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Michael G. Fehlings, MD, PhD, FRCSC, FACS'?, Jefferson R. Wilson, MD, PhD?*?3,
James S. Harrop, MD4, Brian K. Kwon, MD, PhD5, Lindsay A. Tetreault, PhD"6,
Paul M. Arnold, MD7,jeffrey M. Singh, MD, FRCPC', Gregory Hawryluk, MD, PhDs,
and Joseph R. Dettori, PhD, MPH’

Abstract
Study Design: Systematic review and meta-analysis.

Objective: The objective of this study was to conduct a systematic review to assess the comparative effectiveness and safety of
high-dose methylprednisolone sodium succinate (MPSS) versus no pharmacological treatment in patients with traumatic spinal
cord injury (SCI).

Methods: A systematic search was performed in PubMed and the Cochrane Collaboration Library for literature published between
January 1956 and June 17,2015. Included studies were critically appraised, and Grades of Recommendation Assessment, Development
and Evaluation methods were used to determine the overall quality of evidence for primary outcomes. Previous systematic reviews on
this topic were collated and evaluated using the Assessment of Multiple Systematic Reviews scoring system.

Results: The search yielded 723 citations, |3 of which satisfied inclusion criteria. Among these, 6 were primary research articles
and 7 were previous systematic reviews. Based on the included research articles, there was moderate evidence that the 24-hour
NASCIS Il (National Acute Spinal Cord Injury Studies) MPSS regimen has no impact on long-term neurological recovery when all
postinjury time points are considered. However, there is also moderate evidence that subjects receiving the same MPSS regimen
within 8 hours of injury achieve an additional 3.2 points (95% confidence interval = 0.10 to 6.33; P = .04) of motor recovery
compared with patients receiving placebo or no treatment.

Conclusion: Although safe to administer, a 24-hour NASCIS I| MPSS regimen, when all postinjury time points are considered, has
no impact on indices of long-term neurological recovery. When commenced within 8 hours of injury, however, a high-dose
24-hour regimen of MPSS confers a small positive benefit on long-term motor recovery and should be considered a treatment
option for patients with SCI.
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Introduction

Given its potent anti-inflammatory actions, methylpredniso-
lone sodium succinate (MPSS) has a long history of use across
a wide spectrum of disease. Within the context of traumatic
spinal cord injury (SCI), preclinical animal studies have
demonstrated mixed results with regard to the neuroprotective
efficacy of MPSS.'* From the standpoint of clinical investiga-
tion, randomized trials, namely, the National Acute Spinal
Cord Injury Studies (NASCIS), investigating the potential effi-
cacy and safety of MPSS, have formed the basis for the largest
therapeutic studies completed in the history of SCI research.
Although interpretation of, and reaction to, the results of these
studies have varied over time, their publication led to the wide-
spread adoption of this therapy by clinicians throughout the
world. As evidence of this, in a 2006 survey study polling the
membership of the North American Spine Society, 86% of
respondents indicated that they would choose to administer
MPSS to SCI patients as per the recommendations of the NAS-
CIS II and IIT studies; however, concern surrounding medico-
legal reprisal for not administering MPSS was listed as the
major factor motivating decision making in a large faction of
these respondents.’

In spite of the extensive use of MPSS for SCI over the
past several decades, the appropriateness of this treatment
approach remains a contentious topic.®’ Opponents of the
routine use of MPSS for acute SCI have highlighted con-
cerns regarding the conduct of the NASCIS trials and the
reported results. These include the reliance on subgroup
analysis (particularly based on timing of MPSS initiation),
the small reported effect size for neurologic improvement,
and the potential for harmful and serious adverse events.® In
order to quell the existing controversy, a number of attempts
have been made by several different groups to review the
existing evidence, with the aim of providing clinicians with
specific evidence-based recommendations related to this
treatment.”' In spite of such attempts, debate within the
clinical community continues, leaving the physician caring
for acute SCI patients in a precarious position where admin-
istering or not administering MPSS can be questioned and
challenged.

Based on this background, the purpose of this systematic
review was to address the following key questions (KQ): In
adult patients with acute complete or incomplete traumatic
SCI: (1) What is the efficacy and effectiveness of MPSS com-
pared with no pharmacologic treatment? (2) What is the safety
profile of MPSS compared with no pharmacologic treatment?
(3) What is the evidence that MPSS has differential efficacy or
safety in subpopulations?

Materials and Methods

Electronic Literature Search

We conducted a systematic search in PubMed and the
Cochrane Collaboration Library for literature published
between January 1956 and June 17, 2015, on patients with

acute traumatic SCI treated with MPSS. The search was
limited to human studies published in or translated to the
English language. Reference lists of key articles were also
systematically checked to identify additional eligible arti-
cles. We included studies that evaluated the efficacy and
safety of MPSS compared with no treatment or placebo in
patients >13 years with acute SCI (Table 1). With respect
to study design, all randomized controlled trials were
included. Severity of injury in SCI patients is a well-
known factor that is associated with outcome.''"'* Severity
of SCI may also influence the clinical decision of whether
to administer MPSS. Therefore, we included observational
studies that controlled for SCI severity, as measured by
baseline motor status and/or complete versus incomplete
injury. We excluded studies on patients with penetrating
injuries to the spinal cord; cord compression due to tumor,
hematoma, or degenerative disease; and no neurological
deficit following trauma. Furthermore, we excluded animal
studies, nonclinical studies, studies with a follow-up rate of
<50%, small studies with n<10 per treatment group, and
studies reporting nonclinical outcomes of efficacy or safety.
Two investigators (JRD, JRW) reviewed the full texts of
potential articles to obtain a final collection of relevant
studies.

Data Extraction

From the included articles, the following data was extracted:
study design, patient demographics, treatment details, study
inclusion/exclusion criteria, injury severity, follow-up dura-
tion, rates of follow-up for each treatment group, and out-
comes assessed. We attempted to identify studies with
overlapping data and only reported the data from the most
complete study (largest sample size) in order to prevent
double counting.

Risk of Bias and Overall Strength of Body of Literature

Risk of bias was assessed by combining epidemiologic
principles with characteristics of study design. Risk of bias
was determined for each article using criteria set by The
Journal of Bone and Joint Surgery'® for therapeutic studies
and modified to delineate criteria associated with metho-
dological quality and risk of bias based on recommenda-
tions made by the Agency for Healthcare Research and
Quality'®!'” (see Supplemental Digital Material for risk
of bias evaluation).

After individual article evaluation, the strength of the over-
all body of evidence with respect to each primary outcome was
determined based on precepts outlined by the Grades of Rec-
ommendation Assessment, Development and Evaluation
(GRADE) Working Group.'®"

The initial strength of the overall body of evidence was
considered “High” if the majority of the studies were ran-
domized controlled trials and “Low” if the majority of the
studies were observational studies. Criteria for downgrading
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Table I. Inclusion and Exclusion Criteria.

Study
Component Inclusion Exclusion
Participants e Adults with traumatic acute spinal cord injury (complete or incomplete) e Pediatric patients <I3 years old
o Pregnancy
e Penetrating injuries to spinal cord
e Cord compression due to tumor, hematoma
or degenerative disease (eg, CSM)
e Patients without neurological deficit
following trauma
Intervention e MPSS
Comparators e Placebo
e Standard care without pharmacologic intervention
Outcomes Efficacyleffectiveness e Nonclinical outcomes

e Change in motor scores
e Change in sensation (light touch, pinprick)

Safety
e Complications, adverse events
e Death
Study design e KQs I, 2, 3: Comparative studies (RCTs and observational studies with e Animal studies
concurrent controls) e Nonclinical studies
e Follow-up rate of at least 50% e Follow-up rate of at <50%
e n > 10 per group e n < |0 per group
e Observational comparative studies must control for severity of spinal e No control for injury severity
cord injury as evaluated by motor status at baseline and/or complete or
incomplete injury
e KQ 3: Subgroup analyses from comparative studies
Publication e Studies published or translated into English in peer reviewed journals e Abstracts, editorials, letters
e Duplicate publications of the same study that
do not report on different outcomes
o Single reports from multicenter trials
o White papers
e Narrative reviews
e Articles identified as preliminary reports

when results are published in later versions

Abbreviations: CSM, cervical spondylotic myelopathy; MPSS, methylprednisolone sodium succinate; KQ, key question; RCT, randomized controlled trial.

published evidence 1 or 2 levels included (1) serious risk of
bias, (2) inconsistency of results, (3) indirectness of evi-
dence, (4) imprecision of the effect estimates (eg, wide
confidence intervals), or (5) non—a priori statement of sub-
group analyses. Alternatively, the body of evidence could be
upgraded 1 or 2 levels based on the following factors: (1)
large magnitude of effect or (2) dose-response gradient. The
final overall strength of the body of literature expresses our
confidence that the effect size lies close to the true effect
and the extent to which it is believed to be stable based on
the adequacy of or the deficiencies in the body of evidence.
An overall strength of “High” means that we are very con-
fident that the true effect lies close to that of the estimated
effect. A “Moderate” rating means that we are moderately
confident in the effect estimate; the true effect is likely to
be close to the estimated effect, but there is a possibility
that it is substantially different. An overall strength of
“Low” means that our confidence in the effect estimate is
limited; the true effect may be substantially different from
the estimate. Finally, a rating of “Very Low” means that we

have very little confidence in the effect estimate; the true
effect is likely to be substantially different than the esti-
mated effect. In addition, this rating may be used if there
is no evidence or it is not possible to estimate an effect.

