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Abstract: Cerebrolysin has been shown to have an inconsistent efficacy on functional recovery
in patients with acute ischemic stroke (AIS). The present meta-analysis aims to evaluate the
value of cerebrolysin and to explore the potential influencing factors. The main electronic
databases, including MEDLINE, EMBASE, and the Cochrane Library, were searched. The
primary outcome was functional recovery at Day 90. The secondary outcomes included mor-
tality and adverse events. A total of 1,649 patients with AIS were pooled from six randomized
controlled trials (RCTs). Cerebrolysin had no significant effect on functional recovery at Day 90
compared with the effect of placebo as shown by the modified Rankin Scale response (relative
risk [RR] 1.33, 95% confidence interval [CI] 0.79-2.24, P=0.28), National Institutes of Health
Stroke Scale response (RR 1.03, 95% CI 0.83—-1.28, P=0.77), and Barthel Index response
(RR 0.95, 95% CI 0.84-1.08, P=0.44). In safety analysis, cerebrolysin did not increase the
risk of adverse events (RR 0.98, 95% CI 0.88-1.09, P=0.67), risk of serious adverse events
(RR 1.20, 95% CI 0.86-1.66, P=0.29), or the mortality rate (RR 0.86, 95% CI 0.57-1.31,
P=0.49). In conclusion, routine administration of cerebrolysin to patients with AIS cannot be
supported by the available evidence from RCTs.

Keywords: acute ischemic stroke, cerebrolysin, functional recovery, meta-analysis, randomized
controlled trials

Introduction

Acute ischemic stroke (AIS) is the second leading cause of death worldwide and the
third most common cause of substantial disability, which contributes largely to the
financial burdens of society.! Intravenous thrombolysis and mechanical thrombectomy
within 4.5-6 hours of stroke have been shown to significantly reduce the mortality
rate and improve clinical outcomes.>® However, only <20% of all AIS patients
benefit from these reperfusion therapies.* Poststroke neurological deficit is the most
important factor influencing quality of life of AIS patients.’ There is an unmet need for
neuroprotective or neurotrophic drugs with good efficacy in neurological functional
recovery in AIS patients.

Cerebrolysin, a neuropeptide preparation of porcine origin, consists of low-molecular-
weight neuropeptides and free amino acids.® Preclinical studies have indicated that
cerebrolysin has neuroprotective properties and neurotrophic activity.® In experimental
ischemic stroke studies, cerebrolysin has been shown to reduce the infarction volume
and improve functional recovery by inhibiting free radical formation,’ protecting against
excitotoxicity,® decreasing neuroinflammation and apoptosis,” promoting neuronal
sprouting,'® improving cellular survival,” and stimulating neurogenesis.!! In addition,
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cerebrolysin has been shown to significantly improve
neurological functional recovery in the subacute stages of
AIS, that is, =48 hours after onset of symptoms.!'? This
inspiring efficacy and the wide therapy window prompted an
opportunity for clinical studies. Several clinical randomized
controlled trials (RCTs) have been performed to examine the
effect of cerebrolysin on neurological functional recovery in
AIS patients.'*'® However, these trials have had inconsistent
outcomes. Treatment with cerebrolysin showed no significant
improvement in global status as assessed using the Canadian
Neurological Scale,' Barthel Index (BI),*'5 Clinical Global
Impressions scale,'* modified Rankin Scale (mRS),!*!>!8
National Institutes of Health Stroke Scale (NIHSS),'*!>!8 and
ten other different outcome scales in four RCTs.'® However,
the Amiri-Nikpour et al trial showed a significant improvement
in the NIHSS.!® These confusing outcomes might be due to
limitations in sample size, the selection of the included patients,
and the therapeutic regimen. Three RCTs indicated a superiority
of cerebrolysin compared with placebo in a subgroup of AIS
patients with severe neurological deficits at baseline.'*!"-18 Two
recent RCTs applied several specific neurological outcome
scales to examine the effect of cerebrolysin on motor functional
recovery and observed inconsistent outcomes.'”!® Hence, the
present meta-analysis aims to evaluate the value of cerebrolysin
and to explore the potential influencing factors.

Methods

At the onset of this project, a study protocol was drafted
following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses format guidelines.!” Our data
were obtained from previous studies, and therefore, there
was no need for approval from an ethics board.

