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Objective.—To compare the efficacy of methylprednisolone administered for 24
hours with methyprednisolone administered for 48 hours or tirlazad mesylate ad-
ministered for 48 hours in patients with acute spinal cord injury.

Design.—Doubie-blind, randomized clinical trial.

Setting.—Sixteen acute spinal cord injury centers in North America.

Patients.—A total of 499 patients with acute spinal cord injury diagnosed in Na-
tional Acute Spinal Cord Injury Study (NASCIS) centers within 8 hours of injury.

Intervention.—All patients received an intravenous bolus of methylprednisolone
{30 mg/kg) before randomization. Patients in the 24-hour regimen group (n=166)
received a methylprednisolone infusion of 5.4 mg/kg per hour for 24 hours, those
in the 48-hour regimen group (n=167) received a methylprednisolone infusion of
5.4 mg/kg per hour for 48 hours, and those in the tirilazad group (n=166) received
a 2.5 mg/kg bolus infusion of tirilazad mesyiate every 6 hours for 48 hours.

Main Outcome Measures.—Motor function change between initial presentation
and at 6 weeks and 6 months after injury, and change in Functional Independence
Measure (FIM) assessed at 6 weeks and 6 months.

Results.—Compared with patients treated with methylprednisolone for 24 hours,
those treated with methylprednisolone for 48 hours showed improved motor recov-
ery at 6 weeks (P=.09) and 6 months (P=.07) after injury. The effect of the 48-hour
methylprednisolone regimen was significant at 6 weeks (P=.04) and 6 months
(P=.01) among patients whose therapy was initiated 3 to 8 hours after injury. Pa-
tients who received the 48-hour regimen and who started treatment at 3 to 8 hours
were more likely to improve 1 full neurologic grade (P=.03) at 6 months, to show
more improvement in 6-month FIM (P=.08), and to have more severe sepsis and
severe pneumonia than patients in the 24-hour methylprednisolone group and the
tirilazad group, but other complications and mortality (P=.97) were similar. Patients
treated with tirilazad for 48 hours showed motor recovery rates equivalent to
patients who received methylprednisolone for 24 hours.

Conclusions.—Patients with acute spinal cord injury who receive methylpred-
nisolone within 3 hours of injury should be maintained on the treatment regimen for
24 hours. When methylprednisolone is initiated 3 to 8 hours after injury, patients

should be maintained on steroid therapy for 48 hours.
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ACUTE SPINAL CORDinjuryisadev-
astating, traumatic event, is experienced
disproportionately by young people,' and
has appeared refractory to treatment.?
The National Acute Spinal Cord Injury
Study (NASCIS) was established in 1975
to evaluate pharmacologic therapies in
the first hours after injury.*® A prior
trial, NASCIS 2, demonstrated that
high-dose methylprednisolone (30 mg/
kg bolus followed by 5.4 mg/kg per hour
for 23 hours) initiated within 8 hours of
injury, resulted in greater neurologic
recovery that remained evident 1 year
after injury.®” Neurologic recovery oe-
curred at the injury level and in lower
spinal cord segments.*® NASCIS 2, rep-
licated in Japan,'® provided a therapy
now widely used to treat acute spinal
cord injury!! and clinical evidence that
destructive biologic processes within the
spinal cord can be ameliorated.'>*

A mechanism likely to be influenced
by methylprednisolone is suppression
of lipid peroxidation and hydrolysis,
which destroys neuronal and microvas-
cular membranes.’*® These secondary

The authors' affiliations are listed at the end of this
article, as is a complete list of the National Acute Spi-
nal Cord Injury Study centers and personnel with
financial disctosure information.
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injury processes extend beyond 24
hours.!® The present trial was designed
to evaluate whether a 48-hour mainte-
nance dose of methylprednisolone would
lead to greater recovery than the 24-
hour methylprednisolone protocol. We
also studied tirilazad mesylate, a potent
lipid peroxidation inhibitor developed
to treat central nervous system (CNS)
trauma,'* with potentially fewer com-
plications than anticipated from the
high-dose 48-hour methylprednisolone
regimen.?? Two preplanned subgroup
analysesinvolved early vs late initiation
of treatment within the 8-hours-of-in-
jury window and the effect of treatment
in patients with initial complete vs in-
complete neurologic function.

METHODS
Eligibility and Randomization

The first patient was randomized De-
cember 18,1991, and the last September
30, 1995. Eligible patients were random-
ized within 6 hours of injury to receive
the study drug within 8 hours. Patients
were diagnosed by NASCIS-approved
physicians as having a spinal cord in-
jury, consented to participate, and were
at least 14 years old. We excluded preg-
nant women, illegal immigrants, indicted
criminals, patients with serious comor-
bidity or specific health conditions that
might affect treatment assessment, pa-
tients weighing more than 109 kg (242
Ib) because of concern regarding vol-
ume overload, patients with gunshot
wounds, those with previous spinal in-
jury, or those started earlier on main-
tenance methylprednisolone. Approval
was obtained from institutional review
boards at all participating hospitals.

Once a patient was determined to be
eligible, the randomizing center called
the 24-hour Yale-New Haven Hospital
pharmacy. The pharmacist confirmed
that the caller was a NASCIS collabo-
rator, injury was within 6 hours, and
consent had been obtained. The Yale
pharmacist calculated study drug dos-
ages based on the patient’s weight and
provided dosing information. Within
each center the 3 treatments were ran-
domized in blocks of 9. Apart from the
study protocol, all other aspects of pa-
tient management were at the discre-
tion of each participating center.

