue uonipuod sisougord joidwosuy
dn-mofjoj SuLmp 3so|
SISO[ApuOds [BIIAI0 pUR (%%001)
Jowiny [BOIAIY) “BIQI)ISA [BIIAID GG/GG ([BOIAIDD)
oY} Jo aInjoely uorssardwo)) :Knfur jo oA
K108ms L9Ptec
ourds [BO1AI0 JO A103S1Y snotadld :(S) uBaw ‘(O€ = )
G0FT1 SUOISNIIXT dnoi3 uornerolsal
:(sAep) dnoi3 JUSSUOD PAWLIOJUI PAUTIS [euonoun g
uoneI03sal 09-81 98V sy eie
[euonoun{ (%1°6) sS/5 :a judUEa1) [DISINS JUIMIAPU (S) UBAW (ST = N) €ET¥
TFVY (%S¥1) 65/8 D 810T I1dy 01 ¢10g [1dy woxy [ dnois uonerolsar ‘SON ‘110100
:(sAep) dnoi3 (°46°0€) SS/LT :d  PUB YA £Q PaULIJUOD UOIIBOO[SIP  [RUONOUNJUON] 28y aanoadsonay
(%6001) uoneIosal (AN DOV (%S'SP) §S/ST TV AIMOBI] YIM [DS [BIIAI [BIXEQNS AN RPN “(6102)
AN SYIUOW '/ —T1 oppi3 S [RUONOUNJUON (IN) 4aDV ‘opeIs STV “uorsnjouf SS=N lscl'1? 12 08D
selq jo
sainseawl Burwn (uoissiwpe salsualoeleya ¥su pue ‘ubisap
Buipung (%) awn dn-mojjo4  8woINQ |jeaifing  uonuaniaui jo adAl  uo) Ajanag B113}119 UOISN|IX3 pue UuoISNjau| pue ajdwes ‘(1eah) Joyny

panunuo) :¢ ajqel

Downloaded from http://journals.lww.com/isoj by BhADMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 01/10/2024

January-June 2022 -

al | Volume 5 | Issue 1

Indian Spine Journ




Hejrati, et al.: Review of surgical timing and MPSS for SCI

paure)}qo 10U JUASU0))

(0-0) HIqoN UOISTIXTT
00 SyjuowW XIs Jo dn-mo[[oy wnuwrurjy
JuswageuLw dq 10 v opeisd STV [eniuf (%%001)
1910umyds pue 1L Pue [D u2am3dq Amlfur jo [oAd| /T [BO1IAID
annsuyp uoneardsoy JUISUOD PAWLIOJUI PAUSIS :K1mfur jo [oaa] T+
UISUBH YOIy (0T—0) are0-JI38 (%tTs) 910C (19-0€) € ‘SON 110400
‘PUBIWIOY) [BLIAIEIA (001-0)  T/TT U 6I< %6C ‘€ eunf pue (107 Arenuef usamiaq [DS  (YOI) UBIpaW Ty aanoadsoid
PUB o180y (%6001) 24008 [IT-WIDS (%49°LY) %IL Y OURWNED [BOIAIS) “)0[dW0d-1010]A AN XS (8107) a1’ 1P 12
[BOIPOIAl AWLTY ') IOW IO SYIUOW XIS a3 STV  THIOT U 61> AN :opeIs IV ‘uorsnpouy wWw=N ofaurydoey
soLm[ur wojsAs
Srdnnur 10 saINjovIj IEqUN[OJIBIOY])
)M PAUIqUIOD DS [BIIAID)
SISOUQ]S [eurds [BIIAID UM SV
‘SI0WN) ‘UOIDJJUI [BIGILISA [ROIAIS))
Ainfur
I91Je SABP UQAJS UBY) d10W A193INg
[ 7LZ I91Ud0 pUwIner) ay) 18 [PALLIY
K1331ms Afres Suniqyord
Ainfur SutualeaIy)-aJI| ‘SNOLIdS
Kinfur a10Joq
SSQU[I JO S}IOYAP [Bo130[0Inau Jofe A
(%6°01) 117/€T A somn(ur Sunenaudd
(%8°0€) 112/59 O “uosnxg
(%9°€€) T1T/1L d K1081ms uonexy pue uoisny
(%9 %2) 11T/TS °V “U0I1SSaId WO YIIM JUIWIBAL],
:(A1081n8 $% 9100 DITS
aje) opeis SIV LD—€D :Amlur jo [oad]
(%1°86) Ju9sa1d JUISUOD PauLIOJu] (%001)
S1T/11T “(A108ums (%' 1D TOP/SY (%L'61) EL1/VE *A AydeisopAw-15  T0v/C0r [BI1AI)
aje) sypuow 7| PaUIqUIOd d-V  (%9°0€) €L1/€S 2D 10 TN Aq pawriguod Krmfut :Kmfur jo [oae]
(%5°€S) (%910 (%8'1€) €L1/5S *d 10 uorssardwos p1oo Jeurdg (€s1 9 €T¥
(%5°26) TOV/SITUTLS  CTOV/LS “HOuNsod (%6'L1) ELI/IE 'V d-V $opeIZ SIV  §'9% ((S) ueouw 93y ‘SON 110400
L81/€L1 :(A108ms (%$°9%) (%T'L9) (A1a31ms s180K (08-9[ 23V %6°69 [N aanoadsoid
POAIdDI SUIpUN) ON A[rea) sypuow 7| oppi3 STV TOP/L8T U TL>  CTOP/OLT louuy  AJred) opels STV ‘uorsnpouy 0r = N “(6100) pa1? 12 nd
seiq jo
sainseaw Buwn (uoissiwpe saljsuajaeleyd ysu pue ‘ubisap
Buipund (%) awmn dn-mojjo4  swoonQ |eaibing  uonuaniajui jo adAl  uo) Ajuanag BLI3)112 UOISN|IX3 pue uoIsnjau| pue gjdwesg ‘(1eah) Joyiny
panuniuo) g ajqeL