Search strategy and information sources
Two investigators (ZFW and LGS) independently searched
major electronic databases, including MEDLINE, EMBASE,
and the Cochrane Library, for relevant studies published from
January 1980 to May 2016. The combinations of the variables
“cerebrolysin” AND “ischemic stroke” were used to match
the titles and abstracts in the MEDLINE database. The search
strategy for EMBASE and the Cochrane Library were similar
to that for MEDLINE. In addition, two investigators (ZFW
and LGS) also independently screened reference lists from
RCTs, comments, meta-analyses, and reviews to ensure that
all relevant studies had been included in this study.

Study selection and data collection
Only RCTs with AIS patients receiving cerebrolysin for
functional recovery were applicable. The eligibility criteria

were as follows: studies should have included a) adult
subjects (aged >18 years), b) follow-up for 3 months after
treatment, ¢) patients receiving intravenous cerebrolysin, and
d) end points such as functional recovery.

All records were independently evaluated by two authors
(ZFW and LGS) in accordance with the eligibility criteria as
mentioned above. The following data were extracted from the
included RCTs after strict selection and evaluation: informa-
tion regarding the included trials, eligibility criteria and study
design, and outcome assessments (Table 1).

Outcome definitions and quality

assessment

The primary efficacy end point was a favorable outcome of
functional recovery, which was defined as an mRS response
(score 0—1), NIHSS response (score =8 from baseline
or score =1), or BI response (score 75-100) at Day 90.
Secondary outcomes included mortality, adverse events, and
serious adverse events at Day 90. The definition of serious
adverse events was any life-threatening events, including
acute coronary syndrome, atrial fibrillation, cardiac arrest,
cardiac failure, sepsis, coma, renal failure, respiratory failure,
cerebral hemorrhage, pulmonary embolism, and so on.

The risk of bias for all of the included RCTs was inde-
pendently assessed by two investigators (ZFW and LGS)
and evaluated with Cochrane Collaboration’s risk-of-bias
tool.? Any differences were clarified and confirmed by a
third assessor (JMZ) when possible. The risk-of-bias criteria
evaluated the adequate generation of a randomization
sequence, allocation concealment, blinding of participants,
blinding of assessment, and dealing with missing data. For
each item, the table provides a description and judgment rated

EEINT3

as “low”, “unclear”, or “high” risk of bias. The risk-of-bias

plot was created using the Review Manager 5.2 software.

Data synthesis and analysis

All data analyses were performed by two investigators (ZFW
and SBX) using Review Manager 5.2 software. The relative
risk (RR) and 95% confidence interval (CI) were used as
the effect measures of dichotomous outcomes in the meta-
analyses. Heterogeneity in variance across studies was
tested with the Q and I? statistic. A significant Q statistic
indicates that the individual effect sizes do not represent a
common population mean and that the effect size is consid-
erably heterogeneous. A larger [? statistic also indicates a
higher probability of heterogeneity. We used random-effect
models (DerSimonian and Laird method) throughout as
we found significant heterogeneity in our analyses. When
heterogeneity is present, random-effect models are a more
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appropriate option for computations as they are less likely
to reject the null hypothesis making them a more conserva-
tive estimate. Subsequently, random-effect models are more
robust to large variations in sample size. In addition, we
investigated the heterogeneity through a sensitivity analysis
of the effect of omitting each study in turn. This method
assesses whether the inclusion of any one study systemati-
cally affects the overall findings, allowing for the inclusion
of methodologically flawed studies if they meet this criterion.
Tests were two-tailed, and a P-value of less than 0.05 was
considered to be significant for all analyses.

Results

Study selection and characteristics

A total of 161 titles and abstracts were screened (Figure 1).
Afterremoving the duplicates and irrelevant records, 26 full-text
articles were assessed for eligibility. Twenty articles were

further excluded due to the limitation of the publication types:
one protocol study, three systematic reviews, two comments,
six retrospective studies, and eight reviews. Ultimately, we
identified six RCTs for meta-analysis."”*'* All of the included
RCTs were international multicenter trials except for two
studies.'®!” The detailed characteristics of the included studies
are listed in Table 1.

