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Ischemic stroke is the second most common cause of death 
worldwide and the third leading cause of the loss of disabil-

ity-adjusted life years1,2; however, treatment remains insuf-
ficient and is only successful during the first hours after the 
attack if reperfusion of the ischemic territory can be achieved. 
Thrombolysis resulting from the intravenous administration 
of recombinant tissue-type plasminogen activator within 4.5 
hours significantly reduces the incidence of death or depen-
dency at 3 to 6 months, but the benefit of its administration 
ceases between 4.5 and 6 hours after the ictus.3 Attempts 
to recanalize occluded vessels after this time window by 

intra-arterial recombinant tissue-type plasminogen activator 
or mechanical thrombectomy enhance reperfusion4 and have 
recently been shown to improve clinical outcome in carefully 
selected patients.5–7 However, the number of patients who may 
benefit from these reperfusion therapies is small and probably 
totals <20% of all stroke victims, even for those treated at spe-
cialized centers.8,9

Therefore, many therapeutic strategies have been devel-
oped targeting the pathophysiological cascade that starts with 
ischemia and ultimately leads to irreversible tissue damage. 
Despite beneficial results obtained in the development of 
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infarcts and in functional outcome following experimental 
ischemia,10 neuroprotective drugs have not shown efficacy in 
clinical trials.11–13 This failure to translate results from experi-
mental studies to clinical application might be due in part to 
the use of inappropriate animal models14 and also to the design 
of human trials, which often do not consider the limited time 
windows of targeted steps in the pathophysiological cascade 
or the complexity of the biochemical and molecular mecha-
nisms leading to ischemic brain damage. As a consequence, 
treatments directed at correcting one biochemical or molecular 
step in the pathophysiological cascade of ischemic cell damage 
have not been successful in stroke, warranting the testing of 
a multitargeted therapy that includes compounds with effects 
on several of the associated pathophysiologic events. One of 
these multimodal compounds is Cerebrolysin, a neuropep-
tide preparation of porcine origin produced by a standardized 
manufacturing process and consisting of low molecular weight 
neuropeptides (<10 kDa) and free amino acids. Cerebrolysin 
has been shown to have neuroprotective properties and to be 
effective against excitotoxicity, inhibiting free radical forma-
tion, microglial activation/neuroinflammation, and calpain 
activation/apoptosis, and additionally, it has been demonstrated 
to exhibit neurotrophic activity, promote neuronal sprouting, 
improve cellular survival, and stimulate neurogenesis.15–19 This 
therapeutic approach has shown success in experimental mid-
dle cerebral artery occlusion models, resulting in a reduction 
in the infarction volume and improvement of functional recov-
ery.20–23 In animal models, an improved neurological outcome 
has been observed, even when Cerebrolysin administration has 
been started in the subacute stages of the stroke, that is, ≤48 
hours after the onset of symptoms.21,23 Thus, the neuroplastic, 
recovery-promoting effects of this compound prompted a much 
broader window of opportunity for clinical studies, as has been 
suggested for neuroprotective treatment. Cerebrolysin has been 
tested in several clinical trials during the acute phase after isch-
emic stroke,24–27 but these studies have had small sample sizes 
mainly ranging from 50 to 200 randomized patients. Based on 
the data of a larger, randomized, double-blind, placebo-con-
trolled trial, a post hoc subgroup analysis (n=252) has indi-
cated a trend in favor of Cerebrolysin for improved outcome in 
patients with more severe stroke (National Institutes of Health 
Stroke Scale [NIHSS]>12) and a reduction in mortality.28 
The treatments in these previous clinical trials were initiated 
during the acute phase after stroke and were mainly limited 
to 10 days. The neuroprotective effects of Cerebrolysin have 
been primarily assessed, and its neurotrophic and neuroplastic 
effects on recovery, as indicated in animal experiments, have 
been neglected.21,23 The efficacy of a longer duration of drug 
application has not been investigated.29,30 The purpose of this 
Cerebrolysin and Recovery After Stroke (CARS) trial was to 
analyze the efficacy and safety of Cerebrolysin during recov-
ery after stroke.

Methods
Study Design and Treatment Regimen
This prospective, randomized, double-blind, placebo-controlled, 
multicenter, parallel-group study compared the effects of 30 mL 
Cerebrolysin versus placebo during early rehabilitation after stroke. 

Cerebrolysin was diluted with physiological saline to a total volume 
of 100 mL, and physiological saline (100 mL) was given as a placebo. 
The study medication was administered once daily for 21 days as an 
intravenous infusion for 20 minutes, beginning at 24 to 72 hours after 
stroke onset. In previous studies, drug dosages from 10 to 50 mL per 
day were used, and the treatment periods ranged from 10 to 30 days, 
with once-daily infusions of Cerebrolysin.15–28,31

Each patient included in our study participated in an accompa-
nying standardized rehabilitation program for 21 days, beginning 
within 48 to 72 hours after stroke onset (5 d/wk for 2h/d). This pro-
gram included massages and passive and active movements of the 
upper and lower limbs. The patients continued with 2×15 minutes of 
active movement for 3 days per week after discharge. The primary 
study end point was day 90. Study visits were conducted at 7, 14, 
and 21 days after baseline and on days 42 and 90 post stroke. The 
study duration for each patient was 90 days. The study was performed 
in Romania, Ukraine, and Poland, and it is registered with EudraCT 
(2007-000870-21).

The relevant institutional ethics committees approved the study, 
and all subjects provided informed consent. Patients with dysphasia 
limiting understanding of the informed consent were not included in 
the trial. All study procedures were conducted in accordance with the 
applicable laws and guidelines, Good Clinical Practice, and ethical 
standards.

Inclusion and Exclusion Criteria
Patients between 18 and 80 years of age were included in this trial. 
Only ischemic supratentorial strokes (confirmed using computed to-
mography or magnetic resonance imaging) with a volume of >4 cm3 
were included. The patients included in the study had no significant 
prestroke disability (prestroke modified Rankin Scale [mRS] score, 
0–1), had not experienced a stroke within the previous 3 months, 
and had an Action Research Arm Test32 (ARAT) score of <50 (score 
ranging from 0 [no function] to 57 [no functional limitation]) and a 
Goodglass and Kaplan Communication Scale33,34 score of >2 (score 
ranging from 0 [severe aphasia] to 5 [minimal aphasia]).

