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ABSTRACT

Introduction: The role for steroids in acute spinal cord injury (ASCI) remains unclear; while some studies have
demonstrated the risks of steroids outweigh the benefits,a meta-analyses conducted on heterogeneous patient
populations have shown significant motor improvement at short-term but not at long-term follow-up. Given the
heterogeneity of the patient population in previous meta-analyses and the publication of a recent trial not
included in these meta-analyses, we sought to re-assess and update the safety and short-term and long-term ef-
ficacy of steroid treatment following ASCI in a more homogeneous patient population.

Materials and methods: A literature search was conducted on PubMed, EMBASE and Cochrane Library through
June 2019 for studies evaluating the utility of steroids within the first 8 h following ASCI. Neurological and safety
outcomes were extracted for patients treated and not treated with steroids. Pooled effect estimates were calcu-
lated using the random-effects model.

Results: Twelve studies, including five randomized controlled trials (RCTs) and seven observational studies
(OBSs), were meta-analyzed. Overall, methylprednisolone was not associated with significant short-term or long-
term improvements in motor or neurological scores based on RCTs or OBSs. An increased risk of hyperglycemia
was shown in both RCTs (RR: 13.7; 95% CI: 1.93, 97.4; 1 study) and OBSs (RR: 2.9; 95% CI: 1.55, 5.41; 1 study).
Risk for pneumonia was increased with steroids; while this increase was not statistically significant in the RCTs
(pooled RR: 1.16; 95% C.I: 0.59, 2.29; 3 studies), it reached statistical significance in the OBSs (pooled RR: 2.00;
95% C.I: 1.32, 3.02; 6 studies). There was no statistically significant increased risk of gastrointestinal bleeding,
decubitus ulcers, surgical site infections, sepsis, atelectasis, venous thromboembolism, urinary tract infections, or
mortality among steroid-treated ASCI patients compared to untreated controls in either RCTs or OBSs.
Conclusions: Methylprednisolone therapy within the first 8 h following ASCI failed to show a statistically signif-
icant short-term or long-term improvement in patients' overall motor or neurological scores compared to controls
who were not administered steroids. For the same comparison, there was an increased risk of pneumonia and
hyperglycemia compared to controls. Routine use of methylprednisone following ASCI should be carefully
considered in the context of these results.
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1. Introduction

Acute spinal cord injury (ASCI) is a devastating condition that affects
approximately 1.3 million people in North America each year [1].
Despite its prevalence, there is no recognized effective treatment for
ASCI. While rehabilitation may allow for improved mobility in ASCI
patients, it generally has little to no impact on the neurological function
of these patients [2]. With respect to pharmacologic treatment options,
based on the National Acute Spinal Cord Injury Study (NASCIS) II and III
trials, methylprednisolone is currently recommended for the manage-
ment of ASCI [3, 4, 5, 6]. These trials demonstrated effectiveness of
methylprednisone in improving motor scores in ASCI patients when
compared to placebo [3].

In 2016, a meta-analysis [7] demonstrated that although methyl-
prednisolone was associated with a significant short-term motor
improvement, it failed to improve the long-term motor outcomes in pa-
tients with ASCI. Furthermore, methylprednisone use in this setting has
also been associated with an increased risk of gastrointestinal (GI)
bleeding [7]. Contrarily, a recent meta-analysis in 2019 [26] showed no
motor or ASIA score improvement at short-term or long-term follow-up;
however, these previous meta-analyses have examined heterogeneous
patient populations in regards to type, age, and number of patients,
making their conclusions challenging to apply and limiting their overall
utility in practice. Overall, given the low quality of evidence for all re-
ported outcomes in the available analyses, there are presently no strong
recommendations regarding the use of methylprednisone following
ASCI. As an additional study [8] evaluating the role of steroids in ASCI
patients has become available since the publication of the aforemen-
tioned meta-analyses, the objective of our study was to re-assess the
safety and potential short-term and long-term efficacy of steroids
following ASCI as compared with controls not treated with steroids
among a homogeneous ASCI patient population.

2. Materials & methods
2.1. Literature search

This meta-analysis was done in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement. PubMed, EMBASE and Cochrane Library were searched
through June 30th, 2019 for studies evaluating the efficacy of steroids in
ASCI. The search strategy combined various terms for ASCI (e.g. spinal
cord laceration, spinal cord contusion) and dexamethasone or methyl-
prednisolone. The detailed search items are included in Appendix 1.

2.2. Eligibility criteria and study selection

Studies were considered for inclusion in the current meta-analysis if
they met the following criteria: (1) Study Design: clinical studies, ran-
domized controlled trials (RCT), observational comparative studies,
including cohort or case control studies assessing the use of methyl-
prednisolone or dexamethasone in patients with ASCI; (2) Population:
patients (13 years and above) with ASCI being treated with steroids
within eight hours of injury; (3) Intervention/Exposure: methylprednis-
olone or dexamethasone alone; (4) Control: placebo or any other, non-
steroid therapeutic agent; (5) Sample size: studies including at least 5
patients; (6) Measurable Outcome: motor and/or neurological function
assessments and/or adverse events associated with steroid use (e.g. in-
fections, ulcers, gastrointestinal bleeding, among others).