Efficacy and safety end points

A total of 1,649 patients with AIS were pooled from the
six RCTs. As different neurologic outcome scales were
applied in the included studies, only four trials provided
appropriate data for primary efficacy analysis. Cerebrolysin
had no significant effect on functional recovery at Day 90
compared with the effect of placebo as shown by the mRS
response (RR 1.33, 95% CI 0.79-2.24, P=0.28; Figure 2A),
NIHSS response (RR 1.03, 95% CI 0.83-1.28, P=0.77;

Records excluded for not
being directly relevant
(n=61)

Full-text articles excluded,

Three systematic review,

Six retrospective studies,

)
_S Records identified through Additional records identified
‘§ MEDLINE and EMBASE searching through Cochrane Library
&= (n=132) (n=29)
T
)
3
—
v v
— Records after duplicates removed
(n=87)
o
(=
e
o
g
“,,-’ v
Records screened (n=87)
—
R
A 4
> Full-text articles assessed for eligibility R
5 (n=26) with reasons:
) One protocol,
i
Two comments,
— 24 Eight reviews
Studies included in qualitative synthesis (n=20)
— (n=6)
o
[F]
o
2 A4
Q
£ Studies included in quantitative synthesis
(meta-analysis)
(n=6)
—/

Figure | The study search, selection, and inclusion process.
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Figure 2B), or BI response (RR 0.95, 95% CI 0.84-1.08,
P=0.44; Figure 2C). In the safety analysis, cerebrolysin
did not increase the risk of adverse events (RR 0.98,
95% CI 0.88-1.09, P=0.67; Figure 3A), risk of serious
adverse events (RR 1.20, 95% CI 0.86-1.66, P=0.29;
Figure 3B), or the mortality rate (RR 0.86, 95% CI 0.57-1.31,
P=0.49; Figure 3C). The heterogeneity of the data ranged
from 0 to 87% (Figures 2 and 3).

Subgroup and sensitivity analysis

The data extracted from the included studies were not suf-
ficient to perform subgroup analyses to detect the influence of
the cerebrolysin dosage, treatment duration, stroke severity at
baseline, and follow-up time. Table 2 shows the outcomes of
the follow-up time and baseline symptom severity subgroups.

Cerebrolysin showed a large advantage in patients with
severe AIS. Sensitivity analysis detected that the Muresanu
et al'® trial was the main source of heterogeneity due to the
inclusion of only severe AIS patients in this trial.

Quality of the included studies

Full details regarding the risks of bias of the RCTs are shown
in Figure 4. For allocation concealment, the risk of bias was
unclear in four studies because the allocation scheme was
not mentioned in the trials. For blinding of the outcome
assessment, the risk of bias was unclear in three studies. For
incomplete outcome data, the risk of bias was high in one
study. For selective reporting, the risk of bias was unclear
in one study. Except for these four items, no high or unclear
risk of bias was observed in any of the other items.

A mRS response

Study or Cerebrolysin Placebo Weight Risk ratio M-H, Risk ratio M-H,

subgroup Events Total Events Total (%) random, 95% CI random, 95% CI

Heiss et al™* 198 527 208 540 38.2 0.98 (0.84, 1.14)

Lang et al'® 29 55 31 59 33.5 1.00 (0.71, 1.42)

Muresanu et al' 44 104 15 101 28.3 2.85(1.70,4.78) —a—

Total (95% Cl) 686 700 100 1.33 (0.79, 2.24)

Total events 271 254

Heterogeneity: 72=0.18; y?=15.48, df=2 (P=0.0004); I>=87% } } | ' |

Test for overall effect: Z=1.09 (P=0.28) 0.01 0.1 1 10 100
Cerebrolysin Placebo

B NIHSS response

Study or Cerebrolysin Placebo Weight Risk ratio M-H, Risk ratio M-H,

subgroup Events Total Events Total (%) random, 95% CI random, 95% ClI

Heiss et al™* 252 527 251 540 57.7 1.03 (0.91, 1.17) =

Lang et al'® 41 55 44 59 41.8 1.00 (0.81, 1.24)

Amiri-Nikpour et al'® 8 22 0 21 0.6 16.26 (1.00, 265.18)  EEEE——

Total (95% Cl) 604 620 100 1.03 (0.83, 1.28) )

Total events 301 295

Heterogeneity: 72=0.02; x?=4.02, df=2 (P=0.13); I>=50% I } 1 {

Test for overall effect: Z=0.30 (P=0.77) 0.01 0.1 1 10 100
Cerebrolysin Placebo

C Bl response

Study or Cerebrolysin Placebo Weight Risk ratio M-H, Risk ratio M-H,

subgroup Events Total Events Total (%) random, 95% CI random, 95% CI

Heiss et al™ 232 527 248 540 84.4 0.96 (0.84, 1.09)

Lang et al'® 31 55 36 59 15.6 0.92 (0.68, 1.26)

Total (95% Cl) 582 599 100 0.95 (0.84, 1.08)

Total events 263 284

Heterogeneity: 72=0.00; x?=0.05, df=1 (P=0.83); 1=0% I + ! 4 |

Test for overall effect: Z=0.77 (P=0.44) 0.01 0.1 1 10 100
Cerebrolysin Placebo

Figure 2 The pooled relative risk of the efficacy outcomes: (A) modified Rankin Scale (mRS) response, (B) National Institutes of Health Stroke Scale (NIHSS) response, and

(C) Barthel Index (BI) response.

