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Introduction
Traumatic Brain Injury (TBI) is an important worldwide health 

problem [1-4], being the first cause of mortality not related to cancer in 
young adults up to 40 years old [3] and, among the survivors of TBI, up 
to 43% have some kind of associated disability [1].

Among the main causes of TBI, we have traffic accidents, sports, 
falls, work-related accidents, aggressions, including gunshot wounds, 
blast injuries and other weapons. Thanks to the improvement in 
the development of devices to protect the occupants of vehicles and 
some other preventive measures, a reduction in the rate of mortality 
associated with TBI has been achieved [2,3], especially in the USA and 
Europe, but still there is a need to reduce the incidence of such injuries.

Furthermore, there is a need to reduce the severity for the 
morbidity associated with TBI and to improve the recovery of patients 
suffering this kind of injury. Treatment for TBI has improved evidently 
in the last years [5], improving the prognosis of these patients. Among 
the possibilities for a pharmacological approach to TBI, we have 
citicoline or CDP-choline, a neuroprotective / neurorestorative drug 
with a suitable profile of safety and efficacy for the treatment of the 
brain lesions associated with head trauma, ischemia and aging [6,7], 
although its role in the treatment of TBI has been questioned after the 
publication of the COBRIT trial [8], despite its being controversial 
study [9].

As citicoline is used in several countries for the treatment of 
TBI, it has been necessary to perform a systematic review of all the 
controlled clinical trials available, assessing the efficacy of citicoline in 
the treatment of TBI patients, to evaluate if there is enough evidence to 
support its use in this area. This is the objective of the review. As some 
studies were performed more than 30 years ago, a cumulative meta-
analysis has been used to explore the hypothesis of a diluted effect of 
citicoline in parallel with the improvement of the standard of care of 
TBI patients.

Materials and Methods
A systematic search of the relevant terms was performed on 

Medline, Embase, and Ferrer database (the company marketing 
the product in a number of countries) to identify all published, 
unconfounded, comparative clinical trials of citicoline in acute phase 
head injured patients. Studies were identified by searching electronic 
databases, scanning reference lists of articles, and consulting with 
experts in the field and at the pharmaceutical company (Ferrer).

To be included in the meta-analysis (Table 1), the trials must 
assess the effect of citicoline in the acute phase of TBI, be comparative 
studies and have independence outcomes, evaluated with the Glasgow 
Outcome Scale (GOS) or similar scales. All trials randomizing patients 
of any age or sex were included. No restrictions were applied in 
regard to doses, route of administration or duration of treatment. No 
restrictions regarding language, publication date or publication status 
was applied.

The primary efficacy measure was patient independence at the 
end of a scheduled follow-up period, evaluated as a score GOS 4-5, 
reflecting an excellent outcome or with mild sequelae, that guarantee an 
independence status after the TBI. In the trials where the GOS measure 
was not available, the most comprehensive measure of disability or 
handicap available from the trial was used.

The meta-analysis was performed using the software Meta Analyst 
version 3.13, developed by the Tufts Medical Center, member of the 
EPC group (Evidence-based Practice Centers). Results are presented 
as Odds Ratio (OR). As presumed, heterogeneity existed among the 
studies performed over 4 decades; so, the main analysis used the 
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random-effects model to determine if the effects of CDP-choline were 
statistically and significantly different from the control group. Also, the 
fixed-effects model was used as a sensitivity analysis to compare the 
estimates, because similar estimates could indicate that any small-study 
effects had little effect on the intervention effect estimate. The results of 
the meta-analysis are presented in Forest Plots, and the heterogeneity 
analysis is showed using a Funnel Plot.

Results
The systematic search detected 23 clinical trials, but only 12 were 

considered valid for the meta-analysis. The characteristics of these 12 
studies selected and included in the meta-analysis are presented in 
Table 1. Among the clinical trials selected, there are six randomized 
and placebo-controlled studies [8,10-13], two randomized studies 
compared with another active therapy [14,15], and another four studies 
comparing the effects of citicoline with a control group not receiving 
the active treatment [16-20].

Among the studies not selected for the meta-analysis there are four 
non-comparative studies [21-24], four studies not in the acute phase 
of TBI [25-28], and three randomized and controlled studies without 
independence data available [29-31].

The included studies involved 2706 patients with mild, moderate, 
or severe TBI treated in the acute phase with citicoline or not. The doses 
of citicoline ranged from 250 mg to 6 g per day, administered orally or 
parenterally. The duration of the treatment ranged from 7 to 90 days.

According to the formal meta-analysis, based on random-
effect model (Figure 1), the use of citicoline is associated with a 
significant increase in the rates of independence with an OR of 1.815 
(95%CI=1.302;2.530), but a significant heterogeneity (I2=54.6%; 
p=0.001; Figure 2) was detected, reflecting the time gap of 34 years 
between the studies included in the meta-analysis. The funnel plot in 
Figure 2 shows evidence of asymmetry, and this asymmetry reflects 
the progressive improvement of the standard of care over time. The 
cumulative meta-analysis presented in Figure 3 shows how the effect 
of the intervention decreases over time in parallel with expected 
improvements in the standard of care.