Studies were excluded if they met any of the following criteria: ste-
roids were not administered within 8 h of ASCI; injury involved only the
nerve root or cauda equina; patients had any other life-threatening
morbidity; patients had a history of narcotic addiction; patients had a
history of malignancy; patients were pregnant; and ASCI occurred in the
setting of a gunshot wound. Review articles, case reports, clinical
guidelines, case series, conference papers, editorials, animal studies,
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studies that used steroids (methylprednisolone and dexamethasone) in
combination with non-steroidal agents, and studies written in languages
other than English were also excluded.

Titles and abstracts were screened and potentially relevant articles
were selected for full text evaluation. This evaluation was performed by
six independent investigators (L.S., D.P., L.G., J.A., S.J., L.T.). Discrep-
ancies were resolved in consultation with two physicians (H.Z., L.A.). The
quality of the randomized controlled trials was evaluated using the risk of
bias tool from the Cochrane collaboration [9]. Each trial was evaluated
based on 7 domains, including random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and other
biases. Each domain was rated as low risk, high risk, or unclear. Overall,
studies were assessed as having a high risk of bias if at least one key
domain was high risk; a low risk of bias if all key domains were low risk;
and an unclear risk of bias if all key domains had low or unclear biases.
The quality of the cohort and case control studies was assessed using the
Newcastle Ottawa Scale (NOS) [10]. A star was awarded for high quality
in each of the following three criteria: selection, comparability, and
ascertainment of the exposure or the outcome. A maximum of 9 points
could be obtained.

2.3. Data extraction

For each identified article, the following information was extracted
whenever possible: study characteristics (publication year, country of
origin, sample size, study design, and follow-up), participant character-
istics (sex, age, inclusion/exclusion criteria, and diagnosis), intervention
administered, intervention characteristics, motor score, and number and
type of adverse events. If the mean age was not provided, it was calcu-
lated from the range, sample size, and median using the WAN formula
[11]. Data extraction was conducted independently by 7 investigators in
groups of 2 with any controversies resolved by a third investigator (D.P.,
LS., L.G, J.A,, J.D,, S.J., L.T.).

2.4. Data analysis

Data analysis was performed using Comprehensive Meta-Analysis
Version 3 (Biostat, Inc., Englewood, NJ, USA). Analysis of neurological
improvement and adverse events for ASCI patients who received steroids
was conducted using the random-effects model, which incorporates both
within and between study variation using the method of DerSimonian
and Laird [12]. Forest plots were used to visualize important estimates of
the studies. The Cochran's Q test (p < 0.1) was used to determine het-
erogeneity among studies, with I2 values greater than 50% indicating
high heterogeneity [13]. For outcomes that had at least 5 studies per
design (RCTs or OBSs), each of the groups of RCTs and OBSs was further
evaluated for potential sources of heterogeneity from other trial-level
covariates, including mean age (continuous), study duration (contin-
uous), follow-up (categorical: short term of <2 months; long-term > 2
months), and study quality (continuous). For outcomes with >10 studies,
publication bias using the funnel plot, Begg's rank correlation test [14],
and Egger's linear regression [15] was assessed if the number of studies
for individual outcomes was at least 10.

3. Results

There were 1112 articles identified through the search strategy from
PubMed; 2899 articles from Embase; and 145 articles from the Cochrane
Library (Figure 1). After removal of duplicates and articles that did not
meet the inclusion criteria following title and abstract screening, 114
articles remained for full-text review, of which 102 were further excluded
with reasons listed in Figure 1. A total of 12 studies met the inclusion
criteria and were incorporated into the meta-analysis. These included
five randomized controlled trials (RCTs) [4, 8, 16, 17, 18] and seven
observational studies (OBSs) [19, 20, 21, 22, 23, 24, 25]. The
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characteristics of the twelve studies are shown in Table 1. The inter-
vention or exposed group in all studies incorporated the Second National
Acute Spinal Cord Injury (NASCIS-II) protocol of administering a 30
mg/kg bolus dose of methylprednisolone over 1 h followed by a
continuous methylprednisolone infusion of 5.4 mg/kg/h for 23 h. In
RCTs, the mean age of patients ranged from 30.7 to 60.6 years and in
OBSs, the mean age ranged from 32.6 to 60 years. The percentage of male
participants ranged from 82.1% to 94.7% in RCTs and from 75.9% to
86.5% in OBSs. The included studies were conducted in Asia, North
America, and Europe. Assessment of the quality of the randomized trials
using the risk of bias assessment tool yielded three studies with low bias
[4,16, 18] and two studies with high bias (Table 1) [8, 17]. A total of four
studies (2 RCTs and 2 OBSs) had short term follow-up [8, 17, 19, 24].
Assessment of study quality of the OBSs using the NOS score yielded an
average of 6.86 ranging from 6 to 9.

