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By Welcome Message |

Dear Colleagues and Friends,

On behalf of the European Academy of Neurology and the Bulgarian Society of
Neurosonology and Cerebral Hemodynamics we are honored to welcome you to the
EAN Regional Teaching Course in Sofia from October 6™ to 8" 2017. The event is in
cooperation with the Medical Faculty of St Kliment Ohridski Sofia University, the
Military Medical Academy - Sofia, and under the aegis of the Ministry of Health of the
Republic of Bulgaria.

The EAN course is aimed at providing very high level of scientific and practical
knowledge in the fields of Interventional Vascular Neurology, advance of Nonvascular
Neurosonology and interdisciplinary problems such as pain and headache, autonomic
dysfunction and neurorehabilitation. These topics of social importance will be presented
by leading European experts.

More than 150 specialists, residents and students in Neurology, Physical Medicine,
Rehabilitation, and Kinesiotherapy from Albania, Austria, Bosnia and Herzegovina, Bulgaria,
Croatia, Georgia, Germany, Greece, Israel, Italy, Latvia, Macedonia, Montenegro, Poland,
Portugal, Romania, Serbia, etc. have been registered for this event. Along with the training,
all delegates will have the opportunity to enjoy the history and the beauty of Sofia — one of the
oldest capitals in Europe.

On behalf of the Organizing Committee I wish you fruitful work!

Acad. Prof. Ekaterina Titianova

President of the Bulgarian Society
of Neurosonology and Cerebral Hemodynamics
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By Greeting Address - R

To

Acad. Prof. Ekaterina Titianova, MD, DSc
President of the

Bulgarian Society of Neurosonology

and Cerebral Hemodynamics

Dear Acad. Prof. Titianova,

I congratulate you on the occasion of the Regional Training Course in Neurology of the
European Academy of Neurology and on the occasion of the Third Congress of the Bulgarian
Society of Neurosonology and Cerebral Hemodynamics.

I believe that the event will enjoy a great deal of interest in the country and abroad, and that
it will help raise awareness among citizens about socially significant diseases.

Thanks to your initiative — to bring together internationally recognized and well-known
specialists in the field of Neurology, Neurosonology and Cerebral Hemodynamics - the
participants in the forum will exchange professional experience and knowledge about modern
treatment of strokes and other neurological conditions.

I am convinced that you will contribute to the prestige of our highly humane profession and
that we will thus come closer to our common goal of providing Bulgarian patients with quality
and affordable healthcare at European level.

I wish you and the participants in the forum health, professional success, new scientific
achievements and grateful patients.

Prof. Nikolay Petrov

Minister of Health
of the Republic of Bulgaria
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B Committees |

Chair of the RTC RRFS - Residents
Ekaterina Titianova (Bulgaria) and Research Fellows
Miguel Pereira

Local Members Professional

Organizing Committee Z. Stoyneva (Bulgaria) Meeting Organizer
S. Andonova (Bulgaria)

President S. Karakaneva (Bulgaria) Atlas Consulting

E. Titianova (Bulgaria) B. Stamenov (Bulgaria) Holding Group

Treasurer R. Dimova(Bulgaria) M. Ginkova (Bulgaria)

E. Christova (Bulgaria)

Programme Secretary
. Velcheva (Bulgaria)

International Scientific Committee

S. Andonova (Bulgaria) K. Niederkorn (Austria) D. Staykov (Austria/Bulgaria)
V. Demarin (Croatia) L. Padua (Italy) E. Titianova (Bulgaria)

M. Hilz (Germany/USA) M. Pereira (Portugal) . Velcheva (Bulgaria)

D. Lubenova (Bulgaria) F. Perren (Switzerland) N. Uceyler (Germany)

M. Mijajlovic (Serbia) B. Stamenov (Bulgaria) U. Walter (Germany)

BAHMX BULGARIAN SOCIETY
@ e d n et OF NEUROSONOLOGY
AND CEREBRAL
@th BSNCH

e home of neurology HEMODYNAMICS
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3" Congress of the BSNCH | 5 October, 2017

Scientific Programme

3RP CONGRESS

OF THE BULGARIAN SOCIETY
OF NEUROSONOLOGY AND
CEREBRAL HEMODYNAMICS

Hotel “Marinela”

Credits: 6 CME

3T KOHTPEC

HA BBJITAPCKATA ACOITVIAIINS
10 HEBPOCOHOJ/IOTUSA U
MO3BYHA XEMOTVNHAMUIKA

Xomen ,,Mapunena“

Kpegutn: 6 CME

Registration 14.00 - 18.00 Perucrpanna

General Assembly of BSNCH (for members) 15.30 - 16.30  O6mo cp6panne Ha BAHMX (3a unerose)

INNOVATIONS IN MEDICINE

VIHOBAIIVIYI B METUIIVIHATA

Bulgarian Society of Neurosonology BAHNX Boneapcka acouuayusi no HespoCcoHON02US
and Cerebral Hemodynamics BSNCH U MO3DYHA XeMOOUHAMUKA
LN

Medical Faculty of Sofia
University “St KI. Ohridski”

s

=,

Meouyuncku gaxynmem na Coputicku
yHusepcumem ,,Ce. Kn. Oxpudcku“

*haral®

Bulgarian Academy of Sciences ; bBowrneapcka akademust Ha HayKume
and Arts : U usKycmeama

Satellite Symposium of UCB.
Active Aging by Brain Learning
and Re-Learning.

Moderator: E. Titianova

17.00 -

Brain Plasticity with Piracetam.
S. Andonova

Caremnren cumnosuym Ha UCB.
AKTHMBHO IBITONETHE Upe3 00ydeHme
U pe-o06yueHNe Ha MO3bKa.
Modepamop: E. Tumsnosa

17.30

Mo3spuHa nnactuyHocT ¢ Ilmpaneram.
C. Andonosa

Coffee Break 17.30 -

18.00 Kade maysa

Opening Ceremony 18.00 -

Satellite Symposium of Medtronic. 18.15 -
Modern Aspects
of Acute Stroke Management -
the Bulgarian Experience.
Moderators: S. Andonova, N. Alioski,
I. Petrov, E. Titianova

Discussion 19.00 -

Poster Session 17.00 —

Dinner 20.00 -

18.15 OdunyuarHo OTKpMBaHe

19.00 Carenuren cumnosuym Ha Medtronic.
C'I)BPCMCHHI/I ACIIEKTN B MCHUKM'bHTA
Ha OCTpUA NCXEMNYIECH MO3PYE€H MHCYIT —
OBITAPCKUAT OMUT.
Modepamopu: C. Andonosa, H. Anuocku,
. ITempos, E. Tumsanosa

19.30 Ouckycmusa

20.00 TIIoctepHa cecusa

23.00 Beuepa
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Scientific Programme

FRIDAY, 6 October 2017

REGIONAL TEACHING COURSE
of the European Academy of Neurology

Bulgarian Red Cross
Credits: 22 CME

08.00 - 18.00 Registration
09.00 - 09.30 Opening Ceremony
DAY 1:
INTERVENTIONAL VASCULAR NEUROLOGY
Chairpersons: E. Titianova (Bulgaria), K. Niederkorn (Austria)
09.30 - 10.15 Contemporary Approach to Stroke Prevention.
V. Demarin, S. Morovi¢ (Croatia)
10.20 - 11.05 Mechanical Thrombectomy in Acute Stroke.
K. Niederkorn (Austria)
11.05-11.20 Coffee Break
11.20 - 12.05 The Quality of Acute Stroke Unit. A Stroke Register.
' ' D. Staykov (Bulgaria/Austria)
12.05-12.10 Break
12.10 - 12.55 Thrombolytic versus Standard Therapy in Acute Ischemic Stroke: A Prospective Follow up.
S. Andonova (Bulgaria)
12.55 - 13.00 Break
13.00 - 13.40 RREFS - Residents and Research Fellows.
Tips How to Start Your Career as Junior Neurologist in Europe.
M. Pereira (Portugal)
13.40 - 15.00 Lunch
15.00 - 18.00 Interactive Workshops
15.00 - 15.50 The Role of Arts in Enhancement of Stroke Recovery.
V. Demarin (Croatia)
15.50 - 16.40 Treatment of Intracerebral Hemorrhage - a Practical Approach.
D. Staykov (Bulgaria/Austria)
16.40 - 17.10 Coffee Break
17.10 - 18.00 Workup of Cryptogenic Stroke.
K. Niederkorn (Austria)
18.30 — 22.00 Dinner
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SATURDAY, 7 October 2017

DAY 2:
NONVASCULAR NEUROSONOLOGY UPDATE

Chairperson: Vida Demarin (Croatia), E. Perren (Switzerland)

09.00 - 09.45 Brain Parenchyma Neurosonology.
U. Walter (Germany)

09.45 - 09.50 Break

09.50 - 10.35 Ultrasound of Peripheral Nerves.
L. Padua, C. Loreti, D. Coraci, G. Piccinini (Italy)

10.35-11.00 Coffee Break

11.00 - 11.45 Neuro-Orbital and Temporal Artery Ultrasound Examination.
E Perren (Switzerland)

11.45-11.50 Break

11.50 - 12.35 Myosonology in Neuromuscular Disorders.
E. Titianova (Bulgaria)

12.35 - 14.00 Lunch

14.00 - 17.00 Interactive Workshops

14.00 - 14.50 Ultrasound in Therapeutical Management of Nerve Trauma. Hands on Nerves.
L. Padua (Italy)

14.50 - 15.40 Ultrasound Imaging of Neck Muscles for Botulinum Toxin Injection.
U. Walter (Germany)

15.40 - 16.10 Coffee Break

16.10 - 17.00 Workshop on Ultrasound. Hands on Orbita, Optic Discs and Optic Nerves.
E Perren (Switzerland)

17.00 - 19.00 City Tour

20.00 Gala Dinner

SUNDAY, 8 October 2017

DAY 3:

MIXED NEUROLOGICAL ASPECTS
Chairpersons: M. Mijajlovic (Serbia), S. Andonova (Bulgaria)

09.00 - 09.45 Guidelines on the Fibromyalgia Syndrome.
N. Ugeyler (Germany)

09.45 - 09.50 Break

09.50 - 10.35 Burning Mouth Syndrome - Recent Concepts.
M. Mijajlovi¢ (Serbia)

10.35-11.00 Coffee Break

11.00 - 11.45 Differential Diagnosis of Syncope and Seizure.
M. Hilz (Germany/USA)

11.45-11.50 Break

11.50 - 12.35 Home-based Neurorehabilitation in Diabetic Neuropathy.
D. Lubenova (Bulgaria)

12.35 - 14.00 Lunch

14.00 - 15.00 EXAM

15.15 Closing Ceremony

(Handout of Certificates)
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REGIONAL TEACHING COURSE

of the European Academy of Neurology

October 6-8, 2017 | Sofia, Bulgaria

LECTURERS
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Education: Professor Vida Demarin, MD, Ph.D. graduated from School of Medicine, University of
Zagreb, Croatia, where she gained her Master of Science thesis and Doctor of Philosophy degree. She
finished her residency in Neuropsychiatry in Sestre milosrdnice University Hospital Centre, Zagreb,
Croatia.

She was Head of Department of Clinical Neurology and Centre for Neurological Sciences and
Brain Research in University Hospital Centre “Sestre Milosrdnice” from May 1994 until November
2011. Under her leadership the Department became Reference Centre for Neurovascular Disorders and
Reference Centre for Headaches of Ministry of Health of Republic of Croatia. From November 2011
until September 2012, she was Counselor for International Collaboration in the same institution. She was
Medical director of Medical Centre Aviva from September 2012 until December 2015, when she became
a president of International Institute for Brain Health.

She is a full member and fellow of Croatian Academy of Sciences and Arts. She published more than
1000 papers in national and international journals, organized and participated in numerous symposia,
Prof. Vida Demarin, seminars, conferences and congresses. She mentored numerous Doctor of Philosophy and Master of
MD Science theses, research fellows, residents and students.

Research fields: stroke prevention and management, neurorchabilitation, neurodegenerative
disorders and dementia, management of headache and migraine, neuroplasticity, and neuropathic pain.
She was principal investigator of numerous research projects. She is a pioneer of neurosonology in
Croatia, and the founder of Summer Stroke School — Healthy Lifestyle and Prevention of Stroke and
Brain Impairment, that has been organized in Dubrovnik, Croatia since 1990.

She was president of Croatian Neurological Society during two terms and she organized first national
neurological congress. She was founder and the first president of Croatian Society for Neurovascular
Disorders and Croatian Stroke Society, whose workgroup published national Recommendations for
Stroke Management 2001 and 2006, as well as Evidence based Guidelines for Management of Primary
Headaches 2005 and 2008, Consensus Opinion on Brain Death Diagnosing 2005, and Recommendations
for the Management of Patients with Carotid Stenosis 2010. She initiated national program of stroke
management, organization of stroke unit network and thrombolysis therapy in Croatia. For several
decades she leads and organizes national stroke and cerebrovascular disease prevention programs,
educating citizens, general practitioners and neurologists. All her projects are devoted to raising health
awareness and improving the quality of life. She authored numerous publications dedicated to lifestyle
improvement and disease prevention.

Memberships: Member of numerous national and international professional societies, president of
Kuratorium of Mind&Brain International Neuropsychiatric Pula Congresses, and president of Central
and Eastern European Stroke Society and the Secretary General of the WFN Applied Research Group
on Organization and Delivery of Care. She is member of the Executive Board of the Academy of
Medical Sciences of Croatia, Fellow of American Academy of Neurology, Fellow of American Heart
Association, Fellow of European Stroke Organization, Fellow of European Academy of Neurology,
member of World Stroke Organization Board of Directors and member of WSO Education Committee,
as well as a member of International Headache Society, EAN Scientific Panel for Stroke, EAN Scientific
Panel for Headache, EAN Scientific Panel for Neurosonology and EAN Scientific Panel on Higher
Cortical Functions, Vice President of Croatian Brain Council, and more.

She developed intensive collaboration with colleagues from all over the world and especially with
colleagues from central and eastern European countries, in order to spread knowledge and skills and
interchange of ideas among all of us. She participated as a lecturer at several ESO Summer Schools
as well as at several RTCs, building new connections and friendships. Only working together, under
WEN motto: There is no health, without brain health, we can be successful in the fight against brain
diseases.

Education: Medical School Graz, Austria (1973 — 1980); Residency, University Dep. of Neurology,
Graz, Austria (Since 1980).

Career Experience: Faculty Member, University Dep. of Neurology, Graz (since 1988);Assistant
Prof. of Neurology (1989); Asssociate Prof. of Neurology; Chief, Section of Neurosonology (1991);
Professor of Neurology (1996); Vice Chairman, Dep. of Neurology Graz (1996 — 2013); Deputy Head,
Section of General Neurology (2005 — at present); Head, Stroke Unit,Stroke outpatient clinic and Neurology
Emergency Service Dep. of Neurology Graz (2001 — at present).

Publications: More than 220 publications; Reviewer for Stroke, Cerebrovascular Diseases, Journal of
the Neurological Sciences, Journal of Neuroimaging, European Journal of Ultrasound, etc.

Memberships: European Society of Neurosonology and Hemodynamics (President 2005-2009);
Neurosonology Research Group of the World Federation of Neurology (Executive Committee Member
until 2009); American Academy of Neurology; American Society of Neuroimaging; Austrian Society
of Neurology; Honorary member, Bulgarian Society of Neurosonology and Cerebral Hemodynamics.
Prof. Kurt Niederkorn, Local PI: ECASS 2, 3 and 4; SPACE and SPACE2, Chrystal-AF, Endostroke, Austrian Stroke
MD Registry, Swift-Prime.
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Priv.-Doz.
Dimitre Staykov, MD

Miguel Anténio
Tabuas-Pereira, RRFS

Assoc. Prof.
Uwe Walter, MD

Assoc. Prof.
Luca Padua, MD
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Education: Priv.-Doz. Dr. Staykov has graduated from the University of Vienna, Austria and recieved
his training in neurology, neurocritical care and gerontology at the University Hospital Erlangen,
Germany.

Career Experience: Since April 2015 Dr. Staykov chairs the Department of Neurology at the
Hospital of the Brothers of St. John Eisenstadt, Austria.

Research fields: Priv.-Doz. Dr. Staykov’s recent research is related to the treatment of intraventricular
hemorrhage, the development of imaging analysis techniques and quantification of perihemorrhagic
brain edema, and therapeutic hypothermia in ischemic and hemorrhagic stroke.

Publications: Priv.-Doz. Dr. Staykov has published more than 50 peer-reviewed articles in
international scientific journals and has co-authored guidelines of the Neurocritical Care Society, the
European Stroke Organization and the German Neurological Society.

Education: High School from the Escola Secundaria Francisco Rodrigues Lobo — Leiria (2005);
Medicine Masters Degree in the Faculdade de Medicina da Universidade de Coimbra (2011).

Career Experience: Neurology residency program at the Neurology Department — Centro Hospitalar e
Universitario de Coimbra (since 2013); General residency program at the Centro Hospitalar e Universitario
de Coimbra (2012).

Publications: autor and co-author of 7 publications and 24 presentations in scientific events.

Memberships: Since 2016 he is a RRSF member of the Education Committee of the European
Academy of Neurology and member of the EAN Higher Cortical Functions Scientific Panel.

Education: Medical School Graz, Austria (1973 — 1980); Residency, University Department of
Neurology, Graz, Austria (Since 1980).

Career Experience: Faculty Member, University Department of Neurology, Graz (since 1988);
Assistant Prof. of Neurology (1989); Associate Prof. of Neurology; Chief, Section of Neurosonology
(1991); Professor of Neurology (1996); Vice Chairman, Dep. of Neurology Graz (1996-2013); Deputy
Head, Section of General Neurology (2005 — at present); Head, Stroke Unit, Stroke outpatient Clinic and
Neurology Emergency Service Dep. of Neurology Graz (2001 — at present).

Publications: More than 220 publications; Reviewer for Stroke, Cerebrovascular Diseases, Journal
of the Neurological Sciences, Journal of Neuroimaging, European Journal of Ultrasound, etc.

Memberships: European Society of Neurosonology and Hemodynamics (President 2005-2009);
Neurosonology Research Group of the World Federation of Neurology (Executive Committee Member
until 2009); American Academy of Neurology; American Society of Neuroimaging; Austrian Society
of Neurology; Honorary member, Bulgarian Society of Neurosonology and Cerebral Hemodynamics.

Local PI: ECASS 2, 3 and 4; SPACE and SPACE2, Chrystal-AF, Endostroke, Austrian Stroke
Registry, Swift-Prime.

Education: Dr. Padua has graduated from the “La Sapienza” University, Rome in 1986. He obtained
specialty of Neurology in 1990 at the Universita Cattolica del Sacro Cuore, Rome. He received PhD
degree at the Universita Cattolica del Sacro Cuore, Rome in 1996.

Career Experience: Researcher in the Department of Neuroscience, Institute of Neurology
Universita Cattolica del Sacro Cuore Rome (2001-2015); Scientific Referee of the Roman Centres
of Don Gnocchi Foundation Onlus (since 2005); Director of Physical Therapy Board (since 2015);
Associated Professor of Department Geriatrics, Neurosciences and Orthopaedics at the Universita
Cattolica del Sacro Cuore, Policlinico Agostino Gemelli — Rome (since 2015).

Research fields: ultrasound of peripheral nerves, neurorchabilitation, multicenter studies in
Charcot-Marie-Tooth Disease, Fabry Disease, neurogenetics.

Memberships: Member of the Board of Directors of the SINC (Societa Italiana di Neurofisiologia
Clinca), Member of the Board of Directors of the ASNP (Associazione Italiana per lo Studio del Sistem
nervosa Periferico).
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Education: Doctoral thesis in medicine: University of Lausanne, Switzerland; Swiss federal Diploma
of Medicine, University of Lausanne, Switzerland; Swiss specialty board certificate in cerebrovascular
diseases, Swiss Society of Clinical Neurophysiology FMH (2004); Swiss specialty board certificate in
Neurology Swiss Society of Neurology FMH (2005); Certificate of management for senior doctors of
the University Hospital of Geneva HUG (2007); International Certificate in Neurosonology ESNCH
(2008); Privat Docent Thesis “Transcranial ultrasound in stroke and its new developments” Medical
Faculty University of Geneva (2009); Professor of Neurology of the Faculty of Medicine in Geneva,
Switzerland (2016).

Career Experience: Resident in Internal Medicine, Hospital of Nyon, Switzerland (1998-1999);
Resident in Neurology, Department of Neurology, CHUV, University Hospital of Lausanne, Switzerland
(1999-2002); Clinical and Research Fellow, Neurosonology & Cerebrovascular Units, Department of
Neurology, University Hospital Mannheim, University of Heidelberg, Mannheim, Germany (2002—
2004); Member of the European research project group UMEDS: Ultrasonographic Monitoring and
Early Diagnosis of Stroke (2003—2004); Instructor (Cheffe de clinique), Department of Neurology, HUG,
University Hospital, Geneva, Switzerland (2004-2007); Instructor (Cheffe de clinique), Departments
of Neurology, Interventional Neuroradiology and Neurosurgery, HUG, University Hospital, Geneva
(2007-2008); Attending (Médecin adjointe), Department of Neurology, HUG, University Hospital,
Geneva (since 2008); Attending Neurovascular and Neurosonology Unit, Dept of Neurology, HUG,
University Hospital, Geneva (since 2009).

Membership: Member of the American Academy of Neurology, European Society of Neurosonology
and Cerebral Hemodynamics, Swiss Neuroscience Society Swiss Neurological Society, Swiss Society
of Neurophysiology International Stroke Society Swiss Cerebrovascular Task Force/ZAS, Executive
Committee Member and Treasurer of the Neurosonology Research Group of the World Federation of
Neurology (since 2009), Member of the editorial board of “Neurosonology” (since 2010), Member of
the editorial board of “BMC Neurology”, Fellow of the ESO — European Stroke Organisation.

Education: Prof. Uceyler studied Medicine at the Medical School of the University of Wiirzburg,
Germany and received her medical licence in 2002. 19992003 she completed her doctoral thesis at
the Department of Internal Medicine of the University of Wiirzburg and started her professional career
at the Department of Neurology, University of Wiirzburg in 2003. In 2008 she received her licence
for Neurophysiology and spent three months as guest scientist at Yale University, Neuroscience and
Regeneration Research Center, New Haven, USA (Prof. S. Waxman). In 2009 Prof. Ugeyler received her
board certification as Neurologist and in 2014 as Pain Specialist. In 2010 she completed her “Habilitation”
for Neurology (i.e. German qualification for professorship) and became Professor of Neurology in 2016.

Research fields: Since 2003 Dr. Ugeyler is continuously performing clinical and animal studies
on the pathophysiology of neuropathic pain, generalized pain disorders, and peripheral neuropathies —
particularly small fiber neuropathies. She serves as a peer reviewer for several scientific journals and is
an Academic Editor of PlosOne.

Awards: In 2010 she won the EFIC Griinenthal award and in 2014 the award of the Sertiirner-
Society for outstanding pain research.

Education and Carrier: Ass. Prof. M. Mijajlovic, MD, PhD is Ass. Professor of Neurology at School
of Medicine University of Belgrade, Serbia. He is working as Board Certified Neurology Specialist,
Neuroangiology expert and Head of the Neurosonology Unit at the Department for Cerebrovascular
Disorders of the Neurology Clinic, Clinical Center of Serbia in Belgrade. Dr. Mijajlovic is a Research
Associate of the Ministry of Science and Education of Serbia. He received his Masters Degree in
Neurology (Stroke) and PhD title in Neurology from School of Medicine University of Belgrade. He was
trained at the Department of Neurology University of Muenster, at Neurology Clinic of the TU Dresden,
at Stroke Unit of the Sackler Medical Center, Tel Aviv University, at Stroke Unit of the Vall d’Hebron
Hospital in Barcelona, at the Neurology Department of the University hospital in Amines in France and
Hertie Institute for clinical brain research in Tuebingen, Germany.

Research fields: Hisresearch s focused onstroke, neuroangiology, neurosonology, neurodegenerative
diseases and headaches/pain.

Memberships: Ass. Prof. M. Mijajlovic is a member of the Executive Committee of the
Neurosonology Research Group of the World Federation of Neurology, the Neurosonology and Stroke
Subspecialist Panels of the European Academy of Neurology, and the Teaching course Committee
of the European Academy of Neurology. He is a Senior Editor of the Clinical Case Reports Journal,
member of the Editorial Board of the Journal of Ultrasound in Medicine (from which he received
distinguished reviewer award in 2014), and a Guest Editor of the Journal of Neurosonology and Cerebral
Hemidynamics. He serves as invited reviewer for more than 20 peer reviewed journals. He is author of
more than 100 articles published in peer-reviewed journals, invited speaker at more than 50 international
and local conferences, and coauthor of 18 books and book chapters.
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Education: Prof. Dr. med. Dr.med.habil. Max J. Hilz studied medicine at the Universities of Cologne
and Erlangen-Nuremberg in Germany. After he had defended his doctoral thesis in 1980, he trained
in Anesthesiology and Intensive Care Medicine and in Ear-Nose-and-Throat diseases (1980-1982).
He started his residency in Neurology and Psychiatry at the University of Erlangen-Nuremberg. He
specialized in Neurology, Clinical Neurophysiology, Neurological Intensive Care Medicine and
Disorders of the Autonomic Nervous System (ANS), and holds German board certificates in Neurology
and Psychiatry and in Psychotherapy. He also passed the board examination of the American Board of
Electrodiagnostic Medicine. He is licensed to practice medicine in Germany, the United Kingdom, and
in the State of New York, USA.

Career Experience: Since June 2015, he is Professor of Neurology at the University of Erlangen-
Nuremberg in Erlangen, Germany. He is also Adjunct Professor of Neurology at Icahn School of
Medicine at Mount Sinai, New York, NY, USA. Form September 1, 2016 to August 31, 2017, he was
the Chair in Autonomic Neurology, and Director of the Clinical Department of Autonomic Neurology at
Prof. Max J. Hilz, the University College London, Institute of Neurology, Queen Square, London, UK. He was Professor
MD of Neurology in Medicine and Psychiatry at the New York University, New York, NY (1992-2013).
He also served as the Associate Director of the NYU Dysautonomia Evaluation and Treatment Center
(until 2007). He was deeply involved in clinical research regarding the pathophysiology of Familial
Dysautonomia, also known as Riley-Day syndrome or Hereditary Sensory and Autonomic Neuropathy
Type 111, and in studies of Fabry disease that led to the approval of enzyme replacement therapy in the
USA.

Research fields: Prof. Hilz is experienced in the examination of small nerve fiber diseases and
disorders of the autonomic nervous system, including hereditary sensory and autonomic neuropathies,
diabetic neuropathies, and Fabry disease, and central autonomic disorders. He also served as an advisor
to the European Medicines Agency, EMA, on issues related to autonomic nervous system dysfunction.

Memberships: Professor Hilz is a member of 16 national and international scientific societies and
is on the board of several autonomic nervous system societies. He currently co-chairs the Autonomic
Nervous System Subspecialty Panel of the European Academy of Neurology, EAN. He also is Past-
President of the German Autonomic Society, Past-President of the European Federation of Autonomic
Societies, and Past-Chair of the Autonomic Section of the American Academy of Neurology. He is ad hoc
reviewer for more than 25 international scientific journals, a member of the editorial board of Clinical
Autonomic Research, and Associate Clinical Editor of Autonomic Neuroscience: Basic and Clinical. He
co-authored the guidelines of the German Neurological Society on syncope, the guidelines on erectile
dysfunction and the guidelines of the German Diabetes Society on diabetic neuropathy. He has published
more than 300 original and review articles in peer-reviewed journals and chapters in textbooks and
presented his work at several hundred scientific conferences.

Education: Acad. Titianova graduated from the Medical Academy — Sofia in 1982. In 1997 she acquired
specialty in Neurology, in 1990 became PhD, and in 2007 — Doctor of Sciences (DSc). She has specialized
in Neurology, Neurosonology, gait motor control, and Neurorehabilitation at prestigious universities in
Austria, USA, Mexico, Germany, and Finland. In 2003 she became an Associate Professor, and in 2009
— Professor of Neurology.

Current positions: At present she is Professor of Neurology, Head of the Clinic of Functional
Diagnostics of Nervous System at the Military Medical Academy, Sofia, member of the Faculty Council
and Head of the Department of Neurology, Psychiatry, Physiotherapy and Rehabilitation, Preventive
Medicine and Public Health at the Medical Faculty of St Kliment Ohridski Sofia University. Since 2013
she has been Academician of the Bulgarian Academy of Sciences and Arts and since 2015 — Academician
of the Serbian Royal Academy. She is an expert at the Ministry of Health, the National Agency for
Assessment and Accreditation at the Council of Ministers, and the National Health Insurance Fund of
the Republic of Bulgaria. She is also an expert of the European Commission of the European Union.

Acad. Prof. Scientific activities: Her scientific works include monographs, textbooks, manuals and more than
Ekaterina Titianova, 250 publications. She works as PI, national coordinator or contributor to a number of international trials.
MD She has been a visiting lecturer and chairperson of many scientific events.

Research fields: cerebrovascular disease, neurosonology, cerebral hemodynamics, hemorheology,
autonomic failure, orthostatic intolerance, gait motor control, neurorchabilitation.

Memberships: Acad. Titianova is founder and President of the Bulgarian Society of Neurosonology
and Cerebral Hemodynamics (since 2005), Member of the Executive Committee of the WFN
Neurosonology Research Group (since 2009). For many years now she has been the Bulgarian
coordinator of the CME programmes of the World Federation of Neurology. She is the editor-in-chief of
the English-Bulgarian Journal of Neurosonology and Cerebral Hemodynamics, and also member of the
editorial boards of international scientific journals of Neurosonology (Japan), Archivos de Neurociencias
(Mexico), and Oruen.

Awards: Merrill Spencer Award 2009, Golden Hyppocratic Oath of the Balkan Association for
History and Philosophy of Medicine, Honorary Plaque of the Bulgarian Ministry of Defense, and a
number of best poster prizes.

NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 13, 2017, No. 2 95



Prof. Silva Andonova,
MD

Prof. Daniela
Lubenova, PhD

NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, Volume 13, Number 2, 2017
@

Education: High School Degree (1989); Degree in Medicine (1996); Degree in Healthcare Management
(2015); Specializations: Neurology (2004); Post-graduate training: Neurosonology — Medical University
— Sofia (2003, 2006), Military Medical Academy (2007, 2008), Qualification Course for Accreditation
Experts of the European Quality Management Fund EFQM, Zurich, Switzerland (2007, 2015).

Career Experience: neurologist in an emergency room MHAT “St Anna”, Varna, assistant at the
Department on Neurological Sciences, Medical University of Varna, Bulgaria (2003-2012); Assistant
professor at the Department on Neurological Sciences, Medical University of Varna, Bulgaria (2012—
2016); Professor at the Department on Neurological Sciences, Medical University of Varna, Bulgaria
(since 2016); Head of Second clinic of neurology with Intensive Care Unit and Stroke Unit — University
Hospital “St Marina” — Varna (since 2009); Director of Medical Diagnostic Activity — University
Hospital “St Marina” — Varna, Bulgaria (since 2017).

Teaching: Neurology for students in the specialty “Medicine” — University of Varna, Bulgaria (since
2003); Neurology for students in the specialty “nurses” — University of Varna, Bulgaria (2006-2013);
Neurology for students in the specialty “Social activities” — University of Varna, Bulgaria (2007-2008);
lector and coordinator of teaching course in Neurosonology — Univesrity of Varna (since 2010).

Publications: autor and co-author of more than 150 publications in national and international Journals.

Membership: Member of the Executive Committee of Bulgarian Society of Neurosonology
and Cerebral Hemodynamics (since 2015), Member of the European Stroke Organisation (since
2014), Member of the Editorial Advisory Board of Bulgarian Journal “Neurosonology and Cerebral
Hemodynamics” (since 2015).

Current positions: Prof. Daniela Lubenova, PhD is a Professor of Kinesiotherapy. Head of Department
“Kinesiotherapy and Rehabilitation” and Vice Dean of the “Vasil Levski” National Sports Academy.
Head of the Master's programs “Kinesiotherapy” and “Physical therapy and rehabilitation” in National
Sports Academy. She is expert at the National Agency for Assessment and Accreditation at the Council
of Ministers.

She has specialized in Kinesiotherapy at prestigious universities in Hungary, Finland, England
and Norway. Her research fields are focused on neurorehabilitation, proprioceptive neuromuscular
facilitation, methodology Perfeti, kinesioteyping, methods of Bobath, cardiological and pulmonary
rehabilitation.

Carieer Experience: Rehabilitator in clinic “Physiotherapy and rehabilitation”, III City United
Hospital — Sofia (1988-1995); assistant at the Department “Kinesiotherapy and Rehabilitation”,
“Vasil Levski” National Sports Academy — Sofia (1995-2009); Associate professor at the Department
“Kinesiotherapy and Rehabilitation”, “Vasil Levski” National Sports Academy — Sofia (2009-2016);
Professor at the Department “Kinesiotherapy and Rehabilitation”, “Vasil Levski” National Sports
Academy — Sofia (since 2016).

Teaching: Kinesiotherapy in neurological and psychiatric diseases, kinesiotherapy in internal
medicine, kinesiotherapy in geriatrics for students in the specialty “Kinesiotherapy”, Bachelor's degree
in “Vasil Levski” National Sports Academy — Sofia; Neurorehabilitation for students in the specialization
to the Master's program “Kinesiotherapy” and “Physical therapy and rehabilitation”.

Scientific activities: Prof. Lubenova is author and co-autor of more than 80 publication, including 5
books and 3 monographs. She has participated in the governing body of scientific projects at international
level and in more than 50 congresses at home and abroad.

Scientific Societies: Prof. Lubenova is a member of the Association of Physiotherapist in Bulgaria,
an associated of the Bulgarian Association of Neurosonology and Cerebral Hemodynamics and member
of the editiorial board of the Journal “Kinesiotherapy”. She is a member of the World Confederation for
Physical Therapy and European Network of Physiotherapy in Higher Education.