Downloaded from http://journals.lww.com/isoj by BhADMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 01/10/2024

| January-June 2022

i Volume 5 | Issue 1

-Indian Spine Journal



Hejrati, et al.: Review of surgical timing and MPSS for SCI

syjuowr
x1s £q dn-mo[[oy 03 150 syuaned
A SIV (%501 98/6 Tequung
1oYdp J150[0IMAU JO AI0ISTH (%1°T0) T8/61
141 JO 20oudpiAg IequIn[ooeIOy |,
1> 91098 $OD (%S6°ET)
SUOISNJIXH] 98/¢] doeIOY ],
uorssardwoosp (9%S°€S)
[eo131ns Surnmbar ov1qo)IoA 98/9% [BIIAIDD)
(%69'81) 98/91 :A Tequn| pue :Kmfur jo Ay €T
(%+9) (%C1°S1) 98/€1 D “TBQUIN[OIBIOY) “DIOLIOY) “[LIIAID) (F0ST F) €TOr ‘SON ‘110100
98/SS U 8p< (%b'L1) 98/ST *d  910T 10quiadd( 0} SO0T Areniqaq (@s) ueaw 23y aAnadsonay
pare[oap drysuonejar (%9€) (%¥8'8%) 98/CF 'V WO} [DS dNBWNEI) JINOE JO SI5BD) %8L Pl “(8100)
[EIOUBUY ON  (%001) SyIuow xig opri3 STy 98/1€ U 8F5 AN “opeis §1v “uorsnpouy 98 =N (o) [V 12 WY
JUQWISSISSE [BIIS0[0INAU JRINDIIL
Sunuoaaid juounireduw 9ARIUS0))
uoIssardwooop [eo1dins A[red
Sunuoadid sarmfur Surua)eary)-oJ|
uonedo[sIp
IO 2IN)ORIJ JO UIPIAD ON
Anfur 03 1o11d $31949p [BIISO[0ININ
SUOISNIIXH
(%g1) Y4 $¢> A1o8img
$9// :Awojoourure | 9,67 uorssardwos p1oos jeurdg
(%S0 ¥9/91 O~V sepels STV [eniu]
AAdV pue YO 8D PUB €D (%6001)
(%I 1) U2IM)9q AInfUr JO [9AJ] [BIISO[OININ $9/49 [BIIAID)
¥9/L :AAd Pue YO YN 49 Amfur jo [asg
KouaBy yoreasoy I1-9) 0L (%8S)  (%TT) ¥9/p1 2D pawwIyuoo uoissarduwod prood [eutdg (rL—5°60) 6 €TV
UBTUIAO[S “BIUSAO[S :sIoy ‘(YOI +9/LE :AAV PUB YD (%r1D $9/6 @ LO—€D 1B UONBIO[SIP 10 aIndeL]  (YOI) UeIpow 93y ‘SON ‘110100
Jo arqndey oy jo ds ‘A1e8ms 01 (%9)  (%¥9) ¥9/1¥ °V 1804 G8-9[ A3V %08 [ aanoadsold
[eaH JO ANSIUIAL  (%001) SyIuow xig opri3 STy oWl UBIPIN $9/% :AAdV PUL YO “opeis §Iv “uosnpouy 79 = N (L107) 161V 12 S0f
selq jo
salnseawl Bujwny (uoissiwpe salsiIajoeIRY? ¥su pue ‘ubisap
Buipund (%) awn dn-mojjo4  8woINQ |leaifing  uonuaniaui jo adAl  uo) Aj1anag B143]119 UOISN|IX3 pue uoIsnjau| pue ajdwes ‘(1eak) Joyny

panuiuo) :z ajqel

Downloaded from http://journals.lww.com/isoj by BhADMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW

nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 01/10/2024

January-June 2022 -

al | Volume 5 | Issue 1

Indian Spine Journ




Hejrati, et al.: Review of surgical timing and MPSS for SCI

(5= SS1) rumenAjod a10a0§

Y $7< A103Ing

Koueudarg

uoneradood paonpar 03 Surpes|
0UATI[IUI JO UONONPAI IO BIUWP
‘S)I0IP [BOIS0[0INAU JOfe SUNSIXAI]
1>

SOD) A [ur [BIGAIIOTURID JIIAIS
IDS onEWNBITUON

SUOISN]IXH

dn-mo[[oJ JO d10W JO SYIUOW XIS
-V °peis STV [entu]

A3ojojewnelry, uorssardwod
Jo £)9100G URLIISNY P10 [eurds Aju1oA 01 YN 10 LD (%%001)
‘ANSIOATU() [BIIPIIN 1L-2O 6/61 [BIIAID
Sns[ooRIRg ‘SISLI (%F2) 6F/71 A UIM)Q [9AQ] [BIISO[OINAU [BTIIUT :Am(ur jo 1oao [
[euonednooQ (%L°TE) (%¥0) 6¥/C1 D s1eok 68—G1 o3y (07 ) ‘SON ‘M0Y0o
10j ourInsuy (s1e2£ 88°01-6°0 67/91 U 62 (%601) 6¥/S d DS 0§ (ds) uesw 23y oanoadsonay
UBLIISNY OY) Wolj  oFurl ((JS F ueour) (%€°L9) (%1%) 6¥/0T 'V [BOIAI0D dNELINEI) PASOUTEIP AJMON %8L PTeIN “(L10T) 1P 12
JURIS YOIBISIY TET FsIA (97 pni3 SIV  6h/EE Y S> AN :9peIs SIV uoisnjouf 6v =N [OISSBIIRIAl
uonIpuod [BIIPaW s[qeisun “I1dO
J[qIssodwr JUSWSSISSE [Bo130]0INdU
Surropual jusurredwr dANIUS0))
U $7 < uorssardwosag
ampaooid [eo13ms oN
$)10JAP [BOIS0[0INAU JO dUSQY
JUOISN]IXT]
Amfu (%8'97)
SUTU9)BIIY}-IJI] JO JIW)SAS ON 9G/S1 Jequn|
siuaned npy (%€
d10W IO syjuow 9 Jo dn-mojjoq 9G/¢ ] doRIOY ],
Y $T> (%05) 95/8T [BO1AIO)
uorssa1dwooap p1od [eurds [o13Ing :KInfur jo (oA
UONIPUOD [eIIPIW QRIS (H'STF) §'S ((UHT-8)
yooys eurds woiy pasordwr pey  dnoi3 A1931ns 9je|
(%€¥1) 95/8 :AADV oym syudned 10 “yooys [eutds oN (1°L1 F) 6°06 (U8 >)
(%9°€S) (%6'8) 771 PuE [D ueom1aq suoise] - dnois Kregins Areq T :SON
95/0€ U T—8<  96/S :AworduIe (% €L) 95/1% :d—d av (@s) ueaw 93y ‘110700
(%t'9%) (%8'9L)  (%8'97) 95/S1 1V SOPERIT STV YIM [DS dneuwmel], %S"T9 PIRIN aAndadsonoy
AN (%6001) syruow XIg pra3 eIy 96/9T Y 8> 95/€t “uolsn, :opeis §Iv “uosnpouy 9S =N “(8100) un77 12997
selq jo
sainseaul Bunun (uoissiwpe salsLIaaeIRy9 ¥su pue ‘ubisap
Buipund (%) awn dn-mojjo4  8woaNQ |eaifing  uonuanialui jo adA]l  uo) Ajuanag B143}119 UOISN|IX3 pue uoIsnjau| pue ajdwes ‘(1eak) Joyny