Patients were excluded for the following reasons: progressive or 
unstable stroke; a preexisting or active major neurological or psy-
chiatric disease; a history of significant alcohol or drug abuse within 
the previous 3 years; advanced liver, kidney, cardiac, or pulmonary 
disease; a terminal medical diagnosis with an expected survival of 
<1 year; a substantial decrease in alertness at the time of random-
ization; any condition that would represent a contraindication for 
Cerebrolysin administration, including allergy; pregnancy or lacta-
tion; or participation in another therapeutic study of stroke or stroke 
recovery.

Randomization and Blinding
Treatments were assigned according to a predefined randomization 
plan. A study-specific randomization code was prepared using SAS 
software package (proc plan) in a validated working environment. A 
block size of 4 was used, and treatment assignments within each block 
were stratified by the clinical center at a ratio of 1:1. The block size 
was not known to the centers. Each center received medication for a 
sequence of complete blocks, and treatments were balanced within 
each center. Patients, healthcare providers, data collectors, outcome 
assessors, and the sponsor were blinded to the treatment allocation. 
The statistician in charge of randomization was unblinded, as was 
the person in charge of preparing the study medication, who received 
center-specific randomization envelopes and was independent of all 
other study-specific procedures, particularly any safety or efficacy as-
sessments. Because Cerebrolysin has a slightly yellow tint, infusion 
bags were provided in sealed colored plastic sleeves to maintain the 
blinding.

Efficacy Criteria
The primary efficacy criterion was a change in the ARAT32 score, and 
it was used to assess upper limb motor function from baseline to day 
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90. The secondary efficacy criteria were changes from baseline to 
day 21 (the last day on which the study medication was administered) 
and to day 90 in gait velocity (gait velocity test), fine motor function 
(9-Hole Peg test), the global neurological state (NIHSS), the level of 
disability or dependence in activities of daily living (Barthel Index, 
mRS), the extent of aphasia (Goodglass and Kaplan Communication 
Scale),33,34 the extent of neglect (line cancellation test, gap detection 
test), quality of life (Short Form 36 items [SF-36] Health Survey, 
physical component summary, and mental component summary), and 
the extent of depression (Geriatric Depression Scale). References for 
these criteria are available in the online-only Data Supplement.

Statistical Methods
The primary objective of this trial was to investigate the hypothe-
sis that patients randomized to Cerebrolysin would show improved 
ARAT scores over the 90 days of the study compared with those 
randomized to the placebo. The multiple level α of the study (the 
global level of significance for the entire study) was set to α=0.05 
(2-sided test for superiority). As planned before the study, nonpara-
metric analyses were performed using the Wilcoxon–Mann–Whitney 
test because of the skewness and non-normality of the distributions 
(Shapiro–Wilk; P=0.0137) and the presence of outliers.

The Mann–Whitney estimator (MW) was calculated as the ef-
fect size measure associated with the well-known Wilcoxon–Mann–
Whitney test.35–38 Technically, the MW represents the probability that 
a randomly chosen subject from the test group is better off than a ran-
domly chosen subject from the comparison group (with probability 
ranging from 0 to 1, and 0.5 indicating equality), and it is statistically 
defined as follows: P (X<Y)+0.5 P (X=Y).

The null and alternative hypotheses for the comparison of the ef-
fects of Cerebrolysin versus placebo can be formulated as follows 
(superiority test; T: test treatment; C: control treatment):

Null hypothesis H
0
: MWTC≤0.50.

Alternative hypothesis H
A
: MWTC>0.50.

The traditional benchmark values39,40 for the MW are 0.29 (large 
inferiority), 0.36 (medium inferiority), 0.44 (small inferiority), 0.50 
(equality), 0.56 (small superiority), 0.64 (medium superiority), and 
0.71 (large superiority).

In addition to univariate analysis of the ARAT score, a multidi-
mensional approach to outcome assessment and classification was 
used to analyze the combined primary and secondary efficacy criteria 
because it is possible that no single measure can capture the multidi-
mensional nature of recovery from stroke. The use of multiple mea-
sures to address the breadth of potential deficits and recovery after 
stroke has also been recommended by leading researchers.41–43

Multidimensional analyses were performed using the Wei–Lachin 
procedure, as described by Wei and Lachin44 and Lachin.45 This 
procedure is a multivariate generalization of the Wilcoxon–Mann–
Whitney test that takes into account the correlations among univariate 
Mann–Whitney tests for each outcome to produce an overall, average 
estimate of benefit and test for treatment differences. The summariz-
ing test used in this procedure is a directional test that is most efficient 
in cases in which the direction of superiority is known. However, the 
use of this test in a complex, heterogeneous disorder, such as stroke, 
has not yet been validated and needs further experience.46

Because of the exploratory nature of this phase II study, a formal 
sample size calculation, similar to that performed for confirmatory 
trials, was not conducted. However, an informal sample size calcula-
tion for the envisaged enrollment of 2×112 subjects resulted in 80% 
power (type II error rate of β=0.20) to detect a standardized mean dif-
ference of 0.376 with a significance level (type I error rate) of α=0.05 
(2-sided t test; nQuery Advisor, release 6.0).

All analyses were performed on a modified intention-to-treat 
(mITT) analysis set using the last observation carried forward (LOCF) 
approach for handling missing data. The mITT analysis set was de-
fined as all randomized patients who have had at least 1 dose of study 
medication and have assessments for the primary end point at base-
line and at least 1 time point after the first dose of study medication.

Sensitivity analyses were performed using the observed cases 
(OC) approach. No patient in the mITT population had a major 

protocol violation; thus, the mITT population and the per-protocol 
population were identical. Before the study, primary subgroup analy-
sis was defined for patients with ARAT baseline scores of >0 (results 
are available in the online-only Data Supplement).