Preparation and Administration
of the Study Drugs

Methylprednisolone or its placebo was
provided in kits containing 16 2-g vials.
Bacteriostatic water was used for re-
constituting methylprednisolone.
Tirilazad mesylate, 1.5 mg/mL, or pla-
cebo was supplied in kits containing 16
100-mL vials. All patients received a
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Registered Patients (n=788)

Not Randomized (n=289}
Outside 8-h Window or Unable to Give Consent (n=130}
Non-English Speaking, on MPSS Maintenance (n=95)
Refused (n=24)
Intoxicated, Sedated, Coma (n=21)
Physician Refusal, Uncertain Follow-up (n=19)

Randomized
(n=499)

v \ v
Methylprednisolone for 24 h Tirilazad Mesylate for 48 h Methylprednisolone for 48 h
(n=166) (n=167) (n=166)
Administration Error (n=7) Administration Error (n=14) Administration Error (n=9)
Incorrect Weight (n=0) Incorrect Weight (n=3) Incorrect Weight (n=0)
Infusion Stopped— Infusion Stopped— Infusion Stopped—

Complications (n=0) Complications Complications

(Vomiting, Phlebitis,

Cardiac Arrest) (n=3)

(Hysteria, Diabetes) (n=2)

I

Complied With Allocated
Drug Regimen

Complied With Allocated
Drug Regimen

Complied With Allocated
Drug Regimen

{n=159) (n=147) (n=155)
Patient Refusal (n=3) Patient Refusal (n=2) Patient Refusal (n=2)
Lost to Follow-up (n=2) Lost to Follow-up (n=1) Lost to Follow-up {n=2)
Double Amputee (n=1) Motor Function Died {n=8)
Died (n=6) Not Testable (n=1)
Died (n=6)
I [ I
6-wk 6-wk 6-wk
Examination Examination Examination
(n=154) (n=157) (n=154)
Patient Refusal (n=8) Patient Refusal {n=4) Patient Refusal (n=5)
Lost to Follow-up (n=3) Lost to Follow-up {n=3) Lost to Follow-up (n=3)
Double Amputee (n=1) Comatose {n=1) Died (n=1)
Died (n=3) Died {n=3)
I I [
6-mo 6-mo 8-mo
Examination Examination Examination
(n=145) (n=150) (n=149)

Figure 1.—Each stage of the third National Acute Spinal Cord Injury Study. Some patients were examined
at 6 months who were not examined at 6 weeks. MPSS represents methylprednisolone sodium succinate.

bolus of open-label methylprednisolone
(20 to 40 mg/kg) at the injury site or
emergency department before random-
ization. Patients for whom the initial bo-
lus was less than 20 mg/kg (2.6%) were
given an additional bolus on hospital ad-
mission.

Methylprednisolone and tirilazad (or
placebos) were administered in separate
masked infusions. Methylprednisolone
was infused continuously over 48 hours
at 5.4 mg/kg per hour, and 2.5 mg/kg of
tirilazad mesylate was given by intra-
venous bolus infusion over 15 to 20 min-
utes every 6 hours for 48 hours. Main-
tenance doses were started within 3
hours of the bolus. Study personnel were
blind to drug protocol. Sealed drug codes
were stored in each center and returned
to the coordinating center for inspec-
tion. No evidence of tampering was ob-
served, and it was never necessary to
break the code. Patients in the methyl-

prednisolone groups were administered
more than 97% of their assigned total
milligram dose and the tirilazad group
received 94.3%.

Assessment of Neurologic Function

Patients were examined in the emer-
gency department immediately after in-
jury and at 6 weeks (42-49 days) and 6
months (180-210 days) after injury by
NASCIS-trained physicians and nurses,
all of whom were blind to study proto-
col. Patients who moved away were ex-
amined at the nearest collaborating cen-
ter. Ninety-eight percent of surviving
patientsreceived their 6-week and 94.7%
their 6-month neurologic follow-up (Fig-
ure 1), Survival information was avail-
able for all patients.

Motor Function.—Motor function
was tested bilaterally in 14 muscle seg-
ments. An additional segment was mea-
sured to meet American Spinal Injury
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Table 1.—Demographic and Clinical Characteristics of Patients at Entry* Association criteria?® but was not used

