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Abstract
Introduction  This meta-analysis aimed to re-evaluate the evidence obtained from randomized
controlled trials on citicoline in the treatment of acute ischemic stroke by determining the efficacy of
citicoline in terms of post-treatment functionality and its safety.
Methods Studies were included in the meta-analysis after a systematic, computerized search if they
met the criteria.  The primary outcome was clinical improvement measured by the Barthel Index.  An
intention-to-treat analysis was done.  The data were analyzed using the Review Manager 5 and odds
ratios were determined.
Results The five trials included had 4,121 patients, with a mean age of 69.7 years, admitted for an
acute ischemic stroke or infarct within 24 hours to 14 days of the onset of neurologic symptoms.  The
citicoline group consisted of 2,194 patients, while 1,927 patients were given placebo.  The mean
baseline NIHSS score was 13.7. There were no significant differences between treatment and control
groups in terms of efficacy and safety.
Conclusion Citicoline is safe but not efficacious in the treatment of acute ischemic stroke.
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troke  continues  to  be one of  the most deadly and
         debilitating   diseases.   It accounts for 10% of deaths
worldwide – 5.7 million in 2005.1  It ranked second in the
“Ten Leading Causes of  Mortality”, next to diseases of
the heart, in the Philippines in 2006.2 It is a leading cause
of long term disability in both developed and developing
countries.  According to the World Health, Organization
the prevalence of stroke was 14 per 1,000 people in the
Philippines in 2005.1 Three community-based studies
conducted locally3-5 showed the prevalence to be between
0.5 – 1.9%. Due to the possibility of  serious disability,
stroke remains to be a medical emergency, and a number
of  clinical trials have been conducted to discover effective
treatment.6

Neuroprotection, coupled with recanalization via
thrombolysis with recombinant tissue plasminogen
activator (rTPA), are the cornerstones of  treatment of
acute ischemic stroke. Adequate blood pressure control

S and oxygenation, normoglycemia, proper nutrition,
hypothermia, and coupled with various pharmacologic
agents have been used to salvage the ischemic penumbra.
Of  the many drugs available, citicoline is one of  the most
extensively studied, especially for ischemic strokes. It is
the exogenous form of  cytidine-5-diphosphatidylcholine,
an essential precursor of  phosphatidylcholine, a major
structural component of  cell membranes that becomes
degraded to highly toxic substances, such as free fatty
acids and free radicals, during  cerebral  ischemia.7 It
acts at several levels of  the ischemic cascade, and has
been shown to have reparative effects,  reversing
increased  free fatty acid formation and loss of
phosphatidylcholine.6,8-9

Although individual trials on humans have been
inconclusive, a meta-analysis of  10 trials by Saver in 2008
suggested that patients who received citicoline had
substantially reduced frequencies of  death and
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disability.10 Results from this review were encouraging,
and suggested a moderate but real benefit of  the drug in
acute and subacute stroke.10

In 2006, International Citicoline Trial on Acute
Stroke (ICTUS), the most recent, and to date, the largest,
clinical trial on the efficacy and safety of  citicoline,
enrolled 2,298 patients from different centers in Europe.
Results of  the ICTUS trial have shown that global
recovery was similar for both treatment and control
groups, as well as safety variables and rate of  adverse
events.6  The study concluded that under the
circumstances of the trial, citicoline is not efficacious in
the treatment of  moderate to severe stroke.6  A meta-
analysis, updating that of  Saver was done by the ICTUS
Trial Investigators, incorporating the results of  their
present study. They defined success as a Modified Rankin
Score (mRS) of 0 – 2 and found that citicoline had no
significant effect in the treatment of acute ischemic
stroke.6

Both these recent meta-analyses included a subset
of  patients where the primary outcome measure was
determined by neuroimaging findings. In this light, the
investigators thought of  re-evaluating the efficacy and
safety of  citicoline based clinical improvement. The
objective of  this study was to re-evaluate the evidence
obtained from randomized controlled trials on the
efficacy and safety of  citicoline in acute ischemic stroke.
The specific objectives were to determine the efficacy of
citicoline in terms of  post-treatment functionality, as
measured by the Barthel Index, and to confirm the safety
of  the drug.