Data Analysis

Results were pooled when 2 or more studies presented the
same outcomes at similar time periods. We considered
the risk of bias when deciding whether to pool data between
the prospective cohort studies and randomized controlled
trials. Specifically, we pooled data from prospective cohort
studies if they had a low risk of bias and controlled for
potential confounding factors. For effectiveness outcomes,
pooled data was stratified by study design to demonstrate
the effect of adding nonrandomized results. To compare the
estimates of procedure effectiveness across studies using
continuous outcomes, weighted mean differences were com-
puted with 95% confidence intervals (CIs). For safety out-
comes, we calculated the risk difference (RD) and 95% ClIs.
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We assumed a random-effect model using the Mantel-
Haenszel method. Calculations and plots for effectiveness
outcomes were implemented in RevMan,”® while the com-
plications plot was made with R (version 3.2.1).%!

To explore the possibility of differential effectiveness,
we compared outcomes within subgroup stratum when
data was available. We tested the difference between
subgroups by calculating the /> statistics. We displayed
the estimates visually with Forest plots to demonstrate
the differential effect. When the stratum-specific effect
measures and their CIs fall on opposite sides of the over-
all effect, this represents a differential effect.

Results

Study Selection

Our electronic and bibliography search yielded 723 cita-
tions. Of these, we excluded 693 based on information
available in the title or abstract. The full texts of 30 articles
were obtained and further investigated. After full text
review, we excluded 17 studies for the following reasons:
no control for baseline severity (n = 13), no outcome of
interest (n = 1), dexamethasone was evaluated instead of
MPSS (n = 1), penetrating wounds (n = 1), and population
size <10 (n = 1). A list of excluded articles can be obtained
in the Supplemental Material.

Among the remaining 13 studies, 7 were systematic
reviews published between 2000 and 2014. The systematic
reviews differed with respect to inclusion criteria, metho-
dology, and conclusions (Table 2). The quality of the sys-
tematic reviews ranged from 2/11 (low quality) to 9/11
(high quality) as assessed by the Assessment of Multiple
Systematic Reviews (AMSTAR) evaluation tool (see Sup-
plemental Material for details). All included the NASCIS II
study. Of the remaining 6 studies that met our inclusion
criteria, four were randomized controlled trials and 2 were
prospective cohort studies (Figure 1).

Characteristics of Included Studies (Table 3)

Three randomized controlled trials (4 publications) and
1 prospective cohort study26 evaluated the efficacy and
safety of MPSS, while 3 additional studies (2 randomized
controlled trials and 1 prospective cohort study) provided
further evidence on its safety.”’?° In 1990 and 1992,
Bracken et al published a double-blind randomized con-
trolled trial, also known as NASCIS II, with 6 weeks,
6 months, and 1 year of follow-up. They randomized 487
patients across 3 treatment arms: (1) MPSS bolus dose of
30 mg/kg at hospital admission, followed by an infusion at
5.4 mg/kg/h for the following 23 hours; (2) naloxone; or
(3) placebo. Naloxone and its placebo were provided in
100-ampule sets of 2-mL parabens-free ampules and pre-
pared at a concentration of 25.0 mg/mL. This was followed
by a third and final NASCIS study that compared 24-hour

22-25

versus 48-hour MPSS infusion using the same dose as
NASCIS II, as well as to a 48-hour infusion of the
putative neuroprotective drug Tirilazad. All patients were
randomized to receive treatment within 8 hours of injury,
with the analysis stratified according to whether
treatment was initiated before or after 3 hours of injury
(Table 4).%°

Otani et al** published an article in Japanese that rando-
mized 117 patients to a MPSS group (n = 70) or a standard
care group (n = 47). Treatment with other drugs, concomitant
procedures (such as decompression of the spinal cord or reduc-
tion of a dislocation or a fracture), and rehabilitation were
performed at the discretion of the attending physician. Neither
the patients nor the outcome assessors were blinded to the
treatment. Seventy-four percent of patients attended the
6-month follow-up visit.

Matsumoto et al*’ compared the incidence of complications
during the first 2 months after injury in 46 patients with cervi-
cal SCI. Patients were randomized to receive MPSS using the
NASCIS II protocol or a placebo, though the methods of ran-
dom generation and concealment were not clear. All patients
received treatment within 8 hours. At baseline, the MPSS group
presented with more severe injuries: 39% in the MPSS group
versus 26% in the placebo group with Frankel grade A, and 4%
in the MPSS group versus 30% in the placebo group with
Frankel grade D.

Wilson et al*® assessed inpatient complications after trau-
matic cervical SCI from the Surgical Timing in Acute Spinal
Cord Injury Study data registry. Patient information was col-
lected on adults with cervical SCIs who were enrolled at
6 North American centers over a 7-year period. This study
included patients who underwent a standardized American
Spinal Injury Association neurological examination within
24 hours of injury and had follow-up information at the index
hospital discharge. Decisions surrounding the administration
of MPSS were made at the discretion of the spinal surgeon and
the treating team.

Evaniew et al performed a prospective multicenter study
using the Rick Hansen Spinal Cord Injury Registry to eval-
uate the impact of MPSS on motor recovery at the end of
inpatient rehabilitation or discharge to the community from
acute care.’® Forty-four patients received MPSS within 8
hours of acute injury following the NASCIS II regiment.
Patients treated with an additional 24 hours of MPSS were
also included. The control group consisted of 44 subjects
who did not receive MPSS and was selected using propen-
sity score matching. Despite this matching, those who
received MPSS had a longer time from injury to first
assessment of motor scores (median 72 vs 56 hours).
Motor function scores (upper extremity, lower extremity,
and total) were determined using the International Stan-
dards for Neurologic Classification of Spinal Cord Injury.
Safety was determined by collecting rates of in-hospital
mortality, urinary tract infections, pneumonia, ulcers, deep
vein thrombosis or pulmonary embolism, surgical site
infections, and sepsis using International Classification of
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Citations from bibliography search: 13
Total citations identified: 723

1. Citations from electronic search: 710 J

—.[ 2. Title/Abstract exclusion: n = 693

[3. Retrieved for full-text evaluation: n = 30 ]

/4. Excluded at full-text review: n=17

* No control for baseline severity (n = 13)
* No of interest (n=1)

* Dexamethasone, not MPSS (n=1)

* Penetrating wounds [n = 1)

* Population size <10 (n =1)

* Systematic reviews (n =7)
* RCTs (n=4)
* Prospective cohort (n = 2) )

[5. Publications included: n= 13 h

Figure |. Literature search.

Diseases, Tenth Edition, codes from the Canadian Institute
for Health Information’s Discharge Abstract Database.

What Is the Efficacy of Methylprednisolone Sodium
Succinate Compared With No Pharmacologic

Treatment?

Three randomized trials**2> and 1 prospective observational

study evaluated the efficacy of MPSS compared with no phar-
macologic treatment.”® Based on the randomized controlled
trials, there was no effect of MPSS on motor function at
6 weeks, 6 months, or 12 months (Figure 2). Likewise, in the
observational study, there was no difference between those
who did and did not receive MPSS in terms of total motor
recovery (13.7 vs 14.1, respectively; P = .43), upper extremity
motor recovery (7.3 vs 6.4; P = .38), or lower extremity motor
recovery (6.5 vs 7.7; P = .40). Pinprick sensation was signif-
icantly improved at 6 months in one randomized controlled
trial (mean difference = 3.37; 95% CI = 0.75 to 5.99)* but
not in 2 other trials at 12 months (Figure 3).%**° Similar results
were seen for light touch (Figure 4).

What Is the Safety Profile of MPSS Compared With No
Pharmacologic Treatment?