3.1. Neurologic improvement

Neurological improvement in the included studies was measured
using ASIA scores or Frankel scale. The analysis indicated methylpred-
nisolone was not associated with a significant motor score improvement
(P > 0.05) in either RCTs (difference in means 1.38; 95% CI: -11.9, 14.7;
= 53.6%; P- heterogeneity = 0.12; n = 3 studies) or OBSs (difference in
means 9.62; 95% confidence interval [CI]: -5.92, 25.1; I> = 90.6%; P-
heterogeneity<0.01; 2 studies) (P-interaction comparing RCTs to OBS:
0.43) (Table 2; Figure 2). Motor score improvement results were
consistently not significant after further subgrouping the RCTs by follow-
up duration (<2 months: difference in means 8.5; 95% CI: -10.6, 27.6; 1
study; vs. > 2 months: difference in means -1.8; 95% CI: -15.4, 11.6; 2
studies; P-interaction comparing the 2 subgroups: 0.39) (Figure 3).
Similarly, neurological improvement by one letter grade or more in ASIA
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or Frankel impairment scale was not significant in RCTs (RR: 1.50; 95%
CI: 0.12, 18.4; 1 study) or in OBSs (pooled RR: 0.78; 95% CI: 0.54, 1.13;
12 = 0%; P- heterogeneity = 0.34; 2 studies) (Table 2, Figure 4) (P-
interaction comparing RCTs to OBS: 0.62). Further subgroup group
analysis of neurological improvement for each of the RCTs or OBS by
follow-up was not possible in this case due to the paucity of studies in
each category; nevertheless, when qualitatively assessing results from
individual studies, short-term improvement appeared more promising
(RR > 1) than long-term improvement (RR < 1) but these results lacked
statistical significance.

3.2. Adverse events

While the increased risk of pneumonia in patients with methylpred-
nisolone was not statistically significant in RCTs [4, 8, 17] (pooled RR:
1.16; 95% CI: 0.59, 2.29; 12 = 57.1%; P-heterogeneity = 0.13; n = 3
studies), it was statistically significant in OBSs [19, 20, 21, 22, 24, 25]
(pooled RR: 2.00; 95% CI: 1.33, 3.00; P = 22.5%; P- heterogeneity =
0.27; n = 6 studies) (Table 3, Figure 5). Methylprednisolone also showed
a statistically significant increased risk of hyperglycemia in both RCTs
(pooled RR: 13.7; 95% CI: 1.93, 97.4; n = 1) and OBSs (pooled RR: 2.9;
95% CI: 1.55, 5.41; n = 1 study) (Table 3, Figure 6). Methylprednisolone
was not shown to be significantly associated with increased risk for
gastrointestinal bleeding (Table 3, Figure 7), urinary tract infections,
surgical site infections, development of decubitus ulcers, sepsis, atelec-
tasis, venous thromboembolism, or mortality in either RCTs or OBSs
(Table 3). There was no significant interaction between study types
(RCTs vs. OBSs) for any adverse effect (all P-interaction >0.05; Table 3).

Due to the paucity of studies (<5) in the RCT category per individual
outcome, a univariate meta-regression by different covariates was not
feasible for these outcomes. Univariate meta-regression was conducted

c
-3 Pubmed Embase Cochrane
©
2 (n=1112) (n=2899) (n=145)
b=
c
7}
=
— v A4
— Title and abstract Screening
N=(4156)
lén > Duplicates=924
g
e
8 A4

Records screened

Records excluded

N (n=3118)

Full-text articles excluded, with
reasons (n = 102)

A 4

-Non-comparative study
design - 48

-Irretrievable articles - 3

-Intervention beyond the eight-

hour window - 11
-Papers not in English - 4

-Patients included in study did
not meet inclusion criteria — 34

D (n=3232)
2
= v
5 .
= Full-text articles assessed
for eligibility
(n=114)
IS Studies included in
'g guantitative synthesis
E (meta-analysis)
(n=12)

-Outcome data not provided- 2

Figure 1. PRISMA 2009 flow diagram.



Table 1. Characteristics of the studies included in the meta-analysis.