Research fields: kinesiotherapy, neurorehabilitation, gait, stroke, diabetic neuropathy, cardiologic
and pulmonary rehabilitation, ets.
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Stroke is a heterogenous and multifactorial disease caused by the combination of
vascular risk factors, environment and genetic risk factors. It is defined by WHO (World
Health Organization) as the clinical syndrome of rapid onset of focal or global cerebral
deficit, lasting more than 24 hours or leading to death, with no apparent cause other
than a vascular one. It is one of the most common causes of death and disability in
the adult population of the modern society. Stroke is a life changing disease, affecting
the quality of life of patients and their families. It is also a huge social and financial
burden for the family as well as the society. In spite of huge development in the
management of stroke, with stroke units, thrombolytic therapy, endovascular treatment,
neurosurgical and vascular surgical treatment, primary prevention of stroke is still one
of the most important contributors for stroke management. Stroke risk factors can be
subdivided into non-modifiable (age, sex, race-ethnicity, genetic factors) and modifi-
able (hypertension, diabetes, dyslipidemia, atrial fibrillation, carotid artery stenosis,
smoking, poor diet, physical inactivity, and obesity). The four most important keys for
healthy brain are in our hands: healthy nutrition (Mediterranean Diet), regular physical

activity, stress management and “brain fitness”.

Brain diseases are frequent, causing disability and
changes in the quality of life of the patients and
their families, as well as having a huge social
and financial burden. According to European Brain
Council costs of brain disorders in Europe are
798 billions of Euros per year, what is one third of
the whole health expenditure per year, with stroke
contributing a great deal to this situation.
Adequate blood supply of the brain is
prerequisite for brain health with control and
management of behavioral, enviromental and
metabolic risk factors. In spite of huge development
in the management of stroke, with stroke units,
thrombolytic therapy, endovascular treatment,
neurosurgical and vascular surgical treatment,
primary prevention of stroke is still one of the most
important contributors to the brain health.
Obviously, over the years, we missed to fill out
several gaps in stroke prevention. Despite efforts
to modify health behavior, the knowledge about
stroke, it's risk factors and symptoms is low, which
means there is still lack of awareness. Then,
‘low risk” individuals are falsly reassured and
therefore are not motivated. The management of
hypertension is not properly addressed. Important
risk factors for stroke are not considered in
sreening (i.e. sedentary lifstyle, alcohol intake).
The specificity of cerebovascular disease (CVD)
prediction algorithms is low due to the fact they
may not be applicable to all races. There is also
a cost barrier for some high risk strategies, lack
of effectiveness in screening of high-risk inividuals

and not implementation of some already created
population-wide strategies [10, 23].

The four most important keys for healthy brain
are in our hands: healthy nutrition (Mediterranean
Diet), regular physical activity, stress management
and “brain fithess”.

The importance of nutrition in preserving the
brain health is a subject of investigation for many
years, pointing out the role of polyunsaturated
fatty acids from fish consumtion, abundance
of fruits and vegetables, whole grains, olive oil
and red wine, what are all main ingredients of
Mediterranean Diet. The adherence to this diet
leeds to improved endothelial function, increased
plasma antioxidant capacity and reduction of
insulin resistence, what contributes to prevention
of stroke, neurodegenerative disorders, metabolic
syndrome, etc.

Regular physical activity increases the level of
BDNF that is of utmost importance for cognitive
functioning and decreased risk of depression
and stroke.

Control and management of stress in a daily
living is the third key in preserving healthy brain
especially important nowdays when human circuits
are overloaded and people are bombarded with
constantly changing mental challenges. It is
estimated that we encounter a thousand times
more events per year than our great-grandparents
did, but the time available for decision-making
remains the same or even less. In the era of
person-centered approach, techniques for stress
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relieve should be individually tailored and stress
should be properly managed.

And the fourth key, again something what we
can practice by ourselves is an array of different
brain fitness tasks which challenge our brain and
contribute greatly to healthy brain.

In this article we will look more closely at two
of several keys to preserving brain health: benefits
of Mediterranean diet and physical exercise.

Primary prevention of stroke
by healthy nutrition

The combination of healthy lifestyle factors
is associated with lower risk of coronary heart
disease, diabetes, and total cardiovascular
disease. A prospective cohort study [3] among 43
685 men from the Health Professionals Follow-up
Study and 71 243 women from the Nurses’ Health
Study evaluated diet and other lifestyle factors.
Low-risk lifestyle was defined as: not smoking,
a body mass index <25 kg/m? >30 min/d of
moderate activity, modest alcohol consumption
(men, 5-30 g/d; women, 5-15 g/d), and scoring
within the top 40% of a healthy diet score. There
were 1559 strokes (853 ischemic, 278 hemorrhagic)
among women and 994 strokes (600 ischemic,
161 hemorrhagic) among men during follow-up.
Women with all 5 low-risk factors had a relative
risk of 0.21 (95% CI, 0.12, 0.36) for total and 0.19
(95% ClI, 0.09, 0.40) for ischemic stroke compared
with women who had none of these factors.
Among men, the relative risks were 0.31 (95% Cl,
0.19, 0.53) for total and 0.20 (95% CI, 0.10, 0.42)
for ischemic stroke for the same comparison.
Among the women, 47% (95% Cl, 18 to 69) of total
and 54% (95% ClI, 15 to 78%) of ischemic stroke
cases were attributable to lack of adherence to
a low-risk lifestyle; among the men, 35% (95%
Cl, 7 to 58) of total and 52% (95% CI, 19 to 75)
of ischemic stroke may have been prevented. A
low-risk lifestyle, associated with a reduced risk of
multiple chronic diseases also may be beneficial
in the prevention of stroke, especially ischemic
stroke. Consumption of plant foods and dairy and
meat products may moderate increases in blood
pressure. Association of dietary intake with 15-y
incidence of elevated blood pressure was evaluated
in the Coronary Artery Risk Development in Young
Adults (CARDIA) Study (26) of 4304 participants.
Plant food intake (whole grains, refined grains,
fruit, vegetables, nuts or legumes) was inversely
related to elevated blood pressure (EBP) after
adjustment for age, sex, race, center, energy
intake, cardiovascular disease risk factors, and
other potential confounding factors. Compared
with quintile 1, the relative hazards of EBP for
quintiles 2-5 of plant food intake were 0.83 (95%

Cl: 0.68, 1.01), 0.83 (0.67, 1.02), 0.82 (0.65, 1.03),
and 0.64 (0.53, 0.90). Dairy intake was not related
to EBP, and positive dose-response relations for
EBP were observed across increasing quintiles of
meat intake. In subgroup analyses, risk of EBP
was positively associated with red and processed
meat intake, and inversely associated with
intakes of whole grain, fruit, nuts, and milk. These
findings are consistent with a beneficial effect of
plant food intake and an adverse effect of meat
intake on blood pressure. Increased consumption
of fruit and vegetables has been shown to be
associated with a reduced risk of stroke in most
epidemiological studies, although the extent of the
association is uncertain. Meta-analysis of cohort
studies [14] quantitatively assessed the relation
between fruit and vegetable intake and incidence
of stroke. Groups included 257 551 individuals
(4917 stroke events) with an average follow-up of
13 years. Compared with individuals who had less
than three servings of fruit and vegetables per
day, the pooled relative risk of stroke was 0.89
(95% CIl 0.83-0.97) for those with three to five
servings per day, and 0.74 (0.69-0.79) for those
with more than five servings per day. Subgroup
analyses showed that fruit and vegetables had a
significant protective effect on both ischaemic and
haemorrhagic stroke. Increased fruit and vegetable
intake in the range commonly consumed is
associated with a reduced risk of stroke. Results
provide strong support for the recommendations
to consume more than five servings of fruit and
vegetables per day, which is likely to cause a
major reduction in strokes.

Mediterranean diet

Meta-analysis of 12 studies (25) (n=1574299)
evaluating the association of the adherence to a
Mediterranean diet and the mortality and incidence
of major cardiovascular diseases (CVD) and
chronic neurodegenerative diseases showed that
the greater adherence to a Mediterranean diet
was associated with significant reduction in overall
mortality (9%), mortality from CVD (9%), incidence
of or mortality from cancer (6%), and incidence
of Parkinson’s disease and Alzheimer’s disease
(13%) [25]. Mediterranean Diet and Incidence
and Mortality from Coronary Heart Disease and
Stroke in Women study [12] was performed in 4886
women, with no history of cardiovascular disease
and diabetes (Nurses’ Health Study) and followed
up. Alternate Mediterranean Diet Score (aMED),
focusing on higher consumption of plant foods,
including plant proteins, monounsaturated fat, fish
and lower consumption of animal products and
saturated fat ranged from 0 to 9, with a higher
score representing closer resemblance to the
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Mediterranean diet. Results demonstrated 2391
incident cases of CHD (1597-nonfatal and 794-fatal),
1763 incident cases of stroke (959 ischemic, 329
hemorrhagic and 475 unclassified). Of all strokes,
1480 cases were nonfatal and 283 cases were fatal.
There were 1077 cardiovascular disease deaths
(fatal CHD and strokes combined) [15]. Long-chain
-3 polyunsaturated fatty acids (LCn3PUFAs):
eicosapentaenoic acids (EPA), docosapentaenoic
acid (DPA), docosahexaenoic acid (DHA) in fish
are the key nutrients responsible for the cardio-
protective benefits and CVD prevention. Beneficial
effects of fish consumption on the risk of CVD are
derived from synergistic effects among nutrients in
fish. Fish is considered to be an excellent source
of proteins with low saturated fat (taurine, arginine,
glutamine-known to regulate cardiovascular
function)) and some nutritious trace elements
(selenium and calcium) which may directly or
indirectly provide cardiovascular benefits, alone or in
combination with LCn3PUFAs and vitamins (vitamin
D and B). Interactions between LCn3PUFAs and
other nutrients, including nutritious trace elements
and vitamins and amino acids are important
in reducing the risk of CVD. Overall favorable
effect is observed on: lipid profiles, threshold
for arrhythmias, platelet activity, inflammation
and endothelial function, atherosclerosis and
hypertension. The American Heart Association
recommends eating fish (particularly fatty fish) at
least 2 times a week. Fish consumption may be
inversely associated with ischemic stroke but not
with hemorrhagic stroke, because of the potential
antiplatelet aggregation property of LCn3PUFAs.
A meta-analysis of 8 independent prospective
cohort studies which included 200575 subjects and
3491 stroke events showed that individuals with
higher fish intake had lower risk of total stroke,
compared with those who never consumed fish or
ate fish less than once per month. The reduction
in risk of total stroke was statistically significant
for fish intake once per week; for individuals who
ate fish 5 times or more per week, the risk of
stroke was lowered by 31%. The risk of ischemic
stroke was also significantly reduced by eating
fish twice per month. It has been suggested that
broiled and baked fish, but not fried fish and fish
sandwiches, are associated with a lower incidence
of atrial fibrillation (AF) and ischemic heart disease.
Cardiovascular Health Study [27] evaluated 3660
subjects aged over 65 who underwent an MRI
scan to associate fish consumption and risk of
subclinical brain abnormalities on MRI in older
adults. Among older adults, modest consumption
of tuna/other fish, but not fried fish, was associated
with lower prevalence of subclinical infarcts and
white matter abnormalities on MRI examinations.
Tuna or other fish consumption was also associated
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with trends toward lower incidence of subclinical
infarcts and with better white matter grade. No
significant associations were found between
fried fish consumption and any subclinical brain
abnormalities. After adjustment for multiple risk
factors, the risk of having one or more prevalent
subclinical infarcts was lower among those
consuming tuna or other fish >3 times per week,
compared to <1 per month. The risk reduction (RR)
in those consuming tuna/other fish >3 times per
week was 0.56 compared to <1 per month. Each
one serving/week of tuna/other fish was associated
with trends toward 11% lower RR of any incident
subclinical infarct and 12% lower RR of each
additional multiple infarct. Consumption of omega-3
fatty acids is not associated with a reduction in
carotid atherosclerosis according to the Genetics
of Coronary Artery Disease in Alaska Natives Study
[7]. The study included population-based sample
that underwent ultrasound assessment of carotid
atherosclerosis. Intima-media thickness (IMT) of
the far wall of the distal common carotid arteries
and plaque score (number of segments containing
plaque) were assessed. Mean consumption of
total omega-3 FAs was 4. 6 g/day in those without
and 5.07 g/day in those with plaque. Presence and
extent of plaque were unrelated to intake of C20-22
omega-3 fatty acids (FAs) or total omega-3 FAs.
The odds of plaque rose significantly with quartiles
of palmitic and stearic acid intake. The extent of
plaque (or plaque score) was also associated with
a higher percentage intake of palmitic acid. IMT
was negatively associated with grams of C20-
22 omega-3 FAs, total omega-3, palmitate, and
stearate consumed. Dietary intake of omega-3 FAs
in a moderate-to-high range does not appear to be
associated with reduced plaque, but is negatively
associated with IMT. The presence and extent of
carotid atherosclerosis among Eskimos is higher
with increasing consumption of saturated FAs. No
significant differences were seen in the prevalence
of atherosclerotic plaque or mean plaque score
with increasing quartiles of dietary intake of either
total omega-3 FAs or C20-22 omega-3 FAs. When
analyzed as percentage of total fat intake, C20-22
consumption and total omega-3 FA consumption
were not related to average IMT. When the
analyses were adjusted for age and gender,
positive associations were observed between the
percentage of fat intake from palmitic or stearic
acid and the presence of plaque and plaque score.
When analyzed as daily intake in grams, higher
quartiles of intake of either palmitate or stearate
were associated with significantly higher average
IMT, when adjusted for age and gender [7].

The randomized, multicenter trial of
Mediterranean diet in primary prevention of
cardiovascular events in Spain, randomly

NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 13, 2017, No. 2 99



NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, Volume 13, Number 2, 2017

assigned participants who were at hight CV
risk to one of three diets: Mediterranean diet
supplemented with extra-virgin olive oil, the other
one supplemented with mixed nuts, or a control
diet (adviced to reduce dietary fat), included 7447
persons (aged 55-80 years), followed up during
4,8 years. Mediterranean diet with extra-virgin
olive oil and the one supplemented with nuts,
reduced the incidence of major CV events [9].

Tea consumption and risk of stroke

A meta-analysis of green and black tea
consumption and risk of stroke [1] included data
from 9 studies involving 4378 strokes among 194
965 individuals. The main outcome assess was
the occurrence of fatal or nonfatal stroke. The
summary effect associated with consumption of
> 3 cups of tea (green or black) per day was
calculated. Regardless of their country of origin,
individuals consuming > 3 cups of tea per
day had a 21% lower risk of stroke than those
consuming less then 1 cup per day (absolute
risk reduction, 0.79; Cl 0.73-0.85). The results were
consistent across green and black tea. The types
of catechins differ between green and black tea;
their total amounts are comparable because both
black and green tea are derived from the same
source, the catechins produced within the Camelia
sinensis plant, and both have demonstrated effects
on vascular function. Catechin ingestion blocked
the increase in serum nitric oxide concentration in
rats after reperfusion and tea had a demonstrated
effect on endothelial function. Theanine is readily
bicavailable from both green and black tea;
crosses the blood-brain barrier and has effects
on brain function; contains glutamate molecule
and it might reduce glutamate-related endothelial
damage. Regular tea consumption, instead of
preventing evident stroke, may instead reduce the
post ischemic damage to a level that results in
subclinical ischemia or hidden strokes. This would
result in diagnosing stroke only in individuals
with more extensive post ischemic damage or a
greater stroke volume.

Vitamin C lowers the risk of stroke

A 3-year intervention study [8] showed that
vitamin C consumption was associated with less
progression in carotid IMT in elderly men. In the
study, IMT of the carotid artery and diet in elderly
men were assessed. Men were randomly assigned
to 1 of 4 groups: dietary intervention, omega-3
supplementation, both or neither. Results previously
showed that omega-3 supplementation did not
influence the IMT, thus the dietary intervention and
no dietary intervention groups were pooled. The

dietary intervention group had less progression in
the carotid IMT compared with the controls. This
group increased their daily vitamin C intake and
intake of fruit, berries and vegetables. Increased
intake of vitamin C and of fruit and berries was
inversely associated with IMT progression.

Consumption of chocolate and risk of stroke

Consumption of chocolate has been often
hypothesized to reduce the risk of CVD due
to chocolate's high levels of stearic acid and
antioxidant flavonoids. Reviewing studies [20] on
chocolate and stroke involving 44 489 subjects who
ate one serving of chocolate per week, showed
that subjects who consumed chocolate were less
likely to have a stroke than people who ate no
chocolate; observed stroke risk reduction was
22%. People who consumed 50 g of chocolate
once a week were less likely to die following a
stroke than people who did not eat chocolate by
46% [6]. Debate still lingers regarding the true long
term beneficial cardiovascular effects of chocolate
overall. Flavonoid content of chocolate may
reduce the risk of cardiovascular mortality. Review
of MEDLINE publications [24] for experimental,
observational, and clinical studies of relations
between cocoa, cacao, chocolate, stearic
acid, flavonoids (including flavonols, flavanols,
catechins, epicatechins, and procynadins) and
the risk of cardiovascular disease (coronary heart
disease, stroke) showed that cocoa and chocolate
may exert beneficial effects on cardiovascular
risk via effects on lowering blood pressure, anti-
inflammation, anti-platelet function, higher HDL,
decreased LDL oxidation.

Physical activity in primary prevention of stroke

Mens sana in corpore sano. This famous sentence
has been around for almost 2000 years. Back
in the first and second century a.d., Decimus
lunius luvenalis, a Roman poet spoke of health,
mental and physical, and their dependence on
one another. But, it was not until the 1990s,
when science allowed us to find proof for this
idea, until the discovery of neurotrophic factors
which changed around the way physical activity
and brain plasticity were viewed. In 1986 Rita
Levi Montalcini and Stanly Cohen received a
Nobel Prize in medicine for the discovery of
neurotrophins, proteins, belonging to a group of
growth factors with a special effect on neurons.
They signal nerve cells to grow, survive, and
differentiate. One neurotrophic factor in particular,
the Brain Derived Neurotrophic Factor (BDNF),
important for long term memory, affects neurons
in central and peripheral nervous system,
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helps survival of existing neurons, growth and
differentiation of new neurons and synapses. lts
secretion is encouraged by physical activity.

Epidemiological and prospective studies
have shown that physical activity enhances
cognitive and brain function and protects
against development of neurodegenerative
diseases. Extensive research is going on to
prove biological mechanisms that underlie such
beneficial effect. Multidomain interventions could
improve or maintain cognitive function in at-risk
elederly people (FINGER study 2015). Prevention
is the key. Greater gray matter volume, measured
by MRI was found with higher aerobic activity,
pointing out that it might be neuroprotective.

Scientists for centuries believed in the
possibility of human brain to change. William
James, in 1890, was among the first to suggest
that human brain was capable for continuous
functional changes, which he showed in his work
Principles of Psychology [19]. It is important to
keep our brain healthy as well as the body.
Brain health has become a very important and
recognized public health issue with a growing and
aging population. Interventions are necessary
from middle age further on, where we face a
growing incidence of Alzheimer’s disease, and
other neurodegenerative disorders. Many recent
studies have shown the benefits of exercise in
aging populations, not only on physical health,
but on brain health and functions. Exercise
has become fundamental in improving and
maintaining cognitive functions [4].

Physical activity is associated with lower risk
of cognitive impairment, Alzheimer’s disease, and
dementia in general [18]. Also, a retrospective
analysis showed that physical activity and
behavioral stimulation reduced the risk of
developing Alzheimer’s disease [11]. During the
1990s, popular belief was that exercise’s positive
effect on the brain comes from its positive
effect on overall health, especially among aged
subjects. Today, we are aware of existence of
neurobiological basis of these benefits, and
we know that exercise has a direct effect on
molecular structure of the brain. The most
important and probably the most studied is the
brain-derived neurotrophic factor (BDNF) which
is held responsible for survival and growth of
many neuronal subtypes, including glutamatergic
neurons, synaptic efficacy, neuronal connectivity
and use-dependant plasticity [5].

Neurotrophin-mediated response to exercise
is not restricted to motor-sensory systems as
expected by researchers, but showed increased
levels of BDNF in the hippocampus. Hippocampus
is a highly plastic structure associated with higher
cognitive function, rather than motor activity. New
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hippocampal neurons make specific contributions
to learning and memory, in part as a result of their
unique neural circuitry [22]. Human studies have
shown that exercise improves brain plasticity.
Learning is a high-order brain plasticity activity,
increases BDNF gene expression, and BDNF in
turn facilitates learning [16].

Peripheral ~mechanisms show  growing
importance in  activity-dependent  induced
changes in levels of BDNF mRNA in the brain.
Components influencing this peripheral control
include estrogen, corticosterone and insulin-like
growth factor-1 (IGF-1).

Steroid hormones such as estrogen influence
brain aging, particularly in post-menopausal
women. Reduced levels of estrogen seem to
compromise neuronal function, survival of neurons
and decrease hippocampal availability of BDNF
[28]. Just like estrogen has a positive effect on
neuroplasticity, there are some factors causing
negative neuroplasticity. Prolonged exposure to
stress causes elevated levels of stress hormones
(i.e. corticosteroids) which can be harmful to
neuronal survival in hippocampus. As a response
to stress (acute and chronic), neurons undergo
morphological changes, dendritic atrophy and
spine reduction, which have a negative impact
on brain plasticity [29]. It is common belief that
exercise relieves stress, reduces depression and
anxiety in humans [2].

Literature shows that experience and
behavior activate brain plasticity mechanisms and
remodel neuronal circuitry in the brain Exercise
and behavioral enrichment paradigms, such as
environmental enrichment, rehabilitation training
and learning, affect common endpoints in the
brain, including regulation of growth factors,
neurogenesis and structural changes. Similarities
between these effects and exercise support the
idea of existing common mechanisms regulating
plasticity [19].

Exercise is simple, free, and widely practiced
activity that activates molecular cascades
participating in neuroplasticity. It induces BDNF
encoding, neurogenesis, enhances brain
vascularization, functional changes in neuronal
structure and neuronal resistance to injury. Exercise
increases the level of hippocampal BDNF, a brain
region responsible for learning and memory. By
inducing BDNF and other molecules, exercise
strengthens neuronal structure, facilitates synaptic
transmission, preparing activated cells for encoding.

There is a number of recent studies
investigating the role of physical activity in primary
and secondary stroke prevention, demonstrating
its positive effect [13, 21, 17]. The research
is going on and day by day there are more
convincing data available on this topic.
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Mechanical Thrombectomy in Acute Stroke
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Mechanical thrombectomy (TE) devices have
been used for treatment of acute ischemic
stroke caused by brain vessel occlusion for more
than ten years. The initial results were based on
case reports and case series and in the last
several years on registries, mainly concerning
stent retrievers.

Randomized controlled trials (RCT) comparing
iv thrombolysis (IVT) alone with TE or IVT plus TE
were not available until 2013.

During the International Stroke Conference,
Febrary 6-8, 2013 3 RCT's - the IMS lll, MR
RESCUE and SYNTHESIS trial were presented
and simultaneously published in the New
England Journal of Medicine (NEJM). These
trials- criticized for very long recruitment periods
and for using various endovascular treatment
approaches did not show additional benefit of
endovascular stroke therapy over IVT [1].

In the light of very positive results of registry
based studies using stent retrievers, RCT’s using
these devices and focusing on proximal vesssel
occlusions were planned and launched. In October
2014 the MR CLEAN Study from the Netherlands
was presented and showed a significant benefit
of TE starting within 6 hours after onset of stroke
using the Soltaire device over IVT alone [2].

During the next half year a number of further
studies were presented and mostly simultaneously
published in the NEJM. The most important of
these trials are the SWIFT PRIME study, the
ESCAPE trial and the REVASCAT trial, all showing
a clear and statistically significant superiority of
TE-mostly plus IVT versus IVT alone [3, 4].

These results refer to the anterior circulation.

In Basilar Artery Occlusion TE is feasable and
reduces mortality to around 35%, as shown in
recent registry data [5].

Prospective data are however not yet available
for the posterior circulation.

Mechanical thrombectomy devices have been used for treatment of acute ischemic
stroke caused by brain vessel occlusion for more than ten years. The initial results
were based on case reports and case series and in the last several years on regis-
tries, mainly concerning stent retrievers. The present article presents the findings from

The ongoing BASilar artery International
Cooperation Study (BASICS) trial, with currently
148 patients randomized, will hopefully answer
these questions (http://www.basicstrial.com/Main.
html).

The Austrian Stroke Network Thrombectomy
results were published recently [5]. The TE results in
Styria (Neurointervention Center Graz, catchment
area 1.5 million inhabitants) are comparable to the
nationwide data (Table 1).

The future development must focus on
neurological and radiological facility development,
ambulance logistics and also training standards
for neurointerventionalists to enable health
systems to provide state of the art stroke care.

A recent European consensus statement [6]
of the involved medical specialties contains the
relevant data and recommendations.

Up to 20% of ischemic strokes occur during
sleep and present at the emergency departments
in the morning hours. Since the exact duration

Table 1. Results of Mechanical Thrombectomy in
Styria 2011-2014
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of symptoms is not known, thrombolysis in not
possible in these cases using routine native CT
imaging. Multimodal MR imaging has been used
to identify wake up stroke patients in whom the
4.5 hour treatment window has not yet elapsed.

Several prospective studies are currently
performed to create evidence in this field. The
Department of Neurology Graz is involved in the
WAKE-UP study, using MR DWI-Flair mismatch
[7] and in the ECASS-4 Extend study, using MR
diffusion/perfusion mismatch [8].

The ECASS-4 Extend study is ongoing with
currently 119 patients randomized.

The WAKE-UP trial has stopped recruitment
per June 30, 2017 with 501 patients randomized,
this especially in the light oft he recently presented

DAWN study: (https://eso-stroke.org/
kategorie-1/data-highlights-opening-plenary-
esoc-2017).

The DAWN study sought to answer whether
advanced imaging methods with MRI DWI and
CT-perfusion can be used to successfully select
patients for endovascular therapy, even though
they present late or have an uncertain onset
of symptoms. They included patients in whom
brain imaging demonstrated a significant area of
potentially salvageable brain tissue. Endovascular
treatment  significantly  reduced  disability
compared to medically managed patients.:

There was a significant relative risk reduction
(73%) in disability in 107 patients receiving
mechanical thrombectomy compared to 99 with
medical management (OR 2.1, 95% 1.20 — 3.12,
p<0.001), with a number needed to treat of 2.8 to
reduce disability.There was a 35% increase good
functional outcome defined as mRS score of
0-2.There was no significant difference in safety
outcomes between groups.
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Cerebrovascular diseases are a global medical and social problem because of their
high morbidity, mortality and disability rate. Modern treatment in the first hours of the
ischemic stroke onset is directed at early recanalization of arterial thrombus, preven-
tion of an infarct zone formation or its limitation via reestablishment of brain perfusion
within the area of the so-called ischemic penumbra (a borderline zone of decreased
blood flow between the viable and the necrotic tissue). Nowadays, recanalization is
achieved via venous infusion of recombinant tissue plasminogen activators (rt—PAs)
up to 4.5 hours after the stroke onset, as well as via endovascular treatment includ-
ing intraarterial thrombolysis, thrombaspiration, etc. We present a prospective cohort
study: comparative evaluation of the outcome of the acute stroke treatment in patients
hospitalized at the Second Neurological Clinic of the St Marina University Hospital —

Varna, between 2011 and 2016, treated with/without intravenous thrombolysis.

According to the National Centre for Health
Information, in 2016 in Bulgaria there were 57
369 stroke patients; 96.6% (55 395) of them
hospitalized, with prevalence of cases with
ischemic stroke (AIS) — 93.5% (51 789 cases).
Thrombolysis (TL), applying r-PA is currently
an established differentiated pharmacotherapeutic
treatment of AIS in its acute phase.
Undifferentiated treatment in the acute phase
of ischemic stroke includes anticoagulants and
antiplatelet agents. It is highlighted that this treatment
can prevent the expansion of the thrombus to the
ischemic penumbra; decrease the infarct size and
the severity of the neurological deficit.
Based on the existing guidelines
for ischemic stroke management, early
application of unfractionated heparins, low

molecular weight heparins or heparinoids =

is not recommended [19]. e
Heparin is recommended for the

treatment of acute ischemic stroke in

cases with embolism originating in the ™

heart with a high recurrence risk, in

cerebral venous thrombosis, arterial ™

dissection of major brain arteries.

Currently in Bulgaria there is no
an official national registry of acute
ischemic stroke patients who underwent ..
thrombolytic treatment. Therefore, there
is no possibility to perform a national .
analysis of the impact of different
treatments on the outcome of the ¢
disease. A significant improvement as
a result of the implemented methods

i,.ff"f.*"',#'..f\#"

is reported only in publications from individual
authors [8, 9]. Also, there are no correct and exact
statistics about the complications arising from
the implemented methods in different centers for
treatment of acute ischemic stroke in Bulgaria.
Since 2011 St Marina University Hospital, has
been included as a center, the first in Bulgaria, in
the international register for treatment of ischemic
stroke patients (SITS), and since 2016, in the ESO
Registry of Stroke Care Quality (RES-Q) - Fig.
1. Because of the necessity for monitoring the
safe implementation of recanalization treatment
of ischemic strokes, a local register of such
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Fig. 1. Number of patients registered in RES-Q (as reported by Robert
Mikulik, 37 Annual Meeting, ESO-EAST Program — Prague, 15 May 2017)
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Fig. 2. Hospital Stay for AIS patients (as reported by Robert Mikulik for the
RES-Q Registry, 3 Annual Meeting, ESO-EAST Program — Prague, 15 May 2017)

patients has been created at the St. Marina
University Hospital, Varna. The Registry is suitable
for measuring continuous trends.

The possibility for comparing the results of
the treatments would lead to optimization of the
process at the individual centers with the aim of
decreasing mortality and improving the functional
outcome in AIS patients.

Since there is no a national registry of AIS
patients, and for the aim of analyzing the results
from our research data related to treatment
optimization, we have to compare the generalized
analysis of the data at the clinic to the database
of the remaining centers included in the SITS

678, in 2016 — 57 369, as reported by the

National Centre for Health Information).

The number of acute ischemic stroke
patients who during their hospitalization
have been screened for existing atrial
fibrillation is relatively low. About 15% of
AIS patients in Bulgaria are screened, as
compared to the other centers in the RES-Q
Registry, where the average percentage of
screened patients is between 35% and
45% (Fig. 3).

According to the SITS Registry, atrial
fibrillation as a risk factor in acute ischemic
stroke patients in Bulgaria is seen in
about 28% of the cases. There is no
significant difference in the frequency of

«  atrial fibrillation in the other centers in the
Registry (Fig. 4). As reported in scientific
journals, in acute ischemic stroke patients
as a result of atrial fibrillations, focal
neurological symptoms are worse and
lethality rate is higher [15, 20]. In order to achieve
adequate treatment and secondary prophylaxis of
acute ischemic stroke and atrial fibrillation patients
in Bulgaria, it is necessary to increase the number
of screened patients.

In Bulgaria, the percentage of recanalization
procedures by intravenous thrombolysis (TL),
thrombectomy, etc., remains low as compared to
the centers for stroke treatment in the countries of
Eastern Europe, where recanalization procedures
are implemented in 20% to 30% of the hospitalized
acute stroke patients (Fig. 5).

We present a comparative evaluation of the
treatment outcome of acute ischemic stroke

international registry and the RES-Q
registry.

The data from the ESO Registry ﬁ““‘“ﬂ?iﬂnﬁ%fmw
on monitoring quality indicators in N e e e
the treatment of ischemic stroke
patients, RES-Q, confirm once again Tt ———
the data from the National Centre for I —
Health Information that in Bulgaria the e —
percentage of patients hospitalized for R~ ——————————
acute ischemic stroke is about 90%. e —

The in-hospital stay for treatment e I
of stroke patients in Bulgaria is the (> e—
smallest (5.5 days), as compared to the —
other centers in Eastern Europe, where
the average number of days in an active st —

E—

treatment hospital is 10 (Fig. 2). Ao

Such short hospitalization can be R
explained on the one hand with the
standard requirements of the clinical
pathway for treating ischemic stroke:
minimum hospital stay — 3 days, and on
the other, with the constantly increasing
number of stroke patients (in 2009 — 50

Usbwkitan
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Fig. 3. Percentage of acute ischemic stroke patients who have been screened
for atrial fibrillation (as reported by Robert Mikulik for the RES-Q Registry, 3¢
Annual Meeting, ESO-EAST Program — Prague, 15 May 2017)

106 NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 13, 2017, No. 2



Regional Teaching Course of the EAN | 6-8 October, 2017

Table 1. Clinical characteristics of the Bulgarian cohorts

Patients = Thrombolytic treatment No thrombolytic treatment
Number Average age Number Average age
n (%) (years) n (%) (years)
Number 384 68.7916.7 1532 70.18+£6.4

(66.95-70.62)

(69.65-70.71)

Female 173 (45%) 52.20+6.3 724 (47%)  48.88+6.2

(44.48-59.82)

(46.57-51.20)

Male 211 (55%) 47.80+6.6 808 (53%)  51.12+6.6

(40.18-55.52)

(48.80-53.43)

SITS it
g == by
=

[FF 15
MBAN

Precunen dhaxmopit Ca M N Ewrrapas Borsnt yewtpose 8 SITS
Bpod naupesm 1540 1587 3214
Hyperenson H2E% 92.17% 64.55%
Diabotes H2% M01% 18.35%
Hyoerp dasma 13.7% 1367% 2964%
Curment smoker 15.52% 15.44% 18.72%
Previous smakar 16 84% 18.42% 16.85%

Previous ciin. diag. ischasmic

e { then 3} 1.65% 1.70% 1.66%
Abriad fibrllabion 28.25% B0% 245%
Congestive heart faliune F-LL 25.20% B96%

Fig. 4. Risk profile of AIS patients from the SITS Registry

patients hospitalized at the Second Neurological Clinic at
St Marina University Hospital, Varna for the period 2011-
2016. The evaluation is a prospective cohort study and is

% RECANALIZATION PROCEDURES
- CUIT OF BCHEMIC STROKE FATEENTS -

- " - - -

Fig. 5. Percentage of recanalization procedures in acute ischemic stroke
patients (as reported by Robert Mikulik for the RES-Q Registry, 3 Annual
Meeting, ESO-EAST Program — Prague, 15 May 2017)

performed after a sequential introduction
in our routine clinical practice of
innovative treatment methods, as well
as organizational restructuring for
achieving optimization of the care for
acute ischemic stroke patients. Two
groups of patents with AIS have been
studied: 384 of them (1%t group) treated
with thrombolysis and a control group
of 1532 patients, with no thrombolytic
treatment. All patients were hospitalized
at the Second Clinic of Neurology with
an Intensive Care Unit and Stroke
unit. The clinical characteristics of the
Bulgarian cohort is given respectively in
Table 1.