There was no statistical difference between groups in the
pooled risk of death, wound infection, gastrointestinal hemor-
rhage, sepsis, pulmonary embolism, urinary tract infection,
pneumonia, or decubiti. One prospective nonrandomized study
evaluated the risk of one or more complications and found a
lower risk in those receiving MPSS, after controlling for sever-
ity of injury and other baseline differences (risk difference =
12.6%, 95% CI = 3.1% to 22.1%; Figure 5). In one randomized
controlled trial comparing 24-hour versus 48-hour infusion of

MPSS, there was a significantly higher incidence of severe
pneumonia (P = .02) in the 48-hour group. Additionally, there
was an increased incidence of severe sepsis in the 48-hour
group, though the difference between the 24-hour and
48-hour groups for this outcome was within the limits of
chance (P = .07).%

What Is the Evidence That MPSS Has Differential
Efficacy or Safety in Subpopulations?

In the study by Bracken et al, there was a differential effect of
MPSS on motor recovery compared with controls depending on
the timing of MPSS administration. Patients receiving MPSS
within 8 hours had a mean 4.8- and 5.2-point improvement in
motor scores at 6 and 12 months follow-up compared with a
mean 3.9- and 5.8-point deterioration when administered after
8 hours (Figure 6). There was no evidence of a differential
effect of the timing of MPSS administration on pinprick or
light touch (Figures 7 and 8).

Two additional randomized controlled trials and one
prospective observational study compared MPSS to a con-
trol in patients receiving treatment within 8 hours. Based
on the randomized controlled trials, pooled results at final
follow-up (6 or 12 months) demonstrated a modest
improvement of 3.88 (95% CI = 0.50 to 7.27; P = .02)
in mean motor scores in the MPSS group compared with
the control group. When adding the results of the prospec-
tive cohort study (median follow-up of 127 and 117 days
in the MPSS and control groups, respectively), this mean
difference decreased to 3.21 (95% CI = 0.10 to 6.33; P =
.04; Figure 9).

Evidence Summary (Table 5)

There is moderate evidence that MPSS (compared with no
treatment or placebo) administered according to the dose
and duration of the NASCIS II protocol confers no benefit
in motor recovery, pinprick, or light touch when initiated at
indiscriminate time periods following acute SCI. However,
there is moderate evidence of a small benefit in motor
recovery when MPSS is administered within 8 hours of
injury compared with no treatment. There is no difference
between groups in the pooled risk of death, wound infec-
tion, gastrointestinal hemorrhage, sepsis, pulmonary embo-
lism, urinary tract infection, pneumonia, or decubiti. The
evidence for safety is moderate. There may be a higher
incidence of severe pneumonia and increased incidence of
severe sepsis when the duration of infusion increases from
24 hours to 48 hours.

Discussion

The primary goal of this systematic review was to deter-
mine the efficacy and safety of MPSS compared with no
treatment or placebo. While the majority of primary
research articles emanated from prospective randomized



(panunuod)

jujod awn
yoea 03 auljaseq
wouy paJedwod
9J9M uonedYISSE]d
ul sadueyD) e
A1anodad = 3 {njasn
Jojow = (g ‘sso[asn
Jojow = 9 Ajuo

(%1%2) A1osuas = g ‘uoisa)
891/L11 919|dwod =y e

N syuow 9 :uonD2YISSD|) [3uDI4

18 03

67 d3ues—sjuawidas

(%L°18) 67 Ul (jew.ou 4o
JAi4 ‘uondunysAp Juasqe) ¢-|

LTy eak | yonor 1Sy
(%596)  pup puduid 01 asuodsay

L8¥/0Ly 0/ ©3 0 wouy

syjuow 9 a8uel—sapsnW 4 |

(8L0S1 (%6'£6) 404 (uonouny [ewsiou
SN UEBID) 2>0.43S PUE SI9pJOsI] 18V 03 UO[I2EJ3U0d OU) §-()

[e2130]0JN3N JO BINNISU| [BUOIEN| ///} SHPOM 9 191025 JOJOW/

(%6°€0) L11
/8T [eWION e
G6T¥) L11
/S :dnaJededey e
Gs1°21) £11/0T
opaJedupend) e
(10 L11
/ST 2139)deary o

(%€°€€) L11/6€
189|dlupend) e

(%t'L) v8¥
/9€ ([EWJON e
(%50 v8¥IT
DpaJedesed o
(%1°01) ¥8¥iey
DpaJedlpend) e
(%67€)
¥8¥/6S1
ni3a|deJeq e
(%1°L¥)
¥8¥/8TC
213s1dlpend e

uoIsIISp uepRIsAYd e
SP104231S0211.10
01 AiAnisuastadiy e
Aoueudaud 10adsns
Jo ‘Buisanu queudaid e
Aanful
/ssauj|l pJod [euids
snoiaaud Jo [eyuaduor) e
9sn ploJals JBYIQ ©
uoneniul
Juswneasy pue Ainful
u2aM13q SSdIN Bw QO] °
A1Ip1qJowod snoLies e
Auo
suolsa| euinba epned
Jojpue jo0. [euldg e
YIM sjusied
:uorsnpxg
dn-moj|o4
YIuow 9 .oy 3|qe[ieAy e
a3e Jo sueak G9-9| e
UasUOD) e
Aanlup
J3)je sunoyg> pajeau] e
sso| Alosuas
[1o10W Yum DS
:uorsnpuf
dn-3uimoj|oy
yam Lnoyg e
uolssiwpe
9.0J9q SUOXOJeU IO

usWIed.N
[e213uns pue pl10Ja1SODI11I0d
e Jnoym saidesays SnuQg
[y = u Jonuo)
sJnoy §g Jo}
y/33/8w §°g 1e UOISNul UE UBY) pue
asned aanuiw-Gj & Aq pamoj|o}
poliad aInuiw-g | & 49A0 JySom
Apoq jo 353w Qg Jo 3sop snjoq A|
0L = U 'SSdW

SSdIW 8w 00| Buiaieday e
a3e Jo suedh ¢|> o JUNOWE 0 dWn 3yl
93esn ploJa1s B3O e O SB USAIS Ojul JOYIO OU—UDAIS
UONDIPpE d10dJEN © uoIsNjul UB USY) PUE 3SOP SNjoq A|
Aoueudaug e 1£] = u :0gadpjd
Apigiow sanoy £

Sulusieaayi-ay] e
SpPunoMm Joysunc) e
auoje euinba epne) e

Joy y/83/3w 'y 3B UoISNyUI UYL
‘osned 91nulw-G}, & AQ pamoj|oy
pouad aInulw-G| B J9A0 ySom

JUSWSA|OAUI Apoq 35/8w $'G Jo 3SOp snjoq A|

1004 SAIBN $G| = U :BuoxopN
:uorsnpxg sanoy €
JUasUOD) e Joj y/83/3w °G I UoIshyul UYL

Aanlur jo sunoyg|>
paziwopuey e

125 ®
:uoisnpuf

‘osned 21nulw-G}, B Aq pamoj|oy

poliad aanulw-g|  49A0 YoM
Apoq 3/8w (g Jo as0p snjog Al
091 = U SSdW

%881 :69-09
%9°9C :65-09
%9Y| -6¥-0v
8y

%1°9L ®leW
LIl =N

%881 Sp<
%L'8C ¥¥-0€
%9°CS ‘6C-€El

P8y

%818 PE

:0gadD}d

%9°L1 SH<
%L'81 Y¥-0€
%9°€9 ‘6C-€E|

8y

%508 e

:9UOXO[DN

%E L SH<
%C LT vy-0€
%9°99 ‘6C-€E|

28y

%98 PIe

‘SSdW
L8 = N

ysy
Aj91eaapoly
104

vraP661)
e

MO
104

mN,NNANa
/066 1) upeIg

Buipuny (%) swiy

dn-mojjo4

$a4Nsea|y aWodINQ

(uorssiwpy
uo) A1119Ag

111140 uoIsn|dU|

JUSWIBSI | SONSIISIBIRYD

pue ajdwreg

seig
Jo sy ‘udisaq
‘(4eap) Joyiny

", SINsIIIdBIRYD APNIS *€ d|qe |

124S



(panunuo>)

Yaesp 01

3so| syuaned g
(%€v6)
901

4N /001 Mk |

p(%¥°98)
661
/1€y ek |
(%0°68)
(134h4 44
syuow 9

(82081 (%T€6)

-GN JUBID)) 95015 pUE SJUBPIOSI] 66¥
[ed130]04n3N] JO 9ININISU| [BUOHEN /G :SHO9M 9

J9e|

Jeak | pue uoissiwpe

I8 UolBUIWEXD
|e2130jounaN

1524008

uipd pup ‘uonpsuss
puduid Yojow yisy

(9ouspuadspul
919|dwod o

SeaJe ||e ul adue)sisse

Joj paau) 97|-8|
(Wi4) 24anspapy
9ouapuadapuy [puonduny
L8 ©3
6¢ @8uei—siuswsas
6C Ul (Jlewaou Jo
uonduNsAp ‘quasqe) ¢-|
:yonoy 3y
pup >puduid 03 asuodsay
0L ©3 0 Woy
a3uel—s9snW 4 |
Joy (uonduny ewaou
01 UONDE.IUOD OU) G-0
194025 1010/

