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Are Corticosteroids
Effective in Traumatic
Spinal Cord Injury?

[Ann Emerg Med. 2003;41:410-413.]

SYSTEMATIC REVIEW
SOURCE

Thisis a systematic review abstract,
aregularfeature ofthe Annals’
Evidence-Based Emergency Medi-
cine (EBEM)series.Eachfeaturesan
abstractof a systematic reviewfrom
the Cochrane Database of Systematic
Reviews and a commentary by an
emergency physicianknowledgeable
inthe subjectarea.

The source for this systematic
review abstractis: Bracken MB.
Steroids foracute spinal cord injury
(Cochrane Review). In: The Cochrane
Library.|ssue 3. Oxford, United King-
dom: Update Software; 2002.

The Annals’ EBEM editors
assistedinthe preparation ofthe
abstractofthis Cochrane systematic
review aswell asthe Evidence-
Based Medicine Teaching Points.

OBJECTIVE

To determine whether systemic cor-
ticosteroids are safe and effective
therapyinacute traumatic spinal
cordinjury.

DATA SOURCES

The authorusedthe Cochrane In-
juries Group search strategytoiden-
tify trials, aswell as an electronic
search of MEDLINE from 1966 to
2001, and amanual search of more
than40journals and conference
abstracts. Inaddition, the filesfrom
the National Acute Spinal Cord Injury
Study were explored.

STUDY SELECTION

Trialswere selected if patients were
randomly assigned toreceive sys-
temic corticosteroidsinthe treat-
mentofacute spinal cordinjury.
Trialsincluding whiplashinjury and
lumbardisc disease were alsoin-
cludedinthisreview. Mosttrials
excluded patients with only nerve
rootinjuryorcauda equinasyn-
drome, butvariedindividually with
regardto exclusionforage, penetrat-
inginjury,and severe comorbidity.

DATA EXTRACTION

Onereviewer assessedtrial quality
and extracted data based oninter-
ventionand outcome blinding, num-
berofresearchsubjects,and ade-
quacy of randomization. Mortality
and neurologicimprovementscores
formotor function, pinprick, and
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touch sensationwere reportedfor
mosttrials; however, fewertrials
reportedinfectious complications
and gastrointestinalhemorrhage. The
primary outcome wasimprovementin
neurologic functionscores. To better
comparethesescoresacrosstrials,
the authorobtained additional infor-
mationthrough personal communica-
tionwiththe authors of 2trials. Scores
werereported as weighted mean dif-
ferences (WMD) with 95% confi-
denceintervals(Cls). Because differ-
encesinthe manyarmsofeachtrial
limited the ability to compare mortal-
ity, only the 180-day mortality of 2 tri-
alswas examined.

MAIN RESULTS

Eighttrialswere chosen forreview
representing atotal of 1,698 patients.
The8trialswere dividedinto 5 groups
based on steroid dose and duration
oftreatment. One group did notcon-
tain patients with acute traumatic
spinalcordinjury. Ofthe remaining 4
groups,only lincluded more than 1
trial for meta-analysis. Although all 5
groupswere analyzed, the conclu-
sionswere based primarily on this
multi-trial group, whichisthe focus
ofthisreview.

Inthe group consisting of 4trials
and 797 patients, patients were ran-
domizedtoreceive eitherhigh-dose
methylprednisolone or placebofor 24
hours afterthe injury. One trial was
onlyusedtodiscuss complications.
The other3evaluated neurologic
outcomes atvarying follow-upinter-
vals. Thislimited the reviewer from
combining resultsforall 3outcomes
(motor function, pinprick, touch)
across all 3follow-up intervals (6
weeks, 6 months, and 1year).