The methods for treating acute
ischemic stroke are in accordance with
the effective European and national
standards [4, 7, 13, 14].

The risk profile is similar in both
groups  (with/without TL treatment)
except for hyperlipidemia and smoking,
significantly higher in the TL treatment
group (Fig. 6).

Table 2 shows the comparative
results of the outcome after thrombolytic
treatment during hospital stay or on the
seventh day after the beginning of the
treatment.

As a percentage ratio, the level of
focal neurological deficit estimated with
the NIHSS scale shows prevalence of
patients with more severe motor deficit
at our center as compared to the other
centers in the registry.

In regard to the outcome of treatment
in patients with TL during hospitalization,
the data from our center, as compared to
the other centers in the registry, reveal the
largest percentage of patients with very
good to good outcome — about 70%.

The percentage of patients with
deterioration is relatively the same,
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Fig. 6. Risk profile of acute ischemic stroke patients with/without TL treatment

about 7%, as well as the recorded deaths during
hospitalization, around 6.6% (Table 2).

On admittance, focal neurological symptoms
in both groups, with and without TL treatment,
are relatively the same (average of 13 points
on NIHSS scale). Functional independence
level on discharge from hospital and on the
third month after the stroke reveals significant

differences in both groups. On discharging from
hospital, a significant improvement in the level
of neurological deficit is observed in the group
with TL treatment.

The treatment outcome on the 90" day of the
stroke onset reveals a slight difference in patients
of both groups (with or without TL treatment),
both in their functional independence, measured

Table 2. Results of the outcome of treating patients with TL during hospitalization

Clinical outcome Sveta Marina Varna (BGSVE) Second NC

Data from international centers *

NIHSS (24h) Mean (Cl) Median (IQR) (N) Mean (C) Median (IQR) (N)
NIHSS (24h) 11.50 (10.25-12.76)  10.00 (5.00-16.00) (137) 8.41 (8.35-8.47) 6.00 (2.00-14.00)(73503)
NIHSS (7d) Mean (Cl) Median (IQR) (N) Mean (Cl) Median (IQR) (N)
NIHSS (7d) 10.00 (9.55-10.45)  7.00 (3.00-13.00) (1572) 6.35 (6.29-6.40) 3.00 (1.00-10.00)(66137)
Outcome (24h) %(Cl) n/N % (Cl) n/N
?ﬁg&:ﬁh 25.36 (18.84-33.22) 35 /138 30.75 (30.43-31.07) 24702 / 80339
Improved 28.99 (22.07-37.04) 40 / 138 32.08 (31.75-32.40) 25769 / 80339

No change 39.13 (31.39-47.46) 54 / 138 23.25 (22.96-23.54) 18679 / 80339
Deteriorated 1.45 (0.40-5.13) 2/138 8.82 (8.62-9.01) 7082 / 80339
g:;’;’ig'r‘;ted 4.35 (2.01-9.16) 6/ 138 4.01 (3.88-4.15) 3224 / 80339
Death 0.72 (0.13-3.99) 1/ 138 1.10 (1.03-1.17) 883 / 80339
Outcome (7d) % (Cl) n/N % (Cl) n/N
%‘:L"rg‘,‘;ﬁh 37.12 (29.35-45.62) 49 / 132 41.44 (41.09-41.78) 32009 / 77249
Improved 32.58 (25.17-40.96) 43 /132 29.40 (29.08-29.72) 22713 / 77249

No change 15.15 (10.03-22.25) 20 / 132 14.98 (14.73-15.23) 11569 / 77249
Deteriorated 3.79 (1.63-8.56) 5 /132 4.91 (4.76-5.06) 3792 / 77249
ﬁg’gﬁ'}gted 4.55 (2.10-9.56) 6 /132 2.73 (2.62-2.84) 2107 / 77249
Death 6.82 (3.63-12.45) 9/132 6.55 (6.38-6.73) 5059 / 77249

* Data from the SITS registry
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Table 3. Patient outcome on the third month after stroke

Functional independence

Sveta Marina Varna (BGSVE)

Data from international centers

on the 3rd month Second NC

Patients with TL % (Cl) n/N % (Cl) n/N

mRS between 0 and 2 51.69 (42.77-60.51) 61 /118 56.01 (55.61-56.41) 32841/ 58636
mRS between 3 and 6 48.31 (39.49-57.23) 57 / 118 43.99 (43.59-44.39) 25795 / 58636
Mortality rate on the 3rd month

Deceased 23.73 (16.96-32.16) 28 / 118 14.59 (14.31-14.87) 8716 / 59747
Alive 76.27 (67.84-83.04) 90 / 118 85.41 (85.13-85.69) 51031 / 59747
Patients without TL therapy

mRS between 0 and 2 36.85 (34.26-39.52) 475 / 1289 54.44 (53.04-55.84) 2652 / 4871
mRS between 3 and 6 63.15 (60.48-65.74) 814 / 1289 45.56 (44.16-46.96) 2219 / 4871
Mortality rate on the 3rd month

Deceased 22.33 (20.14-24.68) 288 / 1290 15.83 (14.84-16.87) 785 / 4959
Alive 77.67 (75.32-79.86) 1002 / 1290 84.17 (83.13-85.16) 4174 / 4959

* Data from the SITS registry

by the Rankin scale, and in recorded mortality in
this three-month period (Table 3).

The absence of any significant difference in
the disease outcome on the third month in both
groups (with/without TLtreatment) can be explained
with the reorganization of the brain. Significant
differences are observed in the mortality rate.
While in dehospitalized patients who underwent TL
treatment, it is about 6.6% and coincides with the
data from the other centers in the registry, on the
39 month it rises to about 24%, whereas in the
remaining centers it is about 14%.

There is no exact information about the
reasons leading to such significant rise in the
mortality during the monitored three-month period.
It may be due to belated complications from the
stroke or from infections, metabolic disorders, lung
thromboembolism in bedridden patients, etc., the
lack of establishments for professional post-stroke
recovery, where the rehabilitation started at the
clinic can continue and timely measures be taken
if case of changes in the basic vital signs. The
absence of sufficient information and preparation
of patients’ relatives to take care of them can also
be the reason for this rise in mortality.

Over 60% of our patients without TL treatment,
on the third month have medium, moderately
severe and severe disability or death (mRS 3-6),
as compared to the patients in the other centers,
where the prevalent percentage have no or only
slight disability (mRS 0-2).

Figure 8 shows the comparative results of
our research. Both in patients with or without TL
treatment, on the third month after the stroke
onset no significant changes in mortality rate or
in disability level assessed by mRS, are observed.

The results of the research allow us to
presume that mortality resulting from stroke during

hospitalization in Bulgaria is not significantly
higher than that in other countries.

The grounds for this are the qualification of
the medical staff and the international criteria for
treating strokes, adopted in Bulgaria.

The longitudinal study of patients at
hospitalization, dehospitalization and on the
third month establishes a significant difference
in the severity of stroke, assessed by NIHSS
and mRS, between the two groups (with/
without TL treatment). Thrombolysis patients are
hospitalized with a severe neurological deficit
(13 p. on average, measured by NIHSS scale),
significantly improved in 53% of the patients at
dehospitalization. This effect is also preserved on
the third month of the monitoring with a tendency
of another 6% of improved patients. Patients who
have not undergone TL therapy are hospitalized
with a more severe neurological deficit (15p.
on average, measured by NIHSS scale), with
recorded improvement at dehospitalization in just
38%. At the end of the third month, a significant
improvement in up to 54% of the patients is
established. It can be related to the processes of
spontaneous recovery and brain reorganization
after stroke [6].

Early mortality at dehospitalization is
significantly lower in the group with TL therapy
(9%), while in patients without TL it is 19%.
Mortality on the third month of the disease onset
is relatively the same in both groups, but the
data cannot be interpreted because of absence
of exact information about the reasons, which
have led to the fatal outcome.

In conclusion, the complete and profound
analysis of the results of the research on the AIS
treatment shows that intravenous thrombolysis
decreases significantly the early mortality and
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severity of neurological deficit at dehospitalization,
but is not associated with a significant impact
on these indicators on the third month of the
monitoring process, as compared to patients with
undifferentiated treatment.

Our inclusion of our clinic in the international
SITS and RES-Q registries has given us the
opportunity to carry out comparative analysis of our
results to those of the other centers in the registries.

International research has revealed
that a number of objective factors limit the
implementation of TL in AIS [16], among them
the short therapeutic time window and numerous
additional contraindications play a key role [11].
A research by Eissa et al. [17] of 2165 patients
shows that because of certain contraindications,
13% of the candidates for TL have been excluded
from the therapy, and according to Barber et al.
[10, 12] their number is as high as 31%.

REFERENCES

The creation of the first in Bulgaria regional
register of stroke patients at St Marina University
Hospital, Varna, offers the opportunity to compare
the pathology and the different stages in the
management of acute stroke patients with other
EU countries [1, 2, 3].

The absence of a national register of acute
stroke patients does not give us the opportunity
to analyze on a national scale the effect of the
therapy on the level of functional independence
[5, 18].

The study of the disease outcome in acute
ischemic stroke patients reveals that an early
implementation of intravenous thrombolysis leads
to a better functional outcome in the first three
months after the disease onset. The comparison
of the evaluated criteria on the third month of the
onset supports the hypothesis for spontaneous
recovery and brain reorganization.

1. AHpoHoBa C. JleueHne Ha OCTPUS UCXEMUYEH MO3bUYEH NHCYNT
C WHTpaBEHO3Ha TPOMOONN3a: MPOCMEKTMBHU NPOYYBAHUS
BbpXy M3xofda 0T 6onectra. ABTopedepar 3a NpuchxaaHe Ha
Hay4yHa cTemeH “mokTop Ha Haykute”, BapHa, 2015.

2. AHpoHoBa C., leopruesa [l., Kamescka E., Apruposa B.,
Jumutpoa B. OueHka Ha dakTopuTe, NOBAMSBALLM M3X0AA
0T OCTbP MCXEMUYEH MO3bueH WHCYnT. M3BecTns Ha Cblo3a
Ha yueHute 1, 2015:28-34.

3. AnpoHoBa C., Kupunosa 1., Kanescka E., dumutpoBa LiB.,
Metkosa M., Apruposa B., Letkos LB., Tleopruesa B.
\HTpaBeHO3HA TPOMGOMM3a MPKU OCTbP WCXEMWUYEH WHCYNT
- MeT-rofuLIeH KNUHNYEeH onut. HeBpocoHoAoeus U MO3bYHA
xemoguHamuka 10, 2014:; 33-37.

4. HaumoHaneH KOHCEHCYC 3a NpoQUNaKTiKa,AnarHo3a, neyeHue
1 pexabunutaums Ha MO3bYHO CbAOBMTE 3a60NABaHMS,
lMpaseu, 2013.

5. TutaHoBa E., BenueBa W., AHmoHoBa C. Mo3sbueH uWHcynT
B bbnrapus: cbBpemeHHW npo6nemu. HeBpocoHonozus u
mo3sbyHa xemoguHamuka 11, 2015: 7-13.

6. TutaHoBa E., Benuea 1., CrameHoB b. Jleuenue Ha
OCTPUSI UCXEMWYEH WHCYNT ¢ TpomGonusa B bbnrapus.
HeBpocoHonoeus u mo3buHa xemoguHamuka 6, 2010: 9-15.

7. Adams HP, del Zoppo G; Alberts MJ. Guidelines for the early
management of adults with ischemic stroke: Aguideline from
the American Heart Association/American Stroke Association
Stroke Council, Clinical Cardiology Council, Cardiovascular
Radiology and Intervention Council, and the Atherosclerotic
Peripheral Vascular Disease and Quality of Care Outcomes
in Resaerch Interdisciplinary Working Groups.scientific
statement from the Stroke Council of the American Stroke
Association. Stroke 38, 2007: 1655-1711.

8. Andrew D. Barreto C. Intravenous Thrombolytics for Ischemic
Stroke. Neurotherapeutics 8, 2011: 388-399.

9. Asplund K, Hulter Asberg K, Appelros P, Bjarne D, Eriksson
M, Johansson A. The Riks-Stroke story: building a sustain-
able national register for quality assessment of stroke care.
Int J Stroke 6, 2011: 99-108.

10. Barber P, Zhang J, Demchuk A, Hill M, Buchan A. Why are
stroke patients excluded from TPA therapy?: an analysis of
patient eligibility. Neurology 56, 2001: 1015-1020.

11. Bambauer K.Z., S.C. Johnston, D.E. Bambauer, J.A. Zivin.
Reasons why few patients with acute stroke receive tissue
plasminogen activator. Arch Neurol 63, 2006: 661-664.

12. Bansal S, Kiranpal S, Sangha KS, Pooja Khatri P. Drug
Treatment of Acute Ischemic Stroke. Am J Cardiovasc Drugs
13, 2013: 1-13.

13. Brott T, Fieschi C, Hacke W. General therapy of acute isch-
emic stroke. Neurocritical Care. Heidelberg: Springer; 1994
553-577.

14. Ciccone A. Consent to thrombolysis in acute ischaemic
stroke: from trial to practice. Lancet Neurology 2, 2003:
375-378.

15. Dulli DA1, Stanko H, Levine RL. Atrial fibrillation is associ-
ated with severe acute ischemic stroke. Neuroepidemiology
22, 2003: 118-123.

16. Eissa A, Krass |, Bajorek B. Optimizing the management
of acute ischaemic stroke: a review of the utilization of
intravenous recombinant tissue plasminogen activator (tPA).
Journal of Clinical Pharmacy and Therapeutics 37, 2012:
620-629.

17. Eissa A, Krass |, Bajorek B. Barriers to the utilization of
thrombolysis for acute ischaemic stroke. Journal of Clinical
Pharmacy and Therapeutics 23, 2012: 211-221.

18. Eriksson M, Norrving B, Terént A, Stegmayr B. Functional
outcome 3 months after stroke predicts long-term survival.
Cerebrovasc Dis 25, 2008: 423-429.

19. European Stroke Organisation (ESO) Executive Committee;
ESO Writing Committee. Guidelines for management of
ischaemic stroke and transient ischaemic attack 2008.
Cerebrovasc Dis 25, 2008: 457-507.

20. Lip GY, Nieuwlaat R, Pisters R. Refining clinical risk stratifi-
cation for predicting stroke and thromboembolism in atrial
fibrillation using a novel risk factor-based approach: the
euro heart survey on atrial fibrillation. Chest 137, 2010:
263-272.

Address for correspondence:
Prof. S. Andonova, MD, PhD, DSc
Second Neurology Clinic
University Hospital “St Marina”

1 “Hristo Smirnenski” Str.

9010 Varna, Bulgaria

Phone: +359 52 978567

E-mail: drsilva@abv.bg

110 NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 13, 2017, No. 2



Regional Teaching Course of the EAN | 6-8 October, 2017
@

The Role of Arts in Enhancement of Stroke Recovery

Key words:

arts, brain, creativity,
music therapy,
neuroplasticity

V. Demarin

International Institute for Brain Health — Zagreb, Croatia

Stroke is a devastating illness with huge consequences to the quality of life, frequently
causing motor, cognitive and mood impairment.

Due to mechanism of neuroplasticity, brain is capable of making new connections,
activating new pathways and unmasking secondary roads. Music is a strong stimulus
for neuroplasticity, thus having possibility to enhance recovery after stroke. fMRI
studies have shown reorganization of motor and auditory cortex in professional
musicians and other studies showed the changes in neurotransmitter and hormone
serum levels in correlation to music. Results of numerous studies showed that listening
to music can improve cognition, motor skills and moods, enhancing recovery after
brain injury. In the field of visual art, brain lesion can lead to the visuospatial neglect,
loss of details and significant impairment of artistic work while the lesions affecting
the left hemisphere reveal new artistic dimensions, disinhibit the right hemisphere,
work is more spontaneous and emotional with the gain of artistic quality. All kinds
of arts (music, painting, dancing...) stimulate the brain. They should be part of the
treatment processes. Work of many artists is an excellent example for the interweaving

the neurology and arts.

Brain and art in health and disease

Art is a product of human creativity. It is a superior
skill that can be learned by study, practice and
observation. By means of art it is possible to
record or describe objects, events and moments,
but it is also possible to express feelings,
opinions and attitudes. The Swiss painter Paul
Klee said: “Art does not reproduce the visible;
rather it makes the invisible, visible.” Modern
neuroscience has the privilege to investigate
the processes of artistic performance in a
healthy brain by means of modern techniques
such as functional neuroimaging. Not so long
ago scientists could only speculate what brain
functions are involved in artistic processes by
observing neurological patients. In the process
of explaining the secret of creativity, a simplified
theory starts with the known fact of cerebral
hemisphere dominance; uncreative people have
marked hemispheric dominance and creative
people have less marked hemispheric dominance
[16, 28]. The right hemisphere is specialized,
among other functions, for metaphoric thinking,
for playfulness, solution finding and synthesizing.
It is the center of visualization, imagination and
conceptualization, but the left hemisphere is still
needed for artistic work to achieve balance by
partly suppressing creative states of the right
hemisphere and for the executive part of a
creative process. Numerous studies investigating
the brain function during the visual art activities

have shown a very specific functional organization
of brain areas. Different parts of visual cortex
were activated, depending on the type of picture
viewed (colors, objects, faces, position of objects
in space, motion or static pictures) [30]. Marked
hemispheric dominance and area specialization
is also very prominent for music perception. Both
brain hemispheres are needed for complete
music experience, while frontal cortex has a
significant role in rhythm and melody perception.
The centers for perceiving pitch and certain
aspects of melody and harmony and rhythm are
identified in the right hemisphere. Left hemisphere
is important for processing rapid changes in
frequency and intensity of tune. Several brain
imaging studies have reported activation of many
other cortical areas beside auditory cortex during
listening to music, which can explain the impact
of listening to music on emotions, cognitive and
motor processes [26, 13].

Where it comes from is crucial for some
product to become a piece of art: the creativity
arising from artist’s brain is necessary. But it is
also interesting to establish why a great number
of people find a particular piece of art, music,
dance or a poem beautiful. The saying “The
beauty is in the eye of the beholder” is known
from ancient times. Recently, T. Ishizu and S.
Zeki conducted a study the results of which have
revealed that a beauty experience is indeed in
the beholder, though not in the eye, but in the
brain [11]. As well as for the art experience, Zeki
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pointed out in his book “A Vision of the Brain”
that all human experience is mediated through
the brain and is not solely the product of the
outside world. He says “The more important the
experience, the more it can reveal about the
fundamental properties of the brain.” [29].

Brain and music

The connection between music and brain
functioning is not a modern idea. An ancient
Chinese book, | Ching: “The Book of Changes/
Wisdom”, that dates back to approximately 3000
years B.C. contains a saying: “Music has the
power to ease the tension within the heart and to
lessen and loosen obscure emotions.” In the 6™
century B.C. Pythagoras was analyzing pleasant
tunes and found that they represented particular
mathematical relations which he recognized as
harmony and he supported using this harmonic
music in an attempt to achieve harmony of bodily
functions. His followers prescribed specific tunes
and dances as a cure for mood disorders [15].

Using modern technology in science, as
was already pointed out, allows an almost direct
insight into the changes that music makes in
human brain. Music stimulates specific regions
of the brain and affects processes responsible
for memory, motor control, timing and language.
fMRI studies have shown reorganization of motor
and auditory cortex in professional musicians.
There are other studies that analyze the changes
in neurotransmitter and hormone serum levels in
correlation to music. Based on experience and
on results of numerous studies, it is easier to
understand that music is biologically and not just
aesthetically, a part of human life [4, 1].

Brain plasticity was mentioned for the first
time over one hundred years ago by William
James and Ramon y Cajal. “Every man can, if he
so desires, become a sculptor of his own brain.”
[12, 27]. After a long time, during the “Decade
of the brain” scientists’ interest in brain plasticity
rose again and a lot of experiments have shown
that brain is capable of making new connections,
activating new pathways and unmasking secondary
roads. Brain is understandably adaptable during
development, but neuroplasticity shows that an
adult brain is also adaptable, as a response to
new and persistent stimuli or to a lesion [15, 14].
Music is one of the most frequently investigated
stimuli for neuroplasticity and undeniably very
strong connection between them exists. A lot of
data speak in favor of the exposure of pregnant
women and neonates to music promoting the
development of the brain and the inner ear of
child. The exposure to musical training in early
life reorganizes the brain connections with

consequently improved coordination and other
motor skills [24]. Evidences of neuroplastic
capacity of adult brain were again provided by
music related studies that showed alteration
of the auditory cortex after attentive listening
to music for three hours a day for a longer
period, superior spatial tuning in conductors and
changes in motor cortical areas in adult musical
learners. It was also found in injured brain [14, 7].
The most prominent connection between music
and enhancement of performance or changing of
neuropsychological activity was shown by studies
involving Mozart’s music from which the theory
of The Mozart Effect was derived. The basis of
The Mozart Effect lies at the superorganization
of the cerebral cortex that may resonate with
the superior architecture of Mozart’'s music [9].
Other type of music, described as “brain music”
that uses frequency, amplitude and duration of
musical sound similar to Chopin music is able
to move the brain from an anxious to a more
relaxed state and has positive effect on insomnia
and fatigue (www.dhs.gov). The use of music as
a cure showed its success in depressive patients
after stroke. Sarkamo and colleagues conducted
a study involving after stroke patients with mood
disorders; one group selected for listening to
self-elected music one hour daily, one listening
to language on audio books and control group
without listening material. After two months in
the group of the music listeners a significantly
lower depression rate was registered, as well as
lower irritability, inertia and fewer confusion states
[22]. The rehabilitation of stroke patients can be
improved by incorporation of music listening in the
therapy; the studies show that music stimulation
increases blood flow in patients suffering from
acute ischemic stroke and therefore enhances the
post-stroke recovery [2]. Music is beneficial not
only if listened to, but also if created, especially
due to the lack of boundaries such as speech,
language, psychological state or motor skills. The
prospective study performed on hobby singers
has shown the changes of physiologic markers
of happiness during singing; the serotonin,
norepinephrine and B — endorphin levels were
significantly higher after than before singing and
stress hormone epinephrine was reduced by
singing [5]. Neuroplasticity of the brain is crucial
for rehabilitation of the patients after brain injury
and it can be prompted by activity, but also by
imaging of activity, due to activation of mirror
neuron system. In the experiment of Pascal-
Leone and co-workers one group of subjects
played the piano and the other one had to just
imagine that they were playing piano, with their
hands being still on the table. Transmagnetic
stimulation presented that the active part of the
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brain was becoming larger with practice and on
the fifth day in both groups the activation was
similar [17]. AfMRI study showed that watching of
dance movement stimulates activation of motor
and other brain areas of all after-stroke patients,
but in larger extent in patients with dancing
experience (ballet or capoeira dancers).

There is growing evidence that artistic training
improves attention and cognition. These insights
arise from numerous studies with both children
and adults participating and are based beyond
simplified understanding that improvement can be
expected just from periodical exposure to arts
[23]. The key point is again activity-dependent
neuroplasticity; the focused training in any of the
arts, music, dance or drama activates attention
networks that are a crucial part in learning and
memory process. The attention networks are
easier to activate with the type of arts that person
is really interested in. Music has a superior effect
on brain plasticity, active music training in children
for a longer period of time revealed significantly
better results on general measures of intelligence,
in reading fluency and in performance in the
geometry skills compared to results of children
that didn’t receive training [10, 18]. Practicing some
skill increases efficiency of attention networks
what besides pure cognitive improvement can
enhance the executive attention skills (emotion
control, empathy, impulse control...), necessary
for a successful learning process.

Music can be used as a background
during physical therapy in rehabilitation centers,
in hospitals as well as at home. More active
approach, with plying un instrument, singing
(especially for patients with speech disorders
such as aphasia) or more complex activity like
watching a video with dancing is even more
successful. Art therapy is a complex intervention
capable of addressing the diverse disabilities of
stroke survivors. Case studies and a few interview
studies show that stroke survivors improve use of
the affected limb or learn adaptational techniques
through participating in art therapy. Art therapy
facilitates focused attention, social interaction,
communication, and emotional expression. As
formal research evidence is rather limited, few
explicit guidelines emerge for achieving best
practice with stroke survivors. Mixed-method
research might provide the foundation for art
therapy to become a better recognized component
within stroke rehabilitation programs [20].

Brain and visual arts
When a person suffers a stroke, the symptoms

depend on the site of injury. If there is a right
hemisphere lesion, impairment of spatial
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tasks, left-sided visuospatial neglect, impaired
facial recognition and spatial organization and
perspective impairment are present. In painting
style compensatory changes develop with the
creation of the wider scenery of landscapes and
larger figural compositions [3]. The German painter
Anton Raderscheidt suffered the right hemisphere
stroke after which a substantial change in his
painting style was evident; noticeable was left
sided hemianopia and neglect, and previously
very realistically painted figures and persons
after stroke were usually deformed, intense
and in bright colors (www.raederscheidt.com).
Federico Fellini, an Italian film director, painter
and cartoonist suffered a stroke at the age of
73 in the right middle cerebral artery territory
with the severe left — sided motor and sensory
deficits, left inferior quadrantopia, but without
anosognosia, prosopagnosia or cognitive deficits.
These deficits manifested on his sketches after
stroke with the neglect of the left side of drawing
area, but after two months the good recovery
or compensation of vision was apparent in new
drawings with equal amount of details on both
sides of the area [6, 8].

In a left hemisphere stroke patient aphasia,
right-sided hemiparesis and loss of executive
functions are present. After starting to use
nondominant hand, artistic work of many artists
becomes disinhibited, more impressionist or more
intense and expressive. Katherine Sherwood, an
American painter suffered a severe dominant
hemisphere stroke at the age of 44. From then she
paints with her left hand and these new paintings
differ significantly from pre-stroke work, she
herself claims that her early work was constricted,
tripped up by conscious intent and recent work
unburdened, flows freely from her subconscious,
uninhibited by consciousness. She even achieved
rather more acclaim and financial success after
the stroke [25, 19]. After a left hemisphere stroke
the Swedish painter and sculptor Carl Fredrik
Reutersward also experienced a more disinhibited
work, manifested by using of brighter colors and
“softer” shapes. So, the effect of stroke on artistic
performance depends on the site of the lesion;
the right hemisphere lesion leads to the left sided
visuospatial neglect, loss of details and significant
impairment of artistic work while the left hemisphere
lesions reveal new artistic dimensions, disinhibit
the right hemisphere, work is more spontaneous
and emotional with the gain of artistic quality.

Sometimes brain and neurological illnesses
themselves can be an inspiration for artwork. In
his book “Brainy Drawings” the Croatian artist lvan
Sari¢ raises awareness of the brain complexity,
neurological conditions and importance of
prevention and the right treatment of brain
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disorders through numerous witty yet engaged
sketches of the brain.

Conclusion

In the field of visual art it is obvious and
encouraging that a disease is not an inevitably
debilitating condition. On one side, an illness
can seriously restrain living activities, but on the
other, the creative side gives new opportunities
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Intracerebral hemorrhage is the most devastating subtype of stroke. It affects
approximately 2 million patients worldwide every year and is a major cause of
morbidity and mortality. After decades of research there is still no specific evidence
based treatment strategy for this disease. However, research has contributed to a
better understanding of the pathophysiology of intracerebral hemorrhage, and has

facilitated the development of different treatment approaches addressing different
pathophysiological mechanisms. The present article reviews some of the latest
research investigating treatment strategies for ICH and IVH and comments on the
practical relevance of those data, including topics as blood pressure management,
hemostasis, surgery, hypothermia, intraventricular fibrinolysis and lumbar drainage.

Introduction

Spontaneous intracerebral hemorrhage (ICH)
accounts for 10-15% of all strokes [47, 30]. With an
annual incidence of 10-30 per 100 000 population
ICH affects approximately 2 million patients
worldwide every year [45]. While incidence of ICH
is comparable between white, black and Hispanic
people, it is about two times higher in eastern
and south-eastern Asians [61]. Older people are
at higher risk to suffer ICH. With every additional
age decade, incidence of ICH increases almost
twice. It comprises only 1.9 per 100 000 person-
years for people younger than 45, 36.5 for 55-
64 year-olds and 196 per 100 000 person-years
for people older than 85 [61]. Considering the
trends of current demographic development and
the increasingly ageing population in the western
world, ICH is expected to gain further importance
as a public health problem in the future [33].

Up to 70-90% of ICH are caused by rupture
of small vessels chronically damaged by
hypertension. Typically, such primary hypertensive
ICH are located in the basal ganglia (28-42%)
and the thalamus (10-26%) [6, 57]. Lobar ICH,
as well as cerebellar and brainstem ICH are less
frequent [57]. Secondary ICH are associated
with vascular malformations, aneurysms, tumors,
secondary hemorrhagic  transformation  of
ischemic areas, amyloid angiopathy (especially
in older patients), drug abuse, or disturbances
of coagulation, including patients treated with
oral anticoagulants (up to 20% of all ICH) [13,
57]. According to their variable etiology, such
bleedings are often atypically located.

Prognosis of ICH is worse as compared to
ischemic stroke, including a higher mortality

reaching approximately 40% within the first 30
days after the bleeding, and a higher morbidity
[61]. Only approximately 20% of ICH patients
are functionally independent at 6 months [49]. A
recent analysis of the Global Burden of Disease
Study focusing on the neurological field confirmed
the important role of so called “hemorrhagic
strokes” (a term including ICH and SAH) as the
cause of the highest mortality and morbidity
as compared to all other diseases from the
neurological spectrum [8]. Looking at Disability-
Adjusted Life-Years (DALY), hemorrhagic strokes
are the number one DALY cause (35.7% of DALY
caused by any neurological diseases), followed
by ischemic stroke with 22.4%, migraine (12.7%),
epilepsy (9.9%), dementia (6.4%). Diseases like
Parkinson’s disease (1.1%) or multiple sclerosis
(0.6%) cause a comparatively low burden of
DALY. For better understanding a DALY can be
described as the loss of one healthy year of
one’s life.

Clinical studies have identified multiple factors
associated with higher mortality and worse
outcome in ICH. Older age and lower Glasgow
coma scale (GCS) score at presentation have
been almost uniformly reported as independent
negative prognostic predictors [5, 9, 32, 58].
Other important factors independently associated
with unfavorable outcome are ICH volume
[5], hematoma growth [10], intraventricular
hemorrhage (IVH) [4, 55, 59], hydrocephalus [4,
11], and perihemorrhagic edema [53]. While age
and GCS represent more or less all-encompassing
surrogate parameters accounting for comorbidity
and stroke severity in general, the identification
of specific ICH related prognostic predictors has
contributed to a better understanding of the role
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and importance of different pathophysiological
mechanisms in ICH and has led to the
development of specific treatment strategies.
Despite of this increasing knowledge, research
has not yet brought up a specific treatment for
ICH patients proven in a large phase lll clinical trial
and suitable for recommendation for the clinical
routine. Most of the current recommendations
and guidelines (e.g. AHA/ASA, ESO) [21, 54] are
based on lower-level evidence or expert opinions.
The present review will focus on some treatment
strategies including blood pressure management,
hemostasis management and treatment of OAC-
associated hemorrhages, surgery, treatment of
brain edema, and fibrinolysis for IVH and lumbar
drainage for communicating hydrocephalus after
intraventricular hemorrhage (IVH).

Blood pressure management

It is well documented in literature that hypertensive
blood pressure levels in the early phase of ICH
are associated with more ICH growth and worse
clinical outcomes. Based on this background,
blood pressure control appears to be an attractive
therapeutic option that does not require special
expertise and is therefore widely available.
Guidelines on the management of blood pressure
in ICH patients have been very conservative in
their target recommendations, which until very
few years ago ranged about systolic values of
160-180 mmHg. Very aggressive blood pressure
management in ICH may indeed be a double-
edged sword, because those patients usually
have a vascular risk profile and consecutively
increased risk for ischemic strokes. Meanwhile,
however, it is well established that autoregulation is
preserved in the perihemorrhagic tissue, although
blood flow in those areas is reduced, and lower
blood pressure levels can be tolerated without
danger of ischemia in the perihemorrhagic zone.

