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Abstract

In prior analyses of the effectiveness of methylprednisolone for the treatment of patients with acute traumatic spinal cord

injuries (TSCIs), the prognostic importance of patients’ neurological levels of injury and their baseline severity of

impairment has not been considered. Our objective was to determine whether methylprednisolone improved motor

recovery among participants in the Rick Hansen Spinal Cord Injury Registry (RHSCIR).

We identified RHSCIR participants who received methylprednisolone according to the Second National Spinal Cord

Injury Study (NASCIS-II) protocol and used propensity score matching to account for age, sex, time of neurological exam,

varying neurological level of injury, and baseline severity of neurological impairment. We compared changes in total,

upper extremity, and lower extremity motor scores using the Wilcoxon signed-rank test and performed sensitivity analyses

using negative binomial regression.

Forty-six patients received methylprednisolone and 1555 received no steroid treatment. There were no significant dif-

ferences between matched participants for each of total (13.7 vs. 14.1, respectively; p = 0.43), upper extremity (7.3 vs. 6.4;

p = 0.38), and lower extremity (6.5 vs. 7.7; p = 0.40) motor recovery. This result was confirmed using a multivariate model

and, as predicted, only cervical (C1–T1) rather than thoracolumbar (T2–L3) injury levels ( p < 0.01) and reduced baseline

injury severity (American Spinal Injury Association [ASIA] Impairment Scale grades; p < 0.01) were associated with

greater motor score recovery. There was no in-hospital mortality in either group; however, the NASCIS-II methylpred-

nisolone group had a significantly higher rate of total complications (61% vs. 36%; p = 0.02)

NASCIS-II methylprednisolone did not improve motor score recovery in RHSCIR patients with acute TSCIs in either the

cervical or thoracic spine when the influence of anatomical level and severity of injury were included in the analysis.

There was a significantly higher rate of total complications in the NASCIS-II methylprednisolone group. These findings

support guideline recommendations against routine administration of methylprednisolone in acute TSCI.
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Introduction

Traumatic spinal cord injuries (TSCIs) affect up to 500,000

people worldwide each year, and their high morbidity is

associated with substantial individual and societal burden and

socioeconomic impact.1,2 Patients with TSCIs often experience

devastating neurological impairments, and they frequently require

complex long-term multidisciplinary care.3,4 Total health care costs

related to TSCIs exceed $10 billion annually in the United States

alone, and lifetime per person direct and indirect costs can exceed $3

million.5,6 TSCIs most commonly affect young males and result from

road traffic accidents, but recent reports also highlight their in-

creasing incidence in older adults as a result of low-energy falls.2,7–9

The identification of novel interventions to reduce the morbidity

of TSCIs is an urgent ongoing research priority.3,10 Methyl-

prednisolone is a corticosteroid that was proposed to inhibit the

inflammatory cascades contributing to secondary spinal cord

damage after TSCIs, but its clinical utility remains controver-

sial.11,12 Considerable debate has centered on the validity of results

from the landmark Second National Spinal Cord Injury Study

(NASCIS-II), which was published in 1990.11,13,14 In NASCIS-II,

487 patients with acute TSCIs were randomized to an initial bolus

of 30 mg/kg of methylprednisolone followed by an infusion of

5.4 mg/kg per h for 23 h versus either naloxone or placebo.

The primary analysis among the 487 patients enrolled within

12 h in NASCIS-II failed to demonstrate a significant neurological

benefit in the 162 patients randomized to methylprednisolone.

However, a secondary analysis of 65 of these patients who received

methylprednisolone within 8 h of injury suggested that this sub-

group experienced improved neurological recovery at 6

months.13,15 Critics of NASCIS-II highlight the limited credibility

of subgroup testing, the potential importance of losses to follow-up,

the small magnitude of observed treatment effects, and the arbitrary

nature of an 8-h threshold.14,16–19 Advocates discuss a lack of

otherwise high-quality evidence and cite indirect support elsewhere

in the literature.15,20

The use of methylprednisolone has decreased dramatically in

many centers, but some clinicians still report a belief in its efficacy

or concerns about medical-legal pressure.21–25 Potential harms

include increased risks for respiratory, urinary tract, and wound

infections, hyperglycemia, gastrointestinal hemorrhage, steroid-

induced myopathy, and all-cause mortality.17,26,27 Early critical

reviews of the NASCIS studies recommended that methylpred-

nisolone administration not be considered a ‘‘standard of care’’