(%L'%5) 901/8S
ei3sjdens) e

(%€°s¥) 901
/8% ‘e13a|deaeq e

5%591 ~
lewJoN e
%0y ~
DnaJedesed o
%y el ~
DnpaJedupend) e
%6°0€ ~
2i39|deJey e
%CGE~
2189|dpend e

sJapJosip
Je|nNdSeAOIpIED) e
24n|ie) DA e
192N Yorwolg e
smy|pw
s319qelp Jo AIolIsiH e
sJad0|q
[suuey> wnid|ed
10 Sp10J21s0213.102
SNoIASU] ®
8H ww 9> dVIW
Apqeasul
Jlweudpowsy
ULISISISy
uolsnjuod AJeuowind e
€] > 94025 Mo3se|D
Yyam Aunfur pesH
ewnesy a|dn|njy
Aoueudaug
suolsa| |eulds uadQ
awo.pufs
euinbs epne) e
JUSWIAA|OAUI
1004-3AIBN e
:uorsnpxg
Aanlur jo
sinoy g pazijendsoH e
U3sUOD) ®
sueak G9-G| e
:uorsnpuf

JusWIeaN)
SSdIN SNOIARIY e
Aanlur jeuids snolasud e
SPUNOM joysunc)
(@0

60| ueys aJoly e
AIp1gJowod snoLies e
L[]

°

S[eulwIId Pa1dIpU|
syueaSiwwi [e39))|
jueusaid e
sjusned
:uoisnpxg
PlO Sieh | < ®
UasU0D) e

1S e
:uoisnpuf

PaAI3234 UONEIIPAW JBYISN
67 = U :0GadD)d
S9sop awes 3yl 38 dN PU® SSdIA
‘dN Pup SSdW
sAep 7 Joj y/35/8w £0°0 UsYyd

‘sanoy g 4o} y/3/8w G0 Jo asop dN

LT=UdN

sinoy €7

404 /38w g Uy unoy |
Jano 3/38w g jo asop snjoq A|
LT = U SSdW

sinoy gy 10}

u/3/3w ' Aq pamol|oj 3ySiam
Apoq 3/8w (g Jo as0p snjog Al
991 = U :sinoy gy SSIW

sJnoy gy 40} sanoy 9 AIsAd

By/8w 57 Aq pamoy|oy 3yiom
Apoq 3/8w (g Jo asop snjog Al
L9] = u:sinoygy Wi

SINOY {7 3X3U 40} Jnoy AIsAd

uaAIg ogede|d usya ‘sunoy g 4o}

u/Bn/8w g Aq pamoj|oj 3yBlom
Apoq 35/8w Qg jo asop snjoq A|
991 = U sinoy 7 SSIW

[(tr-50)
87 @93y
..oLwUUE
(6£-00)
87 P38y
:dN PUD SSdW
(L¥90)
7€ @3y
&Z >>0|_
#-50) 1oy
e P8y .(8661)
'SSAW ueshnesyg
AN P % (0007
OO_ = Z 1JE| uc_On_
%9°'1T :Sh<
%STE h-0€
%6'Sy ‘6T ¥
a3y
%618 e
sinoy 8y SSJW
%9°'1T 15p<
%C 1€ H-0€
%YLy 6T ¥
3y
%898 :3[EW
..m.Soc mv W1
%E'8T SH<
%S'6T H-0€
%E T 6T Y|
a8y MO
%5°58 e 104
SInoy 7 SSdW ovez(8
66v = N -L661) upeag

Suipun (%) swiL

dn-mojjo4

$3JNse3|,| 3wodINQO

(uorssiwpy
uo) AlioAss

BIJDIID) uoIsnpdu|

jusuiead |

21351491081y D selg
pue s|dwesg jo sy ‘udiseq
‘(4eap) Joyiny

(ponunuod) *¢ ajqe

1258



(panunuo>)

23Jeydsip

9JED 9INDE Ik J|qe|leA.

dn-moj|o} pue Aunlul jo

s4noy $ > UOIBUIWEXD

[ea130j0anau
pajuswndoq e

uolssaudwod

S0l + STl ® p40> [euids jo
191005 §§|  9duapIAS dlydea3oipey e
(%087) (1L-2D) Aunlur jo [ons)
[1#/SI1]:Q ®  [ed130j04NsuU [EJIAISD i ®
(%6'00) Q-V Jo spein S|y © Y3y
[1$/98 D @ suonmnsul Aj9aeaspoly
91MIISU| USSUBH Iy PUB ‘SOAIBN (%1°91) SunedpnJed syy (%6+2) 1J0yod
Jeasydiiag pue suidg sy jo suspJosiq 11#/99 :g JO Suo 03 pajussaud e Apnis || 1 1#/80€ el dAndadsoud
uo uoRAds SND/SNVYV ‘4391205 (%0°5€) 93e jo saeh 9| < @ SIDSVYN Y3 WOy USWISSI SSdI 0LIF ‘TeH3 SIDSVLS
yoeasay auldg [ed1ala)) ‘uonepunoy (%6'8€) I 1¥ iR A [DS YIM saudined e 3SOP-mO| “UNOY-pT (%L'9S) | IH/EET bbb 23 uealy (T100)
aA99Yy eue pue Jaydoasuyd AN /091 :suonpdydwod e ,9pDI9 S|y :uorsnpuf 'SSAW 1y =N UOS|IAA
snijApuods Suisojuy e
dn-mojjoy 3jnauyiq @
UOISSIWPE 3.10§3q
JuajeAInba Jo ssdly e
usunes.n sAnesadp e
agesn plouals YO o (#8-00) 09
UOIIdIppE d1I0JJIEN| ® :(e8ued)
Aoueudaug e a8e ues|
Aipigiow %€ 16 PIeW
juiod awn Buiusyeauys-aj] e 33/3w g Jo uoisnjul :0qaoD)d
yoes 01 suljaseq SPUNOM JOYSUNS) e  SDUBUIUIBW INOY-ET B USYI pue ¥8-1¥) 609
wo.y paJedwod 3004 dAJ3U ‘asned 21nulw-G}, & AQ pamoy|oy :(e8uea)
9J3M UONEBIYISSE|D (%p'21) | < JO JUSWISA|OAU| ® 35/8w Qg Jo snjoq NuIW-G | a3e ues}y
ui saluey) e 9%/8:Q ® :uorsnpxg €7 = U :0gadpjd %E16 PR
AJ9A0294 = 3 {|nyasn (%S ov/LD @ JuUasUOD) e sanoy £ 40} y/34/8w ' SSdW
Jojow = ( ‘ssa[asn (%8v¢) Aanlur jo e UoIsnjul Ue usyl pue (#8-07) 909 ysiy
Jojow = ) Ajuo 9%/9| g9 ®  sInoyg> paziwopuey e asned a1nujw-G§ & Aq pamoj|o} :(98ued) Ajo1eaapoly
AJosuas = g ‘uoisa| (%972¢) 6661 poliad aInulw-G | & 49A0 JySom a8e ues| 10¥
(%001) 9¥ 919|dwod =y ® IR A -€661 ‘DS [e2IA49D) o Apoq Jo By/Bw (g Jo asOp SNjoq Al %E'|6 Bl ,2(1000)
AN /9% ‘syauow :uonDIIYISSD) [axuD.I app.3 [ayupi4 :uoisnpuf €7 = U SSdW 9% = N ojownsIey|
Suipuny (9) swiy Sa4nsea}| awodInQ (uorssiwpy BII931ID) UOIsndu| JUSWIBAI |  SD1ISIIDIDBIRYD) selg
dn-mojjo4 uo) AieAsg pue s|dwesg jo sy ‘udissQq

‘(4eap) Joyiny

(ponunuod) *¢ ajqe

126S



‘sasaypuaJed ul sanusdIad Yag/ pue Yagz Yam sadeloAe se passaadxa sanjea 93y 1866 | :mw._u_uwnr

‘leuanol ysijdug ue ul paysiignd sem QO 34e||3uUIod pue ‘leudnol yous.4 e ul paysiiqnd sem ggg | ueshiad,

"90€ = U ‘UONEZIWOPUE. I3YE SISABUE WO PAPNIX3 d4oM sausned 7 ‘paziwopues sauaned Jo Jaquinu 031 suajad 0gE (/486 1) uaxdelg,

*7 3|qeL ul dnous jusunes.y ydes jo sadeiusddad wouy padessae s sadeausdtsd uonouny ool (86/L661) UdrIG,