Results
Study Population
A total of 208 patients were enrolled in this study between 
April 2008 and September 2010. All patients received 
at least 1 dose of the study medication or a placebo 
(Cerebrolysin, n=104; placebo, n=104), and thus, they rep-
resent the safety analysis set. A total of 12 patients dis-
continued participation in the study prematurely because 
of adverse events (AEs; Cerebrolysin, n=2; placebo, n=5), 
withdrawal of their consent (Cerebrolysin, n=2; placebo, 
n=2) or for administrative reasons (placebo, n=1). Three of 
these patients, who were all in the placebo group, had no 
postbaseline data and were thus excluded from the mITT 
analysis set. There were no other major protocol violations 
in the mITT population; thus, the mITT and per-protocol 
analysis sets both consisted of 205 patients (Cerebrolysin, 
n=104; placebo, n=101). Efficacy data for 5 patients were 
missing for day 90. Thus, the OC population was composed 
of 200 patients (96.2% of randomized patients and 97.6% 
of mITT patients), which is above the recommended bench-
mark of 90% for class I evidence-based quality studies.47–49 
There were no relevant group differences observed at base-
line (Tables  1 and 2). The mean age of the patients was 
64 years, 63.9% of the patients were men, and the mean 
NIHSS score was 9.2 (median of 8.0).

Primary Efficacy Criterion (ARAT Score)
The ARAT scores increased from 10.1±15.9 (0.0, 21.5) at 
baseline (arithmetic mean±SD; median, IQR) to 40.7±20.2 
(51.0, 28.0) on day 90 in the Cerebrolysin group and from 
10.7±16.5 (2.0, 18.0) to 26.5±21.0 (27.0, 44.0) in the placebo 
group (Figure 1A). The mean absolute changes in the ARAT 
scores at 90 days post stroke compared with those at baseline 
were 30.7±19.9 (32.0, 36.5) for Cerebrolysin and 15.9±16.8 
(11.0, 22.0) for the placebo. An increase in the ARAT score 
was observed in 96 of 104 (92.3%) of the Cerebrolysin-treated 
patients versus 85 of 101 (84.2%) of the placebo-treated 
patients.

The time course of the OC approach was similar to the 
results of LOCF analysis, with final median ARAT score of 
51.0 in the Cerebrolysin group and 22.0 in the placebo group 
(Figure I in the online-only Data Supplement). The handling 
of missing data had a negligible impact on the results because 
of the low dropout rates in both groups.

A nonparametric evaluation was performed as planned 
before the study was conducted because the data were 
expected to violate common parametric analysis assumptions, 
such as a normal distribution. Nonparametric LOCF analysis 
demonstrated a large superiority of Cerebrolysin relative to 
the placebo on day 90, with an MW=0.71 (95% confidence 
interval, 0.63–0.79; Figure 1B). The OC analysis results were 
in support of the LOCF results, with an MW=0.71 (95% 
confidence interval, 0.63–0.79). The time course revealed a 
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constant increase in the effect size, which peaked on day 90 
(data not shown).

Sensitivity analyses for ARAT values of >0 at baseline 
and values of 3 to 54 at baseline were performed as well as 
stratified analyses for age, sex, and baseline ARAT score. The 
results of these sensitivity analyses were consistent with those 
of primary analysis and all stratified analyses supported the 
result of the unadjusted analyses (Figures II–VI in the online-
only Data Supplement).

Secondary Efficacy Criteria and Global Outcome
Similar to the results of univariate analyses of ARAT scores 
(Figure 1B), substantial differences were found between the 
Cerebrolysin and placebo groups.

A favorable mRS score of 0 to 1 was found in 42.3% of 
the patients in the Cerebrolysin group compared with 14.9% 
of those in the placebo group, and similar results were found 
for mRS scores of 0 to 2 (the full distribution of mRS scores 
is provided in Figure 2).

A medium superiority (MW≥0.64) of Cerebrolysin 
was observed for 6 of the 12 efficacy criteria, includ-
ing the ARAT, NIHSS, Barthel Index, mRS, short form 
36 items physical component summary, and depression 
(Geriatric Depression Scale) scores (Figure 3). Small 
superiority of Cerebrolysin was demonstrated using the 
gait velocity test, 9-Hole Peg test, Goodglass and Kaplan 
Communication Scale, and the short form 36 items men-
tal component summary (MW≥0.56). The proportions of 
patients, who exhibited neglect at baseline, were low in 
both groups (Cerebrolysin, n=9; placebo, n=10); an effect 
of Cerebrolysin on neglect was not observed (the line can-
cellation test and gap detection test).

The combined results (the global outcome using the Wei–
Lachin procedure) revealed a small superiority of Cerebrolysin 
compared with the placebo, with an MW effect size of 0.62 
(95% confidence interval, 0.58–0.65). The OC analysis results 
supported the LOCF results, with an MW=0.61 (95% confi-
dence interval, 0.58–0.65; data not shown).

Safety and Tolerability
A total of 93.8% of the treated patients received 21 infusions 
(Cerebrolysin, 96.2%; placebo, 91.3%). Of the patients treated 
with Cerebrolysin, 69.2% reported at least 1 AE compared with 
71.2% of the patients in the placebo group. Most of the AEs 
were rated as mild in severity (Cerebrolysin, 76.1%; placebo, 
69.8%). An overview of the most frequent treatment-emergent 
adverse events reported in at least 5% of the patients in any 
group is shown in Table 3. Three patients in the Cerebrolysin 
group (2.9%) and 7 in the placebo group (6.7%) had serious 
adverse events (SAEs), none of which appeared related to the 
study medications (Table 4). The SAEs in the Cerebrolysin 
group were described as severe peripheral ischemia, moderate 
renal colic, and acute myocardial infarction, and all these SAEs 
resolved during the study period. Four patients (3.8%) in the 
placebo group died because of sepsis with acute renal failure 
and coma, sepsis with multiorgan failure, intestinal ischemia, 
and subdural plus intracerebral hematoma. No patient died in 

