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D A T A  S O U R C E S

The author used the Cochrane In-
juries Group search strategy to iden-
tify trials, as well as an electronic
search of MEDLINE from 1966 to
2001, and a manual search of more
than 40 journals and conference
abstracts. In addition, the files from
the National Acute Spinal Cord Injury
Study were explored.

S T U D Y  S E L E C T I O N

Trials were selected if patients were
randomly assigned to receive sys-
temic corticosteroids in the treat-
ment of acute spinal cord injury.
Trials including whiplash injury and
lumbar disc disease were also in-
cluded in this review. Most trials
excluded patients with only nerve
root injury or cauda equina syn-
drome, but varied individually with
regard to exclusion for age, penetrat-
ing injury, and severe comorbidity.

D A T A  E X T R A C T I O N

One reviewer assessed trial quality
and extracted data based on inter-
vention and outcome blinding, num-
ber of research subjects, and ade-
quacy of randomization. Mortality
and neurologic improvement scores
for motor function, pinprick, and

Are Corticosteroids
Effective in Traumatic
Spinal Cord Injury?
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S Y S T E M A T I C  R E V I E W
S O U R C E

This is a systematic review abstract,
a regular feature of the Annals’
Evidence-Based Emergency Medi-
cine (EBEM) series. Each features an
abstract of a systematic review from
the Cochrane Database of Systematic
Reviews and a commentary by an
emergency physician knowledgeable
in the subject area.

The source for this systematic
review abstract is: Bracken MB.
Steroids for acute spinal cord injury
(Cochrane Review). In: The Cochrane
Library. Issue 3. Oxford, United King-
dom: Update Software; 2002.

The Annals’ EBEM editors
assisted in the preparation of the
abstract of this Cochrane systematic
review as well as the Evidence-
Based Medicine Teaching Points.

O B J E C T I V E

To determine whether systemic cor-
ticosteroids are safe and effective
therapy in acute traumatic spinal
cord injury.
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touch sensation were reported for
most trials; however, fewer trials
reported infectious complications
and gastrointestinal hemorrhage. The
primary outcome was improvement in
neurologic function scores. To better
compare these scores across trials,
the author obtained additional infor-
mation through personal communica-
tion with the authors of 2 trials. Scores
were reported as weighted mean dif-
ferences (WMD) with 95% confi-
dence intervals (CIs). Because differ-
ences in the many arms of each trial
limited the ability to compare mortal-
ity, only the 180-day mortality of 2 tri-
als was examined.

M A I N  R E S U L T S

Eight trials were chosen for review
representing a total of 1,698 patients.
The 8 trials were divided into 5 groups
based on steroid dose and duration
of treatment. One group did not con-
tain patients with acute traumatic
spinal cord injury. Of the remaining 4
groups, only 1 included more than 1
trial for meta-analysis. Although all 5
groups were analyzed, the conclu-
sions were based primarily on this
multi-trial group, which is the focus
of this review.

In the group consisting of 4 trials
and 797 patients, patients were ran-
domized to receive either high-dose
methylprednisolone or placebo for 24
hours after the injury. One trial was
only used to discuss complications.
The other 3 evaluated neurologic
outcomes at varying follow-up inter-
vals. This limited the reviewer from
combining results for all 3 outcomes
(motor function, pinprick, touch)
across all 3 follow-up intervals (6
weeks, 6 months, and 1 year).

In patients treated with high-dose
methylprednisolone, there was no
significant improvement in overall
motor function scores at 6 weeks

patients with acute spinal cord injury
when given within 8 hours of injury
and should be given to all such
patients. The duration of infusion
depends on time of patient presenta-
tion. Although high-dose methyl-
prednisolone does improve neuro-
logic recovery, it does not improve
mortality and is unlikely to lead to
complete return of normal neurologic
function. Continued research into
different methylprednisolone proto-
cols and combinations of agents is
still necessary.
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C O M M E N T A R Y :  C L I N I C A L
I M P L I C A T I O N

The incidence of acute spinal cord
injury in the United States is esti-
mated at 40 per million people, with a
mortality of approximately 11%.1 It
affects primarily younger patients
and results in severe disability re-
quiring prolonged hospitalization,
rehabilitation, and extended care,
with the overall cost for both the
patient and community being enor-
mous. Treatments that could reduce
neurologic injury and improve neuro-
logic recovery are desperately
needed. The results of this system-
atic review suggest that high-dose
methylprednisolone may be effective
in spinal cord injury, provided it is
administered within 8 hours of injury.

Although encouraging, this Coch-
rane review raises a few method-
ologic issues that need to be exam-
ined before we can accept their
recommendations. First, the clinical

(WMD=1.23; 95% CI 1.08 to 3.54), 6
months (WMD=0.85; 95% CI 1.79 to
3.49), and 1 year (WMD=–1.17; 95% CI
4.80 to 2.47). Patients who received
high-dose methylprednisolone who
were treated within 8 hours of injury
were analyzed as a subgroup. This
analysis revealed a significant im-
provement in motor function scores
at 6 weeks (WMD=3.47; 95% CI 0.02
to 6.92) and 6 months (WMD=4.44;
95% CI 0.96 to 7.93), but not 1 year
(WMD=4.17; 95% CI –0.28 to 8.61).
When patients from trials with 1-year
end point data were combined with
patients from trials with 6-month end
point data (final outcome category),
there was a statistically significant
improvement in motor function scores
(WMD=4.06; 95% CI 0.58 to 7.55).