"asauede( ul paysiiqnd Ajjeuidiio sppnJe ue Jo uonejsue.d ysidul,

‘dno.g oqedeid ay3 ui gz | pue ‘dno.d suoxofeu ayz ul £g| ‘dno.sd suojosiupaadiAyzsw aya ul sausned 9| ul paanses|y (766 1/0661) uddRIg,

‘340dau dn-moj|o} a3 uo paseq si dn-moj|o} Jea4-| ‘s1uods. Arewrid uo paseq aJe uonew.iojul dn-mo||0) YIUuoW-9 PUE X99M-9 ‘433e| 43k | 31odau dn-mojjoj & usy pue 3ioda. Asewiud e se palioda. aJe saIpnis usye.g,
-91ejAsow peze[lan ‘|1 ‘Adnlul paod Jeulds ‘|DS AnsiSay Aunlu pioD) jeuidg uasueH 1Y “YIDSHY ‘[El2 P3[|03U0d paziwopued ‘| )Y {paaiodad Jou YN ‘euidipowiu ‘4N 93euUIdINS WNIpos auojosiupaadiAyzaw

‘SSdIN ‘nssaud [elIslIe UBSW ‘dV/|y SNOUSAB.IIUL ‘A] ‘SU0aSIng [ed180jounsN Jo ssaJ3uo) ‘SND ‘uonenossy Ainfuj [euidg uedlswy ‘y|SY ‘Suoasing [ed130]j0Jn3N JO UONEIDOSSY Uedliawy ‘SNVY :SUOREBIAIQQY

(%1'97) 991 +
11¥/SI1:Q e UoNE.ISIUIWPE SSJ|A OU UM §'Gp 98 ues)y

(%2°S6) 9%/¥¥  suonpdydwod [pudsoy-uj (%6°S1) S9SNED JB|NDSBA IO sauaned | DS payorew Asuadouy %T €6 P_W MO|
(SSdW (IDSDNSI) 114/98 D ® auago.ne ‘wseidosu by = u ;osu0) SSdW ON Ajp3eaapoly
oleuQ pue ou) /1] Aunfuy pao) Jeuds (%1521) ‘uondajul 01 anp DS © sinoy gy 91 F MIDSHY

‘eqollue)y ‘elquin|oD yshlg ‘eriaqly  pue (SSdIA) Jo uonedyisse|D $/99:q :UoISNPXg 0 7 10) paJisiulwpe pue Aunful $'Gp 98e ues|y 140yod
JO SJUSWIUISAOL) 3Y) pUE ‘BpEUERD) 17| sAep 2180j0JN3 404 (%5°SH) a8e josueaf g < e JO sunoy g uiyaim uaaid Apnis %8°18 @I aAndadsouy

UONEDYISISAI DIWIOUODT UISISIAA Jo Jaquinu Sp.JEpUEIS [BUONRBUISIU| 88/0F vV DS dnewned| Il SIDSVYN 3Y2 wo.y uswidad SSdil SSdW 5(§100)
‘epeueD) U3[edH ‘93NIIsuU| UasUBH oIy uelpa 191005 1010/ 9ppiIo SIY :uoisnpuf by = U SSdW 88 =N M3IAUBAT
Suipuny (9) sy SaJnses}| awoInQ (uorssiwpy B1I9314D) UoIsn|du| JUBWIBAJ]  SNISIISIDBIRYD seig
dn-mojjo4 uo) AlisAsg pue ajdwes jo sy ‘uisaq

‘(4eap) Joyiny
(panunuod) g s|qe

1275



(panunuo>)

s(88 = N)
selq 1DY-uoN |
uojsidaadw ssaulaJdipul  Adusasisuodul Jo s mN.mNNNAme
90" =d (€09 ‘S1'0—) ¥6T (IFUI11) %T6SH (SET6I) %60'8  IBISPO|y P3IIBIBPUN  JO XSM SNOLBG  SNOLIdS ON SNOLIdS ON  snoMds ON = N) S1OY T d
(88 = N)
seiq 1DY-uoN |
uoisaadwil SsauldaJipul Aouajsisuodul Jlel NN R,mN,mm.NNAvmv
69 =d (SE€H ‘88T) ¥£0  (b9UEI) %t6y (8ST/SI) %18'S  SIRISPOLy PBI22IBPUN  JO ISl SNOLISS  SNOLIBS ON SNOM3s ON  SNOWRS ON = N) S1DY € sisdsg
selq
uoisaadwi Ssauldaudipul Aoua3sisuodul Jlel NI R,mN,mNNNA*mv
LI =dF601 T6'1-) 1S¥  (0US) %LTT  (PIT/EL) %L0'9  9IBIBPOL PIIDIDPUM  JO YjSli SNOLIBS  SNOLIAS ON snolas oN  snouds ON = N) S1DY € 9d3eyioway |9
(88 = N)
selq 1DY-uoN |
uoisaadwil SsauldaJipul Aouajsisuodul Jlel NN R,mN,mm.NN?mv uonoayul
Ly =d99°€°0L1-) 860  (b9T/9) %LTT (8ST/11) %9y  °Ie4SPOy Po122IBPUN  JO ISl SNOLIBG  SNOLIBS ON snouss oN  snoues oN = N) S1DY € PUNOAA
+z(88 = N)
selq 1Dy uou |
uojsiaadw ssauldaJipul  AduLisisuodul JO sl R.VN.NNSmm
9T =d{TI'l ‘€1v—) 151—  (80€/S1) %L8%  (01€/8) %8S'T  9IeISPO| PIISIBPUN JO SISMI SNOLIBG  SNOLISS ON| SNOLIdS ON  SNoLIdS ON = N)) S1DY € yreaQ
% |043u0D) % SSdIN Auauneasy d13ojodeweyd ou yum pasedwod S| Jo djyoad L1ages aya st 3rYypA O
sz PEE
=N)sIDY T
19°=d{(19°€ ‘TI'T-) +£0 stpuow 7 |
syiuow 7| seiq ez 6T
0 =d (99'S ‘01°0) 88°C uoispaadwi ssauldaJIpul Aduaisisuodul Jo dsu =N) S1DY |
mcuto.\: 0 OUNLO_UO—L _uwuuwuw_u:D +0 v_m_.h m:O_(_mm snolJas OZ Nile]FIEN OZ Nile]FIEN OZ WSEOE 0 r_u:Ou ur_w_l_
sz PEE
=N)SIDY T
06 =d (20°€ ‘'99'T—) 810 sypuow 7|
syauow 7 | seiq (961
100 =4d (66'S ‘SL°0) LE€ uoisaadwil ssau3daJIpul Aouajsisuodul Jo Jfsu = N) S1DY |
wcu:oE 0 wu.m.._wvoz UwuumquCD _.0 v_m_.h m:O_.‘_mm snolJss OZ Nile]FIEN OZ Nale]FIEN OZ mE:QE 0 v_u_.._n_c_n_
mN,NNAmmm
=N)sSLDY T
€S =d(FTo8y—) LI'I— stpuow 7 |
styuow 7| selq vred ¥
1S =d 2Ly veT) 611 uoisipaudwy  sseuldadipul  Adusasisuodul JR N =N)SIDY T
sywow 9 91BJ9PO|} PoIIDIBPUM O {SLI SNOLISG SnoLIas ON| SNOIIdS O]  SNOLI3S ON syuow 9 $9.025 J1010|,
(eneA d ‘1D %S6) 9DUDPIAT JO selg uoisaidw| SsauldalIpu| Adua3sisuodu|  selg Jo dsiy azig 9|dwieg awomnp
aduaIRyIq ues| Aiend uonesiqng saI1pnig Jo "ON
ZENe)

2215 1033

Jusuwiea.ay d18ojodewieyd ou yum patedwiod S| JO SSEUANIBYS pue AdEdIYYS Y3 SI IBYAA [ O

'9|qe ] AJewwing 9dUSPIAT *p d|qeL

128S



"[el4) PaJjOJIUOD PaZIWOPUEY ‘| DY ‘wisijoqua Aleuow|nd ‘J4 (93BUPINS WNIPOS SUO|OSIUPaJdIAYIBW ‘SSJ|A ‘[BUNSSIUI0.IISES | {BAI2IUI SDUSPIUOD ‘|D) [SUONEBIASIGQY

¥0 =d (€€9‘01°0) ITE

n.tOr_Ou w>_uuwn_m0Ln_ + wl_unum_
(41}

=d T2 050) 88°€ :s1OY

s(88 = N)
1DY-UoN |
syauow
€ awn ubIpay
szvzzz(00€
=N)s1o¥ €
(syruow
z1-9)
dn-mojjo) |pul{  $9J0JS UOIO|
$4noy @ UM paJlsIuILUpD SSJW

selq
JO s
snoLIas oN

uoisaadwi
9JBJSPO| PSIRISPUM  JO ISl SNOLISS

ssauldauIpUl
snolias oN

Aduaisisuodul
snoLIas oN

600
=d60€— ‘01'TT) 6STI—

8L =d86'L ‘109—) 66°0T

YT =d(LSTI ‘61'€E-) 69F

19 =d (6¥'8 Y0'S—) €£°1

(821/T8)

