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DESPITE CONSIDERABLE AD-
vances in emergency and
critical care management of
traumatic brain injury (TBI)1

as well as decades of research on po-
tential agents for neuroprotection or en-
hanced recovery,2 no effective pharma-
cotherapy has yet been identified.
However, citicoline, an endogenous
compound, has demonstrated interest-
ing properties in preclinical studies3-5

and small clinical trials.6-8 Recognized
in 1956 as the intermediate element in
the biosynthesis of phosphatidylcho-
line, a key constituent of neuronal
membranes,9 citicoline may have a

pleiotropic range of neuroprotective
properties10-12 and is an approved
therapy for TBI in 59 countries.13 Citi-
coline is also widely available in the
United States as a nutraceutical and isFor editorial comment see p 2032.
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Context Traumatic brain injury (TBI) is a serious public health problem in the United
States, yet no treatment is currently available to improve outcome after TBI. Ap-
proved for use in TBI in 59 countries, citicoline is an endogenous substance offering
potential neuroprotective properties as well as facilitated neurorepair post injury.

Objective To determine the ability of citicoline to positively affect functional and
cognitive status in persons with complicated mild, moderate, and severe TBI.

Design, Setting, and Patients The Citicoline Brain Injury Treatment Trial (COBRIT),
a phase 3, double-blind randomized clinical trial conducted between July 20, 2007,
and February 4, 2011, among 1213 patients at 8 US level 1 trauma centers to inves-
tigate effects of citicoline vs placebo in patients with TBI classified as complicated mild,
moderate, or severe.

Intervention Ninety-day regimen of daily enteral or oral citicoline (2000 mg) or pla-
cebo.

Main Outcome Measures Functional and cognitive status, assessed at 90 days
using the TBI-Clinical Trials Network Core Battery. A global statistical test was used to
analyze the 9 scales of the core battery. Secondary outcomes were functional and cog-
nitive improvement, assessed at 30, 90, and 180 days, and examination of the long-
term maintenance of treatment effects.

Results Rates of favorable improvement for the Glasgow Outcome Scale–Extended
were 35.4% in the citicoline group and 35.6% in the placebo group. For all other scales
the rate of improvement ranged from 37.3% to 86.5% in the citicoline group and
from 42.7% to 84.0% in the placebo group. The citicoline and placebo groups did
not differ significantly at the 90-day evaluation (global odds ratio [OR], 0.98 [95%
CI, 0.83-1.15]); in addition, there was no significant treatment effect in the 2 severity
subgroups (global OR, 1.14 [95% CI, 0.88-1.49] and 0.89 [95% CI, 0.72-1.49] for
moderate/severe and complicated mild TBI, respectively). At the 180-day evaluation,
the citicoline and placebo groups did not differ significantly with respect to the pri-
mary outcome (global OR, 0.87 [95% CI, 0.72-1.04]).

Conclusion Among patients with traumatic brain injury, the use of citicoline com-
pared with placebo for 90 days did not result in improvement in functional and cog-
nitive status.

Trial Registration clinicaltrials.gov Identifier: NCT00545662
JAMA. 2012;308(19):1993-2000 www.jama.com
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used by patients with a range of neu-
rologic disorders, yet it has not been
evaluated in a large randomized clini-
cal trial for TBI. Therefore, we evalu-
ated the efficacy of citicoline for im-
proving cognitive and functional status
among patients with TBI.

Animal and human studies suggest
a wide window of opportunity for neu-
roprotection and neurologic recovery
with citicoline, ranging from 6 hours
to more than 48 hours14 post TBI. We
examined the effects of 90 days of oral
citicoline vs placebo initiated within 24
hours of injury in patients with com-
plicated mild, moderate, and severe TBI.
This is, to our knowledge, the first neu-
roprotection study to include compli-
cated mild TBI, an important group be-
cause such patients have evidence of
cognitive dysfunction and are more
similar to those with moderate TBI than
to those with mild TBI.15

METHODS
Patients and Sites

The Citicoline Brain Injury Treatment
Trial (COBRIT) is a multicenter, pla-
cebo-controlled, 2-group, phase 3,
double-blind randomized clinical trial
conducted at 8 US level 1 trauma cen-
ters.16 These centers follow a large num-
ber of patients with TBI through acute,
intermediate, and rehabilitation care
and provided an ethnically and demo-
graphically diverse patient population
(TABLE 1).