T —————— s o alyses, which replicate NAS-
I 1 P CIS 2 scoring. Possible scores were 0,
Characteristics 24mp 48TM 48MP Value  ng contraction; 1, a trace of contraction;
No. of patients 166 167 166 - 2, active movement without antigrav-
Seh’;l’a T{;’ 855 868 819 ity; 3, active movément with antigrav-
Fomale 145 T2 81 ] 44 ity; 4, active movement .against resis-
Ethnicity, % tance; angi 5, normal function. Expanded
Airican American 10.2 12.0 138 neurologic scores summed the neuro-
Non-Hispanic white 771 736 759 logic score for each segment, ranging
Hispanic 7.2 9.6 6.0 49 from 0 (no contraction in any muscle) to
Other 5.4 54 42 70 (all normal responses).
Weight, kg 77.3=21.1 75.9+1.1 77711 40 Patients were classified as follows:
Age, % _ quadriplegic, if the most cephalad muscle
1419 145 156 145 with no contraction was the first dorsal
20-24 13.9 158 175 interosseous (C-8 to T-1) or higher with
2529 13.9 16.2 139 no contraction in any distal muscle;
3034 16.3 12.0 16.3 paraplegic, if the most cephalad muscle
3539 84 108 10.2 with no contraction was below the first
40-44 48 84 6.0 40 dorsal interosseous with no contraction
4549 66 08 54 in any distal muscle; quadriparetic, if
:g:g; - :g 32 :23‘; the most cephalad musele witha trace of
=60 15'1 02 10‘8 contracleon or active movement mt.h-
: : == out antigravity was the first dorsal in-
Blood pressure, mm Hg . ..
Systolic 126.1=1.8 121.6=1.8 125.7+1.8 15 terosseous or higher; paraparetic, if the
Diastolic 760213 716213 768+13 o1 most cephalad muscle with a trace of
Pulse 78714 81314 81.3+1.4 31 contraction or active movement with-
Body temperature, °C 36.120.10 36.1=0.1 36.1+0.1 8 outantigravity was below the first dor-
Cause of injury, % sal interosseous; and normal, if impair-
Automobile crash 37.9 34.7 36.7 ment was slight.
Motorcycle crash 7.2 7.8 9.6 Sensory Function._Response to pin-
Fall 253 275 277 %6 prick and light touch was evaluated and
Crush injury 78 72 4.8 scored bilaterally from C-2 through S-5
Water-refated injury 6.0 90 78 as 1, absent; 2, dysfunctional (including
Othert 157 138 132 hyperesthesia); and 8, normal, for 29 spi-
e s w7 s mal cond segments. Expanded scores
Noad 14 96 02 m ranged from 29 (all responses absent) to
Ear, nose. and Throat Y =2 54 =5 87 (all responses normal). Patients were
Cordiac T8 22 00 6 classified as analgesic and an'est}‘letic at
Puimonary 4 a9 129 0 or above T-1 if response to pinprick and
Gastrontestinal 22 12 55 % touch, respectively, was absent at or above
Genttal or urinary 18 12 00 >5 T-1 and all distal segments; analgesic and
Musculoskelotal 157 235 233 13 anesthetic below T-1 if response to pin-
Other 36 36 o4 9 prick and touch was absent below T-1
Glasgow Coma Scale score 14.7=.09 14.6+.09 14.4=.09 20 and all distal segments; hypalgesic and
Extent of spinal cord injury, %% hypoesthetic at or above T-1 if response
Complete 46.4 51.8 515 ] to pinprick and touch at or above T-1 was
Incomplete 446 428 40.0 61 dysfunctional, hypalgesic and hypoes-
Normal 9.0 5.4 85 | thetic below T-1 if sensation was dimin-
Plain spine x-ray, % ished below T-1; and normal if all re-
Fracture only 303 228 6.7 7] sponses were normal. Responses to deep
Dislocation only 7.9 90 75 74 pain and pressure were evaluated bilat-
Fracture and dislocatic?n 46.7 55.1 50.3 erally in the wrist, thumb, little ﬁnger,
No fracture or dislocation 15.2 13.2 155 knee, ankle, and great toe as 1, absent; 2,
Sp}{:f:;ﬁg:d syndrome, % 54 42 61 - decreased; and 3, normal. Expanded
Contal 76 156 213 scores ranged from 6 (all responses ab-
Brown Séquard o1 50 o1 ™ sent) to 18 (all responses normal).
Posterior 00 00 00 Complete neurologic loss was defined
No syndrome 579 742 %65 | as patients experiencing no motor con-
Administered bolus before randomization, % 73.5 74.2 68.1 39 traction and absent sensation below the
Time of injury to admission, mean (SD), h 18(1.4) 1704 19(14) 44 injurylevel, defined by highest dysfunc-
Time of injury to bolus dose, mean (SD), h 33(17) 31(15) 34(17) 16 tional level.
Time center admission to start maintenance .
dose, mean (SD), h 3.6 (1.6) 3.6(1.5) 3.6 (1.5) 97 Functional Independence Measure
*24 MP indicates the treatment group that received a methylprednisolone infusion for 24 hours; 48TM indicates the Patients were evaluated using the
treatment group that received a tirilazad mesylate infusion for 48 hours; and 48MP irldsicEales the treatment group that Funetional Independence Measure (FIM)
e incluces SpoHerelted morios, no23: pedestian inires, =20 assaut, e 1o and ather, n-S. at 6 weeks and 6 months.* The FIM mea-
tExtent of injury was assessed by a neurologic examiner in the emergency department. sures self-care, sphincter control, mo-
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Table 2.—Neurologic Status on Admission, According to Treatment Protocol*
]

Protocols
f 1 P
Status 24MP 48TM 48MP Value
Motor function, % (n=494)
Quadriplegic ) 315 44.0 30.1 7]
Paraplegic 29.0 271 36.8
Quadriparetic 12.4 12.6 15.1 .007
Paraparetic 25 5.4 4.2
Normal 247 10.8 13.9 _|
Mean expanded motor score 339 26.5 305 .006
Response to pinprick, % (n=498)
Analgesic at or above T-1 236 323 235 7]
Analgesic below T-1 30.9 275 34.3
Hypalgesia at or above T-1 18.3 18.6 211 46
Hypalgesia below T-1 15.8 10.8 9.6
Normal 10.9 10.8 11.4 _|
Mean expanded pinprick score 60.6 58.3 60.4 46
Response to light touch, % (n=496) _
Anesthetic at or above T-1 213 315 224
Anesthetic below T-1 31.1 273 327
Hypesthetic at or above T-1 18.9 16.4 206 51
Hypesthetic below T-1 14.0 10.9 9.7
Normal 146 139 146 _|
Mean expanded touch score 62.0 59.4 61.3 44

.- ____________________________________________]
*No patients had normal findings on all 3 neurologic parameters. Treatment groups are defined in the first footnote

to Table 1.