Notes: The diamonds indicate the estimated relative risk (95% confidence interval [CI]) for all patients together. The size of the squares indicates the sample size of the

included studies.
Abbreviation: M-H, Mantel-Haenszel.
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A Adverse events
Study or Cerebrolysin Placebo Weight Risk ratio M-H, Risk ratio M-H,
subgroup Events Total Events Total (%) random, 95% CI random, 95% CI
Heiss et al™* 242 527 243 540 33.7 1.02 (0.89, 1.16)
Ladurner et al'® 13 78 7 68 1.5 1.62 (0.69, 3.82)
Lang et al'® 53 60 57 59 417 0.91(0.82, 1.01)
Muresanu et al™® 72 104 72 104 23.1 1.00 (0.83, 1.20)
Total (95% CI) 769 77 100 0.98 (0.88, 1.09)
Total events 380 379

Heterogeneity: 72=0.00; y?=4.88, df=3 (P=0.18); >=39%

!
T

Test for overall effect: Z=0.42 (P=0.67) 0.01 0.1 1 10 100
Cerebrolysin Placebo

B Serious adverse events

Study or Cerebrolysin Placebo Weight Risk ratio M-H, Risk ratio M-H,

subgroup Events Total Events Total (%) random, 95% CI random, 95% CI

Chang et al'” 1 34 1 32 1.5 0.94 (0.06, 14.42) I

Heiss et al™ 50 527 39 540 67.6 1.31(0.88, 1.96) h

Ladurner et al'® 6 78 7 68 10.0 0.75 (0.26, 2.12) —_—

Lang et al'® 12 60 7 59 14.7 1.69 (0.71, 3.98) —+-—

Muresanu et al'® 3 104 7 104 6.2 0.43 (0.11, 1.61) —_—

Total (95% Cl) 803 803 100 1.20 (0.86, 1.66) &

Total events 72 61

Heterogeneity: 72=0.00; y?=3.95, df=4 (P=0.41); I*=0% } ; } i

Test for overall effect: Z=1.06 (P=0.29) 0.01 0.1 1 10 100
Cerebrolysin Placebo

C Mortality rate

Study or Cerebrolysin Placebo Weight Risk ratio M-H, Risk ratio M-H,

subgroup Events Total Events Total (%) random, 95% CI random, 95% ClI

Chang et al'” 0 34 0 32 Not estimable

Heiss et al™ 28 527 32 540 72.9 0.90 (0.55, 1.47)

Ladurner et al™ 6 78 6 68 15.1 0.87 (0.29, 2.58) ——

Lang et al'® 4 60 4 59 9.9 0.98 (0.26, 3.75) s

Muresanu et al'® 0 104 4 104 21 0.11(0.01,2.04) +

Total (95% CI) 803 803 100 0.86 (0.57, 1.31) o

Total events 38 46

Heterogeneity: 72=0.00; x?=2.01, df=3 (P=0.57); 1>=0% } ' ' i

Test for overall effect: Z=0.69 (P=0.49) 0.01 0.1 1 10 100
Cerebrolysin Placebo

Figure 3 The pooled relative risk of the safety outcomes: (A) adverse events, (B) serious adverse events, and (C) mortality rate.
Notes: The diamonds indicate the estimated relative risk (95% confidence interval [CI]) for all patients together. The size of the squares indicates the sample size of the

included studies.
Abbreviation: M-H, Mantel-Haenszel.

Discussion

Treatment with cerebrolysin for functional recovery in
patients with AIS might be questionable based on the
evidence of the present meta-analysis. We found that cere-
brolysin treatment showed no advantage in global neuro-
logic recovery as assessed using the mRS, NIHSS, and BI.
A subgroup analysis indicated that cerebrolysin showed a
superiority in patients with severe AIS. Cerebrolysin showed
a satisfactory safety performance in that it did not increase
the incidence of adverse events, serious adverse events, or
mortality. This evidence was based on the limited data from
the included RCTs.

