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Cerebrolysin was reported to be effective in the neurological improvement of patients with acute ischemic stroke (AIS) in
experimental models, while data from clinical trials were inconsistent. We performed a meta-analysis to explore the efficacy and
safety of cerebrolysin for AIS. PubMed, EMBASE, and Cochrane Library were searched for randomized controlled trials, which
intervened within 72 hours after the stroke onset. We investigated the efficacy and safety outcomes, respectively. Risk ratios and
mean differences were pooled with fixed-effects model or random-effects model. Seven studies were identified, involving 1779
patients with AIS. The summary results failed to demonstrate significant superiority of cerebrolysin in the assessment of efficacy
outcomes of mRS and BI. Similarly, administration of cerebrolysin had neutral effects on safety outcomes compared with placebo,
including mortality and SAE. However, the number of included studies was small, especially in the analysis of efficacy outcomes,
which might cause publication bias and inaccurate between-studies variance in the meta-analysis. Conclusively, although it seemed
to be safe, routine use of cerebrolysin to improve the long-term rehabilitation after stroke could not be supported by available

evidence.

1. Introduction

Acute ischemic stroke (AIS) is the second leading cause of
death and one of the most common causes of adult disability
worldwide [1, 2]. Thrombolytic therapy within 4.5 hours
after the stroke onset can significantly reduce mortality and
morbidity [3]. However, the effect is negligible after 4.5-6
hours [4] and useful for only a small portion of patients [5, 6].
The efficacy of aspirin and heparin was examined in two
clinical studies, and only minimal benefit was detected for
aspirin [7, 8].

In view of the unsatisfactory effects of current therapeutic
options, neuroprotective therapies focusing on pathophys-
iological cascade and subsequent injuries were developed.
Effects of compounds such as calcium antagonists, N-methyl-
D-aspartate (NMDA) antagonists, anti-adhesion antibodies,
and free oxygen radical scavengers were assessed [9, 10].
Despite potential benefits presented in experimental models,
the results from clinical studies were somewhat disappointing

[11, 12]. Reasons for the missing links between experimental
and clinical studies were considered as the use of inappropri-
ate experimental models and questionable design of current
clinical trials [13].

Cerebrolysin is a neuropeptide preparation, consisting of
low molecular weight neuropeptides and free amino acids.
It has been suggested that cerebrolysin has neuroprotective
and neurotrophic effects in cellular [14, 15], organic [16],
and animal [17-19] AIS models through protecting neuron,
inhibiting apoptosis, and reducing infarct size. However, con-
clusions were inconsistent in clinical trials [20-24]. Several
studies found that cerebrolysin was helpful in bettering neu-
rological outcomes and cerebral blood flow of AIS patients
[20-23]. Another study including 1070 patients with AIS,
however, demonstrated no benefits for cerebrolysin [24].

Therefore, we performed a systematic review and meta-
analysis of randomized controlled trials (RCTs) to explore the
efficacy and safety outcomes of cerebrolysin in patients with
AIS.
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2. Materials and Methods

2.1. Search Strategy. Our study was conducted following the
recommendations of Preferred Reporting Items for System-
atic Reviews and Meta-Analysis: The PRISMA Statement [25].
We intended to include RCTs comparing cerebrolysin and
placebo in the treatment of AIS. Two authors (Danfeng Zhang
and Yan Dong) searched PubMed, EMBASE, and Cochrane
Library in July 2016 independently without date limits. The
language was limited to English. We used terms cerebrolysin
and stroke for the literature retrieval. References of included
studies were examined for pertinent articles.

2.2. Selection Criteria. Weincluded the studies if (1) they were
clinical RCTs, (2) the subjects were adult with both genders,
(3) they examined the efficacy and safety of cerebrolysin in the
treatment of AIS, and (4) interventions were administrated
within 72 hours after the stroke onset for at least 10 days.

2.3. Data Extraction and Assessment of Risk of Bias. Three
investigators (Danfeng Zhang, Yan Dong, and Ya Li)
extracted data on author name, publication year, study
design, region, gender ratio, sample size, average age, time
window of intervention, the efficacy outcomes, and safety
outcomes at endpoint. Two reviewers (Lijun Hou and Junyu
Wang) independently assessed the risk of bias of included
studies according to the recommendation of Cochrane
Collaboration, involving selection bias, performance bias,
detection bias, attrition bias, and reporting bias [26]. The
number of patients lost to follow-up was acceptable if it was
less than 10% of the tested ensemble. We resorted to joint
review if there were discrepancies among investigators.