Author, year, (ref. #) Country, Study Design Mean Age Follow-up Single or multicenter Sample size % male Study duration Control Type Risk of Biasor
(years) participants (years) NOS score

Randomized

controlled trials (RCTs)

Bracken M et al., 1997 [4] USA; RCT 40" Long term Multicenter 332 86.14 4 Tirizalad Mesylate Risk of Bias (Low)

Costa et al, 2015 [16] Italy; RCT 38.5 Long term Multicenter 19 94.7 - Erythropoietin Risk of Bias (Low)

Matsumoto et al, 2001 [17] Japan; RCT 60.60 Short term Single 46 91.30 6 Placebo Risk of Bias (High)

Pointillart et al, 2000 [18] France; RCT 30.07 Long term Single 100 90.00 5 Nimodipine Risk of Bias (Low)

Wang et al, 2019 [8] -+9China; RCT 47 Short term Single 78 82.1 2 Surgery Risk of Bias (High)

Observational studies (OBSs)

Chikuda et al, 2014 [19] Japan, Retrospective Cohort Study 60.00 Short term Multicenter 3508 78.3 2 Non methylprednisolone® NOS (6)

Evaniew N et al, 2016 [20] Canada; Prospective Cohort Study 45.45 Long term Multicenter 88 87.50 10 Non-steroids® NOS (9)

Gerndt S J et al, 1997 [21] USA,; Retrospective Cohort Study 32.66 Long term Multicenter 140 76.98 8 Non-steroids® NOS (6)

Ito Y et al., 2009 [22] Japan; Prospective Cohort Study 57.50 Long term Single 79 79.74 Non methylprednisolone® NOS (7)

Khan M et al, 2014 [23] USA/Quwait; Retrospective Case Control 43.76 NR Single 350 75.71 13 Non-steroids® NOS (7)

Suberviola et al, 2008 [24] Spain; Retrospective Cohort Study 40.00 Short term Single 82 84.00 11 Non methylprednisolone® NOS (6)

Tsutsumi et al, 2006 [25] Japan; Retrospective Cohort Study 50.81 Long term Single 70 88.57 5 Non methylprednisolone® NOS (7)

Abbreviations: NOS: Newcastle Ottawa Scale; RCT: Randomized Controlled Trial, NR: Not reported.

? The mean age for Bracken M et al., 1997 was estimated using the WAN formula 1.
Y Each trial was evaluated based on 7 domains including random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective
reporting, and other biases. Each domain was rated as low risk, high risk, or unclear (see Appendix 2).
¢ Control group patients were reported to not have received methylprednisolone/steroids, without any specification as to whether another treatment was given.
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Table 2. Summary of pooled estimate of efficacy outcomes stratified by study design, heterogeneity among studies, and P-interaction between study designs.

Outcome Study design Pooled effect estimates Heterogeneity P-interaction between study
(number of studies) between studies types (RCT and OBS)
ASIA motor score RCT (3 studies) Difference in means: 1.38; 95% CI: -11.9, 14.7; 1? = 53.6%; P=10.43
improvement P-heterogeneity = 0.12
OBS (2 studies) Difference in means: 9.62; 95% CI: -5.92, 25.1; 12 = 90.6%;
P-heterogeneity <0.01
Neurological RCT (1 study) RR: 1.50; NA (1 study) P =0.62
improvement” 95% CI: 0.12, 18.4;
OBS (2 studies) RR: 0.78; % = 0%;

95% CI: 0.54, 1.13;

P-heterogeneity = 0.34

Abbreviations: OBS: Observational study; RCT = Randomized controlled trial.

@ Neurological improvement was measured by one letter grade improvement from baseline in ASIA impairment scale or Frankel impairment scale.

for OBSs on gastrointestinal bleeding (5 studies), pneumonia (6 studies),
surgical site infection (5 studies), and urinary tract infections (6 studies)
on three different trial-level covariates. Mean age and study duration
were found to be significant effect modifiers for only urinary tract
infection (Table 4), so that a higher risk of urinary tract infections was
seen with increased age and shorter study durations when comparing
patients exposed to methylprednisolone to those who were unexposed.

Potential publication bias using the funnel plot, Begg's rank correla-
tion test, and Egger's linear regression was not assessed as the number of
studies for individual outcomes was fewer than 10.

4. Discussion

The present study demonstrated no statistically significant improve-
ment in motor or neurological recovery among patients treated with
methylprednisolone in the first 8-hour period following ASCI as
compared to patients not receiving steroids; however, methylprednisone
utilization was associated with significantly increased risks of hyper-
glycemia and pneumonia. Although the increased risk for pneumonia
reached statistical significance in OBSs only, the greater risk for hyper-
glycemia achieved statistical significance in both OBSs and RCTs.
Moreover, although not statistically significant, both RCTs and OBSs
suggested a direct association between methylprednisone use and risk for
GI bleeding and sepsis and an inverse association with risk for atelectasis
and mortality.

