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25th Conference of the European Society of
Neurosonology and Cerebral Hemodynamics

Dear Colleagues and Friends,

On behalf of the European Society of Neurosonology and Cerebral Hemodynamics (ESNCH), we are 
honored to welcome you to the jubilee 25th ESNCH Conference in Belgrade, Serbia.

Due to the Covid-19 pandemic, the conference initially planned for April 2020 has been postponed 
for October 2021 and we finally meet live in Belgrade during three days of October 15-17th. After 
closely monitoring the epidemiological situation, the meeting is organized as hybrid (live and vir-
tual) with more than 250 registered participants and guests, more than 50 speakers in 6 Teaching 
Courses and 14 Scientific Sessions with almost 80 oral and poster presentations. The organizers put 
their best efforts to follow all general and local pandemic restrictions and to keep all participants 
safe. A special effort has been invested in making the experience of the virtual conference as live 
and dynamic as possible via the use of a dedicated Conference platform.

The 25th ESCNH Conference has been organized in cooperation with the National Society of Neu-
roangiology of Serbia, Society of Serbian Neurologists, Neurology Clinic of the University Clinical 
Center of Serbia, and Faculty of Medicine of the University of Belgrade, and endorsed by the Euro-
pean Academy of Neurology, European Stroke Organization and European Federation of Neurore-
habilitation Societies.

The ESNCH Conference is aimed at providing a very high level of scientific and practical knowledge 
in the fields of neurosonology, cerebral hemodynamics, and related disciplines. These topics of sci-
entific and clinical importance will be presented by the leading European and local experts.

In addition to the training, comradeship, exchanging of ideas, fruitful collaborations, and the forg-
ing of new ties, all participants will have the opportunity to enjoy the hospitality, history, and beau-
ty of Belgrade (White City) – one of the oldest cities in Europe.

On behalf of the Organizing Committee, we wish all our participants to stay healthy and also hard 
yet rewarding work for our conference.

Sincerely,

Milija D. Mijajlović                                     Aleksandra M. Pavlović                                  Claudio Baracchini
Chair of the Conference                      Chair of the Teaching Courses                     President of the ESNCH                                                                                                           

Official Title Congress Organisers

Congress Co-Organisers

Dates

Venue

Website

25th Conference of the European Society of
Neurosonology and Cerebral Hemodynamics

European Society of Neurosonology and Cerebral 
Hemodynamics (www.esnch.org)

Society of Serbian Neurologists
(www.drustvoneurologasrbije.org)

Neurology Clinic, University Clinical Center of Serbia
(www.neurologija.bg.ac.rs)

Astra Travel d.o.o. (www.astratravel.rs)

National Society of Neuroangiology of Serbia
(www.drustvoneurologasrbije.org)

National Society of Neuroangiology of Serbia
Faculty of Medicine, University of Belgrade
(www.mfub.bg.ac.rs)

October 15–17, 2021

Friday, October 15, 2021
Teaching Courses
ESNCH Examination
Opening and Welcome Words
Gala Dinner

Friday, October 16, 2021
Scientific Sessions
Poster Presentations
Lecturers Dinner

Friday, October 17, 2021
Scientific Sessions
Poster Presentations
Closing Ceremony & Awards

Hilton hotel Belgrade
Kralja Milana 35, 11000 Belgrade, Serbia
www.hilton.com/Belgrade

www.neurosonology2021.esnch.org

ESNCH Virtual Platform:
https://esnch2021.digitalevents.rs

Endorsed by

European Academy of Neurology
(www.ean.org)

European Stroke Organisation
(www.eso-stroke.org)

European Federation of Neurorehabilitation Societies
(www.efnr.org)

European Society for Cardiovascular
and Endovascular Surgery
(www.escvs.com)
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Scientific Committee
Milija Mijajlovic, Belgrade, Serbia
Claudio Baracchini, Padova, Italy
Massimo Del Sette, Genova, Italy

Natan Bornstein, Tel Aviv, Israel
Nadezda Covickovic-Sternic, Belgrade, Serbia 
Zagorka Jovanovic, Belgrade Serbia
Ranko Raicevic, Belgrade, Serbia

Petar Slankamenac, Novi Sad, Serbia
Ljiljana Beslac Bumbasirevic, Belgrade, Serbia
Aleksandra Pavlovic, Belgrade, Serbia

Djordje Radak, Belgrade, Serbia
Lazar Davidovic, Belgrade, Serbia
Marjana Vukicevic, Belgrade, Serbia

Dejana Jovanovic, Belgrade, Serbia
Toplica Lepic, Belgrade, Serbia
Manfred Kaps, Giessen, Germany

Fabienne Perren, Geneva, Switzerland
Marija Žarkov, Novi Sad, Serbia
Vlado Djajic, Banja Luka, Bosnia and
Herzegovina

Anita Arsovska, Skopje, Macedonia
Branko Malojcic, Zagreb, Croatia
Laszlo Csiba, Debrecen, Hungary

Ekaterina Titianova, Sofia, Bulgaria
Bojana Zvan, Ljubljana, Slovenia
Dzevdet Smajlovic, Tuzla, Bosnia and Herzegovina

Ljiljana Radulovic, Podgorica, Montenegro
Danijela Zamaklar Trifunovic, Belgrade, Serbia 
Kurt Niederkorn, Graz, Austria
Mathias Sturzenegger, Bern, Switzerland

David Russell, Oslo, Norway
Erich Bernd Ringelstein, Muenster, Germany
Elsa Azevedo, Porto, Portugal

Milan Vosko, Linz, Austria
Eva Bartels, Munich, Germany
João Sargento Freitas, Coimbra, Portugal

Cornelia Brunner, Tulln, Austria
Piergiorgio Lochner, Homburg/Saar, Germany
Laszlo Olah, Debrecen, Hungary

Dafin Muresanu, Cluj-Napoca, Romania
Vida Demarin, Zagreb, Croatia
Janja Pretnar-Oblak, Ljubljana, Slovenia

Arijana Lovrencic-Huzjan, Zagreb, Croatia
Cristina Tiu, Bucharest, Romania
Georgios Tsivgoulis, Athens, Greece

Chair of the Teaching Courses

Aleksandra Pavlovic, Belgrade, Serbia

Chair of the Meeting

Milija Mijajlovic, Belgrade, Serbia

Honorary Committee

Local Organizing Committee

Awards Committee

Zlatibor Loncar, HE Minister of Health
of the Republic of Serbia

Vladimir S. Kostic, President of the
Serbian Academy of Sciences and Arts

Zoran Radojicic, Major of the city
of Belgrade, Serbia

Lazar Davidovic, Dean of the Faculty of
Medicine University of Belgrade,
Belgrade, Serbia

Milika Asanin, Head of the University
Clinical Center of Serbia, Belgrade

Milija Mijajlovic, Belgrade, Serbia (Chair)
Aleksandra Pavlovic, Belgrade, Serbia
Dragoslav Sokic, Belgrade, Serbia

Jasna Zidverc-Trajkovic, Belgrade, Serbia
Dejana Jovanovic, Belgrade, Serbia
Predrag Stanarcevic, Belgrade, Serbia

Ranko Raicevic, Belgrade, Serbia
Zeljko Zivanovic, Novi Sad, Serbia
Tamara Svabic, Belgrade, Serbia
Nataša Stojanovski, Belgrade, Serbia

Live poster presentations 
Elsa Azevedo, Portugal
Claudio Baracchini, Italy
Uwe Walter, Germany

Virtual poster presentations 
Joao Sargento Freitas, Portugal
Branko Malojcic, Croatia
Aleksandra Pavlovic, Serbia

Dragoslav Sokic, Head of the Neurology
Clinic of the University Clinical Center
of Serbia, Belgrade

Ranko Raicevic, President of the Society
of Serbian Neurologists

Radoje Colovic, President of the Serbian
Medical Society

Milan Dinic, President of the Serbian
Medical Chamber 

Zeljko Krsmanovic, Belgrade, Serbia
Maja Stefanovic Budimkic, Belgrade, Serbia
Olivera Tamas, Belgrade, Serbia

Mihailo Mirkovic, Valjevo, Serbia
Mirjana Zdraljevic, Belgrade, Serbia
Aleksa Pejovic, Belgrade, Serbia

Ivo Bozovic, Belgrade, Serbia
Visnja Padjen, Belgrade, Serbia
Ivana Ilic, Belgrade, Serbia

Oral communications
Piergiorgio Lochner, Germany
Nathalie Nasr, France
Dzevdet Smajlovic, Bosnia and Herzegovina
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Oral Presentations InstructionsPoster Presentations Instructions

Oral communication presenters are kindly asked to pre-record their presentation(s), duration of 
presentation up to 10 minutes, via narrated pptx (in the Slide Show choose Record Slide Show) or 
via Zoom or mp4.
All oral presentations either presented virtual or live will be posted on the Conference virtual plat-
form: www.esnch2021.digitalevents.rs
The conference virtual platform with posted pre-recorded posters, oral presentations, teaching 
courses, hands-on sessions, and lectures will be available On-demand only for registered partici-
pants for the whole duration of the Congress and three months after the Conference days.
Registered participants will receive personalized credentials to access the virtual platform of the 
Conference.
In preparing your presentation please follow the strict respect of terms and permissions related 
to copyright and plagiarism, include the disclosure slide at the beginning of your presentation, 
and label all slides that include unpublished data with a title: “unpublished data – do not copy 
or distribute”. All authors are considered responsible for any Content that they create, transmit, or 
display in their presentations during the 25th ESNCH Conference and for patients’ privacy in the 
presentations.
For the final version of the virtual and live program of the conference, please follow the updated 
information at the conference website: https://neurosonology2021.esnch.org/
as well as at the Conference virtual platform: esnch2021.digitalevents.rs
Oral communication presenters will give their lectures as per final program, either on-site or will be 
provided with a special link to give their lecture through live streaming in real time.
Oral presentations sessions (virtual+live) Chairs will award one best oral presentation/communica-
tion.
Winner will be announced on the conference website, virtual poster platform, ESNCH website as 
well as in the ESNCH newsletter.
 
Prize consist of:
1. Certificate
2. Free ESNCH membership for 1 year
3. Free registration for the 26th ESNCH Conference in Lisbon, Portugal, 2022.

Winner will be announced on the conference website, virtual poster platform, ESNCH website as 
well as in the ESNCH newsletter.