2.4. Outcomes. Efficacy outcomes involved the evaluation
of Barthel Index (BI) and modified Rankin Scale (mRS)
at endpoint. Safety outcomes were mortality, adverse effect
(AE), and severe adverse effect (SAE).

2.5. Statistical Analysis. Risk ratios (RRs) and mean differ-
ences (MDs) were selected as the effect sizes. Means and
standard deviations (SDs) were calculated with Microsoft
Office Excel 2007 (Microsoft Corporation, Washington) if
the distribution of participants was available for quantitative
variables. Heterogeneity was assessed with I” statistic [27]. I*
values for low, moderate, and high heterogeneity were defined
to be 25%, 50%, and 75% [27]. Fixed-effects model was used
when I* was less than 50% and p for heterogeneity exceeded
0.1. Otherwise, we used the random-effects model. We per-
formed subgroup analyses according to the time window of
intervention and sample size. For the sensitivity analysis, one
study was excluded at a time. We also assessed the publication
bias by Egger’s test [28]. p < 0.1 was considered to be
statistically significant in the test for the heterogeneity and
publication bias [26, 28]. For other analyses, a significance
level of p = 0.05 was used. Risk of bias was evaluated using
Review Manager (RevMan), Version 5.3 (Copenhagen: the
Nordic Cochrane Centre, the Cochrane Collaboration, 2014).
Stata release 12 (StataCorp, College Station, TX) was used for
the meta-analysis.
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3. Result

3.1. Search Results. Detailed search process was shown in
Figure 1. The initial retrieval produced 77 studies from
PubMed, 155 studies from EMBASE, and 2 studies from
Cochrane Library. 34 studies were left after the removal of
duplicates and irrelevant studies. In the review of full text,
seven studies were identified after excluding studies with
incomplete data. No additional study was found in the review
of references of these studies.

3.2. Study Characteristics and Risk of Bias. Table1 demon-
strated the main characteristics of 7 included RCTs [20-24,
29, 30], which involved 1779 AIS patients randomized within
72 hours after the stroke onset. Among them, 6 studies were
published after 2010 [20-24, 30]. The age range was 18-85 and
61.2% of the subjects were males across studies. The follow-up
duration of 6 studies was 90 days [20-22, 24, 29, 30], while it
was 21 days in another study [23]. The summary risk of bias
was presented in Figures S1 and S2 in Supplementary Mate-
rial available online at https://doi.org/10.1155/2017/4191670.
Intention-to-treat analyses were reported in seven studies
[20-24, 29, 30]. Detailed data of efficacy outcomes and safety
outcomes in included studies were available in Table S1 in
Supplementary Material.

3.3. Efficacy Outcomes

3.3.1. mRS. Three studies [20, 22, 30] reported mRS as
efficacy outcome. Two of them provided both continuous and
dichotomous data [22, 30], and another one provided only
dichotomous data [20]. In the analysis of dichotomous data,
a score of mRS < 2 was considered as favorable outcome. The
pooled RR was 1.32 (95% CI, 0.88-1.99, p = 0.18, Figure 2(a))
with evidence of high heterogeneity (I* = 81%; p = 0.005)
and random-effects model. In the analysis of continuous
data, the summary MD was —0.49 (95% CI, -1.21-0.24, p =
0.19, Figure 2(b)) with moderate heterogeneity (I* = 74%;
p = 0.05) and random-effects model. Subgroup analysis for
dichotomous data defined by time window of intervention
(p = 0895 fort < 12hand p = 0.089 for t > 12h,
Figure 2(a)) as well as the overall analysis for both data types
indicated no statistically significant results.

3.3.2. BI. BI was included as efficacy outcome in two studies
[23, 30] and expressed as continuous variable. The MD
was 6.80 (95% CI, —0.55-14.16, p = 0.07, Figure 3) with
low heterogeneity (I* = 36%; p = 0.21) and fixed-effects
model, demonstrating no statistically significant relationship
between cerebrolysin and BI.

3.4. Safety Outcomes

3.4.1. Mortality. Six studies were identified in the analysis
of mortality [20-22, 24, 29, 30]. The overall meta-analysis
suggested no significant difference in mortality between
cerebrolysin and placebo with pooled RR of 0.82 (95% CI,
0.55-1.22, p = 0.33, Figure 4) and no heterogeneity (I* =
0; p = 0.81). Subgroup analysis according to sample size
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FIGURE 1: The flow diagram of the search process.

and time window of intervention suggested no statistically
significant results (p = 0.68 for n < 150 and p = 0.37 for
n > 150, Figure 4(a); p = 0.68 for t < 12h and p = 0.24 for
t > 12 h, Figure 4(b)). There was no change when excluding
studies one by one in sensitivity analysis. No publication bias
was detected with Egger’s test (p = 0.20).