The meta-analysis under the fixed-effects model (Figure 4) obtains 
an OR of 1.451 (95%CI=1.224; 1.721), reinforcing the results obtained.

Discussion
Citicoline is a drug marketed in more than 60 countries around the 

world and is used for the treatment in the acute phase of acute stroke 
and TBI, and for the treatment of the sequelae of these pathologies. 
The experimental data showed a pleiotropic effect of citicoline the 
underlying common molecular mechanisms [32] involved in the 
pathophysiology of the brain injury, both ischemic or traumatic [6].

In general, the treatment of TBI patients with citicoline has been 
associated with an improvement in the outcome and the quality of life 
of these patients, together with a reduction in the length of the hospital 
stay and the need for rehabilitation [6]. Citicoline also is considered 
a useful co-adjuvant therapy during the rehabilitation process [26-
28]. Nevertheless after the recent publication of the COBRIT trial 
[8], these results have been questioned. The COBRIT trial is the 
largest study performed with citicoline in this indication, but there 
are several methodological issues that question seriously the validity 
and applicability of the results obtained. The first point to consider is 
that this study was an independent study, financed by the US National 
Institute of Health, with a limited budget. A point to consider is the 
sample size calculation. The authors chose an OR of 1.4 as the effect 
of the treatment, when in the most recent publications; the size of the 
effect of citicoline has been 1.26 in acute ischemic stroke patients, a less 
heterogeneous pathology than TBI. It appears that the sample size was 
calculated based on the number of patients that could be afforded and 
then the OR of the treatment was established accordingly, rather than 
basing it on the effects of the drug. A more conservative and realistic 
OR of 1.2 or less would result in a sample size which was much higher 
but that would likely have been unaffordable for the authors. Another 
point to consider is that the authors mixed different populations, 
confusing mild, moderate and severe TBI. The pathophysiology, 
localization, and trajectory for recovery can be very different among 
these groups. One means of avoiding this would have been to use a 
randomized, matched sample design. This mixing of lesion severity is 
a clear source of heterogeneity and would have to be considered an 
important confounding factor in the analysis and interpretation of the 
data. Also the oro-enteral administration of citicoline used in this trial is 
completely atypical, is not approved in any country, has not previously 
been scientifically tested and additionally is not appropriate for many 
of the patients enrolled in the study. But the most controversial point 
is the poor compliance of the treatment. A compliance of only 44.4% 
of patients having taken more than 75% of the medication expected is 
very low and needs to be explained. Not receiving the active treatment 
is not the same as receiving the placebo, in terms of the standard of care 
being received. This means that less than half of the patients received 
something close to a therapeutic dose of citicoline. Thus, the COBRIT 

Study Year n Severity Control Doses
Misbach et al. [10] 1978 80 Moderate to severe Placebo 300 mg IV × 14d
Espagno et al. [11] 1979 46 Severe Placebo 250 mg IV or IM × 20d
Richer et al. [12] 1980 60 Severe Placebo 750 mg IV or IM × 20d

Cohadon et al. [13] 1982 60 Severe Placebo 750 mg IV or IM × 20d
Lecuire et al. [14] 1982 25 Moderate to severe Meclophenoxate 750 mg IV × 10d

Lecuire [15] 1985 40 Moderate to severe Piracetam 750 mg IV × 10d
Ogashiwa et al. [16] 1985 101 Severe Control 1000 mg IV × 7d

Raggueneau et al. [17] 1988 921 Severe Control 500-750 mg IV × 20d

Calatayud et al. [18] 1991 216 Moderate to severe Control 3-4 g IV × 4d
2 g p.o. × 26d

Lozano [19] 1991 78 Moderate to severe Control 3-6 g IV × 14d
Aniruddha et al. [20] 2009 62 Mild Placebo 1 g p.o. × 30d

Zafonte et al. [8] 2012 1070 Mild complicated, moderate 
& severe Placebo 2 g p.o × 90d

Table 1: Characteristics of the trials included in the meta-analysis.
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trial is not the definitive study on citicoline, especially when the 
methodological confounds just described are taken into consideration.

Given the controversy after the publication of the COBRIT trial, it 
is interesting to assess if there is a real effect of citicoline on the recovery 
of patients with TBI. To perform this assessment the tools of Evidence 
Based Medicine (EBM) have been used. The performed meta-analysis 
of the comparative studies detected shows that citicoline could still play 
a role in the pharmacological approach to TBI in the countries where 
the drug is approved and marketed. However, as always, the results 
obtained from the EBM should be used as a guide or orientation on 
how to act in everyday practice, and, together with personal experience, 
try to improve the outcome obtained.

After the publication of the ICTUS trial [33] on acute ischemic 
stroke, it was hypothesized that the beneficial effect of citicoline over 
time was diluted in parallel with improved standards of care [33,34], 
and a similar behaviour has been shown in the present cumulative 
meta-analysis presented in this paper. Citicoline has an excellent safety 
profile, demonstrated not only in clinical trials, but also in day to day 
practice [6,8,10-31,33].

With regards to the results obtained in this systematic review, we 
can conclude that there is enough evidence for the use of citicoline in 
the treatment of TBI patients, and, as a consequence, citicoline should 
be considered as a valid approach to treat such patients in the countries 
where the drug is available.
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