panunuo) :z ajqeL

Downloaded from http://journals.lww.com/isoj by BhADMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW

nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 01/10/2024

| January-June 2022

i Volume 5 | Issue 1

-Indian Spine Journal



Hejrati, et al.: Review of surgical timing and MPSS for SCI

(€15 $OD) seunfur peay (%001)
SUOISNIIXT] G6/S6 [BOIAIDD)
uoIssrupe D[ Suressaddu Amfur jo oA
(4L¥D) S6/71:A SALIN[UI JSYD JUBIWOIUOD) (€8-91) S¥ €€
(%6°'LS) (%6°L1) S6/LT D €1< SOD :(eBuel) ueIpaw 3y SON ‘110109
sdrgsuoneer S6/SS U ¥T< (%6'LE) S6/9¢€ 1 DS [BOIAISO OIBUINeL], %€"99 P[P aAnvadsonay
[elouBUY JO 20ULSqE (%6°86) (%1°TP) (%S°62) S6/8T 'V SIBA 9] T By (8100)
Jo uonerepaq S6/76 SYIUOW XIS P8 SIV  $6/0F U ¥T> AN :opeIs SV “UOISHIOUT S6=N oy 1P 12 [19MIS
soun(ur uesio
[eyi9f %:.mﬁﬁouoﬁm 1910 JO dduasald
mﬂoqmuﬁ
AAISSAIdWIOD [OAJ[INW YIIM SIUdNB
SUOISNPIXT]
uoIssardwoo p1od
Teurds [BOIAISD JO QOUDPIAD YN
-V sopeid SV [eniu] (%6001)
sjuoned pajean; A[eo1dins A[uQ €L/EL TBIIAID)
(%920) €L/61 A DS dnetunen [edIAI) :Kmfur jo (Ao ¢
(%6001 (%F9D) €L/TT D €10T 1oqueda(] 01 §10¢ Arenuef (€8—¥1) €T Y ‘SON “110y09
€L/¢L A1981ns UoISNy (%2°8) €L/9 9 K1931ms  :(oSuel) uBowW 93y aanoadsonay
PATE[P (4001) AN Y pg<  pue uorssardwoosp  (%€°6h) €4/9€ 'V UOISH) puk UoIssaIdwooap [9A9[-oUQ %S 6L OB “(L102)
wuwol_oﬁ\: _amoﬂsﬁﬂ OZ wﬂu:OE oo.:\—r_n mﬁﬁkm %Nv\ AN ;\_ > —®>®—|®~m~im ”oﬁmhw m~< .ﬁb@:@:& mh =N F&.NQ Jo v—.:».n—
(%6001)
(%8S°LT) 18/18 [BOIAIOD)
18/91 :pautquio) (%z9°62) 18/4C :d AN :Amfur jo ey oo
(%%9°05) 18/1% (%5012 (%SH'€2) 18/61 :D “UOISHIIXF 9TTITF) I8°LS :SON ‘110y0d
ysy>yzi< 18/€1 1ouasod  (%T8°+1) 18/C1 d L10T 01 Q10T Wolj [DS [eOIAI0 (ds) ueow 93y aAnvadsonay
(%6001) syruow g (%t 6¥) (%' 19)  (%1°CE) 18/9T 1V onewnen yim pajudsard sjuoned %9'1L PTeIN ‘(6107)
SUON pUB ‘XIS a1, apris STy 18/0t ‘U T1> 18/C6 1oLy :apeId S|V “UOISHIOUT 18=N r1' [P 12 1SN
AN
..:QNh:\UR m
(9%%09) 11S1A dNn-MmoO[[0J QU0 SB[ 1Y
SP/LT U TL< Ayqoey soyine oyl e £1031ng
%r'P) T <93y (96001)
S¥/T U TL—6¥ (%LT) T9/LT A #10T 1oquaoaqg T9/T9 [BOIAID oo
Ao\oh.ov AAXHMNV Nw\._l ”U 0} OﬁON \Qmsﬁd—. Eoﬁ rumneI) vﬁimm “%.HB.D\: ,HO ~®>01— ”woz JHOQOO
SH/E U 8F-ST (%%81) 79/11 4 [BOIAIAD 1O SALIOZINS UOIBZI[IqR)S 0°8¢ :o3eIoAR 93y A1}0adsoIy
(%6'82) (4T€) T9/0T 'Y plod [eurds 1o/pue uoissardurooa(y %¥8 PRI (6100)
AN (%9°TL) T9/SY "IN apris STy Sp/E1 U $T> AN :apeIs SIV “UOISHIOUT V=N eIV 22 [OKBIN
seiq jo
sainseaw Buiwn (uoissiwpe sols1I9aeIey9 }su pue ‘ubisap
Buipung (%) awny dn-mojjo4  SwoanQ |eaibang  uonuaniajul jo adAL  uo) Apanag R113]19 UOISN[IXa pue uoisnjau| pue ajdwes ‘(1eak) soyny
panuiuo) :z ajqeL

Downloaded from http://journals.lww.com/isoj by BhADMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW

nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 01/10/2024

January-June 2022 -

al | Volume 5 | Issue 1

Indian Spine Journ




Hejrati, et al.: Review of surgical timing and MPSS for SCI

Appaneradouou pajean arom syuaned uag 4

xipuadde Arejusworddns oY) UIYIIM papn[oUI ST BLIDILIO UOISN[OXA SB [[M SB UOISN[OUI 3} Jo UondiIosap pa[Ie1ap V.