All participants required inpatient
acute hospitalization. The institu-
tional review boards of all participat-
ing sites approved the protocol and
either the patients or their legally au-
thorized representatives provided writ-
ten informed consent according to the
local institutional review board rules for
proxy consent. If an authorized repre-
sentative provided consent originally,
the participant directly provided con-
sent for continued involvement on re-
covery of decision-making capacity.

Neuroimaging entry criteria were
verified by the neurosurgical team at
each participating site. Clinical care fol-
lowed set protocols established by the
study network for acute and postacute

interventions, based on the American
Academy of Neurological Surgeons
acute care guidelines and a consensus
of rehabilitation experts for postacute
protocols.17

Inclusion and Exclusion Criteria

Patients were aged 18 (19 in Ala-
bama) to 70 years and had a nonpen-
etrating TBI. Glasgow Coma Scale
(GCS) scores obtained without para-
lytic treatment were 3 to 12 with mo-
tor score of 5 or less, 3 to 12 with mo-
tor score of 6 and meeting any of the
computed tomography (CT) criteria, or
13 to 15 and meeting any of the CT cri-
teria. GCS scores obtained with para-
lytic treatment were GCS 3TP (intu-
bated and paralyzed) meeting any of the
CT scan criteria. Neuroimaging crite-
ria were 10 mm or greater total diam-
eter of all intraparenchymal hemor-
rhages, acute extra-axial hematoma
thickness of 5 mm or greater, subarach-
noid hemorrhage visible on at least 2
contiguous 5-mm slices or at least 3
contiguous 3-mm slices, intraventricu-
lar hemorrhage present on 2 slices, or
midline shift of 5 mm or greater.

Eligibility exclusions were any of the
following: bilaterally fixed and dilated
pupils, positive pregnancy test result or
known pregnancy, imminent death or
current life-threatening disease, pris-
oner, currently enrolled in another
study, acetylcholinesterase inhibitor use
within the 2 weeks prior to injury, or
evidence of serious psychiatric and neu-
rologic disorders that interfere with out-
come assessment.

An external data and safety moni-
toring committee provided indepen-
dent oversight. A data coordinating cen-
ter at Columbia University stored and
analyzed all data.

Study Procedures

Patients were randomly assigned in a
1:1 ratio to receive a 90-day regimen of
either citicoline (2000 mg/d) or pla-
cebo via enteral route, initiated within
24 hours of injury. Patients were
screened for medical history by the
study coordinator as well as the neu-
rosurgery or trauma team, according to

the inclusion and exclusion criteria.
Participants unable to swallow re-
ceived medication in the form of
crushed tablets and either water or
25-mL saline flush via a nasogastric or
percutaneous endoscopic gastros-
tomy tube. Treatment was given only
if patients were able to receive medi-
cation by either method. Ferrer Grupo
provided citicoline and identical pla-
cebo, distributed to the clinical sites by
a central drug distribution center
(ALMAC). Patients, coordinators, phy-
sicians, and outcome evaluators were
blinded to the treatment assignment.
Randomization was stratified by site and
severity of injury, measured by preran-
domization GCS, and implemented
through WebEZ, the randomization
system provided by ALMAC.

Baseline CT scans, vital signs, par-
ticipant medical history, demograph-
ics, and injury information were
obtained and reviewed prior to ran-
domization. Race and ethnicity were
self-reported and recorded according to
the National Institutes of Health clas-
sification. Informationconcerningother
medical treatments, including surgi-
cal interventions, in-depth injury infor-
mation, changes in clinical status, and
vital signs, were collected within 24
hours after randomization. Surgical
interventions, concomitant medica-
tions, GCS scores, CT scan results, and
neurologic worsening were collected on
days 2 through 7 of hospitalization as
well.

Vital signs were recorded every 12
hours during the first 7 days of hospi-
talization and then at the 30- and 90-
day outcome visits. Metabolic, liver, and
hematologic functions were measured
at baseline and day 3, and at 30- and
90-day visits via blood samples. Ad-
verse symptoms and events were re-
corded at regularly scheduled per-
sonal and telephone contacts and
during outcome visits at days 14, 30,
58, 90, 135, and 180.