Table 2.  Baseline Values of Efficacy Criteria (mITT)

Efficacy Criterion Cerebrolysin, n=104 Placebo, n=101

ARAT (paretic side)

 � Mean±SD 10.1±15.9 10.7±16.5

 � Median (IQR) 0.0 (21.5) 2.0 (18.0)

NIHSS

 � Mean±SD 9.1±3.2 9.2±3.2

 � Median (IQR) 8.0 (4.0) 8.0 (5.0)

Barthel Index

 � Mean±SD 35.5±24.9 35.4±24.6

 � Median (IQR) 30.0 (40.0) 30.0 (40.0)

Modified Rankin Scale score

 � Mean±SD 3.9±0.8 3.9±0.8

 � Median (IQR) 4.0 (0.0) 4.0 (1.0)

ARAT indicates Action Research Arm Test; IQR, interquartile range; mITT, 
modified intention-to-treat; and NIHSS, National Institutes of Health Stroke 
Scale.

Table 1.  Demographic Baseline Characteristics (Safety Analysis Set)

Parameter Total, n=208 Cerebrolysin, n=104 Placebo, n=104

Male sex, n (%) 133 (63.9) 70 (67.3) 63 (60.6)

Right-handed, n (%) 199 (95.7) 99 (95.2) 100 (96.2)

Mean age, y (SD) 64.0 (10.2) 64.9 (9.8) 63.0 (10.6)

Mean BMI, kg/m2 (SD) 27.4 (4.2) 27.2 (4.1) 27.6 (4.3)

Mean time until treatment initiation, h (SD)* 53.2 (12.3) 51.9 (12.7) 54.6 (11.7)

Thrombolytic treatment, n (%) 4 (1.9) 2 (1.9) 2 (1.9)

Prevalence of risk factors, n (%)

 � Hypertension 173 (83.2) 86 (82.7) 87 (83.7)

 � Hyperlipidemia 105 (50.5) 55 (52.9) 50 (48.1)

 � Diabetes mellitus 39 (18.8) 19 (18.3) 20 (19.2)

 � Arrhythmia 54 (26.0) 26 (25.0) 28 (26.9)

 � Coronary artery disease 83 (39.9) 38 (36.5) 45 (43.3)

 � Past/current smoker 67 (32.2) 33 (31.8) 34 (32.7)

BMI indicates body mass index.
*Calculated from stroke onset.
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the Cerebrolysin group. The low rate of SAEs can possibly be 
explained by the long duration of hospitalization (22–23 days 
for each patient according to the protocol). In addition, previous 
clinical studies have shown that early rehabilitation can prevent 

acute stroke complications, such as deep venous thrombosis, 
bronchopneumonia, pressure ulcers, and depression, which are 
the main sources of SAEs during the acute phase of stroke.50–56

The vital signs were similar between the treatment groups, 
and these factors did not show clinically relevant changes dur-
ing the course of the study. The laboratory values classified 
by the investigators as clinically relevant did not exhibit any 
significant differences between the treatment groups, and no 
trends toward specific pathological laboratory findings were 
detected. Overall, the safety outcome reflected the expected 
safety and tolerability of patients after acute ischemic stroke.

Discussion
The results of this randomized, placebo-controlled, multi-
center trial of stroke patients during early rehabilitation dem-
onstrate beneficial effects of Cerebrolysin compared with a 
placebo on the primary efficacy criterion, the ARAT score, 
and on global outcome after 90 days. The ARAT score and 
global outcome were significantly different as determined by 
the preplanned first-line analysis and preplanned primary sub-
group analysis of patients with ARAT baseline scores of >0. 
These findings were consistently observed in LOCF and OC 

Figure 1. A, Time course of the Action Research Arm Test (ARAT) with Cerebrolysin (30 mL/d) and the placebo, shown as boxplot dia-
grams (P10 and P90) for days 7 (V3), 14 (V4), and 21 (V5) post baseline and days 42 (V6) and 90 (V7) post stroke. The modified intention-
to-treat (mITT) population was analyzed using the last observation carried forward (LOCF) approach for handling missing data. The 
mITT-LOCF population on day 90 included a total of 205 patients (Cerebrolysin, n=104; placebo, n=101). B, Effect sizes (Mann–Whitney) of 
the ARAT score changes from baseline in the mITT-LOCF population. Analyses were conducted using the Wilcoxon–Mann–Whitney test.

Figure 2. Distribution of modified Rankin Scale scores. Cumula-
tive percentage (Cerebrolysin vs placebo): 8.65 vs 2.97 (0), 42.31 
vs 14.85 (1), 65.38 vs 33.66 (2), 88.46 vs 75.25 (3), 98.08 vs 96.04 
(4), and 100.0 vs 100.0 (5). Definitions of scores: 0=no symptoms 
at all; 1=no significant disability despite symptoms: able to carry 
out all usual duties and activities; 2=slight disability: unable to 
carry out all previous activities but able to look after own affairs 
without assistance; 3=moderate disability: requiring some help, 
but able to walk without assistance; 4=moderately severe dis-
ability: unable to walk without assistance and unable to attend to 
own bodily needs without assistance; 5=severe disability: bedrid-
den, incontinent, and requiring constant nursing care and atten-
tion; and 6=dead.
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sensitivity analyses. Negligible differences in the benchmark 
for equality were detected for premature discontinuation in 
the patients with AEs, those with at least 1 treatment-emergent 
adverse event and those with at least 1 SAE.

This study primarily recruited patients with moderate-
to-severe stroke (median initial NIHSS score of 9) because a 
hypothesis-generating subgroup analysis of a previous study28 
indicated a trend for better outcome after Cerebrolysin treat-
ment in patients with NIHSS >12 (n=246). This subgroup 
analysis has revealed that Cerebrolysin-treated patients show an 
improvement of 3 points higher on the NIHSS on day 90 com-
pared with placebo-treated patients and has reported effect sizes 
demonstrating a medium superiority of Cerebrolysin relative 
to placebo for all domains of the composite end point (NIHSS, 
Barthel Index, and mRS). In the present trial, the Cerebrolysin 
group showed marked and significant improvements compared 
with the placebo group, and these patients achieved the highest 
ARAT scores.