3.4.2. AE. Five studies assessed the effect of cerebrolysin on
AE [20, 22, 24, 29, 30]. The overall analysis demonstrated no
significant difference between cerebrolysin and placebo (RR,
0.98, 95% CI, 0.90-1.08, p = 0.75, Figure 5(a)) with low
heterogeneity (I* = 33%; p = 0.20) and fixed-effects model. In

sensitivity analysis, no change was detected when removing
studies one by one. There was no publication bias by Egger’s
test (p = 0.88).

3.4.3. SAE. Four studies were available in the analysis of SAE
[22, 24, 29, 30]. The summary RR failed to prove a significant
difference between cerebrolysin and placebo (1.18, 95% CI,
0.85-1.64, p = 0.31, Figure 5(b)) with low heterogeneity (I* =
23%; p = 0.27) and fixed-effects model. Sensitivity analysis
suggested no altered result when removing studies one by
one. Although only four studies were included, there was no
publication bias by Egger’s test (p = 0.33).
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FIGURE 2: Forest plots of cerebrolysin administration and mRS at endpoint. (a) Subgroup analysis of dichotomous data for mRS defined by
time widow of intervention. (b) Overall analysis of continuous data for mRS. CI, confidence interval; RR, risk ratio; WMD, weighted mean
difference; mRS, modified Rankin Scale.

4. Discussion and cognitive functions of patients with AIS [, 2]. Cere-

brolysin, a neuroprotective compound, was tested in several
In view of the wide prevalence and poor prognosis of AIS,itis  clinical studies with inconsistent conclusions. According to
crucial to develop effective therapies to improve neurological ~ our findings, no statistically significant result was detected for
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FIGURE 3: Forest plots of cerebrolysin administration and BI at endpoint. CI, confidence interval; WMD, weighted mean difference; BI, Barthel

Index.

cerebrolysin in the analysis of mRS, BI, and safety outcomes
compared with placebo, indicating that cerebrolysin seemed
to be safe but of little benefit to AIS patients.

In the subgroup analysis of mortality defined by sample
size, the summary RRs were also not statistically significant.
The time window of intervention was 72 hours after the stroke
onset in our study, which was a wide window of opportunity
compared with other clinical trials on neuroprotective and
thrombolytic therapies [3, 24]. According to a clinical RCT,
the best effect of neuroprotective drugs was presented only
in the first few hours of stroke onset [29]. However, in
another study using tissue culture models of brain ischemia,
cerebrolysin was reported to be effective in protecting neuron
even after 72 hours since the stroke onset [31]. The time
window of 72 hours in our study was disputable in the
assessment of efficacy outcomes. Therefore, we conducted
a subgroup analysis of studies which intervened within 12
hours after stroke onset. In the subgroup analysis of mortality
and mRS, the overall results failed to confirm a significant
effect for trials with a time window within 12 hours, which
might be confused by the limited number of included studies.

Available data were limited for the meta-analysis of
National Institutes of Health Stroke Scale (NIHSS), though
it was frequently used as an efficacy outcome in clinical
trials. The overall effect of cerebrolysin on NIHSS was
inconsistent among clinical studies. Cerebrolysin was found
to be beneficial for the improvement of NIHSS in three
studies [21-23], while neutral effect was found in two studies
[24, 30].

Cerebrolysin was shown to be neuroprotective and neu-
rotrophic in preclinical studies [14, 15, 17-19]. The neuropro-
tective effects were exerted through counteracting excitotox-
icity, inhibiting calpain and free radical formation in animal
models [17-19]. The neurotrophic effects were demonstrated
in cell culture studies [14, 15] and animal models [18]
by inhibiting neuroinflammation, depressing apoptosis, and

enhancing neurogenesis. All these effects contributed to the
wide use of cerebrolysin in neurodegenerative diseases like
Alzheimer’s Disease and vascular dementia. In experimental
model of AIS, intravenous administration of cerebrolysin
could decrease infarct volume and mortality rate [19, 32].