25th ESNCH Conference Organizing Committee

VIRTUAL POSTER session presenters are kindly asked to pre-record their presentation(s), duration of 
presentation up to 5 minutes, via narrated pptx (in the Slide Show choose Record Slide Show) or via 
Zoom or mp4.
Virtual posters will be posted on the Conference virtual platform: www.esnch2021.digitalevents.rs
The conference virtual platform with posted pre-recorded posters, oral presentations, teaching cours-
es, hands-on sessions, and lectures will be available On-demand only for registered participants for 
the whole duration of the Congress and three months after the Conference days.
Registered participants will receive personalized credentials to access the virtual platform of the Con-
ference.
In preparing your presentation please follow the strict respect of terms and permissions related to 
copyright and plagiarism, include the disclosure slide at the beginning of your presentation, and label 
all slides that include unpublished data with a title: “unpublished data – do not copy or distribute”. All 
authors are considered responsible for any Content that they create, transmit, or display in their pres-
entations during the 25th ESNCH Conference and for patients’ privacy in the presentations. 
For the final version of the virtual and live program of the conference, please follow the updated infor-
mation at the conference website: https://neurosonology2021.esnch.org/
as well as at the Conference virtual platform: esnch2021.digitalevents.rs
Virtual poster session Chairs will look at all posted virtual poster presentations and will award one best 
virtual poster presentation.
Winner will be announced on the conference website, virtual poster platform, ESNCH website as well 
as in the ESNCH newsletter. 
LIVE POSTER presenters are also asked to pre-record their presentation(s), duration of presentation 
up to 5 minutes, via narrated pptx (in the Slide Show choose Record Slide Show) or via Zoom or mp4.
Live (on-site) presented posters will be also posted on the Conference virtual platform:
esnch2021.digitalevents.rs
Besides, live poster presenters will also present their posters posted on the posters boards, maximal 
dimensions of the poster boards, length 120cm, width 90cm.
Posters could be placed from October the 16th, starting 8am, and should be removed until October 
17th, 3pm at latest. Posters mounting material will be provided on-site. 
During the final program designated poster viewing time, Chairs of the live posters session will guide 
live posters presentations in the poster area (3 minutes presentation+2 minutes for discussion). Live 
posters session Chairs will award one best live poster presentation.
One additional prize will be provided for a local poster presenter.

Prizes consist of:
1. Certificate
2. Free ESNCH membership for 1 year
3. Free Teaching Courses (full day) registration for the 26th ESNCH Conference in Lisbon, Portugal, 
2022.

Winners will be announced on the conference website, virtual poster platform, ESNCH website as well 
as in the ESNCH newsletter.



10 11

25th Conference of the European Society of
Neurosonology and Cerebral Hemodynamics

Confluence of East and West                                              Belgrade, Serbia I October 15–17, 2021

General Information

Visa requirements
It is the sole responsibility of the attendee to 
take care of his/her visa requirements. Attend-
ees who require an entry visa must allow suf-
ficient time for the application procedure. At-
tendees should contact the nearest embassy or 
consulate to determine the appropriate timing 
of their visa applications. It is recommended to 
apply for a visa at least 3 months in advance of 
the conference.

Local currency
The local currency in Serbia is the Serbian Di-
nar (RSD). Currency exchange is possible in all 
banks and exchange offices. To check the cur-
rent exchange rates please visit the official site 
of the National Bank of Serbia: http://www.nbs.
rs/internet/english/index.html

Official letter of invitation
Registered participants who need an official 
letter of invitation for visa and travel purposes 
should send a requirement to the organizer 
and indicate it during the registration process. 
Official letter of invitation does not include any 
financial support except registration for the 
course.

Insurance
Participants are responsible to personally pro-
vide valid travel and health insurance during 
stay in Serbia.

Venue
Hilton hotel Belgrade
Kralja Milana 35, 11000 Belgrade, Serbia
Tel: +381-11-7555700
Fax: +381-11-7555701
(GPS 20.4659330000 Longitude;
44.8043500000 Latitude)
www.hilton.com/Belgrade

Language
Official language of the course is English.

Badges
All registered participant are required to wear 
the badges during entire scientific and social 
activities of the teaching course.

Dress code
Smart casual.

Accreditation and certification
25th ESNCH Conference will be accredited by 
the Serbian Health Council.

Those participants who successfully pass the 
international certification in neurosonology 
exam will receive a separate certificate from the 
ESNCH office.

Visa formalities to enter Republic of Serbia
Serbia is an EU candidate and visas are not re-
quired for EU citizens. 
All EU and non-EU citizens are required to have 
a passport to enter Serbia.
Some citizens may need an appropriate visa to 
visit Serbia. For more information on the visa 
regime for entering Serbia please check the in-
formation at the Ministry of Foreign Affairs of 
the Republic of Serbia’s website: http://www.
mfa.gov.rs/en/consular-affairs/entry-serbia/vi-
sa-regime

in the defence of the Byzantine border, the Slavs 
started frequently crossing the Danube in the 
6th century and gradually settled the area. The 
stone-built fortress rising above the rivers was 
dubbed Beli grad (White City). The first record 
of the Slavic name Beograd dates back to 878, 
during the rule of the First Bulgarian Empire. 
Between the 16th and 19th century Belgrade is 
referred to with various names in different lan-
guages: Alba Graeca, Alba Bulgarica, Bello grado, 
Nandor Alba, Griechisch Weissenburg, Castelbi-
anco... All these names, however, are transla-
tions of the Slavic word Beograd.
 
There are over 5,500 streets, 32 squares and 16 
plazas in the inner area of the City of Belgrade. 
The development of the street network star-
ted in 1867, after the Turks had departed, when 
the regulatory plan of Belgrade, drawn up by 
engineer Emilijan Josimović, was adopted. The 
oldest streets that have retained their original 
routes in the city are Vase Čarapića, Kralja Pet-
ra, Cara Dušana, Jevrejska, Narodnog fronta, 

Climate
The average temperature in Belgrade in October
is 12°C (8–20°C). For more details please visit: 
http://www.serbia.climatetemps.com/october.php 

About Belgrade
Belgrade (Beo-grad, meaning white city) is the 
capital and the largest city of Serbia. It is situat-
ed in South-Eastern Europe, at the confluence 
of the Sava and the Danube rivers, where the 
Pannonian Plain meets the Balkans. The city has 
a population of about 1.8 million people and its 
territory is divided into 17 municipalities. Today 
it is the capital of Serbian culture, education, 
science and economy. As a result of its tumul-
tuous history, Belgrade has for centuries been 
home to many nationalities.

Local transportation
Belgrade city public transport is provided 
through a network of bus, trolleybus and tram 
routes run by GSP “Beograd” and bus services 
operated by private bus companies, on around 
130 routes.
Information on official local taxi providers could 
be found here:  http://belgrademyway.com/taxi/

History
With its history of 7000 years, Belgrade is one 
of the oldest cities in Europe and has since an-
cient times been an important focal point for 
traffic, an intersection of the roads of Eastern 
and Western Europe, an important strategic 
location. The area around the two great rivers, 
the Sava and the Danube, has been inhabit-
ed as early as the Palaeolithic period. Ancient 
sources provide the oldest known name for 
Belgrade – Singidunum – and the first written 
documents date back to the 3rd century B.C. 
The name of the settlement was preserved 
throughout the Roman rule. With the division
of the Roman Empire in 395, Singidunum 
passed over to the Eastern Empire, i.e. Byzan-
tium, and the name of the city gained a Greek 
sound: Singidon. Favoured by the weaknesses 

Knez Mihailova Street

Kalemegdan
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Gavrila Principa and Karađorđeva streets. The 
oldest one is the Students Square, while the 
most famous one is the Republic Square. Knez 
Mihailova Street (the street of Prince Mihailo) is 
a pedestrian zone and a shopping area – pro-
tected by law as one of the oldest and most 
valuable monument complexes of the city, with 
a large number of representative buildings and 
urban houses built at the end of 1870s.

The first electric light was switched on in Bel-
grade in 1882, while the first train took off to-
wards Niš (a Serbian city in the southern part of 
the country) from the Belgrade railway station 
in 1884. The first telephone rang in 1890, while 
the first cinema projection was held in 1896,  
just six months after the first projection by the 
Lumière brothers in Paris. 

High above the Sava and the Danube conflu-
ence, on the rocky ridge which gives view of 
Novi Beograd (New Belgrade), Zemun and the 
wide plains of Pannonia, there lies Kalemeg-
dan Fortress, the former historical and urban 
centre of Belgrade. This spatial complex con-
sists of the Fortress (divided into Upper Town 
and Lower Town), and the Kalemegdan Park, 
the most beloved promenade by the people of 
Belgrade. Kalemegdan, the biggest and most 
beautiful park in Belgrade, is also the most im-
portant cultural and historical complex. The 
name Kalemegdan applies only to the spacious 
plateau surrounding the Fortress, which was 
turned into a park in 1880s. When the Fortress 
served as Belgrade’s chief military stronghold, 
the plateau was a place from which the enemy 
was kept under observation and where prepa-
rations were made for combat. Its name derives 
from the Turkish words kale (fort) and megdan 
(battlefield).

Discover Belgrade
To its visitors, Belgrade offers a rich programme 
of cultural, arts and sports events, many muse-
ums and parks and cultural and historical mon-

Church of Saint Sava Nikola Tesla Museum

The White Palace

Brankov Bridge

Yugoslav Drama Theatre

Rose Church

Skadarlija

River at night

hood are lined with some of Belgrade’s best and 
oldest traditional restaurants (called kafana 
after the Serbian word kafa, meaning coffee), 
which date back to that period.
Last year Belgrade was visited by over three mil-
lion tourists from all around the world. We hope 
you will enjoy your stay and come back to see 
us again!

Sources:  Tourist Organisation of Belgrade,
www.beograd.rs, www.avalskitoranj.rs,
www.hramsvetogsave.com, AstraTravel

uments. With its height of 79 meters in total, the  
Church of Saint Sava in Vračar represents one of 
the largest churches in the world and the larg-
est one in the Balkans. Other significant areas 
and buildings include the National Museum 
and the National Theatre, Terazije area, the Ser-
bian Academy of Sciences and Arts, the House 
of the National Assembly, the White Palace, the 
House of the Royal Family Karađorđević and the 
nearby Josip Broz Tito’s Mausoleum, “The House 
of Flowers”, which documents the life of the for-
mer Yugoslav president. Also worth visiting are 
the Residence of Prince Miloš, the Residence of 
Princess Ljubica, Captain Miša’s Mansion and “?” 
Café.

Ada Ciganlija is a former island in the Sava Riv-
er, today an artificial lake and Belgrade’s biggest 
sports and recreational complex with about 8 
kilometres of long beaches, cafés and sports 
facilities.