(eT/se)

(11zsy)

o)

%L0'9% (£€T7/82)

(eTT/se)

%96V |

%€e€ 1T (002/19)

%Ly ¥E (85T/16)

%8'€€

%L1

%05°9C

%LTSE

;suone|ndodgns ur A1ayes 4o Aded1yd [eIIUBIBYIP SBY SSJIA IBYI SDUSPIAS dY3 SI JBYAA "EO

seiq (Iyr=N)
uoisaadwil ssauldaJipul Aouajsisuodul 4O dsu le)! suonedl|dwod
MO| \C®> p=3139319pun JO ISld snolusg SNolSs ON SNolJss ON SnolJss ON -UopN | 2Jow Jo auQ
588 =N)
seiq 1DY-UoN |
uoisaadwil ssauldaJipul Aduaisisuodul JO sl R,ma.NNAme
2JEJSPO| Po3I919pUM JO Skl SNOLIDS SNOLIdS ON| SNolIds O Snolds ON = N) S1DY T siIgnaag
52(88 = N)
selq 1DY-UoN |
uoisaadwi ssauldaJipul Aduaisisuodul Jlel NN (951
91eJ9pPO} PoIIDIBPUM O {SLI SNOLISG SnoLIas ON| SNOIIdS O]  SNOLISS ON =N) 1DY | rlUOWNAUY
(88 =N)
seiq 1DY-uoN |
uoisaadwil ssau3daIpul Aouajsisuodul Jo s R,mN,mm.NNAvmv uonoayul
9JBJSPO| PO3I2I9PUMN  JO Sk SNOLIDS SNOLI3s ON snoLds O sholds o = N) S1DY € Ageuln

(penunuod) 'y d|qe L

1295



130S

Global Spine Journal 7(3S)

Heterogeneity: Tau® = 2.35; Chi® = 1.44, df = 1 (P = 0.23); I = 31%
Test for overall effect: Z = 0.66 (P = 0.51)

Heterogeneity: Tau? = 0.00; Chi® = 0.41, df = 1 (P = 0.52); I> = 0%
Test for overall effect: Z = 0.63 (P = 0.53)

MPSS Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
6 weeks
Bracken 1990-3 9.38 10.34 148 8.5 10.28 158 100.0%  1.23 [-1.08, 3.54] —t
Subtotal (95% CI) 148 158 100.0% 1.23 [-1.08, 3.54]
Heterogeneity: Not applicable
Test for overall effect: Z = 1.04 (P = 0.30)
3 months
Evaniew 2015 13.7 156 44 141 216 44 100.0% -0.40[-8.27,7.47] .
Subtotal (95% CI) 44 44 100.0% -0.40 [-8.27, 7.47]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.10 (P = 0.92)
6 months
Bracken 1990-3 13.33 13.2 144 13.34 13.11 153 69.4% -0.01[-3.00,2.98]
Otani 1994 14.2 15 70 10.3 154 47 30.6% 3.90 [-1.73, 9.53]
Subtotal (95% CI) 214 200 100.0% 1.19[-2.34,4.72]

12 months

Bracken 1990-3 12.45 16.09 138 13.31 16.25 147 93.6% -0.86[-4.62, 2.90]
Pointillart 2000 18 274 27 237 246 23 6.4% -5.70[-20.12, 8.72]
Subtotal (95% CI) 165 170 100.0% -1.17[-4.80, 2.47]

-
==

I L I

T

,’5

“10 0 5 10
Favors Control Favors MPSS
Figure 2. Motor scores, all patients.
*Prospective cohort study with median follow-up of 127 and 117 days in the MPSS and control groups, respectively.
MPSS Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6 weeks
Bracken 1990-3 6.71 9.35 146 4.83 9.3 155 100.0% 1.88[-0.23,3.99] .
Subtotal (95% CI) 146 155 100.0% 1.88[-0.23,3.99] =
Heterogeneity: Not applicable
Test for overall effect: Z = 1.75 (P = 0.08)
6 months
Bracken 1990-3 9.96 11.56 144 6.59 11.46 152 100.0% 3.37[0.75,5.99] _._
Subtotal (95% Cl) 144 152 100.0% 3.37[0.75,5.99] e
Heterogeneity: Not applicable
Test for overall effect: Z = 2.52 (P=0.01)
12 months
Bracken 1990-3 7.78 12,33 138 7.6 12.32 146 98.1% 0.18[-2.69,3.05] -
Pointillart 2000 11.6 356 27 11.6 386 23 1.9%0.00(-20.72,20.72] * i ’
Subtotal (95% Cl) 165 169 100.0% 0.18[-2.66,3.02]
Heterogeneity: Tau? = 0.00; Chi*= 0.00, df = 1 (P = 0.99); I?=0%
Test for overall effect: Z = 0.12 (P =0.90)
10 5 0 5 10
Favors Control ~ Favors MPSS

Figure 3. Pinprick, all patients.

controlled trials, 2 observational studies also met eligibil-
ity criteria and were included in this review. With respect
to the overall impact of MPSS, there were no differences
in motor and sensory neurological recovery between
patients treated with MPSS and those receiving placebo
or no treatment. The overall strength of this conclusion
was “Moderate,” meaning that, based on assessment of
risk of bias and the strength of the overall body of

evidence, we are moderately confident that the calculated
effect estimate reflects the true estimate.

From the perspective of safety, when considering the NAS-
CIS II 24-hour MPSS regimen, there was a trend toward
reduced mortality in patients receiving MPSS as compared to
no treatment. Similarly, with respect to complications, there
were no significant differences between patients who
received the 24-hour NASCIS II regimen of MPSS and
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MPSS Control

Study

Mean SD Total Mean SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

6 weeks
Bracken 1990-3

Subtotal (95% Cl)

Heterogeneity: Not applicable
Test for overall effect: Z= 1.82 (P =0.07)

6.11 10.36 146 3.94 10.29
146

6 months

Bracken 1990-3 8.74 12.15 142 5.86 12.16

Pointillart 2000
Subtotal (95% CI)

16.2 324 27 133 332 23

164

Test for overall effect: Z=0.51(P=0.61)

154 100.0%
154 100.0%

152 100.0%

Subtotal (95% Cl) 142 152 100.0%  2.88[0.10,5.66]
Heterogeneity: Not applicable
Test for overall effect: Z = 2.03 (P = 0.04)
12 months
Bracken 1990-3 7.54 12.41 137 6.85 12.4 145 97.5% 0.69[-2.21,3.59]

168 100.0% 0.74[-2.12,3.61]
Heterogeneity: Tau? = 0.00; Chi*= 0.05, df = 1 (P = 0.81); I*=0%

2.17[-0.17,4.51]
2.17[-0.17,4.51]

y=

2.88[0.10,5.66]

-
g

T

, T t
-10 -5 0 5 10
Favors Control Favors MPSS

-

2.5% 2.90[-15.36,21.16] ¢

Figure 4. Light touch, all patients.

those who did not. There were, however, trends toward an
increased incidence of pulmonary embolism and gastroin-
testinal hemorrhage in patients treated with MPSS; the rela-
tive severity of these events and their impact on recovery
and mortality is unknown. In general, when considering the
24-hour NASCIS II MPSS regimen, we can conclude with a
moderate degree of confidence that there are no significant
differences in rates of mortality or other complication
between treated and untreated patients. Although not the
primary focus of this review, compared to patients receiving
the 24-hour NASCIS II regimen, patients treated with the
48-hour NASCIS III regimen experienced higher rates of
severe sepsis (P = .02) and pneumonia (P = .07); this may
represent a valid argument against the administration of the
48-hour regimen to SCI patients (Table 5).