‘Kanfur ureaq onjewine) = [g 1 ‘uonjeoyisse[d Amfur aurds [eo1aI20 [eIxeqns = D[S ‘UOIBIAD pIepurls = (JS ‘UoIsnj pue uorssardwoosp rouaysod = Jqd ‘uononpar

uado = YO IuswesI| [eurpnISuo| J011)sod Ay} JO UoneIyIsso = TIJO Partodar jou = YN 9[eoS eme1I0 9[ISBOMIN = SON ‘SuiSewr d0uBuO0SAI dO1jousew = [N Aels Jo YISu9[ = SO 3uelr
d[aenbrojur = YOI 91098 AJI0AS AInfur = ST “JUN ATBD JAISUIUL = D] [BIS BWOD) MOZSe[D) = §OO) “Aydeidowo) pandwod = 1) ‘UONINpar pasopd = YD ‘snijApuods SuisojAyue = gy ‘uoisny
pue uorssardwodap Ior)sod pue Iouue = J(JV ‘UOISN] pue uorssardwodap Joujue = JV ‘UOISNJ pue AWO0IOSIP [BIIAID IOLIUR = J(DV ‘U0Isny pue Awo03oadiod [BIIAID IOLIUE = JDDV

(%) €¥1/L TequnT

21008 TI[-INIDS dn-moy[oj SussIjy (%LT)
S21098 YISV 2ul[aseq SUIsSIA € 1/8¢€ dnorIoy ],
€1 JUE)WOdU0)) (%89)
s1edk ¢[> o8y €71/86 [BIIAID
(4S2) evl/se A UOISHIIXH :Kmfur jo ad] Tt
(%692) €V1/LE 2D [DS dnewnen Jo s[PAd[ [[V (L9-T¢€) 96 ‘SON ‘1oY0o
(%699) (%11 €71/91 4 610C pue 7107 woamdg  (YOI) uerpaw 293y aAnadsonay
08 syruow 7 (%) (%69¢) Upe< (%48€) €P1/SS 'V 1DS dnrwnes) 3)nde i s33(qng %8L PRIN (0T0T) w12 12
AN €P1/€9 sypuow XIS 24008 [IT-WIDS  (%9) U¥Ts AN :opeIs STV “UOISHIIUT WEPT =N UUBWIYOIA
(%6°L)
Y0E/PC Tequng
9SBISIP JR[NISLAOIQAIAD NIV (%%9°¢€)
UOISNIXT $0E/11 oEBIOY ],
Keys [endsoy (%5°88)
SuLINp UONUOAIIUI [BIISING $0€/69C [eITAID
(%8'T¥) YOE/LTT A -V sopeis STy :Amfur jo reas]
(%%€£°99) (%L’ 12 $0€/99 2D 21008 (€0°€1¥) 18°6F I
YOS/TLY U TL< (%6°01) YOE/€€ :d VISV UO P3seq JUSWISSISSE [e)IU] (s) uesw 33y ‘SON ‘HoY0o
(%8°¢P) (%L'ST) ¥0E/8L 'V 8I< 98y %S 8 PN aAnadsonay
AN (%001) syruow | apvi3 STY $0/EET Y TLS AN :opeis SIV ‘uoIsnOUJ $0€ =N (0T0T) 17 42 ULy,
seiq jo
sainseaw Buwn (uoissiwpe soljsuajaeieyd ¥su pue ‘ubisap
Buipund (%) awn dn-mojjo4  8woINQ |leaifing  uonuaniaui jo adAl  uo) Ajanag BLI3}119 UOISN|IX3 pue uoISnjau| pue ajdwes ‘(1eaf) Joyiny

panunuo) :¢ 3jqelL

Downloaded from http://journals.lww.com/isoj by BhADMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 01/10/2024

| January-June 2022

al | Volume 5 | Issue |

-Indian Spine Journ



Hejrati, et al.: Review of surgical timing and MPSS for SCI

K110A9s Amfur 10§ [013U0
ou ‘dnoi3 1od (] > u
“0/,0G> SRl dn-moyoy
‘S9IpN)S [ROTUIOUOU
‘SoIpN)s [RWIUY
SAWO0IINO [BIIUIOUON
$1109p [BO130[0INdU
moym syuaned

‘QSBASIP AANRIAUITIP 10
‘BWOIRWAY ‘I0WN) 0) NP
uoissardwos p10d ‘1DS
Sunenosuad ‘Aoueusard
‘189K ¢ 1> 98y
SUOIS]IXT

saponIe ysysug

Anfur 9)odwoour
/191dwoos 10/pue
JuI[aseq Je snje}s 1030w
£q PajeN[RAQ SB A)1I0ADS
1DS 10J [013U0D SN
SAIPNJS [RUONBAISqO
dnoi3 1d 01 = N

9,052 21e1 dn-mojoq
(Ss[onuod yim sarpnys
[PUOIBAIISQO PUB STY)
sarpn)s aAneIRdWio)
syyeap

pue ‘sgy ‘suonedrduwod
£q passasse K)ajeg
UONBSUAs ul

SOURYD pUR SAI0IS J0JOW
ur sagueyo Aq passasse
SOW02IN0 Adeoyyg
UOTIUAIIUT

(AN N o13ojoorurreyd noyim
[©10] ) SMIIADT Q1BO pIEpue)s 10
JIRWIA)SAS ogaoeld 1M SSIIN 1DS onewner) yum syuaned
1DS Ui syuenied 103 uondo JUW)LAI) B PAISPISUOD UJAJS ‘SAIPN)S Jo uosrredwo)) ur Juduean) edrsojooewreyd QUBIYO0D)
9q pInoys pue AI9A0931 JOJOW WLI)-FUO[ UO JJauaq pazrwopuelr 108 ou 'sA SSJIN 2sop-y31y jo PINANd
aAn1sod [[ews € S19Ju0d SSJIN JO UduWISaI Y- I8k Quo -uou om} onewnes) yum synpy K)aJes pue SSOUIATIIIIJO grozaung L1 (L102)
ySiy 2sop-ySiy € ‘AInfur Jo Y g UIyiim paoudwwod UdYAY O SYOIM XIS ST.OY Inoq DLIDILL) UOISHIOUT aaneredwos oY) SSasSB O], 03 966 Arenue[ q7» 12 sSUIya
a|qejieae
2109s abues aseq eLIg)LIO sajep yaleas (1eak)
HYLSINY suoisnjauod Aewiid dn-mojjo4 9JU3PIA  uoIsSN|IXa pue uoisn|au| asoding alnjelai Juawissassy

[9S ainae Jo Juawyeas) ay) ul SSJIAl JO S}a3ya ay) buissasse sashjeue-ejaw pue SMaiAal J1jewa)sks snoinald Jo MainIang ¢ ajqel