for acute TSCI, but rather, a treatment option. More recently, the

2013 ‘‘Guidelines for the Management of Acute Cervical Spine

and Spinal Cord Injuries’’ recommended against the routine ad-

ministration of methylprednisolone for the treatment of acute

TSCIs.28–30

Recent evidence from the Rick Hansen Spinal Cord Injury

Registry (RHSCIR) suggests that the prognostic importance of

patients’ neurological level of injury in combination with the

baseline severity of their neurological impairments may have been

previously overlooked.3 Controlling for the joint distribution of

these two variables in TSCI research might increase the likelihood

of detecting true treatment effects while simultaneously avoiding

spurious or misleading results.31 In this study, our primary objec-

tive was to determine whether the NASCIS-II regimen of methyl-

prednisolone started within 8 h of injury improved motor recovery

in comparison with no steroid treatment among RHSCIR patients

with acute TSCIs. Our secondary objectives were to consider the

effect of patients’ neurological level of injury and the baseline

severity of their neurological impairments on motor recovery, and

to compare rates of complications between groups.

Methods

Study design

We performed a propensity score-matched cohort study using
patient data that were prospectively collected in RHSCIR. RHSCIR
is an ongoing multi-center observational study of patients with
acute TSCIs who are admitted to major trauma centers and ac-
companying rehabilitation centers in Canada.32 There are currently
31 participating study sites in the RHSCIR network, which are
located across 16 cities from 9 out of 10 Canadian provinces. This
article’s primary objective was specified a priori during the de-
velopment of RHSCIR, along with several other research objec-
tives.32 Each participating site obtained local Research Ethics
Board or Institutional Review Board approval prior to enrolling
patients and collecting data.

Participants

Patients were eligible for this study if they were 18 years of age
or older and they presented to a participating site following an acute
TSCI. Patients with non-traumatic etiologies of SCI such as in-
fection, neoplasm, iatrogenic, or acute vascular causes were ineli-
gible, but no exclusions were made on the basis of age, sex, medical
co-morbidities, associated injuries, or planned treatment. Accord-
ing to the RHSCIR protocol, approximately 265 data elements were
collected during participants’ pre-hospital, acute, and rehabilitation
phases of care. Further descriptions of the RHSCIR data elements,
procedures, governance structure, and patient privacy and confi-
dentiality framework are available elsewhere.3,32,33

We used the RHSCIR database to identify all patients from May
2004 to March 2014 who received either the NASCIS-II regimen of
methylprednisolone started within 8 h of their acute injury or no
steroid treatment. Patients who received regimens of methylpred-
nisolone other than NASCIS-II, patients who received steroids
other than methylprednisolone, and patients whose steroid status
was indeterminate were excluded. Patients who received the
NASCIS-II regimen followed by an additional 24 h of methyl-
prednisolone were included.15

The indications for NASCIS-II methylprednisolone were not
standardized across the participating sites, and patients could have
received NASCIS-II methylprednisolone at RHSCIR acute care
sites or at non-participating community hospitals prior to being
transferred to an RHSCIR acute care site.

Data sources

Motor function scores were measured by trained physicians,
nurse practitioners, or physiotherapists according to the Interna-
tional Standards for Neurological Classification of Spinal Cord
Injury (ISNCSCI).34 ISNCSCI total motor scores (TMS) can range
from 0 (absent motor function) to 100 (intact motor function) and
comprise component upper extremity motor scores (UEMS; range
0–50), and lower extremity motor scores (LEMS; range 0–50). We
considered patients’ baseline motor scores to be those obtained on
their admission to acute care and we considered patients’ final
motor scores to be those obtained at the time of their discharge to
the community from acute care or inpatient rehabilitation.31 Each
ISNCSCI record was processed through a customized electronic
algorithm that maintained consistency and high quality.32

We also retrieved the following variables from the RHSCIR
database for each patient: age, sex, Body Mass Index, Glasgow
Coma Scale and Injury Severity Score at admission, injury mech-
anism, Charlson Comorbidity Index,35 whether or not patients
underwent surgery, and RHSCIR study site. These data elements
were collected by trained research personnel and entered into
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standardized local RHSCIR databases before being exported to the
RHSCIR national office for centralized quality checks.32 Missing
or ambiguous data were reconciled with local research coordina-
tors, hospital health records, and medical chart abstraction when-
ever possible.