The primary outcome of this study
was functional status and cognitive per-
formance at 90 days, measured by the
9 components of the TBI Clinical Trials
Network Core Battery.18 The battery in-
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cluded the Trail Making Test parts A
and B19,20; the Glasgow Outcome Scale–
Extended (GOS-E)21; the Controlled
Oral Word Association Test22; the Cali-
fornia Verbal Learning Test II23; the Pro-
cessing Speed Index24 and Digit Span
from the Wechsler Adult Intelligence
Scale III24; and Stroop Test Parts 1 and
2.25

The GOS-E was dichotomized as 1
through 6 for poor outcome and 7
through 8 for good outcome. This cut-
off was set because of the high propor-
tion of patients with complicated mild
TBI planned for study enrollment. All
other measures in the battery are con-
tinuous and were dichotomized at 1
standard deviation below the mean for
an uninjured population. Participants
with raw scores greater than or equal
to 1 standard deviation less than the
mean of the normal population were
classified in the good-outcome group.
Participants who died before 90 days
or who were neurologically impaired at
the time of the 90-day outcome assess-
ment were assigned to the poor-
outcome category. Normative data were
obtained from previous studies for pa-
tients with trauma but no TBI.26

Secondary outcomes were the recov-
ery of cognitive and functional abilities
using a battery of tests administered at
30, 90, and 180 days postrandomiza-
tion; the effect of citicoline on mea-
sures of disability, life satisfaction, and
psychological well-being at 30, 90, and
180 days postrandomization; func-
tional and cognitive status at 180 days
postrandomization; survival after TBI;
and safety. The 180-day outcome as-
sessment was implemented to deter-
mine if any observed effect was main-
tained after discontinuation of treatment.

Statistical Analysis

The primary outcome was analyzed
using a global statistic18 of the Net-
work Core Battery. The procedure is
based on the assumption that the treat-
ment effect is constant across all mea-
sures of the battery. Once a common
effect size is established, the global test
procedure tests the null hypothesis that
the common effect size is zero against

an alternative hypothesis that the com-
mon effect size is different from zero.
The use of a global test procedure to si-
multaneously test several outcomes is

not new27,28 and has been used, for ex-
ample, in trials of stroke.29

In COBRIT, the global statistic esti-
mates the odds ratio (OR) for a good

Table 1. Baseline Characteristics, Interventions (N = 1213)

Characteristic

No. (%)

P
Valuea

Citicoline
(n = 607)

Placebo
(n = 606)

Age, y
18-30 235 (38.7) 199 (32.8)

�30-45 122 (20.1) 142 (23.4)
.08

�45-60 160 (26.4) 184 (30.4)

�60 90 (14.8) 81 (13.4)

Sex
Women 151 (24.9) 159 (26.2)

.60
Men 456 (75.1) 447 (73.8)

Race/ethnicity
White 480 (79.1) 477 (78.7)

Black or African American 84 (13.8) 90 (14.8)

Hispanic 21 (3.5) 28 (4.6) .23

Other 21 (3.5) 11 (1.8)

Missing 1 (0.2) 0

Education
High school 290 (47.8) 290 (47.8)

College or trade school 284 (46.8) 275 (45.4)
.78

Graduate school 24 (4.0) 31 (5.1)

Missing 9 (1.5) 10 (1.6)

Traumatic brain injury severity by GCS Scoreb

Complicated mild 403 (66.4) 404 (66.7)
.95

Moderate/severe 204 (33.6) 202 (33.3)

Mechanism of injury
Motor vehicle (driver/passenger) 304 (50.1) 290 (47.8)

Struck by vehicle 34 (5.6) 38 (6.3)

Fall 179 (29.5) 199 (32.8)
.63

Sports 3 (0.5) 4 (0.7)

Assault 58 (9.6) 55 (9.1)

Other mechanism 29 (4.8) 20 (3.3)

Head AIS
�4 168 (27.9) 171 (28.5)

.81
�4 435 (72.1) 429 (71.5)

Posttraumatic amnesia duration, h
�24 126 (26.6) 121 (25.8)

.82
�24 348 (73.4) 347 (74.2)

Neurosurgery
No 492 (81.0) 491 (81.0)

�.99
Yes 115 (19.0) 115 (19.0)

