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Stroke Care in Europe - Disparities and
Strategies for Harmonization

Valeria Caso

Perugia, Italy

Stroke Unit, Department of Vascular and Cardiovascular Medicine
Santa Maria della Misericordia Hospital, University of Perugia,

Prof. Valeria Caso was introduced by a chairman of
the session Prof. Michael Brainin, who said that, as
a President of the European Stroke Organisation,
Prof. Caso is extremely well informed in the topic
of differences in the standards of stroke care
between particular European countries. There
is a dramatic change in the epidemiology of
stroke occurring globally over the last 40 years,
said Prof. Caso. The picture of 1990 indicated that
the incidence of stroke is much lower in Western
Europe than in the developing countries. Both
external factors may play significant role (like
pollution) and also different standards of care.
Jumping to 2010, we can see that the incidence
rate increased in the low income countries and
went down in the high income countries, in
comparison with 1990. The growing frustration
about inability to effectively tackle the stroke care
led to conviction that stroke therapy is a certain
pathway filled with well controlled procedures
rather than one particular treatment. Similar
situation concerns the mortality rate globally
between 1990 and 2010, with the exception that
it decreased in both Western and Eastern Europe
(decrease of 37% vs 20 % respectively). The age-
adjusted prevalence of stroke has exploded in
high income countries. With time passing, there
are more and more people living with the burden
of stroke, especially in high income countries,
although this phenomenon is also present in
lower income countries. This is why a need for
properly organized care and rehabilitation of
stroke victims becomes extremely important. The
DALY lost factor describing live with the disease

is decreasing, but only in high income countries.
Various preventive measures in place are to be
credited for this positive trend. The worldwide
stroke epidemic is on increase (Fig. 1) and the

O]

Worldwide stroke epidemic continues to increase

1990-2010
25% in strokes in people 20-64 years
113% in stroke prevalence
70% in the number of strokes each year
36% in the number of deaths from stroke
31% in DALYs (Disability Adjusted Life Years)
16% in the global incidence of HS
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In most LMIC mortality from stroke greater than that from IHD
>60% of all strokes occur in people younger than 75 yr
(68% in LMIC and 50% in HIC)

New GBD 2013 Stroke burden estimates

Estimates of the Absolute numbers (millions)
burden 1990 2005 2013
Incident strokes 6.2 8.4 10.3
Prevalent strokes 14.0 224 25.7
Fatal strokes 4.6 57 6.4

DALYs lost 90.1 107.7 112.9

Fig. 1. The global burden of stroke




most important change throughout the years
is the fact that stroke cannot be considered
anymore the old age disease because there is
a 25% increase in the incidence in the age span
of 20 to 64. The estimates for 2013 (Fig. 1) do not
show any improvement. One additional important
factor to consider is that the stroke is the second
most prevalent cause of dementia. Finally,among
the leading causes of the burden of the disease,
stroke is predicted to move from 6th to 4th place
until 2030. This means that we are witnessing
the global pandemic of stroke and we have to
act now to minimize its negative impact on our
societies. This led to initiative by World Stroke
Organisation called Global Action Plan which
aims at decreasing the number of premature
death by cerebrovascular diseased by 25% in 2025.
The reason is that stroke is preventable disease
and we can do much more in the education for
stroke prevention.

Further on, Prof. Caso discussed best standards of
stroke treatment and the issue of their widespread
application. Stroke units, thrombolysis and
thrombectomy are the leading modern standards of
treatment as are various procedures for prevention
and treatment of post-stroke complications.
One of the most basic assumptions is therefore
development of stroke units and there are several
steps possible to reach this goal in all hospitals
which still lack such facility or which would like
to improve its quality. These are specified in the
WSO'’s Global Stroke Services Guidelines and
Action Plan. The European Stroke Organisation
is actively involved in facilitating the move from
the minimal health care system to the essential
stroke system especially in the countries with large
discrepancies in the stroke treatment standards.
This ambitious program, called ESO-EAST, is
supported by unlimited grants from EVER Pharma
and Boehringer Ingelheim and is operating in the
Eastern Europe and beyond (Fig. 2). Harmonization
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standards of care in stroke

of stroke care all over Europe is the main mission
of the program. Prof. Caso invited the audience
to participate in the ESO-EAST mentioning that
the project is progressing with active mailing list
and quality registry (RES.Q) as well as the active
support of World Health Organization. Prof. Caso
encouraged the participants to actively support
the quality registry in stroke and explained the
importance of this project within the ESO-EAST
program.




Session 1: Advances in acute care of stroke
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Emerging new roles for neurologists in the
treatment of patients with aneurysmatic
subarachnoid hemorrhage

Austria

Erich Schmutzhard
Department of Neurology, NICU, Medical University Innsbruck,

The lecture of Prof. Schmutzhard concerned a highly
specific subject of aneurysmatic subarachnoid
hemorrhage (@aSAH) discussed in the context of
intensive care. The lecture was divided in three
sections starting from characterization of aSAH,
role of emergency specialists, and the significance
of the neurointensive care in managing aSAH cases
and improving the long-term outcome after aSAH.
The recently published review on aSAH (Fig. 1)
gave as an update on the aSAH. Similarly to the
stroke units based care established for the ischemic
stroke patients, a dedicated intensive care units
were shown to improve survivability and long
term outcomes of aSAH patients. Only 15% of all
aneurysms can be secured in time (stabilization and
prevention of re-bleeding), while the remaining
majority of cases are emergency medicine and
also the post-intervention critical care which
are the key for optimal neurorehabilitation. The
ischemic lesions after aSAH are very common
and lead to a widespread secondary damage in
the brain. However, the vasospasms are only one
of many causes of ischemic damage collateral to
aSAH, noted Prof. Schmutzhard. There are several
phases of the spontaneous aSAH (Fig. 2). After
stabilization and prevention of re-bleeding, the
multimodal monitoring is essential for increasing
survival and decreasing morbidity among aSAH
patients. Then comes the control of intracranial
pressure, prevention and detection of the ischemic

Anesthesiol Clin. 2016 Sept;34(3).577-600.
Subarachnoid Hemorrhage: An Update.
Dority JS?, Oldham JS2.

"Department of Anesthesiology, University of Kentucky Callege of Medicine, 800 Rose Street, Suite N202, Lexington, KY
40536-0293, USA. Electronic address: jsdori2@uky.edu.

2Department of Anesthesiolagy, University of Kentucky College of Medicine, 800 Rose Street, Suite N202, Lexington, KY
40536-0293, USA.

Subarachnoid hemorrhage (SAH) is a debilitating, although uncommon, type of
stroke with high morbidity, mortality, and economic impact.

Modern 30-day mortality is as high as 40%, and about 50% of survivors have
permanent disability.

Care at high-volume centers with dedicated neurointensive care units is
recommended.

Euvolemia, not hypervolemia, should be targeted, and the aneurysm should

be secured early.

Cerebral vasospasm is just one component of delayed cerebral edema.

Fig. 1. The comprehensive current update on aSAH has
recently been published

neurological deficits, and identification and
treatment of medical/neuro/ICU complications.
With the progress in the emergency medicine
and multimodal neuromonitoring there are
many more possibilities of intervention than in
the past. However, tissue oxygen level must be
always considered a necessary prerequisite in
decision making process, said Prof. Schmutzhard.
Also acute use of beta blockers to diminish the
emergency cardiac consequences of so called
sympathetic storm, has been repeatedly shown to
improve outcomes of aSAH patients. The imaging
(CT, angiography) helps in defining the aneurysm




Spontaneous SAH

Fig. 2. Subarachnoid hemorrhage (SAH) requires fast
cardiopulmonary and cerebral stabilisation

and inform decisions regarding obliteration,
with coiling procedures being preferrable in
comparison to clipping, in Prof. Schmutzhard's
institution. Hydrocephalus ICP, vasospams with
delayed cerebral ischemia, epileptic seizures,
and complications related to management of an
aneurysm are main neurological complications in
aSAH patients. An interesting and very important
aspect of ischemic complications is itsimmunological
origin.The mechanical damage to endothelial
structures leads to immunological response
and consequently to emergence of neumerous
micro-thrombi. These thrombi embolize leading
to widespread secondary ischemic strokes around
the affected brain area. Concerning hypertention,
hypervolemia and hemodilution procedures, Prof.
Schmutzhard provided a word of caution about
the potential adverse effects of these procedures
on already severely compromised cardiac
functions. Apart from unintended aggravation
of cardiac problems, we must avoid highly
probable metabolic crises, for example due to
hypoglycemia. As recently concluded by joined
American and European consensus, the High
Volume Centers (defined as more than 40 cases
per year) with dedicated facilities and procedures
are highly effective in decreasing mortality and
morbidity of aSAH patients. Prof. Schmutzhard
suggested that existence of such a center in his
institution, in Innsbruck (about 120 cases per year),
can be credited for notable success of managing
aSAH with current mortality rate of around 10%
(down from 34% in 2005 and from 22% in 2010).
Finally, concerning neuroprotection approaches
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for aSAH, the current knowledge indicates that
modulation of neuroinflammation apears as a very
promising target for pharmacotherapy. Inhibition

of cortical spreading depolarization and cortical

spreading ischemia is the issue which is still not
fully understood. Using proper sedative agents,
like ketamine, appears to help in minimizing the

deleterious impact of this phenomenon. Use of
some promising agents like magnesium and

statins did provide limited benefits, as did non-
pharmacological neuroprotective interventions

like ischemic preconditioning and partial aortic
occlusion. Cerebrolysin appears as an interesting

option for aSAH patients and should be further
studied as it showed a positive impact on the

volume of hemorrhage as well as good safety

profile in these patients. The current standard of
care indicates that various invasive multimodal

neuromonitoring procedures are effective and

efficacious methods of treatment (Fig. 3).
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Fig. 3. The intensive neuro- and systemic critical care
management of SAH patients at Innsbruck, Austria
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The relevance of modern registry trials -
CREGS-S