We collected rates of in-hospital mortality, urinary tract infec-
tions (UTIs), pneumonias, decubitus ulcers, deep vein thrombosis
or pulmonary embolism, surgical site infections, and sepsis using
International Classification of Diseases, 10th Revision (ICD-10)
codes from the Canadian Institute for Health Information’s Dis-
charge Abstract Database.36

Statistical analysis

We used 1:1 propensity score matching based on logistic re-
gression to match patients who received NASCIS-II methylpred-
nisolone with controls who received no steroid treatment. To
control for potential confounding, we matched according to varying
neurological level of injury (cervical: C1–T1, or thoracic: T2–L3)
and baseline severity of neurological impairments (ISNCSCI ASIA
Impairment Scale A, B, C, or D), as well as age, sex, and time from
injury to first neurological examination (<72 h, 72 h to one week,
greater than one week, or unknown).3,37–39

Jitter plots and propensity histograms were used to verify the
distribution of propensity scores in each group. Sensitivity analysis
were performed to control for any residual imbalance by (i) com-
paring the matched groups while adjusting for the matched vari-
ables using negative binomial regression; and (ii) comparing the
NASCIS-II methylprednisolone group against the full cohort of
unmatched potential controls while adjusting for the same variables
and RHSCIR site using negative binomial regression.40 Goodness

of fit was confirmed using the Akaike information criterion and the
Bayesian information criterion.

Discrete variables are reported as counts or proportions, nor-
mally distributed continuous variables as means with standard
deviations (SD), and skewed continuous variables as medians with
interquartile ranges (IQR). We used parametric tests for data with
normal distributions and non-parametric tests for data without
normal distributions.3,31 We compared unmatched groups with the
independent samples t test using Levene’s test to assess the equality
of variance or the Mann-Whitney U test, and matched groups with
the paired t test or the Wilcoxon signed-rank test. We used Pear-
son’s v2 or Fisher’s exact test for categorical data depending upon
the number of the sample in each cell. Direct correlations were
evaluated using Pearson’s correlation coefficient.

Participants with missing data were excluded from each analysis
and imputations were not performed.18,41 Extreme outliers were
removed from each group when comparing lengths of stay. All tests
of significance were two-tailed and p values of less than 0.05 were
considered significant. All analyses were performed using R 3.1
(CRAN: the Comprehensive R Archive Network at http://cran.r-
project.org/), Excel 2011 (Microsoft Corp., Redmond, WA), and
IBM SPSS Version 22, 2012 (SPSS Inc., Chicago IL).

Results

Participants

There were 2009 patients with acute TSCIs who consented to

RHSCIR enrollment and were discharged to the community from

acute care or inpatient rehabilitation (Fig. 1). Of these, we excluded

318 because their steroid administration status was indeterminate,

FIG. 1. Flow of participants in the RHSCIR and selection of patients for propensity score matching. MPS, methylprednisolone;
RHSCIR, Rick Hansen Spinal Cord Injury Registry.
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72 because they received dexamethasone, 5 because they received

non-NASCIS-II methylprednisolone, and 14 because they received

steroid regimens that were not further specified. In total, 46 con-

secutive patients were included who received the NASCIS-II reg-

imen of methylprednisolone within 8 h of their acute injury, 5 of

whom received the NASCIS-II regimen followed by an additional

24 h of methylprednisolone. There were 1555 included patients

who received no steroid treatment.

Of the 46 patients who received NASCIS-II methylprednisolone,

20 were enrolled between 2004 and 2006, 25 between 2007 and

2010, and one was enrolled between 2011 and March 2014.

NASCIS-II methylprednisolone was initiated at least once at 7 of

the 18 acute care RHSCIR sites, but 25 of the 46 patients who

received NASCIS-II methylprednisolone did so at a non-RHSCIR

community hospital prior to being transferred to a RHSCIR site.

These patients received their NASCIS-II methylprednisolone prior

to their baseline neurological examinations, which were performed

upon arrival at the RHSCIR site.

Baseline characteristics

There were no significant baseline differences between the group

of patients who received NASCIS-II methylprednisolone (n = 46)

and the cohort of potential controls who received no steroid treatment

(n = 1555) except that those who received NASCIS II methylpred-

nisolone had a significantly longer time from injury to first ISNCSCI

examination (median 72 vs. 56 h, p = 0.01; see Table 1).

Propensity score matching

Two of the 46 patients who received NASCIS-II methylpred-

nisolone were excluded from the matched analysis because they

had incomplete motor score outcome data. The remaining 44 were

matched in a 1:1 ratio with controls who received no steroid

treatment. The propensity score distributions within each group

were similar (Fig. 2), and there were no significant differences in

the proportions of patients with each combination of neurological

level (cervical/thoracic) and ASIA Impairment Scale (A, B, C, or

D), or any of the other baseline characteristics (Table 2). The me-

dian interval from injury to baseline neurological exam was 44 h

(IQR 152) in the matched NASCIS-II methylprednisolone group

and 31 h (IQR 170) in the matched no steroids group ( p = 0.47),

whereas the median interval from injury to final neurological exam

was 127 days (IQR 142) in the matched NASCIS-II methylpred-

nisolone group and 117 days (IQR 138) in the matched no steroids

group ( p = 0.78). Surgery was performed in 91% of the matched

NASCIS-II methylprednisolone group and 82% of the matched no

steroids group ( p = 0.29).