Downloaded from http://journals.lww.com/isoj by BhADMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW

nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 01/10/2024

January-June 2022 -

al | Volume 5 | Issue 1

Indian Spine Journ




Hejrati, et al.: Review of surgical timing and MPSS for SCI

BLIOILID
UoIsSNouI oy} [[€ YIM
Adwos 03 Surjrey sarpnig
SUOISNPIXH
‘paredwod a1om SAW0INO
[BOTUI]d JULOYIUSIS
sdnoi3
u2aM19q o5 urow ) Ul
QOUAIYIP JUBIYIUSIS ON
dnoi3
[OI)U02 AU} UI SPIOIAIS ON
[000101d Z-SIDSVN
1) 0} SUIPIOIIE UAAIT
sem ouojostupardjAyowr
asop-y3ry ‘dnoi3d
juouIeaI) AY) Uy
U g urgim
PalenIul UONUAAIIUI
pue [DS Anoe YIm

10§ mnoe yym sjuaned

(€981 = N) posougerp sjuoned Ul SPIOId)S Ou 0} uosLredwod ur
1DS 2ok P syudned ur saIpnis sreuanol  j090301d Sursop Z-SIDSVYN AU}
SHV JO YSLI 2} asBAIOUT ABW INQ SALIIA0DI 9130[0INAU paziwopuel XOpUJ UONRIY) 20UADS 03 SUIPI0doe duojostupardiAaur AURIYO0D)
19139q 01 AINQLIIUOD 10U S0P ‘S[0I}U0I 0} uosredwod JB2A QUO -uou ¢ ur paysiqnd sarpnig 9SOp-Y3IY JO S109JJ0 9SIAPE ‘PINANd (6102)
QBIOPOIN ur ‘yuounear suojostupardiAyjowr SOp-ySI 0] SYOM XIS ‘ST Y oIy quoisnpuy - pue dnnadeiay) ay) 91en[eAd 0, 8107 AR T IILL (1P 12 01T
ajqejieae
2109s abues aseq eLIg)LIO sajep yaleas (1eak)
HYISINY suoIsnjouo3 Alewnd dn-mojjo4  8JuU3PIAJ  UOISNJIX3 pue UOISN|IU| asodind ainjeiay JU3WSSASSY

panuiuo) :¢ ajqel

Downloaded from http://journals.lww.com/isoj by BhADMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 01/10/2024

| January-June 2022

i Volume 5 | Issue 1

-Indian Spine Journal



Hejrati, et al.: Review of surgical timing and MPSS for SCI

MITAJI SIU) UI POPN[OUI PUB PAYNIUIPI U AR JUIWIBAI) JUOJOSTUPAId[AYIow SUneN[BAd SO[o1Ie A[UO A391RIIS YOIBIS 9U) OIUI PIPN[IUI U] SBY dUOSLYIIWEXIP YSNOYI VY,
Par1odar 10U = YN ‘IUA SIAPE = Y

ysisuy ur jou

So[oIlIe ‘sjuage [eproId)s
-UOU Y})IM UONBUIqUIOD

Ul SPI0IAIS JO JUAUIBALY
‘SAIpNIS [RWIUR ‘S[RLIOIP
‘s1oded 90UaIJUO0D ‘SALIOS
ased ‘saurfeping ‘syrodax
9SBO ‘SO[ONIB MIIATY
spunom

joysung pue ‘Kourugord
‘KouruIIyew ‘UONOIppE
onoosreu Jo AI0ISIH
senipiqiow
Suruayeary)-9J1y 19Y)0
woJj SuLIyns syuaned
eumba epnes 10 51001
oa1ou AJuo Surajoaur Arnfuy
Amfur jo yg uryim
PAIAISIUTWPE 10U SPIOIAS
SUOISNPIXT

asn proIo)s

)M PAIRIOOSSE ST 10
/PUE SJUSWISSISSE UOIOUNJ
[eo130[0INAU JO/pUE JOJOW
:SOW09IN0 JqRINSLIIA
aIow 10

syuaned oAl YIm SaIpn)g
syuade onnaderayy
PlOI2)S-uOU I9Y}0 Aue

10 0qaoeld :jonuo)

QUOSBJOWLXIP
10 SSJIA (UOTIUdAI U]
Amfur
JO g ulylIm sprorais
)i PaYean 5urdq [OS
INOR UM SIBIA ¢ X A3V uonemndod
SaIpNJS [0IIU0D juaned snosuadowoy & Suowe
SPIOJO)S POIOISIUTWIPE JOU dIOM OYM S[OJIUOD (AN N 95 10 110100 SUIpN[our) SPIOId)S Y)Im PAJeaI) 10U S[OIIU0D
UM pareduwod s91098 [LIS0[0INAU 10 T0IOW [[BIAO [e101) saIpnis sarpn)s oAneredwos yym pareduwod se [HS 9noe 19} QUBIYO0D)
s,Juoned e ur juswasorduwr wLIe)-3Uof IO ULId)-1I10ys paziwopuel [BUOI}BAISSQO pUB SPI01}S JO AoBO1jjo WLId)-3uo| ‘ASVIINA
jueoyrudIs AJ[EONISII)S B MOYS 0) PI[Ie] [DS 2Inoe -UOU UJADS SLOY ‘serpnys [edruI)) pue uLe)-11oys [enusjod pue ‘PoNANd (0202)
MOT  Jo)Je 4 g 18Iy o) urgim Aderor) ouojostupardiAyon AN SIOY AL suorsnpouy - K19yes oY) Jepdn pue $SaSSLAI O] 10T UNf O [[LL  [oq 77 /2 URINS,
a|qejieae
2109s abues aseq eLIg)LIO sajep yaleas (1eak)
HYLSINY suoisnjauod Aewid dn-mojjo4 9JU3PIA  uoIsSN|IXa pue uoisn|jau| asoding ainjesa juawissassy

panuiuo) :¢ ajqel

Downloaded from http://journals.lww.com/isoj by BhADMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 01/10/2024

January-June 2022 -

al | Volume 5 | Issue 1

Indian Spine Journ




197ZIMNZ[DBPXZOBBAROATIAEIOYIASALLIAIPOOAEIEAHION/AD AU

MVTXQMQUO!WXVOH|SqﬁzE|Lﬂ[‘X+E17N}O]'[LunOHZ'[/\EXHdSQ}V\IGug /(q _[OS!/uJOI)'l\l\/\/\|'S|EU,InO_[//Zd11q wioJ} papeojumog