Intracranial pressure monitoring
No 516 (85.0) 517 (85.3)

.94
Yes 91 (15.0) 89 (14.7)

Brain tissue oxygen monitoring
No 560 (92.3) 560 (92.4)

�.99
Yes 47 (7.7) 46 (7.6)

Ventriculostomy
No 503 (82.9) 501 (82.7)

.94
Yes 104 (17.1) 105 (17.3)

Abbreviations: AIS, Abbreviated Injury Score; GCS, Glasgow Coma Scale; OR, odds ratio.
aBy Fisher exact test.
bScore ranges from 13 through 15 for complicated mild and from 3 through 12 for moderate/severe.
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outcome in the citicoline group com-
pared with the placebo group. An OR
of 1 indicates no treatment effect; an OR
significantly greater than 1 indicates a
beneficial treatment effect. Sample size
was determined assuming a type I er-
ror of .05 (2-sided), 85% power, and an
expected global OR of 1.4. This effect
size corresponds to an absolute im-
provement of 7.7% for the GOS-E. Es-
timates of the rates of good response in
the control group as well as the corre-
lation among the 9 scales were ob-
tained from previous studies con-
ducted among patients with TBI.30-34 An
estimate of the response rate for the
overall control group was obtained as
a weighted average using the expected
proportion of patients with compli-
cated mild, moderate, and severe TBI
as weights.

Under the above assumptions we es-
timated that 1124 participants were re-
quired to detect a global OR of 1.4 or

higher. A final sample size of 1296 was
determined after accounting for 15% at-
trition. At the first interim analysis and
with approval of the data and safety
monitoring committee, the study
sample size was revised to 1426 pa-
tients to account for the higher than an-
ticipated proportion of patients with
complicated mild TBI in the sample.

Four interim analyses and 1 final
analysis were planned using a modi-
fied O’Brien-Fleming group sequen-
tial procedure. At the fourth interim
analysis, a stopping rule for futility was
set as a global statistic z score within
�0.7207. The criterion for stopping the
trial for futility at the fourth interim
analysis was determined as the largest
interim z score that would yield a con-
ditional power of no more than 0.05.

Categorical variables were summa-
rized as frequencies. Fisher exact tests
were used to compare the distribution
of these factors between the placebo

and citicoline groups. Logistic regres-
sion was used to estimate the global
OR. Generalized estimating equations
were used to account for the correla-
tion among the 9 scales. Models were
adjusted for clinical site and severity
of injury. Because only 4% of the
study participants had moderate TBI,
moderate TBI and severe TBI were
c o m b i n e d i n t h e a n a l y s i s . A
treatment�severity interaction term
was used in the models to explore a
potential differential effect of citicoline
on patients with complicated mild,
moderate, and severe TBI.

Kaplan-Meier survival curves for each
treatment group were plotted in the
overall sample and separately by GCS
severity at randomization. Log-rank
tests were used to assess whether the
survival distributions differed be-
tween the 2 groups. The multiple im-
putation procedure proposed by Ru-
bin35 and by Little and Rubin36 was used
to account for missing data.

All statistical analyses were con-
ducted at the 5% 2-sided significance
level following the intent-to-treat prin-
ciple. SAS version 9.2 or R version
2.13.137 were used for statistical analy-
ses.

Adherence Assessment

Adherence status was classified by in-
vestigators masked to patient treat-
ment group into 3 categories based on
returned pill count. Adherent patients
were defined as having taken 75% or
more of their expected dose and non-
adherent patients as having taken less
than 75% of their expected dose. Pa-
tients for whom adherence status could
not be determined were categorized as
having unknown adherence.