Notably, the current trial also confirms the findings of a 
previous study in which Cerebrolysin was administered for 10 

days as an add-on therapy together with intravenous recom-
binant tissue-type plasminogen activator treatment, resulting 
in a marked initial improvement.27 However, the differences 
between these 2 groups vanished over time in the previous study 
and were not significant at 90 days after stroke with 30.4% of 
patients in the Cerebrolysin group having no symptoms at all 
(mRS score of 0) compared with 23.7% of those in the placebo 
group. No significant disabilities were observed in 21.4% of 
the Cerebrolysin-treated patients and in 28.8% of the placebo-
treated patients, despite the presence of symptoms (mRS score 
of 1). The beneficial effects of Cerebrolysin were stable over 
the longer treatment period of 21 days in the present trial. We 
did note a poor rate of full recovery of the placebo patients in 
this trial. Generally, a poorer outcome than typically expected 
of the control group can explain the superiority of the treatment 
arm. However, this study primarily recruited patients with mod-
erate-to-severe stroke (median initial NIHSS score of 9) and 
this could explain the low rate of spontaneous recovery under 
placebo. However, this possibility will need to be confirmed in 
a larger randomized trial. The results of this CARS trial can-
not be directly compared with those of previous Cerebrolysin 
studies because both groups were actively exposed to reha-
bilitation intervention in this study. In addition, the initiation 
of rehabilitative therapy earlier may have played a role in the 
observed outcomes, as indicated by the more rapid initial clini-
cal improvement. The neurorestorative activity of Cerebrolysin 
may also enhance the beneficial effects of rehabilitation.

This study was planned as an exploratory phase II trial. 
This design limits the degree of evidence obtained; thus, the 
results should be confirmed in a large-scale phase III trial. In 
addition, the generalizability of our results to other regions 
and stroke populations should be evaluated in future research.

The validity, sensitivity, and interrater and intrarater reli-
ability of the primary efficacy criterion ARAT have been 
reported to be high.32,57,58 However, each of these values 
represents reliability as assessed within a single institution. 
Increasingly, multisite trials of acute stroke have highlighted 
the importance of reducing the intersite variance that is pres-
ent when assigning scores for outcome assessments.59

Figure 3. Global status on day 90. The effect sizes (Mann–Whitney [MW]) for the single and combined (Wei–Lachin procedure) efficacy 
parameters reflect changes from baseline in the modified intention-to-treat–last observation carried forward population (n=205). Analyses 
were conducted using the multivariate, directional Wilcoxon test. MCS indicates mental component summary; mRS, Modified Rankin 
Scale; and PCS, physical component summary.

Table 3.  Most Frequently Reported TEAEs (in ≥5% of 
Patients; Safety Analysis Set)

Preferred Term
Cerebrolysin, n=104

n (%) freq
Placebo, n=104

n (%) freq

Urinary tract infection 13 (12.5) 15 17 (16.3) 18

Depression 11 (10.6) 11 10 (9.6) 10

Insomnia 6 (5.8) 6 4 (3.8) 4

Carotid arteriosclerosis 5 (4.8) 5 5 (4.8) 5

Headache 6 (5.8) 8 3 (2.9) 3

Carotid artery stenosis 6 (5.8) 6 2 (1.9) 3

Hypertension 9 (8.7) 15 12 (11.5) 18

Cytolytic hepatitis 10 (9.6) 10 8 (7.7) 8

Upper abdominal pain 6 (5.8) 6 4 (3.8) 5

Patients were counted only once for a particular AE. The TEAEs were coded 
according to MedDRA 13.1. Freq indicates the frequency with which each event 
was reported; and TEAEs, treatment-emergent adverse events (newly occurred 
or worsened under study treatment).
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The results of sensitivity analysis of the ARAT score are in 
line with those of primary analysis, indicating that the varia-
tions observed in the patients with ARAT scores of 0 at base-
line had no relevant impact on the study outcome.

Considering that patients with lacunar or subtentorial 
stroke were excluded from this study, an analysis of stroke 
subtypes according to the affected vascular territory was not 
performed.

Conclusions
This study provides evidence that Cerebrolysin has beneficial 
effects on function and global outcome in early rehabilitation 
patients after stroke. All preplanned analyses generated statis-
tically significant results. The high frequency of patients with 
ARAT baseline scores of 0 may limit the generalizability of 
the mITT results; however, preplanned subgroup analysis of 
the patients with ARAT baseline scores of >0 showed com-
parable effect sizes, supporting the positive overall results. 
The safety of Cerebrolysin was comparable with that of the 
placebo, suggesting that Cerebrolysin possesses a favorable 
benefit/risk ratio.

However, the design of the study limits the degree of evi-
dence obtained. Caveats might result from limitations of any 
phase II study: small sample size, heterogeneity of popula-
tions, lack of central review of key end points, and possible 
imbalance in treatment groups not identifiable through routine 
risk factor descriptions. Thus, the results should be confirmed 
in a large-scale phase III trial. In addition, the generalizability 
of our results to other regions and stroke populations should 
be evaluated in future research.

Sources of Funding
This study was funded by EVER Neuro Pharma GmbH, Austria.

Disclosures
Dr Muresanu is a coordinating investigator of the Cerebrolysin and 
Recovery After Stroke (CARS) trial and a member of the Cerebrolysin 
Asian Pacific Trial in Acute Brain Injury and Neurorecovery 
(CAPTAIN) trial scientific advisory board. Dr Muresanu reports 
receipt of grants/research supports from EVER Neuro Pharma. 
Dr Muresanu has not received an honorarium to write this article. 
Dr Heiss serves on the Advisory Board and Speakers bureau for 

EVER Neuro Pharma. Dr Heiss is sponsored by Wolf-Dieter Heiss 
Foundation within the Max Planck Society. Dr Hoemberg is a mem-
ber of the CAPTAIN trial scientific advisory board. Dr Bajenaru is a 
principal investigator of the CARS trial. Dr Bajenaru reports a receipt 
of grants/research support from EVER Neuro Pharma. Dr Popescu 
is a principal investigator of the CARS trial. J.C. Vester is a senior 
biometric consultant of IDV. J.C. Vester serves on the Advisory Board 
for EVER Neuro Pharma. J.C. Vester has not received an honorarium 
to write this article. Dr Rahlfs is an employee of IDV and a consul-
tant for EVER Neuro Pharma and receives honoraria for this activ-
ity. Dr Rahlfs has not received an honorarium to write this article. 
Drs Doppler, Meier, and Moessler are employees of EVER Neuro 
Pharma. Dr Guekht is a principal investigator of the CARS2 trial. Dr 
Guekht reports receipt of grants/research support from EVER Neuro 
Pharma.