We also evaluated outcomes based on time to drug
administration and specifically examined the impact of
MPSS within the first 8 hours of injury. The importance
of this time window was established based on a subgroup
analysis from the NASCIS II study: the authors reported a
significantly larger improvement in long-term motor score
recovery (an additional 4 points of improvement) in patients
receiving the 24-hour MPSS compared to those receiving
placebo. Critics of the NASCIS II study have commented
on the potential bias associated with this “post hoc” retro-
spective subanalysis. In reality, however, the authors of the
NASCIS 1I study indicate that an a priori hypothesis was
made that the effects of MPSS are influenced by how
quickly treatment is administered postinjury; that said, the
specific method for selecting the 8-hour cutoff was not fully
described in the primary manuscript text. However, in sub-
sequent articles, rationale for selecting the 8-hour cutoff is
further explained. In a commentary piece published in 2000
by Bracken, he indicates,

It is important that major analytic stratifications be part of the
original proposal and such was the case in NASCIS 2, which
proposed to the National Institutes of Health to analyze “time to
loading dose.” With respect to how data should be categorized, it is
perfectly acceptable to use statistical criteria (mean, median,
mode) to operationalize a hypothesis about early versus late initia-
tion of treatment because the variable distribution is almost always
unknown before the trial is completed. This is particularly so when,
as in the NASCIS trials, there was no a priori biologic rationale for
defining a dichotomy. The whole hour close to the median (8.5
hours) was used because a more precise representation of time was
unwarranted as we only wished to classify “early” versus “late”
treatment. It is certainly an unacceptable analytic practice to ana-
lyze multiple cut-off points while presenting only the most favor-
able one; this was not done in the NASCIS.

These points are further supported by commentary in the
original NASCIS II NIH grant proposal and in more recent
Cochrane meta-analyses.**' While it remains unfortunate that
the rationale provided above was not included in the primary
NASCIS II manuscript, this justification should serve to estab-
lish the a priori nature of the “time to effect hypothesis,” and
disabuse individuals of the notion that the 8-hour cutoff was
chosen as a matter of convenience given the presence of a
positive effect.

In summary, when considering all studies included in our
meta-analysis, patients receiving MPSS within 8 hours of
injury had significantly larger motor gains at a minimum of
6 months follow-up, with treated patients experiencing an
additional 3.2 points of motor recovery (95% CI = 0.10 to
6.3). When considering only randomized data, this margin
of benefit increased to an additional 3.8 points of motor
recovery (95% CI = 0.50 to 7.27), with a “Moderate”
degree of confidence in this estimate. Although the magni-
tude of the effect observed is ostensibly small, the clinical
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Overall Effect: P = 0.009; Heterogeneity: 142 = NaN%

MP5S Control

Outcome Author (Year)  Events Total (%) Events Total (%) Effect Estimate (%) Weight (%) RD (%) [95% 1|

Death Bracken 1990-2 7 162 (4.32) 12 171 (7.02) P . 28% -270(-7.64,2.25)
Otani 1994 1 81 (123) 3 70 (429 — 24% -3.05(-837,2.271
Matsumoto o B3 @ o 23 O —— 1% 0.00(-8.08,8.08]
Banew20ls o 4 O 0 44 (0 B 37% 0.00[-433,433]
Pooled: 8 310 (258 15 308 (487) — ~151[~4.13,112]
Overall Effect: P = 0.261; Heterogeneity: 1A2 = 0% H

Wound Infection Bracken 1990-2 11 156 (7.05) 6 167 (359 H—H 30% 346(-1.45,837]
Pointillart 2000 0 35 0 0 30 (o) —-— 21% -0.22[-6.08,563]
Matsumoto 0 23 (o) 0 23 (1] - ~ . 1% 0.00[-8.08,808]
Evaniew 2015 0 44 () 0 a4 (o) —.— 38% 0.00 [—4.33,4.33 ]
Pooled: 1 258 (4260 6 64 (227) _— 0.98[-1.70,3.66]
Overall Effect: P = 0.472; Heterogeneity: 112 = 09 H

Gl Hemorrhage Bracken 1990-2 7 156 (449) 5 167 (299) —.— 54% 149[-266, 564]
Pointillart 2000 2 35 (5710 0 30 (0) — 31% 5.33[-4.08,14.75]
Matsumoto 4 23 (1739 0 px] (o) —-—- 15% 16,67 [ 0.04,33.29]
Pooled: 13 214 (607 5 220 (227 . __.__ . 451(~1.92,1094]
Overall Effect: P = 0.168; Heterogeneity: 142 = 39.9% H

Sepsis Bracken 1990-2 9 156 (577 1 167 (659) — . 47% -0.82[-6.07, 443]
Pointillart 2000 4 35 (1143) 30 (333) —_—— 8.10[-4.25,2044]
Matsumoto 1 23 @435 0 2 (0 —_— 10% 4.17[-7.08,1541]
Evaniew 2015 1 a4 (2m 4 (227) e 34% 0.00[-6.23, 6.23]
Pooled: 15 258 (581) 13 264 (492) _— 0.74[-2.88, 435]
Overall Effect: P = 0.69; Heterogeneity: 112 = 0% i

PE Bracken 1990-2 6 156 (385 2 167 (1.2) ~—-— 81% 265[ -0.79, 6.09]
Pointillart 2000 1 35 (3143) 9 30 (30) 2% 1.43[-2105,2391]
Evaniew 2015 2 44 (455) 0 a4 (o) E - . 18% 444[ -292,11.80]
Pooled: 19 235 (8.09) n 24 (4.56) * 2941 -0.15, 6.03]
Overall Effect: P = 0.062; Heterogeneity: 12 = 0% i

Urinary Infection Bracken 1990-2 71 156 (45.51) 77 167 (46.11) —_— 39% -059[-11.47,10.28]
Pointillart 2000 & 35 (2286) 4 30 (1333) —_—— 13% 9.52[ -8.96,28.00]
Matsumoto 1 23 (435) 1 23 (435) —_— 33% 0.00[-11.79,11.791]
Evaniew 2015 11 44 (25) 9 44 (2045) —_— 5% 455[-1294,2203]
Pooled: 91 258 (352719 1 264 (3447 —---— 1.73[ -5.04, 849]
Overall Effect: P = 0.617; Heterogeneity: 112 = 0% H

Pneumonia Bracken 1990-2 44 156 (28.21) 41 167 (24.55) S 67% 3.65(-5.96,13.27]
Evaniew201s 7 44 (1591) 4 44 (909) ——— 3% 682693, 2056
Pooled: 51 200 (255) 45 211 (21.33) ______ 469[-3.19,12.57]
Overall Effect: P = 0.243; Heterogenelty: 112 = 0% i

Decubitis Bracken 1990-2 29 156 (1859) 32 167 (19.16) —-— 43% -0.57( -9.11, 7.97]
Matsumato 0 23 () 1 23 (435) @ —— = 30% -4.17[-15.41, 7.08]
Evaniew 2015 6 4 (1368) 2 44 (a55) —-—-— 27% 9.09[ -2.77,2095]
Pooled: 35 223 (157) 35 234 (149) —— 099 -6.01, 7.981
Overall Effect: P = 0.782; Heterogeneity: 1A2 = 26.6% i

One or More Complications ~ Wilson 2012 78 233 (3348) 82 178 (4607) —a—— 100% -1259[-22.10,-3.09]
Pooled: 78 233 (3348) 82 178 (46.07) i

=1259[=22.10,=3.09]

—-20.00 0.00 1000 2000
Favors MPSS  Favors Control

Figure 5. Complications.

significance of such an improvement is unknown and likely
varies from patient to patient depending on the specifics of
the injury, including its severity and neurological level. Of
relevance, in a recent survey study, SCI patients were pre-
sented with an objective summary of the potential risks and
benefits of MPSS based on the trials discussed above.*?