The phase Il INTERACT trial that has been
published several years ago (Anderson et al.,
2008) could demonstrate in totally 404 ICH patients
that blood pressure reduction to target levels of
140mmHg is safe. There was even a trend towards
less hemorrhage growth in the treatment arm.
Expected with interest, the phase Il INTERACT
2 trial was recently published [3]. This was a
multicenter, randomized, controlled trial in 2839
patients with spontaneous ICH and high blood
pressure (150 mmHg systolic BP) within 6 hours
after symptom onset. The study compared two
different blood pressure management regimens.
In the intensive blood pressure reduction
group the target systolic blood pressure was
<140 mmHg within 1 hour after randomization.
The control group was treated according to the

guideline recommendations at the time when
the study was conducted (target systolic blood
pressure <180 mmHg). The primary endpoint
of the trial compared the proportion of patients
that were dead or severely disabled (MRS 3-6)
90 days after the bleeding event. This was the
case in 52% of the patients treated with intensive
blood pressure lowering, as compared to 55.6%
in the control group (p=0.06). Although this is a
strong trend in favor of the intensive regimen,
this result was not statistically significant. Another
predefined analysis, the ordinal analysis of the
distribution of scores on the mRS scale, showed
a marginally significant benefit of intensive blood
pressure lowering. Contrary to the results of the
phase Il study, INTERACT 2 did not demonstrate
statistically significant differences in hemorrhage
growth between the two groups. A very
important aspect of this trial was the repeated
demonstration of safety of the intensive blood
pressure management regimen. None of the
safety endpoints showed statistically significant
differences between the two groups, especially
considering ischemic strokes. In summary,
INTERACT 2 showed that intensive blood pressure
lowering to target systolic levels of 140mmHg does
not increase adverse events and shows a strong
trend towards improvement of clinical outcome
in patients with spontaneous ICH. Meanwhile,
many sub-analyses of INTERACT 2 have been
published. One of them addresses the influence
of blood pressure variability on clinical outcome.
The study demonstrated that high blood pressure
peaks, as well as higher blood pressure variability
was associated with worse outcome. This could
mean that the positive effect of blood pressure
lowering may be further enhanced with a strict
blood pressure control and avoidance of high
variability in the acute phase [36]. The results
of INTERACT 2 led to changes in the ESO and
AHA/ASA recommendations for systolic blood
pressure management of ICH to <140 mmHg
[21, 54]. A shortly published retrospective analysis
from Germany that deals with oral anticoagulant
associated hemorrhage also showed a possible
negative effect of high blood pressure values
on mortality and outcome within the first hours
after ICH [29]. Therefore, the recommendations
for intensive blood pressure management seem
justified for this group of patients while there is
no better quality data. INTERACT was performed
by an Australian team and recruited patients
mainly in China. Therefore, the US American
ATACH I trial [46], which was performed in the
USA and included 1,000 patients, was eagerly
expected in order to achieve certainty about
the generalizability of the INTERACT results.
ATACH Il used a very similar protocol in terms
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of target blood pressure values, however, while
INTERACT used a pragmatic approach allowing
different antihypertensives, ATACH allowed only
i.v. nicardipine. Another important difference
between INTERACT and ATACH is that in ATACH
Il, although the blood pressure targets were
defined similarly as in INTERACT, the actual
achieved levels in the control group were similar
to the intensive management arm in INTERACT,
whereas the intensive arm in ATACH was at mean
levels of 120 mmHg systolic blood pressure. This
comparison between ‘“intensive” (as achieved
in INTERACT) and “very intensive” blood
pressure lowering did not result in a statistically
significant difference in clinical outcome, even
a trend was not observed. There were, however,
significantly more severe adverse events in the
treatment arm. After ATACH 1l was published in
2016, most experts did not see a necessity to
change the current recommendations for the
clinical routine again based on this trial. ATACH,
however, opened more space for discussion on
blood pressure lowering in ICH, especially with
respect to possible harms beyond a “sweet spot”
of a safe target value. Those discussions are
reinforced by recent findings of MRI in patients
with ICH. A retrospective study by Prabhakaran
and colleagues [44] described distant small
ischemic lesions (areas of restricted diffusion on
DWI imaging) and found a correlation between
those lesions, extensive blood pressure reduction,
and worse clinical outcome. Those findings were
recently confirmed in a larger prospective cohort
from the ERICH study [25], demonstrating that
roughly a quarter of all spontaneous ICH patients
show such lesions on MRI. Summarizing those
trials, 140 mmHg seems to remain a safe target
for blood pressure management in acute ICH
and avoiding strong variability of blood pressure
seems also to be very important in such patients.
Future studies should include MRI imaging in
order to estimate the role of DWI lesions and
their association with blood pressure lowering.

Hemostasis

The rationale of hemostasis in the acute phase
of ICH lies in the optimization of clotting and a
possible avoidance of early hematoma growth.
Recombinant activated factor VII (rfVlla) was
originally developed for treatment of hemophilia
related bleeding conditions [20]. RfVlla promotes
hemostasis at sites of vascular disruption thereby
limiting hematoma growth after ICH. This effect
has been demonstrated in a randomized placebo
controlled phase 2b clinical study [37]. Doses of
80 and 160 pg/kg administered within 4 hours
of the initial bleeding event could significantly
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reduce hematoma growth, as compared to
placebo. This was the primary outcome measure
chosen for that trial. The study was even able to
show a significant benefit in terms of mortality and
functional outcome associated with use of rfVila,
despite a 5% increase in arterial thromboembolic
events [37]. Therefore, the result of the phase Il
clinical trial (FAST) was disappointing, for it could
not find a significant difference in the primary
outcome measure death or severe disability,
despite of confirming the effect of hemorrhage
growth reduction and the safety profile of
rfVlla considering thromboembolic events [38].
A second look at the data from the FAST trial
however raises hope that a selected subset of
patients may anyway benefit from rfVlla treatment.
A post-hoc analysis, from which patients known
to be at high risk for poor outcome at baseline
were excluded (ICH >60 ml, IVH >5 ml, age
>70 years, treatment later than 2.5 hours), could
show a strong trend towards improved outcome
and a twofold reduction in hematoma growth in
the selected collective treated with rfVlla [39]. On
that basis the routine use of rfVlla for treatment
of ICH cannot be recommended. Currently,
several ongoing clinical trials investigate the use
of hemostasis in spontaneous ICH using other
agents, e.g. tranexamic acid.

While not indicated for spontaneous ICH,
hemostasis with fresh frozen plasma (FFP) or
prothrombin complex concentrate (PCC) is the
first line treatment strongly recommended for
oral anticoagulant associated ICH [21]. A small
European randomized controlled trial (INCH
trial) [56] published after the above-mentioned
guideline, showed a clear advantage of PCC
over FFP in patients with vitamin K antagonist
associated ICH. A recent large retrospective
analysis from Germany (RETRACE) has shown
that fast treatment of such patients with INR
normalization <1.3 together with a well-controlled
blood pressure is essential for reduction of
hematoma growth and prognosis [29]. As far as
data are available for ICH associated with the
new class of direct oral anticoagulants (NOAC),
those bleedings seem to have a quite similar
course and prognosis as vitamin K antagonist
associated ICH. Therefore, experts concordantly
recommend antagonization with either specific
antagonists as idarucizumab for dabigatran, or
PCC for the other NOACs [14, 43].

Surgery

From the pathophysiological point of view, early
surgical removal of intracerebral hemorrhage
seems justified for several reasons. On one
hand, it could reduce the space occupying effect
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of the hematoma and relieve the pressure on
surrounding brain tissue. On the other hand
it could prevent extensive release of blood
breakdown products into the surroundings of the
hematoma thereby preventing secondary damage
to initially non-affected tissue.

The largest recent randomized controlled trial
comparing early surgery versus initial conservative
treatment in ICH (Surgical Trial in IntraCerebral
Hemorrhage — STICH) included over 1000 patients
and failed to demonstrate any benefit from the
early surgical approach [40]. Considering the
strong pathophysiological background of clot
removal this result was rather disappointing.
Although the STICH trial provides the best data
available on surgical treatment of ICH up to date,
some major methodological issues have been
subject of criticism: the so called “uncertainty
principle” of patient enrolment, according to which
patients were considered for randomization only
if the treating neurosurgeon was uncertain about
the benefit of surgical treatment — a question, the
study actually intended to answer. Furthermore,
the study protocol allowed patients allocated
to the “Initially Conservative Treatment” arm to
receive delayed surgery after suffering secondary
deterioration. This was the case in one fourth of
those patients. Nevertheless, subgroup analyses
have shown that patients with lobar hematomas
located near (< 1 cm) the cortical surface tend
to benefit from early surgery. On that basis
the STICH 1l trial was conducted in order to
compare surgical with initial medical treatment
in this subgroup of patients. Unfortunately, some
major methodological issues as the “uncertainty
principle”, were kept in this trial, which was
recently published [41]. STICH Il included
patients with superficially located lobar ICH
with a volume between 10-100 ml and symptom
onset within 48 hours before randomization.
Patients with IVH were excluded. Early hematoma
removal within 12 hours after randomization was
compared with initially conservative management.
The primary endpoint of this trial was the clinical
outcome (Glasgow Outcome Scale Extended —
GOSE) 6 months after the event, evaluated by
using a prognosis-based method in order to
consider important strong prognostic predictors
as age, GCS and initial ICH volume. Mortality
was analyzed as a secondary endpoint. Of totally
601 included patients, 307 were randomized
into the early surgery group. As in STICH, the
percent of patients from the control group that
were later subjected to surgery, most often due
to secondary deterioration, was relatively high (62
of 294, 21%). Craniotomy was the most frequently
used surgical method (in 98% of patients). STICH
Il also did not bring up a significant result. The

primary endpoint did not differ between the two
groups (p=0.37), in terms of mortality there
was a non-significant trend in favor of the early
surgery (5.6% absolute risk reduction, p=0.095).
A subgroup analysis was not conclusive. Only
patients with a worse prognostic estimation
based on the criteria defined by the authors
seemed to benefit from surgical treatment. As the
study was planned to detect a difference of 12%,
the statistical power was not sufficient in order
to show a significant result at the level of the
detected trends. Mendelow & al. presented within
the publication of STICH Il an updated meta-
analysis of randomized controlled trials on surgery
in ICH. In this meta-analysis the authors included
totally 15 studies of different size and quality
published between 1961 and 2013. Most of the
patients for this meta-analysis were contributed
by both STICH ftrials. In summary, a significant
benefit was found in favor of surgical treatment
with an OR of 0.74 (95% CI 0.64-0.86, p<0.0001)
for bad outcome, however heterogeneity was
also significant for the included trials. The sub-
analysis of individual data for patients with
lobar hemorrhage without IVH showed a trend
towards benefit from surgery, however it was not
statistically significant (OR 0.78; 95% CI 0.59-1.02,
p=0.07). In summary, we can conclude that the
results of STICH and STICH Il were disappointing
and it cannot be excluded that a potential
treatment option for ICH possibly could not be
sufficiently investigated due to weaknesses in trial
design. Although the meta-analysis by Mendelow
et al. shows beneficial trends for surgery, the
quality of the presented data does not allow a
straightforward recommendation for the clinical
routine. Therefore, surgery still remains an option
for ICH patients, based only on an individual
decision.

Open craniotomy may be associated
with damage due to the large access to the
hematoma and thereby cause additional harm,
which may weigh out the benefit of hematoma
removal. Considering this background, minimally
invasive surgical techniques (MIS) for ICH
appear an attractive alternative. In recent years
several, mostly small clinical trials investigating
stereotactic or endoscopic MIS have been
published [7, 15, 19, 28, 31, 63]. Those data are
mostly very optimistic, but only provide the basis
for further research and do not justify practical
recommendations. Another interesting approach
is the combination of minimally invasive insertion
of a parenchymal catheter into the intracerebral
clot with following thrombolysis with small doses
of rtPA and hematoma drainage [16]. This
treatment is being investigated in the MISTIE
study program. The phase Il study from this
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program was recently published [18] and showed
optimistic results considering safety issues. There
was also a trend towards improvement of clinical
outcome. The phase Ill MISTIE trial started in
December 2014 and has already recruited a very
large proportion of the planned sample size of
500 patients. The results of this trial are eagerly
expected and will probably be made available in
2018.

Edema treatment

Osmotherapy

The use of osmotic agents for treatment of
cerebral edema is based on the assumption that
osmotically active substances could facilitate
the transfer of water from the interstitium into
the bloodstream thereby reducing the space-
occupying effect of perihemorrhagic edema.
Osmotic agents routinely used in neurocritical
care include mannitol, glycerol, and hypertonic
saline. To date there are no high quality data in
support of those treatment options in patients
with ICH. A smaller clinical study showed that
continuous hypertonic saline may reduce edema
and improve outcome in patients with ICH treated
in neurological ICU [62]. A post-hoc analysis of
the INTERACT 2 trial showed no convincing
effects of mannitol on the clinical course after
ICH [64].

Hypothermia

Hypothermia has been subject of research in
experimental ICH models in the recent past and
several rodent studies have reported reduction
in inflammation, oxidative damage, blood brain
barrier disruption and perihemorrhagic edema
using prolonged therapeutic hypothermia [12, 24,
35]. The clinical application of mild therapeutic
hypothermia (35°C for up to 10 days) in patients
with large ICH has been investigated by one
research group from Erlangen, Germany [27,
52]. The authors of those studies describe a
marked reduction of perihemorrhagic edema
evolution and a lower mortality in treated patients
as compared to historical controls. Hypothermia
in ICH is currently being further investigated in
ongoing trials [26].

Specific treatment
of intraventricular hemorrhage

Intraventricular fibrinolysis

Additional IVH is a frequent complication of ICH
affecting up to 50% of ICH patients. The presence
of IVH alone is a strong negative prognostic
predictor. If, however, the third and/or fourth
ventricles are affected by the ventricular clot, IVH
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can cause the life-threatening complication of
acute obstructive hydrocephalus. In this case, the
placement of an external ventricular drain (EVD)
is necessary. EVD alone is often not sufficient,
because especially in more severely affected
patients the catheter is frequently obstructed by
blood clots [1]. Although it seems paradoxical at
first glance to treat a hemorrhage with fibrinolytics,
the concept of intraventricular fibrinolysis (IVF) has
been tested in the experimental setting since the
1980s and first successful treatments in clinical
cases have been reported in the early 1990s [48].
The rationale of this treatment consists in the
degradation of the ventricular clot by injection
of low dosed fibrinolytic substances (e.g. rtPA or
urokinase) into the EVD at a time point, where
the bleeding has already stopped and the clot is
consolidated. This way the functionality of the drain
can be kept and the degradation and drainage
of the intraventricular clot can be fastened. Low
quality data from small, mostly nonrandomized
clinical trials on IVF in patients with IVH that have
accumulated over the past few decades show
trends of reduction of mortality and improvement
of clinical outcome, as compared to EVD alone
or conservative treatment (no EVD) [48]. A large
phase lll randomized, blinded, placebo-controlled
clinical trial (CLEAR 1ll) investigated the efficacy of
IVF in 500 patients with IVH and acute obstructive
hydrocephalus [17]. The study finished recruiting
patients in 2014 and was recently published. The
primary outcome of the trial, namely the difference
in the proportion of patients with good functional
outcome (MRS 0-3) 180 days after the event,
showed no statistically significant difference
between intraventricular rtPA and placebo. There
was, however, a significant reduction in mortality
(absolute risk reduction of 10%, p=0.006) in favor
of the rtPA group. In a subgroup analysis patients
with more severe IVH (>20 ml) from which
>80% was removed, significantly benefited from
IVF with rtPA. Although the primary endpoint of
CLEAR lll was not conclusive and IVF cannot be
generally recommended for patients with IVH and
obstructive hydrocephalus based on that trial, the
reduction in mortality and the possible benefit of
severely affected patients could support individual
treatment decisions in the clinical routine.

Lumbar drainage

A large proportion of patients develop
communicating hydrocephalus after IVH, and up
to 30-60% of them require shunt surgery, because
of unsuccessful weaning off the EVD [22, 60].
Even in the setting of IVF there is frequently a
prolonged need for external CSF drainage, after
obstructive hydrocephalus has been treated and
communication between the ventricles and the
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subarachnoid space has been restored [50].
Longer EVD duration is however associated with
an exponentially increasing risk of ventriculitis
[34]. Therefore, in patients with communicating
hydrocephalus after IVH, Ilumbar drainage
(LD) may represent a less invasive and simple
alternative for extracorporeal CSF drainage with
a lower complication profile, as compared to EVD
[22, 28, 50]. The capability of LD to replace EVD in
communicating posthemorrhagic hydrocephalus
has been demonstrated in several small studies
[22, 23, 50]. The success of the procedure has led
to a substantial reduction of the EVD exchange
rate in those patients. Lumbar drainage, especially
applied early after IVF, may also reduce the

REFERENCES

incidence of permanent hydrocephalus and
ventriculo-peritoneal shunts in patients with ICH
and severe IVH, as shown in a prospective case
series and confirmed in a randomized controlled
trial [50, 51]. This effect is possibly explained by
the rapid clot resolution using IVF, but also by
early washout of blood and blood breakdown
products from the site of CSF resorption via LD,
namely the subarachnoid space. Considering the
high malfunction, complication and revision rates
of ventriculo-peritoneal shunts [42], prevention of
their usage is certainly a benefit for those patients.
The available data are however not sufficient to
estimate the possible impact of the combination
of IVF and early LD on functional outcome.

1. Adams RE, Diringer MN. Response to external ventricular
drainage in spontaneous intracerebral hemorrhage with
hydrocephalus. Neurology 50, 1998:519-523.

2. Anderson CS, Chalmers J, Stapf C. Blood-pressure lower-
ing in acute intracerebral hemorrhage. N Engl J Med 369,
2013:1274-1275.

3. Anderson CS, Huang Y, Wang JG, Arima H, Neal B, Peng
B, Heeley E, Skulina C, Parsons MW, Kim JS, Tao QL, Li
YC, Jiang JD, Tai LW, Zhang JL, Xu E, Cheng Y, Heritier
S, Morgenstern LB, Chalmers J. Intensive blood pressure
reduction in acute cerebral haemorrhage trial (INTERACT): a
randomised pilot trial. Lancet Neurol 7, 2008:391-399.

4. Bhattathiri PS, Gregson B, Prasad KS & Mendelow AD.
Intraventricular hemorrhage and hydrocephalus after sponta-
neous intracerebral hemorrhage: results from the STICH trial.
Acta Neurochir Suppl 96, 2006:65-68.

5. Broderick JP, Brott TG, Duldner JE, Tomsick T, Huster G.
Volume of intracerebral hemorrhage. A powerful and easy-to-
use predictor of 30-day mortality. Stroke 24, 1993:987-993.

6. Brott T, Thalinger K, Hertzberg V. Hypertension as a risk
factor for spontaneous intracerebral hemorrhage. Stroke 17,
1986:1078-1083.

7. Chen X, Chen W, Ma A, Wu X, Zheng J, Yu X, Wang YX, Wang
D. Frameless stereotactic aspiration and subsequent fibrino-
Iytic therapy for the treatment of spontaneous intracerebral
haemorrhage. Br J Neurosurg 25, 2011:369-375.

8. Chin JH, Vora N. The global burden of neurologic diseases.
Neurology 83, 2014:349-351.

9. Daverat P, Castel JP, Dartigues JF, Orgogozo JM. Death and
functional outcome after spontaneous intracerebral hemor-
rhage. A prospective study of 166 cases using multivariate
analysis. Stroke 22, 1991:1-6.

10. Davis SM, Broderick J, Hennerici M, Brun NC, Diringer MN,
Mayer SA, Begtrup K, Steiner T. Hematoma growth is a
determinant of mortality and poor outcome after intracere-
bral hemorrhage. Neurology 66, 2006:1175-1181.

11. Diringer MN, Edwards DF, Zazulia AR. Hydrocephalus: a previ-
ously unrecognized predictor of poor outcome from supraten-
torial intracerebral hemorrhage. Stroke 29, 1998:1352-1357.

12. Fingas M, Clark DL, Colbourne F. The effects of selective
brain hypothermia on intracerebral hemorrhage in rats. Exp
Neurol 208, 2007:277-284.

13. Flaherty ML. Anticoagulant-associated intracerebral hemor-
rhage. Semin Neurol 30, 2010:565-572.

14. Frontera JA, Lewin JJ, 3", Rabinstein AA, Aisiku IP, Alexandrov
AW, Cook AM, del Zoppo GJ, Kumar MA, Peerschke El,
Stiefel MF, Teitelbaum JS, Wartenberg KE, Zerfoss CL.
Guideline for Reversal of Antithrombotics in Intracranial
Hemorrhage: A Statement for Healthcare Professionals from

the Neurocritical Care Society and Society of Critical Care
Medicine. Neurocrit Care 24, 2016:6-46.

15. Gaab MR. Intracerebral hemorrhage (ICH) and intraven-
tricular hemorrhage (IVH): improvement of bad prognosis
by minimally invasive neurosurgery. World Neurosurg 75,
2011:206-208.

16. Hanley DF. MISTIE Il Trial: 365-day Results Demonstrate
Improved Outcomes and Cost Benefit International Stroke
Conference, Honolulu, Hawaii, USA, 2013.

17. Hanley DF, Lane K, McBee N, Ziai W, Tuhrim S, Lees KR,
Dawson J, Gandhi D, Ullman N, Mould WA, Mayo SW,
Mendelow AD, Gregson B, Butcher K, Vespa P, Wright
DW, Kase CS, Carhuapoma JR, Keyl PM, Diener-West M,
Muschelli J, Betz JF, Thompson CB, Sugar EA, Yenokyan G,
Janis S, John S, Harnof S, Lopez GA, Aldrich EF, Harrigan
MR, Ansari S, Jallo J, Caron JL, LeDoux D, Adeoye O,
Zuccarello M, Adams HP Jr, Rosenblum M, Thompson RE,
Awad IA. Thrombolytic removal of intraventricular haemor-
rhage in treatment of severe stroke: results of the ran-
domised, multicentre, multiregion, placebo-controlled CLEAR
Il trial. Lancet 389, 2017:603-611.

18. Hanley DF, Thompson RE, Muschelli J, Rosenblum M, McBee
N, Lane K, Bistran-Hall AJ, Mayo SW, Keyl P, Gandhi D,
Morgan TC, Ullman N, Mould WA, Carhuapoma JR, Kase
C, Ziai W, Thompson CB, Yenokyan G, Huang E, Broaddus
WC, Graham RS, Aldrich EF, Dodd R, Wijman C, Caron JL,
Huang J, Camarata P, Mendelow AD, Gregson B, Janis S,
Vespa P, Martin N, Awad |, Zuccarello M. Safety and efficacy
of minimally invasive surgery plus alteplase in intracerebral
haemorrhage evacuation (MISTIE): a randomised, controlled,
open-label, phase 2 trial. Lancet Neurol 15, 2016:1228-1237.

19. Hattori N, Katayama Y, Maya Y, Gatherer A. Impact of ste-
reotactic hematoma evacuation on activities of daily living
during the chronic period following spontaneous putam-
inal hemorrhage: a randomized study. J Neurosurg 101,
2004:417-420.

20. Hedner U, Erhardtsen E. Potential role for rfFVlla in transfu-
sion medicine. Transfusion 42, 2002:114-124.

21. Hemphill JC 3, Greenberg SM, Anderson CS, Becker K,
Bendok BR, Cushman M, Fung GL, Goldstein JN, Macdonald
RL, Mitchell PH, Scott PA, Selim MH, Woo D. Guidelines for
the Management of Spontaneous Intracerebral Hemorrhage:
A Guideline for Healthcare Professionals From the American
Heart Association/American Stroke Association. Stroke 46,
2015:2032-2060.

22. Huttner HB, Nagel S, Tognoni E, Kohrmann M, Juttler E,
Orakcioglu B, Schellinger PD, Schwab S, Bardutzky J.
Intracerebral hemorrhage with severe ventricular involve-
ment: lumbar drainage for communicating hydrocephalus.

120 NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 13, 2017, No. 2



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Stroke 38, 2007:183-187.

Huttner HB, Schwab S, Bardutzky J. Lumbar drainage for
communicating hydrocephalus after ICH with ventricular
hemorrhage. Neurocrit Care 5, 2006:193-196.

Kawanishi M, Kawai N, Nakamura T, Luo C, Tamiya T, Nagao
S. Effect of delayed mild brain hypothermia on edema
formation after intracerebral hemorrhage in rats. J Stroke
Cerebrovasc Dis 17, 2008:87-195.

Kidwell CS, Rosand J, Norato G, Dixon S, Worrall BB, James
ML, Elkind MS, Flaherty ML, Osborne J, Vashkevich A,
Langefeld CD, Moomaw CJ, Woo D. Ischemic lesions, blood
pressure dysregulation, and poor outcomes in intracerebral
hemorrhage. Neurology 88, 2017:782-788.

Kollmar R, Juettler E, Huttner HB, Dorfler A, Staykov D,
Kallmuenzer B, Schmutzhard E, Schwab S, Broessner G.
Cooling in intracerebral hemorrhage (CINCH) trial: protocol
of a randomized German-Austrian clinical trial. Int J Stroke
7, 2012:168-172.

Kollmar R, Staykov D, Dorfler A, Schellinger PD, Schwab S,
Bardutzky J. Hypothermia reduces perihemorrhagic edema
after intracerebral hemorrhage. Stroke 41, 2010:1684-1689.
Kuo LT, Chen CM, Li CH, Tsai JC, Chiu HC, Liu LC, Tu YK,
Huang AP. Early endoscope-assisted hematoma evacuation
in patients with supratentorial intracerebral hemorrhage:
case selection, surgical technique, and long-term results.
Neurosurg Focus 30, 2011:E9.

Kuramatsu JB, Gerner ST, Schellinger PD, Glahn J, Endres M,
Sobesky J, Flechsenhar J, Neugebauer H, Juttler E, Grau A,
Palm F, Rother J, Michels P, Hamann GF, Huwel J, Hagemann
G, Barber B, Terborg C, Trostdorf F, Bazner H, Roth A, Wohrle
J, Keller M, Schwarz M, Reimann G, Volkmann J, Mullges
W, Kraft P, Classen J, Hobohm C, Horn M, Milewski A,
Reichmann H, Schneider H, Schimmel E, Fink GR, Dohmen
C, Stetefeld H, Witte O, Gunther A, Neumann-Haefelin T, Racs
AE, Nueckel M, Erbguth F, Kloska SP, Dorfler A, Kohrmann
M, Schwab S, Huttner HB. Anticoagulant reversal, blood
pressure levels, and anticoagulant resumption in patients
with anticoagulation-related intracerebral hemorrhage. JAMA
313, 2015:824-836.

Labovitz DL, Halim A, Boden-Albala B, Hauser WA, Sacco RL.
The incidence of deep and lobar intracerebral hemorrhage
in whites, blacks, and Hispanics. Neurology 65, 2005:518-
522.

Lin HL, Lo YC, Liu YF, Cho DY. Endoscopic evacuation of
hypertensive putaminal hemorrhage guided by the 3D recon-
structed CT scan: a preliminary report. Clin Neurol Neurosurg
112, 2010:892-896.

Lisk DR, Pasteur W, Rhoades H, Putnam RD, Grotta, JC.
Early presentation of hemispheric intracerebral hemorrhage:
prediction of outcome and guidelines for treatment alloca-
tion. Neurology 44, 1994:133-139.

Lovelock GE, Molyneux AJ, Rothwell PM. Change in incidence
and aetiology of intracerebral haemorrhage in Oxfordshire,
UK, between 1981 and 2006: a population-based study.
Lancet Neurol 6, 2007:487-493.

Lozier AP, Sciacca RR, Romagnoli MF, Connolly ES Jr.
Ventriculostomy-related infections: a critical review of the
literature. Neurosurgery 51, 2002:170-181; discussion 181-
172.

MacLellan CL, Davies LM, Fingas MS, Colbourne F. The
influence of hypothermia on outcome after intracerebral
hemorrhage in rats. Stroke 37, 2006:1266-1270.

Manning L, Hirakawa Y, Arima H, Wang X, Chalmers J, Wang
J, Lindley R, Heeley E, Delcourt C, Neal B, Lavados P, Davis
SM, Tzourio G, Huang Y, Stapf G, Woodward M, Rothwell PM,
Robinson TG, Anderson CS. Blood pressure variability and
outcome after acute intracerebral haemorrhage: a post-hoc
analysis of INTERACT2, a randomised controlled trial. Lancet
Neurol, 2014.

Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer
MN, Skolnick BE, Steiner T. Recombinant activated factor
VII for acute intracerebral hemorrhage. N Engl J Med 352,
2005:777-785.

38.

39.

40.

41.

42.

43.

44,

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

Regional Teaching Course of the EAN | 6-8 October, 2017

Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer
MN, Skolnick BE, Steiner T. Efficacy and safety of recombi-
nant activated factor VIl for acute intracerebral hemorrhage.
N Engl J Med 358, 2008:2127-2137.

Mayer SA, Davis SM, Skolnick BE, Brun NC, Begtrup K,
Broderick JP, Diringer MN, Steiner T. Can a subset of intrace-
rebral hemorrhage patients benefit from hemostatic therapy
with recombinant activated factor VII? Stroke 40, 2009:833-
840.

Mendelow AD, Gregson BA, Fernandes HM, Murray GD,
Teasdale GM, Hope DT, Karimi A, Shaw MD, Barer DH. Early
surgery versus initial conservative treatment in patients with
spontaneous supratentorial intracerebral haematomas in
the International Surgical Trial in Intracerebral Haemorrhage
(STICH): a randomised trial. Lancet 365, 2005:387-397.
Mendelow AD, Gregson BA, Rowan EN, Murray GD, Gholkar
A, Mitchell PM. Early surgery versus initial conservative
treatment in patients with spontaneous supratentorial lobar
intracerebral haematomas (STICH II): a randomised ftrial.
Lancet, 2013.

O'Kelly CJ, Kulkarni AV, Austin PC, Urbach D, Wallace MC.
Shunt-dependent hydrocephalus after aneurysmal subarach-
noid hemorrhage: incidence, predictors, and revision rates.
Clinical article. J Neurosurg 111, 2009:1029-1035.

Pollack CV Jr, Reilly PA, van Ryn J, Eikelboom JW, Glund S,
Bernstein RA, Dubiel R, Huisman MV, Hylek EM, Kam CW,
Kamphuisen PW, Kreuzer J, Levy JH, Royle G, Sellke FW,
Stangier J, Steiner T, Verhamme P, Wang B, Young L, Weitz JI.
Idarucizumab for Dabigatran Reversal - Full Cohort Analysis.
N Engl J Med, 2017.

Prabhakaran S, Gupta R, Ouyang B, John S, Temes RE,
Mohammad Y, Lee VH, Bleck, TP. Acute brain infarcts after
spontaneous intracerebral hemorrhage: a diffusion-weighted
imaging study. Stroke 41, 2010:89-94.

Qureshi Al, Mendelow AD, Hanley DF. Intracerebral haemor-
rhage. Lancet 373, 2009:1632-1644.

Qureshi Al, Palesch YY, Barsan WG, Hanley DF, Hsu CY,
Martin RL, Moy CS, Silbergleit R, Steiner T, Suarez JI, Toyoda
K, Wang Y, Yamamoto H, Yoon BW. Intensive Blood-Pressure
Lowering in Patients with Acute Cerebral Hemorrhage. N Engl/
J Med 375, 2016:1033-1043.

Qureshi Al, Tuhrim S, Broderick JP, Batjer HH, Hondo H,
Hanley DF. Spontaneous intracerebral hemorrhage. N Engl J
Med 344, 2001:1450-1460.

Staykov D, Bardutzky J, Huttner HB, Schwab S. Intraventricular
Fibrinolysis for Intracerebral Hemorrhage with Severe
Ventricular Involvement. Neurocrit Care, 2010a.

Staykov D, Huttner HB, Kohrmann M, Bardutzky J,
Schellinger PD. Novel approaches to the treatment of intra-
cerebral haemorrhage. Int J Stroke 5, 2010b:457-465.
Staykov D, Huttner HB, Struffert T, Ganslandt O, Doerfler
A, Schwab S, Bardutzky J. Intraventricular fibrinolysis and
lumbar drainage for ventricular hemorrhage. Stroke 40,
2009:3275-3280.

Staykov D, Kuramatsu JB, Bardutzky J, Volbers B, Gerner
ST, Kloska SP, Doerfler A, Schwab S, Huttner HB. Efficacy
and safety of combined intraventricular fibrinolysis with
lumbar drainage for prevention of permanent shunt depen-
dency after intracerebral hemorrhage with severe ventricular
involvement: A randomized trial and individual patient data
meta-analysis. Ann Neurol 81, 2017:93-103.

Staykov D, Wagner |, Volbers B, Doerfler A, Schwab S,
Kollmar R. Mild prolonged hypothermia for large intracere-
bral hemorrhage. Neurocrit Care 18, 2013:178-183.
Staykov D, Wagner |, Volbers B, Hauer EM, Doerfler A,
Schwab S, Bardutzky J. Natural Course of Perihemorrhagic
Edema After Intracerebral Hemorrhage. Stroke, 2011.
Steiner T, Al-Shahi Salman R, Beer R, Christensen H,
Cordonnier C, Csiba L, Forsting M, Harnof S, Klijn CJ,
Krieger D, Mendelow AD, Molina C, Montaner J, Overgaard
K, Petersson J, Roine RO, Schmutzhard E, Schwerdtfeger
K, Stapf C, Tatlisumak T, Thomas BM, Toni D, Unterberg A,
Wagner M. European Stroke Organisation (ESO) guidelines

NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 13, 2017, No. 2

121



55.

56.

57.
58.

59.

60.

61.

NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, Volume 13, Number 2, 2017

for the management of spontaneous intracerebral hemor-
rhage. Int J Stroke, 2014.

Steiner T, Diringer MN, Schneider D, Mayer SA, Begtrup K,
Broderick J, Skolnick BE, Davis SM. Dynamics of intraven-
tricular hemorrhage in patients with spontaneous intrace-
rebral hemorrhage: risk factors, clinical impact, and effect
of hemostatic therapy with recombinant activated factor VII.
Neurosurgery 59, 2006:767-773; discussion 773-764.
Steiner T, Poli S, Griebe M, Husing J, Hajda J, Freiberger A,
Bendszus M, Bosel J, Christensen H, Dohmen C, Hennerici
M, Kollmer J, Stetefeld H, Wartenberg KE, Weimar C, Hacke
W, Veltkamp R. Fresh frozen plasma versus prothrombin
complex concentrate in patients with intracranial haemor-
rhage related to vitamin K antagonists (INCH): a randomised
trial. Lancet Neurol 15, 2016:566-573.