Motor score recovery

There were no significant differences in motor recovery between

the matched NASCIS-II methylprednisolone group and the mat-

ched no steroids group for each of TMS ( p = 0.43), UEMS

( p = 0.38), and LEMS ( p = 0.40; see Fig. 3). Patients in the matched

NASCIS-II methylprednisolone group experienced a mean TMS

recovery of 13.7 points (SD 15.6), compared with 14.1 points (SD

21.6) for patients in the matched no steroids group. The mean

UEMS recovery was 7.3 points (SD 8.4) in the matched NASCIS-II

methylprednisolone group and 6.4 points (SD 12) in the matched no

steroids group, and the mean LEMS recovery was 6.5 points (SD

10.7) in the matched NASCIS-II methylprednisolone group and 7.7

points (SD 12.5) in the matched no steroids group.

There was also no significant difference in motor recovery when

we performed sensitivity analyses to compare the matched groups

while adjusting for the matched variables using negative binomial

regression (Table 3), or when we compared the NASCIS-II meth-

ylprednisolone group against the full cohort of unmatched potential

controls (n = 1555) while adjusting for the same variables and

RHSCIR site (Table 4). When analyzing cervical and thoracic in-

juries separately, the methylprednisolone group and the matched

groups had near identical mean motor score recovery. Using the

Mann-Whitney U test to compare cervical patients treated with

methylprednisolone versus matched patients and thoracic patients

Table 1. Characteristics of Patients Who Received

NASCIS-II Methylprednisolone or No Steroid Treatment

Characteristic
NASCIS-II

MPS (n = 46)
No steroids
(n = 1555) P value

Age: mean (SD) 45.9 (16.6) 45.0 (18.6) 0.82
Male sex: n (%) 38 (82.6) 1211 (77.9) 0.45
Injury to first neurological

exam, hours: median (IQR)
72 (154) 56 (172) 0.01a

Injury to final neurological
exam, days: median (IQR)

142 (96) 124 (100) 0.17b

ASIA Impairment Scale: n
A 21 536 0.82
B 6 152
C 8 264
D 11 384

Neurological level: n
Cervical 32 796 0.39
Thoracic 14 458

Neurological level and
ASIA Impairment Scale: n
Cervical 0.97b

A 12 260
B 4 87
C 6 173
D 10 253

Thoracic
A 9 243
B 2 56
C 2 72
D 1 76

High-energy: n (%)
High 21 (45.7) 791 (50.9) 0.16
Low 25 (54.3) 685 (44.1)
Unknown 0 79 (5.1)

Treated with surgery: n (%)
Yes 42 (91.3) 1247 (80.2) 0.13
No 4 (8.7) 230 (14.8)
Unknown 0 78 (5)

Injury to time of surgery,
h: median (IQR)

31.5 (39.75) 29 (41) 0.95c

Glasgow Coma Scale:
mean (SD)

14.3 (2.7) 14.1 (5.9) 0.08

Body Mass Index: mean (SD) 26.7 (5.6) 26.1 (5.7) 0.47
Injury Severity Score:

mean (SD)
25.2 (12.1) 27.2 (12) 0.31

Charlson Comorbidity
Index: mean (SD)

0.19 (0.46) 0.2 (0.63) 0.71

aP value reported using categorical value.
bMann Whitney U test was used.
cPatients treated without surgery were excluded.
ASIA, American Spinal Injury Association; IQR, interquartile range;

MPS, methylprednisolone; NASCIS-II, Second National Spinal Cord
Injury Study SD, standard deviation.
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treated with methylprednisolone versus matched patients revealed no

significant differences ( p = 0.65 for cervical, p = 0.69 for thoracic).

In the analysis of the full cohort of unmatched potential controls,

cervical rather than thoracic injury levels ( p < 0.01) and reduced

baseline injury severity (ASIA Impairment Scale A, B, C, or D;

p < 0.01) were each significantly associated with greater TMS re-

covery.