Overall, 41 of 69 respondents (59.4%) felt very strongly
that the motor and sensory benefits observed with the NAS-
CIS II MPSS dose administered within 8 hours of injury
would be clinically important. Future work is needed to
improve the interpretability of neurological measures in the
context of SCI and to define what constitutes a clinically
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MPSS Control Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
6 weeks i
Bracken 1990-3<8hr 10.64 10.24 66 7.17 10.29 70 44.8% 3.47[0.02,6.92] "‘I'_._
Bracken 1990-3>8hr 8.37 10.41 82 8.92 10.27 88 55.2% -0.55[-3.66,2.56] 1
Subtotal (95% Cl) 148 158 100.0% 1.25[-1.06, 3.56] ‘i
Heterogeneity: Chi* = 2.87,df=1 (P =0.09); 1?=65% |
Test for overall effect: Z= 1.06 (P =0.29) !
6 months
Bracken 1990-3<8hr 15.99 13.06 65 11.21 13.03 68 45.5% 4.78[0.34,9.22] S —
Bracken 1990-3>8hr 11.14 13.31 79 15.04 13.17 85 54.5% -3.90[-7.96,0.16) ——
Subtotal (95% Cl) 144 153 100.0%  0.05[-2.94,3.05] e
Heterogeneity: Chi* = 8.01, df = 1 (P = 0.005); I* =88%
Test for overall effect: Z= 0.03 (P=0.97)
12 months E
Bracken 1990-3<8hr 17.2 13.42 62 12 1341 65 59.3% 5.20[0.53,9.87] {_._
Bracken 1990-3>8hr 8.57 17.97 76 14.35 18.18 82 40.7% -5.78[-11.42,-0.14) ¢—@——i
Subtotal (95% Cl) 138 147 100.0% 0.74[-2.86,4.33] *
Heterogeneity: Chi* = 8.64, df =1 (P = 0.003); I’=88% E
Test for overall effect: Z= 0.40 (P=0.69)
0 5 0 5 10
Favors Control  Favors MPSS
Figure 6. Timing of MPSS administration and motor scores.
MPSS Control Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total Weight |V, Fixed, 95%Cl 1V, Fixed, 95% CI
6 weeks i
Bracken1990-3<8hr 7.8 9.42 66 4.78 937 70 43.1% 3.02[-0.14,6.18] i
Bracken 1990-3>8hr 5.67 9.18 82 47 9.08 88 56.9% 0.97[-1.78,3.72] —1il—
Subtotal (95% CI) 148 158 100.0% 1.85[-0.22,3.93] *
Heterogeneity: Chi* =0.92, df=1 (P =0.34); 1?’=0% !
Test for overall effect: Z = 1.75 (P =0.08) !
6 months i
Bracken 1990-3<8hr 11.39 11.56 65 6.57 11.46 68 44.8% 4.82[0.91,8.73] —
Bracken 1990-3>8hr 8.77 11.56 79 6.6 11.46 85 55.2% 2.17[-1.36,5.70] __.'?_
Subtotal (95% CI) 144 153 100.0% 3.36[0.74,5.98] -
Heterogeneity: Chi? =0.97, df =1 (P = 0.32); 1= 0% |
Test for overall effect: Z = 2.51 (P=0.01) i
12 months
Bracken 1990-3<8hr 10.77 11.88 62 8.36 11.85 65 47.9% 2.41[-1.72,6.54] —
Bracken 1990-3>8hr 5.34 1268 76 6.99 12.68 82 52.1% -1.65[-5.61,2.31] —
Subtotal (95% CI) 138 147 100.0% 0.29[-2.56,3.15] ’
Heterogeneity: Chi = 1.94, df= 1 (P = 0.16); 1*= 48% |
Test for overall effect: Z=0.20(P=0.84) '
‘10 5 0 s 10
Favors Control ~ Favors MPSS

Figure 7. Timing of MPSS administration and pinprick.

important change. It is, nonetheless, important to acknowl-
edge that the statistically significant improvement in motor
function demonstrated by the most rigorously performed
clinical studies represents fewer than 5 motor points.
Appreciating the small magnitude of this improvement is
important for establishing realistic expectations about the
neuroprotective efficacy of MPSS in acute SCI.

In addition to including individual studies, we also con-
sidered previous systematic reviews in order to gauge how

other groups assessed the evidence on this topic. Across
the 7 systematic reviews that met our inclusion criteria,
conclusions and methodology varied substantially. With
respect to methodological quality, as evaluated by the
AMSTAR score, 3 reviews were rated as low quality,
3 were rated as medium quality, and 1 was rated as high
quality. Of note, the single review deemed to be high
quality (Cochrane meta-analysis authored by Bracken
et al) supported a positive impact of the 24-hour NASCIS



134S

Global Spine Journal 7(3S)

MPSS Control Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% CI
6 weeks )
Bracken 1990-3<8hr 6.31 10.4 66 2.52 1046 70 42.7% 3.79[0.28,7.30] : =
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Figure 8. Timing of MPSS administration and light touch.
MPSS Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
RCT
Bracken 1990-3 15.99 13.06 65 11.21 13.03 68 49.2% 4.78 [0.34, 9.22] —
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Test for overall effect: Z = 2.25 (P = 0.02)
Prospective cohort
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Figure 9. Motor score in patients treated within 8 hours at final follow-up of 6-12 months.

*Evaniew had a median follow-up of 122 days

IT MPSS regimen started within 8 hours of injury on long-
term motor recovery, with overall results very similar to
those observed in this review.

Recently a systematic review and meta-analysis by Eva-
niew et al, published after our inclusion dates, sought to
determine the impact of MPSS on motor recovery and risk
of adverse events.>® This systematic review concluded, in
part, that the pooled evidence does not demonstrate a sig-
nificant long-term benefit for MPSS in patients with acute
SCI. Furthermore, the authors conclude that their findings
support current guidelines against routine use; however,
they also note that strong recommendations are not war-
ranted due to limited confidence in the effect estimate. Our
systematic review differs from theirs in 2 important areas.

First, we pooled studies into a final follow-up group with 6-
or 12-month follow-up, which included 3 studies: Otani et al
(6-month follow-up), Pointillart et al (12-month follow-up),
and Bracken et al (12-month follow-up). This seems reason-
able given the profile of recovery for SCI patients, with the
bulk of improvement occurring in the first 6 to 9 months
postinjury.** On the other hand, Evaniew et al defined
6-month follow-up as short-term and therefore did not
include Otani et al in the long-term meta-analysis. As a
result, they report a nonsignificant result in long-term motor
improvement. Second, given that severity of injury has the
largest prognostic effect on SCI recovery and may influence
the decision on whether to administer MPSS, we only
included observational studies that controlled for this
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Table 5. Complications From the NASCIS Il Trial Comparing 24-Hour Versus 48-Hour Infusion.

6-Week Complications

Combined 6- and 12-Month Complications

24-Hour Infusion

48-Hour Infusion 24-Hour Infusion 48-Hour Infusion

Urinary tract infection Mild-moderate 344
Severe 0
Decubiti Mild-moderate 12.3
Severe 0.6
Other infection Mild-moderate 39
Severe 0
Phlebitis Mild-moderate 2.6
Severe 0
Incision, pin, halo infection Mild-moderate 1.9
Severe 0.6
Sepsis Mild-moderate 39
Severe 0.6
Adult RDS Mild-moderate 1.9
Severe 1.3
Atelectasis Mild-moderate 5.2
Severe 0
Other respiratory failure Mild-moderate 7.8
Severe 1.9
Pneumonia Mild-moderate 12.3
Severe 2.6
Gl hemorrhage Mild-moderate 0
Severe 0
Thrombophlebitis Mild-moderate 2.6
Severe 0.6
Pulmonary embolus Mild-moderate 0
Severe 1.3
Bradycardia Mild-moderate 2.6
Severe 1.3
Tachycardia Mild-moderate 0.6
Severe 0
Other arrhythmia Mild-moderate 0.6
Severe 0
Paralytic ileus Mild-moderate 1.3
Severe 0
Other complications Mild-moderate 1.7
Severe 4.5

383 53.1 49
0 0.8 33
13.6 13.8 134
0.6 34 6
7.8 4.1 4
0 0.7 0.7
1.3 0.7 0
0 0 0
2.6 1.4 0.7
1.9 0 0
4.5 0 1.3
2.6 0 1.3
1.9 0 0
1.9 0.7 0
7.1 1.4 0.7
0 0.7 0
9.1 1.4 0
32 0 0.7
I 2.8 34
5.8 1.4 1.4
1.3 0 0
0.6 0 0
4.5 2.1 2.7
0 1.4 0.7
0.6
0.6
0.6
0
2.6
0
1.9
0
32
0.6
18.2
5.8

Abbreviations: Gl, gastrointestinal; RDS, respiratory distress syndrome.

potential confounder. Evaniew et al included observational
studies that did not control for severity. Given that patients
with a more severe injury may be more likely to receive
MPSS, the effect of MPSS on prognosis would be under-
estimated in these studies.

Study Limitations

Several limitations of this review must be recognized.
First, many of the included studies had methodological
shortcomings and risk of bias that resulted in the down-
grading of the overall strength of evidence. As a result,
the overall strength of evidence was found to be moderate
for all 3 key questions. Second, although other studies
have evaluated other types of corticosteroids apart from
MPSS, as well as other dosing regimens of MPSS, these
were not included in this review; this decision was based

primarily on a desire to focus on studies comparing MPSS
to no treatment or placebo in order to obtain a better
estimate of the independent effects of this medication.
Last, when evaluating the impact of MPSS on certain sub-
populations of patients, we chose to examine those receiv-
ing treatment within 8 hours of injury. Although this may
be somewhat arbitrary from a biological perspective, it
was chosen given the widespread adoption of this time
window by clinicians throughout the world following the
findings of the NASCIS II subanalysis. As a result, we felt
it necessary to critically evaluate the existing evidence
with respect to this time threshold.

Conclusions

When considering all time points of drug administration, there
is moderate evidence that the 24-hour NASCIS II MPSS



136S

Global Spine Journal 7(3S)

regimen has no impact on indices of long-term neurological
recovery. However, there is moderate evidence of a small
improvement in motor recovery when the same regimen is
administered within 8 hours of injury. Although there is mod-
erate evidence confirming the safety of the 24-hour regimen,
there may be a higher incidence of infectious complications
when the duration of infusion increases to 48 hours.
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