Thrift AG, Donnan GA, McNeil JJ. Epidemiology of intracere-
bral hemorrhage. Epidemiol Rev 17, 1995:361-381.

Tuhrim S, Horowitz DR, Sacher M, Godbold JH. Validation
and comparison of models predicting survival following
intracerebral hemorrhage. Crit Care Med 23, 1995:950-954.
Tuhrim S, Horowitz DR, Sacher M, Godbold JH. Volume of
ventricular blood is an important determinant of outcome in
supratentorial intracerebral hemorrhage. Crit Care Med 217,
1999:617-621.

Tung MY, Ong PL, Seow WT, Tan KK. A study on the efficacy
of intraventricular urokinase in the treatment of intraventricu-
lar haemorrhage. Br J Neurosurg 12, 1998:234-239.

Van Asch CJ, Luitse MJ, Rinkel GJ, van der Tweel I, Algra A,
Klijn CJ. Incidence, case fatality, and functional outcome of
intracerebral haemorrhage over time, according to age, sex,

62.

63.

64.

and ethnic origin: a systematic review and meta-analysis.
Lancet Neurol, 2010.

Wagner |, Hauer EM, Staykov D, Volbers B, Dorfler A,
Schwab S, Bardutzky J. Effects of continuous hypertonic
saline infusion on perihemorrhagic edema evolution. Stroke
42, 2011:1540-1545.

Wang WZ, Jiang B, Liu HM, Li D, Lu CZ, Zhao YD, Sander JW.
Minimally invasive craniopuncture therapy vs. conservative
treatment for spontaneous intracerebral hemorrhage: results
from a randomized clinical trial in China. Int J Stroke 4,
2009:11-16.

Wang X, Arima H, Yang J, Zhang S, Wu G, Woodward M,
Munoz-Venturelli P, Lavados PM, Stapf C, Robinson T, Heeley
E, Delcourt C, Lindley RI, Parsons M, Chalmers J, Anderson,
CS. Mannitol and Outcome in Intracerebral Hemorrhage:
Propensity Score and Multivariable Intensive Blood Pressure
Reduction in Acute Cerebral Hemorrhage Trial 2 Results.
Stroke, 2015.

Address for correspondence:

Priv.-Doz. Dr. Dimitre Staykov, MD, FESO
Department of Neurology

Hospital of the Brothers of St. John Eisenstadt
Johannes von Gott Platz 1, 7000 Eisenstadt, Austria
Tel. +43 2682 601 3910

Fax +43 2682 601 3959

E-mail: staykov@gmx.at, dimitre.staykov@bbeisen.at

122

NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 13, 2017, No. 2



Key words:

basal ganglia,

deep brain stimulation,
substantia nigra,
transcranial ultrasound

Regional Teaching Course of the EAN | 6-8 October, 2017
@

Brain Parenchyma Neurosonology
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Transcranial B-mode sonography (TCS) is a non-invasive, low-cost, short-duration
neuroimaging method that allows high-resolution imaging of deep brain structures in
patients with movement disorders. With contemporary high-end ultrasound systems,
image resolution of echogenic deep brain structures can even be higher on TCS than
on magnetic resonance imaging (MRI). Hyperechogenicity of the substantia nigra (SN),
a TCS finding seen in about 90% of patients with idiopathic Parkinson's disease (PD),
is already present in presymptomatic disease stages and indicates an increased risk
of developing PD, especially if present in combination with other risk markers. The TCS
finding of SN hyperechogenicity well discriminates PD from other Parkinsonian disorders
such as multiple-system atrophy and welding-related Parkinsonism. In turn, normal
SN echogenicity in combination with lenticular nucleus hyperechogenicity indicates an
atypical Parkinsonian syndrome rather than PD with a specificity of more than 95%. TCS
detects characteristic basal ganglia changes also in other movement disorders such
as lenticular nucleus hyperechogenicity in idiopathic dystonia and Wilson's disease and
caudate nucleus hyperechogenicity in Huntington's disease. Reduced echogenicity of
midbrain raphe is frequent in depressive disorders and correlated with both suicidal
ideation and responsiveness to serotonin reuptake inhibitors. TCS reliably and safely
displays deep brain stimulation electrodes in patients with movement disorders and
allows intra- and postoperative monitoring of electrode location. Upcoming technologies
such as digitized image analysis and TCS-MRI fusion imaging will promote novel

diagnostic applications of TCS in neurodegenerative brain disorders.

Clinical applications

Transcranial B-mode sonography (TCS) of the
brain parenchyma is a non-invasive neuroimaging
method that allows high-resolution imaging of
deep brain structures in patients with degenerative
brain diseases [8]. Beside transtemporal axial and
coronal imaging planes also transfrontal sagittal
planes can be applied for special diagnostic
purposes [9]. Hyperechogenicity of substantia
nigra (SN), found in about 90% of patients with
idiopathic Parkinson's disease (PD), is already
present in presymptomatic disease stages. The
results of longitudinal studies suggest that TCS
of SN may serve as a screening tool for detecting
subjects at risk of developing PD [2, 3]. Studies of
our and other groups show that the combination
of TCS with simple olfaction and motor tests
already at very early disease stages discriminates
PD from other Parkinsonian disorders. In turn,
normal SN echogenicity in combination with
lenticular nucleus hyperechogenicity indicates
an atypical Parkinsonian syndrome rather than
PD with a specificity of more than 95% [2, 10].
SN hyperechogenicity has also been reported in
spinocerebellar atrophy type 2 with Parkinsonism
and the parkinsonism-dominant variant of
X-linked dystonia-parkinsonism [6, 11]. TCS
detects characteristic basal ganglia changes

also in other movement disorders such as
lenticular nucleus hyperechogenicity in idiopathic
dystonia and caudate nucleus hyperechogenicity
in Huntington's disease [12]. Lenticular nucleus
hyperechogenicity in Wilson’s disease has been
proven histochemically to be caused by copper
accumulation, while the same TCS finding is
caused by iron accumulation in hereditary
disorders with brain iron accumulation such as
PKAN and MPAN [13]. Reduced echogenicity of
midbrain raphe is frequent in depressive disorders
and in migraineurs [1, 5]. An elegant application
of TCS is the intra- and postoperative localization
of deep brain stimulation electrodes in patients
with movement disorders [14, 15].

Method

For TCS of brain parenchyma an optimized
ultrasound system equipped with a 2.0- to 3.5-
MHz phased-array transducer is used. The
system settings should be checked, especially
the dynamic range should be set at 45-50 dB.
One should keep in mind that with the ultrasound
transducers applied for TCS the highest image
resolution is achieved in an image depth of 5-9 cm
(focal zone of transducer) [8]. Due to the physical
characteristics of ultrasound beam the image
resolution in axial direction (i.e. along the axis
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of ultrasound propagation) is about 2- to 3-fold
higher than in lateral direction (usually about 0.7x2
mm), which is the cause also of some typical
imaging artifacts (e.g. the enlargement of small,
highly echogenic structures in lateral direction).
Distinct measurements such as the assessment
of echogenic areas of small brain structures are
influenced by image post-processing technologies
and can therefore differ between different
ultrasound systems. That is why normal ranges
especially for echogenic area of the SN need to
be obtained for each different ultrasound system.

For TCS investigation the patient is placed
in supine position on an examination chair
layer, which should be equipped with a variably
adjustable, lean part. For the usually performed
transtemporal investigation the TCS transducer
is placed on the right temple near the ear and
parallel to the orbitomeatal line in order to
obtain a standardized axial view of intracranial
structures. It is important to identify and keep the
optimum bone window for insonation. For this,
the transducer is moved near the anterior helix
of the ear conch, searching for the position with
best available visualization of brain structures
and contralateral skull bone. Once the optimum
position has been found it is kept by pressing the
transducer but also the small finger/ulnar edge
of the hand firmly at the patients’ head throughout
the whole examination. Even if applying optimum
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Electrodiagnosis is the main tool in assessing nerve function and hence is crucial
in the diagnosis of nerve involvement. In the last years, an improved resolution,
increased portability and a wider access to ultrasound (US) have made this tool useful
in assessing peripheral nerve impairments as entrapments, tumors, extrinsic compres-
sions, traumatic lesions, immune-mediated and inherited neuropathies.

A wide literature shows that US integrates neurophysiological assessment in rou-
tine practice: by a combined use of electrodiagnosis and US we obtain more infor-
mation than we do if they are separately used. If neurophysiology allows detecting
nerve function, US provides detailed imaging of nerve morphology and size and of
the surrounding structures. A multidimensional evaluation of peripheral nervous system
impairments improves diagnostic precision and therapeutic accuracy, even providing
data about prognosis and disease evolution.

The main quantitative measure that US provides, owing to its sensitivity, is the
nerve cross-sectional area (CSA), which is the area of the nerve structure visualized
by a transverse US scan, calculated using the ellipse or the tracing method. Usually,
an increased CSA indicates nerve involvement. Besides this, we can evaluate echo-
genicity, alteration of nerve elements (e.g. fascicles), and variations in nerve shape.
US report is based on characterization of nerve abnormalities and localization and
extension of these findings.

Introduction

Ultrasound (US) systems known as SONAR were
used in submarines for object detection [5]; after
the World War, the same technology was used
in medical practice as a treatment tool, based
on heat production by US with beneficial effects
upon tissues [6].

During the last years, in scientific literature,
peripheral nerve and muscle imaging has become
a topic of high interest especially for diagnosis of
peripheral nerve diseases: neurophysiology keeps
its role of main tool to assess nerve function,
but it provides functional data, while US supplies
morphological information about nerves [1]. For
this reason nerve US is increasingly becoming
a routine technique in neurophysiology labs for
the information that can add for diagnosis and
therapeutic approach [1, 2, 7-9, 11].

US equipments are small devices, which
can be taken to the patient’s bedside, and they
are much less expensive than other imaging
systems. Examination time is very short and
patient safety is guaranteed: there are no adverse
effects nor contraindications, in fact it can be

easily performed on children; moreover each
body part can be assessed in every position with
the possibility to perform dynamic scanning [2].
US can directly image nerves and demonstrate
their internal structure consisting of several
hypoechoic structures, the fascicles, embedded
in a hyperechoic background, the epineurium [7].
The main limit of the US evaluation is the low
ability to depict deep tissues.

Nerve US is a useful tool that provides
important information in different peripheral nervous
system diseases: entrapment neuropathies [7,9],
traumatic nerve lesions [8], nerve tumors, and
immune- mediated and hereditary neuropathies
[10] are the conditions in which morphological
information provided by US support the physician
in diagnosis, prognosis, and treatment approach
[4, 11].

Contributive role of ultrasound

In 2007 our group assessed the outcome of
adding US to electrodiagnosis in patients affected
by mononeuropathies and atypical clinical and
neurophysiological presentation [7]. In these
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conditions the combined use of electromyography
(EMG) and US, performed in the same session
was useful for diagnosis and determination of
appropriate therapy. In an editorial on that study,
Walker stated that by combining electrodiagnosis
evaluation to US the approach to nerve and
muscle diseases might be redefined [12].

In 2012 we demonstrated that the routine use
of US in a neurophysiological lab could modify
the diagnostic and therapeutic approach in a
majority of cases [9].

In that study US impacted, namely modified
the diagnostic and therapeutic path, in 42.3% of
cases; US had a confirmatory role in 40%; US
did not confirm clinical and neurophysiological
diagnosis in 17.7%; no incorrect US findings were
observed [9].

The contribution of US in traumatic nerve
lesions (TNL) was assessed according to the
previous classification, reported in our studies [7,
9], with some modifications to underline the more
crucial role of US in those condition [8]:

« Contributive: when US findings enhanced
diagnostic information, treatment, or follow-up.

e Non contributive: when US did not modify
the diagnostic path or therapeutic strategies
(even if diagnosis was reinforced by additional
piece of evidence and information); this group
included also cases in which US findings were
normal.

Also in that study [8] US strongly modified
the diagnostic and therapeutic path (in 58.0% of
cases) providing information regarding therapeutic
approach, diagnosis and follow-up (contributive
group). In 42.0% of cases US findings were
normal or confirmed clinical-neurophysiological
results. So in these cases US did not modify
the diagnostic path or therapeutic decision (non
contributive group).

In TNL US contribution was particularly
crucial (83.8% of the cases) in presence of
complete axonal damage demonstrating the
discontinuity of the nerve (neurotmesis) or
continuity (axonotmesis). Moreover, in case of
neurotmesis US was useful also to assess the
distance between the nerve ends, presurgically
providing data on the need of nerve graft and
excluding neuromas or frayed nerve endings
that surgically must be excluded. Concerning
brachial plexus injury, that in our sample
represented 16% of cases, it must be noted that
US can provide only partial information because
of blind tracts due to the clavicle, on the tract
out of the spine. In these cases US may be
useful but it cannot replace magnetic resonance
imaging (MRI) that is crucial for assessing the
roots avulsions that frequently occur in brachial
plexus injury [8].

Intra- and internerve cross sectional area
variability

Classically the quantification of nerve damage is
reflected by the modification of Cross Sectional
Area (CSA) [7-9, 11], a very useful measure
especially in case of focal nerve damage. The
role of US in the evaluation of polyneuropathies
is still in its infancy and therefore not yet well
defined, but roughly we can say that demyelinating
polyneuropathies often present a diffuse or
patchy enlargement of nerve CSA, whereas in
case of axonal damage these findings are not
commonly observed. This difference might be
due to diverse pathophysiologic mechanisms
underlying different neuropathies [3,13].

In fact, CSA alone cannot adequately quantify not
homogeneous US alterations, such as those found
in chronic immune-mediated neuropathies; the high
clinical and neurophysiological variability is reflected
in the US heterogeneity. Several reasons may
account for the heterogeneity of nerve US findings,
among which the high variability of the nerve disease,
the fact that US evaluation is performed in different
stage of disease and follow-up, and the possible
role of therapy, that may modify disease activity and
nerve appearance. In order to overcome the difficulty
in quantifying the heterogeneity of US alteration, our
group proposed two new US measures (intra- and
inter-nerve CSA variability) [10] that might help to
develop a scoring system necessary to compare
data from different series and, in the same patient,
to follow-up nerves modification. A limitation of these
new measures is that they do not adequately assess
US nerve variability at lower limbs. This is due to the
current limited imaging capabilities of US and lower
extremity anatomy (the deep location of the sciatic
nerve and the short length of the fibular and tibial
nerves).

Conclusions

The results of literature and of our studies
[3, 4, 7-12] show that US could complement
neurophysiological assessment in a consistent
amount of patients with nerve impairment. The
combined use of US and electrophysiology gives
information that is impossible to obtain if we
use neurophysiology or US separately [7,8,9]. In
the light of the available data, US evaluation is
absolutely recommended [2].

Nerve US has no risks in patients; it is able
to evaluate the morphological relationships
between nerve and other structures (anatomical
or extrinsic) even in dynamic examinations.

The characteristics of US (quick, safe, painless
and cheap) make it an ideal and adjunctive tool
for the diagnostic work-up of neuropathies.

126 NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 13, 2017, No. 2



Regional Teaching Course of the EAN | 6-8 October, 2017

@
REFERENCES

Gallardo E, Noto Y, Simon NG. Ultrasound in the diagnosis assessment of nerve diseases. Eur J Neurol 19, 2012:47-

of peripheral neuropathy: structure meets function in the 54,

neuromuscular clinic. J Neurol Neurosurg Psychiatry 86, 10. Padua L, Martinoli C, Pazzaglia C, Lucchetta M, Granata G,

2015:1066-1074. Erra C, Briani C. Intra- and internerve cross sectional area

Gasparotti R, Padua L, Briani C, Lauria G. New technologies variability: new ultrasound measures. Muscle Nerve 45,

for the assessment of neuropathies. Nat Rev Neurol 13, 2012:730-733.

2017:203-216. Review. 11. Padua L, Martinoli C. From square to cube: Ultrasound as

Hobson-Webb LD, Massey JM, Juel VC. Nerve ultrasound a natural complement of neurophysiology. Clin Neurophysiol

in diabetic polyneuropathy: Correlation with clinical char- 119, 2008:1217-1218.

acteristics and electrodiagnostic testing. Muscle Nerve 47, 12. Walker FO. The four horsemen of the oscilloscope: dynamic

2013:379-384. ultrasound, static ultrasound, electromyography and nerve
. Hobson-Webb LD, Padua L, Martinoli C. Ultrasonography in conduction studies. Clin Neurophysiol 118, 2007:1177-

the diagnosis of peripheral nerve disease. Expert Opin Med 1178.

Diagn 6, 2012:457-471. 13. Zaidman CM, Al-Lozi M, Pestronk A. Peripheral nerve size

Kane D, Grassi W, Sturrock R, Balint PV. A brief history of
musculoskeletal ultrasound: from bats and ships to babies
and hips. Rheumatology 43, 2004:931-933.

Menke HB. Ultrasonic therapy muscular hypertonia in anterior
poliomyelitis. Schweiz Med Wochenscr 81, 1951:842-843.
Padua L, Aprile |, Pazzaglia C, Frasca G, Caliandro P, Tonali P,
Martinoli C. Contribution of ultrasound in a neurophysiological
lab in diagnosing nerve impairment: A one-year systematic
assessment. Clin Neurophysiol 118, 2007:1410-1416.
Padua L, Di Pasquale A, Liotta G, Granata G, Pazzaglia C,
Erra C, Briani C, Coraci D, De Franco P, Antonini G, Martinoli
C. Ultrasound as a useful tool in the diagnosis and man-
agement of traumatic nerve lesions. Clin Neurophysiol 124,
2013:1237-1243.

Padua L, Liotta G, Di Pasquale A, Granata G, Pazzaglia C,
Caliandro P, Martinoli C. Contribution of ultrasound in the

in normals and patients with polyneuropathy: an ultrasound
study. Peripheral nerve size in normals and patients with
polyneuropathy: an ultrasound study. Muscle Nerve 40,
2009:960-966.

Address for correspondence:

Prof. Luca Padua, MD, PhD

“Don Carlo Gnocchi Onlus Foundation” -

P.le Rodolfo Morandi, 6, 20121 - Milan, ltaly
Phone: +39-06-3015-6623

Fax: +39-06-3550-1909

E-mail: luca.padua@unicatt.it

NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 13, 2017, No. 2 127



NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, Volume 13, Number 2, 2017

Myosonology in Neuromuscular Disorders

E. Titianova

Clinic of Functional Diagnostics of Nervous System,
Military Medical Academy, Medical Faculty, Sofia University — Sofia, Bulgaria

Key words:
myosonology,
muscle kinetics,
tremors,
ultrasound

Recently the multimodal 2D/3D/4D myosonology has become the most appropriate
non-invasive and bedside method for real time evaluation of structural and functional
properties of the muscle tissue in normal and pathological conditions. Using high
resolution B-mode ultrasound the physiological and pathological muscle structure and
the positioning of needle electrodes for biopsy or injections (e.g., botulinum toxins or

local anaesthetics) can be easily imaged. By tissue velocity imaging (TVI) the muscle
motion can be better detected and quantified in terms of velocity, accelerations and
synchronicity of muscle contraction. Using M-mode ultrasound different hand tremors
can be recorded. Thus, the myosonology seems to become a powerful tool for
neurologists and physiotherapists in their every day clinical practice.

Introduction

Myosonology is an alternative non-invasive imaging
method for studying the muscle structure, nerves,
bones, joints and their vascularization in healthy
persons and patients with neuromuscular disorders.
It gives unique opportunity of depicting in real
time the functional muscle changes in rest, during
voluntary, passive or electrically induced muscle
contraction as well as to follow-up the spontaneous
and/or therapeutically induced structural and
functional muscle recovery [1, 14, 18].

Although good reliability of ultrasound muscle
imaging has been proved by CT and MRI [15], its
clinical application in neurology is still restricted
mainly to particular research or treatment
protocols.

Myosonology methods

At present, different ultrasound methods are
used for structural and/or functional evaluation
of muscles and nerves. Among them the B-mode
imaging becomes a method of choice in clinical
practices for non-invasive, easy and fast screening
of normal or pathological muscles [15]. Generally,
B-mode ultrasound pattern of each muscle
includes hyperechoic epimisium (enveloping the
whole muscle) and hypoechoic muscle fibers
(grouped in fascicles and divided by hyperechoic
septs of perimisium). Duplex scan (combination
of B-mode with pulsed Doppler ultrasound) or
B-flow imaging contribute to assessment of the
arteries and veins of the skeletal muscles and the
changes in their local blood circulation.

More detailed information for muscle
architectonics can be obtained by using a four-
dimensional (4D) ultrasound imaging. It is

based on the concept of combination of space
and time in a single abstract "space” with three
spatial (length, width and height) and one temporal
(time) dimensions. The ultrasound patterns reflect
the degree of muscle atrophy, fat and fibrous
tissue infiltration. This method, however, is not in
routine usage because it is still expensive, needs
a special probe and additional training [22].

Monitoring of velocity, acceleration and
synchronicity of muscle contraction is another
aspect of ultrasound investigation. Such
information can be obtained by means of a
Tissue Velocity Imaging (TVI) based on Doppler
effect. By recording slow tissue movements
during voluntary repetitive contractions in different
muscle areas the kinetics of various muscle
groups and fibers become visible. Hypo- or
hyperkinetic zones, voluntary muscle movements,
velocity of contraction and relaxation, repetition
of movements, synergistic or dephasing (non-
synchronous) muscle activity can be detected
and quantified [19, 23].

Information about muscle motion over time
can be obtained by M-mode ultrasound. It gives
temporal changes in echoes of the moving structures
in which the depth of echo-producing interfaces is
displayed along one axis (toward and away from
the transducer) with time along the second axis.
Although this method is commonly used in many
fields of medicine (cardiology, angiology, etc.), its
application in neurology is restricted predominantly
to the monitoring of carotid artery motion and hand
tremor frequency [25].

The combination of these methods improves
significantly the diagnostic abilities of each particular
method alone. Furthermore, the simultaneous
applicationwith electromyography (EMG) contributes
for differentiation of primary muscle from peripheral
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nerve damage. For correct diagnosis the history of
the disease, the neurological status at the time of
investigation and the experience of the investigator
have also an important role.

Criteria for application

Myosonology is applied for clinical or research
purposes by obtaining information for:

— Basic muscle anatomy — muscle location
and structure (normal or pathological), visualiza-
tion of partial or whole muscle atrophy, hypertro-
phy, degeneration or other changes in muscle
architectonics, local circulation, nerves and sur-
rounding tissue;

— Direct measurement of muscle size,
longitudinal and transverse diameter in rest,
during passive and active movement or electrical
muscle stimulation (ES);

— Verification of specific inhibited or activated
muscle fibers, spontaneous muscle activity,
fasciculation or myoclonus;

— Estimation of the strength of muscle
contraction by measuring the angle of inclination
of the muscle fibers towards the surface of the
aponeurosis in relaxed position, during active or
passive muscle flexion/extension and ES;

- Imaging of the positioning of needle
electrodes for biopsy or various injections (e.g.,
botulinum toxins or local anaesthetics);

— Better assessment of velocity, accelerations
and synchronicity of muscle contraction during
voluntary repetitive movements by Tissue Velocity
Imaging (TVI) of muscle motion;

— Estimation of the degree of muscle atrophy,
fat tissue infiltration and fibrosis;

— Estimation of the effects of therapeutic
interventions (Botox or other type of injections);

— Differentiation of primary muscle from
peripheral nerve damage using a simultaneous
application of myosonology and electromyography
(EMG);

— Determining the most appropriate areas for
muscle biopsy (not too destroyed and not too
preserved);
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— Evaluation of functional muscle reorganiza-
tion in presence of permanent neurological deficit;

— Testing the peripheral muscle pump efficacy
in orthostatic intolerance;

— Testing the effect of drugs, rehabilitation
approaches, training, etc.;

— Monitoring of hand tremors;

— Visual feedback for muscle re-education
and muscle performance;

— Evaluating the impact of other co-factors
(surrounding tissue, contractures, etc);

— Longitudinal follow-up in muscle degenera-
tion or regeneration;

— Research purposes in clinical (in vivo) or
laboratory (in vitro) settings.

Muscles are better evaluated in a lying
position by using probes for 2D or 3D/4D real time
imaging located at the anatomical place for each
particular muscle. The longitudinal and transverse
diameters, the angle of inclination of the muscle
fibers towards the surface of the aponeurosis
and, if possible, the 3D/4D muscle architectonics
can be evaluated in rest, during passive, active
or ES muscle movements. The results should be
compared to mysononograms of age- and sex-
matched healthy controls as no international
reference values are available up to day.

Ultrasound patterns

The ultrasound patterns of muscle architectonics
are relatively typical in normal and some
pathological conditions. As general, they reflect
the degree of muscle atrophy, fat and fibrous
tissue infiltration.

Healthy subjects. The normal muscles
are enveloped by hyperechoic epimisium. The
muscle fibers are hypoechoic and grouped in
fascicles, divided by hyperechoic septs of fibrous
and fat tissue of the perimisium. In a longitudinal
B-mode image the perimisium is depicted as
oblique parallel hyperechoic lines (Fig. 1). As
example, the plantar flexion (PF) of triceps surae
muscle (TS) causes calf muscle contraction that
increases the transverse muscle diameter and the

Fig. 1. A. B-mode image of TS muscle in rest and PF in a 27-year-old healthy woman. Dotted line presents the orientation of muscle
fibers in rest. B. 3D/4D myosonogram with a reticular TS architectonics. C. Transverse diameter of TS muscle in rest and PF.
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Fig. 2. A. B-mode TS image in rest and during PF in the woman with genetic type of distal myopathy. Dotted line presents the orientation
of muscle fibers in rest. B. Abnormal 3D/4D architectonics of the same muscle. €. Stimulation EMG revealed low amplitude and

relatively normal motor latency [20].

angle of muscle fiber towards the aponeurosis.
The 3D/4D ultrasound imaging shows a reticular
TS architectonics despite the muscle activity,
age and sex of healthy controls. Its hypoechoic
areas increase during PF, due to thickening of
the contracted muscle fibers [16, 22].

Physiologically the skeletal muscles have a
large adaptive potential as myocytes can adapt
to different operational loads and conditions [9]
- slow twitch muscle fibers (type 1) are rich in
mitochondria and resistant to fatigue and fast
twitch fibers (type 2) are less resistant to fatigue
due to increased glycolysis processes, ensuring
their energy [5]. In normal aging the number of
muscle fibers decreases (sarcopenia) and the
slow/fast muscle fiber ratio changes in favor to
slow fibers. In active training, exercises or aging
some physiological changes in muscle structure
and muscle thickness can be established with
ultrasound, but the reticular 3D/4D patterns
continue to be preserved [22].

Distal myopathies (DM). They are a group
of genetically and clinically heterogeneous

disorders classified into one broad category, due
to the presentation of weakness involving distal
skeletal muscles of the limbs. Gene mutations
encode different proteins that cause a progressive
muscular dystrophy, followed by replacement of
the normal muscle fibers with fibrous and adipose

tissue [11, 12, 13]. These changes increase muscle
echogenicity — the muscles become smaller
and whiter in B-mode ultrasound imaging and
with reduced muscle contractility. A combination
of spot-like hypo- and hyperechoic areas has
been reported with 3D/4D ultrasound imaging.
The changes were associated with the degree of
muscle atrophy, fat and fibrous tissue infiltration
(Fig. 2) [20, 22].

Diabetic neuropathy (DN). It is a common
late complication of diabetes, often manifested
as a symmetric sensorimotor and autonomic
neuropathy. Histological studies show neurogenic
muscular atrophy with signs of chronic dener-
vation and reinervation — angular small muscle
fibers, muscle fibers type “target”, grouping of
muscle fibers in the form of bundle atrophy. The
neurogenic damage of calf muscles are proved
by different methods - clinical, neurophysiologic,
neuroimaging, etc. [17]. The simultaneous usage
of EMG and myosonography helps for evaluation
of the severity of peripheral nerves damage and
the changes in cross-striated muscles that could
contribute to distinguish primary from secondary
myogenic lesions in peripheral neuropathy [8].
Myosonographic patterns in low extremity neu-
ropathy demonstrate bundle atrophy with mild
to severe involvement of both lateral heads of
triceps surae muscle, which correlates with the

Fig. 3. A. Triceps surae muscle myosonograms in diabetic neuropathy. B. Irregular strips hipoehoic strand type atrophy with reduced
contractility of muscle fibers. C. Needle EMG showed polyphasic action potentials with higher amplitude and longer duration,

fasciculations, fibrillations and positive sharp waves.
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Fig. 4. Myosonograms of m. triceps surae in a patient with post-stroke hemiparesis. Paretic leg (B) is with reduced volume and
contractility of m. triceps surae compared to non-paretic side (A). Compared to the controls (see fig. 1) bilateral changes in m. triceps
surae myoarchitectonics are seen in stroke patient — fine reticular structure is replaced by more coarse granulated one, hyperechoic
septa of perimisium fibrous and fatty tissue increase in size and number, significantly expressed on the side of paresis. C. EMG of TS
at maximal contraction in a healthy control (top) non-paretic (middle) and paretic (bottom) leg. From the paretic muscle only single
action potentials were detected. Compared to the control the non-paretic limb is with reduced amplitude of motor units action potentials

and incomplete interference pattern at maximal contraction [21].

histological evidence of neurogenic muscle at-
rophy (fig. 3). These finding differs significantly
from the granular architectonics identified in ge-
netic myopathies [6]. The clinical significance of
myosonology as a method for early diagnosis,
differentiation of neurogenic from myogenic mus-
cular atrophy and longitudinal tracking of neuro-
muscular diseases evolution is subject to future
studies.

Chronic hemiparesis after stroke. It has
been demonstrated by different methods that
in chronic unilateral stroke bilateral changes in
motor control appear — the participation of the
non-paretic side is proportional to the severity of
brain injury and is associated with functional and
structural changes in paretic muscles [7]. Unlike
changes associated with normal aging, in paretic
muscles an inactivity hypotrophy, accumulation
of intramuscular connective tissue, increase of
collagen/muscle ratio, fat accumulation, severe
deficiency of slow myosin isoforms, shortening
and relative atrophy of fast muscle fibers are
seen [9], enhanced by physiological processes of
aging. Changes in the non-paretic limb are also
observed - reduced muscle strength at maximum
contraction. By multimodal neurosonography
bilateral asymmetrical changes in triceps surae
muscle myoarchitectonics (on the paretic and
non-paretic side) after stroke become visible
- they can be assessed quantitatively and
displayed structurally, which is essential for

early diagnosis, selection and evaluation of
the therapeutic approach (fig. 4). A decreased
muscle volume of the paretic calf, asymmetric
bilaterally enlarged hyperechoic septa of fibrous
and fatty tissue in triceps surae perimisium and
sonographic data for changed myoarchitectonics
significantly expressed on the side of paresis
have been reported — replacement of the normal
grain grid structure of triceps surae muscle
by a more coarse granular one, due to the
inactivity hypotrophy, intramuscular connective
tissue proliferation and fatty degeneration [21].
Using TVI non-synchronous muscle activity is
also established on the spastic paretic side with
reduced velocity of contraction, relaxation and
repetition of movements. A significant decrease
in contractility of the contralateral "healthy" side
indicating a systematic slowing of movements
in stroke patients is also seen. Furthermore, the
US technique allows measuring of the kinetics
of movements during disease progression and
therefore it is ideal for monitoring exercise
therapies or drug effects [23]. However, the
application of myosonology in patients who have
experienced stroke is mostly experimental.
Muscle injuries. Myosonology is a routine
method in sport medicine and in traumatology
— it is used in sportsmen and athletes to detect
non-invasively muscle injuries like bleedings or
disruption after exercise and give a prognosis
of the healing process [2, 10]. The optimal time
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non-affected

affected

Fig. 5. Traumatic TS lesion. Rupture of muscle fibers, intramuscular hematomas and perifocal muscle edema (A, B). Pain induced
limitation of muscle contraction during PF of the same muscle without changes in the angle of inclination to the aponeurosis. C.
Stimulation of the tibial nerves and CMAP responses on the non-affected (up) and traumatic (down) TS muscles. The needle EMG
showed a pain induced limited TS muscle contraction on the affected side. No EMG signs of peripheral nerve lesion bilaterally.

window to survey muscle injuries is of 2-48 hours
[3]. In clinical setting the myosonology contributes
for fast diagnosis of any muscle fiber traumas,
hematomas, pain due to vein dilatation, etc. (fig. 5).

Tremors. Recently, ultrasound M-mode
tremorogram has been introduced as an alternative
to EMG method for estimation of various hand
tremors (parkinsonian, essential, psychogenic,
etc.). Ahigh coincidence of the tremor frequencies,
measured by EMG and M-mode ultrasound, has
been found. Both methods correlate entirely in
measuring the tremor frequency before and after
L-Dopa administration [25]. This examination is
easy, fast and of low cost; it can be repeated
many times and applied in patients with cardiac

pacemaker without significant side effects.
However, the M-mode ultrasound tremor
recording gives reliable information only for

the tremor frequency. No measurement of the
pattern of flexor/extensor muscle activity is
possible if only one probe is used (2 probes at
the same time are needed). The measurement of
the tremor amplitude is questionable and many

artifacts could compromise the results. Therefore,
the M-mode ultrasound monitoring can be used
mostly as a screening method for differentiating
of various hand tremors based on their frequency
(fig. 6).

US guided EMG needle position, injections
and biopsy. It has been shown that real time
ultrasound muscle imaging facilities the needle
EMG-examination in patients with muscle atrophy
or obesity. An improved positioning and accuracy
of the needles in the muscle can be achieved
under ultrasound guidance [4]. The ultrasound
resolution of the needle position is critically
dependant on the needle diameter therefore fine
electrodes will not be visualized. Due to movement
artifacts of the needle in the ultrasound image and
a re-assesment could be nessessary. Injection
needles, especially when small air bubbles or
liquid at the needle tip can be released enable a
very accurate position identification [18].