Methods
A systematic online search was conducted through
PubMed, MEDLINE with full text and CINAHL with
full text (via EBSCOHost), MDConsult, and the Cochrane
Library  using the terms (citicoline OR CDP-choline) AND
(stroke OR cerebral infarct). The search was limited to
studies in humans, written in English, from January 1,
1960 to September 30, 2012. A free text search was also
done via ResearchGate, Yahoo, and Google, using various
permutations of the search terms: “citicoline” or “CDP-
choline”, with “stroke” or “cerebral infarct”. A search
of  the references of  the identified articles was also done.
When the results of a study were reported in more than
one publication, the latest and most comprehensive data
were used.

Only randomized controlled trials comparing the
efficacy and safety of citicoline with placebo in the
treatment of  acute to subacute, moderate to severe,
ischemic stroke were included. No age and gender
limitations were set. The intervention was citicoline,

administered orally or intravenously at any dose,
frequency and duration. The primary outcome was
clinical improvement and functionality measured by the
Barthel Index. Secondary outcomes were improvement
in other scale scores (Global Improvement Rating,
Global Usefulness Rating, National Institute for Health
Stroke Scale, Modified Rankin Score, and Barthel
Index), cognitive function, mortality, full recovery,
treatment differences between groups, and length of
hospital stay.  Only studies with an intention-to-treat
analysis were included.

The ar ticles retrieved were screened for
appropriateness to the investigators’ research question.
The full texts of  the articles that passed the screening
were appraised by at least two investigators. The
methodological quality of the eligible randomized
controlled trials were assessed using the Jadad Scoring
System, with the lowest score being 0, and the highest
score, 5.11 Differences in appraisal were resolved by a
third reviewer. The following data were extracted from
the included studies: year of  the study, number of
participants, demographics, inclusion and exclusion
criteria, citicoline dose and frequency, duration,
assessment tools, treatment outcomes, and adverse
events.

Review Manager 5 (RevMan 5), provided by the
Cochrane Collaboration, was used to organize and
analyze the data.  The odds ratio (OR) and 95%
confidence interval was computed for each of  the
primary outcomes. Chi-square and I2 values were
determined to assess heterogeneity; a P value of  <0.05
was considered significant. The fixed effects model was
used for studies that were homogeneous, and the random
effects model, for studies with significant heterogeneity.
The authors regarded an I2 of 0-40% as not important,
41%-60% as moderate heterogeneity, 61%-75% as
substantial heterogeneity, and more than 75% as high.12

Publication bias was estimated visually by funnel plots.

Results
The authors identified 77 articles through PubMed (18),
MEDLINE with full text and CINAHL with full text via
EBSCOHOST (12), Cochrane Library (3),  and
MDConsult (12). As of  September 2012, no new clinical
trials on the efficacy of citicoline in acute ischemic stroke
have been published. Six randomized controlled trials
were identified for inclusion (Tazaki13, Clark9,14,15

Davalos6 and Warach16). The rest were excluded because
they were animal studies, commentaries, review articles,
studies using the drug for another disease condition, or
duplicate reports. The study by Warach was eventually
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excluded because it assessed improvement in terms of
reduction of  the volume of  the infarct based on CT scan.

Five trials were included in the study and their
characteristics are summarized in Table 1. The five trials
had a total of 4,121 patients from 294 stroke centers
admitted for an acute ischemic stroke or infarct within
24 hours to 14 days of  the onset of  neurologic symptoms;
2,194 were treated with citicoline, while 1,927 were given
placebo. The mean age was 69.7 years, with a male to
female ratio of 1:1. The mean baseline NIHSS score for
four trials6, 9, 14,15  was 13.7. The citicoline groups received
500 - 2000 mg per day, orally or intravenously, as single
or two divided doses, within 24 hours – 14 days of  onset
of  symptoms, for 14 days to 6 weeks. Primary outcomes
of  post-treatment functionality were measured at 14 days