References
	 1.	 Murray CJ, Lopez AD. Measuring the global burden of disease. N Engl J 

Med. 2013;369:448–457. doi: 10.1056/NEJMra1201534.
	 2.	 Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et 

al. Global and regional mortality from 235 causes of death for 20 age 
groups in 1990 and 2010: a systematic analysis for the Global Burden 
of Disease Study 2010. Lancet. 2012;380:2095–2128. doi: 10.1016/
S0140-6736(12)61728-0.

	 3.	 Wardlaw JM, Murray V, Berge E, del Zoppo GJ. Thrombolysis for acute 
ischemic stroke, update August 2014. Stroke. 2014;45:e222–e225. doi: 
10.1161/STROKEAHA.114.007024.

	 4.	 Pierot L, Soize S, Benaissa A, Wakhloo AK. Techniques for endo-
vascular treatment of acute ischemic stroke: from intra-arterial fibri-
nolytics to stent-retrievers. Stroke. 2015;46:909–914. doi: 10.1161/
STROKEAHA.114.007935.

	 5.	 Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, Lingsma HF, 
et al; MR CLEAN Investigators. A randomized trial of intraarterial treat-
ment for acute ischemic stroke. N Engl J Med. 2015;372:11–20. doi: 
10.1056/NEJMoa1411587.

	 6.	 Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, et al; 
EXTEND-IA Investigators. Endovascular therapy for ischemic stroke 
with perfusion-imaging selection. N Engl J Med. 2015;372:1009–1018. 
doi: 10.1056/NEJMoa1414792.

	 7.	 Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, et al; 
ESCAPE Trial Investigators. Randomized assessment of rapid endovas-
cular treatment of ischemic stroke. N Engl J Med. 2015;372:1019–1030. 
doi: 10.1056/NEJMoa1414905.

	 8.	 Saver JL, Smith EE, Fonarow GC, Reeves MJ, Zhao X, et al; GWTG-
Stroke Steering Committee and Investigators. The “golden hour” 
and acute brain ischemia: presenting features and lytic therapy in 
>30,000 patients arriving within 60 minutes of stroke onset. Stroke. 
2010;41:1431–1439. doi: 10.1161/STROKEAHA.110.583815.

	 9.	 Zahuranec DB, Majersik JJ. Percentage of acute stroke patients eligible 
for endovascular treatment. Neurology. 2012;79(13 suppl 1):S22–S25. 
doi: 10.1212/WNL.0b013e31826957cf.

Table 4.  Safety Outcome (Safety Analysis Set)

Safety Parameter Total, n=208 Cerebrolysin, n=104 Placebo, n=104

Mean duration of exposure, d 20.4 20.5 20.3

Patients with TEAEs, n (%) 146 (70.2) 72 (69.2) 74 (71.2)

  Drug-related, n (%) 44 (21.2) 22 (21.2) 22 (21.2)

  Leading to drug withdrawal, n (%) 7 (3.4) 2 (1.9) 5 (4.8)

  Number of TEAEs, n 400 201 199

Patients with TESAEs, n (%) 10 (4.8) 3 (2.9) 7 (6.7)

  Drug-related, n (%) 0 0 0

  Leading to drug withdrawal, n (%) 6 (2.9) 1 (1.0) 5 (4.8)

  Number of TESAEs, n 16 3 13

Patients who died, n (%) 4 (1.9) 0 4 (3.8)

TEAEs indicates treatment-emergent adverse events (newly occurred or worsened under study treatment); and TESAEs, 
treatment-emergent serious adverse events.



158    Stroke    January 2016

	 10.	 O’Collins VE, Macleod MR, Donnan GA, Horky LL, van der Worp BH, 
Howells DW. 1,026 experimental treatments in acute stroke. Ann Neurol. 
2006;59:467–477. doi: 10.1002/ana.20741.

	 11.	 Kaur H, Prakash A, Medhi B. Drug therapy in stroke: from pre-
clinical to clinical studies. Pharmacology. 2013;92:324–334. doi: 
10.1159/000356320.

	 12.	 Xu SY, Pan SY. The failure of animal models of neuroprotection in acute 
ischemic stroke to translate to clinical efficacy. Med Sci Monit Basic Res. 
2013;19:37–45.

	 13.	 Tymianski M. Novel approaches to neuroprotection trials in 
acute ischemic stroke. Stroke. 2013;44:2942–2950. doi: 10.1161/
STROKEAHA.113.000731.

	 14.	 Hossmann KA. The two pathophysiologies of focal brain ischemia: 
implications for translational stroke research. J Cereb Blood Flow 
Metab. 2012;32:1310–1316. doi: 10.1038/jcbfm.2011.186.

	 15.	 Masliah E, Díez-Tejedor E. The pharmacology of neurotrophic treatment 
with Cerebrolysin: brain protection and repair to counteract pathologies 
of acute and chronic neurological disorders. Drugs Today. 2012;48 
(suppl A):3–24. doi: 10.1358/dot.2012.48(Suppl.A).1739716.

	 16.	 Hartbauer M, Hutter-Paier B, Skofitsch G, Windisch M. Antiapoptotic 
effects of the peptidergic drug cerebrolysin on primary cultures 
of embryonic chick cortical neurons. J Neural Transm (Vienna). 
2001;108:459–473.