Complications and length of stay

The most common complications in either matched group were

urinary tract infections, decubitus ulcers, and pneumonias. None of

the patients in either group experienced in-hospital mortality and

there were no surgical site infections. The NASCIS-II methylpred-

nisolone group had a significantly higher rate of total complications

(61% vs. 36%; p = 0.02), but there were not significant differences in

the rates of specific complications between groups (Table 5).

Patients in the NASCIS-II methylprednisolone group experi-

enced a significantly shorter mean length of stay in acute care (34.4

days vs. 48.4 days; p = 0.02), but there were no significant differ-

ences in the lengths of stay at inpatient rehabilitation (106.7 vs.

117.9 days; p = 0.45) or the total lengths of stay, which is a com-

bination of the acute care and inpatient rehabilitation lengths (mean

143.6 days vs. 152.9 days; p = 0.28).

Discussion

Using data prospectively collected in the RHSCIR, we per-

formed a propensity-matched cohort study and found that the

NASCIS-II regimen of methylprednisolone started within 8 h of

injury did not improve motor recovery in comparison with no

steroid treatment in patients with acute cervical and thoracic TSCIs.

In a sensitivity analysis, cervical rather than thoracic injury level

and reduced baseline injury severity were each associated with

greater recovery. The NASCIS-II methylprednisolone group did

not demonstrate a difference in motor recovery in cervical or tho-

racic patients when analyzed separately, but the methylpredniso-

lone patients had a higher rate of total complications. There were no

differences between groups for the rates of individual complica-

tions or for total length of stay.

Strengths and limitations

RHSCIR is part of the Translational Research Program of the

Rick Hansen Institute, and it was created with the explicit purpose

of facilitating clinical research to improve patient outcomes. Each

data element was developed according to a priori research objec-

tives and was standardized to optimize quality and accuracy32;

ISNCSCI motor scores for this study were collected by trained

clinical research staff and were verified using a customized elec-

tronic algorithm.42 Administration of the NASCIS-II bolus and

infusion of methylprednisolone were confirmed to begin within 8 h

of patients’ injuries, as per this protocol.

The timing of ISNCSCI examinations was not standardized, and

differences in timing could have introduced bias in the results.

Early baseline examinations risk confounding due to spinal shock,

and delayed baseline examinations risk missing early recovery. For

FIG. 2. Propensity histograms show the distributions of propensity scores among unmatched and matched patients who received
NASCIS-II methylprednisolone or no steroids. MPS, methylprednisolone; NASCIS-II, Second National Spinal Cord Injury Study.
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example, the median time from injury to baseline examination was

longer in the methylprednisolone group, and those patients who

received methylprednisolone prior to their baseline examinations

could have experienced some neurological recovery that was not

captured. Nonetheless, Marino and colleagues showed that delays

in baseline examinations are of minimal importance as long as they

are conducted within 7 days.43 Neurological improvement may

continue up to or beyond one year,44 but Pollard and Apple reported

that more than 70% of neurological recovery occurs before dis-

charge from rehabilitation.45

We identified only 46 patients who received the NASCIS-II

regimen of methylprednisolone within 8 h of their injuries since

2005. This sample size is small and may limit confidence in our

results, particularly the rates of complications. However, it is un-

likely to reflect selection bias because RHSCIR includes all of the

specialized acute care spine centers in Canada and methylpred-

nisolone use is known to have sharply declined.21,23 For compari-

son, it is worthwhile to note that the analyses of the NASCIS II

motor score improvements reported in a 2012 Cochrane Review

rely on only 65 patients who received the NASCIS II protocol

within 8 h.15 Our finding that the frequency of NASCIS-II meth-

ylprednisolone administration has decreased over time suggests

that the NASCIS-II protocol has fallen into widespread disfavor

in Canada.

Table 2. Propensity Score Matching of Patients

Who Received NASCIS-II Methylprednisolone

with Controls Who Received No Steroid Treatment

Characteristic
NASCIS-II

MPS (n = 44)
No steroids

(n = 44) P value

Matched variables
Age: mean (SD) 45.4 (16.2) 45.5 (16.6) 0.97
Male sex: n (%) 36 (81.8) 41 (93.2) 0.2
Injury to first neurological
exam, hours: median (IQR)

44 (152)a 31 (170) 0.47

ASIA Impairment Scale: n
A 21 19 0.90
B 6 5
C 7 7
D 10 13

Neurological level: n
Cervical 31 33 0.63
Thoracic 13 11

Neurological level and
ASIA Impairment Scale: n
Cervical 0.99b

A 12 11
B 4 4
C 6 6
D 9 12

Thoracic
A 9 8
B 2 1
C 1 1
D 1 1

Unmatched variables
High-energy: n (%)