Two previously published clinical trials suggested a possible benefit
with respect to neurological recovery if steroids were administered after
ASCI. The Second National Acute Spinal Cord Injury (NASCIS-II) trial [3]
assessed patients randomized to methylprednisolone when given within
8 or 12 h after ASCIL. When assessing all patients receiving steroids within
12 h of ASCI, the authors found no significant neurological benefit for
steroids; however, when assessing only patients receiving methyl-
prednisone within 8 h of injury, they demonstrated improvements in
neurological scores. These results are discordant with what we found in
our meta-analysis, whereby we did not detect any significant neurolog-
ical benefit among those receiving steroids within 8 h in either short- or
long-term follow-up. Notably, we were not able to include NASCIS-II
results in our meta-analysis because the authors did not provide nu-
merical demographic or safety data on the specific patients receiving
steroids within 8 h of ASCI. The third NASCI-III trial [4], which was
included in our meta-analysis, also reported improved motor recovery in
patients receiving methylprednisolone therapy within 3-8 h of ASCI, and
specifically found this association to be present at 6 weeks (short-term
follow-up) and 6 months (long-term follow-up) in patients receiving
prolonged methylprednisone therapy (48 h) compared to those receiving
a shorter course of therapy (24 h), once again, contrary to our pooled
analysis. Although further study is needed, when considered in the
context of this previous literature, it is conceivable that we may have
failed to detect a neurological benefit with steroids due to exclusion of
the NASCIS - II trial data from our pooled analysis; and hence, our lack of

power. Another potential reason is that fact the therapy duration could
have varied across the different studies; yet, not all studies provided this
information and if they did, data were not stratified for each subgroup.
While previous meta-analyses have also explored the association be-
tween steroid use after ASCI and patient outcomes, these studies have
included more heterogeneous patient populations than the one we
focused on in our review. For example, in 2012, the Cochrane Collabo-
ration published a meta-analysis [2] evaluating 8 clinical trials and
concluded that methylprednisolone was the only pharmacologic therapy
that showed some efficacy in the management of ASCI. Specifically, they
found an improvement in motor function in patients when methylpred-
nisolone was administered within 8 h of injury, with a greater benefit if
given for 48 h. While the authors of the Cochrane meta-analysis included
patients with chronic SCI, we focused on acute SCI only. Given that acute
and chronic injuries reflect distinct mechanisms of trauma and can be
expected to result in different sequelae, our study focused on a more
specific population than the Cochrane review. Hence, our focus on pa-
tients with acute SCI only may account for why our results, unlike the
Cochrane study, failed to demonstrate a significant motor benefit
following methylprednisone.

In 2016, another meta-analysis [7] suggested that steroids might lead
to significant motor improvements at short-term follow-up after ASCI
(unlike our findings), but not at long-term follow-up. However, it should
be noted that the authors of this meta-analysis included studies regard-
less of the timing or regimen of methylprednisone administration, while
we only included studies that administered steroids according to NASCIS
~II guideline. While in 2019, another meta-analysis suggested no motor
or ASIA score improvement at short-term or long-term follow-up and an
increased risk of gastrointestinal bleeding and respiratory tract infections
with steroids [26]. Our study findings were similar to the latter, as we
also did not find significant short-term or long-term improvement asso-
ciated with steroid use and instead found increased risks of hyperglyce-
mia and pneumonia. Moreover, both published meta-analyses [7, 26]
included gunshot wound victims, as well as pediatric patients. Due to the
mechanism of injury of gunshot wounds, steroid administration is
considered ineffective [27], so we decided to exclude these patients from
our analysis. Additionally, we included a recent randomized control trial
published this year [8], which was not included in none of the
above-mentioned meta-analyses. Ultimately, we sought to build upon the
two aforementioned meta-analyses by assessing the role of methyl-
prednisone in a more homogeneous patient population and found that
even among this particular patient population, there did not appear to be
a significant benefit to steroid use, whether short-term or long-term.

While the previously conducted meta-analyses highlighted the
increased risk of gastrointestinal bleeding and respiratory tract infections
with steroids, we did not find the risk for GI bleeding to be statistically
significant. However, we assessed several other potential risks. Overall,
we identified significant associations between methylprednisolone
treatment for ASCI and hyperglycemia and hospital-acquired pneumonia.
Although not significant, we noted trends towards increased risks for
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Model Group b Study hame FD“DW-UP Statistics for each studx Difference in means and 95% CI
Study design .
Difference Lower  Upper
in means limit limit
0BS Tsutsumi S, 2006 6 months 2030 1064  29.96 -
0BS Evaniew N, 2015 3.5 months -0.40 -8.27 747
Random  OBS 9.62 592 2515
RCT Pointillart V, 2000 12 months -10.00  -23.96 3.96
RCT Costa DD, 2015 3 months 4.00 -458 1258
RCT Wang W, 2019 1 month 8.50 -260  19.60
Random  RCT 138  -11.94 1469
-100.00 -50.00 0.00 50.00 100.00
Favors control Favors methylprednisolone

Figure 2. Motor score improvement* after acute spinal cord injury with methylprednisolone compared with non-steroid therapy stratified by study design 2
observational and 3 randomized controlled studies. OBS: Observational studies; RCT= Randomized controlled trial. In the above forest plot, horizontal lines denote
95% ClIs; solid squares represent the point estimate of each study and the diamond represents the pooled estimate of the intervention effect, for each of the subgroups
(OBS and RCTs). The size of the solid squares is proportional to the weight of the study. P-interaction comparing RCTs to OBS: 0.43. *ASIA motor scores improvement

were measured using mean difference from baseline to follow-up.

urinary tract infections and sepsis, as well; it is possible that we were
unable to detect a significant association in these latter complications due
to the lower number of studies available for review and our limited
power to detect a significant association even if present.