Table 3.—Change in Motor Function 6 Weeks and 6 Months After Injury by Time to Initiation of Treatment

and Compliance With Treatment Protocol*

Protocois
! At 6 Weeks At 6 Months |
Time to Initiation [ 1 [ )
of Treatment 24MP 48TM 48MP 24MP 48TM 48MP
<8h
Intent to treat, No. 151 156 154 142 149 149
Change in score 9.0 10.2 11.8 13.4 14.4 16.8
P value N .48 09 N .58 07
Compliers, No. 144 139 145 136 131 141
Change in score 8.8 10.4 124 13.2 14.7 16.9
P value Lo 37 04 44 06
<3 h
Intent to treat, No. 75 86 70 71 85 69
Change in score 10.5 10.9 11.1 15.5 155 15.7
P value AN .87 80 . .99 95
Compliers, No. 72 74 65 68 72 64
Change in score 10.6 1.2 1.3 15.5 16.0 15.6
P value L. .81 80 .87 98
3-8h
Intent to treat, No. 76 70 84 71 64 80
Change in score 7.6 9.5 12.5 11.2 13.0 17.6
P value - 44 04 ... 51 01
Compliers, No. 72 65 80 68 58 77
Change in score 7.0 9.5 134 10.8 13.3 18.0
P value N .31 008 40 008

*Treatment groups are defined in the first footnote to Table 1. The P values were determined from an analysis
of covariance that contained parameters for the initial motor score obtained in the emergency department and a
protocol by time interaction. Ellipses indicate reference value. Scores for motor function range from 0 to 70. Motor
scores were not obtained during some examinations because of casts, braces, and other immobilization require-

ments.

bility, locomotion, communication, and
social cognition, and provides an over-
all score of function ranging from 18, in-
dicating the need for assistance in all
areas, to 126, indicating complete inde-
pendence. Patients are grouped into 4
categories depending on whether they
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need assistance: complete dependence
(help is needed but patient may assist
25% of the time), modified dependence
(patient can function between 50% and
75% of the time or needs supervision),
modified independence (patient does not
need help but uses devices), and com-

plete independence. All study nurses
were credentialed to perform FIM ex-
aminations.®

Compliance

Protocol violations occurred when a
patient was not given the designated
study drug dose. Noncompliance was
analyzed only if it involved active drug
administration. In addition to the intent-
to-treat analysis, analyses of compliers
were performed to examine treatment
effects among optimally dosed patients.

Statistical Analysis

All analyses were preplanned by pro-
tocol. The primary end point was change
in neurologic function between baseline
and follow-up examination. The trial was
designed to detect motor change score
differences of 5+ with a=.05 and p=.20,
which required 150 patients in each
group. Analysis of variance tested the
hypothesis that the change score was not
different across treatment groups. Cal-
culations used the GLM procedure in SAS
statistical software,® and overall sig-
nificance was tested using type III sums
of squares. We summarized results ac-
cording to time the bolus was received
(=3 or >3 hours, the modal value from
injury) and degree of neurologic loss
(complete or incomplete). Analysis of neu-
rologic scores used data from the right
side of the body. In the few instances
for which these data were unavailable,
the left side was used. (The number of
these instances varied by examination
time and modality tested, but it was
never more than 2.5% of the examina-
tions.) Two-tailed significance tests were
used with a nominal P value of .05.

To adjust for the effect of baseline
measures on neurologic change, analy-
sis of covariance used the initial mea-
sure of function as a covariate. Adjusted
means were used as the summary. If
there was significant lack of parallelism,
such as the interaction between base-
line neurologic function and degree of
neurologic loss (complete or incomplete),
adjusted means resulting from an analy-
sis including the interaction are appro-
priate for drug protocol comparisons
within the complete and incomplete
groups.

A summary of patient survival used
the product-limit estimator of the sur-
vival curve, truncating follow-up at 213
days. The curves of the 3 treatment
groups were compared using the log-
rank test, calculated using LIFETEST
in SAS software.®

RESULTS

A total of 499 patients were random-
ized (485 planned} and were evenly dis-
tributed by protocol at each collaborat-
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ing center. Study patients were pre-
dominantly male, white, and aged 14 to
34 years (Table 1). Cause of injury was
most likely a motor vehicle crash or a
fall. The majority of patients were with-
out major comorbidity (by design) and
were conscious at admission. Approxi-
mately half the patients (49.7%) had com-
plete spinal cord injuries, and 77.2% had
spinal fractures, including 50.7% with
fracture dislocations. Patients treated
with tirilazad had lower blood pressure
at entry to the study (about 5 mm Hg),
significantly so for diastolic pressure com-
pared with both methylprednisolone
groups. Overall, 69.8% of patients were
admitted directly to a study center, and
71.9% received a methylprednisolone bo-
lus before entering the study center. Av-
erage times from injury to admission and
infusion of bolus and from center ad-
mission to starting maintenance infu-
sion were equivalent in all 3 protocols.