to 6 weeks. Tazaki13 used the Japan Coma Scale (JCS),
Global Improvement Scale (GIS) and Global Usefulness
Rating (GUR); Clark9, 14,15 used the Barthel index at 12
weeks; and Davalos6 used several scales (NIHSS,
modified Rankin scale and Barthel Index) at 12 weeks.
Secondary outcomes are listed in Table 2.  More than
20% of  subjects dropped out for one of  the following
reasons: death, discharge from admission, lost to follow-
up, transfer to another hospital, adverse effects
(attributable to the drug or not), switching to another
treatment, and poor drug compliance. The
methodological quality of  the studies was good, with
all of  them obtaining scores of  at least 4 on the Jadad
Scale.12 Four studies failed to include a description of
the randomization.

Table 1.  Characteristics of included studies.

Tazaki 1988 Clark 1997 Clark 1999 Clark 2001 Davalos 2012
(Japan) (USA) (USA) (USA) (Europe)

Type of Study Double blind Randomized Randomized Randomized Randomized
placebo double-blind double blind double blind double blind
controlled trial vehicle-controlled placebo-controlled placebo-controlled sequential placebo
trial efficacy trial efficacy trial efficacy trial controlled trial

Duration of November 1982- June 1994 - June 1996 - August 1997 - November 2006 -
Study February 1985 August 1995 July 1997 November 1998 October 2011

No. of Patients 272 259 394 898 2298

No. of Centers   63   21   33 118     59

Males 183 121 185 467 1156

Females   89 138 209 432 1142

Age Range or
Mean Age,
years 29-90   67.8   70.5   67.8     72.8

Citicoline Dose 1000mg IV daily 500mg, 1000mg, 500mg oral daily 2000mg oral daily 2000 mg IV
2000mg oral daily per day for 3 days

then 1000 mg per
day

Intervention
Dosing Once daily Once daily Once to twice daily 500 mg 2 tablets 1000 mg IV every

twice daily 12 hours, then
500 mg tablet
twice daily

Mean Baseline
NIHSS - 12.85 13 14.2 15

Jadad Score 4   4   4   4   5
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Table 2.  Primary and secondary outcomes.

Tazaki 1988 Clark 1997 Clark 1999 Clark 2001 Davalos 2012
(Japan) (USA) (USA) (USA) (Europe)

Primary
Outcome Improvement Functional Functional Improvement Global

baseline outcome outcome from baseline recovery
(Global (Barthel index (Barthel Index (NIHSS by (NIHSS, mRs,
Improvement at 12 weeks) at 12 weeks) more than or Barthel index)
Scale; Overall equal to 7
Safety rating; Global points by the
 usefulness rating) end of week 12

Secondary Secondary Secondary Secondary
outcomes: outcomes: outcomes: outcomes:
1) Barthel index at 1) Barthel index at 1) proportion of 1) rate of
    other weeks     other weeks     patients who     favorable
2) percentage of 2) percentage of     returned  to     response to
    patients with full     patients with full     prestroke     single scales
    recovery      recovery     Barthel  index 2) between
3) treatment 3) treatment     score at 12     groups
    differences     differences     weeks     comparison of
    (Modified Rankin     (Modified Rankin 2) proportion of     distribution of
    Scale)     Scale)     patients who      mRs scores
4) treatment 4) treatment     improved 3) absolute
    differences on     differences on     (clinician's     difference
    neurological,     neurological,     global     (NIHSS)
    behavioral, and     behavioral, and     impressions)     between
    cognitive function     cognitive function,     scale     baseline and
    (NIHSS & MMSE)     (NIHSS & MMSE) 3) proportion  of     3 months
5) mortality 5) mortality     patients with
6) full recovery, 6) full recovery,      a greater than
    NIHSS > or     NIHSS > or     or equal to 2-point
    equal to 1     equal to 1     improvement (CGI
7) length of 7) length of     severity scale)
    hospital stay     hospital stay 4) mortality
8) relative rate 8) relative 5) treatment
    of improvement     improvement     differences
    (Barthel Index,     (Barthel Index,     at 12 weeks
    nRS & NIHSS)     nRS & NIHSS)     (overall response
    between groups between groups     analysis based