Clinically, the use of cerebrolysin in patients with AIS has
long been under debate. Among these debates, two recent
studies suggested a beneficial role of cerebrolysin on short-
term neurological outcomes after stroke with significant
lower NIHSS scores and higher ARAT scores compared with
placebo [22, 23]. Another study reported lower pulsatility
index in the right middle cerebral artery compared to
placebo [21]. In contrast, in a large scale Phase IV clinical
trial, CASTA, neutral results on 90-day NIHSS between
cerebrolysin and placebo groups were detected [24]. Because
of underestimation of the significance of cognitive improve-
ment on long-term rehabilitation after stroke, little concern
was paid to the assessment of cognitive functions in clinical
studies of cerebrolysin [20, 29]. In our review, two studies
evaluating the syndrome short test and language function
recovery after stroke were identified with superior effects for
cerebrolysin in comparison with placebo [20, 29].

A recent systematic review examining the role of cere-
brolysin in AIS indicated no enough evidence to support
the routine administration of cerebrolysin to patients with
AIS, which was in line with our findings [33]. However,
only one study involving 146 participants was included [29].
In comparison, our investigation had strengths in including
more studies with large sample size, involving relatively newer
trials with dependable examinations and enrolling diverse
population all over the world. In addition, besides safety
outcomes, we assessed the efficacy outcomes of patients with
AIS like mRS and BL

However, several potential limitations are still in order.
Firstly, different biases such as selection bias and publication
bias do exist as a result of defects in study design of included
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FIGURE 4: Forest plots of cerebrolysin administration and mortality at endpoint. (a) Subgroup analysis defined by sample size. (b) Subgroup

analysis defined by the time widow of intervention. CI, confidence interval; RR, risk ratio.
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FIGURE 5: Forest plots of cerebrolysin administration and AE and SAE at endpoint. (a) Overall analysis for AE. (b) Overall analysis for SAE. CI,
confidence interval; RR, risk ratio; AE, adverse event; SAE, serious adverse event.

trials and meta-analysis itself. Studies with positive results
tend to be published. Moreover, we restricted the language
of included studies to English and thus might overlook
pertinent articles written in non-English languages. Secondly,
the number of included studies was small, especially in the
analysis of efficacy outcomes, which might cause publication
bias and inaccurate between-studies variance in the meta-
analysis. Moreover, results were inconsistent among clinical
trials. A neutral effect was detected in two of three studies

reporting the effect of cerebrolysin on mRS [20, 30], while
Muresanu et al. reported favorable effect of cerebrolysin
[22]. As for BI, only two studies were available with dif-
ferent conclusions [23, 30]. So caution was needed when
interpreting these results. Thirdly, the effect of cerebrolysin
on AIS had to do with several factors, such as damage
zone, severity of injury, age of patients, time window of
intervention, comorbidities, and combined therapies, which
might increase the heterogeneity between studies. Small
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superiority for cerebrolysin was suggested in patients with
more severe AIS compared with placebo [21, 24]. Amiri-
Nikpour et al. reported lower mean flow velocity of basilar
artery for patients below 65 years of age compared to patients
over 65 years of age [21]. As for the time window of
intervention, results were inconsistent and we did not find
any significant effect in the subgroup analysis defined by
time window. Meanwhile, cerebrolysin was all administrated
within 72 hours in included studies, so more studies were
needed for exploration of the effect of delayed administration
after 72 hours. Because of the limited data, we could not
draw conclusions concerning the effect of these confounders
on the benefit of cerebrolysin as well as the population of
stroke patients who may benefit from cerebrolysin. Fourthly,
different neurological variables were used in included studies,
which presented an obstacle to the meta-analysis of efficacy
outcomes. For instance, cognitive functions were evaluated in
two trials with different variables, making the meta-analysis
of cognitive functions impossible [20, 29]. Finally, the follow-
up durations of the included studies were mostly 90 days after
the stoke onset, which restricted the evaluation of long-term
rehabilitation of patients with AIS.

Despite the limitations, this meta-analysis presented
some clinical implications. Although it seemed to be safe,
routine use of cerebrolysin to improve the long-term prog-
nosis after stroke could not be backed by available evidence.
Meanwhile, our results should never be considered as the
opposition of clinical administration of cerebrolysin in AIS.
We advocate more clinical studies to unravel the exact effects
and mechanisms of cerebrolysin and if possible identify
the crowd who will benefit most from cerebrolysin. Future
clinical trials perhaps need thorough design regarding time
window of intervention, severity of stroke, unified outcome
measures, combined therapies, and sample size.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Authors’ Contributions

Danfeng Zhang, Yan Dong, Ya Li, and Jigang Chen con-
tributed equally to this work.