Our review highlights the need for clinicians to carefully consider the
full and long-term implications of steroid-associated side effects. Steroid-
induced hyperglycemia can precipitate severe complications such as
nonketotic hyperosmolar state and diabetic ketoacidosis [28]. Particular
patient populations, such as those with baseline diabetes or other
metabolic disorders, may be particularly susceptible to these risks and

represent groups for whom steroids should be initiated even more
cautiously, if at all.

Similarly, hospital-acquired pneumonia is a potentially fatal condi-
tion associated with longer and costlier hospital stays, with an estimated
attributable mortality of 13% [29, 30]. Thus, the value of methylpred-
nisolone in the management of ASCI should be carefully weighed against
this increased risk of developing hospital-acquired pneumonia. This risk
warrants extra attention among patients with poor immunity with
limited ability to fight infections or those with co-morbid lung condi-
tions, such as asthma or chronic obstructive pulmonary disease. Further

Model Follow-up Group by Study name Statistics for each study Difference in means and 95% CI
Follow-up
Difference Lower Upper
in means limit limit
<=2 months <=2 months Wang W, 2019 850 -2.60 19.60
Random <=2 months 8.50 -10.62 27.62
=2 months =2 months Pointillart V, 2000 -10.00 -23.96 396
=2 months =2 months Costa DD, 2015 4.00 -4.58 12.58
Random =2 months -1.87 -15.41 11.67
Random Overall 159 -9.46 12.64

P-interaction comparing RCTs to OBS: 0.39

-100.00 -50.00 0.00 50.00 100.00

Favors control Favors methylprednisolone

*ASIA motor scores improvement were measured using mean difference from baseline to follow-up.

Figure 3. Motor score improvement* after acute spinal cord injury with methylprednisolone compared with non-steroid therapy from 3 randomized controlled studies
stratified by short-term (< 2 months) and long-term (> 2 months) follow-up. P-interaction comparing RCTs to OBS: 0.39. *ASIA motor scores improvement were

measured using mean difference from baseline to follow-up.

Risk ratio and 95% CI

Model  Group by Study name Follow-up
STUDY DESIGN .
Risk L
ratio
0OBS Ito Y, 2009 3 months  0.71
0BS Suberviola B, 2008 <1 month  1.06
Random OBS 0.78
RCT Matsomoto T, 2001 2 months 1.50
Random RCT 1.50
OBS RCT

P-interaction comparing RCTs to OBS: 0.62

*Improvement in neurological impairment was defined as at least one letter grade improvement in ASIA
or Frankel impairment scales.

ower

limit
0.46
0.51
0.54
0.12
0.12

Upper
limit
1.08
217
1.13
18.44
18.44

0.01 0.1 1 10 100

Favors control Favors methylprednisolone

Figure 4. Neurological improvement* at follow-up after acute spinal cord injury with methylprednisolone compared with non-steroid therapy from 2 observational
and 1 randomized controlled study. OBS: Observational studies; RCT= Randomized controlled trial. P-interaction comparing RCTs to OBS: 0.62. *Improvement in
neurological impairment was defined as at least one letter grade improvement in ASIA or Frankel impairment scales.
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Table 3. Summary of pooled effect estimates of safety outcomes and heterogeneity among studies.

Outcomes Pooled effect Heterogeneity among RCTs Pooled effect estimates Heterogeneity among OBS P-interaction
estimates from RCTs (n: number of studies) from observational studies (n: number of studies) (RCT vs, OBS)
Atelectasis RR: 0.63; 2 = 12.12%; RR: 0.30; NA (1 study); P =0.67
95% CI: 0.21, 1.91; P-hetero = 0.29; 95% CI: 0.01, 7.94; P-hetero = NA;
n=2 n=1
Decubitus ulcer RR: 0.67; 2 = 0%; RR: 3.00; NA (1 study); P =0.07
95% CI: 0.40, 1.11; P-hetero = 0.66; 95% CI: 0.64, 14.1; P-hetero = NA;
n=2 n=1
Gastrointestinal bleeding RR: 1.21; % = 59.6%; RR: 2.18; * = 17.0%; P = 0.49
95% CI: 0.28, 5.26; P-hetero = 0.84; 95% CI: 0.99, 4.81; P-hetero = 0.31;
n=3 n=>5
Hyperglycemia RR: 13.7; NA (1 study); RR: 2.9; NA (1 study); P=0.14
95% CI: 1.93, 97.4%; P-hetero = NA; 95% CI: 1.55, 5.41%; P-hetero = NA;
n=1 n=1
Mortality RR: 0.77; NA (1 study); RR: 0.80; 2 = 0%; P=0.93
95% CI: 0.33, 1.76; P-hetero = NA; 95% CI: 0.53, 1.20; P-hetero = 0.75;
n=1 n=4
Pneumonia RR: 1.16; P= 51.7%; RR: 2.00; 2= 22.5%); P=0.18
95% CI: 0.59, 2.29; P-hetero = 0.13; 95% CI: 1.33, 3.00%; P-hetero = 0.27;n = 6
n=3
Sepsis RR: 1.82; I* = 0%; RR: 1.54; I = 0%; P =0.79
95% CI: 0.70, 4.69; P-hetero = 0.74; 95% CI: 0.79, 3.02; P-hetero = 0.95;
n=3 n=3
Surgical site infection - n=0 RR: 0.64; 2 = 0%; -
95% CI: 0.32, 1.25; P-hetero = 0.55;
n=>5
Urinary tract infection RR: 1.11; = 0%; RR: 0.98; P= 58.1%j; P =0.70
95% CI: 0.66, 1.87; P-hetero = 0.77; 95% CI: 0.69, 1.41; P-hetero = 0.04;
n=4 n==6
Venous thromboembolism RR: 0.51; NA (1 study); RR: 2.30; 2 = 76.5%; P =0.50
95% CI: 0.01, 21.2; P-hetero = NA; 95% CI: 0.25, 21.5; P-hetero = 0.01;
n=1 n=3