Milan R. Vosko

Linz, Austria

Dept. of Neurology 2, Med Campus llI, Kepler Universitatsklinikum,

The relevance of modern registry trials as seen
from the clinical point of view was the subject
of Dr. Vosko's lecture. The etiologies of ischemic
stroke are very different (Fig. 1). This is why there
is no one, and there cannot be one medication
to treat the ischemic stroke. This is also probable
explanation why so many clinical trials gave
disappointing results: they focused on analyzing
the effect of one medication at a time. We have
to apply modern, complex therapeutic approach
and we should also think about neurorecovery at
the very beginning of the acute treatment. We
should also keep in mind that deleterious effects
of the ischemic cascade pertain to the whole
complexity of the brain tissue, including damage

Only one therapy?

Fig. 1. Different etiologies preclude one-treatment option
in the ischemic stroke

to blood vessels and its link to hemorrhages; not
only to neurons. One of the problems of past
clinical trials was their poor design. However,
with improving knowledge and understanding of
the complexity of stroke trials comes a trade off
related to optimal selection criteria of a patient
population. This can often lead to difficulties in
recruitment, under-powering, and bias in the
selection of patients in otherwise promising
clinical trials design. One good remedy for these
issues are registry trials. When analyzing past
trials’ results, one can notice that Cerebrolysin,
a neurotrophic compound, stands out as showing
positive trends in clinical outcomes. Dr. Vosko
summarized shortly the mechanism of action of
Cerebrolysin indicating that both neuroprotective
(anti-apoptotic) and neurorestorative properties
have been well documented for this agent across
various pre-clinical models of stroke and other
neurological disorders. Probably the most prominent
data came from the laboratory of Prof. Michael
Chopp, from the Henry Ford Hospital in Detroit.
He has shown that Cerebrolysin stimulates sonic
hedgehog (Shh) signaling pathway which is one
of the key drivers of natural recovery processes
after ischemic stroke. Can this interesting facts be
translated into clinic? asked Dr. Vosko. To answer
this question, Dr. Vosko overviewed clinical trials
testing the safety and efficacy of Cerebrolysin in
the ischemic stroke patients. The trial performed
by Prof. Ladurner’s group and published in 2005
(Fig. 2) has shown significant improvement of
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Journal of Neur:
March 2005, Vol

e 3, pp 415-428

First online: 07 December 2004

Neuroprotective treatment with
Cerebrolysin in patients with acute
stroke: a randomised controlled trial
G. Ladurner, P. Kalvach, H. Moessler

Randomized, double-blind, placebo-controlled, parallel group, multicentre
146 patients with first acute ischemic stroke, 45-85 y

50ml vs Placebo

IV infusion, once daily for 21 days

Canadian Neurological Scale, the Barthel Index, the Clinical Global Impressions, the
Mini-Mental State Examination, and the Syndrome Short Test.
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CERE-LYSE Trial

* Double-blind, placebo-controlled, multicenter trial
* 119 patients randomized

* Treatment with rt-PA within three hours after onset of
symptoms

* Treatment with IV Cerebrolysin 30 ml/day; started within
one hour after thrombolytic therapy

* 10 days treatment
* Endpoint at day 90

Lang et al, Int J Stroke 2013; 8(2):95-104)

Stroke

JOURNAL OF THE AMERICAN HEART ASSOCIATION

Cerebrolysin in Patients With Acute Ischemic Stroke in Asia
Results of a Double-Blind, Placebo-Controlled Randomized Trial

Wolf-Dieter Heiss, MD, Michacl Brainin, MD, Natan M. Bomstein, MD,
Jas hto,

Responder Analysis mRS and NIHSS
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Lang et al, Int J Stroke 2013; 8(2):95-104)

Fig. 2. Clinical trials of Cerebrolysin in the acute treatment of the ischemic stroke

motor functions, activities of daily living and
cognitive functions as well as good safety profile
of the drug. The biggest trial to date was so
called CASTA trial (Fig. 2). This trial missed the
significance in the endpoint due to inclusion of
too mild stroke cases with average NIHSS of 9;
while the benchmark thrombolysis trials indicated
that the optimal severity level should lay between
NIHSS 12 and 16. Nevertheless, in the subgroup
of patients with more severe stroke (NIHSS5>12),
Cerebrolysin significantly improved survival as
well as benefit in clinical outcomes. Another trial,
so called CERE-LYSE trial, tested combination of
Cerebrolysin with thrombolysis (Fig. 2). Dr. Vosko's
stroke unit participated in this trial. The patients
were treated with systemic thrombolysis and either
with Cerebrolysin or saline (control group). The
short-term outcome was significantly positive for
the Cerebrolysin group as the response measured
in NIHSS was much higher in the combination
group in comparison with thrombolysis alone.
However, at the endpoint of 90 days this advantage

was no longer visible. We could conclude that
probably the treatment was too short (only 10
days) and we have to think how we can better
desing the future trial with Cerberolysin. The
level of evidence for Cerebrolysin in stroke can
be currently described as level 2b, according to
American Heart Association guidelines criteria,
said Dr. Vosko. The important question, however,
is how to deliver more convincing clinical data for
such an agent like Cerebrolysin which is already
used in the clinical practice of stroke? There is
a case for alternative strategies. It relates to the
fact that RCTs can be slow to complete due to
involved resources and very high costs. Also
smaller RCTs may not give the whole picture (e.g.
ECASS trials did not evaluate older patients), and
adjustment for covariates remains desirable in RCTs.
Additionally, for every active RCT center, there may
be many other offering routine care according
to local protocols. In fact, we can use registries
as well-controlled, high quality alternatives to
RCTs. It was shown that modern registries (e.g.




SITS registry) deliver similar if not identical quality
clinical data as conventional RCTs. In this way, the
findings established through rigorous, costly, and
time-consuming thrombolysis RCTs have been
fully confirmed. Additionally, the registries have
capacity to answer many questions which RCTs
cannot, as they are performed in real-life clinical
situations, indicated Dr. Vosko. For example SITS
registry provided evidence that stroke patients over
80 years old benefit from thrombolytic treatment.
However, the most important prerequisite for
successful registry study is proper matching of the
patients groups. The so called propensity matching
score is a method of choice here. The matching
panel is blinded to clinical assessment and the
final selection of target population is done after
enrollment is completed. The CREGS-S study is an
example of the registry performed using this well
established methodology, including the proven
platform of SITS registry (Fig. 3). Dr. Vosko's stroke
unit is actively participating in this project, with
25 patients already enrolled. The study runsin 12
countries with 1200 patients already registered
with the final study population goal of about 2500.
Dr. Vosko shortly introduced the audience to the
usage of SITS registry as a platform for CREGS-S
saying that active data collection takes only about
5 min. This shows how user friendly and time/cost
effective this study is. Finally, the objective and
independent outcome measurement is assured by
simple video recording the mRS interview using
a portable camera. The independent, blinded
(without knowledge of the treatment, or the
study center, and patients data) raters stationed
in the UK perform the assessment based on the
internet-uploaded video. Dr. Vosko summarized
his lecture saying that while RCTs are necessary,
we need also registries like CREGS-S which can
be valuable in fine-tuning current standards of
stroke care.
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CREG-S

Non-interventional
« real life treatment conditions

Controlled

* Two arms: Patients +/- Cerebrolysin

* All patients receive acute stroke care according to local treatment standards, not
amended or influenced by the study

« Dosage, frequency and duration of Cerebrolysin treatment follows local practices in
accordance with the local SPC

Open-label, prospective, multicenter

Observational
« Assignment of subjects into a treated group versus a control is outside the control of
the study

Registry study

* Collaboration with SITS https://sitsinternational.org/ by using their registry platform
as eCRF and database

Fig. 3. The modern registry in stroke: CREGS-S
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Challenges in the treatment concept of

spinal cord ischemia

Johannes Sebastian Mutzenbach

Department of Neurology, Christian Doppler Medical Centre,
Paracelsus Medical University Salzburg, Salzburg, Austria