Cerebrolysin has been regarded as an ideal agent for
functional recovery after AIS because of its dual attributes
including neuroprotective properties and neurotrophic
activity.® Neuroprotective therapies could be used to inter-
vene at various stages of the ischemic pathophysiological cas-
cade and could probably have a superior clinical application.?!
However, all clinical trials available to date attempting to
confirm the experimental observations of the neuroprotective
effects of calcium channel blockers, N-methyl-D-aspartate
antagonists, glutamate release inhibitors, potassium channel
agonists, and radical scavengers have delivered disappointing
results.?>?* Neurotrophic molecules have been considered
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Table 2 Subgroup analysis of follow-up time and symptom severity at baseline

Trials Follow-up time Symptom severity at baseline
Middle point End point Mild-moderate Severe symptoms
symptoms
Outcomes P-value Outcomes P-value Outcomes P-value Outcomes P-value
Muresanu et al'® ARAT scale <0.0001 ARAT scale <0.0001 N/A N/A ARAT scale <0.0001
12 different outcome  <<0.0001 12 different outcome  <<0.0001
scales on global status scales on global status
Chang et al'’ FMA scale >0.05 FMA scale >0.05 FMA scale  >0.05 FMA scale <0.05
Fractional anisotropy ~ >0.05 Fractional anisotropy ~ >0.05
Axial diffusivity >0.05 Axial diffusivity <0.01
Radial diffusivity >0.05 Radial diffusivity <0.01
rsfMRI >0.05 rsfMRI >0.05
Amiri-Nikpour et al'®  NIHSS 0.092 NIHSS 0.001 N/A N/A N/A N/A
Velocity of right MCA 0.033 Velocity of right MCA 0.065
Velocity of left MCA  0.768 Velocity of left MCA  0.638
Velocity of BA 0.610 Velocity of basilar BA  0.657
Right MCA PI 0.010 Right MCA PI 0.014
Left MCA PI 0.286 Left MCA PI 0.277
BA PI 0.384 BA PI 0.828
Lang et al'® mRS 0.366 mRS 0.984 N/A N/A N/A N/A
NIHSS 0.038 NIHSS 0.490
BI 0.841 BI 0.673
GOS scale 0.882
Heiss et al' - - mRS >0.05 mRS >0.05 mRS 0.09
NIHSS >0.05 NIHSS >0.05  NIHSS 0.04
BI >0.05 Bl >0.05
SF-12 >0.05
Ladurner et al'? CNS section Al <0.05 CNS >0.05 N/A N/A N/A N/A
MMSE <0.05 CNS section Al >0.05
SST <0.05 BI >0.05
GCs >0.05
CGl >0.05
MMSE >0.05
SST <0.05

Abbreviations: ARAT, Action Research Arm Test; BA, basilar artery; Bl, Barthel index; CGI, clinical global impression; CNS, Canadian Neurological Scale; FMA, Fugl-Meyer
Assessment; GCS, Glasgow Coma Scale; GOS, Glasgow Outcome Scale; MCA, middle cerebral artery; MMSE, Mini-Mental State Examination; mRS, modified Rankin Scale;
N/A, not applicable; NIHSS, National Institutes of Health Stroke Scale; Pl, pulsatility index; rsfMRI, resting-state functional magnetic resonance imaging; SF-12, short form

12 items; SST, Syndrome Short Test.

as new strategies for treatment and prevention of ischemic
strokes.?* Clinical trials of neurotrophic substances have
not obtained the expected results of infarct size reduction
and improved behavioral outcomes in animal models.*
Cerebrolysin is the only multitargeted drug with effects

26 Preclinical studies

on multiple pathophysiologic events.
have shown consistent results of positive effects of cere-
brolysin on functional recovery after AIS through multiple
pathophysiological pathways.”!® The translational step
to move the experimental data from bench to bedside has
been performed under the guidance of the Stroke Therapy
Academic Industry Roundtable.?’

The present meta-analysis showed negative consoli-

dated results from the included RCTs. Cerebrolysin had no

advantage in global neurologic recovery as assessed using the
mRS, NIHSS, and BI. Further subgroup analysis indicated
that cerebrolysin showed a superiority in patients with severe
AIS. The cerebral autoregulatory mechanism made the spon-
taneous recovery of patients with AIS possible, especially in
those with mild ischemic stroke.?® A high rate of spontaneous
recovery under placebo might reduce the superiority of the
cerebrolysin treatment arm. The Lang et al trial recruited a
large number of patients with mild strokes, which observed
an excellent outcome (mRS 0 or 1) in approximately 53% of
the patients from both the cerebrolysin and placebo groups."
These results were superior to the findings of previous
studies in which only approximately 40% of the patients
showed a favorable recovery in the placebo group.?’:*°
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Figure 4 Risk of bias: a summary table for each risk-of-bias item for each study.