Nightlife
The city also has a good reputation for offering 
a rich nightlife. Many clubs that are open until 
early morning hours can be found all over the 
city. One of the most recognisable nightlife fea-
tures of Belgrade are the barges spread along 
the banks of the Sava and the Danube rivers. A 
more traditional Serbian nightlife experience, 
accompanied by traditional music known as 
starogradska (roughly translated as old town 
music), can most commonly be gained in Ska-
darlija, the city’s old bohemian neighbourhood, 
where the poets and artists of Belgrade gath-
ered in the 19th and the early 20th century. Ska-
darlija Street and the surrounding neighbour-

Belgrade by night
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REGISTRATION FEES AND DEADLINES
Registration can be done online until October 8th, 2021. After this date only on-site registration is possible.
REGISTRATION FEE INCLUDES   
• admission to scientific sessions and poster presentations
• admission to the industrial exhibition
• printed material for the conference
• online access to abstracts
                               
      Early Bird Fee                                     Regular Fee                                      Onsite Fee
                                                       by January 20th                 until October 8th, 2021          (October 15th)
Full registration      
Member*                                   € 400.-             € 450.-                                    € 450.-
Non-Member                            € 500.-                               € 550.-                                    € 550.-
Nurses & Technicians         € 200.-                               € 250.-                                    € 250.-
Participants from low, lower
middle and upper middle
economy countries**                       € 300.-                               € 300.-                                    € 300.-
Undergraduate Students*** Free admission                        Free admission                             Free admission
Day tickets      
Saturday or Sunday    € 200.- each                           € 200.- each                                      € 200.- each

* Member fees include members of the ESNCH with paid membership fees
** Based on World Bank list:
     https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
*** To purchase undergraduate student admission, you must be under 30 years old at the date of the confe-
rence. Furthermore it will be necessary to send a confirmation letter about student status to email address: 
esnch.confirmation@gmail.com

TEACHING COURSES
                                        Early Bird Fee                                     Regular Fee                                      Onsite Fee
                                                       by January 20th                 until October 8th, 2021          (October 15th)
1 Teaching Course
(morning or afternoon)          € 95.-                                   € 110.-                                     € 110.-
Teaching Course combination
(2 courses morning & afternoon)  € 180.-                                    € 210.-                                     € 210.-

Teaching Courses are limited in the number of participants. Course registration is obligatory and takes place 
within the normal registration process (first come, first served)

VIRTUAL CONFERENCE PARTICIPATION − ESNCH 2021 VIRTUAL PARTICIPATION FEE INCLUDES:
• Open access to presentations and session recordings allowing you to create your own schedule, attend any   
   and all of the sessions whenever and wherever.
• Opportunity to present your poster or oral communication in virtual sessions
• Network with colleagues including opportunity to browse a list of participants and click on their name to   
   contact them.
• Earn CME credits.
• Certificate of attendance
• Access all the E-posters.
• Join the debate. Attend a session recorded and streamed live to allow participation delegates from all over   
   the world to participate in live conversations.
• Visit the virtual exhibition hall. Journey through the exhibition booths, explore the displayed materials,
   contact exhibitors directly, and chat with other visitors.

Virtual conference participation  € 300.-
Virtual teaching courses participation  € 120.-
CERTIFICATION IN NEUROSONOLOGY EXAM
Certification in neurosonology exam    € 50.-
OPENING CEREMONY AND GALA DINNER
October 15th, 2021     € 50.-

SOCIAL ACTIVITIES
*Informations and reservations at registration desk

ACCREDITATION
25th ESNCH Conference is accredited by the Serbian Health Council as INTERNATIONAL CONGRESS with
15 CME credits for lecturers,
10 CME credits for participants,
13 CME credits for oral presentation and
11 CME credits for poster presentation.

Accreditation number of program: A-1-971/20.
Accreditation Decision No. 153-02-301/2020-01, from 02.03.2020. 17.10.2021
Those participants who successfully pass the international certification in neurosonology exam will receive a 
separate certificate from the ESNCH office.

Online Registration

• conference bag and other conference material
• coffee breaks and business lunches
• opening ceremony and welcome reception

Attendees take full responsibility for following epi-
demiological measures currently implemented in 
Serbia. All attendees are expected to wear masks 
at all times while attending the conference. The 
meeting organisers are not liable for transmission 
or treatment of individuals infected with COVID-19 
while attending the 25th ESNCH conference and do 
not take the responsibility to cover costs of testing, 
assessment, or treatment for COVID-19. Participants 
are expected to self-monitor for signs and symp-
toms of COVID-19 and in the unfortunate case that 
any of these are noticed during the meeting, please 
immediately isolate yourself and inform Hilton hotel 
staff or the organisers as soon as possible. It is each 
attendee's personal responsibility to follow current 
terms and conditions for entering Serbia during the 
COVID-19 pandemic as well as for returning to your 
country of residence or your final destination. The 
organisers cannot guarantee that meeting partici-
pants and attendees will not become infected with 
COVID-19. By attending the 25th ESNCH conference 
in Belgrade on-site, you are deemed to have given a 
full release of liability to the organisers to the fullest 
extent.

COVID-19 and the 25th ESNCH conference in Belgrade

PROTECT YOURSELF & OTHERS
CORONAVIRUS

www.neurosonology2021.esnch.org

ESNCH

FACE MASK
IS REQUIRED
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Friday, 15th October 2021        Day 1

Saturday, 16th October 2021        Day 2 
Sunday, 17th October 2021                          Day 3

  8.30–10.30

    8.30–9.00

    9.00–9.30

  9.30–10.00

 10.00–10.30

 10.30–11.00

  11.00–13.00

11.00–13.00

16.30–18.30

16.00–16.30

18.30–19.00

Teaching Course 1
Extracranial Arteries Examination
Chairs: Nathalie Nasr (France), Toplica Lepic (Serbia)

V

V

L

L

14.00–16.00

10.30–11.00

13.00–14.00

Room 1

Opening Ceremony    Gala Dinner

Room 2 Room 3 Room 4

TC1: Extracranial
Arteries Examination

Carotid and Vertebral Artery Insonation
Protocol (Normal Finding)

Cervical Arteries Atherosclerosis: Carotid 
Wall Imaging, Plaque Morphology, Stenosis 
Grading

Neurosonology Testing in
Non-Atherosclerotic Carotid Disease

Extracranial Vascular Examination in
Acute Stroke 

Coffee Break

Demonstration and Hands-On

Laszlo Olah
Hungary

Nathalie Nasr
France

Arijana Lovrencic Huzjan 
Croatia

Claudio Baracchini
Italy

Nathalie Nasr, Claudio Barachini,
Dragan Vasic, Toplica Lepic, Tanja Stricevic, 
Zeljko Krsmanovic, Aleksandar Jovanovic, 
Predrag Stanarcevic

Demonstration & 
Hands-on (TC1)

Demonstration & 
Hands-on (TC4)

TC4: Intracranial
Vascular Examination

TC2: B mode Brain 
Sonography

Demonstration & 
Hands-on (TC2)

Demonstration & 
Hands-on (TC5)

TC5: Nerves and 
Muscles

Coffee Break, Exibition

Lunch Break, Exibition

Coffee Break, Exibition

TC3: Echocardiography 
for Neurosonologists

Meeting of the Interna-
tional Commission for 
Certification in
Neurosonology

Demonstration &
Hands-on (TC3)

Demonstration &
Hands-on (TC6)

Angels Initiative
Satellite Symposium

Special Lecture

TC6: Ocular and
Orbital Ultrasound

Certification Exam
Theoretical Exam

Certification Exam
Practical Exam

DAY 1 - Friday
OCTOBER 15th
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    8.30–9.00

    9.00–9.30

Teaching Course 2
B-mode Brain Sonography 
Chairs: Uwe Walter (Germany), Aleksandra Pavlovic (Serbia) 

Brain Parenchyma Imaging Basis and
Protocol 

Transcranial Sonography in Parkinsonian 
Syndromes 

Aleksandra Pavlovic
Serbia 

David Skoloudik
Czech Republic

  9.30–10.00 Transcranial Sonography is Useful not only 
in Parkisonian Syndromes 

Dzevdet Smajlovic
Bosnia and Herzegovina 

 10.00–10.30

 10.30–11.00

  11.00–13.00

New applications: TCS in Deep Brain Stimu-
lation, Medial Temporal Atrophy Assessment  

Coffee Break

Demonstration and Hands-On

Uwe Walter
Germany 

Aleksandra Pavlovic, Dzevdet Smajlovic,
Uwe Walter, Nikola Veselinovic

L

L

R

L

14.00–14.30

14.30–15.00

Teaching Course 4
Intracranial Vascular Examination  
Chairs: João Sargento Freitas (Portugal), Zsolt Garamy (USA/Hungary)

Transcranial Insonation Protocol (TCCS/TCD) 

Intracranial Stenosis/Occlusion 

João Sargento Freitas
Portugal 

Eva Bartels
Germany 

L

L

    8.30–9.00

    9.00–9.30

  9.45–10.15

  10.45–11.15

    9.30–9.45

 10.15–10.45

 11.15–11.30

  11.30–13.00

Teaching Course 3
Echocardiography for Neurosonologists 
Chairs: Jorge Pagola (Spain), Danijela Zamaklar Trifunovic (Serbia)

The Basis of Stroke Focused Echocardiogram 

How to detect Ventricular Akinesia and 
Systolic Dysfunction 

Focused Echo Helps to Detect AF and
Related Valvulopathies 

Cardiologist perspective in imaging patients 
with PFO and stroke

Embolic Source of Stroke Uncovered by 
Focused Echocardiography 

Coffee Break

Coffee Break

Demonstration and Hands-On

Iria Lopez Dequidt
Spain 

Aleksandra Ilic
Serbia 

Jorge Pagola
Spain 

Vlatka Reskovic Luksic
Croatia

Radim Licenik
UK 

Aleksandra Ilic, Danijela Zamaklar Trifunovic, 
Vlatka Reskovic Luksic

V

V

L

L

V

 15.00–15.15 Coffee Break

15.15–15.45 Collateral Pathways Marek Jauss
 Germany

15.45–16.15

16.45–17.00

16.15–16.45

Challenging TCD Cases   

Coffee Break

TCD in Right-to-Left Shunt Diagnosis

Zsolt Garamy
USA/Hungary

Dmitar Vlahovic
Serbia

Teaching Course 5
Muscle and Nerve 
Chairs: Ekaterina Titianova (Bulgaria), Olivera Jovanikic (Serbia)

Basic Principles of Muscle and Nerve
Ultrasonography

Ultrasound of the Muscles 

Ultrasound-Guided Botulinum Toxin Injections
in Neurology: Technique And Indications 

Muscle and Nerve Ultrasound in Motor 
Neuron Disorders  

Coffee Break

Demonstration and Hands-On

Demonstration and Hands-On

Olivera Jovanikic
Serbia

Ekaterina Titianova
Bulgaria 

Uwe Walter
Germany 

Daniele Coraci
Italy

Uwe Walter, Olivera Jovanikic

Eva Bartels, Zsolt Garamy, Toplica Lepic, 
Nevenka Zaric, Bojana Solunac, Maja
Stefanovic Budimkic, Janja Pretnar Oblak, 
Zeljko Zivanovic

14.00–14.30

14.30–15.00

15.00–15.30

15.30–16.00

16.00–16.30

16.30–18.00

17.00–18.00

R

L

L

L

L

V

Teaching Course 6
Ocular And Orbital Ultrasound
Chairs: Branko Malojcic (Croatia), Piergiorgio Lochner (Germany) 

14.00–14.30

14.30–15.00

15.00–15.30

15.30–16.00

16.45–18.00

16.00–16.30

16.30–16.45

Why Do We Perform Ultrasound Neuro-
ophthalmological Examination? 