References

[1] C.J. Murray, T. Vos, R. Lozano, M. Naghavi, A. D. Flaxman,
C. Michaud et al,, “Disability-adjusted life years (DALYs) for
291 diseases and injuries in 21 regions, 1990-2010: a systematic
analysis for the global burden of disease study 2010,” Lancet, vol.
380, no. 9859, pp. 2197-2223, 2012.

[2] C.J. L. Murray and A. D. Lopez, “Measuring the global burden
of disease,” The New England Journal of Medicine, vol. 369, no.
5, pp. 448-457, 2013.

[3] W. Hacke, M. Kaste, E. Bluhmki et al., “Thrombolysis with
alteplase 3 to 4.5 hours after acute ischemic stroke,” The New
England Journal of Medicine, vol. 359, no. 13, pp. 1317-1329, 2008.

(4] J. M. Wardlaw, V. Murray, E. Berge, and G. J. del Zoppo,
“Thrombolysis for acute ischaemic stroke,” Cochrane Database
of Systematic Reviews, no. 7, Article ID CD000213, 2009.

[5] J. L. Saver, E. E. Smith, G. C. Fonarow et al., “The “golden hour”
and acute brain ischemia: presenting features and lytic therapy
in >30,000 patients arriving within 60 minutes of stroke onset;’
Stroke, vol. 41, no. 7, pp. 1431-1439, 2010.

[6] D. B. Zahuranec and J. J. Majersik, “Percentage of acute stroke
patients eligible for endovascular treatment,” Neurology, vol. 79,
supplement 1, no. 13, pp. $22-525, 2012.

[7] P. A. G. Sandercock, “The international stroke trial (IST): a
randomised trial of aspirin, subcutaneous heparin, both, or
neither among 19435 patients with acute ischaemic stroke,
Lancet, vol. 349, no. 9065, pp- 1569-1581, 1997.

[8] Z.-M. Chen, “CAST: Randomised placebo-controlled trial of
early aspirin use in 20,000 patients with acute ischaemic stroke,”
Lancet, vol. 349, no. 9066, pp. 1641-1649, 1997.

[9] J. de Keyser, G. Sulter, and P. G. Luiten, “Clinical trials with
neuroprotective drugs in acute ischaemic stroke: are we doing
the right thing?” Trends in Neurosciences, vol. 22, no. 12, pp. 535-
540, 1999.

[10] E. Martinez-Vila and P. 1. Sieira, “Current status and per-
spectives of neuroprotection in ischemic stroke treatment;
Cerebrovascular Diseases, vol. 11, supplement 1, pp. 60-70, 2001.

[11] S.-Y. Xu and S.-Y. Pan, “The failure of animal models of
neuroprotection in acute ischemic stroke to translate to clinical
efficacy;” Medical Science Monitor Basic Research, vol. 28, no. 19,
pp. 37-45, 2013.

[12] M. Tymianski, “Novel approaches to neuroprotection trials in
acute ischemic stroke,” Stroke, vol. 44, no. 10, pp. 2942-2950,
2013.

[13] K.-A. Hossmann, “The two pathophysiologies of focal brain
ischemia: implications for translational stroke research,” Journal
of Cerebral Blood Flow and Metabolism, vol. 32, no. 7, pp. 1310-
1316, 2012.

[14] M. Hartbauer, B. Hutter-Paier, G. Skofitsch, and M. Windisch,
“Antiapoptotic effects of the peptidergic drug Cerebrolysin on
primary cultures of embryonic chick cortical neurons,” Journal
of Neural Transmission, vol. 108, no. 4, pp. 459-473, 2001

[15] B. Gutmann, B. Hutter-Paier, G. Skofitsch, M. Windisch, and R.
Gmeinbauer, “In vitro models of brain ischemia: the peptidergic
drug cerebrolysin protects cultured chick cortical neurons from
cell death,” Neurotoxicity Research, vol. 4, no. 1, pp. 59-65, 2002.

[16] C.Riley, B. Hutter-Paier, M. Windisch, E. Doppler, H. Moessler,
and R. Wronski, “A peptide preparation protects cells in
organotypic brain slices against cell death after glutamate
intoxication,” Journal of Neural Transmission, vol. 113, no. 1, pp.
103-110, 2006.

[17] L. Zhang, M. Chopp, D. H. Meier et al., “Sonic hedgehog sig-
naling pathway mediates Cerebrolysin-improved neurological
function after stroke,” Stroke, vol. 44, no. 7, pp. 1965-1972, 2013.