The spinal cord ischemia (SCl) is a disorder caused
by variety of pathologies, stated Dr. Mutzenbach.
He went on to overview potential causes of SCI
and added that it is a very rare phenomenon
accounting for 1-2% of all vascular neurological
disorders (Fig. 1). The most frequent type of SCl is
actually cryptogenic, as for up to 30% of patients
the etiology will remain unclear. Besides of that,
the most frequent appear to be atherosclerosis
background and aortic surgery. The severity can
vary, and while many patients make some functional
recovery, permanent and disabling neurological
deficits remain in most cases (Fig. 1). There are
2 main types of spinal cord ischemia: radicular
artery territory infarct (unilateral or bilateral
infarcts of territories supplied by the anterior or
posterior spinal artery), and extensive spinal cord
hypoperfusion (central and transverse infarcts).
The peakincidence occurs in 6th and 7th decade
with usually abrupt onset, but the progress may
extend over several minutes or even a few hours
(clinical nadir within 1 hour). In 80% of cases,
there are no changes in ASIA (American Spinal
Injury Association impairment scale) score after 12
month. The fatality rate during hospital stay varies
from 10 to 23% with greatest risk being cardiac
arrest and acute aortic rupture or dissection, and
high cervical lesions. The clinical presentation
is complex, with the severity varying widely,
from minor weakness in the legs to tetraplegia.
Back or neck pain is noted in 70% of patients,
typically occurring at the level of the lesion. The
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Spinal cord infarction: fact 1
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Spinal cord infarction: fact 1

In 20 to 30% of the patients, the
etiology will femain unclear infarction \
despite extensive examinations. \\

Causes of spinal cord infarction

Fig. 1. The complex etiology of spinal cord ischemia

neurological presentation is primarily defined by
the vascular territory involved. The prognosis of
SClis generally bad. Up to 60% of patients remain
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Spinal cord infarction: fact 3

[Speciﬂc treatment options are unfortunately limited Heidnat M et a. Curr Treat Options Newrol. 2012

= Medical emergency, in which prompt recognition, accurate diagnostic steps and
reperfusion therapy are believed to alter functional outcome.

= No prospective or randomized-controlled studies comparing different treatment
options

—>Relative rarity of the condition and relative deficits in recognition of clinical
symptoms.

= An efficient work-up is hampered by delays to perform adequate
neuroimaging, which is required to rule out the broad spectrum of alternative
diagnoses.

= Insufficient awareness about potential options for reperfusion therapy.
(Yet, there is pre-clinical evidence for regenerative and neuroprotective
treatments.)

Nardone, Pikija, Mutzenbach, Sellnes. Drug Discovery Today June 2018
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Current treatment options

General principles

*  Risk for systemic and neurologic complications in the first days and weeks, depending on the level
and severity of spinal cord ischemia.

*  Preventive measures can avoid or attenuate consequences of such complications

*  Patients with moderate to severe deficits resulting from a high thoracic or cervical cord infarct
need to be treated at an intensive care unit with close monitoring of vital signs and neurologic
status?
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Fig. 2. The specific treatment options for SCl are limited

wheelchair bound. Nevertheless, there are some
good results in long-term follow up studies. The
specific treatment options are very limited (Fig. 2).
Like in the ischemic stroke, the medical emergency
is vital, in which prompt recognition, accurate
diagnostic steps and reperfusion therapy are
believed to alter functional outcome. There are
no prospective or randomized-controlled studies
reported comparing different treatment options.
This can be attributed to rarity of the condition
and relative deficits in recognition of clinical
symptoms. An efficient work-up is hampered
by delays to perform adequate neuroimaging,
which is required to rule out the broad spectrum
of alternative diagnoses, which Dr. Mutzenbach
called “diagnostic dillemmas”, which are related to
factors like vascular anatomy, clinical presentation
(syndrome, time course), varying location,

Johannes Sebastian Mutzenbach; Volume 19; 2016

inconsistent imaging and rare causes. There is
insufficient awareness about potential options for
reperfusion therapy. Yet, there is some pre-clinical
evidence for regenerative and neuroprotective
treatments. Regarding imaging, MRl is very useful
with detection of T2-lesion in 70% of cases. The DWI
(diffusion weighted imaging) is more sensitive but
technically challenging, normalizes after 1 week
while the contrast enhancement after 3-4 days.
There is a concomitant vertebral body infarction
in 35% of cases. The current treatment options
must be considered in the context of potential
complications, and there are many of them (Fig. 2).
Therefore, it is better to treat these patients in
the emergency unit. The therapeutic dilemmas
relate to factors like broad range of causes, limited
awareness for the condition, requirement for MRI,
time window for reperfusion therapy as well as
the fact that there is absolute contraindication
of rt-PA in some cases (like in aortic dissection),
and there are no viable concepts for acute care.
One approved treatment option is aortic surgery
and thoracic endovascular repair (TEVAR). For
many cases of non-surgical spinal infarction the
antiplatelet therapy is available. Also thrombolysis
is being used for some cases. Importantly, there
are no clinical trials published and the treatment
remains experimental. Also cortison appears as
an option in some cases. Regarding the emerging
treatment options, we are talking about phase
after thrombolytic window which can span from
hours to days and weeks after SCI. The major
targets appear to be stimulation of neurogenesis
and attenuation of inflamation wich leads to
apoptosis. The spinal cord protection startegies
were by Dr. Mutzenbach (Fig. 3). Among them,
hypothermia and hyperbaric oxygen therapy are
of growing importance. Finally, there are some
neuroregenerative strategies, with Cerebrolysin
as a very good, well researched option (Fig. 3).
Dr. Mutzenbach confirmed that all patients
with SCl admitted to his institution are treated
with Cerebrolysin at least over 21 days, with
a 50 ml daily dosage. The multimodal approach
combining broad armamentarium of procedures
and treatments appears to be the optimal way
in management of SClI.
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Fig. 3. The emerging treatment options for SCI
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Challenges & Opportunities in Motor
Recovery

Dafin F. Muresanu

Chairman Department of Clinical Neurosciences, University of
Medicine and Pharmacy “luliu Hatieganu”, Cluj-Napoca, Romania

For years, we have been using inadequate New

pharmacological approach to brain protection ; fological n
and recovery due to the lack of knowledge about pommmmmm e |
biological processes underlying recovery after | . ________.
stroke, stated Dr. Muresanu." These suppressing
or stimulating strategies employed monomodal
acting molecules targeting pathophysiological
mechanisms considered in isolation from the
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in the field. This resulted in a virtual failure of all - e
so called neuroprotective trials. However, we Fipugatd g
are now ready for a paradigm shift in the stroke

therapy, said Dr. Muresanu. At the core of the new Synaptic receptors  Extrasynaptic receptors
approach lays the knowledge about endogenous Bro-survival Bro-daath
functional modulation within the central nervous signalling signalling
system. There are three major modulation levels o o
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choice for stroke patients. This is also the reason
why using multimodal pharmacological agents, Fig. 1. Interdependence of damage and repair processes
like those based on neurotrophic factors activity, after stroke means that re-balancing them to normal

makes bioIogicaI and therapeutic sense (Fig. 1. physiological Ievels.should be.considered the proper
target for therapeutic interventions




In real life clinical situation we need to consider
proper (scientifically informed) matching between
distinct elements and phases of rehabilitation,
on one side, and pharmacological multimodal
intervention, on the other side. This also concerns
the timing of motor rehabilitation. For example,
the analysis of already published trials* indicates
that in a vast majority of cases rehabilitation was
initiated late post stroke (Fig. 2). Consequently,
majority of these trials missed important therapeutic
window in which endogenous processes of
neurorecovery are most active. Q
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Fig. 2. Majority of motor rehabilitation trials targeted late
phases of stroke recovery missing a window of opportunity
for re-balancing natural neurorecovery processes

Among these trials, only 12 included pharmacological
support of rehabilitation. Dr. Muresanu mentioned
the results of the most prominent combination
trials with fluoxetine, amphetamine, levodopa,
methylphenidate and piracetam as add on to
motor rehabilitation. Among them, the fluoxetine
showed some interesting results which are
being now assessed in an ongoing, large scale
rehabilitation trial.
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In the last part of his lecture, Dr. Muresanu discussed
recently published results of the CARS trial in which
he was the principal investigator (Fig. 3). This trial
focused on early rehabilitation of impairment of
upper extremities as a particularly challenging
(and more difficult than rehabilitation of lower
extremities) and, at the same time, desirable
therapeutic goal’ a
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Treatment:

Cerebrolysin/placebo:

*  beginning at 24-72 h after stroke onset; once daily for 21 days as IV infusion over 20 min

Standardized rehabilitation program:

* beginning within 48-72 h after stroke onset for 21 days (5 days/week for 2 h/day)

+  This program included massages and passive and active movements of the upper and lower limbs.

+  The patients continued with 2 x 15 min of active movement for three days per week after discharge.

.