	 17.	 Zhang L, Chopp M, Meier DH, Winter S, Wang L, Szalad A, et al. Sonic 
hedgehog signaling pathway mediates cerebrolysin-improved neuro-
logical function after stroke. Stroke. 2013;44:1965–1972. doi: 10.1161/
STROKEAHA.111.000831.

	 18.	 Gutmann B, Hutter-Paier B, Skofitsch G, Windisch M, Gmeinbauer R. 
In vitro models of brain ischemia: the peptidergic drug cerebrolysin 
protects cultured chick cortical neurons from cell death. Neurotox Res. 
2002;4:59–65. doi: 10.1080/10298420290007637.

	 19.	 Darsalia V, Heldmann U, Lindvall O, Kokaia Z. Stroke-induced neu-
rogenesis in aged brain. Stroke. 2005;36:1790–1795. doi: 10.1161/01.
STR.0000173151.36031.be.

	 20.	 Muresanu DF, Buzoianu A, Florian SI, von Wild T. Towards a roadmap 
in brain protection and recovery. J Cell Mol Med. 2012;16:2861–2871. 
doi: 10.1111/j.1582-4934.2012.01605.x.

	 21.	 Ren J, Sietsma D, Qiu S, Moessler H, Finklestein SP. Cerebrolysin 
enhances functional recovery following focal cerebral infarction in rats. 
Restor Neurol Neurosci. 2007;25:25–31.

	 22.	 Hanson LR, Liu XF, Ross TM, Doppler E, Zimmermann-Meinzingen 
S, Moessler H, et al. Cerebrolysin reduces infarct volume in a rat model 
of focal cerebral ischemic damage. Am J Neuroprotect Neuroregen. 
2009;1:60–66. doi: 10.1166/ajnn.2009.1010.

	 23.	 Zhang C, Chopp M, Cui Y, Wang L, Zhang R, Zhang L, et al. Cerebrolysin 
enhances neurogenesis in the ischemic brain and improves functional 
outcome after stroke. J Neurosci Res. 2010;88:3275–3281. doi: 10.1002/
jnr.22495.

	 24.	 Skvortsova VI, Stakhovskaia LV, Gubskiĭ LV, Shamalov NA, Tikhonova 
IV, Smychkov AS. A randomized, double-blind, placebo-controlled study 
of Cerebrolysin safety and efficacy in the treatment of acute ischemic 
stroke. Zh Nevropatol Psikhiatr im S S Korsakova. 2004;S11:51–55.

	 25.	 Ladurner G, Kalvach P, Moessler H; Cerebrolysin Study Group. 
Neuroprotective treatment with cerebrolysin in patients with acute 
stroke: a randomised controlled trial. J Neural Transm (Vienna). 
2005;112:415–428. doi: 10.1007/s00702-004-0248-2.

	 26.	 Ziganshina LE, Abakumova T, Kuchaeva A. Cerebrolysin for acute 
ischaemic stroke. Cochrane Database Syst Rev. 2010;4:CD007026. doi: 
10.1002/14651858.CD007026.pub2.

	 27.	 Lang W, Stadler CH, Poljakovic Z, Fleet D; Lyse Study Group. A prospec-
tive, randomized, placebo-controlled, double-blind trial about safety and 
efficacy of combined treatment with alteplase (rt-PA) and Cerebrolysin 
in acute ischaemic hemispheric stroke. Int J Stroke. 2013;8:95–104. doi: 
10.1111/j.1747-4949.2012.00901.x.

	 28.	 Heiss WD, Brainin M, Bornstein NM, Tuomilehto J, Hong Z, 
Cerebrolysin Acute Stroke Treatment in Asia (CASTA) Investigators. 
Cerebrolysin in patients with acute ischemic stroke in Asia: results of a 
double-blind, placebo-controlled randomized trial. Stroke. 2012;43:630–
636. doi: 10.1161/STROKEAHA.111.628537.

	 29.	 Rogalewski A, Schneider A, Ringelstein EB, Schäbitz WR. Toward a 
multimodal neuroprotective treatment of stroke. Stroke. 2006;37:1129–
1136. doi: 10.1161/01.STR.0000209330.73175.34.

	 30.	 Muresanu DF. Neuromodulation with pleiotropic and multimodal drugs - 
future approaches to treatment of neurological disorders. Acta Neurochir 
Suppl. 2010;106:291–294. doi: 10.1007/978-3-211-98811-4_54.

	 31.	 Stan AD, Bădişor A, Bîrle C, Blesneag AV, Opincariu I, Iancu M, et al. 
The influence of neurotrophic factors treatment on stroke volume. Ro J 
Neurol. 2013;3:124–129.

	 32.	 Lyle RC. A performance test for assessment of upper limb function 
in physical rehabilitation treatment and research. Int J Rehabil Res. 
1981;4:483–492. doi: 10.1097/00004356-198112000-00001.

	 33.	 Posteraro L, Formis A, Grassi E, Bighi M, Nati P, Proietti Bocchini C, 
et al. Quality of life and aphasia. Multicentric standardization of a ques-
tionnaire. Eura Medicophys. 2006;42:227–230.

	 34.	 Goodglass H and Kaplan E. The Assessment of Aphasia and Related 
Disorders. 2nd ed. Philadelphia, PA: Lea & Febiger; 1983.

	 35.	 D’Agostino RB, Campbell M, Greenhouse J. The Mann–Whitney sta-
tistic: continuous use and discovery. Statist Med. 2006;25:541–542. doi: 
10.1002/sim.2508.

	 36.	 Rothmann MD, Wiens BL, Chan IS. Chapter 12.5: Ordinal data. In: 
Rothmann MD, Wiens BL, Chan IS, eds. Design and Analysis of 
Non-Inferiority Trials. Boca Raton, FL: Chapman & Hall/CRC; 2011: 
353–356.

	 37.	 Munzel U, Hauschke D. A nonparametric test for proving non-inferior-
ity in clinical trials with ordered categorical data. Pharmaceut Statist. 
2003;2:31–37. doi: 10.1002/pst.17.