Abbreviations: NA = Not applicable; OBS: Observational studies; P-hetero = P-heterogeneity; RCT = Randomized controlled trial;

*Values in bold are statistically significant.

studies that assess the benefits and harms of steroids among patients with
and without such conditions may serve to offer more specific guidance
with respect to the safety of steroid use following ASCI and regarding
which patients, if any, can be thought to benefit from its application in
this setting.

It should be noted that despite inclusion of dexamethasone in the

methylprednisolone in the management of ASCI were identified and
subsequently used for this meta-analysis. Pre-clinical studies have sug-
gested benefits of using dexamethasone in ASCI models, including lower
levels of autophagy and apoptosis, and decreased inflammation of nerve
myelin sheaths [31, 32]. While anecdotal reports on the use of dexa-
methasone for the management of ASCI exist, no randomized control

search criteria for this analysis, only studies evaluating trials evaluating this approach have been published to date [33].
Model  Group by Study name Risk ratio and 95% CI
STUDY DESIGN i
Risk Lower Upper
ratio  limit limit
0BS Ito Y, 2009 1.86 1.03 3.39 —-—
0BS Tsutsumi S, 2006 0.45 0.04 4.70
0BS Gerndt SJ, 1997 3.14 1.7 5.79 ——
0BS Evaniew N, 2015 1.75 0.55 5.56 ———
0BS Chikuda H, 2014 1.61 1.15 2.25 L
0BS Suberviola B, 2008 6.24 0.88 4437
Random OBS 200 133  3.00 <>
RCT Bracken M, 1997 1.07 0.62 1.83 -
RCT Matsomoto T, 2001  7.00 093 5245
RCT Wang W, 2019 0.50 0.10 2.57
Random RCT 116 058  2.29 < >
0.01 0.1 1 10 100
Favors steroids Favors comparator
OBS RCT

P-interaction comparing RCTs to OBS: 0.18

Figure 5. Pooled risk ratio for developing pneumonia after acute spinal cord injury with methylprednisolone compared with non-steroid therapy from 6 observational
and 3 randomized controlled studies. OBS: Observational studies; RCT= Randomized controlled trial. P-interaction comparing RCTs to OBS: 0.18.
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Model  Group by Study name Risk ratio and 95% Cl
STUDY DESIGN
Risk Lower  Upper
ratio limit limit
0BS SubenviolaB,2008 290 155 541 e B
Random OBS 2.90 1.55 541 O
RCT Pointillart V, 2000 13.71 193 9742
Random RCT 13.71 193 9742
0.01 0.1 1 10 100
Favors methylprednisolone Favors control

OBS RCT

P-interaction comparing RCTs to OBS: 0.14

Figure 6. Pooled risk ratio for developing hyperglycemia after acute spinal cord injury with methylprednisolone compared with non-steroid therapy from 1
observational and 1 randomized controlled study. OBS: Observational studies; RCT= Randomized controlled trial. P-interaction comparing RCTs to OBS: 0.14.

Model  Group by Study name Risk ratio and 95% CI
STUDY DESIGN :
Risk Lower Upper
ratio  limit limit
0BS Ito Y, 2009 3.24 0.70 1507 i
0BS Tsutsumi S, 2006 1.78 0.17 18.78
0BS Khan M, 2014 8.09 0.46 142.41
0BS Gerndt SJ, 1997 0.76 022 2.56 ——
0BS Chikuda H, 2014 2.74 1.98 3.80 [ ]
Random OBS 218 099 481 <>
RCT Bracken M, 1997 034 007 166 —B—
RCT Pointillart VV, 2000 4.31 021 86.32 L
RCT Matsomoto T, 2001  9.00 051 158.17
Random RCT 1.21 028 526 «<_:> 1
0.01 0.1 1 10 100

Favors steroids Favors comparator

OBS RCT

P-interaction comparing RCTs to OBS: 0.49

Figure 7. Pooled risk ratio for developing gastrointestinal bleed after acute spinal cord injury with methylprednisolone compared with non-steroid therapy from 5
observational and 3 randomized controlled studies. OBS: Observational studies; RCT= Randomized controlled trial. P-interaction comparing RCTs to OBS: 0.49.