Optic Nerve Sheath Diameter and the
Diagnosis of Increased Intracranial Pressure 

Vascular Orbital Sonography  

Temporal Artery Examination  

Demonstration and Hands-On

Coffee Break

Transbulbar ultrasound: a useful tool in 
multiple sclerosis?

Piergiorgio Lochner
Germany 

Fillipo Farina
Italy 

Jelena Potic
Serbia

Branko Malojcic
Croatia 

Piergiorgio Lochner, Branko Malojcic, Jelena 
Potic, Ana Podgorac, Tamara Svabic

Fabienne Perren
 Switzerland

L

L

L

V

L

V
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Certification in Neurosonology exam

CERTIFICATION EXAM:
Theoretical Exam 

CERTIFICATION EXAM:
Practical Exam 

Lunch Break

Eva Bartels, Germany
Claudio Baracchini, Italy

Eva Bartels, Germany
Claudio Baracchini, Italy
Branko Malojcic, Croatia 
Elsa Azevedo, Portugal
Joao Sargento Freitas, Portugal
Milija Mijajlovic, Serbia
Aleksandra Pavlovic, Serbia

11.00–13.00

13.00–14.00

14.00–16.00

Opening Ceremony – Welcoming words     Gala Dinner

Opening ceremony
Welcoming Words 

Gala Dinner

Milija Mijajlovic & Aleksandra Pavlovic 
Claudio Baracchini
Vladimir S. Kostic 
Ranko Raicevic
Lazar Davidovic
Milika Asanin
Dragoslav Sokic

21.00–24.00

16.30–16.40

18.30–18.50
SL1

17.20–17.50

18.15–18.30

18.15–19.00

16.40–17.20

17.50–18.15

ANGELS Initiative Satellite Symposium

Special Lecture

Chair: Natan Bornstein (Israel), Thomas Fischer (Germany), Milija Mijajlovic (Serbia)          

Chairs: Claudio Baracchini (Italy), Natan Bornstein (Israel), Milija Mijajlovic (Serbia)

Welcome and Introduction 

The Implementation of
Quality Monitoring with RES-Q 

Discussion

Discussion

Angels Initiative Global Overview
on Strategy and Achievements

SHARP-SVDs Trial

How to implement Angels in Serbia

Natan Bornstein
Israel

Natan Bornstein
Israel

Thomas Fischer
Germany 

Alastair Webb
UK 

Tatjana Golubovic, Marjana Vukicevic
Savicevic, Milija Mijajlovic
Serbia

V

V

V

L

L

  8.00–9.00

     9.00–10.45

11.00–12.30

12.30–13.30

19.00–19.30

21.30–24.00

15.30–17.00

17.30–19.00

19.30–20.30

17.00–17.30

14.00–15.30

10.45–11.00

13.00–14.00

17.00–18.00

Plenary Hall Tsar Dusan Poster Hall Danube Room Belgrade 

Scientific Session 1:
Special Session with Vascular Surgeons 

Scientific Session 2: Joint Session with ESO: 
Stroke/Cerebrovascular Diseases 

Scientific Session 5:
Brain Parenchyma Sonography  

Scientific Session 3: Novel Methods:
Neuroophtalmology and Focused
Echocardiography 

Scientific Session 6:
Young Investigators Studies 

ESNCH General Assembly

Scientific Session 4: Emerging Topics
in Neurosonology

Coffee Break, Exibition

Lunch Break, Exibition, Poster Viewing

Coffee Break, Poster Viewing 

Industry Round Table 

Guided Poster Tour  

Takeda Special Lecture   

Lecturers Dinner

ESNCH EC Meeting 

    8.00–8.15
S1L1

    8.30–8.45
S1L3

    8.15–8.30
S1L2

    8.45–9.00
S1L4

Scientific Session 1
Special Session with Vascular Surgeons  
Chairs: Natalie Nasr (France), Lazar Davidovic (Serbia)

Non-stenotic Carotid Plaques And Ischemic 
Stroke: How Strong Is The Association? 

Ultrasound Follow-up of Carotid Stenosis 
(Pre-and Post-revascularization)  

When To Treat Asymptomatic Carotid
Stenosis?  

Highlights on Ultrasound Diagnosis of
Cervical Arteries Dissection   

Tatjana Boskovic Matic 
Serbia

Anita Arsovska 
North Macedonia

Lazar Davidovic
Serbia

Nathalie Nasr 
France

L

V

L

L

DAY 2 - Saturday
OCTOBER 16th
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    9.30–9.45
S2L3

  10.00–10.15
S2L5

    10.35–10.45
S2O3

    9.45–10.00
S2L4

   10.15–10.25
S2O1

   9.00–9.15
S2L1

    9.15–9.30
S2L2

   10.25–10.35
S2O2

Scientific Session 2
Joint Session with ESO: Stroke/Cerebrovascular Diseases  
Chairs: Georgios Tsivgoulis (Greece), Kurt Niederkorn (Austria), Aleksandra Pavlovic (Serbia)

The Value of Ultrasound After Stroke
Reperfusion Therapies 

Perfusion Augmentation in Acute Stroke 
Using Mechanical Counter-Pulsation   

Indices of Carotid Plaque Embologenicity, 
Juxtaluminal Echodensity, Global Echoden-
sity and Heterogeneity

Kurt Niederkorn 
Austria 

Matthias Reinhard
Germany 

Thomas Tegos
Greece 

Update on Sonothrombolysis 

The Value of Microembolic Signals After 
Endovascular Stroke Treatment

What’s Persistent Primitive Trigeminal Artery 
Got To Do With It? - An Ultrasound Approach

Gender Differences in Vascular Ultrasound in 
Prevention, Treatment and Prognosis of
Ischemic Stroke: Does Gender Matter in 
Vascular Ultrasound?

Georgios Tsivgoulis
Greece 

Claudio Baracchini 
Italy

Caterina Kulyk
Austria

Christine Kremer
Sweden

Ischemic Stroke in Patient with Congenital Age-
nesis of Internal Carotid Artery with Ipsilale-
ral Horner’s Syndrome and Hipochromia Iridis

Magdalena Konieczna-Brazis
Poland

V

V

V

L

V

L

L

V

   11.00–11.15
S3L1

   12.00–12.15
S3L5

   11.15–11.30
S3L2

   12.15–12.25
S3O1

   11.30–11.45
S3L3

   11.45–12.00
S3L4

Scientific Session 3
Novel Methods: Neuroophtalmology and Focused Echocardiography 
Chairs: Branko Malojcic (Croatia), Jorge Pagola (Spain)

Neuropthalmological Examination  and  
Transorbital Sonography in Neurology  

Cardiac Sources of Embolism

Ultrasound in Giant Cell Arteritis:
News, Tips and Tricks  

Automatic Optic Nerve Measurement (AUTO-
NOMA): A New Tool to Standardize the Optic 
Nerve Assessment by Transorbital Sonography

The Basis of Focused Echocardiography
for Neurologists  

Piergiorgio Lochner
Germany 

Vlatka Reskovic Luksic
Croatia

Branko Malojcic
Croatia

Andrea Naldi
Italy 

Jorge Pagola
Spain

L

L

V

L

L

V

Shutting the Door on Migraine Klaudia Duka Glavor
Croatia

Scientific Session 4
Emerging Topics in Neurosonology
Chairs: Daniele Coraci (Italy), Susanna Horner (Austria), Zeljko Zivanovic (Serbia)

Ultrasound Guided Interventions (Steroid 
Injections, Lumbar Puncture, Muscle Biopsy) 
& Evaluation of Less Common Nerves and 
Muscles

The Treatment of Resistant Chronic Periphe-
ral Neuropathic Pain: Investigation of Various
Local Anesthetics Applied by Ultrasound-
Guided Perineural Blocks

Tele-neurosonology

The Role of TCD in PFO Diagnosis
and Management  

Hemodynamic Changes After Carotid 
Endarterectomy – a Detailed Analysis with 
Correction for Age of Middle Cerebral Artery 
Flow Velocity

Review of Myosonology in the Field
of Neurosonology

Daniele Coraci 
Italy

Olivera Jovanikic
Serbia

Bojana Zvan
Slovenia

Susanna Horner
Austria

Arjen Schaafsma
The Netherlands

Ekaterina Titianova
Bulgaria

14.00–14.15
S4L1

14.15–14.30
S4L2

14.30–14.45
S4L3

14.45–15.00
S4L4

15.15–15.25
S4O1

15.00–15.15
S4L5

V

V

V

L

Scientific Session 5
Brain Parenchyma Sonography 
Chairs: Uwe Walter (Germany), David Skoloudik (Czech Republic)

Digital Image Analysis in Transcranial
Sonography   

Transcranial Brain Sonography in Psychiatric
Diseases and Pain Conditions

Fusion Imaging Technique  

Mesencephalic Raphe nucleus and third 
ventricle diameter changes in patients with 
non-psychotic bipolar mood disorder

Characteristics of Transcranial Brain
Parenchyma Sonography in Patients with
Myotonic Dystrophy Type 1 And 2

Transcranial Brain Sonography
in Parkinsonism and Dementia

An Ultrasonography-Guided Approach 
Improves Treatment Efficiency in Dystonia 
Patients

David Skoloudik
Czech Republic

Milija Mijajlovic
Serbia

Uwe Walter 
Germany

Mohammad Malakooti 
Iran

Ivo Bozovic 
Serbia

Dzevdet Smajlovic 
Bosnia and Herzegovina

Gilberto Pereira
Portugal

15.30–15.45
S5L1

15.45–16.00
S5L2

16.00–16.15
S5L3

16.15–16.30
S5L4

16.40–16.50
S5O2

16.30–16.40
S5O1

16.50–17.00
S5O3

V

L

L

V

L

L

V

V

V
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18.00–18.15
S6L3

    18.30–18.45
S6L5

18.15–18.30
S6L4

   18.45–19.00
S6L6

  17.30–17.45
S6L1

    17.45–18.00
S6L2

Scientific Session 6
Young Investigators Studies  
Chairs: Eva Bartels (Germany), Claudio Baracchini (Italy), Aleksandra Pavlovic (Serbia)