Patients randomized to receive
tirilazad had significantly worse motor
function than patients randomized to ei-
ther methylprednisolone group (Table
2). However, the difference in motor func-
tion between the 2 methylprednisolone
groups was not significant (P=.10).
Smaller differences were seen for the
pinprick and light touch measures.

Motor function change scores are
shown for 6 weeks and 6 months (Table
3). Compared with patients receiving
24-hour methylprednisolone, those given
a 48-hour treatment of the same drug
showed more motor function recovery
at 6 weeks and 6 months in the intent-
to-treat analysis (change scores, 9.0 vs
11.8 [P=.09] and 134 vs 16.8 [P=.07],
respectively). When the 38 noncompli-
ers were excluded, these differences in-
creased (P=.04 and P=.06, respectively).
Stratification by time to beginning of
treatment showed essentially identical
rates of motor recovery among patients
treated less than 3 hours after injury,
irrespective of treatment protocol.
Among patients who started treatment
between 3 and 8 hours of injury, the
48-hour methylprednisolone group re-
covered significantly more motor func-
tion at 6 weeks and 6 months than those
given 24-hour methylprednisolone (7.6
vs 12.5 [P=.04}and 11.2vs 17.6 [P=.01],
respectively). These differences also
were greater in the compliers’ analysis
(P=.01 for both time periods). In all mo-
tor function comparisons, patients who
received 48 hours of tirilazad recovered
at rates equal to or slightly higher than
patients in the 24-hour methylpredniso-
lone group, but no difference approached
nominal statistical significance.

As expected, overall neurologic re-
covery was considerably greater in
patients with incomplete vs complete

JAMA, May 28, 1997—Vo! 277, No. 20

Table 4 —Change in Functional Independence (FIM) 6 Weeks and 6 Months After Injury by Compliance and

Treatment Protocol*

Protocols
! At 6 Weeks At 6 Months !
Compliance I24MP 48TM 4BMPI I2:‘IMP 48TM 48Ml-"I
Intent-to-treat n=151 n=156 n=154 n=142 n=149 n=149
Total FIM 84.5 85.4 85.0 99.1 100.5 103.3
P value . 72 .86 . 57 .08
Self-care 24.4 25.2 25.8 30.9 32.0 33.3
P value .. 44 A7 .. .34 .03
Sphincter control 7.5 7.7 7.8 9.4 9.8 10.5
P value S .57 .36 L. .27 .01
Mobility 11.3 11.2 11.5 14.7 15.1 15.8
P value ce .85 .72 RN .58 A2
Locomotion 7.6 7.6 7.4 9.4 9.4 9.5
P value R .99 .68 e .99 77
Communication 13.6 134 13.3 13.9 13.7 138
P value Ce .29 .08 S .08 75
Social cognition 20.1 19.9 19.4 20.7 20.4 20.5
P value c .38 .03 o .09 .23
Compliers n=144 n=139 n=145 n=136 n=131 n=141
Total FIM 84.0 85.2 86.6 98.9 101.0 103.8
P value - .64 .29 . .40 .05
Self-care 24.3 25.3 26.2 30.8 32.2 335
P value AN .32 .06 . .23 .02
Sphincter control 7.4 7.8 79 9.3 10.0 10.5
P value - .34 .24 o 13 .01
Mobility 1.2 1.2 11.7 14.7 156.2 15.9
P value e >.99 .46 S .51 .08
Locomotion 7.5 7.5 76 9.4 9.4 9.6
P value R .83 73 L. 92 67
Communication 13.6 134 13.5 13.9 13.7 13.9
P 14 46 A1 .56
Social cognition 20.1 19.8 19.7 20.7 20.4 20.5
P value e 27 .20 . 15 .37

]
*Treatment groups are defined in the first footnote to Table 1. From an analysis of covariance adjusted for initial -
motor scores obtained in emergency department. P values denote change in FiM score. Ellipses indicate reference

value.

injuries. The 24- and 48-hour methyl-
prednisolone group motor change scores
for patients with complete injuries at 6
weeks were 1.7 and 4.6 (P=.08), and at
6 months 1.9 and 6.1 (P=.05), respec-
tively (intent-to-treat analysis). The cor-
responding scores for patients with in-
complete lesions were 19.8 and 22.0
(P=.16) at 6 weeks and 25.3 and 28.1
(P=.18) at 6 months. These differences
were all enhanced among protocol com-
pliers: 1.6 and 4.8 (P=.05) at 6 weeks
and 1.7 and 6.5 (P=.03) at 6 months for
patients with complete injuries; and 20.1
and 24.2 (P=.02) at 6 weeks and 25.4 and
28.9 (P=.12) at 6 months for those with
incomplete injuries. Patients receiving
tirilazad recovered at rates between the
2 methylprednisolone groups and no
comparisons reached nominal statistical
significance.