Schedule:
Screening | Baseline On-Treatment Follow-up
Study visit | vi I v2 v3 ‘ va ‘ vs V6 v7
Day 13 13 ; 14 21 42 90
Post-stroke Post-baseline Post-stroke

Outcome criteria:
Primary objectives: Change from baseline in ARAT scores on Day 90 (mITT-LOCF)

Secondary objectives: Gait velocity, 9 Hole Peg Test, NIH Stroke Scale, Barthel Index, Modified Rankin Scale,
Goodglass and Kaplan Communication Scale, Line Cancellation Test, Gap Detection Test, SF-36, Geriatric
Depression Scale

Safety: Adverse events, Vital signs, Laboratory tests

Fig. 3. The results of the newest successful trial combining
motor rehabilitation with a multimodal neurotrophic
agent Cerebrolysin has been recently published in Stroke

The primary endpoint of this study was an outcome
in motor function of an affected arm measured
with ARAT (Action Research Arm Test) score
at day 90. The ARAT is a complex and reliable
measure of arm function rehabilitation. After
discussing the methodological prerequisites
and the key elements of the study design, Dr.
Muresanu outlined major results of the study.
In the primary endpoint, there was a statistically
significant improvement of arm motor function
in the Cerebrolysin group in comparison with
placebo (Fig. 4).
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Fig. 4. The primary end point results of CARS trial indicates
positive, synergistic effect of Cerebrolysin on motor
rehabilitation of the impaired arm

Importantly, the significant improvement has
been observed already after 14 days of treatment.
This early response can positively impact many
aspects of recovery and rehabilitation downstream,
including improved cognitive performance, said
Dr. Muresanu. Also the distribution of the modified
Rankin Scale scores indicated highly positive
treatment effects of combination rehabilitation
therapy with Cerebrolysin. Together with other
various secondary endpoints, with 6 out of 12
showing statistically significantimprovement in the
Cerebrolysin group, the CARS trial results confirm
earlier clinical findings with Cerebrolysin and
reinforce the rationale for employing multimodal
therapeutic agents in the early support of stroke
rehabilitation (Fig. 5).

Distribution of mRS scores at day 90

mITT population, LOCF; non-parametric analyses

42.3% of patients with no symptoms or
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Fig. 5. The secondary endpoint analyses confirmed
synergistic positive clinical effects of Cerebrolysin and
motor rehabilitation

Summarizing the results, Dr. Muresanu indicated
that Cerebrolysin had a positive influence on
the patient’s condition during stroke recovery
in terms of the motor function of the paretic
side, related neurological deficits, activities of
daily living, the quality of life, and depression.
Treatment with Cerebrolysin has shown a fast
initial improvement in the ARAT; the time course
revealed a constant growth of the effect size, which
reached a maximum on day 90. The beneficial
effects of Cerebrolysin were stable over a long
period: the distribution of mRS scores were in
favor of Cerebrolysin at day 90, and the results of
sensitivity analyses (observed cases; stratifications
for age, gender, baseline ARAT score and site;
ARAT values >0 at baseline) were consistent with
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the results of the primary analysis. The safety  Selectedliterature:

H 1. D.F. Muresanu et al., Towards a roadmap in brain protection and recovery. J Cell
of the treatment was also confirmed and did e o

i i i i 2. Neurorestoration in stroke therapy, World Stroke Academy, 2014, http://onlinelibrary.
not differ from other trials with Cerebrolysin. Dr. VA e

Muresanu finished his lecture by Suggesting that 3. Hermann DM, Chopp M. Promoting brain remodelling and plasticity for stroke

recovery: therapeutic promise and potential pitfalls of clinical translation. Lancet

the new concept of pharmacological support Neurol 2012,11:369-80.
.. . . . 4. C. Stinear et al., Rehabilitation is initiated early after stroke, but most motor
Of neuro rEha b|| itation W|th mu It' mOdaI agentS rehabilitation trials are not: a systematic review. Stroke. 2013 Jul;44(7):2039-45.
. 5. D.F.Muresanuetal,, Cerebrolysin and Recovery After Stroke (CARS): ARandomized,
makes therapeUt|C sense and that the reSUItS Of Placebo-Controlled, Double-Blind, Multicenter Trial. Stroke. 2016 Jan;47(1):151-9

the new rehabilitation trials, including CARS, open
the doors for future successful development in
the organized stroke care.
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Session 2: Advances in the Treatment of Complications after Stroke

The role of BDNF in post stroke

complications

Anton Alvarez

Spain

'"Medinova Institute of Neurosciences, Clinica RehaSalud, A Coruna,
Spain; *Clinical Research Department, QPS Holdings, A Coruia,

The most important point about stroke is to reduce
disability after it happened, said Dr. Alvarez. He
drew the picture of various disabilities after brain
injuries as well as reminded the audience that we
are talking here about neurovascular continuum
of cerebrovascular disorders (Fig. 1). At the cellular
and tissue level, we can see the basis of this
continuum, which is the neurovascular unit. The
neurovascular unit integrates vascular and neural
cells and molecular mediators, and constitutes
the essential network element in the regulation
of endogenous processes of neural plasticity
and brain repair. The neurotrophic factors such
as brain derived neurotrophic factor (BDNF) and
vascular endothelial growth factor’s (VEGF) are
key modulators of neurovascular unit functions,
like angiogenesis and neurogenesis, that are
essential for neurorestoration after stroke. And
this is the reason why this lecture is dedicated
to the role of BDNF in recovery processes after
brain injuries. After stroke, both BDNF and VEGF
promote neurogenesis. They also play a mediatory
role between endothelial cells and neural stem
cells, in effect promoting both angiogenesis
and neurogenesis after stroke. BDNF is a 13
kDa dimeric protein widely expressed in the
adult brain that is produced from its precursor
protein (proBDNF). The Val/Met substitution in
the gene ecoding BDNF has been linked to many
neurological disorders (including stroke, TBI,
and dementia). Dr. Alvarez went on to outline
details of the neurotrophic signaling pathway
and indicated that proBDNF has capacity for
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Role of BDNF on post-stroke complications

Cognitive Deter ™.

Upper Limb
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Role of BDNF on post-stroke complications

¢ There is evidence of a NeuroVascular Continuum for
Vascular Risk Factors / Stroke / Cognitive Impairment /
Dementia

Factors

I GiioVascular Continuamu

Fig. 1. The multifaceted impact of stroke and the
neurovascular continuum for cerebrovascular disorders

triggering apoptotic processes. It is therefore
important that the mature BDNF is enhanced
and promoted by potential pharmacological




approaches. One of the mostimportant elements
of BDNF signaling is activation of PI3K/Akt kinase
pathway leading to increased synaptic plasticity,
neurogenesis and anti-apoptotic, pro-survival
cellular regulation. Additionally, the same pathway
may block GSK-3beta kinase which is involved in
the amyloid precursor protein (APP) maturation.
In this way BDNF is capable of reducing the
deposition of beta-amyloid plaques. This was
indeed confirmed in animal models of Alzheimer’s
disease (AD) and in patients suffering from this
disorder. The phosphorylation of Tau which
enhances neurodegeneration in the brain can
also be decreased in the same way in AD. The
inhibition of apoptotic processes, prevention of
damage to mitochondria as well as decreasing
the glutamate related cytotoxicity were also
linked to BDNF signaling pathway. All these
mechanisms have a potential to affect recovery
processes after stroke (Fig. 2). First, BDNF can
reduce risk of stroke and also brain damage

®

What are the effects of BDNF on Stroke?

Cumulative Incidence of Stroke/TIA
Lowest Quartile of BDNF vs. Upper Three
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What are the effects of BDNF on Stroke?

* These data are indicating that BDNF is involved in
stroke recovery and contributes to ameliorate
post-stroke complications

Fig. 2. The low serum level of BDNF correlates with increased
risk of stroke, whereas higher levels of BDNF are positively
associated with recovery after stroke
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associated with stroke. The lower serum level of
BDNF has been linked with increased cumulative
incidence of stroke and TIA. At the same time,
higher levels of BDNF were associated with better
visual memory and lower level of white matter
hyperintensity. Improvement of functional recovery
and prognosis were also associated with higher
levels of circulating BDNF. Also poor recovery
of upper limb motor function in stroke patients
correlates with Val/Met substitution which leads
to decreased production of BDNF. There is also
evidence of BDNF involvement in prevention
or improvement of post-stroke depression. The
reduced serum levels of BDNF were found to be
a predictive factor for post-stroke depression. BDNF
can also counteract the cognitive deficits in stroke
patients. Aerobic exercises during rehabilitation
enhance both the levels of BDNF and cognitive
functions. Having all this in mind, how can we
increase BDNF levels in stroke patients? asked Dr.
Alvarez. First option is the early mobilization and
aerobic exercise. Dietary approaches, including
alpha-linolenic acid were shown to enhance
the release of BDNF. The repetitive transcranial
magnetic stimulation (fTMS) was shown to enhance
levels of BDNF. The multisensorial stimulation,
like social interactions, were neuroprotective
and at same time stimulated production of BDNF
in animal models of stroke. Progesteron plus
vitamin D were also capable of neuroprotective
effcts after stroke, which were mediated through
BDNF signaling pathway. Angiotensin Il receptors
blockers (ARB) were shown to stimulate expression
of BDNF and angiogenesis, at the same time.
Use of the selective serotonin uptake inhibitors
(SSRI) in stroke patients was associated with
both improved outcomes and enhanced levels
of BDNF. The last example of BDNF enhancing
treatments listed by Dr. Alvarez is Cerebrolysin.
The results published by Dr. Alvarez's group, just
one week before this conference, showed that
Cerebrolysin enhances serum BDNF levels in
patients suffering from Alzheimer’s disease. This
action occured in synergy with donepezil when
both treatments were combined. This observation
correlated with improved cognitive performance
of AD patients. Dr. Alvarez summerized shortly
the clinical evidence for efficacy of Cerebrolysin
in stroke and hypothetized that majority if not all
clinical effects of Cerebrolysin can be explained
by its known neurorestorative properties which
overlap with the role of BDNF in the regulation of
natural recovery processes after stroke. Interestingly,