High 19 (43.2) 20 (45.5) 0.51b

Low 25 (56.8) 22 (50)
Unknown 0 2 (4.5)

Treated with surgery: n (%)
Yes 40 (90.9) 36 (81.8) 0.29b

No 4 (9.1) 6 (13.6)
Unknown 0 2 (4.5)

Injury to time of surgery,
h: median (IQR)

33 (41) 33 (26.25) 0.96c

Glasgow Coma Scale:
mean (SD)

14.4 (1.7) 14.3 (2.7) 0.84

Body Mass Index: mean (SD) 26.9 (7.2) 26.7 (5.7) 0.86
Injury Severity Score:

mean (SD)
25.2 (12.1) 25.5 (10.2) 0.83

Charlson Comorbidity Index:
mean (SD)

0.19 (0.46) 0.3 (0.79) 0.93

Injury to final neurological
exam, days: median (IQR)

127 (142) 117 (138) 0.78

aThree observations were excluded as outliers (time > 512 h) for this
variable only.

bP values reported are based on Fisher’s exact test by applying Monte
Carlo estimation.

cPatients treated without surgery were excluded.
ASIA, American Spinal Injury Association; IQR, interquartile range;

MPS, methylprednisolone; SD, standard deviation.

FIG. 3. Early motor recovery for patients who received
NASCIS-II methylprednisolone(MPS; n = 44) compared with
matched controls who received no steroids (n = 44). P values are
from Wilcoxon signed-ranks tests. NASCIS-II, Second National
Spinal Cord Injury Study.

Table 3. Negative Binomial Regression Model

of Total Motor Score Recovery on Age, Sex, Body

Mass Index, ASIA Impairment Scale, and Level

of Injury among Matched Patients Who Received

NASCIS-II Methylprednisolone (n = 44)
or No Steroid Treatment (n = 44)

Variable Coefficient

95%
CI:

lower

95%
CI:

upper P value

Age - 0.01 - 0.03 - 0.00 0.08
Male sex - 0.04 - 0.81 0.80 0.99
BMI - 0.04 - 0.08 - 0.01 0.11
ASIA Impairment Scale A - 1.59 - 2.31 - 0.87 <0.01
ASIA Impairment Scale B 0.69 - 0.10 1.48 0.09
ASIA Impairment Scale C 1.17 0.46 1.88 <0.01
ASIA Impairment Scale Da - - - -
Cervical 1.08 0.52 1.65 <0.01
Thoracica - - - -
NASCIS-II MPS 0.04 - 0.44 0.52 0.87
No steroidsa - - - -

aReference value.
AIS, American Spinal Injury Association; BMI, Body Mass Index; CI,

confidence interval; MPS, methylprednisolone; NASCIS-II, Second
National Spinal Cord Injury Study.

Bolded values were statistically significant.
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We excluded 318 patients whose steroid administration status

was indeterminate because many of these patients received various

steroid preparations peri-operatively for off-label neuro-protective

indications, and we chose not to impute missing data in order to

avoid introducing extra variability.46 We also excluded patients

who received steroid regimens other than NASCIS-II methyl-

prednisolone in order to minimize confounding.47

Propensity score matching is an analytical technique that pairs

treated and untreated patients on the basis of their conditional prob-

ability of receiving an intervention according to a set of observed

co-variates.37,38 Propensity score matching is more efficient than

conventional multivariable regression when there are large differ-

ences in important prognostic characteristics between treatment

groups, but its validity depends on the appropriate selection of cov-

ariates, matching techniques, and methods of final data analysis.39

Our propensity scores controlled for patients’ neurological levels

of injury and the baseline severity of their impairments, but our small

sample precluded further differentiation according to high (C1–C4)

versus low (C5–T1) cervical injuries or thoracic (T2–T10) versus

thoracolumbar (T11–L2)injuries.3 We were also unable to control for

potential clustering due to local co-interventions at each RHSCIR

site because more than half of the patients who received NASCIS-II

methylprednisolone did so before arriving at a RHSCIR site. Pro-

pensity score matching cannot adjust for unknown confounders.48

Our approach to collecting complications data according to ICD-

10 codes from a national database is known to be at risk for under-

reporting, and ICD-10 codes may have been applied differently

across the sites. Street and associates showed that nearly twice as

many adverse events per person can be identified by prospectively

applying the Spine Adverse Events Severity System.36 Our use of a

composite endpoint for total complications was justified because

the component endpoints are likely to be of similar importance to

patients, occurred with similar frequency, and are likely to share

similar underlying biological plausibility.49,50

The time from injury to first neurological examination was

significantly longer in the group of patients who received NASCIS-

II methylprednisolone in comparison with the larger cohort of

potential controls who received no steroids, which may suggest that

the patients who received NASCIS-II methylprednisolone had

greater injury severity. However, we used propensity score

matching and negative binomial regression to control for this po-

tential confounder and the times from injury to first neurological

examination were not significantly different between the matched

group of patients who received no steroids. There were also no

significant differences between the matched groups for Injury Se-

verity Score, Glasgow Coma Scale, ASIA Impairment Scale, or

neurological level of injury.