All analyses were repeated for sen-
sory function using deep pain, pinprick,
and light touch sensation. Patterns of
recovery were essentially the same as

Treatment of Acute Spinal Cord Injury—Bracken et al
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those for motor function, although treat-
ment differences tended to be smaller
and less likely to achieve statistical sig-
nificance. For example, among patients
starting treatment 3 to 8 hours after
injury, the 24-hour methylprednisolone,
tirilazad, and 48-hour methylpredniso-
lone pain recovery scores at 6 months
were 1.9, 2.3 (P=.41), and 3.0 (P=.13),
respectively (using intent-to-treat ad-
justed for baseline). At 6 months, the
respective pinprick sensation recovery
scores were 8.0, 8.1 (P=.98), and 9.7
(P=.39); and light touch recovery scores
were 9.0, 8.4 (P=.80), and 9.0 (P=.99).
Improvement on the FIM was greater
6 months after injury in all patients given
48-hour vs 24-hour methylprednisolone
as assessed by total FIM score (P=.08),
self-care (P=.03), and sphincter control
(P=.01) (Table 4). Mobility scores showed
more modest improvement (P=.12), and
locomotion, communication, and social
cognition were not influenced by treat-
ment. Among compliers, respective dif-
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Table 5.—Six-Week Complications by Degree of Severity and Treatment Protocol*
" — ]

Protocols

I 1 P
Complications Severity 24MP 48TM 48MP Value

Evaluable respondents, No. S 154 157 154 Lo
Urinary tract infection Mild-moderate 34.4 36.3 38.3 .78
Decubiti Mild-moderate 12.3 18.5 13.6 .28
Severe 0.6 0.6 0.6 >.99
Other infection Mild-moderate 3.9 4.4 7.8 .26
Phlebitis Mild-moderate 26 1.9 1.3 Nal
Severe 0 0.6 o] .37
Incision, pin, halo infection Mild-moderate 1.9 3.2 2.6 .79
Severe 0.6 0 1.9 17
Sepsis Mild-moderate 3.9 3.2 45 .82
Severe 0.6 0 2.6 .07
Adult RDS Mild-moderate 1.9 2.5 1.9 44
Severe 1.3 1.9 1.9 .37
Atelectasis Mild-moderate 5.2 9.5 7.1 .33
Severe 0 0.6 0 .37

Other respiratory failure Mild-moderate 7.8 9.1 9.1 .91
Severe 1.9 13 3.2 A8
Pneumonia Mild-moderate 12.3 13.4 11.0 .82
Severe 26 0.6 5.8 .02
Gl hemorrhage Mild-moderate 0 13 1.3 37
Severe 0 0 0.6 36
Bradycardia Mild-moderate 2.6 0 0.6 .07
Severe 1.3 25 0 14

Tachycardia Mild-moderate 0.6 0.6 2.6 .21
Other arrhythmia Mild-moderate 0.6 1.3 1.9 60
Thrombophlebitis Mild-moderate 26 5.1 4.5 51
Severe 0.6 1.3 0 37
Pulmonary embolus Mild-moderate 0 0.6 0.6 37
Severe 1.3 1.9 0.6 37
Paralytic ileus Mild-moderate 1.3 2.5 3.2 .53
Severe 0 0 0.6 .36
Other complications Mild-moderate 1.7 15.3 18.2 .28
Severe 4.5 57 5.8 .85

L ______________________________________________________ |
*Treatment groups are defined in the first footnote to Table 1. Values are %. RDS indicates respiratory distress

syndrome; and Gl, gastrointestinal.

ferences were total FIM (P=.05), self-
care (P=.02), sphincter control (P=.01),
and mobility (P=.08). Patients treated
with tirilazad generally improved on the
FIM at rates between the 2 methyl-
prednisolone groups. When time to treat-
ment and completeness of initial injury
were considered, the patterns of FIM
recovery were similar to those ob-
served for motor function.

We examined whether improved neu-
rologic recovery was sufficient to reas-
sign patients from 1 of the 4 dysfunc-
tional categories (Table 2) to a higher
functional group. Using intent-to-treat
analysis at 6 months, 56.2% of patients
treated with the 48-hour methylpred-
nisolone regimen improved at least 1
full category compared with 44.0% of
patients in the 24-hour methylpredniso-
lone group (relative risk, 1.28; 95% con-
fidence interval, 0.98-1.68; P=.06). Re-
spective improvement rates for patients
starting treatment 3 to 8 hours after
injury were 59.2% and 39.3% (relative
risk, 1.51; 95% confidence interval, 1.03-
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2.20; P=.03). Corresponding improve-
ment for patients receiving tirilazad was
not statistically significant.

The differences in complications
among the 3 treatment groups at 6 weeks
were small (Table 5). The notable ex-
ceptions were severe sepsis (reported
in 2.6% of patients in the 48-hour meth-
ylprednisolone group compared with 0%
in the 48-hour tirilazad group and 0.6%
in the 24-hour methylprednisolone group
[P=.07]) and severe pneumonia (with
rates of 5.8%, 0.6%, and 2.6% [P=.02],
respectively). Survival was similar in all
3 groups (Figure 2).