Anton Alvarez; Volume 19; 2016

O

How can we increase BDNF in Stroke?

anti-depressive action observed in Cerebrolysin
treated stroke patients was also evident in AD
patients and correlated Wlth increased serum * Cerebrolysin is suitable for secondary prevention and
levels of BDNF. At the end of his lecture, Dr.
Alvarez summarized known therapeutic options P e on

Neurorestoration|

multimodal treatment of poststroke complications

for enhancing BDNF levels in patients suffering
from stroke (Fig. 3).
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iEnhance BDNF to reduce stroke complications!
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regimen, physical exercise by gene therapy
and cognitive stimulation
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Fig. 3. The therapeutic options to increase endogenous
levels of BDNF include neurotrophic treatment with
Cerebrolysin
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Cerebrovascular diseases and Cognitive
Decline

Michael Brainin

Center Clinical Neurosciences, Danube University Krems, Austria

Prof. Brainin divided his lecture into four sections:
stroke and cognitive impairment — actualization
of the problem; statistics and risk factors; clinical
features, prognosis; and new research data. It
is well known that 1 patient in 10 already has
dementia when stroke occurs, that 1 patient in
10 will develop dementia after a first-ever stroke,
and that 1 in 3 patients will develop dementia
with stroke recurrence. Post-stroke cognitive
impairment can result from different factors,
like multiinfarct dementia, strategic infarct
dementia (e.g. related to left thalamus infarct),
mixed dementia, and delayed onset dementia/
impairment. The last one is most important,
according to Prof. Brainin, because there is
a window of opportunity for treatment, as we
know some of the risk factors for the delayed
dementia. The known neuropathological changes
correlating with development of dementia
are numerous: lacunar infarcts, microinfarcts,
white matter changes, hippocampal atrophy
and sclerosis, and overlap with AD pathology
(amyloid plaques, neurofibrillary tangles) (Fig. 1).
The issue with post-stroke dementia is closely
related to the facts discussed earlier by Prof.
Caso: the increasing prevalence of stroke means
increasing rates of dementia among stroke
survivors, said Prof. Brainin. The accumulation of
risk factors actually means not the sum of all the
factors. It means multiplication of the causative
mechanisms of cognitive impairment. One positive
conclusion out of this is that identification and

21

Progression

Fig. 1. The vascular risk factors of cognitive deterioration

effective treatment of these mechanisms can
lead to reversion of the cognitive decline trend
of the same magnitude. This is why the lifestyle
modification has such a tremendous effect on
stroke prevention. However, when we consider
the clinical picture, we don't always talk about
dementia. It can be something less pronounced
including, primarily, behavioural disturbances
(dysexecutive syndrome, spatial, language,
orientation), and later memory decline becomes
visible. Especially the disexecutive syndrome
prevention should be in our focus when we talk
about post-stroke cognitive impairment. Prof.
Brainin mentioned in this context some clinical
benefits of Cerebrolysin treatment of vascular
dementia summarized in the Cochrane review.




He also mentioned CREGS registry (see Dr. Vosko's
lecture) and noted that it involves evaluation of
cognitive endpoints (Fig. 2).
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Clinical Benefits in Vascular Dementia (RCT)
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2008; Gusev 2008)

Chen N, Youg M. G J, Zhow M, Zhs €, e L

THE COCHRANE
COLLABORATION

PLAIN LANGUAGE SUMMARY

Cerebrolysin for vascular dementia

Ongoing trials / CREGS-S

CREGS-S
Cerebrolysin REGistry Study in Stroke

Assessment

Primary

« Categorical shift in mRS score at 3 months

G0 o1 ez =3 =4 =g

103[77] o
s | as [ s |os RN

=dead

208

Secondary mRS, NIHSS, MoCA, home time

« Proportion of patients with excellent recovery (mRS score 0-1) at 3 months after stroke onset

« Proportion of patients with functional independence (mRS score 0-2) at 3 months after stroke onset

* Ordinal NIHSS at months after stroke onset

* Ordinal MoCA at three months after stroke

« Home time (number of nights among the first 90 days after stroke onset that the patient spends in
his own or a relative’s private home)

* Mortality
« AEs, ADRs, SAEs, SADRs
* SUSARSs to Cerebrolysin

Fig. 2. Creating evidence for post-stroke cognitive
impairment treatment: metaanalysis and registry study
(CREGS) for assessment of the neurotrophic treatment
with Cerebrolysin
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Finally, Prof. Brainin overviewed briefly the
most recent research data. Lowering the blood
pressure has no preventive effect, similarly to
antithrombotics. It is very difficult to motivate
patients to stay physically active and therefore
the potential impact on cognitive impairment
is difficult to assess. The Mediterranean diet
was shown to significantly prevent strokes and
obviously has great significance in preventing
cognitive impairment related to stroke prevalence
data mentioned earlier. Prof. Brainin added that
single domain interventions practiced in the
past proved absolutely useless. Instead, what
is needed now are multi-domain interventions.
This was a goal for ASPIS polyintervention study
conducted by group of Prof. Brainin. It confrmed
that disexecutive functions should be our prominent
target in treatment of cognitive impairment in
stroke patients (Fig. 3). Q

ASPIS

4D

ASPIS - Austrian Polyintervention Study to
Prevent Cognitive Decline after Ischemic Stroke
Identification number at clinicaltrials.gov: NCT01109836.

| Interventions ‘
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Brainin M et al. Int J Stroke. 2013 Nov 10. doi: 10.1111/ij5.12188.
ASPIS Multidomain interventions

Austrian Polyintervention Study to
Prevent Cognitive Decline after
Ischemic Stroke

Multidomain Lifestyle Interventions for the Prevention
of Cognitive Decline After Ischemic Stroke
Randomized Trial

Fig. 3. The ASPIS polyintervention study results indicate
executive functions as potential target for therapeutic
interventions
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ASPIS - Austrian Polyintervention Study to
Prevent Cognitive Decline after |schemic Stroke

Cognitive domains

I Executive functions
2500, =76 =
d n=83 RR 0.546; 95% Cl: 0.195-1.526
I Speed of mental processing
E - RR 1.404; 95% CI: 0.751-2.624
o I Visual spatial
g RR 1.365; 95% Cl: 0.381-4.897
& 15001 I General memory
3 RR 0.728; 95% Cl: 0.348-1.522
o 1 Working memory
e ™ RR 3.276; 95% Cl: 0.682-15.744
g
o
P
2
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The percentage of persons with cognitive decline according to domains.
did not differ between groups.

Fig. 3. The ASPIS polyintervention study results indicate
executive functions as potential target for therapeutic
interventions
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Vascular Epilepsy Syndrome, its Treatment

and Prevention

Eugen Trinka

Department of Neurology, Christian Doppler Klinik, Paracelsus
Medical University, Salzburg, Austria

Prof. Trinka started the lecture by indicating that
he will be talking mainly about the relationship
between seizures and stroke. His comprehensive
talk was divided in a few sections: general remarks,
case vignette, seizures and stroke, and finally risk
factors and causes of vascular precursor epilepsy.
Vascular epilepsy syndromes are a heterogeneous
group of disorders including such as: post-ischemic-
stroke seizures and epilepsy, prestroke seizures,
seizures/epilepsy due to cavernomas, seizures/
epilepsy due to arterivenous malformations,
seizures/epilepsy due to subarachnoidal bleeding
or intracerebral hematoma, seizures/epilepsy due
to sinus or cortical venous thrombosis, seizures/
epilepsy due to subdural hematoma. The etiology
is always an implication for physiopathology,

and this is key consideration for the treatment
setup. Prof. Trinka summerized the newest
data on etiology of seizures (Fig. 1). The major
point to consider is that whenever a patient has
a seizure, it is not a diagnosis. It is a symptom
of an underlying disease. In all cases of seizures,
whether they are provoked by or heralding stroke,
one need to perform a thorough examination and
complete vascular workout (Fig. 2). If a patient
has early seizures after stroke, these correlate
with increased mortality at both short-term
and long-term observation time. At the same
time, seizures after stroke are indicators of
higher severity of stroke. Accordingly, also the
outcomes are adversely affected by seizures,
including the increased hospital stay. Seizures

Vascular Epilepsy Syndromes

.

Post-ischemic-stroke seizures and epilepsy

Prestroke seizures

.