The Ladurner et al trial also included a group of patients
with a mild pattern of baseline ischemic impairment.'
The average neurological score of the two groups was
close to the maximum test score.” The pronounced ceil-
ing effect impedes a measurable treatment effect for the
test substance.!> However, the Amiri-Nikpour et al trial
showed a sizable advantage of cerebrolysin in the NIHSS
response, although this trial included several AIS patients
with mild symptoms at baseline.!® The unexpected mildly
affected patients in these studies might be the main cause
of the inconclusive results. In the subgroup of AIS patients
with severe neurological deficits at baseline, cerebrolysin
treatment showed a superiority compared with the effect
of placebo in three RCTs.!*!"1# We could not perform a
subgroup analysis to detect the influence of stroke severity
based on the NIHSS scores at baseline due to the insufficient
data from the included studies. Further large RCTs should
examine the value of cerebrolysin in a subgroup of patients
with a baseline NIHSS of 12 points.

The failure of cerebrolysin treatment to translate from
experimental studies to clinical application might be due
in part to the lack of consideration paid to the limited time
window in the pathophysiological cascade.?! Previous results
from neuroprotective therapy have indicated that early
intervention within the first few hours after stroke might
achieve favorable outcomes.?! Cerebrolysin was regarded

to achieve effects even if the treatment was initiated with
a delay of 48 hours after stroke onset in animal studies.”!?
This appears to be a wide therapeutic time window when
compared to that of other neuroprotective substances."
The therapeutic time window of the included trials ranged
from 6 hours to 7 days after stroke onset. Due to the limited
number of included studies, a subgroup analysis was unfit for
detecting the influence of different therapeutic time windows.
The Amiri-Nikpour et al trial administered cerebrolysin or
placebo within 6 hours after arriving to the hospital, which
showed significant improvements in the neurological out-
comes and the pulsatility index of the middle cerebral artery
at Day 90.'¢ Similar functional recovery was observed in the
Lang et al trial that delivered cerebrolysin within 1 hour after
thrombolytic therapy with recombinant tissue plasminogen
activator." A therapeutic time delay over 6 hours seemed to
weaken the efficacy of cerebrolysin on the neurologic func-
tional recovery according to the negative findings of the trials
of Ladurner et al, Heiss et al, and Chang et al.’*'*!” Although
the remodeling of neural connectivity and the remapping
of new structural and functional circuits after AIS requires
a long time,* early intervention with cerebrolysin within
6 hours might achieve a favorable clinical outcome.

All of the included trials showed accelerated recovery at
early time points of assessment."*"'8 However, these inspir-
ing results vanished at the final visit on Day 90 in several
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trials.'>!31® The Ladurner et al trial revealed a significant
benefit in the cerebrolysin group at Days 1, 3, 7, 14, and 21,
but no effects were observed at the final visit on Day 90.13
A difference between the cerebrolysin and placebo groups
was observed at Day 2, and this difference achieved a peak
with an NIHSS response rate of 72.2% for the cerebrolysin
group vs 50.8% for the placebo group at the end of the treat-
ment on Day 10 in the Lang et al trial.'® This positive effect
was maintained until Day 30 but vanished at the 3-month
follow-up investigation.'s Similar results were observed in the
Amiri-Nikpour et al trial.'® The hypothesis that cerebrolysin
had neuroprotective effects during the treatment period should
be considered to account for these data. However, the present
meta-analysis could not test this hypothesis due to the limited
data from the included trials. Further studies should examine
the effect of cerebrolysin in a long treatment period.

Several limitations should be noted in this meta-analysis.
Only six published RCTs with 1,649 patients were involved
in the final analysis. This might cause publication bias,
although the Begg—Mazumdar rank correlation test yielded
negative results (data not shown). The included studies exhib-
ited spotty quality, which is shown in Figure 4. Investigators
should be careful in further clinical practice. In addition, the
present meta-analysis could not detect the potential effects of
the combined use of thrombolytic drugs, aspirin prevention,
and rehabilitation therapy.

Conclusion

Cerebrolysin has no significant efficacy on the neurological
functional recovery in patients with AIS. Routine administra-
tion of cerebrolysin to patients with AIS cannot be supported
by the available evidence from RCTs. Further studies should
focus on the efficacy of cerebrolysin administered within
6 hours after AIS and maintained for a longer period in
patients with severe symptoms.
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