The side effects of local injection of botulinum
toxin for treatment of spasticity or dystonia can be
avoided by B-mode guidance of the needle and

Fig. 6. EMG (above) and M-mode (below) tremorograms in patients with parkinsonian (A), essential (B) and psychogenic (C) hand
tremor. There is a high coincidence of tremor frequencies, measured by both methods.
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volume injected into the right muscles or glands.
By ultrasound control of the needle position
injuries of adjacent blood vessels or surrounded
tissue can be prevented. Verification of specific
inhibited or activated muscle fibers is possible.
Data are available for the anesthesia of the
plexus, scalenus syndrome, and local anesthesia
of n. obturatorius. Ultrasound B-mode imaging
helps for determining the most appropriate areas
for muscle biopsy (not too destroyed and not too
preserved).

Fasciculation. As typical indicators for
chronic axonal lesions they can be detected
easily at the surface muscles. Their recognition
can be difficult in obese patients or deeper
muscle layers where B-mode imaging could help
to detect smaller or slower spontaneous muscle
movement, fasciculations or myoclonus [15, 18].

Neurorehabilitation. The application of
myosonology in every day neurorehabilitation is
still very restricted to: (a) estimation of muscle
volume, degree of muscle atrophy and muscle
fibore contractility before, during and after
rehabilitation; (b) monitoring the muscle fiber
kinetics during active or passive movements or
EMG stimulation; (c) ultrasound navigation of
needle positioning for botulinum injections; (d)
testing the peripheral muscle pump efficacy due
to orthostatic training; (e) evaluating the impact of
other co-factors (surrounding tissue, contractures,
etc) for peripheral nerve and muscle recovery; (f)
clinical or experimental research for post-stroke
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brain reorganisation; (g) any morphological
muscle changes that appear in time and their
evolution [24].

Scientific research protocols. Myosonology
is used alone or in combination with other
diagnostic or therapeutic methods in different
experimental research protocols in vivo and in
vitro. So far, no multicenter trials in the field of
neurology are published.

Conclusions

Myosonology seems to become a powerful
tool for neurologists and physiotherapists in
their every day clinical practice. The multimodal
ultrasound imaging gives reliable non-invasive
information  for dimension, morphological
changes and functional characteristics of
the target muscle’s areas in normal and
pathological conditions. The myosonological
patterns reflect the degree of muscle atrophy,
fat tissue infiltration and fibrosis, which appear
to correlate with the severity, the topic and the
myoarchitectonics of muscle lesion. However,
why and when to apply myosonology for clinical
usage depends on the level of competency
(technical and human resources) of each
laboratory and the purpose of the particular
research protocol. Further multicenter trials are
needed to establish international guidelines
for application of myosonology in the field of
neurology and related neuromuscular disorders.
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Ultrasound Imaging of Neck Muscles

for Botulinum Toxin Injection
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Botulinum neurotoxin (BoNT) injection has been increasingly used for treating
muscular spasticity and dystonia. Unlike other techniques of precision targeting such
as electromyography or computed tomography that have been described to minimize
undesirable BoNT effects, B-mode ultrasound allows immediate and high-resolution
imaging of the injection needle position within the target region. Visual identification of
muscles and depth control of needle placement are the key features of ultrasound-
guided injection that lead to improved targeting and safety of BoNT injections.
Ultrasound may be helpful to validate already established injection techniques or when
learning the correct injection technique. Ultrasound-guided BoNT injection has been
recommended as a standard procedure in treatment of lower leg spasticity in children
with cerebral palsy. In recent years, this technique has been increasingly used also for
the exact targeting of BoNT injection in patients with cervical dystonia. The ultrasound-
guided BoNT injection is especially recommendable if the scalene muscles; the longus
colli, longisslimus capitis, or the obliquus capitis inferior muscles are targeted. The
upcoming MRI-ultrasound fusion imaging techniques that are available already today
with advanced ultrasound systems allow the ultrasound-guided targeting also of small

deep muscles such as the longus colli muscle in patients with antecollis.

Clinical applications

Botulinum neurotoxin (BoNT) therapy is used
in neurology to treat muscle hyperactivity
disorders including dystonia, spasticity, cerebral
palsy, hemifacial spasms and re-innervation
synkinesias. For an optimal effect exact BoNT
placement in the target muscle is important.
Ultrasonography (US) allows non-invasive, real-
time imaging of muscles and their surrounding
structures. US can therefore visualise and guide
the entire procedure of BoNT application [6,
7]. The results of several studies suggest that
US-guidance can improve efficacy and reduce
adverse effects of BONT therapy when compared
to conventional placement [1-5]. In task-related
dystonia such as writer's cramp and musician
dystonia the importance of exact targeting by US
is especially high because (i) only the functionally
relevant muscle should be weakened and (ii) only
small quantities of BONT can be injected since
otherwise functionally relevant paresis can occur
[2]. Compared to EMG-guidance US-guidance
allows a more precise placement of BoNT in the
target muscle, especially in small muscles. In the
neck region US-guidance is recommendable in
patients with cervical dystonia when the anterior
or middle scalene, longissimus capitis and the
obliquus capitis inferior are target muscles [6, 7,

8]. The exact knowledge of the muscular anatomy
including its display on ultrasound and training of
eye-hand coordination are prerequisites for the
US-guided approach. If US-guided BoNT injection
is adequately performed the results are a stable
therapeutic response and often the need of lower
BoNT doses compared to the visual approach
of BT injection. An interesting novel approach
for selected patients is ultrasound-MRI real-time
fusion imaging to target BoNT injection into very
deep muscles [7].

Method

Ultrasound machines used for BoNT application
are the same as those used for vascular US. In
principle, all contemporary US machines can be
used if equipped with an appropriate linear-array
transducer. The applied US frequency determines
both the image resolution and the penetration
depth. Increasing frequencies increase image
resolution, but reduce penetration depth and
vice versa. Superficial and small target muscles
require optimal resolution and therefore higher
US frequencies of about 13.0 (10-18) MHz.
Profound and large target muscles in the neck,
trunk and leg can be visualised also with lower
US frequencies of about 7.5 (5-10) MHz. BoNT
injections are usually performed with 20 mm,
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27-gauge (outer diameter: 0.40 mm) needles
or 40 mm, 27-gauge needles. For profound
muscles an 80mm, 23-gauge (0.60 mm) needle
may be used. Skin disinfection should be
performed with non-alcoholic agents since
alcohol may harm the US transducer surface.
Then the injection needle is inserted adjacent
to the US transducer. In principle, there are
two techniques of US-guided needle insertion
with respect to US imaging plane: the in-plane
technique and the off-plane technique. The
“freehand” off-plane technique is sufficient for
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According to International Headache Society (IHS) classification, burning mouth syn-
drome (BMS) is intraoral burning sensation without obvious medical and dental cause.
IHS diagnostic criteria of the disorder include the presence of burning oral sensation
during the most of the day without obvious changes of oral mucosa. Local and systemic
causes have to be excluded by appropriate diagnostic procedures. Subjective feeling of
dry mouth, paraesthesias and taste changes could be associated symptoms.

Estimated prevalence of BMS in general population varies between 1 and 15% and
the disorder is seven times more common in females.

This condition is probably of multifactorial origin, often idiopathic, and its etiol-
ogy remains largely obscure. BMS represents a disorder with a very poor prognosis
in terms of quality of life, and the patient's lifestyle may worsen when psychological
dysfunctions occur. As a result, BMS subjects continue to be high consumers of

healthcare resources.

More recently, increasing attention has been given to the altered perception of sensory
functions as well as to the changes in the psychological profile of many BMS patients. As
a result, both disturbances should be included in the clinical spectrum of BMS.

BMS is primarily characterized by burning and/or painful sensations of the mouth
with no mucosal lesions or any other clinical signs. It can occur at any site within or

surrounding the oral cavity.

As in the other chronic pain conditions it has been reported that depression and
anxiety are strongly associated with BMS and that they are significantly more frequent

in BMS patients.

Introduction

According to the International Classification
of Headache Disorders (IHC), burning mouth
syndrome (BMS) is an intraoral burning sensation
for which no medical or dental cause can be
found [1]. BMS, coded 13.18.5, is classified in IHC
as a separate group with other cranial neuralgias
and central causes of facial pain [1].

Diagnostic criteria include: [1]

A. Pain in the mouth present daily and
persisting for most of the day

B. Oral mucosa is of normal appearance

C. Local and systemic diseases have been
excluded

e Pain may be confined to the tongue
(glossodynia).

e Subjective dryness of the mouth,
paraesthesia and altered taste may be
associated symptoms.

Epidemiological studies have estimated
BMS to be prevalent in 1-15% of the general
population; the disorder is seven times more
common in females than males [2].

The prevalence of BMS reported from
international studies is from 0.7 to 4.6%. The
mean age of BMS is between 55 and 60 years,
with occurrence under 30 being rare. The ratio

between females and males varies from 3:1 to
16:1. Furthermore, up to 90% of female patients
with BMS are perimenopausal, with typical
onset from 3 years prior to 12 years post the
beginning of menopause. Despite the large
number of clinical and epidemiological studies,
pathogenesis and aetiology of BMS remains
unclear [3]. Recent clinical, electrophysiological
[4, 5] and histological [6] studies suggest that
primary neuropathic dysfunction might be involved
in the pathogenesis of BMS. On the other hand,
a central mechanism with the involvement of
dopamine receptors in the basal ganglia was
suggested to play a role in the pathogenesis
of the disease [7]. Recently, we published data
based on decreased -calcitonin gene-related
peptide levels in saliva of BMS patients, showing
that trigeminal nerve degeneration may be the
underlying cause of BMS [8].

The possible theories behind the cause of
BMS are [2-9]: 1) Abnormal interaction between
the sensory functions of facial and trigeminal
nerves. According to this theory, certain individuals
labeled as supertasters (mainly females) due to
the high density of fungiform papilla present on the
anterior aspect of tongue, are at risk of developing
burning pain; 2) Sensory dysfunction associated
with small and/or large fiber neuropathy; 3)
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Centrally mediated alteration in the modulation
of nociceptive processing. This theory explains
the fact that resulting in reduced central pain
suppression in BMS individuals; 4) Disturbances
in the autonomic innervation and oral blood flow;
5) Chronic anxiety or stress results in the alteration
of gonadal, adrenal, and neuroactive steroid levels
in skin and oral mucosa.

Psychological factors are, however, frequently
associated with BMS. Previous studies have
shown that diagnoses such as depression,
generalized anxiety, hypochondriasis, and cancer
phobia are often represented in patients with BMS
[9]. It has been reported that depression and
anxiety are strongly associated with BMS and are
more frequent in BMS patients than in non-BMS
subjects [10-13]. In contrast to this correlation,
some authors assert that higher levels of anxiety
and depression can be the consequence of
chronic pain of BMS [14].

This chronic pain syndrome mainly affects
middle-aged women with hormonal changes
or psychological disorders. BMS is probably
of multifactorial origin, often idiopathic, and its
etiopathogenesis remains largely obscure. BMS
represents a disorder with a very poor prognosis
in terms of quality of life, and the patient's lifestyle
may worsen when psychological dysfunctions occur
[15]. Despite the fact that a voluminous amount has
been published in this field, an universally accepted
definition of this syndrome is still lacking. Various
synonyms, such as stomatopyrosis, glossopyrosis,
stomatodynia, glossodynia, sore mouth, sore
tongue, and oral dysesthesia, have been adopted
to emphasize the quality and/or the location of
pain in the oral cavity. In this syndrome, however,
pain represents the main symptom within a variety
of chronic oral complaints. Thus, BMS appears to
be the most appropriate terminology. Despite this
large body of evidence, some issues on BMS are
still debated, and they present a challenge for both
researchers and clinicians. What generates a major
dilemma is that BMS is defined by symptoms that
can potentially arise from numerous different local/
systemic pathologies, some of which can be clearly
identified and managed, and others that elude
diagnosis and, thus, hamper management [15].
Several authors [16, 17] have focused their efforts
on establishing whether BMS should be considered
as a distinct “syndrome”, or it mostly represents
a “symptom disruption” for a large number of
conditions arising from a wide array of pathologies
(hormonal changes, nutritional deficiency, etc.).
They have proposed the lack of local/systemic
factors as inclusion criteria for a "true BMS", and
assumed that all the other types of “unremitting oral
burning” correlated to different pathologies may
be one symptom within the clinical spectrum of

such a group of pathologies. Burning pain without
mucosal or skin lesions, however, represents
the typical symptom of chronic neuropathic pain
conditions resulting from nerve damage, and in
recent years a neuropathic basis of BMS has been
better identified through the use of more sensitive
diagnostic techniques [18]. This new evidence,
in increasingly larger groups of BMS subjects,
suggests a common background of neuropathy in
the pathogenesis of this syndrome. As a result, it
seems more appropriate to recognize two clinical
forms of BMS: “Primary BMS”, or essential/
idiopathic BMS for which organic local/systemic
causes cannot be identified; and “Secondary
BMS?”, resulting from local/systemic pathological
conditions and thus potentially sensitive to etiology-
directed therapy. According to these criteria,
“idiopathic” BMS as well as the “secondary" form
may represent two distinctive subgroups of the
same “pathological entity” [15-18].

A. Classification of the BMS types and subtypes
According to potential associated etiologies,
BMS may be divided into primary and secondary
types. Primary type includes idiopathic, non-
neuropathic BMS. Burning mouth sensations
(formerly, secondary BMS) are associated with
established organic/therapeutic-related etiologies
(e.g., oral cavity disorders, including oral local
neuropathy, systemic disorders, nutritional
deficiencies, drug-induced, neurological and
psychiatric abnormalities) [19].

Burning mouth sensations are symptoms of these
alterations and according to available literature, do
not represent a distinct type of BMS. The latter starts
with a differential diagnosis based on the exclusion
of both other orofacial chronic pain conditions and
painful oral diseases exhibiting mucosal lesions.
The co-occurrence of overlapping/overwhelming
oral mucosal pathologies, such as infections, may
cause difficulties in the diagnosis and it is classified
as “complicated BMS” [19].

Burning mouth syndrome has been further
divided into three subtypes based on the daily
variation of symptoms [19]: Type | BMS refers to
complaints of burning sensation every day, that
is not present in the morninig on awakening but
develops later during the day, being maximal in
the evenings. Type 2 BMS (the most frequent
subtype; relative frequency: 55%) is characterized
by constant burning pain all day, every day. The
patients with Type 2 BMS tend to be most resistant
to therapy. In type 3 BMS (relative frequency
about 10%) pain is present intermittently on
some days with pain-free intervals and affects
unusual sites, such as buccal mucosa or the
throat. Nonpsychiatric factors have been linked
with Type 1 BMS, psychiatric factors, especially
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chronic anxiety with Type 2, and food additives or
flavoring allergies, with Type 3 BMS [19].

Clinical presentation

BMS is dominantly characterized by burning and/
or painful sensations of the mouth with no mucosal
lesions or any other clinical signs. It can occur
at any site within or surrounding the oral cavity.
The most frequently affected site is the tongue, in
particular the tip and anterior two thirds, followed
by the lower lip and hard palate [15, 19].

The pain in BMS is experienced as
quantitatively similar to, but qualitatively different
from toothache pain. BMS can be considered as
a chronic pain syndrome with symptoms usually
lasting for several months to several years [15].
Oral burning is most prevalent in postmenopausal
women; figures of up to 40% have been presented.
The prevalence of prolonged oral burning of BMS
patients is about 8% with less than 1% suffering
from continuous burning symptoms [15, 18]. The
term BMS clinically describes a variety of chronic
oral symptoms (Table 1) that often increase in
intensity at the end of each day, and that seldom
interfere with sleep [15]. Accordingly, two specific
clinical features define this syndrome: (1) a
“symptomatic triad”, which includes unremitting
oral mucosal pain, dysgeusia, and xerostomia;
and (2) “no signs” of lesion(s) or other detectable
change(s) in the oral mucosa, even in the painful
area(s) [15].

In the remaining cases, “oligosymptomatic
(pain and dysgeusia or pain and xerostomia) or
“monosymptomatic” (pain only) forms of BMS
are the most frequent presentations.

More recently, increasing attention has been
given to the altered perception of sensory/
chemosensory functions as well as to the
changes in the psychological profile of many BMS
patients. As a result, both disturbances should
be included in the clinical spectrum of BMS

”
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[18]. Oral pain represents the cardinal symptom
of BMS. The type of pain experienced by BMS
patients is a prolonged “burning” sensation of
the oral mucosa. However, scalding, tingling, or
numb feelings of the oral mucosa have also been
reported [15-19].

The onset of oral pain is generally spontaneous
and without any recognizable precipitating
factors. Some individuals with BMS relate the
onset of pain to previous events such as dental
procedures (particularly dental extractions, dental
prostheses) or other disease [15].

Psychiatric comorbidity

Personality and mood changes (especially
anxiety and depression) have been consistently
demonstrated in patients with burning mouth
syndrome and have been used to suggest that
the disorder is a psychogenic problem. However,
psychological dysfunction is common in patients
with chronic pain and may be the result of the
pain rather than its cause.

Concerning the association between BMS and
psychiatric diseases, an extensive literature, varying
from anecdotal reports, psychoanalytic opinions,
and controlled comparisons to large-scale surveys,
attests to the importance that is generally assigned
to the relationship between psychiatric disorders
and BMS. Despite different methodological
approaches and sometimes, small study groups,
all of the studies reported a high prevalence of
psychiatric symptoms or of mental disorders. About
50% of the cases of BMS are comorbid with other
current psychiatric disorders [20]. There has been
particular emphasis on depression [21], chronic
anxiety [22], cancerophobia, and hypochondriasis
[20]. The association of psychiatric disorders,
fundamentally depression and anxiety, with BMS
has often been reported in the literature. As a result,
some authors have suggested a psychosocial
cause for BMS [20, 23].

Table 1. Main symptoms in patients with BMS

Type(s) of Complaint(s)

Symptom

Oral mucosal pain* Burning

(main complaint) Scalding
Tingling

Numb feeling

Dysgeusia* Altered taste perception
Xerostomia* Dry mouth
Others Thirst

Headache

TMJ pain

Tenderness/pain in masticatory muscles,
neck, shoulder, and suprahyoid muscles

* BMS symptomatic triad; TMJ = temporomandibular joint.
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Although there is widespread agreement over
the participation of psychosocial aspects in the
cause of this disorder, current thought is that
multiple factors are involved [20-23].

However, when reviewing the literature, it is
interesting to note that anxiety and depression
are the two psychopathologic factors in BMS
that have almost exclusively been evaluated by
questionnaires. The situation of these patients in
other psychopathologic contexts is somewhat
uncertain, although recently a number of studies
have addressed the subject [20].

High frequency of somatic reactions to stress
was observed in a series of 154 patients with
BMS. The preoccupation of these patients with
their physical condition and bodily functions
constitutes a further feature of BMS with
hypochondriac reactions [24].

In the study of Lamey and Lamb (25) the
majority of the 75 patients studied were female,
which agrees with previous studies relating to
burning mouth syndrome. Analysis of the Hospital
Anxiety and Depression (HAD) scale completed
by the patients in this study showed that 39%
had clinically significant anxiety, 23% had anxiety
scores of borderline significance and 38% were
not anxious. The depression subscale presented
very different score ranges, with 13% indicated as
having depression, and 68% having scores that
corresponded to a non-depressive state; 19%
had results of borderline significance [25]. From
the results of this study it could be concluded
that more than one third of the BMS patients, the
majority of whom were female, had anxiety. This
suggested that their somatic symptoms of burning
mouth were at least partly the psychological
result of restlessness, tension, and an inherent
inability to relax [25]. Only one in seven patients
in this cohort had depression, suggesting that
depression does not seem to play an important
role in the etiology of burning mouth syndrome
as previous publications suggested [25].

From the psychiatric and psychopathologic
viewpoint, two groups of patients with BMS may
be distinguished: with or without associated
psychiatric symptoms. No psychopathologic
phenomenon was detected that was common
to all patients with BMS and that differentiated
them from controls free of oral symptoms. The
association of BMS and psychological changes
might be a mere coincidence, although the
high percentage of persons with BMS who have
these alterations (about 50%) compared with the
general population would seem to disprove this.

BMS patients may be particularly vulnerable
to psychiatric problems, primarily depression and
anxiety. Such comorbidity could be mediated by
many factors, including those of psychological

nature, particularly in persons suffering chronic
pain condition or other psychological triggering
factors [20-22].

Consideration should also be given to other
possible explanations for the association between
BMS and depression or anxiety disorders,
including the possibility that both aspects might
be the product of a common factor.

Observed higher incidence of these alterations
among postmenopausal women points to an
endocrine disorder as the underlying cause of
both the oral and psychopathologic symptoms.

The most commonly observed association
is between BMS and depressive and anxiety
symptoms. The items on the anxiety and
depression scales tend to exhibit marked
correlations to the point of rendering it empirically
impossible to develop independent subscales of
these two psychopathologic entities [21, 26].

Management

The treatment of BMS is usually directed at
its symptoms and is the same as the medical
management of other neuropathic pain conditions
[27]. The first step in management is contingent
on the specific type of BMS, primary versus
secondary. The goal of therapy for secondary
BMS should initially be directed at treating
the causative local or systemic disease and
withdrawing offending medications (such as ACE
inhibitors). This etiology-directed therapy typically
yields a good response. The cure for primary
BMS, however, remains elusive despite attempts
with different classes of medication. The variable
response rate to medical therapy is likely due
to the multifactorial pathophysiology of idiopathic
BMS, including irreversible processes.
Investigated  strategies include benzo-
diazepines, antidepressants, topical capsaicin,
alpha-lipoic  acid, hormone  replacement
therapy, vitamins, anticonvulsants, biofeedback
technique to modify parafunctional habits, and
psychosocial therapies. As an adjunctive therapy
method, acupuncture is referred to in the art
as being beneficial for the relief of symptoms
in patients with BMS. Studies generally support
the use of low dosages of clonazepam
[28], chlordiazepoxide [29] and tricyclic
antidepressants [30]. Evidence also supports the
utility of a low dosage of gabapentin [31]. Studies
have not shown clear benefit from treatment with
selective serotonin reuptake inhibitors or other
serotoninergic antidepressants [27]. Although
benzodiazepines might exert their effect on
oral burning by acting as a sedative-hypnotic,
this possibility appears to be unlikely because
the maximal effect of clonazepam is usually
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observed at lower dosages [27]. The beneficial
effects of tricyclic antidepressants in decreasing
chronic pain indicate that, in low dosages, these
agents may act as analgesics [27, 30]. Topical
capsaicin has been used as a desensitizing
agent in patients with burning mouth syndrome.
However, capsaicin may not be palatable or
useful in many patients [32].

Additionally, modifications of parafunctional
habits may offer some symptom relief. Tongue
protectors (worn 15 min three times a day) were
shown to significantly improve pain scales in
BMS patients after two months of treatment,
however sample sizes were small and placebo
effect could have been introduced [27, 28].
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Conclusion

BMS is a relatively common chronic intraoral pain
disorder classically characterized by intractable
burning that may be associated with dysgeusia and
xerostomia. Etiology of BMS is multifactorial, and a
secondary form of BMS should be diligently sought
for and properly treated. Multidisciplinary approach
including medical and psychosocial therapy may
be effective in symptom relief in patients with BMS.
Further studies are necessary to establish long-
term prognosis. BMS remains an important medical
condition, which often places a significant burden
on the patient and healthcare system and requires
adequate and timely recognition and treatment.
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Diabetic neuropathy (DN) is one of the most common complications in patients
with diabetes mellitus type 2. It affects from 22.5% to 28.5% of all diabetic patients
worldwide; on national scale the morbidity reaches 50-70% of the affected patients.
Neurorehabilitation is one of the main therapeutic approaches in the whole
algorithm of treatment of DN. The ability to perform long-term, specialized physical
therapy at home is essential for patients with chronic neurological deficits. For this
reason, we offer diabetic neuropathy patients the possibility of metabolic control,
symptom reduction and orthostatic improvement through systemic self-fulfillment of

purposeful physical exercises. Increasing their daily motor activity will improve their

self-esteem and quality of life.

Diabetes mellitus is the fourth leading cause
of global death by disease. More than 246
million people suffer from diabetes worldwide
with a tendency this incidence to rise to 380
million by 2025. The disease is associated with
an increased relative risk for ischemic stroke,
ischemic cardiac disease, chronic insufficiency of
the lower extremities and chronic microvascular
complications as retinopathy, nephropathy and
neuropathy [19].

Diabetic neuropathy (DN) is the most frequent
complication. It affects 22,5% T10 28,5% of all
diabetic patients worldwide, and on national scale
the morbidity reaches 50-70% of the affected
patients [14]. The feet and legs are often affected
first, followed by hands and arms. Signs and
symptoms of peripheral neuropathy are often
worse at night, and may include: numbness
or reduced ability to feel pain or temperature
changes; a tingling or burning sensation; sharp
pains or cramps; increased sensitivity to touch
for some people, even the weight of a bed sheet
can be agonizing; muscle weakness; loss of
reflexes, especially Achilles’; loss of balance and
coordination; serious foot problems, such as
ulcers, infections, deformities, and bone and joint
pain [12].

Neurorehabilitation

Neurorehabilitation is one of the main therapeutic
approaches in the whole algorithm of treatment
of DN. It studies and applies complex medical
approaches for compensating the damages of the
nervous system, offsetting the emerging functional

impairments and changes in the lifestyle of the
patient and his family. By supporting and restoring
the independence, self-confidence and positive
mood of the patients, it helps their adaptation
and successful reintegration into society.
Contemporary neurorehabilitation is defined
as: holistic — positively influences the physical,
cognitive, psychological and social dimensions
of personality and enhances the quality of
life of the patient and his family; individual,
intensive and specifically focused - individually
tailored and focused on the needs of the
patient; planned - structured and performed by
a multidisciplinary team of highly qualified and
motivated professionals; cooperative — realized
with the active participation of the patient and
his family members; continuous - ensuring care,
tailored to the needs of the patient throughout
his life to restore and influence early and late
complications of the disease; social — establishes
appropriate community conditions aiming partial
or complete re-socialization of the patient [23].
Inthecaseofperipheralnervous systemdamage
neurorehabilitation influences the segment reflex
arc and the secondary complications through:
positive impact on the superficial and deep
sensation through stimulating of vasodilatation
and improving tissue trophic and metabolism
[15]; improved muscle strength and blood flow to
the tissues, optimizing the oxygen and metabolic
needs of the body when loading is intense and
a series of repeated exercises against resistance
is performed [26, 32]; restoration of coordination
and balance by influencing proprioception by
coordination exercises with and without visual
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control [4]; improved orthostatic autoregulation
by stimulating proprioception, activation of the
sympathetic nervous system and increase of
the efficiency of the muscle pump (increased
muscle strength of the lower limbs, positional
and cardiovascular training) [5].

Physical therapy

Physical therapy (PT) is a major part of
neurorehabilitation. According to available literature
concerning physical activity in patients with
diabetes type I, the metabolic effect of therapeutic
exercises depends on the their duration and
intensity. Mild and moderate intensity has been
shown to improve the three-phase process of
better absorption of muscle glycogen, blood
glucose and free fatty acids. A 40-60 min physical
therapy program is recommended in the patient's
daily life, producing real opportunities to reduce
hyperglycemia. The reason for this is the fact that
in the first minutes of exercising, the main source
of energy is muscle glycogen, and the rate at
which the glycogenolysis occurs in muscles, is
highest in the first 5-10 min. In the subsequent
physical effort (between 10 and 40 min) is the peak
stage of glucose uptake in the tissue cells. Then
follows a period during which glucose degradation
begins to decrease and an increased (up to 70%)
use of free fatty acids is involved, which leads
to favorable changes in the lipid metabolism [2,
11, 37]. The American Diabetes Association (2001,
2003) demonstrates the beneficial metabolic effect
that can be maintained for at least 5 years with
regular exercise 3-4 times per week with an intensity
of 50-70% VO2 max and duration of training 30-60
min [34]. According to Ohtsuka et al. (1998), daily
walking of 3 km and 8 km significantly reduces
the blood sugar level by 39.7%, regardless of the
distance.

Sensory disorders cause an impairment of
the coordination and balance of patients with DN,
related to the high risk of traumas and injuries,
especially of the lower limbs, which significantly
obstructs the daily activities and the gait [33].
A number of authors recommend a precise
PT approach in patients with DN and sensory
impairment [26]. It requires the exclusion of
exercises that increase plantar tension (walking
without orthopedic shoes, running and static
loads). Sports such as swimming, cycling and
rowing are considered appropriate [28, 36].

A major problem with patients with DN is
the motor dysfunction. A study on the strength
of extensors and flexors of the knee and ankle
joints found that muscle weakness was linked
to the severity of neuropathy and disturbed the
pattern of walking of the patients [29]. To improve
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muscle strength, in the PT practice exercises
against resistance are recommended, resulting
in an increase of the muscle strength from 30
to 100%, with intensity of 80% of the maximum
aerobic capacity, and performing 2-3 sets of 8-10
repetitions for every exercise, three times a week
[16, 32].

In patients with DN, balance is impaired
as a result of sensory disturbances that are
largely offset by the visual analyzer and impaired
biomechanical balance factors (center of gravity,
line of gravity, weight-bearing area and stability
limits), due to muscle weakness in the distal parts
of the lower limbs, decreased movement of the
ankle joint and pain [17]. Based on the indicated
static balance disturbances, the principal
recommendations for PT effect on sensory
ataxia in neuropathy are aimed at improving
proprioreception by excluding or destabilizing the
visual analyzer when the patient is standing on a
solid basis [9].

In patients with DN and orthostatic dys-
autoregulation, orthostatic hypotension is present
and therefore many authors recommend physical
activity with moderate intensity according to the
insulin intake (which has a direct vasodilatating
effect on peripheral blood vessels and may
aggravate the present hypotension) [10].

Specialized physical therapy

For practice we have developed a substantial
and augmented specialized physical therapy,
suitable for application in clinical conditions,
which is adapted for home usage as a home
based self-directed learning didactic tools for
rehabilitation. The program is easy to perform for
a long time and increases the activities of daily
living in patients with DN [3, 4].

The proposed 39 self-directed learning
didactic tools are specialized physical therapy
with a 45-minute duration and moderate load
intensity. The introduction part of the exercise
complex aims to adapt the cardiovascular
system in a gradual manner (thoracic and
diaphragmal respiration, rhythmic exercises of
distal muscle groups, isometric exercises in
circulatory regimen). The essential part of the
physical therapy methods aims to increase
muscle strength (by means of exercises against
determined dose resistance, defined by elastic
bands Thera-Band), and improve the sensitive,
coordination and balance abilities of the patients
(by means of targeted exercises). The final part
of the complex includes autogenic training for
general relaxation of the patient.

To obijectify its effect we have studied 124
patients suffering from diabetic neuropathy and
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Table 1. Changes in the muscle strength, the girt of calves and mobility of ankle and knee joint

Parameter Group Beginning On the 10* day On the 6" week On the 6™ month
(EG=48; CG=34) (EG=90; CG=34) (EG=90; CG=34) (EG=90; CG=34)
XS, XS, XS, XS,
Mar_1ua| muscular EG 4.58+0.50 4.82+0.38*** 4.96+0.21*** 5.00+£0.00***
testing of dorsal CG 4.74+0.45 4.74+0.45 4.62+0.49* 453+0.51*
flexors (degrees) p 0.108 0.283 0.001 0.001
Girt of the calves EG 37.60+2.51 38.03+2.52%** 38.50+2.46%** 38.52+2.20%**
(cm) CG 39.51+1.83 39.46+1.96 39.35+2.05 38.53+2.09%**
p 0.001 0.004 0.075 0.466
Speed of EG 22.00+2.70 18.51 £2.57%** 16.84 +2.56%** 17.78+2.76%**
movements in the CG 21.76+6.60 20.94+5.67 22.00+7.04 25.35+3.26%**
knee joint (s) p 0.778 0.001 0.001 0.001
Speed of EG 19.84+4.04 15.84£3.36%** 14.56+3.34%** 15.00+3.06***
movements in the CG 18.97+4.76 19.21+3.41 19.88+3.00%* 22.65+2.77***
ankle joint (s) p 0.355 0.001 0.001 0.001

X — average values of the studied parameters; S, - standard deviation;, ***p<0.001, **p<0.01, *p<0.05 - considerable differences
for each group in the course of treatment with respect to initial values; p-considerable differences between the experimental group
(EG) and the control group (CG); The obtained results were processed statistically using Wilcoxon test (in order to determine the
importance of changes from manual muscular testing for each group in the course of treatment), the U-criterion of Mann Whitney (in
order to be determined the importance of differences between the two groups from manual muscular testing) and Student t-test for

the remaining indicators.

diabetes mellitus type 2, divided into two groups.
The experimental group includes 90 patients (52
women and 38 men, average age 58.47+8.69
years); the control group consists of 34 patients
(16 women and 18 men, average age 58.79+7.49
years). The patients from the experimental group
were included in a 6-month specialized physical
therapy after a given written informed consent for
long-term performance of therapeutic exercises
at home. The control group patients were treated
routinely using the standard 10-days physical
therapy applied only during their in-hospital stay.

The specialized physical therapy ensures
long term positive effect on patients with DN.
Its prolonged and systemic application improves
the carbohydrate and lipid metabolism of the
patients. It mobilizes the local blood circulation
and works against the main damaging factor
- hyperglycemia, which is connected to better
functional status of the peripheral nerves [4, 18].

It was proven that physical therapy has positive
influence on the current neuropathic symptoms
(sensory, motor, balance and changes in the
peripheral conductivity). In order to influence
positively the symptoms, it is appropriate to apply
physical activity without using the body weight —
resistance exercises (elastic Thera-Band stripes
applied in 2-3 series of 8-10 repetitions each, at
least 3 times a week) and post-isometric relaxation.
Walking should be performed with silicon footpads,
with and without eye control [9, 20].

The objective changes in muscle strength,
muscle mass and the mobility of lower limbs are
given in table 1.