COMMENT

We observed significantly improved
motor function at 6 weeks and 6 months
afterinjury in patients treated with high
doses of methylprednisolone for 48 hours
compared with 24-hour methylpredniso-
lone treatment. The difference in recov-
ery occurred only among patients start-
ing treatment 3 to 8 hours after injury.
Patients starting treatment before 3

N —— 24MP (n=168)
1007 ———- 48TM (n=167)
rrrrrrr 48 MP (n=166)

0.974

Survival Probability

o o o
© © ©
& O O
1 1 i

[ SR S
1
1

0 20 40 60 80 100 120 140 160 180 200 220
Follow-up Time, d
]
Figure 2.—Survival probability for patients in each
treatment group 6 months after acute spinal cord

injury. Log rank test=0.07, 2 df, P=.97. Treatment
groups are defined in the first footnote to Table 1.

hours from injury showed essentially
the same recovery pattern in all treat-
ment regimens. Extending methylpred-
nisolone maintenance in patients treated
after 3 hours is likely to be beneficial
because interrupting posttraumatic spi-
nal cord pathophysiology is more diffi-
cult the longer initial treatment is de-
layed. Single-bolus dosing does not
attenuate posttraumatic spinal ische-
mia,®2?"# and experimental models that
have successfully used 48-hour dosing®
did not directly compare 24-hour and
48-hour regimens. Hall'®® has suggested
that lipid peroxidation reactions are fu-
eled by hemoglobin,® which may not
peak in spinal tissue for hours or days,
as is found after subarachnoid hemor-
rhage for delayed hemoglobin oxidation
in the subarachnoid clot.®!

We observed functional recovery that
correlated with neurologic recovery. Al-
though statistically significant, differ-
ences in FIM recovery were relatively
small and appear to benefit upper body
function, as represented by self-care and
mobility, more than actual locomotion.
Nonetheless, even small improvements
in functional activity can influence qual-
ity of life in patients recovering from
acute spinal cord injury.

We have previously described a
method for distinguishing separate com-
ponents of neurologic recovery that in-
cludes recovery of segmental function,
which could represent recovery of nerve
roots at the injury level, and recovery of
neurologic function below the injury
level, which must be due to improved
function of long spinal tracts.® Asin NAS-
CIS 2,° most recovery in this study oe-
curred below the lesion level. For ex-
ample, this accounted for 85.6%, 85.5%,
and 89.9% of all motor function recovery
at 6 months in the 24-hour methylpred-
nisolone, 48-hour tirilazad, and 48-hour
methylprednisolone groups, respec-
tively.
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These results provide a rationale to
prolong maintenance infusion of high-
dose methylprednisolone to 48 hours in
patients who begin treatment more than
3 hours after injury. If patients in this
trial are comparable to all patients, al-
most all spinal cord-injured patients
could start treatment within 8 hours but
only half of these within 8 hours. Thus,
approximately half of patients who ful-
fill the eligibility criteria for our study
could benefit from extending the length
of their methylprednisolone therapy.

The 48-hour treatment with tirilazad
(2.5 mg/kg every 6 hours) provided equiva-
lent recovery to 24-hour administration
of methylprednisolone. However, tirilazad
was given after a methylprednisolone bo-
lus of 30 mg/kg, and the study design does
not permit us to distinguish the effect of
bolus from maintenance dose. Our study
indicates that for many patients, 48-
hour methylprednisolone is more effec-
tive than 24-hour dosing. It seems logi-
cal, therefore, that either 24-hour
methylprednisolone dosing or a methyl-
prednisolone bolus with a 48-hour dos-
ing of tirilazad, which show equivalent
efficacy, would be superior to a single
methylprednisolone bolus. Although the
benefits of a single high-dose bolus of
methylprednisolone have not been clini-
cally studied, it has been shown in spinal-
injured animals®?’ that single-dose ad-
ministration does not adequately interrupt
posttraumatic pathophysiology.

As we hypothesized, 48-hour tirilazad
showed some advantage over 48-hour
methylprednisolone in producing fewer
complications since tirilazad is devoid of
glucocorticoid adverse effect potential.’®
However, these differences were small,
and complications with the largest in-
crease using 48-hour methylpredniso-
lone (ie, severe sepsis and severe pneu-
monia) were rare, are usually amenable
to treatment, and did not increase mor-
tality. A recent trial that examined the
efficacy of tirilazad for subarachnoid
hemorrhage suggested that women may
metabolize the drug more rapidly than
men, which may result in lower blood
levels and reduced neuroprotective ac-
tivity.® When only male patients were
analyzed, there was no meaningful dif-
ference in the treatment effects seen for
the entire sample.

Tirilazad is a powerful lipid peroxi-
dation inhibitor,? and its use in our trial,
to some extent, tested the lipid peroxi-
dation hypothesis.?3! Insofar as equiva-
lence with 24-hour methylprednisolone
is suggested, the study supports a ma-
jor role for lipid peroxidation and hy-
drolytic destruction of neuronal and mi-
crovascular membranes in the secondary
injury processes following acute spinal
cord injury.
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Failure of 48-hour tirilazad toimprove
neurologic recovery as much as 48-hour
methylprednisolone has several possible
explanations. First, the benefits of high-
dose methylprednisolone may be due to
additional mechanisms beyond lipid per-
oxidation inhibition, particularly the
well-known anti-inflammatory action of
methylprednisolone.'?'? However, in ani-
mal studies, doses of methylpredniso-
lone that effectively inhibit lipid per-
oxidation failed to exert a readily
apparent anti-inflammatory action. Post-
traumatic administration of high-dose
methylprednisolone does not signifi-
cantly reduce posttraumatic elevation
in spinal cord levels of potentially del-
eterious prostaglandins or throm-
boxane® or delayed posttraumatic in-
flux of polymorphonuclear leukoeytes.®
Second, the reduced effect of 48-hour
tirilazad may be due to a less-than-op-
timal dose or regimen. Third, patients
randomized to receive tirilazad had sig-
nificantly worse motor scores prior to
treatment in comparison with both meth-
ylprednisolone groups, a difference that
statistical correction by baseline scores
may not fully alleviate.