¥202/0T/T0 uo

Hejrati, et al.: Review of surgical timing and MPSS for SCI

=)
£
}= o
S =]
[ ]
Z
2 —
F2
<
EE
S =
= (X
Z
— o
oo ) 9]
» a~ 0=
L | . B o S o &
E =3 ) ST o 5 = 20
o =3|= =~ o~ = 8T O~ = #E
o 2|2 S— 2333 .. oo
Es8|f SCFETmMESSSLTET
S o o Qwn =83 IS L
=ER== S =23 S a0 2E =
O EX o X 5o = ST IS 2 = 5]
SN 2Q 297 S TS £ 900
BIRooEaT IinassSes S22 E
S ST —E8E2—~wol S ERZS Z
R=)
5 =
= L
= ~| 0 3
8 ©
£5 |2 v~ - =
>%|5 5% S S
= 58 S o A v I
S =9 N wn el 2
Elg Slg<x" s g
_|58|E ©28%:8 B
O | S |Z Ead‘an z
(7-) |75} —_—Q — ;;
H 41O H o+
@ < NERUA SN 2
S| © ©
g': : — >
2 > s 3 =
-.6.‘: N ED = (5]
— P
S [ >
== 2 & = © ‘2
@ | S s E =_. E 7 . » B8
7] B O = & s = [} =
]
e L 8., g2 S8EF 2% =
S8 | 9% EF £i% B S
° Z g Z .2 2
-— < = o I=ER =1 [~ < o <
o= - 2% Lo ©8 =&8% 5ol
£ Oy =& og Oy © 5|6 &
- nNyg S0 LS 3 S| &
= _ 2 a2 2 O = 0 & == 8
£ s §$82 3o €288588 8229
= .9 [} 9 2
=2 55 g Za B2 S5 a2 8 2
=y S Q B0 ol = = S|° =
| o T 32 2% =S=55852E 85§
S|IE |[E0E << AaGO~R&ECO[E 5
= '25
—— = =1)]
@ g g3
=
o g w a =
= 2 5 2
s < S ER-
2 o3 % 8
] 3 =< 2 =
& = g B L o=
— -a)m.—‘é - 9
O - S = S 2
o5 2 &g ) = g
S E -~ ) 2
= £ v ) ~ a
2 OE@._ g 5
| S5 S0 Z g
W; oy O = % u)'c%‘
g SRR > = S—
b eh > '? 20 08
b1 %E.D:S == v =
o b = 0 =
< 593 8 .22 g =
> m"ﬂmg'” BolNZE S ©
= ||"EQ’5‘O8 g‘é” %L‘a:
E :Em%é d::"‘t .5>\>_"
2 22 g =278 28 =
N9 o B = g @2 5 =
(-t} A o) B [5)
S L=f2E8 J5¢% <53
[\l < 0 O Q
= SVZ 38 A T o
— =) < 0O G oo 2
(7] o o S
@ &% 5
= ~ = 2 238
=) » - ) ﬁ”"‘
— o) o~ = 2 o0
SRR H + © =%
w S5 — — —~ o o =
oS .= 0 (SIS n 3 »
Sle8| ¢ < 553 532
2= S S . < =
SIES| T n ZES E5%
ONE |l Tn3.. ©nnoo 2 o
%} = = = I
© o [~ 5] = 0 — = L =
s £=85= 82%& =23
© IIQ«Ez:\J)QE & > © S = 5
S ZS2<O <30 =~ gz
. 2
= -
- O
25 [Ew~ 8§ ¢ =
» |8 =5 = 38 8
RS GC‘ = 5 ©
< |[— ~ =
=V o = = S
o5 oy =2 = 0o B
= 22 o .2
= (£ s = e
SERIEES > B =
l—<-=3@ = T =

and 24 h being studied most frequently [Table 1].%°-33 Only
one meta-analysis (n = 1126) has been published solely
focusing on patients with cervical SCIs.?2 Ter Wengel
et al®? demonstrated that surgical decompression within
241 of injury was more likely to result in 22 grades AIS
improvements in patients with complete cervical SCIs as
compared with incomplete cervical SCIs (OR = 2.6, 95%
CI: 1.4-5.1). Likewise, in their ASTA A-only SCI study
population, El Tecle et al®' (n =141) showed higher
conversion rates in patients treated with early surgery
within 24 h (46.1% vs. 25%, OR =2.31, 95% CI: 1.08-4.96,
P=0.03).

Two meta-analyses specifically assessed the effects of very
early surgery as defined by a cutoff of 8 h on outcomes.*%3!
Although Lee et al.?¥ (n = 650) did not perform a sub-
analysis based on the level of injury, they found improved
rates of neurologic recovery in their mixed population of
patients with complete and incomplete SCI who underwent
surgery within 8h of injury, as compared with patients
operated between 8 and 24h of injury (OR = 1.77, 95%
CI: 1.24-2.42). On the other hand, Ma et al.*Y (n = 716)
could only demonstrate the positive effects of very early
surgery (<8h) in patients suffering from complete SCI
(relative risk [RR] = 3.96, 95% CI: 2.02-7.76, P < 0.05).

Of the 16 included cohort studies with a study
population comprising between 42 and 1548 patients
[Table 2],B3+#1 10 studies included patients with cervical
SCIs only.435373942461 Their respective study population
ranged between 42 and 402 patients, with follow-
ups ranging from three months to 10.88 years. Of the
remaining six studies with mixed-level SCIs, the study
population varied between 56 and 1548 patients, with the
majority of patients suffering from cervical SCIs (range:
50-86.9%0).223640414748] Follow-ups among these ranged
between 252 days and one year. In the following, we report
these results categorized by the level of injury.

Cervical-only SCls

Most included studies with a cervical-only cohort used
a cutoff of 24h to differentiate between early and late
surgery. However, only a few of these studies were able
to support the aforementioned benefits of early surgical
decompression. Sewell er al.*! studied the effect of early
(<24h) vs. late (>24h) surgery on neurological outcomes
in a patient population (n = 95) with cervical SCI and
concomitant chest injuries. Although they were not able
to show significant differences in neurologic outcomes
between the two groups, their sub-analysis of patients
with incomplete cervical SCI demonstrated significant
improvements of at least one AIS grade (OR = 14.0, 95%
CI: 3.1-72.4, P <0.01) when operated early. Similarly, by
choosing a cutoff of 19h, Facchinello et al.B¥ (n = 42)
demonstrated higher proportions of patients with >1 AIS
grade improvements when operated early (75% vs. 41%,
P = 0.0257). Conversely, other studies failed to show

-Indian Spine Journal | Volume 5 | Issue 1 | January-June 2022
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beneficial effects on neurologic outcomes for patients
receiving early surgical decompression within 24 h 44343
In their cohort of 72 patients, where adequate surgical
decompression was confirmed by postoperative imaging
studies, Aarabi ez al.*¥ did not detect significant differences
in neurologic outcomes between patients undergoing
ultra-early (<12h), early (12-24h), or late (>24-138.5h)
surgical decompression.