TCS Fusion Imaging in the Detection of 
Cerebral White Matter Lesions

Carotid Sonography Findings in Patients 
with Cerebral Small Vessel Disease

Cornelia Brunner
Austria

Stefan Stojsavljevic
Serbia

Transcranial Brain Parenchyma Sonography 
of Basal Ganglia in the  Evaluation of the Cli-
nical Course of Juvenile Myoclonic Epilepsy

Evaluation of Carotid Intima-Media Thickness 
in Systemic Rheumatic Disease Patients

 Ivana Djordjevic
 Serbia

Viktor Pasovski
Serbia

Transcranial Brain Parenchyma Sonography 
in Primary Burning Mouth Syndrome-
Nigrostriatal Dopaminergic System Matters

Endovascular Treatment of Acute Ischemic 
Stroke - a Single Comprehensive Stroke 
Center Experience

 Natasa Stojanovski
 Serbia

Dragan Dragicevic 
Croatia

   13.00–14.30

   15.00–16.00

      8.30–10.00

11.30–13.00

14.30–15.00

10.00–11.30

Plenary Hall Tsar Dusan Poster Hall Danube Room Belgrade 

Scientific Session 9: Miscellaneous

Exhibition, Lunch and Farewell

Guided Poster Tour ERNSono Meeting 

Scientific Session 7: Joint Session with EAN: 
New Techniques/Neurorehabilitation

Special Session: Neurosonology In our 
Region and Oral Presentations

Scientific Session 8: Neurosonology in ICU

Awards, Closing Ceremony and Introduction of the 26th ESNCH Conferenc

Graba Coffee Break, Exibition

L

L

L

L

L

L

19.00–19.20
SSL1

19.20–19.30

Takeda Special Session
Chairs: Marjana Vukicevic (Serbia), Milija Mijajlovic (Serbia)       

Neuroimaging in Fabry Disease-Focus on 
Neurosonology Methods 

Discussion

Milija Mijajlovic
Serbia L

DAY 3 - Sunday
OCTOBER 17th

    8.30–8.45
S7L1

    9.00–9.15
S7L3

    9.30–9.45
S7L5

    8.45–9.00
S7L2

    9.45–9.55
S7O1

    9.15–9.30
S7L4

Scientific Session 7
Joint Session with EAN/EFNR: New Techniques/Neurorehabilitation  
Chairs: Elsa Azevedo (Portugal), Dafin Muresanu (Romania) 

Functional TCD in Aquired and Genetic 
Cerebrovascular Disease and in Precerebral 
Hypoperfusion  

Role of Ultrasound in Neurorehabilitation  

Assessment of Collateral Flow with Ultra-
sound and MRA – Complementary Findings

Functional TCD - Update   

Intracranial Pulsatility and Cerebral White 
Matter Hyperintensity Burden in a Commu-
nity-Dwelling Elderly Population

Acute stroke Hemodynamics

Elsa Azevedo
Portugal 

Dafin Muresanu/Adina Stan
Romania (EFNR) 

Marek Jauss 
Germany

Janja Pretnar-Oblak
Slovenia

Markus Kneihsl
Austria

Joao Sargento Freitas
Portugal

L

V

L

L

L

V

    10.00–10.30
SpSL1

    10.30–10.40
SpSO1

    10.40–10.50
SpSO2

    10.50–11.00
SpSO3

    11.00–11.10
SpSO4

    11.10–11.20
SpSO5

    11.20–11.30
SpSO6

Past, Present and Future of Neurosonology 
in Our Region 

Refining the Concept of ESUS –
A Longitudinal 5-Year Follow-Up Study

Successful Embolization of Giant Basilar 
Aneurysm: Follow-Up by Transcranial
Color-Coded Duplex Sonography

The Role of Carotid Duplex Sonography in The
Evaluation of Patients with Tinnitus and in the
Detection of Dural Arteriovenous Fistulas

Effects of Acute Alcohol Consumption on 
Neuronal Activity and Cerebral Vasomotor 
Response

Middle Cerebral Artery Pulsatility Index and 
Serum Inflammatory Markers in Lacunar 
Stroke – a Preliminary Report

Bilateral High-Grade Stenosis of Intracranial 
Internal Carotid Artery in Patient with
Multiple Myeloma

Vida Demarin
Croatia 

Carolina Fernandes
Portugal

Jurgita Valaikiene
Lithuania

Catarina Caldeiras
Portugal

Eszter Balogh
Hungary

Grzegorz Kozera
Poland

Jurgita Valaikiene
Lithuania

Special Session
Neurosonology in Our Region and Oral Presentations
Chairs: Vida Demarin (Croatia), Zagorka Jovanovic (Serbia)

V

L

V

V

V

V

V
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   11.30–11.45
S8L1

   12.30–12.45
S8L5

   11.45–12.00
S8L2

   12.45–12.55
S8O1

   12.00–12.15
S8L3

   12.15–12.30
S8L4

Scientific Session 8
Neurosonology in ICU  
Chairs: Milan Vosko (Austria), Dejana Jovanovic (Serbia) 

Scientific Evidence and Enhancing Safety in 
Ultrasound Assisted procedures in ICU   

Validation of a New Non-Invasive Technique 
for Cerebral Compliance Assessment

Transcranial Doppler in Subarachnoid
Haemorrhage   

Intraoperative Ultrasonography in Adult 
Neurosurgery: our Experience and Literature 
Review

The Normal  Mean Values of ONSD and OND 
and the Issue of Different Cut-off Values: Appli-
cation In Neurology and Critical Care Patients 

Ultrasound in Brain Death  

Milan Vosko
Austria 

Sergio Brasil
Brazil

Zeljko Zivanovic 
Serbia 

Vuk Aleksic
Serbia

Andrea Naldi
Italy 

Dejana Jovanovic
Serbia 

Scientific Session 9

Awards, Closing Ceremony and Farewell 

Miscellaneous 
Chairs: Laszlo Csiba (Hungary), Joao Sargento Freitas (Portugal)

Do We Overlook Fibromuscular Dysplasia on 
Ultrasound Images? 

Awards, Closing Ceremony and Introduction 
of the 26th ESNCH Conference 

Effect of 2 Types of Antihypertensive Therapy 
on Cognition and Vessel Wall

Optic Nerve Sheath Diameter and Diagnosis 
of Increased Intracranial Pressure

Transcranial Detection of Microemboli Sig-
nals (MES) In Patients with Antiphospholipid 
Syndrome and Stroke

Enhanced Hemodynamic and Clinical Respon-
se to αCGRP in Migraine Patients – a TCD Study

Arijana Lovrencic-Huzjan 
Croatia

Milija Mijajlovic
Aleksandra Pavlovic
Claudio Baracchini
Branko Malojcic

João Sargento Freitas 
Victor Oliveira
Elsa Azevedo

Laszlo Csiba 
Hungary

Nicola Carraro
Italy 

Zagorka Jovanovic
Serbia

Bojana Zvan
Slovenia

13.00–13.15
S9L1

14.30–15.00

13.15–13.30
S9L2

15.00–16.00

13.30–13.45
S9L3

13.45–14.00
S9L4

14.10–14.20
S9O2

Exhibition, Lunch and Farewell   

L

L

V

V

V

V

L

V

V

L

L

L

Evolution of Blood-Brain Barrier Permeability 
and Impact on Clinical Outcome Throughout 
the Pathological Phases of Ischemic Stroke: 
an Observational Study and Meta-Analysis

Joao Sargento Freitas
Portugal

14.00–14.10
S9O1

29
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Supporters and Partners

FACULTY  ABSTRACTS                                   32–56
ORAL PRESENTATION  ABSTRACTS           58–86

POSTER PRESENTATION  ABSTRACTS       94–137

Online Publication of all ESNCH 2021 abstracts
(available after the conference)

For further information see page 
https://esnch2021.digitalevents.rs
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FACULTY ABSTRACTS
Teaching Course 1

Title: CAROTID AND VERTEBRAL ARTERY INSONATION PROTOCOL (NORMAL FINDING)
Author: Laszlo Olah, Hungary

Title:  CERVICAL ARTERIES ATHEROSCLEROSIS: CAROTID WALL IMAGING, PLAQUE MORPHOLOGY,
            STENOSIS GRADING
Author: Nathalie Nasr, France

Title: NON-ATHEROSCLEROTIC CERVICAL ARTERY DISEASE
Author: Prof. Arijana Lovrencic-Huzjan, MD, PhD, FESO, FEAN1
1 University Hospital Center Sestre milosrdnice, Zagreb, Croatia

Abstract
Non-atherosclerotic cervical artery disease are not rear. They include vasculopathies like fibromuscular dys-
plasia that can cause cervical artery dissection, vasculitis, genetically mediates arteriopaties and anatomic 
variants. 
Fibromuscular dysplasia is a non-atherosclerotic vascular disease, frequently underdiagnosed due to diverse 
clinical picture that ranges from non-specific symptoms like headache, migraine, dizziness, tinnitus, to more 
severe picture of ischemic stroke as a result of cervical artery dissection. Neurosonological findings ranges 
from subtle changes or changes of increased intima-media thickness (carotid marker), to focal, multifocal or 
long tubular stenosis, or aneurysm. Frequent finding is vessel tortuosity, but it is a nonspecific flinging. Re-
cognition of the disease is limited by localization of the disease in the distal, sub petrosal part of the internal 
carotid artery.
In craniocervical artery dissection neurosonology has high sensitivity in diagnosis of the disease, and enables 
decision of antithrombotic treatment. It also has a prognostic role. Neurosonology enables monitoring of the 
disease, morphologic and hemodynamic features, high intensity transient signals, and recanalization and re-
currence rate, what is important in decision of the duration of antithrombotic treatment. Pitfalls are in acute 
setting, and localization of the disease.
If the vasculitis is located in the craniocervical arteries it becomes a diagnostic challenge, but other diagnostic 
modalities may solve the dilemma.
Genetically mediates arteriopaties may have diverse neurosonological finding ranging from tortuous vessels 
to fusiform dilatation of the vessel.
Anatomical variants like hypoplasia, aplasia or fenestration may pose a diagnostic challenge.
Non-atherosclerotic cervical artery disease are not so rear and should be included in the daily routine diffe-
rential diagnosis.