Although the present study does not
provide a rationale for the clinical use of
tirilazad to treat spinal injury, the ap-
parent efficacy of the compound sug-
gests that further study with alterna-
tive dosing regimens is worthwhile.
Indication of fewer adverse effects in
comparison with 48-hour methylpred-
nisolone implies that tirilazad dosing
could be studied beyond 48 hours to in-
hibit posttraumatic lipid peroxidative
pathophysiology more effectively.

Insummary, NASCIS 3 demonstrates
that patients initiating methylpredniso-
lone treatment within 3 hours of injury
should be maintained on the treatment
regimen for 24 hours. Patients initiating
treatment 3 to 8 hours after injury should
have their maintenance dose extended
for 48 hours.

National Acute Spinal Cord Injury Study cen-
ters and personnel: Coordinating Center (Yale
University School of Medicine, New Haven, Conn):
Michael B. Bracken, PhD, MPH, principal investi-
gator; Mary Jo Shepard, MPH, project coordinator;
Theodore R. Holford, PhD, senior biostatistician;
Linda Leo-Summers, MPH, software systems pro-
grammer; Valentine Pascale, RPh, director of in-
vestigational drugs; Glenda Leake, pharmacy tech-
nician. Monitoring Committee: Michael D.
Walker, MD, chairperson, National Institute of
Neurological Disorders and Stroke, Washington,
DC; Mary Ellen Cheung, PhD, National Institute of
Neurological Disorders and Stroke, Washington,
DC; Donlin M. Long, MD, Johns Hopkins Univer-
sity, Baltimore, Md; William Barsan, MD, Univer-
sity of Michigan, Ann Arbor; Charles Contant,
PhD, Baylor College of Medicine, Houston, Tex;
Edward L. Spatz, MD, Boston University, Boston,
Mass. Collaborating Centers and Investigators
(number of patients enrolled at each center is
shown in parentheses): Yale University School of
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Medicine (12 patients), New Haven, Conn: Joseph
Piepmeier, MD, Elaine Flynn, RN, Debbie Webb,
RN, and Linda DeGutis, DrPh, RN; New York
University-Bellevue Medical Center (5 patients),
New York: Wise Young, MD, Donna Whitam, RN,
Carey Erickson, and Michael Whitehouse, RN;
Medical University of South Carolina (45 patients),
Charleston: Phanor L. Perot, Jr, MD, PhD, Bonnie
Muntz-Pope, RN, CNRN, and Peggy Auberry,
RN; University of California, San Diego (23 pa-
tients): Lawrence F. Marshall, MD; Theresa
Gautile, RN, Shermaine Frei, RN, and Lesley
Overton, RN; University of California, Davis (49
patients): Franklin C. Wagner, MD, Karen Smith,
RN, CNRN, and Barry Emrick, PA-C; University
of California, San Francisco (24 patients): Randall
Chesnut, MD, L. H. Pitts, MD, Sue Damron, RN,
Leslie Ferguson-Dietz, RN, CCRN, CNRN,
Theresa Zecca, RN, Joan Little, RN, and Greg
Lambdin, BSN; Barrow Neurological Institute (68
patients), Phoenix, Ariz: Volker K. H. Sonntag,
MD, Janine B. Drabier, RN, MS, and Jean E.
Lopez, RN, MSN; University of Iowa Hospitals
and Clinics (37 patients), lowa City: Patrick W.
Hitchon, MD, Gatana Stoner, RN, Sandy Tomas,
RN, Susan Piper, RN, and Karen VanDenBosch;
University of Washington-Harborview Medical
Center (65 patients), Seattle: H. Richard Winn,
MD, M. Sean Grady, MD, Pam Thomson, RN, Mary
Foley, RN, Dolors Jones, RN, and Heather Bybee,
RN; Allegheny General Hospital (76 patients),
Pittsburgh, Pa: Jack E. Wilberger, MD, Diane
Cantella, RN, and Jeff Bost, PA; Toronto Western
Hospital (11 patients), Toronto, Ontario: Charles
Tator, MD, Michael Fehlings, MD, and Sharon
Hoossain, RN; Sunnybrook Medical Centre (33 pa-
tients), Toronto, Ontario: Mahmood Fazl, MD,
Chen Li, MD, and Katie Weaver, RN; University
of Maryland (28 patients), College Park: Howard
M. Eisenberg, MD, E. Francois Aldrich, MD,
Charlene Aldrich, RN, and Cindy Minkin, RN;
Henry Ford Hospital (2 patients), Detroit, Mich:
Russ P. Nockels, MD, and Melissa Azuara, RN;
Washington Hospital Center (19 patients), Wash-
ington, DC: Daniel L. Herr, MD, Chris Kemmerle-
Pierre, RN, Peggy Iarola, RN, and Pamela Shu-
mate, RN, Alyssa Leimberger, RN. Collaborating
Center changes: Russ P. Nockels, MD, formerly at
University of California, San Francisco; Howard
Eisenberg, MD, and Charlene Aldrich, RN, for-
merly at University of Texas Medical Branch (2
patients), Galveston.

This study was supported by grant NS-15078
from the National Institute of Neurological Disor-
ders and Stroke. Pharmacia and Upjohn Inc funded
additional tests and monitored data quality at par-
ticipating centers to meet regulatory requirements
of the Food and Drug Administration and also pro-
vided study drugs and placebos. Dr Bracken has
served as an occasional paid consultant to Pharma-
cia and Upjohn.
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