Seizures/epilepsy due to cavernomas

Seizures/epilepsy due to arterivenous malformations

.

Seizures/epilepsy due to subarachnoidal bleeding or intracerebral
hematoma

Seizures/epilepsy due to sinus or cortical venous thrombosis

Seizures/epilepsy due to subdural hematoma

l 1. Seizure types
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2. Epilepsies classified by seizure type
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Fig. 1. The new classification system of seizures
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Seizures, Epilepsy, and Stroke
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Fig. 2. The relationships between stroke and epilepsy

occurring during the acute phase of stroke are
also independent predictors of cognitive decline
(with hazard ratio close to 4.0). Next, Prof. Trinka
discussed seizures heralding strokes (epilepsia
praecursiva). Historically, this type of seizures
were ascribed to atherosclerotic background.
Later on, the cerebral amyloid angiopathy was
also implicated. The heralding seizures were
subsequently classified as belonging to following
three categories: 1) late onset seizures after age
60 years, 2) seizures as the first sign of a cerebral
or systemic insult, and 3) seizures preceding the
full clinical manifestation of a cerebral/systemic
insult, disorder that is known to increase the risk of
developing epilepsy, but which at the time of the
epileptic event is not definitively demonstrated.
This is a retrospective evaluation, however with
significance for the clinical practice.The vascular
origin of heralding strokes was further detailed.

Eugen Trinka; Volume 19; 2016

Subcortical small vessel disease was shown to
lead to disruption of cortico-subcortical circuits
altering the balance between excitability
and inhibitory pathways. Neurovascular unit
dysfunction with altered integrity of blood-brain
barrier causes subsequent disruption of cerebral
metabolism and/or perfusion. Finally, cerebral
amyloid angiopathy (beta-amyloid in media and
adventitia of small- and mid-sized arteries of the
cortex and the leptomeninges) leads to stenosis
of the vessel lumen, with subsequent fibrinoid
necrosis and microaneurysms. Regarding the risk
factors, there is a significant overlap between
ischemic stroke risk factors and heralding
seizures. The serum lipids profile (as related
to atherosclerosis) has also been implicated as
a significant risk factor. Interestingly the resent
evaluations indicate that statins, age older than
85, obesity and hypercholesterinaemia are all
protective factors against seizures. Concluding
his lecture, Prof. Trinka said that prestroke seizures
and vascular precursor epilepsy are a clinically
retrospectively defined entity. It is also clear
that the definition of prestroke seizures has to
be refined. Importantly, the newly diagnosed
seizures after the age of 35 need a thorough
cardiovascular workup. Without that, we can
miss the underlying disease and cannot react
accordingly to minimize risk factors. The causes
of seizures can be: (a) small vessel disease and (b)
cerebral amyloid angiopathy, but pathophysiology
is currently poorly understood. There appears
to be a strong genetic contribution and finally
the enzyme inducing AEDs may contribute to
cerebrovascular risk factors.
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Post-Stroke Depression — The Psychiatrist’s

Perspective

Johannes Thome

Clinic and Policlinic for Psychiatry and Psychotherapy, University of
Rostock, Rostock, Germany

Prof. Thome started his lecture by mentioning
what a few other speakers did before about
increasing life expectancy and prevalence of
stroke globally. What this means is that also
psychiatric problems, and specifically depression,
is a growing global burden, too. A patient with
dementia can be happy, the quality of life can
also be good when there is a proper support in
place; and if the physical symptoms are not too
bad. However, if the same patient suffers from
depression, and his emotions will not function,
the quality of life is going to be lost. This is also
true even in the case when there is no cognitive
decline at all. All the cognitive functions cannot
help, if you are sad, depressed and you cannot
enjoy life anymore. The point is that depressive
symptoms are at least as importantin the stroke
research and clinic as cognitive problems, said
Prof. Thome. Among different disorders, stroke
appears as the most frequent trigger of depression
(Fig. 1). However, depression leads to stroke as well
(Fig. 2). Apart from depression, stroke victims can
experience a cluster of different symptoms, like
manic symptoms (<1%), post-stroke emotional
incontinence (11-27%), personality changes;
apathy (20-40%), generalized anxiety disorder,
panic attacks (5-30%), PTSD (post-traumatic stress-
disorder), high mortality and co-morbidity with
post-stroke depression (PSD). Major risk factors of
PSD are: physical impairment after stroke, severity
of stroke, cognitive impairment, female sex, social
isolation / lack of social support, pre-morbid

26

Depression and physical illness

26-61%

18-39%

15-19%

13%

10-37%
5-11%

Stroke

Cancer

Cardiac Infarction
Rheumatoid Arthritis
Parkinson’s Disease
Diabetes

Fig. 1. Stroke is the most frequent risk factor of depression

alcohol abuse (men), preexisting depression, and
genetic associations. However, the localization
of the stroke doesn’t seem to be related to
onset of depression. The important question is
if the PSD is reactive or organic. It seems that it
is more than reactive as stroke patients exhibit
a higher rate of depression when compared to
orthopedic patients with similar disability. Equally,
the patients with anosognosia (no awareness of
disorder and disability) can suffer from PSD. The
fact that PSD has to great extent organic character
means that it is amenable to pharmacotherapy
and, as a supporting approach, the psychotherapy.
Interestingly, treatment with antidepressants was
shown to increase survival rate after stroke. It
was also shown that SSRI treatment is helpful in
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Depressive Symptoms and Risk of Stroke
The Framingham Study
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Fig. 2. Depression leads to deterioration of quality of life
after stroke, but also leads to more strokes

motor function rehabilitation (Fig. 3). Prof. Thome
mentioned also Cerebrolysin as a viable option
for treatment of PSD. He referred to CARS study

results and the lecture of Prof. Muresanu (Fig. 3).

The Geriatric Depression Scale was employed as
one of 12 different outcome measures. There was
a significant therapeutic effect of Cerebrolysin on
decreasing depression symptoms in the treated
patients. It must be noted however, that depression
is underrated among stroke specialists and the
integration of the depression diagnosis and

management within stroke units is not yet solved.

27

(Chollet ot al., Lancet Neurol, 2011

SSRIs and motoric rehabilitation
»FLAME study“

A Fluoetine
® Placcho

Mean FMMS totalscore

T T T
0 30 60
Time fromstroke (days)

Universitétsmedizin Rostock

Results of the CARS study
Impact of Cerebrolysin on PSD

Global Status Day 90

MW Statistic 95% C1 NiUN2 P

ARAT e 07118 (0.6307 1o 0.7928) 104/401 00000
GAIT VELOCITY 4 05337 (0.4585 10,0 7289) 34135 0.1743
9 HOLE PEG 14— 05612 (04777 to 0.6448) 90103 0.1509
NIHSS —_— 06754 (0.5977 10.0.7530) 1047101 0.0000
BARTHEL — 06720 (0.5922 to 0.7518) 104/101  0.0000
MRS . 07339 (0.6612 10 0.5065) 104101 0.0000
GOODCLASS L. 05614 (04938 to 0.6290) 1041101 0,075
LINE GANG. e 04896 (04041 10 0.5351) 96/100 03627
GAP — 04981 (04281 to 0 5681) 97/100 09574
SFI6PCS e 06727 (05900 10 0.7553) 102/95 00000
SF36 MCS 4 05602 (0.4795 to 0 6409) 102/95 01438
[(GEPRESSION — 36305 (0.6007 15 0.7603) 2/36__ 00000
Combined (Wei-Lachin) E 3 06159 (0.5799 t0 0.6518) 1041101 0.0000
029036 044 05 068 084 0.1

Favours placebo  Favours Cerebrolysin

Muresanu et al. 2015

Universitétsmedizin Rostock

Fig. 3. Antidepressants and Cerebrolysin appear as
promising treatment options for post-stroke depression




Session 3: Advances in Neurorehabilitation after Stroke
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The role of imaging in Stroke Rehabilitation

Jan Sobesky

Dept. of Neurology, Charité Berlin & Centre for Stroke Research
Berlin (CSB), Berlin, Germany