Pinprick and touch sensation
scores among patients treated with
high-dose methylprednisolone were
significantly improved at 6 months
(pinprick WMD=4.82, 95% CI 0.91 to
8.73; touch WMD=2.88, 95% CI 0.10 to
5.66) but not at 6 weeks or 1 year. Post
hoc analysis revealed the same pat-
tern of significance for those treated
within 8 hours.

The weighted risk of death at 180
days was slightly lower in the place-
bo group compared with the high-
dose methylprednisolone group, but
did not reach statistical significance
(relative risk [RR]=0.54; 95% CI 0.24 to
1.25). In the 1 trial reporting wound
infection rate (333 patients), no dif-
ferences were observed between
the groups (RR=2.11; 95% CI 0.81 to
5.49). In the 2 trials reporting gastro-
intestinal hemorrhage (397 patients),
no differences were observed be-
tween the groups (RR=2.18; 95% CI
0.80 to 5.93).

C O N C L U S I O N S

High-dose methylprednisolone ther-
apy improves neurologic outcome in
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relevance of the outcome measures
in the 4 core trials in this review is a
concern. The primary outcome is
neurologic improvement at 6 weeks,
6 months, and 1 year. Neurologic
improvement is measured by calcu-
lating the difference between 2 neu-
rologic examination scores taken on
admission and at each follow-up time
interval. Motor function was evalu-
ated over 14 muscle segments on a 6-
point scale between 0 and 5, yielding
a total score between 0 and 70.
Sensory function was evaluated over
29 dermatomal segments on a 3-point
scale between 1 and 3, with a total
score between 29 and 87. Although
rigorous, such a large range of val-
ues introduces a possible source of
error because there is not any evalu-
ation of interrater reliability. Looking
only at motor function, if 2 examiners
differed in scoring by 1 point over
each muscle segment, it could lead
to a 14-point fluctuation in the final
motor score. More importantly, the
clinical relevance of small changes
in scores is unclear. Overall, high-
dose methylprednisolone was asso-
ciated with a 4-point improvement in
motor function score. Although sta-
tistically significant, 4 points dis-
tributed over 14 muscle segments
might not translate into a clinically
significant improvement.

Another possible confounder of
corticosteroid effect is that the con-
clusions are based primarily on a
post hoc analysis of a small subgroup
of patients from 1 trial treated within
8 hours of injury. The arms of each
trial in question are reduced from
approximately 160 patients per arm
overall, to approximately 65 patients
per arm in the subgroup alone. In
addition to a reduction in sample
size, the advantages and strengths of
randomization are lost when per-
forming such analyses, yet another
reason to be cautious when evaluat-
ing post hoc subgroup results. This

consensus with others involved in
the care of these patients.
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E V I D E N C E - B A S E D  M E D I C I N E
T E A C H I N G  P O I N T S

Subgroup analysis is a common and
important aspect of medical re-
search, helping to identify categories
of patients that will benefit the most
from specific therapeutic interven-
tion; however, if performed or used
incorrectly, it can lead to erroneous
conclusions. All subgroup types suf-
fer from 2 common sources of error
depending on how they are analyzed.
The first is low power, or a lower
chance of finding a difference where
one actually exists. This is usually the
result of small sample sizes in each of
the subgroup cells. The second is an
increased risk of a false positive
result. This type of error increases as
the number of subgroups being ana-
lyzed increases.

The most credible type of sub-
group analysis are those that are
defined a priori, are based on previ-
ous research, are biologically feasi-
ble, exhibit large effect sizes, and are
observed in within-study as well as
between-study analyses.3 The least
credible subgroup examination is a
post hoc analysis. Because the data
have already been collected and
analyzed, any number of arbitrary
subgroups can be created to support
the author’s hypothesis, and signifi-
cant results should be suspect. Post
hoc subgroups carry the highest rate
of false-positive results, and when

type of analysis inherently carries a
higher risk of finding a difference
where one actually does not exist
and should be used primarily to stim-
ulate future research questions and
not to change clinical practice.

Finally, systemic corticosteroids
are not benign treatments. In this
review, although not statistically sig-
nificant, gastrointestinal hemor-
rhage and wound infections were
observed more frequently in patients
treated with corticosteroids for 24
hours, and severe sepsis (RR=4.00;
95% CI 0.45 to 35.38) and severe
pneumonia (RR=2.25; 95% CI 0.71 to
7.15) were seen more frequently in
those treated for 48 hours. The range
of values within the 95% CIs suggest
that these complications may out-
weigh the benefits of the treatment
effect (4-point difference in motor
scores).

T A K E  H O M E  M E S S A G E

Acute spinal cord injury is a devas-
tating cause of disability and an
enormous burden to the health care
system. Effective therapy is needed
in the management of this disease.
This Cochrane review provides only
weak support for the use of high-
dose methylprednisolone therapy in
acute spinal cord injury, while indi-
cating there may be an increased
risk of severe adverse outcomes. The
issue of high-dose methylpredni-
solone therapy is much more contro-
versial than the review suggests,
with some considering it no more
than experimental therapy,2 yet
despite the controversy, high-dose
methylprednisolone is used in many
centers to treat patients with acute
spinal cord injury. Until more re-
search is produced to either support
or refute this practice, emergency
physicians involved with trauma
care will need to debate the pros and
cons for their site and reach a local
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the overall study results are not sig-
nificant, they should be analyzed
using more rigorous α levels (P val-
ues) than the primary outcome itself.
When significant results are found, it
is best to use them only as a source of
hypotheses to be tested by future
research.4
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