RESULTS
At the fourth interim analysis the z score
for the global statistic was −0.13
(P=.89). The data and safety monitor-
ing committee recommended that the
trial be stopped for futility. At that time
COBRIT had enrolled 1213 patients. On
acceptance of the decision by the Na-
tional Institute of Child Health and Hu-
man Development, enrollment in the

Figure 1. COBRIT Study Flow

10 599 Excluded
2003 Age >70 y
803 Out of study time window
683 Refused consent
671 Unable to provide consent
539 GCS improved
388 Non–English speaking

5341 Other

1213 Randomized

508 Included in 90-d analysis
99 Excluded (lost to follow-up

or missed 90-d visit)

448 Included in 180-d analysis
159 Excluded (lost to follow-up

or missed 180-d visit)

509 Included in 90-d analysis
97 Excluded (lost to follow-up

or missed 90-d visit)

455 Included in 180-d analysis 
151 Excluded (lost to follow-up

or missed 180-d visit)

11 812 Patients screened for eligibility

180-d Follow-up

111 Missed 180-d visit
31 Cumulative deaths

48 Cumulative lost to follow-up

180-d Follow-up

108 Missed 180-d visit
42 Cumulative deaths

43 Cumulative lost to follow-up

90-d Follow-up

65 Missed 90-d visit
28 Deaths

34 Lost to follow-up

90-d Follow-up

64 Missed 90-d visit
39 Deaths

33 Lost to follow-up

607 Randomized to receive citicoline
267 Took ≥75% of doses
249 Took <75% of doses
91 Adherence unknown

606 Randomized to receive placebo
271 Took ≥75% of doses
245 Took <75% of doses
90 Adherence unknown

COBRIT indicates Citicoline Brain Injury Treatment Trial; GCS, Glasgow Coma Scale
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trial was stopped on February 7, 2011.
Patients underwent follow-up until May
12, 2011, the date at which the last ran-
domized patient reached the 90-day
outcome assessment. The primary 90-
day outcome was available for 996 pa-
tients, and the 180-day outcome was
available for 886 patients.

Patient Characteristics

Screening was conducted between July
20, 2007, and February 4, 2011. Of the
11 812 patients consecutively screened,
10 599 were excluded for not meeting
eligibility criteria or refusing to pro-
vide consent (FIGURE 1). Of the 1213
patients enrolled, 606 (50%) were ran-
domized to the placebo group and 607
(50%) to the citicoline group. As is typi-
cal of TBI studies, more than half of par-
ticipants were younger than 45 years
and two-thirds were men (Table 1). Ap-
proximately two-thirds of patients had
complicated mild injuries, and approxi-
mately 26% had a posttraumatic am-
nesia duration of 24 hours or less. The
citicoline and placebo groups were simi-
lar with respect to baseline character-
istics (Table 1). Groups were also simi-
lar regarding surgical interventions and
discharge disposition after acute care
(Table 1).

Adherence

All but 6 patients received at least 1 dose
of the study drug. The median time
from randomization to administration
of the first dose was 1.6 and 1.8 hours
for the citicoline and placebo groups,
respectively. Eighty-six percent of the
patients received their first dose within
24 hours of injury. Five hundred thirty-
eight patients (44%) were adherent and
494 (40.7%) were nonadherent; adher-
ence was unknown for 181 (14.9%).
The distribution of adherence did not
differ between the placebo and citico-
line groups.

Primary Outcome

The 2 groups did not differ at the 90-
day evaluation with respect to the TBI
Clinical Trials Network Core Battery
(global OR, 0.98 [95% CI, 0.83-
1.15]). Because the global null hypoth-

esis was not rejected, we did not per-
form further tests of the individual
scales. Rates of favorable improve-
ment for the GOS-E were 35.4% in the
citicoline group and 35.6% in the pla-
cebo group. For all other scales, the rate
of improvement ranged from 37.3% to
86.5% in the citicoline group and from
42.7% to 84.0% in the placebo group
(Table 2).

A descriptive analysis of the indi-
vidual tests is presented in TABLE 2 and
TABLE 3. These results did not change
in a model adjusted for head Abbrevi-
ated Injury Score or using imputation
techniques to recover the missing data.
An interaction term did not suggest a
differential effect of the treatment be-
tween the 2 severity groups (moderate/
severe: global OR, 1.14 [95% CI, 0.88-
1.49]; P=.31; complicated mild: global
OR, 0.89 [95% CI, 0.72-1.08]; P=.12).

Secondary Outcome

At the 180-day evaluation we noted
that the 2 groups did not differ with

respect to the Core Battery (global
OR, 0.87 [95% CI, 0.72-1.04];
P= .13). However, post hoc analysis
of the treatment � severity interac-
tion revealed that patients with com-
plicated mild TBI in the placebo
group did better than those in the
citicoline group (global OR, 0.72
[95% CI, 0.56-0.91]; P = .004). In
patients with moderate/severe TBI,
no statistically significant difference
was observed between treatment
groups (global OR, 1.26 [95% CI,
0.92-1.70]; P=.14).