All parameters for muscular strength are
considerably improved at the experimental group
after the 10" day unlike control patients where
the changes are minimal but with a trend for
deterioration especially emphasized after the
6" week from the beginning of treatment. When
comparing the girt of the calves, we establish
that the patients from the control group have
much higher absolute values. At the end of
the specialized physical therapy we report an
increase in the muscular mass of the calves at
the experimental group and a decrease at the
control patients as the absolute values get even.
In the course of treatment at the experimental
group we establish some improvement in the
speed of movements, clinically expressed by
shortening the time of flexion and extension in
the ankle and knee joints, while at the control
group patients the time is prolonged.

The results from static balance (Romberg’s
test and Duncan’s test) and gait (by determining
cadence and maximum speed for passing 8
meters) are presented in the table 2.

After the applied specialized physical therapy
the balance stability gets improved substantially.
On the 6" month the patients remain stable for
a long time. The specialized physical therapy
increases substantially the maximum gait speed
and reduces the cadence at the usual speed
of movement most vividly expressed on the 6th
week of our survey.

The daily application of specialized physical
therapy improves the orthostatic reactivity
of patients with DN and the orthostatic
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Table 2. Changes in static ataxia and gait parameters

Parameters Group Beginning On the 10 day On the 6™ week On the 6" month
(EG=90; CG=34) (EG=90; CG=34) (EG=90; CG=34) (EG=90; CG=34)
X+S, X+S, X+S, X+S,
Romberg’s test EG 15.58+£10.35 28.31+16.42%** 36.67+£18.71*** 40.131£19.47*%**
(s) CG 19.18+12.70 19.06+£12.05 16.82+11.14 14.85+10.61
p 0.550 0.002 0.001 0.001
Duncan'’s test EG 20.30£7.13 30.50+8.09 32.45+7.12 30.68+7.72
(cm) CG 28.69+10.19 29.9416.66 28.37£6.90 24.97+7.23
p 0.067 0.494 0.001 0.001
Cadence for EG 17.40+£3.26 16.04 £3.02%** 15.16£3.11*** 15.57 £3.69***
8 m of walking CG 16.35+2.42 16.47+2.53 17.24+1.95%** 18.91£2,02%**
(usual gait) p 0.091 0.466 0.001 0.001
Maximum speed EG 107.38+30.93 130.02+32.34*** 139.09+26.47*** 133.99+28.28***
for passing 8 m CG 104.91+33.89 99.69+25.82 96.651+24.46 85.55+8.53**
(cm/s) p 0.701 0.001 0.001 0.001

X — average values of studied indicators; S, — standard deviation; ***p<0.001, **p<0.01 — considerable differences for each group
in the course of treatment in comparison with the initial values; p-considerable differences between the experimental group (EG) and
the control group(CG). The obtained results were processed statistically using Wilcoxon test (in order to determine the importance of
changes Romberg’s test and Duncan’s test for each group in the course of treatment), the U-criterion of Mann Whitney (in order to
be determined the importance of differences between the two groups from Romberg’s test and Duncan’s test) and Student t-test for

the remaining indicators.

disautoregulation, increases the muscle strength
and the muscle mass of the calves, mobilizes the
“muscle pump” and improves vein circulation and
systemic hemodynamics [22, 31].

Based on the type of the orthostatic reactivity,
following the classification of Thulesius (1976), the
patients were divided into 3 groups: normotonic
orthostatic reactivity (NOR), where the heart
rate (HR) increased up to 20 beats per minute
(bopm) and the SBP changes were no more
than 10 mmHg while standing; a pathological
sympathicotonic orthostatic reactivity (SOR),
where the HR increased more than 20 bpm and
the SBP dropped more than 10 mmHg; and an
asympathicotonic orthostatic reactivity (AOR),
where no or minimal changes in the HR along
with a decrease in the blood pressure were found.

The beneficial effect of the specialized
physical therapy on the orthostatic reactivity in

DN patients was proved by the change in the
percent ratio between the subjects with different
types of orthostatic intolerance - a significant
increase in the number of the patients with NOR
was observed immediately after the end of the
PT, reaching 80.3% from the patients with DN
after 6 weeks from the treatment onset (Fig. 1).
The effect of the specialized physical therapy
on orthostatic autoregulation is probably due to
various mechanisms. Yamomoto et al. (1991) have
revealed that the physical exercises stimulate
the proprioceptive information connected with
a static posture and the motor human activity,
implemented through the motoric-visceral reflexes.
It is well known that the moderate to intensive
exercise stimulates the sympathetic nervous
system, whereas in the recovery period after
physical loading the parasympathetic activity is
dominating. Thus, during the orthostasis in healthy

Experimental group

kL]

Control group

at start 10 Day 6 Wesks 6 Month

atstart 10 Day 6 Weeks & Month

ONOR @SOR mAOR

Fig. 1. Percent distribution of the patients according to the type of the orthostatic reactivity at start,
at day 10, 6 weeks and 6 month after the physical therapy onset
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subjects the normal autonomic response provides
adaptive changes in the systemic hemodynamics
that keep the cerebral circulation stable and
prevent from orthostatic hypotension [3, 25].

The patients with DN have a limited
motor activity, known to be associated with
a decreased physical working capacity,
a decreased muscle power, deteriorated
nitrogen and protein balance, cardiovascular
disturbances and depression [32, 35]. In such
patients the appropriate physical exercise can
prevent not only the hypokinetic syndrome, but
also the development of clinical complications
by improving the glucose control and the lipid
profile [21] via a normalization of the blood
pressure [27], and restoration of the physical
and mental health. It has been demonstrated
that in patients with DN the exercises, including
frequent change on postural body position,
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INFLUENCE OF SELF-CONTROL
BREATHING EXERCISES

ON SPIROMETRIC PARAMETERS
INACUTE STROKE PATIENTS
AFTER DISCHARGE

K. Grigorova-Petrova, A. Dimitrova,
D. Lubenova, M. Nikolova

Department of Physiotherapy and Rehabilitation,
National Sports Academy “V. Levski” — Sofia, Bulgaria

Objective: To establish the ability to influence
respiratory functions in acute stroke patients through a
feedback breathing device after discharge.

Material and methods: Fifty-nine patients in the
acute period after ischemic stroke are monitored.
They are divided into two groups, exercise group (EG)
and control group (CG), according to their consent of
practicing breathing exercises at home. Forced vital
capacity (FVC), peak expiratory flow (PEF), forced
expiratory volume at 1 s (FEV,) and inspiratory capacity
(IC) are measured in the day of the discharge and one
month after the stroke.

Results: There are significant differences in the
first month in the PEF and IC between the two groups.
All spirometric parameters improve in the EG with
significant increase in FEV, and IC.

Conclusion: The goal-oriented training by incentive
breathing device provides informative feedback
on inspiration, facilitates cognitive stage of motor
learning by self-control during breathing, and positively
influences inspiratory capacity in patients with acute
ischemic stroke.

Key words: acute ischemic stroke, breathing exercises,
physiotherapy

3" Congress of the BSNCH | 5 October, 2017

Pe3iomeTa

BIMNAHNE HA ANXATENTHUTE
YMNPAXXHEHNA BbPXY
CMNPOMETPNYHWUTE NMNOKASATENN
NPy NALUNEHTU C OCTbP UHCYNT
CJEQ XOCMUTANN3ALINA

K. Tpuroposa-lletposa, A. dumunTtpoBa,
[. NMNoeeHoBa, M. Hukonosa

Kamegpa “KuHeaumepanus u pexabuaumayus’,
HauuoHanHa cnopmHa akagemus ,B. JleBeku* —
Cogus, bvrzapus

Len: [da ce onpenenn Bb3MOXHOCTTA 3a MOBMU-
siBaHe Ha pecnupaTopHaTa GYHKUMSA NpuY UHCYNTHO 60-
JIHW B OCTbp Mepuop 4ype3 ypen 3a CTUMynupaHe Ha
BOVLUBAHETO.

Matepunan n metogm: lNpocnegeHn ca 59 nauu-
€HTa B OCTbp MEpuoA cned NCXEMUYEH MO3bYEH WH-
CynT, paspgeneHy B ABe pynu — eKcnepumeHTanHa u
KOHTPOHA, CMOpPE[ XeNaHNeTo UM 3a CaMOCTOSTENTHO
N3Mb/IHEHME HA OMXaTeNHN YyNpaXKHeHUs C MHOUBMAOya-
NeH ypen. B geHa Ha ua3nuceaHeTo 1 eguH MeceL, cneq
MHCynTa ca npocneneHun: GopcupaH BUTaneH Kanauu-
TET, BbPXOB €eKCnvMpaTtopeH AebuTt, ¢opcupaH ekcrnu-
paTopeH o6em 3a 1 cek 1 MHCMMPATOpPeH KanauuTer.

Pesyntatn: Ha nbpBus mecey ce Ha6niogasar
3HAUMN PasfMKu Mexay ABETE rpynu no OTHOLIEHWEe
Ha MHCMMPAaTOPEH KanauuteT U BbpPXOB eKCnMpaToOpeH
peout. MNpu ekcrnepymeHTanHaTa rpyna ce ortumta rno-
;106peH|/|e npu BCUYKN CNUPOMETPUYHN MoKa3aTenu,
CTaTUCTMYECKN 3HauUMMu Npu GopCUpaHus ekcnmnpaTo-
peH ob6em 3a 1 sec U MHCNMPaTOPHMUS KanauuTeT.

3aknioueHune: LleneHacoueHara TpeHMPOBKa Upes
ypen 3a CTuMmynmpaHe Ha BOMLWBAHETO OCurypsisa 4oc-
TatbyHO MHOPMATMBHA Ob6paTHa Bpb3Ka, YnecHsBa
KOFHUTUBHMSA CTagui Ha ABUratesiHo obyuyeHune upes
CaMOKOHTPON BbpXy Mpoueca Ha BAWLWBaHE 1 Moso-
XKUTEMHO MOBMMSABA WHCMUPATOPHUSA KanauuteT npu
nauneHTn Cnef MCXEMUYEH MO3bYEH WHCYAT.

KaroyoBu gymu: guxameAHu ynpakHeHusl, 0Cmbp
ucxXeMu4eH MO3b4eH UHCYAM, KUuHe3umepanus

NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 13, 2017, No. 2 151



NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, Volume 13, Number 2, 2017

®
P2

HOME-BASED PHYSICALTHERAPY PROGRAM
IN FRONTAL ATAXIA (CASE STUDY)

K. Grigorova-Petrova

Department of Physiotherapy and Rehabilitation,
National Sports Academy “V. Levski” — Sofia, Bulgaria

Objective: To determine if a home-based physical
therapy program was feasible for improving locomotion
and balance abilities in frontal ataxia after multi-infarct
encephalopathy.

Material and methods: A patient, after four ischemic
strokes (the first, 15 years ago), with comorbidity of
hypertension and diabetes type Il, participated in a
four-week individually tailored PT program. Pre- and
post-training assessment included neurological
examination, Berg Balance Scale (BBS) and Timed Up
and Go Test (TUG). The program consisted of 90 min,
3-4 times/week gradually progressive PT sessions with
strength training, static and dynamic task practice for
trunk and postural control (in sitting and standing) with
gradual narrowing the base of support and stress on
optimal alignment, sensory training, walking in different
environment.

Results: Improvement mostly in anticipatory
movement in BBS was observed. The patient improved
TUG time with 28 sec, but still had problem with double
task.

Conclusion: The targeted home-based physical
therapy program improves the functional mobility in
case of frontal ataxia. The specific intervention must
be designed on every level of function, activities and
participation deficits.

Key words: frontal ataxia, physical therapy

P3

PHYSIOTHERAPY IN NEUROLOGICAL,
RESPIRATORY AND METABOLIC
COMPLICATIONS AFTER CARDIAC SURGERY
(CASE STUDY)

|. Alexandrova, Z. Koleva, L. Mitova,
K. Grigorova-Petrova, A. Dimitrova

Department of Physiotherapy and Rehabilitation,
National Sports Academy “V. Levski” — Sofia, Bulgaria

Objective: To monitor the effect of applied
physiotherapy in a patient with complications after
aortic valve thrombectomy.

Material and methods: A 73-year-old female 24
days after aortic valve thrombectomy is described. On
the 10" day after intervention she presents with ischemic
stroke in the right middle cerebral artery (Glasgow-Liege
Coma Scale — 20, NIHSS - 5, Chedock MacMaster:
arm - stage 4 to stage 5; hand - stage 1 to stage 2;
leg — stage 4 to stage 5; foot — stage 3), on the 17"

KUHE3UTEPAMNEBTUYHA MPOrPAMA
NPU GPOHTANTHA ATAKCUS B JOMALLIHW
YCIIOBUS (KA3YC)

K. Mpuroposa-lletposa

Kamegpa “KuHesumepanusi u pexabuaumayusi’
HauuoHanHa cnopmHa akagemus ,B. JleBeku” —
Cogus, bvreapus

Len: [da ce onpenenn npunoXxXnumoctra Ha KuHe-
3nTepanusTa B AOMaLLHU YCrOBUSA 32 NOJobpsiBaHe Ha
pPaBHOBECHWTE peakuuy 1 MoxogkaTta Mpu nauneHT C
MynTUMHGapKTHa eHuedanonaTus.

Marepuan n metogu: /13cnenBaHeTo € NpOBEAEHO
3a 4-cefMUYeH nepuof C MauveHT, NPeXuBan YeTnpu
NUCXEMWUYHN VHCyNnTa (MbpBKs ¢ 15-roguiiHa AaBHOCT),
CbC CbMbTCTBALLM 3a60MsBaHNsA XUNEPTOHNYHA 60/1ecT
n 3axapeH auacet Il Tun. Mpeom 1 cnep npouenypute
Ca U3BbPLUEHN CMEOHWNTE U3CneaBaHns: HEBPOIOrMYHO
cbvecTosiHve, Berg Balance Scale (BBS) n Timed Up and
Go Test (TUG). KuHesutepanusita € ¢ NpOab/mKuUTes-
HocT 90 MUHYTU, 3-4 MbTU CEOMUYHO U BKIIIOYBA yrpax-
HEHMs 3a MyCKyfHa Cufa, LEeSIeHaCOYeHO TpeHupaHe
Ha cTaTuyeH 1 OUHaMWUYEH MOCTyparneH KOHTpon (B ce-
[EX 1 CTOEX), C NOCTENEHHO HamarnsBaHe Ha ornopHarta
nnoL, C akUeHT BbpXy OMTUMASIHOTO anvHupaHe, CeH-
30pHa TPEHUPOBKA, XOAEHE B PasfnYHM YCNOBUS.

Pesynratn: Haéniopasa ce nogo6peHne B BBS,
NPeaUMHO B NpefBapuTenHus KoHTpon. Hamansea ce
BpemeTo 3a TUG, HO BCce owe uma npobnem npu ms-
nbnHeHne Ha TUG ¢ pBonHa 3apava.

3aknioueHne: LleneHacoueHaTa gomallHa KuHe-
3uTepanus nopobpssa  pyHKUMOHaNHaTa MOGWUIHOCT
npu naumeHT ¢ GpoHTanHa atakcus kato ce ¢okycupa
Ha BCSIKO HMBO Ha HanuuyeH pedbuunT.

Karo4yoBu gymu: kuHe3umepanus, GpoHmanHa amakcusi

KWHE3UTEPAMNXA NP HEBPOJIOTNYHN,
ANXATENHW N METABOJIUTHN
YCNOXHEHWNA CNEQ KAPANOXUPYPINMYHA
NWHTEPBEHLUIA (KA3YC)

V. Anekcangposa, XK. Konesa, J1. MutoBa,
K. lpuroposa-lletposa, A. QumnTtpoBa

Kamegpa “KuHesumepanusi u pexabuaumauyus’,
HayuoHanHa cnopmHa akagemus ,B. JleBeku® —
Coqus, bvrzapus

Len: [la ce npocnean edekTa OT npunaraHara Ku-
He3uTepanus Npu nNaunmeHT C YCNOXXHEHWs cnep TpoM-
GEKTOMUSI HA aopTHa Knana.

Marepuan n merogu: [lMpocneneHa e >keHa Ha
73 . TPU cegMuuM Crnen TPOMGEKTOMUS Ha aopTHa
knana. Ha 10-ua geH cnepn wHTepBeHUMsATa nonyvasa
NCXEMUYEH MO3bYEH MHCYNT B 6acenHa Ha gsacHa cpeg-
Ha mo3buHa aptepus (Glasgow-Jlnexx Coma Scale —
20, NIHSS - 5, Chedock MacMaster: ropeH kKpanHuK
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day, with hyperglycemic coma, and on the 24" day,
with COPD exacerbation. The patient has concomitant
diseases: arterial hypertension, congestive heart failure
Il degree, COPD, type Il diabetes mellitus, and diabetic
polyneuropathy. Medical condition and vital signs
(blood pressure, saturation, heart and respiratory rate),
Barthel Index of activities of daily living, Borg Scale
for perceived exertion has been monitored. After daily
medical condition’s assessment the following physical
therapy has been applied for two weeks: patient’s
education about safe bed mobility and activities of daily
life, respiratory care, mobilization, specific methods to
neurologic deficits and callisthenic exercises.

Results: After the physical therapy, favorable
changes in the patient’s functional status have been
detected. There is an improvement in the patient's
independence in performing the daily life activities and
increase in oxygen saturation. Dyspnea and fatigue
at exercise, as well as the respiratory rate, show a
tendency to decrease.

Conclusions: The physical therapy is an integral
part of general medical treatment to achieve functional
recovery and independence in polymorbide patients.

Key words: cardiac surgery, physical therapy,
polymorbidity, stroke

P4

INFLUENCE OF WRITTEN
PATIENT’S GUIDE FOR PATIENTS
AFTER LUMBAR SPINE SURGERY

C. Bijeva, D. Lubenova, K. Grigorova-Petrova

Department of Physiotherapy and Rehabilitation,
National Sports Academy “V. Levski” — Sofia, Bulgaria

Objective: To assess the effect of written patient’s
guide in patients after lumbar spine surgery.

Material and methods: Forty patients voluntarily
attended and treated in the Department of Neurosurgery
of the University Hospital Sofiamed, Sofia were
randomly divided into two groups (CG n=20) and
(EG n=20). The assessment was made on the day of
the discharge and one month after surgery. Outcome
measures included the Oswestry disability index (ODI)
and the Visual analog scale for pain (VAS). The CG
was on the standard physical therapy program. A
written patient’s guide with exercises was given to the
patients of EG.

Results: There was an improvement in the two
groups for ODI and VAS. Significant differences
between the two groups for ODI were found.

Conclusion: The study shows that including a

3" Congress of the BSNCH | 5 October, 2017

— cTagmnm 4 KbM cTagunm 5, KATKa M NpbCTKM — ctagun 1
0O cTagun 2, OofieH KpanHUK — ctagui 4 0o ctagum 5,
cTbnano — ctagun 3), Ha 17-1a OeH ¢ xunepravkemMuyHa
KOMa, Ha 24-usi oeH ¢ ek3auep6aumns Ha XOBb. Cbnbt-
CTBaLLM 3260MABaHNA: XUNEPTOHNYHA BGONECT, 3aCToNHa
cbpaeyHa HepoctatbuHocT cT. lll, XOBb, gna6et tnn I,
anabeTHa nonuHeBponatus. ExkegHeBHO ce npocnens-
BaT npomeHntTe B KIMHWYHOTO CbCTOAHWE, OCHOBHUTE
XKM3HEHU nokasaTenu (KPbBHO HansdraHe, KucnopogHa
caTtypauus, cbpaeyHa 1 auxaTteniHa YecToTa), MHOEKCHT
Ha BbapTten 3a OenHOCTUTE Ha e)XxeoHEeBMETO U ckana Ha
Bopr 3a oueHka Ha 3agyx 1 ymopa npu pu3nyecko Ha-
ToBapBaHe. VlHovBuoyanHn KnHesutepanesBTUYHW Mpo-
Leaypy ca NpoBeXxdaHy B NPOAbIMKEHNE Ha ABe ceamMu-
LM, BKOYBaWM obyyeHre Ha nauyeHTa 3a 6e30nacHo
npemecTBaHe B NEroTO U OENHOCTU OT €XEOHEBUETO,
avxartenHa pexabunutauus, cneunduyHn KnuHesutepa-
NEBTUYHN METOOVKM 3a HEBPOSIOTUYHWUTE AebuumTr U
0o6LLOpa3BMBaLLY YNPaXKHEHNS.

Pesyntatn: Cnen nposegeHata KuHe3auTepanus,
ce ycTaHoBMXa 6naronpusTHU MPOMEHN BbB QYHK-
LIMOHANHOTO CbCTOsIHME Ha NauueHTa. Habniopnaea ce
nopo6psiBaHe Ha HE3aBNCUMOCTTa Ha 6OMHWSA Mpu 13-
BbpLUBAHE Ha AENHOCTUTE OT EXXEeOHEBHUS XXNBOT U Ce
noBuLLIABa K1CnopogHarta cartypauus. 3agyxbT U ymo-
paTta npu GM3NYECKO HaToBapBaHe, KakTo 1 auxaTen-
HaTa yecToTa nokasaxa TeHOeHUMS KbM HamansiBaHe.

3aknioueHune: KnHeautepanuata € HepasgenHa
YacT OT KOMMJIEKCHOTO feuyeHne, 3a MoCTuraHe Ha
(YHKLUMOHANHO Bb3CTAHOBSBAHE U HE3aBUCKMMOCT Mpu
NONNMOPOBUAHN NaLNEHTU.

KatouoBu gymu: kapguoxupypeusi, KuHe3umepa-
nusi, MO3bYeH UHCYAM, NOAUMOPGUgHOCM

N3CNEOBAHE HA EQEKTA OT NPUJIATAHETO
HA MACMEHO PbKOBOACTBO NPA
MAUMEHTW CNEAQ TIPbBHAYHA OMEPALIAA

Ll Bmxesa, L. Jlo6eHosa, K. lpuroposa-etposa

Kamegpa “KuHeaumepanus u pexabuaumayus’,
HauyuoHanHa cnopmHa akagemus ,,B. JleBcku* —
Cogus, bvrzapus

Len: Ja ce oueHn edekta OT U3NON3BAHETO Ha
NMCMEHO PbKOBOACTBO MPW NauMeHTW Cred onepaums
Ha rpbbHaYHNS CTbI6.

Matepunan n merogn: V3cnegsaHu ca uyetnpuge-
ceT naumeHTa ,Janv JO6pOBOSHO yyacTue, fiekyBaHu B
KnuHukata no HeBpoxupyprus Ha YHuBepcuTeTckara
6onHuua Codusiven — Coodust. MNaumeHtTute ca pas-
feneHn Ha age rpynu (KM n=20) and (El n=20). 3-
cnefdBaHuATa ca HarnpasBeHW B AEHS Ha U3NUCBaHETOo 1
edvH mecel cnep onepauusaTta. TectBaHu ca Oswestry
disability index (ODI) n BusyanHo aHanoroBa ckana
3a 6onka (BAC). MNaumeHTTEe OT KOHTpONHAaTa rpyna
M3BbpLUBaxa CTaHgapTHaTta nporpama 3a pexaé6unura-
umsa. Ha ekcnepumeHTtanHata rpyna 6ewe gageHo nmc-
MEHHO PbKOBOACTBO 3a W3Mb/IHEHNA HA YNpPaKHEeHWs
B AOMALLHN YCIOBUS.
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written patient’s guide leads to a better outcome one
month after spinal surgery.

Key words: patient’s guide, spinal surgery

P5

INFLUENCE OF PHYSIOTHERAPY PROGRAM
BASED ON THE PRINCIPLES OF PNF
CONCEPT IN PATIENTS

WITH DISC HERNIATION IN EARLY
POSTOPERATIVE PERIOD

C. Bijeva, D. Lubenova, K. Grigorova-Petrova

Department of Physiotherapy and Rehabilitation,
National Sports Academy “V. Levski” — Sofia, Bulgaria

Objective: To evaluate the effect of applied
physiotherapy program based on the principles of PNF
concept in patients with lumbar disc herniation in early
post-operative period.

Material and methods: Twenty patients with disc
herniation treated in the Neurosurgery Department of
the University Hospital SofiaMed, Sofia were studied.
The quality of life was assessed on the day of discharge
and one month after surgery, using a 36-point Quality of
Life Scale (SF36). All patients performed physiotherapy
program based on the principles of ISF concept for
one month after surgery. The methodology was goal-
oriented at the overall recovery of the patient, improving
the structural and functional level, daily activities, social
activity, influencing environmental factors and personal
factors.

Results: Improvement in physical health, patients
emotional condition, their social activity and pain
symptoms is seen after the physiotherapy program.

Conclusion: The study shows that physiotherapy
program based on the PNF concept leads to
improvements in the structural and functional status
of the patients, their ability to perform daily and social
activities.

Key words: disc herniation, PNF concept

Pesyntatn: Ha6niopasa ce nogobpeHue B pesyrn-
Tatute Ha ODI n BAC B gBete rpynu. Pasnuka B mex-
AyrpynoBoOTO pasnpepeneHne ce HabnioBaga B OLEH-
kata Ha ODI eguH mecel, cnep onepauusTa.

3aknioueHune: NpoBeneHOTO NpoyyBaHe MoKasBea,
ye [O6aBSHETO Ha MUCMEHHO PbKOBOACTBO Mpuv nauu-
€HTW cnepn onepaums Ha rpbbHaYHUS CTbn6.BOAU A0
no-go6pun KpamHu pesyTtaTti OT u3cneaBaHusaTa.

Karo4oBu gymu: onepayusi Ha epbbHa4YHUs CMbAB,
nucmeHHo pbkoBogemBo

N3CNEABAHE EQEKTA OT NMPUNATAHE
HA PNF METOOWKA NPU NAUMEHTN

C ANCKOBA XEPHIA B PAHEH
CJIEAONEPATUBEH NMEPNOA

Ll. Bwxkesa, [. JloéeHosa, K. lpuroposa-lletposa

Kamegpa “KuHesumepanusi u pexabuaumauyus’,
HayuoHanHa cnopmHa akagemus ,B. JleBeku*™ —
Cogus, bbazapus

Len: [a ce npunoxu KuHesuTepanesTnyHa npo-
rpama, 6asvpaHa Ha npuHuunute Ha PNF meTogmkara
BbpXY MauMEHTU C nymbarnHa OVCKOBa XEPHWSt B PaHeH
cnepgonepaTtvBeH nepuop 1 ga ce oueHn edekTa oOT Hes.

Matepwan n metogu: VscnegsanHu ca 20 60nHU
C OMCKOBa XepHWsl, ONepupaHn B HEBPOXMPYPINYHOTO
otoenenne Ha YMBAI Codusiven — Codus. Hanpa-
BEHa € OLEeHKa Ha KayeCTBOTO Ha >XMBOT B [EHSA Ha
M3NUCBAHETO M €edWMH MeceL, crnep ornepauusta, no-
cpencTBoM 36-TOUKOBA CKana 3a KayecTBO Ha »XMBOT
(SF36). Mpu BCUYKM 6ONHU € MNpoBeXOaH KuHesute-
NEBTUYEH KOMMIEKC B MPOObIDKEHUE HA €AUH MeceL,
cnep onepauusta. Metognkata e HacoueHa KbM Lsi-
NOCTHOTO Bb3CTAHOBSIBAHE HA MauMeHTa, MOBAMsSBaHE
Ha CTPYKTYPHO U GYHKLMOHANHO HKBO, MOAO6psBaHe
Ha OEeNHOCTU OT eXXeOHEeBMEeTO, couuanHa akTUBHOCT,
noenusiBaHe BbpXy PakTopuTe Ha OKOnHaTa cpepa u
NMYHK pakTopu.

Pesyntatn: Cnen kuHe3utepanusTa ce Haénopa-
Ba nopobpeHne BbB GU3MYECKOTO 34paBe, emoumo-
HanNHOTO CbCTOAHME Ha nauneHTuTe, coumanHatTa UM
aKTUBHOCT 1 6ofKoBaTa CUMMNTOMAaTuKa.

O6cbxpaHe: poyuBaHeTO Mokasea, 4ye npuna-
raHeTo Ha KMHe3uTepaneBTWYHa MeToauka, 6a3vpaHa
Ha koHuenuusta Ha PNF, Bogn pno nopo6psiBaHe Ha
CTPYKTYPHOTO 1 PYHKLMOHANTHO CbCTOSIHME Ha n3cnes-
BaHUTe naumeHTn n Bb3MOXXHOCTTa MM 3a U3BbpLUBaA-
He Ha JEenHOCTW 1 coupanHa peaéunuraums.

Kato4oBu gymu: guckoBa xepHus, PNF memoguka,
kauyecmBo Ha xuBom
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P6

PRACTICAL APPLICATION OF GRADED
REPETITIVE ARM SUPPLEMENTARY
PROGRAM FOR STROKE PATIENTS

H. Vasiliu, D. Zaharieva, K. Grigorova-Petrova

Department of Physiotherapy and Rehabilitation,
National Sports Academy “V. Levski” — Sofia, Bulgaria

Objective: Impaired motor activity of the affected
upper extremity is common post stroke and it is
recommended to practice movements to regain
function. The aim of the study is to explore the effect
of self-administered homework-based exercises in
subacute stroke patients.

Material and methods: Ten patients (7 men, 3
women, mean age 55.3+10.3) with subacute stroke
(2.6+£2.45 month’s poststroke) were evaluated with
Fugl-Meyer Motor Assessment (FMA) for upper
extremity, Chedoke Arm and Hand Activity Inventory
(CAHAI) and Wolf Motor Function Test (WMFT). The
Graded Repetitive Arm Supplementary Program was
taught and monitored by a therapist but carried out
independently by the patient for 14 consistent physical
therapy sessions.

Results: Significant improvement in voluntary
movement in functional tasks and activities in daily
living was observed.

Conclusion: The applied program enables patients
to increase the intensity of use of the affected upper
limb after stroke to regain its function.

Key words: exercises, physical therapy, stroke

P7

IMPROVING MOTOR INDEPENDENCE AFTER
SUPRATENTORIAL UNILATERAL STROKE IN
THE CHRONIC PERIOD

D. Vasileva', D. Lubenova?

"Faculty of Medical Sciences, University “Goce Delchev”
— Shtip, Macedonia,

2Department “Physiotherapy and Rehabilitation’, Faculty
of kinesitherapy, tourism and sports animation, National
Sports Academy “V. Levski” — Sofia, Bulgaria

Obijective: To evaluate the effect of the specialized
kinesitherapy methodology (SKTM) on the motor
independence in patients with supratentorial unilateral
stroke in the chronic period (SUSChP).

Material and methods: The study was conducted
in 67 patients with SUSChP (56 patients included in
the experimental group — 32 men and 24 women, with
disease duration 7.8+2.0 months, and 11 patients in

3" Congress of the BSNCH | 5 October, 2017

MPAKTUYECKO MPUJTIO>XEHUNE

HA JOMbNBALUA CTENEHYBAHA
MOBTAPALLIA CE NMPOIrPAMA 3A TOPEH
KPAVMHUK NPW MAUVMEHTN C NHCYNT

X. Bacunuy, [. 3axapuesa, K. lpuroposa-lletposa

Kamegpa “Kuneaumepanusi u pexabuaumayus’,
HayuoHanHa cnopmHa akagemus ,B. JleBcku® —
Cogus, bvrzapus

Llen: HapyweHarta gBuratenHa akTMBHOCT Ha 3a-
CerHaTusT ropeH KpavHUK € YecTO cpeliaH CUMMTOM
cnepn npekapaH WHCYAT 1 3a GYHKUMOHAMHOTO My Bb3-
CTaHOBABaHe Ce NpenopbyBa leveHne pes ABMKEHNE.
M3cnenBaHeTo 6e npoBedeHO C Len ga ce npoyyu
edpekta Ha [llporpama OT CaMOCTOATENHO npwunaraHu
yrnpa>kHeHns B gomallHa o6cTaHOBKa B mogocTpara
dasa Ha naumeHTn, NPEeXuBsNY MO3bYeH UHCYNT.

Marepmnan n merogu: 10 maumeHTn (7 mMbxe n 3
)XeHu, cpepHa Bb3pacTt 55.3+10.3) B nopocTparta dasa
Ha MO3bYeH MHCYNT (cpegHo 2.6+2.45 meceua cnen uwH-
cynta) 6sxa oueHeHn c Fugl-Meyer Motor Assessment
(FMA) 3a ropeH kpavHuk, Chedoke Arm and Hand Activity
Inventory (CAHAI) n Wolf Motor Function Test (WMFT).

MauneHTnTe 65ixa O6yyeHMe B JornbrBaliara cre-
neHysaHa noBTapsa ce nporpama 3a ropeH Kpam-
HUK, HO MN3NbJIHABaXa CaMOCTOATENHO YyhnpaXKHeHuATa
B npogb/keHve Ha 14 nocnepoBaTenHy npouegypu
nod HabniodeHNeTo Ha TepanesT.

Pesynrartu: MNocturHa ce 3HauMTENHO Nogo6peHne
BbB BOJIEBUTE ABWKEHNA Ha QYHKUMOHanHWTE 3agauv
1 OeNHOCTUN OT eXXeOQHEBMETO.

3BakntoueHue: MNpunoxeHara nporpama gasa Bb3-
MO>KHOCT Ha MauueHTUTe Ja yBenuuaT MHTEH3WBHOCT-
Ta Ha M3MNon3BaHe Ha 3acerHaTus ropeH KpamHuK cneg
WHCYNT, 3a Aa Bb3BbpHaT dyHKUMATA 1.