One of the important tasks of neuroimaging
is to help in understanding the clinical trials
results, like these obtained in the CARS trial
and measured with mRS, said Prof. Sobesky. He
divided his lecture into three parts: imaging
tools, acute ischemic damage, and recovery
and plasticity. What are the major techniques
that we have to examine the brain. There are
three major approaches: computer tomography
(CT), positron emission tomography (PET), and
magnetic resonance imaging (MRI). With very
expensive, albeit very specific, PET we can trace
almost any biological substance in the body. With
that comes ability to assess tissue viability, and
activity or level of metabolism in the brain. More
importantand commonly used is MRI. The speed
of assessment in acute stroke cases is very high,
which is a valuable advantage. Where the CT cannot
provide answer for hours, with diffusion weighted
imaging we have it done in a few minutes. MRI
has good resolution, but microinfarcts escape
detection. This problem can be addressed with
stronger magnetic field applied (up to 7 Tesla).
However, this is very expensive and difficult to
perform. Apart from morphology assessment,
MRI serves us well in determination of perfusion
and connection between different areas of the
brain (fiber tracts) after stroke. The functional
MRI (fMRI) helps us to detects brain functions
in a non-invasive manner (in contrast to PET).
The resting state MRl is a quite new technique,
which we don't fully understand yet. In the brain
that is not active, there are certain connections
and certain oscillations between different areas
which cannot be traced just by perfusion. By

performing very complex mathematical analysis,
the resting state MRI tells us which regions of
the brain are functionally connected. This helps
in identification of brain’s functional networks
and therefore allows for detection of their
disturbances. This technique explains well why
some relatively small lesions have strong impact
on certain functions underlying mood, depression,
cognition etc. There are good reasons to combine
PET and MRI and such new facilities are already
being tried in clinical practice. The fusion images
coming from such techniques give us rich and
concomitant information about relationships
between morphological changes and intensity of
the metabolism in the brain. Prof. Sobesky went on
to describe the application of the aforementioned
techniques to the analysis of the acute ischemic
damage. The PET analysis of penumbra and non-
penumbra situation shows how we can facilitate
the decision making process about thrombolysis
(Fig. 1). The diffusion/perfusion MRl mismatch
(DWI/PWI) is however much more practical in the
clinical setting than PET analysis (Fig. 1). Finally,
Prof. Sobesky overviewed application of various
imaging techniques for analysis of the recovery
processes after stroke. Focal lesions leading to
widespread and distant damages or functional
abnormalities as well as localization of distant
and long-lasting inflammatory processes can be
appropriately assessed. Very interesting case of
activation studies came recently from publication
of Prof. Heiss. The treatment of aphasia with
repetitive transcranial magnetic stimulation (rTMS)
led to deactivation of hyperactivated/suppressing
hemisphere. This therapeutic process was finely
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Fig. 1. The penumbra vs non-penumbra situation as shown
by PET imaging and comparison to DWI/PWI MRI analysis

illustrated by PET imaging analysis (Fig. 2). Good
imaging leads therapy in rehabilitation process,
underlined Prof. Sobesky. The last part of the
lecture related to a recently published results
of ECOMPASS (Effects of Cerebrolysin On Motor
recovery in Patients with Subacute Stroke) study.
This study also used modern imaging techniques
for interpretation of the results of the applied
therapy. Patients with moderate to severe motor
deficits benefited from the treatment as assessed
with Fugl-Meyer Assessment. The investigators
correlated these results with neuroimaging. In the
resting state functional MRI imaging, we could
see that combination treatment Cerebrolysin plus

Monitoring effect of therapy:
TMS and PET

Heiss 2016

Fig. 2. Treatment of aphasia with rTMS as analyzed with PET

motor rehabilitation leads to reactivation of the
affected brain regions whereas in the placebo
group (without Cerebrolysin) this reactivation is not
present (Fig. 3). This pilot study is a good example
of the utility of modern imaging technology for
the evaluation of treatment effects and for better
understanding of mechanisms through which
therapy works in stroke patients.

Q

tion - Study Design  Tools & Explanation - Resuls —Key Messages/Patient Benefts - Communication Concept - Glossary

Monitoring neuroplasticity: rsfMRI
rsfMRI shows alterations in brain connectivity resulting from neuroplasticity after stroke:

AL Cerebrolysin group
~“AR ,7/# 7 o Symmetric functional
Stroke ¢ connectivity was more
¢ 2 s ] pronounced with Cerebrolysin
\1 s -> better recovery of motor
5 &
A2, Placebo geoup
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cortical function

sory motor network by functional MRI (rsfMRI).
ted (UH) hemispheres at baseline (Day 8,
T0), immediately after treatment (Day 29, manumree (Day 90, T3)
months after stroke onset. PP population included a total of 66
2 and

Fig. 3. The ECOMPASS trial showed positive correlation
between the therapeutic effect of Cerebrolysin on motor
function rehabilitation and activation of the affected brain
regions as analyzed by rsfMRI
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Post-Stroke Spasticity — Current Treatments
and new Opportunities

Romil M. Martinez

Amang Rodriguez Memorial Medical Center, Philippines

Dr. Martinez presented the results of the retrospective
study in rehabilitation performed recently in his
department: “A retrospective study on the effect
of intramuscular cerebrolysin on post stroke
filipinos in an out patient rehabilitation setting.”
The study protocol was shortly presented (Fig. 1).
Dr. Martinez noted that patients were admitted
to rehabilitation relatively late, between 4 and
7 month post-stroke.

Q

AMANG RODRIGUEZ MEMORIAL MEDICAL CENTER
DEPARTMENT OF PHYSICAL MEDICINE AND REHABILITATION
STROKE PATIENTS OPD RECORDS 2015

il

NOSEIZURES
 NO ANTLSPASTICITY MEDICATIONS
* INFORMED CONSENT (CEREBROLYSIN TREATMENT)

Day1

* PT/OT treatments at least 2/ week.

+ EXCLUSION CRITERIA
+ BELOW 18 YEARS OLD

 OTHER CAUSES OF HEMIPARESIS (LE. TUMORS, TBI, AV
MALFORMATIONS, INFECTIONS, GENERALISED
POLYNEUROPATHIES)

Day 30

* UNDOCUMENTED HEMIPARESIS.
UNSTABLE VITALSIGNS

STATISTICAL ANALYSIS

Fig. 1. Methodology of the stroke rehabilitation study with
Cerebrolysin performed in Amang Rodriguez University
Hospital

No significant differences in all relevant demographic
profiles were seen when compared between
Cerebrolysin and control group. Similar situation
was seen in the vital signs. However, there was
a significant increase in mean diastole pressure

30

(mm Hg) from day 1 to day 30 in the Cerebrolysin
group (71.5249.47 vs 78.04+3.61,0.006). Moreover,
there was a significant increase in mean pulse rate
(bpm) from day 1 to day 30 in the Cerebrolysin
group (75.39+10.30 vs 82.30+8.81, 0.020). There was
also a significantincrease in the temperature in the
Control group from day 1 to day 30. Additionally,
the data shows that when the mean difference
between the groups where compared in terms
of vital signs, there was no significant difference
between the two study groups. Dr. Martinez
referred to published formerly and updated in
2013 standards in the evaluation of rehabilitation
effects on stroke patients (Fig. 2). These served also
as guidelines for the evaluation of the outcomes
in the presented study which employed: Modified
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OUTCOME MEASURES IN STROKE REHABILITATION
UPDATED 2013 .

disability) ~handicap)
Beck Depression inventory Action Research Arm Test Canadian Occupational Performance
Sehavioral Inattention Test Barthel index Measu
Canadian Neurological Scale Berg Salance Scale EuroQol Quality of Life Scale
Clock Drawing Test Box and Block Test UFEH

Frenchay Aphasia Screening Test | Chedoke McMaster Stroke Assessment
FughMeyer Assessment Scale
General Health Questionnaire -28 | Chedoke Arm and Hand Activity lnventory
Geriatric Depression Scale Clinical Outcome Variables Scale
Hospital Anxiety and Depression Scale | Functional Ambulation Categories
Line Bisection Test Functional Independence Measure
Mini Mental Siste & Frenchay Activities index
Modified Ashworth Scale Motor Assessment Scale
Montreal Asses: 1
Motor-free Visual Perception Test
National Institutes of Health Stroke Rivermead Moty
Scale Rivermead Motor Assessment
Orpington Progrostic Scale Sox Minute Walk Test
Stroke Rehabiliation Assessment of Timed Up and Go
Movement 'Wolf Motor Function Test

London Handicap Scale
Medical Outcomes Study Short- Form
36

Notingham Health Profile
Reintegration to Normal Living Index
Stroke Adapted Sickness Impac: Profile
Stroke Impact Scale
Stroke Specific Qualiy of Life

Rankin Handicap Scale

*Based on tables presented in Roberts & Counsell (1998) and Duncan et al. (2000).

Fig. 2. Standards of outcomes evaluation in stroke
rehabilitation




Ashworth Scale (MAS), Modified Rankin Scale
(MRS) and the Manual Muscle Test (MMT).

After a short outline of methodology used for
assessment of rehabilitation success in the discussed
study, Dr. Martinez summarized its results. There was
no significant difference in the spasticity between
groups at day 1 (p-values above 0.05). However,
there was significant difference in the spasticity
between groups at day 30 in following motor
domains: pectoralis, biceps, wrist and finger flexors,
hamstrings, tibialis posterior (TP), gastrocnemius.
At day 30, spasticity was less pronounced in the
Cerebrolysin group when compared with the
control in the pectoralis (1.48+0.67 vs 2.63+0.63),
biceps (1.74+0.62 vs 2.93+0.73), wrist (1.57+0.73
vs 2.56+0.75) and finger (2.00+0.74 vs 2.52+0.85)
flexors, hamstrings (0.78+0.80 vs 2.04+0.85), TP
(1.57+0.79 vs 3.15+0.53), gastrocnemius (1.57+0.73
vs 3.00+0.55). Less spasticity in the Cerebrolysin
group, in comparison with the control group, was

R
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consistently detected in both lower and upper
extremities. There was no significant difference
in the MMT and Rankin scale between groups
at day 1 (p-values above 0.05). At day 30, MMT
was better in the Cerebrolysin group compared
to the Control group. No significant difference
was observed at day 30 on Rankin scale between
the groups (Fig. 3).