Survival

A total of 73 patients died during the
study, with 42 deaths (6.9%) in the
placebo group and 31 (5.1%) in the
citicoline group. Of patients who
died, 36 (85.7%) in the placebo
group and 26 (83.9%) in the citico-
line group died within the first
30 days. There was no statistically
significant difference in survival
distributions between the 2 groups

Table 2. Results for the Primary Analysis: 90-Day Evaluationa

Measure

Favorable Outcome,
No. (%)

OR (95% CI)
P

Value
Citicoline
(n = 508)b

Placebo
(n = 509)

Global Test 0.98 (0.83-1.15) .76

Glasgow Outcome
Scale-Extended

180 (35.4) 181 (35.6) 0.99

California Verbal Learning Test 262 (57.7) 280 (60.5) 0.89

Processing Speed Index 236 (52.7) 244 (53.3) 0.98

Trail Making A 291 (65.0) 285 (62.0) 1.14

Trail Making B 332 (74.4) 324 (71.1) 1.19

Digit Span 391 (86.5) 389 (84.0) 1.22

Stroop Part 1 288 (65.3) 299 (68.0) 0.89

Stroop Part 2 295 (68.3) 289 (66.6) 1.08

Controlled Oral Word
Association Test

178 (37.3) 207 (42.7) 0.80

Model stratified by GCS scorec

Moderate/severe 1.14 (0.88-1.49) .31

Complicated mild 0.89 (0.72-1.08) .12

Model stratified by GCS score
adjusted for head AIS

Moderate/severe 1.14 (0.88-1.48) .32

Complicated mild 0.92 (0.75-1.12) .18
Abbreviations: AIS, Abbreviated Injury Score; GCS, Glasgow Coma Scale; OR, odds ratio.
aAll models are adjusted for clinical site.
bCutpoints for definition of good outcome: greater than 6 for Glasgow Outcome Scale-Extended; greater than 36 for Cali-

fornia Verbal Learning Test; greater than 85 for Processing Speed Index; less than 42.33 for Trail Making A; less than
138.1 for Trail Making B; greater than 7.15 for Digit Span; less than 60.29 for Stroop Part 1; less than 151.47 for Stroop
Part 2; and greater than 32.5 for Controlled Oral Word Association Test.

cScore ranges from 13 through 15 for complicated mild and from 3 through 12 for moderate/severe.
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(P=.17) (FIGURE 2). Among patients
with moderate/severe TBI, 34 of 202
(16.8%) in the placebo group and 25
of 204 (12.2%) in the citicoline
group died, with 31 (91.2%) in the
placebo group and 24 (96.0%) in the
citicoline group dying within the first
30 days. Among patients with com-
plicated mild TBI, 8 of 404 (2.0%) in

the placebo group and 6 of 403
(1.5%) in the citicoline group died,
with 5 (62.5%) in the placebo group
and 2 (33.3%) in the citicoline group
dying within the first 30 days. Sur-
vival curves were similar between the
2 groups, even after stratification by
GCS severity at randomization
(Figure 2).

Safety
A total of 316 serious adverse events
were reported among 234 patients.
Among the serious adverse events
noted, 10% of patients reported cen-
tral nervous system problems and
slightly less than 5% reported respi-
ratory problems. The overall propor-
tion of patients reporting serious
adverse events was similar between
the placebo and citicoline groups,
and no significant differences were
noted between the groups overall
(eTable).

COMMENTS
The COBRIT study indicates that citi-
coline was not superior to placebo as
an acute and postacute therapy among
participants with a broad range of se-
verity of TBI. The worldwide use of citi-
coline for TBI should now be ques-
tioned.

Although prior meta-analyses sug-
gest that neuropsychological function
may return to normal by 3 months in
the majority of patients with uncom-
plicated mild TBI,38 this is untrue for
those with so-called mild injury com-
plicated by cerebral injuries visible on
CT.39 The TBI Clinical Trials Network
Core Battery18 includes sensitive mea-
sures of cognition, chosen because ceil-
ing effects were unlikely. Thus, the
COBRIT study appears to support the
lack of utility of citicoline in the treat-
ment of TBI across a broad spectrum
of injury severity.