    on NIHSS
    improvement
     greater than or
    equal to 7,
    Barthel index
    return to
    prestroke values,
    CGI improvement
    of 1 -2, and CGI
    severity
    improvement of
   greater than or
    equal to 2
6) assessment of
    treatment
    differences
    in the volume of
    ischemic lesions
    via conventional
    T2 weighted MRI
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For purposes of  this meta-analysis, the post-treatment
improvement functionality was determined by the
Barthel Index score, 85 – 100, for the studies of
Clark9, 14,15 and Davalos6, and the GIR score, for the study
of  Tazaki13.  As shown in Figure 1, the results were
heterogeneous, requiring the use of the random effects
model for analysis.  The over-all odds ratio was 1.35,
which was not significant. After excluding the study by
Tazaki, the results became homogeneous; the odds ratio
was 1.05 and still not significant.

A safety analysis including all trials showed no
significant difference in the mortality between treatment
and placebo groups as shown in Figure 2. There was no
difference between treatment and control in the other
adverse events (cardiac/cardiovascular disorders;
gastrointestinal events, such as constipation, nausea and
vomiting; conditions related to the central nervous
system such as hemorrhagic stroke, headache, and
dizziness; respiratory diseases, such as pneumonia; and
urinary tract infection; falls and other injuries, and skin
rash).

Discussion
Various clinical and experimental trials done over the
past few years suggesting the efficacy of  citicoline in

Figure 1.  Over-all functionality after treatment with citicoline at 12 weeks (Barthel Index).

Figure 2.  Safety analysis of citicoline for acute ischemic stroke.

protecting the ischemic penumbra during an acute stroke
has made the drug a mainstay in the treatment of  the
disease.  A meta-analysis by Saver11 evaluating the
efficacy of  citicoline in different types of  stroke showed
the drug to have a highly significant treatment effect
when the analysis was confined to the four largest trials11.
However, a meta-analysis done later by Davalos as part
of  the ICTUS Study showed that on top of  best
treatment,  citicoline did not show any fur ther
improvement; however, the effect of  the drug remained
significant.6 This meta-analysis shows that there is no
significant advantage in giving citicoline for acute
moderate to severe stroke in terms of  efficacy. In
agreement with the authors of  the ICTUS Study, the
heterogeneity coming from the older studies suggested
that the beneficial effect of  citicoline over time came with
the improvement of  the standard of  care of  acute
ischemic stroke.6

This meta-analysis confirmed that citicoline is safe
to give in patients with moderate to severe acute ischemic
stroke. The adverse events observed in the trials included
in this analysis were not due to the administration of
the drug to the treatment groups.

There are limitations and potential biases in this
study. First, this meta-analysis to included studies on
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patients confirmed to have ischemic strokes but Tazaki13

had patients with “undetermined” strokes. This group
could not be removed from the actual pool used the
analysis.  Second, the study was on patients with
moderate to severe stroke; the possible benefit of
citicoline to patients with mild stroke was not considered.
Third, the Barthel Index of  the patients in study of
Davalos, (95-100), was used as the measure of  the
primary outcome, with the assumption that this would
be comparable with the other trials. Because of  this, the
patients whose Barthel Index was below 95 but above
85 were not considered in the analysis of  the primary
outcome.  Fourth, the authors did not assess the events
concerning the secondary outcomes of  the trials. Fifth,
not all the studies on citicoline may have been retrieved
despite the extensive effort. Publication and location bias
may have occurred. And lastly, the systematic search for
articles was limited to those written in or translated to
the English language.

In conclusion, citicoline is safe, but not efficacious,
in the treatment of  moderate to severe acute ischemic
stroke. The authors recommend that future studies on
the efficacy of  the drug, under variable clinical
conditions, and different populations, be made to
determine its possible benefits and to verify effects seen
in other trials.
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