Title: EXTRACRANIAL VASCULAR EXAMINATION IN ACUTE STROKE
Author: Claudio Baracchini MD, FESO1

1Stroke Unit and Neurosonology Lab, Department of Neurological Sciences, University of Padua School of 
Medicine

Abstract
In general, it is essential to assess the etiopathogenesis of an acute ischemic stroke in order to tailor and moni-
tor appropriate treatment and determine prognosis. About 15-20% of all ischemic strokes are caused by an 
arteriopathy of the cervical vessels. Therefore, an early diagnosis of a hemodynamically significant stenosis 
or occlusion of these arteries is pivotal for acute treatment strategies such as thrombolysis and mechanical 
recanalization, and subsequent procedures such as carotid endarterectomy or stenting. Digital subtraction 
angiography (DSA) represents the gold standard, but it is too invasive and expensive as a first-line method. 
Magnetic resonance angiography (MRA) is not available in every hospital or 24/7; it is also time consuming 
and contraindicated in several patients. Computed tomographic angiography (CTA) is the most widely used 
technique; however, radiation exposure and potential allergic or renal side effects due to the contrast medi-
um should be considered. Duplex ultrasound (DUS) has several advantages, being a low-cost, non-invasive 
bedside tool, with high temporal and spatial resolution that can also assess patients with contraindications to 
angiographic methods. A fast-track cervical DUS protocol can be performed in the emergency room and yields 
information on the status of the carotid and vertebral arteries without a significant delay, when performed 
by an experience sonographer. In particular, it provides morphologic characteristics of the atherosclerotic 
plaque, the degree of stenosis and its hemodynamic effects. Cervical DUS may also support the diagnosis 
of non-atherosclerotic lesions including dissections and arteritis. The specificity of “fast-track” ultrasound for 
steno-occlusive disease is excellent, while the sensitivity is higher in the anterior compared with the posterior 
circulation, due to frequent anatomic variants of the vertebro-basilar system and limited insonation settings. 
The feasibility of pre-hospital DUS in identifying vessel occlusion, using a portable ultrasound system in the 
emergency helicopter or ambulance, has already been proven. In light of the COVID-19 pandemic, the ESNCH 
has recently issued practice recommendations for the use of clinically oriented ultrasound evaluation during 
transport to reveal large vessel occlusion strokes and indicate the most suitable destination for the patient. 
Furthermore, therapeutic decisions on systemic or endovascular reperfusion therapies for COVID-19-positive 
and presumed positive patients presenting with acute stroke symptoms may rely on ultrasound to avoid po-
tential time delays related to CTA or MRA. This teaching course will outline the applications of cervical DUS in 
acute stroke management and its potential therapeutic implications.

Title: BRAIN PARENCHYMA IMAGING BASIS AND PROTOCOL
Author:  Aleksandra M. Pavlović1
1Faculty for Special Education and Rehabilitation, University of Belgrade, Belgrade, Serbia

Abstract 
Transcranial B-mode sonography (TCS) of the brain parenchyma has developed in the last two decades into 
an important diagnostic tool with high sensitivity and specificity for detecting basal ganglia abnormalities 
in different conditions. Unilateral or asymmetric substantia nigra hyperechogenicity has been recognized as 
a biomarker of idiopathic Parkinson's disease and is increasingly used in the differential diagnosis of parkin-
sonism. Brain stem raphe hypoechogenicity has been identified in various depressive disorders. The increased 
width of the third ventricle indicates subcortical atrophy or hydrocephalus. In addition, this method enables 
the assessment of the echogenicity of other midline structures as well, with several specific patterns for diffe-
rent diseases reported in recent years. There is the emerging use of the TCS with expanding spectrum of indi-
cations, such as deep brain stimulation and medial temporal atrophy assessment, for other neurodegenerative 
conditions beyond movement disorders but also in vascular conditions and neurocritical care. 
The scanning is performed at several axial levels through the brain stem and thalami. Assessment starts in the 
axial scanning plane parallel to the orbitomeatal line, at the level of the midbrain. In this plane, the butter-
fly-shaped mesencephalic brainstem, and the echogenicity of the ipsilateral SN, ipsilateral red nucleus, and 
median midbrain raphe are assessed. The ultrasound beam is then tilted 10–20° upwards through the section 
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of the thalami. At this plane, the transverse diameter of the third ventricle and the frontal horn of the contra-
lateral lateral ventricle can be measured. Furthermore, echogenicity of the contralateral thalamus, lenticular 
nucleus, and caudate nucleus is rated semiquantitatively at this level.
This method offers new approach to the visualization of brain structures compared to other neuroimaging 
methods due to different physical imaging principles with high-resolution imaging of echogenic deep brain 
structures. The consensus guidelines for uniform TCS scanning procedures for midbrain and basal ganglia 
structures, as well as the ventricular system, have been established. The TCS technique proved to be a de-
pendable, non-invasive, available, and easily applicable method, which provides novel information on the 
morphology of the central brain structures for different clinical indications.

Title: TRANSCRANIAL SONOGRAPHY IN PARKINSONIAN SYNDROMES
Author:  David Skoloudik, Czech Republic

Title: TRANSCRANIAL SONOGRAPHY IS USEFUL NOT ONLY IN PARKINSONIAN SYNDROMES?
Author:  Prof.dr. Dzevdet Smajlović, MD, PhD1
1 Department of Neurology, University Clinical Centre Tuzla, Bosnia and Herzegovina

Abstract
Transcranial sonography (TCS) of brain parenchyma is a relatively new ultrasound modality which could dis-
play echogenicity of human brain tissue through the intact skull. Becker and colleagues (1995) first observed 
hyperechogenicity of the substantia nigra in patients with Parkinson's disease (PD) using TCS. Since then, TCS 
of brain parenchyma in patients with movement disorders has developed with increasing dynamics during 
the past two decades. Based on the convincing evidence available, the EFNS accredited the method of TCS a 
level A recommendation for supporting the diagnosis of PD and its differential diagnosis from secondary and 
atypical parkinsonism. 
In this lecture, we will try to give the answer is TCS can be used to evaluate changes in other diseases characteri-
zed by movement disorders (Wilson’s disease, Huntington’s chorea, spinocerebellar ataxia, dystonia and rest-
less leg syndrome), in some neurodegenerative diseases (amyotrophic lateral sclerosis, dementia with Lewy 
bodies), demyelinating diseases (multiple sclerosis), cerebrovascular and psychiatric diseases. Furthermore, 
we will give enough scientific data that TCS can be useful and helpful not only in diagnosis and differential 
diagnosis of Parkinsonian syndromes, but also in other neurological and psychiatric diseases. 

Title: NEW APPLICATIONS: TCS IN DEEP BRAIN STIMULATION, MEDIAL TEMPORAL ATROPHY ASSESSMENT 
Author: Prof. Uwe Walter, MD1
1 University of Rostock, Department of Neurology, Gehlsheimer Str. 20, 18147 Rostock, Germany,
   D-18147 Rostock, Germany

Abstract
Transcranial B-mode sonography (TCS) is a non-invasive neuroimaging method that allows high-resolution 
imaging of deep brain structures, especially substantia nigra and basal ganglia. In the guidelines of the Euro-
pean neurological societies (EAN, MDS-ES) TCS of substantia nigra is included as a biomarker for the early and 
differential diagnosis of PD. A growing number of studies suggest that TCS of substantia nigra, basal ganglia, 
and temporal lobe can also be helpful in the diagnosis of neurodegenerative dementia disorders. Especially, 
TCS can be used to detect and monitor medial temporal lobe atrophy in Alzheimer disease. Meanwhile there 
are a number of novel technologies allowing for the automatic structure detection and digitized image analy-
sis of distinct brain structures depicted with TCS. These digitized analysis technologies are now being tested 
for its value in the assessment of therapeutic effects in PD and other disorders. An elegant application of TCS 
is the intra- and postoperative localization of deep brain stimulation electrodes. Especially the location of 
deep brain stimulation electrodes in the subthalamic nucleus can be precisely and exactly performed with 
TCS alone. The increasingly available technology of TCS-MRI fusion imaging and volume navigation is cur-
rently being tested for the peri- and postoperative location of deep brain electrodes, but also with other new 
diagnostic applications.

Title: THE BASIS OF STROKE FOCUSED ECHOCARDIOGRAPHY 
Author: Iria A. López Dequidt1
1 Clinical Hospital of Santiago de Compostela. Spain. 

Abstract
Background: Stroke is a major cause of mortality in Europe. Causes of stroke vary, although it is thought that 
about 20% of ischemic stroke are cardioembolic. In cryptogenic stroke an important part of the unknown 
causes are from cardioembolic sources too.  Cardiac sources including diseases form left atrium and left atrial 
appendage, left ventricular, heart valve diseases, cardiac tumors and thoracic aorta pathologies. 
Echocardiography is essential for the evaluation, diagnosis, and management of stroke and systemic embo-
lism. Nowadays neurologists are receiving specific training to perform echocardiograms by themselves. 
Objectives: Review the guidelines and recommendations to date to determine the most appropriate echocar-
diography diagnostic management strategy for stroke patients. 
Methods: Review the specific recommendations regarding echocardiography in  1) 2021 guideline for the 
prevention of stroke in patients with stroke and transient ischemic attack from American Heart Association; 2) 
Guideline for the use of echocardiography in the evaluation of a cardiac source of embolism from the Ameri-
can Society of Echocardiography published in 2016; 3) Systematic review and economic evaluation of routine 
echocardiography in the management of stroke published in Health technology assessment in 2014. 
Results: Transthoracic echocardiography is the most appropriate test and it is a cost effective tool. Transesoph-
ageal echocardiography is appropriate in some circumstances and specific guidelines are provided for each 
category of embolic sources.

Title: HOW TO DETECT VENTRICULAR AKINESIA AND SYSTOLIC DYSFUNCTION
Author: Aleksandra Ilic, Serbia

Abstract
Assessment of the left ventricular (LV) systolic function is the most common indication for echocardiography. 
According to the Recommendations by the American Society of Echocardiography and the European Associ-
ation of Cardiovascular Imaging, there are currently conventional echocardiographic methods - two-dimen-
sional  echocardiography (2DE) and Doppler echocardiography,  and advanced techniques such as real-time 
three-dimensional echocardiography  (3DE),  myocardial deformation imaging and microbubble contrast 
agents that can be used in this assessment.
Accurate measurment of the LV function  is important and necessary for the evaluation of cardiac disease. 
Decreased systolic function is associated with  worse prognosis after myocardial infarction, increase in the 
relative risk of death, causes decreased organs perfusion, including the brain, and the possibility of thrombus 
formation with subsequent embolization. LV size should be routinely assessed on 2DE by calculating volumes 
using the biplane method of disks summation technique. LV volumes should be measured from the apical 
four- and two-chamber views and indexed to the BSA. Modified Simpson’s rule is recommended 2D method to 
assess LV ejection fraction (EF).  EF <52% for men and <54% for women is considered as abnormal.
There are several limitations of this technique: suboptimal endocardial definition, inadequate itrerpretation of 
apical structures due to foreshortening,  arrhythmias. In these circumstances, if there are technical conditions 
and experience, it should be done 3DE or microbubble contrast agents may be used for image optimization. 
These techniques allow more accurate measurement of volumes, myocardial mass and systolic function when 
they compared to cardiac magnetic resonance, which is considered the reference standard for assessing LV 
volumes and function.
For the assessment of LV regional function, LV is divided into segments, which reflect coronary perfusion terri-
tories, and allow comparison with other imaging modalities. Regional myocardial function is assessed on the 
basis of the observed endocardial thickening. Eeach segment has to be analyzed in multiple views. The follow-
ing scoring system is recommended: (1) normal or hyperkinetic, (2) hypokinetic, (3) akinetic and (4) dyskinetic. 
Regional abnormalities are often caused by myocardial infarction and ischemia. But, may also occur in the 
absence of coronary artery disease. Speckle-tracking is recommanded for the assessment of regional myo-
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cardial function. Myocardial deformation, termed strain, was reported as a percentage change in length. On 
2DE, peak global longitudinal strain (GLS) describes the relative length change of the LV myocardium between 
end-diastole and end-systole. 2DE GLS appears to be reproducible and feasible for clinical use and offers in-
cremental prognostic data over LV  EF in a variety of cardiac conditions. A peak GLS in the range of -20% can 
be expected in a healthy person.
Assessment of  the LV function plays an important role in the diagnosis of cardiac disease, but also  for predic-
tion morbidity and mortality. 2D and 3D strain imaging and microbubble contrast agents allow more accurate 
evaluation of LV systolic function, particularly for patients with borderline LV function, because of the potential 
to identify subclinical disease, which may improve prognosis.