Kato4oBu gymu: UHCyAm, KUHe3UMepanusi, ynpaxHeHusi

NOAOBPABAHE HA OBUTATEJTHATA
HE3ABNUCUMOCT CJIEA
CYNPATEHTOPWAJIEH EAHOCTPAHEH
MO3bYEH NHCYJIT B XPOHWYEH NEPNOA

[. Bacunesa!, Jlio6eHoBa [12

'@akyamem 3a MegUUUHCKU Hayku, YHuBepcumem ,loue
HenueB” — Lun, MakegoHus,

2Kamegpa ,KuHesumepanus u pexaburumauus’, Qakya-
mem 3a KuHeumepanus, mypu3bM U CnOpmHa aHuma-
yus, HayuoHanHa cnopmHa akagemus ,B. JleBcku* —
Cogus, bvaeapus

Llen: [da ce oueHn edpekra Ha cneumanusvpaHaTa
KnHe3utepanesTnyHa metogmka (CKTM) Bbpxy asura-
TenHaTa He3aBUCUMOCT MpW MauneHTV CbC cynpaTeH-
TOopraneH enHOCTPaHeH MO3bYeH WHCYNT B XPOHWUYEH
nepuog (CEMIXM).

Marepuan n metogu: V3cnegsaHeto e npoBeneHo
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the control group — 9 men and 2 women, with disease
duration 7.3+1.5 months). To evaluate the changes,
Functional Independence Measure test — FIM was
used. In the patients from the experimental group
treatment with a specialized 10-day KT, continued later
as an adapted exercise program at home for a period
of 1 month was applied. Control patients followed a
conventional 10-day KT.

SKTM follows the principles of modern
neurorehabilitation and motor learning, as opposed to
usual kinesitherapy. It is based on the fundamental
principles of modern neurorehabilitation, namely: to
be individualized, intensive, specifically-tailored and
focused on the individual needs of the patient. The
program needs to be realized with the active participation
of the patient and his/her family during long-term
care so as to ensure care, tailored to the needs of
the patient throughout life, to achieve restoration and
influence of the late complications of the disease. This
specialized kinesitherapeutic methodology conforms to
the principles of motor learning. They are: specificity of
the task, active participation of the patient, repetition,
adaptation of complexity, feedback, and variability
“contextual interference”.

Results: After the applied SKTM, the highest
tendency towards improvement of the motor
independence was established in the 1%t month, with a
level of significance during treatment p<0.001.

Conclusion:  Compared  with the  usual
kinesitherapeutic methodology, the applied SKTM in
the experimental group later continued as an adapted
exercise program at home, significantly improved the
motor independence of the patients with supratentorial
unilateral stroke in the chronic period.

Key words: chronic period, Kinesitherapy, motor
independence, stroke

P8

NEUROREHABILITATION
OF MULTIPLE SCLEROSIS -A CASE REPORT

M.Trajkova, D. Vasileva

Faculty of Medical Sciences, University “Goce Delchev”
— Shtip, Macedonia

Objective: To follow the influence of the applied
neurorehabilitation on a patient with chronic progressive
form of multiple sclerosis.

Material and methods:The study is conducted on
a 42-year-old female patient with a chronic progressive
form of multiple sclerosis within one month at home.
The medication therapy includes corticosteroids and
Interferon. Kinesitherapy is performed 3 times a week,
for one hour, with moderate intensiveness of the stress,

npy 67 naumeHtTn cbc CEMUXIT (56 60MHM BKIOUYEHN
B eKCrnepumeHTanHa rpyna — 32 MbXe 1 24 XeHu, C
OaBHOCT Ha 3a6onaBaHe 7.8+2.0 meceuun, n 11 60MHU
B KOHTpOSHA rpyna — 9 MbXXe U 2 XXeHW, C AaBHOCT Ha
3a6onsBaHe 7.3+1.5 meceuu). 3a oueHka Ha npome-
HUTE € K3Mon3BaH TecT 3a ¢yHKUMOHaNHa HesaBucu-
mocT Functional Independence Measure — FIM. [Mpwn
nauveHTMTE OT eKCrepumMeHTanHaTa rpyna e nposefe-
HO neuyeHne cbe cneunanusnpaHa 10-gHeBHa KT, KoaTo
Mo-KbCHO MpoAb/hKaBa [a Ce U3MbJHABa Kato afjanTu-
paHa nporpama OT YNpa)KHEHUs B OOMALLHK YCIOBUSA
3a nepwuopg o1 1 meceL,. KOHTPONHWUTE GOSTHN N3MbIIHS-
Bat o6uyanHa 10-gHeBHa KT. MNpu CKTM ca cnaseHun
NPYHUMNUTE Ha CbBPEMEHHAaTa HeBpopexabunutauus v
OBUraTenHoTo O6y4yeHMe, 3a pasfvka OoT obuyanHata
KuHe3uTepanus. Ta e 6a3mpaHa Ha OCHOBHUTE MPUHL-
Ny Ha CbBpEMEHHaTa HeBpopexabunuTauusa: fa 6bae
WHAMBUAyasnHa, NHTEH3MBHA U cneunduyHO OpueHTmpa-
Ha — cbobpaseHa 1 PoKycupaHa BbpXy UHOMBULOYaANHU-
Te NOTPe6HOCTN Ha 6ONHUS; Aa ce peanu3npa C akTuB-
HOTO My y4yacTve 1 ToBa Ha HEeroBOTO CEMENCTBO, Npwu
NPOABL/DKATESNIHO MPUIIOXKEHNE Taka, Ye fa rapaHTmpa
rpVXKKU, CbOBPA3EHN C HYXXOWUTE Ha GONHUA Npe3 uenus
My >KUBOT 3a MOCTUraHe Ha Bb3CTaHOBSBAHE 1 MOBMU-
fIBaHe Ha KbCHUTE YCNOXXHeHusi oT 6onectra. Cneuma-
Nin3npaHata KmHe3utTepanesTuyHa mMeToauka cnassa u
NPVHUMNUTE 3a OBUraTeslHo obyyeHue: crneunduyHoCT
Ha 3apauarta, akTVBHO yyacTve Ha nauueHTa, MoBTOo-
peHve, ajanTpaHe Ha COXHOCTTa, ObpaTtHa Bpb3kKa,
BapuabunHoCT ,KOHTEKCTyanHa Hameca“

Pesyntatn: Cneg CKTM Ham-BucOKa TeHOeHUMS
KbM MOOOBPEHNE Ha ABUraTenHata He3aBUCUMOCT ce
yCTaHOBM Ha 1-9 MeceL, C HMBO Ha 3HAYMMOCT B xoda
Ha neyeHneto p<0.001.

3aknioueHne: B cpaBHeHne C obuvanHaTa KuHe-
3utepanusi, CKTM npogbmkeHa no-KbCHO KaTo aganTu-
paHa nporpama oT ynpaxHeHusa B JOMaLUHW YCNoBUS,
nogo6psiea 3HauMMO ABUraTenHaTa He3aBUCHMMOCT Ha
nauveHTuTe crnep nNpexmuBsH cynpaTeHTopuaneH egHo-
CTpaHeH MO3bYEH UHCYNT B XPOHWYEH Mepurog.

KarouoBu gymu: gBuzamerHa He3aBucumocm, KUHE3U-
mepanusi, MO3bYeH UHCYAM, XPOHUYEH nepuog

HEBPOPEXABWINTALNA
NP1 MHO>XECTBEHA CKJIEPO3A -
OMNMNCAHWE HA CJTYYAIN

M. Tpankosa, [1. Bacunesa

@akyrmem 3a MeguyuHcKu Hayku, YHuBepcumem ,loue
HenyeB” — LLun, MakegoHus

Len: la ce npocnean BANAHWETO Ha HeBpopexa-
GunnTaumMaTa Npu nauvMeHTKa C XPOHWYHO-MPOrpecuB-
Ha $dopma Ha MHOXeCTBeHa CKneposa.

Marepuan n metoguka: NpoyyBaHeTo € npoBefe-
HO Npw XeHa Ha 42 I. C XPOHUYHO-NPorpecusHa popma
Ha MHOXXeCTBeHa CKnepos3a B pamkKute Ha egvH Me-
cey B gomaluHu ycnosus. MegrkameHTo3HaTta Tepanuvs
BKIIOUBa KOPTUKOCTepouan n nHTepdepoH. [poueny-
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more breaks between the exercises, without getting a
level of exhaustion. Correct positioning in the bed and
in sitting position, passive/active exercises, analytical
exercises for upper and lower extremities, breathing
exercises, balance and coordination exercises to
sitting and standing, massage treatments are applied.
The Berg balance scale and tests for transfer (from
occipital laying position to left/right laying position, or
to standing position) are used to assess the effects of
this therapy. The test Five Times Sit -To- Stand (FTSST)
for evaluating the abilities of transfer is used. The
changes in the motor activity are monitored twice after
discharging from hospital in domestic rehabilitation
conditions.

Results: An improvement in the patient’s speed of
reactions and muscle strength, due to the systematic
kinesitherapy procedures and the included exercises
for strengthen the lower extremity and abdominal
muscles is detected with the transfer tests. The result
from the FTSST test is significantly improved, thanks
to the improved power of the lower extremities, which
is a great step towards the patient’s self-sufficiency.
The correct position of the thorax and the velocity
of movement are of crucial importance. This test
evaluates the coordination and consecutiveness of
the movements between the thorax and the lower
extremities. The improvement of this parameter is due
to the described means of kinesitherapy.

Conclusion: Neurorehabilitation is an impotrant
tool for improvement of the functional performances
and the independence of the patient with MS. Drugs
and multi-disciplinary kinesitherapy are proven to
be an effective combination in decreasing relapses
and functional disability, and thus contributing to the
improvement of the quality of life.

Key words: exercises, kinesitherapy, multiple sclerosis,
neurorehabilitation
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NEUROREHABILITATION
IN ACASE OF MYASTHENIA GRAVIS

D. Manov, E. Taseva, S. Toneva, D. Vasileva

s

Faculty of Medical Sciences, University “Goce Delchev’
— Shtip, Macedonia

Objective: To trace the impact of the applied
neurorehabilitation in a case of generalized adult form
of myasthenia gravis.

Material and methods: We describe a 30-year-old
female patient with generalized adult form of myasthenia
gravis (moderate form). Clinical symptoms started with
fatigue, worsening during the day and absent in the

3" Congress of the BSNCH | 5 October, 2017

puTe MO KMHe3uWTepanusi Ce W3MbfHaBaT 3 MbTu cep-
MUYHO C BpeEMETpaeHe OT eauH 4ac, YyMepeHa VHTEeH-
3MBHOCT Ha HaTOBapBaHETO, NnoBeye Mno4vnBka mexnay
OTHENHUTE YyNpaXkHeHus, 6e3 Aa ce gocTura oo ymopa.
i3non3ea ce npaBuMHO MO3ULMOHUPAHE B NErNOTO "
B CenexX, NMacuBHO-aKTVBHW YMPaXKHEHUS, aHaNUTUYHU
YPa)KHEHNS1 32 TOPHW W AOSMHU KpavHUuM, avxarten-
HU YNPaXXKHEHNVS, YNPa)KHEHUS 3a paBHOBECKE U KOOp-
anHauna OT cepeX U CToeXX, MacCaXHWU MnoxXBaTwu. 3a
npocnegsBaHe edekta OT NpoBefeHaTa Tepanus U3-
non3eBaxme TeCcTOBE 3a TpaHcdep (MpemuHaBaHe OT
TUNEH Ner OO NeB/OeCeH CTpaHWYeH Ner, OT TWNeH ner
[0 CTOeX) 1 TECT Ha paBHOBECUTE MO ckanata Ha bepr
(Berg balance scale). Nanonssaxwe n tect et nbtn
csifaHe n ctaBaHe oT cTon wunu nerno — Five Times Sit-
To-Stand (FTSST), konto e yoo6eH 3a OLeHKa Ha Bb3-
MOXXHOCTUTE 3a TpaHcoep. MNpomeHuTe B ABuratenHara
aKTVMBHOCT Ca MpPOCNEefeHN ABYKPaTHO crnep n3nviceaHe
OT 60/HMLA B YCMOBUS Ha AOMALLUHA pexadunutaums.
Pesynrtamu: NMpu TectoBeTe 3a TpaHcdep (MpemuHa-
BaHe OT TUEH Nier OO NeB/AeCeH CTpaHUYeH fer, oT Tu-
NEH ner 0o CToex) ce Habnofasa nofobpeHre B 6bp3u-
HaTa Ha peakuunMTe U MyCKynHata cuia Ha naumeHTkara,
KOETO C€E Ob/DKM Ha CUCTEMHO MPOBEAEHUTE MpOoLenypu
no KMHEe3uTepanus 1 BKIIIOUYEHUTE YNPaXKHEHUS 3a cuna
Ha [OOMHM KpanHuumM 1 abpomuHanHa myckynartypa. Pe-
3yntatbT OT TecTbT Five Times Sit-To-Stand (FTSST) e
3HAUUTENHO NMOAOGPEH, GrarofapeHe Ha Nopo6peHaTa
cuna Ha [JOSHUTE KpavHWUW, MPaBWIIHOTO MONOXEHNEe
Ha Tpyna u 6bp3uHaTta Ha ABwkeHne. C To3m TecT ce
npeoLeHsaBa KOOpaMHaUmsTa U nocrnenoBaTesiHocTTa Ha
OBWKEHUATa Mexay Tpyrna v OOSIHUTE KpanHUuW.
3aknioueHne: HeBpopexabunutaumata gonpuHacs
3a nopobpsiBaHe Ha (GYHKUMOHANHUTE Bb3MOXXHOCTU U
He3aBucumocTTa Ha 6onHata ¢ MC. Hawm-cbliectBeH
edekT ce noctura ¢ KOMGUHMPaHO KOMIMIIEKCHO MeauKa-
MEHTO3HO N MynTuancuMnInHapHoO peX36I/IJ'II/ITaLLVIOHHO
nedyeHve, C uen HamangdBaHe Ha KIAUHWYHUTE CUMTOMU
Ha 3a60nsBaHeTo, HamansBaHe Ha QyHKUMOHaNHUTE fe-
$GruUMTM 1 NoBKMLIABaHE Ha CMOCOGHOCTTa 3a CaMOCTON-
HO M3BbpLUBAHE HA EXEOHEBHUTE aKTVBHOCTW, KOETO
JonpuHacs 3a nopobpsiBaHe Ha KavyeCcTBOTO Ha XKMBOT.

KarouoBu gymu: mHoxxecmBeHa ckaepo3a, HeBpopexa-
buAumayus, ynpaxHeHus

HEBPOPEXABUTNTALINA
NP MUACTEHWNA TrPABUC

. MaHos, E. TaceBa, C. ToneBa, [. Bacunesa

®Qakyamem 3a MeguUUHCKU Hayku, YHuBepcumem ,loue
HenueB” — Lun, MakegoHus

Llen: [da ce npocnean BANAHNETO Ha NPUOXeHa-
Ta HeBpopexadbunuTaums nNpu naumeHTka ¢ MuacTeHus
rpasuc.

Marepunan n metogu: [poyusBaHeTo € NpPoBeaeHo
npu 30-roguilHa >XeHa C MuacTeHus rpasuc (CpegHo
Texxka popma). KnmHnyHmTe cuntoMm ca 3anoyHanu c
ymopa, KOSTO ce nosBssBasna npes fAeHs, npu OTCbCT-
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morning. Ptosis, diplopia, difficulty speaking, chewing
and swallowing, nasal speech, and muscle weakness
in upper and lower extremities developed later on.
Neurorehabilitation is appointed for a 6-week period
at home. The complex includes medication therapy
with  Prostigmin (15 mg per os) and corticosteroids.
The kinesitherapy is performed 3 times a week for
one hour, with medium intensity, rest between the
separate exercises, without reaching tiredness.
Breathing  exercises, passive/active  exercises,
analytical exercises for upper and lower extremities,
exercises for improvement of muscle strength, balance
and coordination in siting and standing exercises
and massages are also used. Muscle weakness tests
(MMT), measuring the volume of muscles, Bal's score
of subjective pain complains, and squats per minute
are used to follow the effect of the applied therapy.
The changes in patient’'s motor activities are checked
twice at home.

Results: Measuring the muscle volume in
centimeters and the muscle weakness by MMT show
improvement of muscle volume and strength, due to
the systematic kinesitherapy and strength exercises for
upper and lower extremities. The score of subjective
complains is lower with decreasing the pain, and the
results in the test of squats per minute are significantly
improved due to the improved strength of the lower
extremities.

Conclusion: The efficiency of the directed and
structured exercises is proved by the improvement
of the functionality, aerobic capacity for exercising
and muscle strength. The biggest benefit is reached
by combined complex medication therapy and
multidisciplinary rehabilitation, in order to lower
the clinical symptoms of the disease and the
functional deficits, and improvement of the functional
performances. When properly directed and dosed,
neurorehabilitation can prevent secondary health
issues, such as obesity, coronary heart disease and
osteoporosis.

Key words: kinesitherapy, myasthenia gravis, muscle
weakness, neurorehabilitation.

P10

EFFECT OF PHYSICAL THERAPY
ON STATIC MUSCLE ENDURANCE
IN LUMBOSACRAL PAIN SYNDROME

M. Nikolova', A. Dimitrova', D. Vasileva?

'Department of Physiotherapy and Rehabilitation,
National Sports Academy “V. Levski” — Sofia, Bulgaria,
2Faculty of Medical Sciences, “Goce Delchev” University
— Shtip, Macedonia

Objective: To evaluate the effect of physical therapy,

BME B CyTpewHute yacose. [10-KkbCHO ce MoABUAN 1
nTo3a 1 AUnnonun, 3aTpyaHeHns B rosopa, AbBYEHETO
M NpernbliaHeTo, HalaneH roBop, MyCKynHa cna6ocT
Ha ropHW 1 JONHW KpanHuumn. Hespopexabunutauusta
€ HasHayeHa B paMKuTe Ha LecT ceaMuuy B JoMall-
HWM ycnosusa, Ha ¢$oHa Ha MeauKameHTO3Ha Tepanus
Cc npocturMvH (15 mg per 0S) U KOPTUKOCTEPOUAM.
KnHesnTtepanuata ce nsnbiaHaBa 3 MbTW CEAMUYHO C
BpemeTpaeHe OT ednH yac, C yMepeHa WHTEH3WBHOCT
Ha HaToBapBaHETO, C MOYMBKa MOMEXZy OTAEeNHWUTE
ynpaxkHeHus, 6e3 ga ce goctura oo ymopa. 1sanonssat
Ce auxaTesiHn ynpaKHeHWsi, NaCUBHO-aKTUBHMN YNpax-
HEeHWs, aHanUTUYHU YMPa)KHEHUs 3a FOPHW U AOJSHM
KpaHuLKM, ynpa)kHEHUs 3a MoJoGpsiBaHe Ha MYCKyn-
HaTa cuna, ynpakHeHus 3a paBHOBECKE U KOOPAUHA-
uMsa OT CedeXx W CToexX, MacaxHu noxesatu. 3a npo-
crnegsiBaHe Ha edekTa OT TepanusTa ca MPUIOXKEeHU
TecToBe 3a MyckynHa cnaéoct (MMT), caHTumeTpus,
6anoBa OLeHKa Ha CyGEeKTMBHUTE onnakBaHusa (6onka),
KnsikaHe 3a 1 MUHYyTa. npOMeHI/ITe B ABuUrartesiHaTta ak-
TUBHOCT Ha MauueHTKaTa ca NpocnegeHn AByKpaTHo B
YCNOBMS Ha AOMaLLHa pexabunuraums.

Pesyntatu: CaHTumeTpursATa 1 TECTbT 32 MYCKynHa
cnaéoct (MMT) nokassaT nopno6psiBaHe Ha MYCKYHUS
06emM 1 MyCKynHaTa cuna, KOeTo Ce AOb/MKW Ha CUcC-
TEeMHO NpoBeAeHUTe Mpouedypn no KuHesutepanus u
BKMIOYEHUTE YMNPa>KHEHUSI 3@ Cua Ha ropHW 1 OOSHM
KpanHuuu. YcTaHoBsiBa Ce HamansBaHe Ha Ganosarta
OLEHKa Ha CYGEKTUBHUTE OMnakeBaHusa 3a 6onka. Pe-
3ynTaTbT OT TecTa C KhfkaHusa 3a 1 MuHyTa € 3Hauu-
TeNHO NoJo6peH, KOeTo ce acouumnpa ¢ nogobpeHarta
cuna Ha JonHUTEe KpamHULUW.

3akntoueHune: EdektuBHoCTTa Ha npunoxeHara
Tepanus ce Aokassa upes3 nopo6pseaHe Ha PpyHKUMO-
HanHOCTTa, aepoBHNA KanauuTeT Npu ynpakHABaHe 1
MyckynHa cuna. Ham-otueTtnme edekT ce noctura c
KOM6I/IHI/IpaHO KOMMNIEKCHO MeaunKamMeHTO3HO W Myn-
TUANCUMNIIHAPHO PEXabunnTaunMoHHO leveHmne, ¢ uen
HamansBaHe Ha KIMHWYHMTE CUMNTOMU Ha 3abonssa-
HeTO, HamansBaHe Ha GyHKUMOHanHuTe AeduunT 1
nopo6psisaHe Ha GyHKUMOHANHMUTE Bb3MOXHOCTU. Ha-
COYEeHWTe 1 NPaBWUHO A03MpPaHnN CPeacTsBa Ha HeBpO-
pexa6v|nv|TauV|ﬂ morat aga npenotBpartdaTr pasBUTUETO
Ha BTOPWMYHUTE YCNOXXHEHME KaTo: 3aTibCTABAHETO,
KOpOHapHarta CbpaeyHa 601ecT U 0CcTeonoposa.

KarouoBu gymu: kuHesumepanus, muacmeHus epabuc,
MyCKyAHa caabocm, HeBpopexabuaumayus

Bb3OENCTBUE HA KUHE3UTEPAMUATA
BbPXY CTATUMHATA MYCKYITHA
N3ObPXXINMNBOCT NP NYMBOCAKPAIEH
BOJIKOB CMHAPOM

M. Hukonosa', A. dumutposa', [. Bacunesa?

'Kamegpa “KuHeaumepanus u pexabuAumayus’,
HauuoHanHa cnopmHa akagemus ,B. JleBeku” —

Cogus, bbaeapus,

2Makyamem no MeguyuHcku Hayku, YHuBepcumem
Lloue HeaueB” — LLjun, MakegoHus
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including exercises to improve lumbar stabilization in
patients with chronic lumbosacral pain syndrome.

Material and methods: 10 patients with chronic
lumbosacral syndrome divided into experimental and
control groups were examined. Both groups received
a physical therapy regimen of individual procedures, 5
times a week for a 6-week course. The physical therapy
for the experimental group included warm compresses,
massage, breathing exercises, lumbar stabilization
exercises, Swiss ball exercises, exercise with Thera-
Band and stretching. The control group procedures
included massage, breathing exercises, analytical and
isometric exercises. For the purposes of the study,
changes in the static power endurance of the muscles
forming the lumbar muscle corset are double-tracked
by the static part of the Kraus—Weber test.

Results: Physical therapy, including exercises to
increase lumbar stabilization improves significantly
the static muscle endurance in the patients of the
experimental group. In the control group there is also
positive changes, but the values are less pronounced.

Conclusions: The application of physical therapy,
including exercises for lumbar stabilization, exercises
with Swiss ball and elastic bands, in combination with
warm compresses and stretching, leads to improved
static power endurance and strengthens the muscle
corset in patients with chronic lumbosacral syndrome.

Key words: chronic lumbosacral syndrome, lumbar
stabilization, static power endurance.
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Len: Ja ce oueHn edekrta Ha KuHe3uTepanus C
BKIIOUEHUN YNPa)KHEHVs 3a NOoJo6psiBaHe Ha nymban-
HaTta cTabunusaums nNpy NauneHTn C XPOHUYEH NyMBO-
cakparneH 601KOB CUHOPOM.

Marepuan n merogn: M3cnepsann ca 10 60nHM
C XPOHUYEH NyMGOCAKpaneH CUHAPOM pa3feneHn Ha
eKcrepvMeHTanHa 1 KoHTponHa rpyna. 1 Ha ggete rpy-
NN e NpunoXxeH KnHesutTepanesTUYeH KypC C UHOMBW-
OyanHu npouedypu, 5 MbT CEOMUYHO B pamKkuTe Ha 6
ceamuum. MNpy ekcnepumeHTanHara rpyna metogvkara
Ha KuHe3uTepanusTa Ce CbCTOM OT TOMIM KOMMpecwu,
MacaK, OVNXaTenHy ynpavKHeHWs, yNpa>kHeHUs 3a nym-
6anHa crabunusaums, ynpaxHeHus Ha Llsenuapcka
TOmMKa, ynpakHeHus ¢ Tepa-baHa neHtn n ctpaunHr. Ha
KOHTpOSHaTa rpyna ca BKJIIOYEHU MacaK, AuxaTenHu
YNPa)KHEHUS,, aHAIMTUYHN U U3OMETPUYHU YMpadkHe-
HUs. 3a uennTe Ha NpPoy4YBaHETO ABYKPATHO ca npocne-
OEHV NMpOMEHUTE B CTaTMyHaTa CUnoBa WU3AbPXIIMBOCT
Ha Myckynute dopmmpalL MOSCHUS MYCKYNeH KopceT
ypes cTatuyHara yacTt OT TecTa Ha Kpayc-Bebep.

Pesynrtatu: KuHe3uTtepanusa ¢ BKIOYEHU yrnpax-
HEeHMs 3a NOJo6psBaHe Ha nymb6anHarta ctabunuaaums
nogo6psiBa 3HAUYMMO CTaTMyHaTa MyCKynHa U3nobpiv-
BOCT MpW NauveHTUTe OT eKCrnepumeHTanHaTta rpyna.
B KoHTponHaTta rpyna Cblo ca Hanuue MofoXUTENHN
NPOMEHN, HO CTOMHOCTUTE ca Mo-cnabo M3paseHu.

N3Bopu: MNMpunaraHeTo Ha KnHe3uTepanus ¢ BKIO-
UeHN ynpakHeHWs 3a nyméanHa craéunusauus, ymn-
paxxHeHns ¢ LBenuapcka Tonka n enacTuvHWU NeHTH,
B KOM6VIHaLLI/IF| C anmnukauma Ha Tonnnm Komnpecu u
CTPEeUVHr BOAM OO NnoJobpsiBaHe Ha ctatnyHara Cuio-
Ba U3ObPXXNMBOCT M 3acufiBaHe Ha MYCKYIHWS KOpceT
npu 60MHN C XPOHUYEH NTyMBGOCaKpaneH CUHOPOM.

KaryoBu gymu: cmamu4Ho curoBa u3gbpxxkauBocm,
XDOHUYEH AYMOOCaKpaAeH CUHGPOM, AymbasHa cmabu-
Au3ayus.
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YKasaHnsa Kkbm aBTopunTe

CncanneTo “HeBpOCOHOMOMMS M MO3bYHA XemMoauHamuka” e
oduumaneH opraH Ha Bbnrapckara acouvauusi N0 HEBPOCOHOMO-
s 1 MO3bYHA XeMopuHamumka. To ny6nnkyBa OpUrMHANHK CTaTvn
B 06ractra Ha ynTpasBykoBarta AMarHocTuka B HEBPOMNOrusTa, Heo-
HaTonorusTa U aHrMonornATa, KakTo 1 akTyanHu NpoyyYBaHns Bbpxy
MO3byHaTa XeMoaVHamM1Ka 1 Apyru cBbp3aHu npobnemaruku. Cnv-
CaHMeTo CbAbpXKa CnegHuTe pyGpuKu:

- pemakuMoHHa CTaTus, Bb3fIOXKEHa OT pegkonerusTa.

- OpurMHanHu ctatm — Ao 6-8 cTpaHuuy, BKIOYUTENHO Ta6nu-
un, durypu, KHUronuc.

- KpaTKn Hay4HW CbOGLLEHMS — 0O 4 CTPaHWLW.

- 0630pHM cTaTuy — o 10 cTpaHuuy, BKIOUYNTEIHO KHUrOMMC.

- MHPopmMaumn 3a HayuHu dopymu.

- PpeueH3nn Ha HOBU KHUTW.

- KOW KOW e — NpefcTaBsiHe Ha U3TbKHATW YYeHW 1 opraHn3aLumm.

CratuTte (C U3KIIOYEHNE Ha PeAaKTOPCKUTE) OT GbArapcku
aBTOpU TpA6Ba fa 6baaT HanUCaHU Ha GbArapCKM U aHrMUNCKN
e3nk. Te ce agpecupar Ao MMaBHUA pefakTop ¥ ce uanpawar no
e-mail unn Ha enekTpPoHeH HOCUTen Ha appec:

Akag. npo¢. ExamepuHa TumsHoBa, guH

KauHuka , QyHKUuOHaAHa guazHocmuka Ha HepBHama cucmema*“
BoeHHomeguuuHcka akagemus, 6yA. ,,CB. feopeu Coguuicku” 3
1606 Cogus, bbaeapus, e-mail: titianova@yahoo.com

CraTuuTte TpA6Ba fa CbAabpXKaT: Npuapyxasalo nucmo, 3a-
rnaBHa CTpaHula, pesiome, KioyoBu AyMu, eKCMO3€e 1 KHUTOMKC.

1. MNpuopyxasBawo nNMCMO — BCUYKM aBTOpU Aeknapupar
NUCMEHO, Ye Ca CbINacHN C TEKCTa, NPEASIOKEH 3a Ny6nnKyBaHe.

2. 3arnasHa CTpaHuua — CbAbpiKa MbSHO 3arnasue, MeHa u
MHMLUManM Ha aBTopuTe, akajeMUyHU CTeneHn, mectopaéoTa (MH-
cTUTyuwms, rpag, Abpxkasa). OT6enassa ce NMeTo 1 TOYeH appec,
TenepoH n e-mail Ha aBTOpa, OTroBapsly, 3a KopecrnoHAeHuusTa.
MocouBa ce cbKpaTeHo 3arnaeve Ha GbArapckn N aHMUNCKN e3UK.

3. Pesiome — Ha 6barapcku 1 aHrMNCKN e3unk, He noseye oT
500 gymu, nocnedsaHo OT MakCUMyMm 5 KnilovoBu aymu, nopgpepe-
HU Mo a3byyeH pen.

4. EKCnose — opurMHanHuTe ctatm n KpaTkuTe Hay4Hu Cb-
06LLeHNs CbabpXKaT YBOA, Lenu, KOHTUHIEHT 1 MeToau, pesynTa-
TN, O6CHXAAHE.

4.1. NamepuTtenHn egnHuum — o6o3Havaear ce no Sl cucre-
mMaTa, AeCeTUYHMAT 3HaK Ce 0603HavaBa C TOouKa.

4.2. Tabnuumn 1 TEKCT KbM UAOCTPaUMNUTE — NPEACcTaBAT ce
Ha OTAesIeH IMCT, HOMEPUPAaHU 1 C KPaTbK OBGACHUTENEH TEKCT.

4.3. Vinloctpauun — nogaear ce OTAENHO B eAViH OT chnegHuTte
dannosn dopmartu: tiff, jpeg, bmp psd, eps, ai.

5. KHuronuc — aBTOpuTe ce Mmoppexaar no asbyyeH peaq,
3arnasumsTa ce noco4ysaT U3LANO, CbKpalleHUsTa U umeHaTa Ha
crnucaHusaTa ce npeactasaT KakTto B Index Medicus. LiutupaHute
aBTOpM Ce OT6ens3BaT C NnopeaHust MM HOMep OT KHUronuca.

MNpumepn:

[1]Aaslid R, Huber P, Nornes H. Evaluation of cerebrovascular
spasm with transcranial Doppler ultrasound. J Neurosurg 60,
1984:37-41.

[2] Ringelstein E, Otis S. Physiological testing of vasomotor
reserve. In: Newell D, Aaslid R (eds). Transcranial Doppler. Raven
Press. New York, 1992, 83-99.

06wwm ycnosus. Benukn pbkonucy noanexxar Ha peleH3vpa-
He. /13npaliaHeTo Ha pbKOMUC 3a Ny6inkyBaHe O3HauyaBa Npexsbp-
nAHe Ha aBTOPCKOTO MpaBO OT asTopa KbM uspatens. lNpuetute
nyényKaummn ctaBat CO6CTBEHOCT Ha CnvcaHneTo ,,HeBpocoHonorus
1 MO3bYHa XEMOAMHaMUKa“ N He Morat Aa ce npenyenukyeat nsLs-
10 UNK YacTUYHO 6e3 MMCMEHOTO cbrnacue Ha mnsparens. OTrosop-
HOCT Ha aBTopa € fa Nosyyun paspeLleHne 3a Bb3nponssexxkaaHe Ha
nalocTpaumn, Tabnuum 1 T.H. OT APYrn NyGankaumn.

KoHnukT Ha nHTepecu. ABTopuTte ca 3aab/hKeHn Aa ornose-
CTAT BCAKO CMOHCOPCTBO MM GUHAHCOBU [OrOBOPEHOCTU, CBbP-
3aHM C TAxHaTa paspaboTka. [leknapupaHeTo Ha KOHGAUKT Ha
VHTEpecu ce oTpassiBa B Kpas Ha ny6nukauusTa.

ETnyHn Hopmn. ABTOpUTE 3afb/KWUTENIHO MOCOYBAT, Ye yyac-
THULWTE B NPOYYBAHETO ca Aanu MHPOPMMPAHO Cbriacue, a n3cne-
[0BaTeNICKMAT NPOTOKON € OA06PEH OT NoKanHaTa eTmyHa KoMUCUus.

KopekTtypn. Kopektypute ce wusnpawar Ha asTopute 1
cnepdBa fda 6baaTt BbpHATU B HaW-kpaTku CPOKOBE.

Mpeneuatkn. 3asBkun 1 LeHOBa NUCTa ce u3npawar 3aefHo
C KopekTypute. 3asiBKM, NOAafdeHn cnep oTrnevyaTBaHe Ha CboT-
BETHVSA 6pON, Ce TakcyBaT Ha MO-BYCOKMN LIEHW.

3a cnpaBku:
O-p P. Anmosa, e-mail: rddimova@abv.bg
CnmcaHveTo e JOCTLIHO OHMaH Ha Www.neurosonology-bg.com
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