Table 3. Results for the Secondary Analysis: 180-Day Evaluationa

Measure

Favorable Outcome,
No. (%)

OR (95% CI)
P

Value
Citicoline
(n = 448)b

Placebo
(n = 455)

Global Test 0.87 (0.72-1.04) .13

Glasgow Outcome
Scale-extended

194 (43.3) 209 (45.9) 0.90

California Verbal Learning Test 240 (63.7) 272 (69.4) 0.77

Processing Speed Index 223 (60.0) 236 (60.7) 0.97

Trail Making A 257 (68.5) 268 (68.7) 0.99

Trail Making B 276 (74.2) 292 (75.1) 0.96

Digit Span 325 (86.2) 334 (85.4) 1.07

Stroop Part 1 232 (62.4) 258 (68.0) 0.78

Stroop Part 2 253 (68.8) 281 (74.7) 0.74

Controlled Oral Word Association
Test

180 (42.4) 219 (50.0) 0.73

Model stratified by Glasgow Coma
Scale Scorec

Moderate/severe 1.26 (0.92-1.70) .14

Complicated mild 0.72 (0.56-0.91) .004

Model stratified by Glasgow Coma
Scale Score adjusted by head AIS

Moderate/severe 1.23 (0.91-1.66) .18

Complicated mild 0.74 (0.58-0.94) .008
Abbreviations: AIS, Abbreviated Injury Score; OR, odds ratio.
aAll models are adjusted for clinical site.
bCutpoints for definition of good outcome: greater than 6 for Glasgow Outcome Scale-Extended; greater than 36 for Cali-

fornia Verbal Learning Test; greater than 85 for Processing Speed Index; less than 42.33 for Trail Making A; less than
138.1 for Trail Making B; greater than 7.15 for Digit Span; less than 60.29 for Stroop Part 1; less than 151.47 for Stroop
Part 2; and greater than 32.5 for Controlled Oral Word Association Test.

cScore ranges from 13 through 15 for complicated mild and from 3 through 12 for moderate/severe.

Figure 2. Kaplan-Meier Survival Curves Stratified by Treatment
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Prior studies noted difficulty with
attrition in follow-up for patients
with TBI who lack severe motor defi-
cits.30,33 COBRIT is among the largest
studies including patients with com-
plicated mild TBI and thus highlights
issues of prolonged treatment adher-
ence when evaluating this important
group as well as the difficulty in
attaining long-term follow-up. How-
ever, nonadherence and loss to
follow-up are unlikely to have caused
the negative results observed in
COBRIT. The rates were nearly iden-
tical in the 2 groups, and there was
no treatment effect in patients who
took 75% or more of the study drug.

The post hoc findings observed at 180
days in the group with complicated mild
TBI are of interest. Although it is pos-
sible that these findings occurred by
chance, one explanation is a negative ef-
fect of citicoline on recovery for pa-
tients with less severe injury. Molecular
mechanisms that may be neuroprotec-
tive by acutely promoting tissue repair
and neurologic recovery in severely in-
jured patients may be deleterious in the
postacute setting or in patients with
milder injuries. A therapy that affects in-
flammatory, lipid peroxidative, and cho-
linergic mechanisms may have less ben-
efit or even an overall negative effect in
those with less severe injury. This study
cannot address the effects of citicoline if
administered earlier in recovery or in ti-
trated doses but does reflect present clini-
cal dosing.

Among 18 randomized controlled
TBI trials completed before COBRIT,
two-thirds have been negative.40 The ab-
sence of an effect in prior trials and in
COBRIT may be attributable either to
the therapy simply being ineffective or
to the heterogeneous pathophysiologi-
cal nature of TBI. This would suggest
that the mechanisms of action of drugs
used in future TBI trials would need to
be tested in specific subtypes of TBI,
where they are likely to have a posi-
tive effect. Future studies may benefit
from use of biochemical, physiologic,
or imaging biomarkers to demon-
strate effects on processes targeted by
the therapy.

In conclusion, this large, random-
ized, blinded study showed that acute
and subacute treatment with citico-
line did not result in improvement in
functional and cognitive status. These
findings call into question the use of
citicoline for patients with TBI.
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