We prospectively verified whether the patients who received

NASCIS II methylprednisolone did so within 8 h of their injuries,

but it is possible that the effect of NASCIS-II methylprednisolone

might further vary according to whether patients received it earlier

or later within 8 h of their injuries. In NASCIS-III, the 24-h regimen

of methylprednisolone begun within the first 3 h after injury was not

as effective if its initiation was delayed until between 3 and 8 h.26

Our study was not designed to investigate this issue, however, and

we did not collect exact timing data to explore it.

Surgical timing may be an important modifiable determinant of

the outcomes in the management of patients with TSCIs. Decom-

pression prior to 24 h was associated with improved neurological

outcomes among RHSCIR patients with ASIA B, C, or D cervical,

thoracic, or thoracolumbar injuries,31 and it was also associated

with improved outcomes in the Surgical Timing in Acute Spinal

Cord Injury Study (STASCIS).51 A multivariate analysis of the

STASCIS data suggested that methylprednisolone could have a

synergistic effect with early decompression, and the incidence of

wound infections among patients who received NASCIS-II meth-

ylprednisolone was lower in STASCIS than in the NASCIS-II

trial.52 However, STASCIS included only patients with cervical

SCIs, who were more likely to undergo anterior surgery rather than

posterior surgery, which may explain the reduced infection rates.20

It is unlikely that surgical timing was a confounder in our study

because the difference in the timing of surgery between the mat-

ched groups was not significant.

Relation to previous literature

Our results support a considerable body of literature that fails to

demonstrate a benefit attributable to methylprednisolone for neu-

rological functional recovery in patients with acute TSCIs, and our

study is the first to adjust for patients’ neurological level of injury

Table 4. Negative Binomial Regression Model of Total

Motor Score Recovery on Age, Sex, ASIA Impairment

Scale, Level of Injury, and Site among Unmatched

Patients Who Received NASCIS-II Methylprednisolone

(n = 44) or No Steroid Treatment (n = 1555)

Variable Coefficient

95%
CI:

lower

95%
CI:

upper P value

Age 0.00 0.00 0.01 0.05
Male sex 0.02 - 0.18 - 0.22 0.87
BMI - 0.00 - 0.01 0.01 0.77
ASIA Impairment Scale A - 0.45 - 0.68 - 0.22 <0.01
ASIA Impairment Scale B 0.82 0.56 1.08 <0.01
ASIA Impairment Scale C 1.13 0.96 1.3 <0.01
ASIA Impairment Scale Da - - - -
Cervical 0.96 0.77 1.15 <0.01
Thoracica

NASCIS-II MPS - 0.13 - 0.43 0.16 0.38
No steroidsa - - - -

aReference value.
AIS, American Spinal Injury Association; BMI, Body Mass Index; CI,

confidence interval; MPS, methylprednisolone; NASCIS-II, Second
National Spinal Cord Injury Study.

Bolded values were statistically significant.

Table 5. Rates of In-hospital Complications

for Patients Who Received NASCIS-II
Methylprednisolone Compared with Matched

Controls Who Received No Steroids

Outcome
NASCIS-II

MPS (n = 44)
No steroids

(n = 44) P value

Mortality 0 0 -
Urinary tract infection 11 9 0.61
Decubitus ulcer 6 2 0.27
Pneumonia 7 4 0.52
Deep vein thrombosis/

pulmonary embolism
2 0 0.49

Surgical site infection 0 0 -
Sepsis 1 1 -

Total 27 16 0.02

MPS, methylprednisolone; NASCIS-II, Second National Spinal Cord
Injury Study.
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and the baseline severity of their impairments.16,28,53,54 The orig-