Title: FOCUSED ECHO HELPS TO DETECT AF AND RELATED VALVULOPATHIES
Author: Jorge Pagola Pérez de la Blanca, MD, PhD.1
1 Stroke Unit, Neurology Department, Vall d'Hebron University Hospital. Stroke Research Group, Vall d'Hebron   
   Research Institute.

Abstract
Cardiac Focused Echocardiography (FOCUS) is an examination performed by non cardiologist based on sev-
eral expert recommendations. In stroke setting, the main sources to evaluate with cardiac focused echo are: 
Ventricular akinesia, aortic plaques and PFO.

Ventricular akinesia is the lack of wall segment movement that can be observed by this protocol. FOCUS echo 
may help suspect plaques by supraesternal echographic window. The sensitivity and specificity of FOCUS to 
detect PFO is excellent. Moreover, FOCUS can detect relevant information regarding complex PFO like Atrial 
Septal aneurism, prominent Eustachian Valve or Chiari Network reticula.

FOCUS echo is being improving by new protocols and devices. Accordingly, WHOLE POCUS is defined as the 
examination of heart-carotid vessels and intracranial circulation in only one step. With the use of POCUS devic-
es connected to smartphone we can evaluate the source of stroke anywhere anytime. A proper education and 
formal practice by a certificación is required to perform FOCUS echo. In Spain there is a Consensus that include 
a protocolo to certificate non cardiologist in this technique.

Title: EMBOLIC SOURCE OF STROKE UNCOVERED BY FOCUSED ECHOCARDIOGRAPHY
Author: Radim Licenik, UK

Title: CARDIOLOGIST PERSPECTIVE IN IMAGING PATIENTS WITH PFO AND STROKE 
Author: Vlatka Reskovic Luksic, MD, PhD1

1 Department for Cardiovascular Diseases, University Hospital Center Zagreb, Croatia

Abstract
Patent foramen ovale (PFO) is a rather common finding in the general population (25%), increasing to over 
50% in patients with cryptogenic stroke. PFO is not a true deficiency of the atrial septum, but a potential sep-
aration between the septum primum and septum secundum in the anterosuperior part of the fosa ovalis. In 
patients with PFO usually small left-to-right shunt is observed. Right-to left shunting  is associated with para-
doxal embolisation and can be provoked by maneuvers that increase right atrial pressure, such as cough and 
Valsalva maneuver. Presence of the PFO is associated with stroke, decompression sicknes, platypnea-ortho-
deoxia syndrome and migraine headache. Atrial septal aneurysim is a common finding in patients with PFO, 
and is associated with increased prevalence of cryptogenic stroke and other embolic events. 
Transthoracic echocardiography (TTE) is used for initial evaluation in patients with cryptogenic stroke, and if 
contrast TCD study is positive, contrast TOE should be performed before transcatheter PFO closure. Detailed 
anatomic TOE study should provide measurements important for both patient and device type and size selec-
tion.  Important features are tunnel length, atrial septal aneurysm, septum primum deviation, additional multi-

ple small defects on the fossa ovalis, thick septum secundum, large Eustachian valve and excessive redundant 
Chiari network. During the percutaneous PFO closure, TOE is of most importance for guiding intervention 
(device position, stability, relation to surrounding structures, early complications...). After patient discharge, 
regular echocardiography follow-up is required after 1,6,12 months and afterwards regularly every 1-2years. 
Complications are rather rare but can be fatal. Residual shunt is a significant predictor of stroke recurrence. 
Following 6-12 months after PFO closure, contrast study should be performed to exclude residual shunt and 
confirm complete closure. 
Careful patient selection and multidisciplinary approach are very important to select good candidates for PFO 
closure and to minimize the rate of re-events and complications. Echocardiography is an irreplaceable tool in 
diagnosing, managing and follow-up.

Title: TRANSCRANIAL INSONATION PROTOCOL (TCCS/TCD)
Author: João Sargento-Freias, Coimbra, Portugal

Abstract
The ultrasonographic study of intracranial vessels has revolutionized in many ways the way physicians see, 
approach and treat neurovascular disorders.
As in any diagnostic strategy, its accuracy will be directly dependent on the use of correct technical acquisition.
In this lecture we will approach the theoretical principles involved in acquiring and interpreting the main ana-
tomical vessels of the intracranial vascularization using the most relevant ultrasonographic windows, namely 
the transtemporal, suboccipital and transorbital.
The main objective of this lecture is to provide the trainees with the theoretical background required for the 
correct performance of a transcranial ultrasonographic assessment.

Title: INTRACRANIAL STENOSIS/OCCLUSION
Author: Eva Bartels, Germany

Title: COLLATERAL PATHWAYS
Author: Marek Jauss, Germany

Abstract
Assessment of collateral pathways are important in clinical decision making in vascular neurological disease 
in acute as well as in chronic conditions. The author gives illustrative examples of difficult findings in patients 
with intracranial und extracranial findings as well. ultrasound examination protocols are presented and limi-
tations of assessment with ultrasound are addressed. It will be commented on  complementary methods 
such as CTA and MRA. Sophisticated examination sequences situations are illustrated on a stepwise base. Also 
non-everyday situations such as examination of an EC-IC bypass is presented.

Title: CHALLENGING TCD CASES
Author: Zsolt Garamy, USA/Hungary

Title: TCD IN RIGHT-TO-LEFT SHUNT DIAGNOSIS
Author: Dmitar Vlahović1
1 Neurology Clinic, Clinical Center of Vojvodina; Faculty of Medicine, University of Novi Sad, Serbia

Abstract
Up to 30% of all ischemic strokes are cryptogenic. Under that umbrella, one of the potential causes is right-
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to-left shunt (RLS), a non-physiological gateway. One of those is patent foramen ovale (PFO), which is present 
in 20-30% of the adult population. Right-to-left cardiac shunts usually remain undetected. Because they are 
associated with ischemic strokes, especially in younger population, diagnosing RLS is of cardinal importance. 
Passing blood clots and other potential emboli through the shunt is called paradoxical embolization. TCD bub-
ble study is a procedure which is used for diagnosis of possible presence of RLS. It is well recognized and veri-
fied procedure, with excellent safety profile and low-cost. This method uses contrast agent, an agitated saline 
solution. By positioning TCD probes over both medial cerebral arteries, we can register micro embolic signals 
(MES), soon after injection of contrast. Also, number of MES is well correlated with the size of the sunt, with a 
sensitivity 90-100% and specificity >95%. It can be easily repeated and done by the bedside. TCD is useful tool 
for selecting patients who need further invasive investigations like transesophageal echocardiography (TEE). 
Studies comparing transthoracic echocardiography (TTE) or TEE to TCD have shown that 15-25 % of patients 
test positive for right-to-left shunt on TCD but are negative on TTE or TEE.
TCD is nowadays first step in diagnosis of RLS and essential tool for further treatment planning for patients 
with ischemic stroke and other conditions, like migraine with aura.

Title: BASIC PRINCIPLES OF MUSCLE AND NERVE ULTRASONOGRAPHY
Author: Olivera Jovanikic, Serbia

Title: ULTRASOUND OF THE MUSCLES
Author: Acad. Prof. Ekaterina Titianova, MD, PhD, DSc1

1 Clinic of Functional Diagnostics of Nervous System, Military Medical Academy, 3 Georgi Sofiiski str.,
   1606 Sofia, Bulgaria

Abstract
In the past decade 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 patho-
logical muscle structure and the positioning of needle electrodes for biopsy or injections (e.g., botulinum 
toxins or local anesthetics) 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. It 
can be used for assessment of orthostatic antigravity adjustment using the measurement of pennation angle 
of triceps surae muscle contraction at rest and during maximal active plantar flexion. Recently, an M-mode 
tremorogram has been introduced for registration of tremor frequency. Thus, the myosonology seems to be-
come a powerful tool for neurologists and physiotherapists in their everyday clinical practice.

Title: ULTRASOUND-GUIDED BOTULINUM TOXIN INJECTIONS IN NEUROLOGY:
           TECHNIQUE AND INDICATIONS
Author: Prof. Uwe Walter, MD1
1 University of Rostock, Department of Neurology, Gehlsheimer Str. 20, 18147 Rostock, Germany, D-18147 
Rostock, Germany
E-mail: uwe.walter@med.uni-rostock.de

Abstract
Botulinum neurotoxin (BoNT) injection has been increasingly used for treating muscular spasticity and dys-
tonia. Unlike other techniques of precision targeting such as electromyography or computed tomography, 
B-mode ultrasound allows immediate and high-resolution imaging of the injection needle position and injec-
ted fluid within the target region. Visual identification of muscles or glands and depth control of needle place-
ment 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 
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the correct injection technique. Ultrasound-guided BoNT injection has been recommended as a standard pro-
cedure 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 single forearm muscles (e.g. the flexor 
digitorum superficialis or the flexor digitorum profundus muscle of single fingers) of patients with writers or 
musicians cramp, or with mild post-stroke spasticity. An emerging application is the ultrasound-guided BoNT 
injection into deep cervical and nuchal muscles in patients with cervical dystonia, such as the scalene muscles, 
the longissimus capitis muscle, and the obliquus capitis inferior muscle. Distinct targets for BoNT infiltration 
such as the omohyoid muscle, as well as the submandibular or sublingual glands can practically only sighted 
with ultrasound. This applies also for the piriformis muscle in patients with painful piriformis syndrome. The 
upcoming real-time MRI-ultrasound or CT-ultrasound fusion imaging techniques promise the repeated ultra-
sound-guided targeting also of deep muscles such as the longus colli muscle in patients with antecollis, and 
the lumbar portion of the psoas muscle in patients suffering from severe painful spastic hip bending.