Several studies have gone further and stratified the early
post-injury period by investigating cutoffs between
5 and 12h after injury.®#* Nasi et al™ (n = 81)
found that surgery within 12h of injury was associated
with significantly greater neurological improvement
(72.5% vs. 43.9%, P = 0.009). The differences became
even more distinct when only analyzing the results of
patients with complete cervical SCIs (61.53% vs. 7.69%,
P =0.003). In support of very early surgeries, Jug et al.*!
(n = 64) examined the optimal time point of surgical
decompression within the first 24h of injury and found
significant neurologic improvements in AIS grades to
occur within 4 h of injury (95% CI: 4-9h). And yet again,
Mattiassich et al.® (n = 49) did not show any significant
additional neurological benefits for patients undergoing
surgical decompression within 5h of injury.

The study with the largest prospective cohort (n = 402)
investigated the effects of a late surgery cutoff of 72h
on the neurologic outcomes of patients with cervical
SCI.B7 Patients undergoing surgery within 72h of injury
were found to have significantly higher rates of >1 and
>2 AIS grade improvements (P < 0.0001 and P = 0.003,
respectively).

Mixed-level SCls

The highest-quality results to date were recently published
and examined a pooled analysis of four individual, high-
quality, prospective multicenter acute SCI datasets. In
their pooled cohort of 1548 patients (cervical = 86.9%),
Badhiwala et al.?? demonstrated improved ASIA motor
scores of 23.7 (95% CI: 19.2-28.2) vs. 19.7 points (95%
CI: 15.3-24; P = 0.0006), ASIA light touch scores of 19.0
(15.1-23.0) vs. 14.8 points (11.2-18.4; P = 0.0021), pin
prick scores of 18.3 (13.7-22.9) vs. 14.2 points (9.8-18.6;
P =0.0019), as well as improved AIS grades (crude odds
ratio [cOR] = 1.48; 95% CI: 1.16-1.89; P = 0.0019) for
patients undergoing surgery within the first 24h after
injury. Two previously published retrospective cohort
studies (n = 94 and n = 143, cervical: 70% and 68%)
demonstrated comparable results of improved neurologic
recoveries and functional outcomes for patients receiving
surgical treatment within 24 h 3648

Capturing earlier cutoffs, Lee et al.* (n = 56, cervical:
50%) suggested improved neurologic outcomes in patients
surgically treated within 8 h of injury (OR = 0.128, 95%
CI: 0.031-0.521; P = 0.004).

On the other hand, two retrospective cohort studies
investigated later cutoffs of 48h (n = 86, cervical: 53.5%)
and 72h (n = 304, cervical: 88.5%).4%47 Both studies
showed that despite choosing later cutoffs, patients were
still profiting from improved neurologic recoveries when
operated within 48 or 72h.

Despite the heterogeneity of the literature, which largely
reflects the mixed quality of the available evidence, a
growing body of evidence underlines that the timing of
decompression within 24 h of injury is beneficial in terms
of neurologic recovery. Future work needs to tackle
the heterogeneity of SCI, thereby identifying specific
subpopulations of SCI patients with the greatest potential
to benefit from early surgical decompression. The
importance of personalized treatment becomes all the
more critical in areas with limited resources. Moreover,
although a cutoff of 24 h has been studied most frequently,
earlier time points need further attention. Certainly, the
recent paper by Badhiwala er a/.?? provides compelling
evidence to suggest a time-dependent effect of the role of
surgical decompression within the first 24 h after SCI.

The role of MPSS

MPSS, a potent synthetic glucocorticoid, is believed to
upregulate anti-inflammatory cytokines and to block
lipid peroxidation of neuronal cell membranes, thereby
counteracting the inflammatory response encountered
during the secondary injury phase of traumatic SCI.**
Studies of intravenous administration of MPSS in animal
models of acute SCI have shown enhanced tissue sparing
and neuronal survival, resulting in greater neurologic
recovery.*>¥ Based on these exciting preclinical findings,
several large-scale clinical trials followed over the past
three decades, providing us with a source of intense debate
on the role of MPSS in the early management of SCI.

In 1984, a multicenter, double-blind, RCT, also known as
the National Acute Spinal Cord Injury Study (NASCIS,
n = 330), studied the efficacy of MPSS treatment given
over a period of 10 days in a high-dose group (1000 mg
bolus and 250mg every 6h) and compared it with low-
dose MPSS administration (100 mg bolus and 25 mg every
6h).8 Although the authors did not find any differences
in neurologic outcomes at six weeks or six months after
injury, the rates of both surgical site and trauma site
infections were more prevalent in the high-dose group
(RR = 3.6, P = 0.01). Considering that concurrent
animal studies have found significantly higher doses of
MPSS to be necessary to reach therapeutic thresholds,
the dosing was discussed as a major limiting factor in the
NASCIS trial.®

Subsequently, the double-blind RCT, termed NASCIS
II (n = 487, quadriparetic or quadriplegic: 57.2%), was
initiated to address the higher dose of MPSS.”) The 1990
study examined the efficacy and safety of a higher dose
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of MPSS (bolus of 30mg per kg bodyweight, followed by
5.4mg per kg per hour for 23 h), as compared with placebo.
The overall comparison of the two groups revealed no
significant differences in terms of neurologic outcomes.
However, based on an a priori hypothesis, that the effects
of MPSS are influenced by injury-to-treatment time,
the authors performed a subgroup analysis by using an
8-h cutoff. Patients receiving high-dose MPSS treatment
within 8 h of injury had significant improvements in AIS
motor scores (changes of 16.0 vs. 11.2 points, P = 0.03),
sensation to pinprick (change of 11.4 vs. 6.6 points, P
= 0.02), and touch (change of 8.9 vs. 4.3, P = 0.03). In
terms of safety, a trend toward an increased incidence of
pulmonary embolism and gastrointestinal hemorrhage
in patients treated with MPSS was observed; however,
this did not reach statistical significance. Meanwhile,
prolonged administration of MPSS over a period of
48h in an upper lumbar SCI model in cats showed
significantly enhanced tissue preservation and improved
neurobehavioral outcomes.b!