[18] C. Zhang, M. Chopp, Y. Cui et al., “Cerebrolysin enhances
neurogenesis in the ischemic brain and improves functional
outcome after stroke,” Journal of Neuroscience Research, vol. 88,
no. 15, pp. 3275-3281, 2010.

[19] J. Ren, D. Sietsma, S. Qiu, H. Moessler, and S. P. Finklestein,
“Cerebrolysin enhances functional recovery following focal
cerebral infarction in rats,” Restorative Neurology and Neuro-
science, vol. 25, no. 1, pp. 25-31, 2007.

[20] D. C. Jianu, D. E Muresanu, O. Bajenaru et al., “Cerebrolysin
adjuvant treatment in Brocas aphasics following first acute



10

(22]

(24]

[25]

(26]

(27]

(28]

(31]

(33]

ischemic stroke of the left middle cerebral artery;,” Journal of
Medicine And Life, vol. 3, no. 3, pp. 297-307, 2010.

M. R. Amiri-Nikpour, S. Nazarbaghi, B. Ahmadi-Salmasi, T.
Mokari, U. Tahamtan, and Y. Rezaei, “Cerebrolysin effects
on neurological outcomes and cerebral blood flow in acute
ischemic stroke;” Neuropsychiatric Disease and Treatment, vol.
10, pp. 2299-2306, 2014.

D. E. Muresanu, W.-D. Heiss, V. Hoemberg et al., “Cerebrolysin
and recovery after stroke (CARS): a randomized, placebo-
controlled, double-blind, multicenter trial,” Stroke, vol. 47, no.
1, pp. 151-159, 2016.

L.-X. Xue, T. Zhang, Y.-W. Zhao, Z. Geng, J.-J. Chen,
and H. Chen, “Efficacy and safety comparison of DL-3-n-
butylphthalide and cerebrolysin: effects on neurological and
behavioral outcomes in acute ischemic stroke,” Experimental
and Therapeutic Medicine, vol. 11, no. 5, pp. 2015-2020, 2016.
W.-D. Heiss, M. Brainin, N. M. Bornstein, J. Tuomilehto, and Z.
Hong, “Cerebrolysin in patients with acute ischemic stroke in
asia: results of a double-blind, placebo-controlled randomized
trial,” Stroke, vol. 43, no. 3, pp. 630-636, 2012.

D. Moher, A. Liberati, J. Tetzlaff, and D. G. Altman, “Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement,” British Medical Journal, vol. 339, article
b2535, 20009.

J. P. Higgins and S. Green, “Cochrane handbook for systematic
reviews of interventions,” version 5.1.0, The Cochrane Collabo-
ration, http://www.cochrane-handbook.org, 2011.

J. P. T. Higgins, S. G. Thompson, J. J. Deeks, and D. G. Altman,
“Measuring inconsistency in meta-analyses,” British Medical
Journal, vol. 327, no. 7414, pp. 557-560, 2003.

M. Egger, G. D. Smith, M. Schneider, and C. Minder, “Bias
in meta-analysis detected by a simple, graphical test,” British
Medical Journal, vol. 315, no. 7109, pp. 629-634, 1997.

G. Ladurner, P. Kalvach, and H. Moessler, “Neuroprotective
treatment with Cerebrolysin in patients with acute stroke: a
randomised controlled trial,” Journal of Neural Transmission,
vol. 112, no. 3, pp- 415-428, 2005.

W. Lang, C. H. Stadler, Z. Poljakovic et al., “A prospective,
randomized, placebo-controlled, double-blind trial about safety
and efficacy of combined treatment with alteplase (rt-PA) and
Cerebrolysin in acute ischaemic hemispheric stroke,” Interna-
tional Journal of Stroke, vol. 8, no. 2, pp. 95-104, 2013.

E. Schauer, R. Wronski, J. Patockova et al., “Neuroprotection of
Cerebrolysin in tissue culture models of brain ischemia: post
lesion application indicates a wide therapeutic window;” Journal
of Neural Transmission, vol. 113, no. 7, pp. 855-868, 2006.

D. F. Muresanu, A. Buzoianu, S. I. Florian, and T. von Wild,
“Towards a roadmap in brain protection and recovery,” Journal
of Cellular and Molecular Medicine, vol. 16, no. 12, pp. 2861-2871,
2012.

L. E. U. Ziganshina and T. Abakumova, “Cerebrolysin for acute
ischaemic stroke;” The Cochrane Database of Systematic Reviews,
vol. 6, Article ID Cd007026, 2015.

BioMed Research International


http://www.cochrane-handbook.org