Discussing the results of the presented study,
Dr. Martinez paid special attention to spasticity,
which is experienced by about 60% of stroke
survivors, and interpreted the positive Cerebrolysin-
induced effects within the context of its known
mechanism of action (Fig. 4). Muscle tone—the
state of muscle contraction—is controlled by
two factors: inhibitory (relaxing) signals combing
down from the brain into the spinal cord, causing
the release of a chemical, GABA, which make
the muscles relax, and excitatory stimulating
signals coming from the muscles into the spinal
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COMPARISON OF MEAN DECREASE IN SPASTICITY OF
CEREBROLYSIN GROUP

Day1 o3y30 palue

191085 25706

161078 0781050

280083 1571079

291067 1572073

There is a decrease in mean spasticity in the Cerebrolysin group from

wrist and finger

day 1 to day 30 in the pectoralis, bice
ﬂexors,hamstrings, TP, gastrocnemius.

MEAN DIFFERENCE IN SPASTICITY (MAS) ON DAY 1 AND
DAY 30 BETWEEN GROUPS

he mentioned extremities significantly incr
group.

p, when compared with the

COMPARISON OF MEAN MMT AND RANKIN SCALE OF
THE CEREBROLYSIN GROUP

Day1 oay30 palue

191085 2808 0000

MMT QUADRICEPS Las073 270070 o000

3700864 226089 o000

There is a significant improvement of MMT to both upper and lower
extremities and Rankin scale from Day 1 and Day 30 in the
Cerebrolysin Group.
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MEAN DIFFERENCE IN MMT AND RANKIN SCALE ON
DAY 1 AND DAY 30 BETWEEN GROUPS

T BcERS Cerabrolsin 0ssa

MM QUADRICEPS Cerabrolsin 0950

143,079° o0

In this table, the difference in MMT and Rankin Scale from day 1 to day 30 w

 compared between the groups.
ive mean difference Rankin scale

motor recovery

Fig. 3. The major results of the rehabilitation study utilizing Cerebrolysin indicate its positive impact on spasticity and
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cord, telling them to contract (tighten). If the
balance between those two is normal, muscle T TQC \ S A

tone is normal. Spasticity is caused by damage DISCUSSION - SPASTICITY
to parts of the brain that send the messages for
GABA to be released. The damage may occur
anywhere along the pathway, from the brain to
the brainstem to the spinal cord. The end result
is the same: deficiency of GABA and a relative
excess of excitatory impulses. Intrathecal treatment
with baclofen (GABA, receptor agonist) and
nipecotic acid (GABA uptake inhibitor) provided
a significant suppression of spasticity, rigidity,
H-reflex or motor evoked potentials. In the study
published in 1996, Cerebrolysin has been shown
to inhibit synaptic transmission via presynaptic

GABA, receptors (Fig. 4) showing its activity as Cerebrolysin increases VEGF and
. e . ANG-1 expression in cerebral
a GABA agonist. Additionally, Cerebrolysin has endothelial cells

been shown to stimulate important neurotrophic

factors, like angiopoietin 1 (Ang1) and vascular @ s g
endothelial growth factor (VEGF) in the brain’s ta g
vasculature (Fig. 4). This vasculature stabilizing % 3 S
agents are also important for neurite outgrowth % i “g"
and contribute to overall recovery from stroke in g ; . .

animal models. Cerebrolysin also stimulates the

production and action of sonic hedgehog (Shh) e )

signal transduction pathway which isimplicated |

in both development of central nervous system

and concerted expression of genes underlying O}
natural, spontaneous recovery from stroke (Fig. 4). et e e S

All these and other factors may play important role involvedlinfGNSImodsling/duringldsvalopment

in the observed therapeutic effects of Cerebrolysin
in the rehabilitation of motor functions and
spasticity in stroke patients.

Concluding his lecture, Dr. Martinez indicated
that intramuscular treatment with Cerebrolysin
over 30 days is safe and may have a significant
effect on reducing spasticity, increasing motor
recovery and improving function among post-
stroke patients in an out-patient rehabilitation
setting. Further studies with improvements
in methodology i.e. employing a randomized
controlled trial protocol, increasing sample size Fig. 4. Properties and mechanism of action seen in the
and using more reliable, valid and responsive experimental models of stroke help in understanding
outcome measures should be considered. observed clinical effects of Cerebrolysin
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Rehabilitation in low and middle income
countries — Status Quo and Perspectives

Andreas Winkler

Department for Neurological Rehabilitation, Bad Pirawarth, Austria

Prof. Winkler began his lecture by outlining the
role rehabilitation plays in the overall scheme of
integrated stroke management. The leading idea
behind the lecture was juxtaposing Western stroke
management standards with those practiced in
middle and low income countries, with special
attention to Vietnam (Fig. 1). In these countries
the role of caregiver is much more important
than in high income countries because of the fact
that the access to rehabilitation services is much
more difficult, if not impossible in many cases.
Prof. Winkler presented a broad epidemiological
picture of global burden of stroke referring to data
discussed extensively earlier by Prof. Caso in her
key note lecture. About 3% of people with chronic
disabilites worldwide receive rehabilitation in
their lifetime, while for example in Austria every
patient has the right to be rehabilitated. While 60%
of developing countries have no rehabilitation
services, when they are available it happens
usually in urban centers, inaccessible to many
due to costs and geographic distance. Even when
rehabilitation services are available, there is a lack
of a well structured neurorehabilitation system;
the health care system is unable to provide the
comprehensive rehabilitation services. The needed
specialists with expertise in neurorehabilitation
training are uncommon. The therapists usually
have variable levels of training (one specialist for
all tasks; lack of specialization). The occupational
therapists, speech and swallowing therapists,
neuropsychologists, rehab-nurses are usually not
present for a patient. This is why the initiatives
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Klinik pirawarth

Rehabilitation is part of an integrated stroke management @

« Lifestyle modification

« Controlling for cardio-vaskular risk factor/primary and secondary
prevention

= Improving accesss to SU — Thrombolysis/Thrombectomy

+ Specialized early poststroke rehabilitation units/centers

+ Home-based, long-term stroke rehabilitation

= Need for social-financial and caregiver support

p Prevention i) Hyp::;cute ) Acute care §
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Neurorehabilitation in developing countries

+ More than 80% of the world's population live in over 100 developing countries

« Epidemiologic transition from infectious to chronic non-communicable diseases

+ Stroke causes 6 million deaths each year, with the greatest burden in LMIC

- Stroke in LMIC affects people at younger ages with poor control of RF

* WHO estimates: globally, over 1 billion people live with disabilities

« Of these, 80% live in low-income countries with inadequate access te health and rehabilitation
services

+ Neurolegical disorders are among the leading causes of disabilities
Stroke — in LMIC accounts for 86% of global stroke deaths.
TBI - road fraffic accidents and falls
SCI
PD/IMS/Post Polio Syl

Fig. 1. Rehabilitation after stroke as a major challenge in
developing countries

erebral P: fections ...

aimed at bringing well working standards to
developing countries make a lot of sense, said
Prof. Winkler. One good example of such an




initiative is the AVANT Program supported by
EVER Pharma (Fig. 2). The details of this initiative
were formulated from analyzing the differences
between standards of rehabilitation practiced in
Austria and in Vietnam. Moreover, it was refined
taking into account very practical considerations
and after looking for pivotal elements identified
during practical visits and discussions of Austrian
rehabilitation specialists in Vietnam health
care centers, in which Prof. Winkler actively
participated. The AVANT program uses multimedia
environment for educational purposes and it is
three-steps-stratified program. It also includes
direct exchange of experiences and discussions
between specialists from both countries.
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THE AVANT PROGRAM

Austrian Vietnamese Advancement
Neurorehabilitation Treatment

» Educational stroke-rehabilitation program

= Aims to improve assessment and functional outcome after stroke

« Video based teaching program plus supporting reading materials

« Stroke-therapists provide instructions on how to apply basic rehabilitation
training/techniques

« Gives guidance on how to avoid spasticity and maladaptive patterns of
motor—recovery

« Focusses on special aspects of multimorbidity in geriatric stroke patients
like dysphagie etc.

-
Q
THE AVANT PROGRAM

Austrian Vietnamese Advancement
Neurorehabilitation Treatment

3-step, stratified educational program

Klinik pirawarth

S

1. Video- and teaching material

2. Exchange program with Austrian experts in Vietnam
3. Invitation of Vietnamese healthcare professionals to
take part in a trainee program at Austrian Rehabilitation
Centers and Neurogeriatric Stroke Clinics

O}

THE AVANT PROGRAM

Austrian Vietnamese Advancement
Neurorehabilitation Treatment

Fig. 2. The AVANT program aims at reducing the burden
of stroke in Vietnam
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