inal NASCIS-I trial found no significant differences in motor re-

covery at 6 months among 330 patients who were randomized to

high- versus low-dose 10-day regimens of methylprednisolone,55

the primary analysis of NASCIS-II found no significant differences

in motor recovery at 6 months among 487 patients who were ran-

domized to a 24-h regimen of methylprednisolone versus either

naloxone or placebo,13 and the primary analysis of NASCIS-III

found no significant differences in motor recovery at 6 months

among 499 patients who were randomized to 24 h or methylpred-

nisolone, 48 h of methylprednisolone, or tirilazad.26 A secondary

analysis of 65 NASCIS-II patients who received methylpredniso-

lone within 8 h of injury found that this subgroup experienced

significantly improved sensory and motor recovery at 6 months.13

More recently, Chikuda and colleagues compared methylpred-

nisolone against no steroid treatment in a propensity-matched

analysis of their nationwide administrative database in Japan.56

They matched 824 pairs of patients with cervical SCIs and found

significantly higher rates of major complications including respi-

ratory complications, urinary tract infections, sepsis, gastrointes-

tinal bleedings, and pulmonary emboli in patients who received

high doses of methylprednisolone, as well as longer lengths of stay.

Their study did not specify whether lengths of stay included in-

patient rehabilitation, did not include motor scores, did not control

for levels or injury or severity of impairment, and did not verify that

all patients received the NASCIS-II regimen within 8 h of their

injuries. Three other small randomized trials and several earlier

observational studies have been previously reviewed.16,28,53,54

Implications

Evidence-based medicine describes the careful integration of pa-

tient preferences and clinician expertise with the best available ex-

ternal evidence to facilitate decision-making, and clinicians,

researchers, and other evidence users should consider the totality of

relevant evidence before applying results to patient care.57 Meta-

analyses are systematic reviews in which the results from similar

studies are combined using statistical tests to produce pooled treat-

ment effects, and they are powerful tools that can synthesize con-

flicting literature and evaluate bias. However, they require high

methodological credibility in order to avoid misleading conclusions.58

Bracken and Botelho and colleagues have each reported on

meta-analyses that evaluate the effect of methylprednisolone

against placebo in patients with TSCIs, but the conclusions from

these studies are conflicting and each is limited by poor methodo-

logical credibility.15,59 Neither ensured that the selection of studies

was reproducible, neither explored possible explanations for be-

tween-studies differences in results, and neither study addressed the

overall quality of the evidence or confidence in the pooled esti-

mates.58 According to the Grades of Recommendation, Assess-

ment, Development and Evaluation (GRADE) approach,

confidence in pooled effect estimates depends on study design, risk

of bias, imprecision, inconsistency, indirectness, publication bias,

and other factors.60 An updated independent meta-analysis could

help resolve any ongoing controversy, and the open release of in-

dividual participant data for this purpose would allow adjustments

for the prognostic importance of patients’ neurological levels of

injury and the baseline severity of their impairments.61–63

The clinical validation of novel interventions to treat patients

with acute TSCIs remains an urgent ongoing research priority.64,65

Randomized controlled trials are the most rigorous clinical research

studies for investigating treatment effects and establishing causal-

ity, but their design and conduct for interventions in patients with

acute TSCIs is challenging. The number of patients who might be

eligible for enrollment at individual institutions is surprisingly

small, and complex stratification is required to account for vari-

ability in baseline prognostic factors.3,10 Multi-center trials can

achieve sufficient power, but they require extensive coordination,

collaboration, and resources.66 Large observational studies can

overcome some of these challenges, but they must be also appro-

priately designed and implemented in order to minimize bias.48

The Joint Section on Spine and Peripheral Nerves of the

American Association of Neurological Surgeons and Congress of

Neurological Surgeons recommended against the routine admin-

istration of methylprednisolone for the treatment of acute TSCIs in

2013.28 Their guidelines highlight that methylprednisolone is not

approved by the Food and Drug Administration for use in TSCIs,

there is no Class I or Class II medical evidence supporting clinical

benefit, and there is Class I, II, and III evidence suggesting harmful

side effects including death. The Canadian Neurosurgical Society,

the Canadian Spine Society, and the Canadian Association of

Emergency Physicians have previously contributed to position

statements recognizing insufficient evidence to support the use of

high-dose methylprednisolone in acute TSCIs.21,29

Conclusions

NASCIS-II methylprednisolone started within 8 h of injury did not

improve motor score recovery in RHSCIR patients with acute cervical

or thoracic TSCIs. These findings support guideline recommendations

against its routine administration, and validate trends toward de-

creasing utilization. Clinicians, researchers, and other evidence users

should consider these results in the context of a considerable body of

evidence, and should recognize that patients’ neurological levels of

injury and the baseline severity of their impairments are important

prognostic factors that warrant further consideration.
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