In patientstreated with high-dose
methylprednisolone, there wasno
significantimprovementin overall
motorfunctionscores at6 weeks

(WMD=1.23;95% Cl 1.08t0 3.54), 6
months (WMD=0.85;95% CI 1.79to
3.49),and 1year (WMD=-1.17;95% ClI
4.80t02.47). Patientswhoreceived
high-dose methylprednisolone who
weretreated within 8 hours of injury
were analyzed asasubgroup. This
analysisrevealed asignificantim-
provementinmotorfunctionscores
at6weeks (WMD=3.47;95% C10.02
106.92) and 6 months (WMD=4.44;
95% C10.96t07.93), butnot 1year
(WMD=4.17;95% Cl-0.28t0 8.61).
When patients fromtrials with 1-year
end pointdatawere combined with
patients fromtrials with 6-month end
pointdata (final outcome category),
there was a statistically significant
improvementin motorfunctionscores
(WMD=4.06;95% Cl 0.58 to 7.55).

Pinprick and touch sensation
scoresamong patients treated with
high-dose methylprednisolone were
significantlyimproved at6 months
(pinprick WMD=4.82,95% C10.91to
8.73;touchWMD=2.88,95% C10.10to
5.66) but notat6weeks or 1year. Post
hoc analysisrevealedthe same pat-
tern of significance forthose treated
within8 hours.

The weightedrisk of death at 180
dayswasslightly lowerinthe place-
bo group compared with the high-
dose methylprednisolone group, but
did notreach statistical significance
(relative risk [RR]=0.54;95% Cl10.24 to
1.25). Inthe 1trial reporting wound
infection rate (333 patients), no dif-
ferenceswere observed between
the groups (RR=2.11;95% C10.81to
5.49).Inthe 2trials reporting gastro-
intestinalhemorrhage (397 patients),
nodifferences were observed be-
tweenthe groups (RR=2.18;95% ClI
0.80t05.93).

CONCLUSIONS

High-dose methylprednisolone ther-
apyimprovesneurologic outcomein
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patients with acute spinal cord injury
when given within8 hours of injury
and should be giventoall such
patients. The duration of infusion
dependsontime of patientpresenta-
tion. Although high-dose methyl-
prednisolone doesimprove neuro-
logicrecovery,itdoesnotimprove
mortalityandis unlikelytoleadto
complete return of normal neurologic
function. Continued researchinto
differentmethylprednisolone proto-
colsand combinations of agentsis
stillnecessary.

Cochrane Systematic Review Author
Contact

Michael B. Bracken, MD

Division of Chronic Disease Epidemiology
Department of Epidemiology and Public Health
Yale School of Medicine

New Haven, CT

E-mail brackenmb@maspo3.mas.yale.edu

COMMENTARY: CLINICAL
IMPLICATION

Theincidence ofacute spinal cord
injuryinthe United Statesiis esti-
mated at40 per million people, with a
mortality of approximately 11%. It
affects primarily younger patients
andresultsinsevere disability re-
quiring prolonged hospitalization,
rehabilitation, and extended care,
withthe overall costfor boththe
patientand community being enor-
mous. Treatmentsthatcould reduce
neurologicinjuryandimprove neuro-
logicrecovery are desperately
needed. The results of this system-
aticreviewsuggestthathigh-dose
methylprednisolone may be effective
inspinal cordinjury, provideditis
administered within8 hours of injury.
Although encouraging, this Coch-
ranereviewraises afew method-
ologicissuesthatneedtobe exam-
ined before we canaccepttheir
recommendations. First, the clinical
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relevance ofthe outcome measures
inthe4coretrialsinthisreviewisa
concern.The primary outcome is
neurologic improvementat6 weeks,
6 months,and 1year. Neurologic
improvementis measured by calcu-
lating the difference between 2 neu-
rologic examination scorestaken on
admissionand ateach follow-uptime
interval. Motor function was evalu-
ated over 14muscle segmentsona6-
pointscale between0and 5, yielding
atotalscore hetween0and 70.
Sensoryfunctionwas evaluated over
29dermatomal segments on a 3-point
scale between 1and 3, with a total
score between29and 87. Although
rigorous,suchalargerange of val-
uesintroducesa possible source of
errorbecausethereisnotanyevalu-
ation ofinterrater reliability. Looking
only atmotorfunction, if 2examiners
differedinscoring by 1 pointover
eachmuscle segment,itcouldlead
toa 14-pointfluctuationinthefinal
motor score. More importantly, the
clinicalrelevance of small changes
inscoresisunclear. Overall, high-
dose methylprednisolone was asso-
ciated with a4-pointimprovementin
motor function score. Although sta-
tistically significant, 4 points dis-
tributed over 14 muscle segments
mightnottranslate into a clinically
significantimprovement.