Outcomes on patients treated with dexamethasone following ASCI will increase our understanding of the role of dexamethasone in the
should be reported on by those institutions utilizing dexamethasone to management of ASCL
allow for incorporation of these results in future meta-analyses. Such data Taken together, without a quantifiable benefit in motor or neuro-

logical recovery and the potential for multi-system, adverse reactions,

Table 4. Regression coefficients (95% CI, P-interaction) of different trial level covariates resulting from univariate meta-regression using the random effect model for the
observational studies.

Outcome Covariate Slope (95% CI) from univariate P-for interaction Number of
meta-regression observational studies
Gastrointestinal bleeding Mean age; 0.04 (-0.00, 0.09); 0.07; 5
Study duration; -0.05 (-0.23; 0.14); 0.60;
Study quality -0.57 (-1.02; 2.17) 0.48
Pneumonia Mean age; -0.02 (-0.05, 0.00); 0.05; 6
Study duration; 0.08 (-0.01, 0.17); 0.08;
Study quality -0.11 (-0.55, 0.33); 0.61;
Surgical site infection Mean age; -0.06 (-0.14; 0.02); 0.15; 5
Study duration; 0.15 (-0.03, 0.33); 0.10;
Study quality 0.34 (-0.30, 0.99); 0.30;
Urinary tract infections Mean age; 0.03 (0.01, 0.05)*; <0.01; 6
Study duration; -0.06 (-0.12, -0.01)*; 0.06 (-0.35, 0.48) 0.03;
Study quality 0.76

*Values in bold are statistically significant.
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especially in at-risk populations, methylprednisone should not be
routinely used following ASCI. However, it should be noted that there
may be specific instances such as acute spinal cord compression due to
malignant processes in which high-dose steroids are known to have
beneficial effects in preventing or ameliorating neurological injury. Ste-
roids could therefore be beneficial in traumatic spinal cord injury in
which mechanisms leading to neurological injury are similar to those
observed in spinal cord injury due to a malignant process. For example,
traumatic injury leading to an acute process causing progressive direct
compression of the spine (e.g. an epidural spinal hematoma). While our
meta-analysis did not demonstrate a benefit with steroids even if initiated
in the acute phase following traumatic injury, we recognize that there are
multiple factors that may influence a potential role for steroids. These
include how soon after injury steroids are initiated (within 8 or 12 h),
how long the steroids are administered for (24 vs. 48 hours), and over
what period of time benefits are assessed (short-term vs. long-term).
Future studies should aim to provide data on each of the above-
mentioned factors when assessing the utility of steroids in ASCI. By
focusing on homogenous patient populations and clearly delineating
time and dose-specific variations in steroid utilization, future studies can
help elucidate the scope of particular risks and benefits following ASCI.

4.1. Strengths and limitations

Limitations of the study include the diversity of the control group [4,
8, 16, 17, 19, 23], especially when assessing the motor score and
neurological improvement outcomes, as well as the paucity of compar-
ative studies reporting outcomes for a control population where a pla-
cebo was used. Nevertheless, the results of studies in which a non-steroid
treatment was administrated were similar to results of studies that used a
placebo or no treatment for the control group, increasing our confidence
in including all such studies as controls. An additional limitation of our
study is that we were unable to perform sub-group analyses on whether
continuation of steroid treatment for 24 or 48 h was associated with any
neurological benefit as there was a lack of data pertaining to this outcome
to allow for pooling across studies. Despite these limitations, our study
had several strengths; we focused on a more homogeneous patient pop-
ulation who were administered methylprednisolone within 8 h of injury,
who did not present with ASCI from gunshot wounds, and who were
above 12 years old. Moreover, we assessed the quality of the RCTs using
the risk of bias tool from the Cochrane collaboration, discerned the re-
sults of RCTs from observational studies, and explored other potential
sources of heterogeneity within each stratum when feasible. We also
reported pooled analyses on several adverse events, which were not as
comprehensively reported in previously published meta-analyses.

5. Conclusions

Methylprednisolone therapy within the first 8 h following an ASCI
failed to result in a statistically significant short-term or long-term
improvement in patients' overall motor or neurological scores
compared to controls who did not receive steroids. Moreover, steroid use
was significantly associated with an increased risk of hyperglycemia in
both RCTs and OBSs and pneumonia based on data from OBSs. The risk-
benefit ratio should be carefully considered before initiation of steroid
therapy following ASCI. Current literature advocating for routine use of
methylprednisone following ASCI should be reconsidered.
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