In light of this, the third NASCIS trial (n = 499,
quadriparetic or quadriplegic: ~48.6%), published in
1997, compared the efficacy of 24h vs. 48h of MPSS
treatment (bolus of 30mg per kg bodyweight followed by
5.4mg per kg per hour for 24 or 48h).['” Patients treated
with a 48 h regimen of MPSS were shown to benefit
from improved neurologic grades when treatment was
initiated within 3 to 8h after injury (P = 0.03). As these
data add weight to the NASCIS II results, in that early
treatment within 8 h of injury is of importance for long-
term neurologic improvements to occur, it is of particular
note that patients who were receiving a 48 h regimen of
MPSS showed higher rates of severe sepsis (P = 0.02)
and pneumonia (P = 0.07). Therefore, the risks may
outweigh the benefits as compared with an early initiated
24 h regimen. A prospective, double-blind RCT (n = 46)
investigated the complications in patients with acute
cervical SCIs when MPSS treatment was administered
within 8 h of injury.’” The authors observed significantly
higher rates of pulmonary (34.8% vs. 4.34%, P=0.009) and
gastrointestinal complications (17.4% vs. 0%, P = 0.036),
with aged patients older than 60 years being particularly
prone to pulmonary complications (P = 0.029).

Yet another RCT (n = 106, tetraplegic: 54.7%) and a
propensity-matched prospective cohort study (n = 88,
cervical: 72.7%), including sub-analyses of cervically
injured patients, could not find any benefits when
MPSS was administered within 8h of injury and given
over a period of 24 or 48h according to the NASCIS-II
regimen. !53]

Updates since 2017

As a consequence of early evidence provided by some
of the largest RCTs in the history of SCI research, few
subsequent efforts have been made to further investigate

the effects of MPSS on the treatment of acute SCI.
Despite this, three published systematic reviews meeting
our inclusion criteria have shown differing results.5*>
Of particular note, none of the aforementioned trials
provided a sub-analysis based on the level of injury.

In their meta-analysis of four RCTs and two non-
randomized cohort studies, Fehlings er al.’¥ provided
moderate evidence that patients who received MPSS
treatment within 8h of injury were able to achieve an
additional 3.2 points (95% CI: 0.1-6.33; P =0.04) of motor
score recovery compared with patients receiving placebo
or no treatment. Moreover, they found no statistically
significant differences in the pooled risk of death, wound
infection, gastrointestinal hemorrhage, sepsis, pulmonary
embolism, urinary tract infection, pneumonia, or decubiti
between the groups of patients receiving MPSS treatment
within 8h of injury as compared with no treatment.

Conversely, Sultan et alF% did not demonstrate the
beneficial effects of an early (<8h) initiation of MPSS
on neurologic scores in patients with acute traumatic
SCI. Of particular note, differing control groups and a
lack of precise dosing and duration of MPSS treatment
significantly complicated the analysis and interpretation
of their results. Similarly, Liu et a/.®¥ did not show the
beneficial effects of an early (<8h) initiation of MPSS
treatment according to the NASCIS II protocol. Yet
again, the heterogeneity of the included studies, the
inclusion of penetrating SCIs, as well as a high proportion
of study cohorts with a maximum follow-up duration of
<2 months limit the validity of their study results.

There has been only one RCT meeting our inclusion
criteria. Wang et al.®"investigated the effects of early (<8 h)
MPSS treatment on neurologic outcomes in a single-level
cervical SCI cohort (N = 78). Both their treatment and
control group underwent vertebral body decompression,
bone grafting, and internal fixation according to the
severity of spinal cord compression. Unfortunately,
their treatment arm consisted of two distinct therapeutic
regimens where patients admitted within 3h of injury were
treated according to the NASCIS II protocol and patients
admitted between 3 and 8h after injury received a 48-h
infusion of MPSS at 30mg/kg/h. Interestingly, although
the authors observed significantly higher rates of ASIA
score improvements in the treatment arm, there were no
significant differences in terms of adverse events.

In summary, due to the paucity of new high-quality
evidence since 2017, there is currently no rationale to
significantly deviate from the 2017 clinical practice
guidelines developed by Fehlings et al.’® which
recommended a 24-h infusion of high-dose MPSS to
adult patients within 8h of acute SCI as a treatment
option. Importantly, the heterogeneity of the SCI patient
population requires critical and individual evaluation of
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whether high-dose MPSS treatment is at risk of causing
more potential harm than benefits.

Limitations

It is important to note that this review has several
limitations. First, the systematic part of this review
captured only the publications from recent years (2017
to March 2021). However, in addition to providing an
update, the narrative portion of this study addresses the
most relevant advancements before 2017. Second, this
review aimed to provide a qualitative assessment of the
literature. A statistical pooling of data was not performed,
thereby restraining the significance of the results to the
individual studies. Third, substantial clinical variabilities,
differing methodologies, as well as the risk of bias limited
the overall strength of evidence in several of the studies.
Lastly, given that MPSS has been the most studied steroid,
we excluded studies evaluating other steroids from our
analysis, knowing that in some centers the administration
of other steroids, for example dexamethasone, is preferred.

ConcLusions AND FuTure DIRECTIONS

The current body of research provides strong evidence
that early surgical decompression within 24h of injury
promotes enhanced neurologic recovery. Considering
the heterogeneity of SCI, future studies are needed to
more precisely stratify patients with the largest potential
to benefit from early surgery. This becomes all the more
important, as logistical hurdles in the management of
patients with traumatic SCIs complicate access to treatment
in a timely fashion. Therefore, future work is needed to
evaluate health systems and transport methods to ensure an
optimized path to early intervention. In addition, further
work needs to be done to define the optimal approaches to
surgically achieve decompression. For example, the role of
intraoperative ultrasound to assess surgical decompression
intraoperatively, the potential role of duroplasty to
allow for further cord decompression, and the routine
use of postoperative MRI to evaluate the status of the
decompression require further study.

Early initiation of a 24 h high-dose MPSS treatment
within 8 h of injury has been shown to hold the potential
to improve motor recovery, particularly in those with
cervical SCI. Likewise, future studies are warranted to
identify subgroups of patients with SCIs who stand to
benefit the most from MPSS treatment. Ongoing research
efforts are also needed to evaluate the potential synergistic
effects of MPSS therapy in conjunction with other
exciting neuroprotective or neuroregenerative therapeutic
approaches. Of note, there is an urgent need to evaluate
other neuroprotective and neuroregenerative strategies,
including riluzole, neural stem cells, and approaches to
overcome the intrinsic inhibitory environment of the
injured cord.!'¢>%
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