Another possible confounder of
corticosteroid effectisthatthe con-
clusionsare based primarilyona
posthoc analysis of a small subgroup
of patients from 1trialtreated within
8hoursofinjury. The armsofeach
trialinquestionare reduced from
approximately 160 patients perarm
overall,to approximately 65 patients
perarminthe subgroupalone.In
additiontoareductioninsample
size,the advantages and strengths of
randomization are lostwhen per-
forming such analyses, yetanother
reasontobe cautiouswhen evaluat-
ing posthoc subgroup results. This
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type of analysisinherently carries a
higherrisk offinding a difference
where one actually does notexist
and should be used primarily to stim-
ulate future research questions and
nottochange clinical practice.

Finally, systemic corticosteroids
arenotbenigntreatments. Inthis
review, although not statistically sig-
nificant, gastrointestinalhemor-
rhage and wound infectionswere
observed more frequentlyin patients
treated with corticosteroidsfor 24
hours, and severe sepsis (RR=4.00;
95% C10.45t0 35.38) and severe
pneumonia (RR=2.25;95% Cl10.71to
7.15)were seen more frequently in
thosetreatedfor48hours. Therange
of values withinthe 95% Cls suggest
thatthese complications may out-
weighthe benefits ofthe treatment
effect(4-pointdifference in motor
scores).

TAKE HOME MESSAGE

Acute spinalcordinjuryisadevas-
tating cause of disabilityand an
enormous burdentothe health care
system. Effective therapyisneeded
inthe managementofthis disease.
ThisCochrane review provides only
weak supportforthe use of high-
dose methylprednisolone therapyin
acute spinal cord injury, while indi-
catingthere maybeanincreased
risk of severe adverse outcomes. The
issue of high-dose methylpredni-
solone therapyis much more contro-
versialthanthe review suggests,
with some considering itnomore
than experimental therapy,?yet
despite the controversy, high-dose
methylprednisoloneisusedin many
centerstotreatpatients with acute
spinal cordinjury. Untilmore re-
searchisproducedtoeithersupport
orrefute this practice, emergency
physiciansinvolved withtrauma
carewillneedtodebate the pros and
consfortheirsiteandreachalocal

consensus with othersinvolvedin
the care ofthese patients.
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EVIDENCE-BASED MEDICINE
TEACHING POINTS

Subgroup analysisisacommonand
importantaspectofmedicalre-
search, helpingtoidentify categories
of patients thatwill benefitthe most
from specific therapeutic interven-
tion; however, if performed or used
incorrectly,itcanleadtoerroneous
conclusions. All subgroup types suf-
ferfrom2common sources of error
depending onhowtheyare analyzed.
Thefirstis low power, oralower
chance offinding a difference where
one actually exists. Thisisusually the
resultof small sample sizesineach of
the subgroup cells. The secondisan
increased risk of afalse positive
result. Thistype of errorincreases as
the number of subgroups being ana-
lyzedincreases.

The mostcredible type of sub-
group analysisarethosethatare
defined a priori,are based on previ-
ousresearch, are biologicallyfeasi-
ble, exhibitlarge effectsizes,and are
observedinwithin-study aswell as
between-study analyses.3The least
credible subgroup examinationisa
posthoc analysis. Becausethe data
have already been collected and
analyzed, any number of arbitrary
subgroupscanbe createdto support
the author’s hypothesis, and signifi-
cantresults should be suspect. Post
hoc subgroups carrythe highestrate
of false-positive results, and when
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the overall studyresults are not sig-
nificant, they should be analyzed
usingmore rigorous o levels (Pval-
ues)thanthe primary outcome itself.
Whenssignificantresults are found, it
ishesttousethemonlyasasource of
hypothesesto be tested by future
research.*
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