	 38.	 Kieser M, Friede T, Gondan M. Assessment of statistical significance 
and clinical relevance. Stat Med. 2013;32:1707–1719. doi: 10.1002/
sim.5634.

	 39.	 Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. 
Hillsdale, NJ: Lawrence Erlbaum Associates; 1988.

	 40.	 Colditz GA, Miller JN, Mosteller F. Measuring gain in the evalu-
ation of medical technology. The probability of a better outcome. 
Int J Technol Assess Health Care. 1988;4:637–642. doi: 10.1017/
S0266462300007728.

	 41.	 Whitehead J, Branson M, Todd S. A combined score test for binary and 
ordinal endpoints from clinical trials. Stat Med. 2010;29:521–532. doi: 
10.1002/sim.3822.

	 42.	 Lu M, Tilley BC; NINDS t-PA Stroke Trial Study Group. Use of odds 
ratio or relative risk to measure a treatment effect in clinical trials with 
multiple correlated binary outcomes: data from the NINDS t-PA stroke 
trial. Stat Med. 2001;20:1891–1901. doi: 10.1002/sim.841.

	 43.	 Tilley BC, Marler J, Geller NL, Lu M, Legler J, Brott T, et al. Use of 
a global test for multiple outcomes in stroke trials with application to 
the National Institute of Neurological Disorders and Stroke t-PA Stroke 
Trial. Stroke. 1996;27:2136–2142.

	 44.	 Wei LJ, Lachin JM. Two-sample asymptotically distribution-free tests 
for incomplete multivariate observations. J Am Stat Assoc. 1984;79:653–
661. doi: 10.1080/01621459.1984.10478093.

	 45.	 Lachin JM. Some large-sample distribution-free estimators and tests for 
multivariate partially incomplete data from two populations. Stat Med. 
1992;11:1151–1170. doi: 10.1002/sim.4780110903.

	 46.	 Tamhane A, Dmitrienko A. Analysis of multiple endpoints in clinical 
trials. In: Dmitrienko A, Tamhane AC, Bretz F, eds. Multiple Testing 
Problems in Pharmaceutical Statistics. Boca Raton, FL: Chapman & 
Hall/CRC; 2009:131–163.

	 47.	 Chang BS, Lowenstein DH; Quality Standards Subcommittee of the 
American Academy of Neurology. Practice parameter: antiepileptic 
drug prophylaxis in severe traumatic brain injury: report of the Quality 
Standards Subcommittee of the American Academy of Neurology. 
Neurology. 2003;60:10–16.

	 48.	 Biester K, Lange S, Kaiser T, Potthast R. High dropout rates in tri-
als included in Cochrane reviews. Paper Presented at: XIV Cochrane 
Colloquium. Dublin, Ireland; 2006.

	 49.	 Higgins JP, Altman DG, Sterne JA. Chapter 8: Assessing risk of bias in 
included studies. In: Higgins JP, Green S, eds. Cochrane Handbook for 
Systematic Reviews of Interventions. Version 5.1.0 [updated March 2011]. 
The Cochrane Collaboration; 2011. http://www.cochrane-handbook.org. 
Accessed January 13, 2015.

	 50.	 Bernhardt J, Dewey H, Thrift A, Collier J, Donnan G. A very early reha-
bilitation trial for stroke (AVERT): phase II safety and feasibility. Stroke. 
2008;39:390–396. doi: 10.1161/STROKEAHA.107.492363.

	 51.	 Cumming TB, Thrift AG, Collier JM, Churilov L, Dewey HM, Donnan 
GA, et al. Very early mobilization after stroke fast-tracks return to walk-
ing: further results from the phase II AVERT randomized controlled trial. 
Stroke. 2011;42:153–158. doi: 10.1161/STROKEAHA.110.594598.

	 52.	 Craig LE, Bernhardt J, Langhorne P, Wu O. Early mobilization after 
stroke: an example of an individual patient data meta-analysis of a 
complex intervention. Stroke. 2010;41:2632–2636. doi: 10.1161/
STROKEAHA.110.588244.

http://www.cochrane-handbook.org


Muresanu et al    Cerebrolysin and Recovery After Stroke     159

	 53.	 Sundseth A, Thommessen B, Rønning OM. Outcome after mobilization 
within 24 hours of acute stroke: a randomized controlled trial. Stroke. 
2012;43:2389–2394. doi: 10.1161/STROKEAHA.111.646687.

	 54.	 Diserens K, Moreira T, Hirt L, Faouzi M, Grujic J, Bieler G, et al. Early 
mobilization out of bed after ischaemic stroke reduces severe complica-
tions but not cerebral blood flow: a randomized controlled pilot trial. Clin 
Rehabil. 2012;26:451–459. doi: 10.1177/0269215511425541.

	 55.	 Bernhardt J, Thuy MN, Collier JM, Legg LA. Very early versus 
delayed mobilisation after stroke. Cochrane Database Syst Rev. 
2009;21:CD006187. doi: 10.1002/14651858.CD006187.pub2.

	 56.	 Kwakkel G, van Peppen R, Wagenaar RC, Wood Dauphinee S, Richards 
C, Ashburn A, et al. Effects of augmented exercise therapy time after 

stroke: a meta-analysis. Stroke. 2004;35:2529–2539. doi: 10.1161/01.
STR.0000143153.76460.7d.

	 57.	 Hsieh CL, Hsueh IP, Chiang FM, Lin PH. Inter-rater reliability and 
validity of the action research arm test in stroke patients. Age Ageing. 
1998;27:107–113.

	 58.	 Platz T, Pinkowski C, van Wijck F, Kim IH, di Bella P, Johnson G. 
Reliability and validity of arm function assessment with standardized 
guidelines for the Fugl-Meyer Test, Action Research Arm Test and Box 
and Block Test: a multicentre study. Clin Rehabil. 2005;19:404–411.

	 59.	 Yozbatiran N, Der-Yeghiaian L, Cramer SC. A standardized approach 
to performing the action research arm test. Neurorehabil Neural Repair. 
2008;22:78–90. doi: 10.1177/1545968307305353.