Title: MUSCLE AND NERVE ULTRASOUND IN MOTOR NEURON DISORDERS 
Author: Daniele Coraci, MD, PhD, Assistant Professor1

1 Department of Neuroscience, University of Padua, Italy

Abstract
Motor neuron disorders include a group of different diseases characterized by progressive degeneration of the 
motor neurons. The clinical evaluation is fundamental for the diagnosis and it is based on the search of upper 
motor neuron signs, lower motor neuron signs, bulbar involvement, neuropsychiatric alterations. Electrophysi-
ological evaluation is part of the evaluation because it is able to reveal the axonal damage and it can help to 
exclude other diseases. Among the conditions mimicking the motor neuron, immune-mediated neuropathies 
may be assessed by ultrasound. Usually, in these, nerve enlargements is visible. On the other side, in motor 
neuron diseases, some authors found a reduction of motor nerve dimensions. For this reason, ultrasound may 
support the differentiation between motor neuron diseases and immune-mediates neuropathies. Considering 
the muscles, ultrasound can quantify their dimension and can evaluate the echogenicity and the fascicula-
tions. Finally, the function of the diaphragm can be assessed. Hence, the technique can improve the diagnostic 
power if associated with electrodiagnosis.

Title: WHY DO WE PERFORM ULTRASOUND NEUROOPHTHALMOLOGICAL EXAMINATION?
Author: Piergiorgio Lochner1
1 Department of Neurology, Saarland University Medical Center, Homburg, Germany

Abstract
The eye represents a sensory extension of the central nervous system whose main function is vision. The easy 
accessibility of the eye to ultrasound, given the superficiality and the absence of bone, makes it a real window 
on the brain.
The aim of this lecture is to bring the reader closer in the transorbital ultrasound technique and to stimulate 
him to apply it daily to the patient's bed as an extension of clinical examination.
Optic nerve sheath diameter (ONSD) measurement is simple, easy to learn and has several applications. We 
describe the technique and the main parametric settings. ONSD has utility for estimating ICP in several clinical 
conditions such as intracranial haemorrhage and ischaemic stroke, in meningitis and encephalitis, and in idio-
pathic intracranial hypertension. Less known is the usefulness of ONSD studies in symptomatic intracranial 
hypotension.
The identification of the main arteries of the eyes helps to diagnose or exclude a central retinal artery occlu-
sion allowing to distinguish different etiologies.
The collateralisation through ophthalmic artery is a positive prognostic factor in cases of haemodynamic ste-
noses of the extracranial part of internal carotid artery.
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No, at least ultrasound pupillometry is a new and feasible tool for the bedside pupillary function assessment 
in patients with periorbital hematoma or carotid artery dissection.
In conclusion transorbital sonography is a bedside, easy to learn tool with the potential to screen patients in 
need of other neuroimaging or needs acute reperfusion therapies and those who may require an invasive ICP 
measurement.

Title: OPTIC NERVE SHEATH DIAMETER AND THE DIAGNOSIS OF INCREASED INTRACRANIAL PRESSURE
Author: Filippo Farina, MD1
1 Ospedale dell’Angelo Mestre-Venezia, Department of Neurosciences, Venice (Italy)

Abstract
Elevated Intracranial Pressure (ICP) is a challenging and potentially fatal complication of various neurological 
diseases, like space occupying lesions (tumors, hemorrhagic or ischemic stroke, abscesses) or idiopathic intra-
cranial hypertension syndromes. Invasive ICP measurement devices which represent the gold standard, but 
may lead to important collateral effects, non-invasive techniques have been developed. The optic nerve (ON) 
and its sheaths (ONS) are an easily accessible part of the central nervous system. Since a striking correlation 
between the dilation of the ONS and ICP rise was observed in experimental settings, ONS diameter (ONSD) 
measurement was proposed. Ultrasound-based ONSD represent a reliable and reproducible system to high-
light ICP rise almost in real time. Anyway, due to particular features of ultrasound eye examination, specific 
echographic settings needs to be respected in order to avoid retinal or lens damages.

Title: VASCULAR ORBITAL ULTRASOUND
Author: Jelena Potic1
1 Clinic for Eye Diseases, University Clinical Centre of Serbia, School of Medicine, University of Belgrade

Abstract
Ultrasound (US) is a simple, safe, non-invasive, highly informative diagnostic procedure for both, intraocular 
and intraorbital lesions. Although CT scan and NMR are being used for orbital lesions more often, US, being 
easily accessible, has kept its important role. The orbit contains different tissues, such as extraocular muscles, 
sensory and motor nerves, the optic nerve, excretory glans, the eyeball.  Only the anterior part of the orbit can 
be accessed by echography examination, with the main acoustic lines in the anterior-posterior direction. The 
examination of the orbit should always involve: detecting the normal anatomical features in orbit, detecting 
the pathological lesions and their localization in the relation to other normal structures, evaluation of the 
echogram and measuring the size of the lesion. The structures being always examined during the orbital US 
are the optic nerve (the most important landmark), the extraocular muscles, the orbital adipose tissue (high 
acoustic reflectivity) and the structures not visible by US under normal conditions such as Tenon’s space, the 
orbital vessels (except the veins of crying child), the lacrimal gland, the paranasal sinuses. If these features are 
detected by the orbital US examination, they should be regarded as pathological, and they should undergo 
further evaluation. The characteristics of main intraorbital lesions and differential diagnostics will be explained 
during the talk. 

Title: TEMPORAL ARTERY EXAMINATION
Author: Branko Malojcic, MD, PhD, FESO, FWSO1

1 University Hospital Center Zagreb, Department of Neurology, TIA Center, Zagreb, Croatia

Title: TRANSBULBAR ULTRASOUND: A USEFUL TOOL IN MULTIPLE SCLEROSIS?
Author: Fabienne Perren, Switzerland

Title: NON-STENOTIC CAROTID PLAQUES AND ISCHEMIC STROKE: HOW STRONG IS THE ASSOCIATION?
Author: Tatjana Boskovic Matic, Serbia

Title: WHEN TO TREAT ASYMPTOMATIC CAROTID STENOSIS?
Author: Lazar B. Davidovic MD, PhD.
School of Medicine, University of Belgrade
Clinic for Vascular and Endovascular Surgery. University Clinical Center of Serbia.

Abstract
The treatment of patients with asymptomatic carotid stenosis (ACS) is one of the most important controversies 
in vascular surgery. I will try to explain that these patients can benefit from the surgery. The first reason for their 
surgical treatment is a silent brain infarction. According to some studies, the prevalence of the silent brain in-
farction ranges between 14 and 18%. at patients with ACS higher than 70%. However, results of ACST-1 are of a 
particular significance regarding the treatment of ACS. According to this trial CEA performed in asymptomatic 
phase has significantly decreased the incidence of perioperative stroke and death outcomes in comparison to 
patients treated after the onset of symptoms. Moreover, the incidence of stroke occurrence in this group was 
significantly lower even 5 and 10 years after the surgery. However, besides that the answer on question: can 
a patient with ACS benefit from the intervention is not quite simple. We need to speak for it having in mind 
age and life expectancy, gender, comorbidity, risk factors, contralateral disease, carotid plaque morphology, 
concomitant operations as well, surgeon volume.

Numerous significant papers emphasized that the rate of perioperative stroke, grows in patients older than 75 
during CEA. Due to this CEA is not recommended at elderly patients with ACS. However, my Clinic’s study with 
more than 1500 patients with surgically treated ACS, did not find a significant difference regarding periopera-
tive stroke rate between patients younger and older than 75. Probably that is а result of very good selection of 
our patents. Namely, the biologic preservation of the patient does not depend only on the aging. Some other 
studies did not also find significant differences in combined stroke and death outcome after CEA between 
octogenarians and other patients. Moreover, CEA in nonagenarians was followed with reasonably low 30-
day rates of ischemic stroke and myocardial infarction. However, very elderly patients with ACS may not live 
enough to benefit from CEA.

According to some studies (including ours) female gender increases, while according to others, it does not 
increase the rate of perioperative stroke.

Extremely significant comorbidity increases stroke rate after CEA. Due to this, CEA is not recommendable in 
patients with ACS that have life limiting conditions.

We have found that the obesity increases significantly stroke occurrence during CEA performed at patients 
with ACS. However according to some previous studies an obesity is independent risk factor for cardiac com-
plications and even for death after CEA.

Bearing in mind the natural course of disease, the impact of ACS depends also on the contralateral carotid 
condition. We believe that contralateral carotid disease is an additional reason for the treatment of ipsliateral 
ACS. At the sometime in our study contralateral carotid disease including even an occlusion, did not increase 
significantly perioperative stroke occurrence during CEA of ipsilateral ACS. However, some other studies found 
that contralateral carotid occlusion increases risk of perioperative complications during CEA on ipsilateral side.

The presence of unstable plaque increases the risk of stroke occurrence because of higher incidence of distal 
embolization. Therefore, the presence of unstable plaque is an additional reason for an intervention in patients 
with ACS.
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According to some articles, there is no evidence to justify routine prophylactic CEA of ACS before major car-
diovascular and other surgeries. For instance, a current ESVS guidelines dedicated to AAA does not recom-
mend routine prophylactic CEA, as well as routine screening for ACS prior to AAA repair. I do not totally agree 
with previous recommendations. Namely, ESVS guidelines committee members had in their mind EVAR that 
is not followed with significant peri-procedural changes of blood pressure, as well as with significant blood 
loss. Due to this untreated ACS is not significant predictor of stroke occurrence during EVAR. However the 
situation is completely different regarding an OR of abdominal, thoracic and thoracoabdominal aneurysms, 
regarding CABG, as well as regarding other major surgeries. Due to this we recommend prophylactic CEA for 
ASC prior major upcoming surgeries if patients have associated significant contralateral carotid stenosis or an 
occlusion. What is a better for these patients simultaneous or staged procedure? Recommendations from the 
current ESVS guidelines dedicated to carotid artery diseases are not clear. We recommend simultaneous CEA 
with CABG, only at patients with triple vessels coronary artery disease, as well as in those with left main trunk 
stenosis or occlusion.

Surgical treatment of ACS is recommended at non-obese patients with no significant comorbidity and with life 
expectancy at the least 5 years. Reasons are even more obvious when a patient has unstable plaque, contra-
lateral disease, or a major upcoming surgery. Surgical treatment of ACS requires very high level of safety. Very 
experienced professionals can perform it in high volume centers. In our study with 1567 surgically treated ACS, 
cumulative perioperative death rate was 0.38% while total stroke/TIA rate was 2.81%.

Title: ULTRASOUND FOLLOW-UP OF CAROTID STENOSIS (PRE-AND POSTREVASCULARIZATION)
Author: Prof. Anita Arsovska1,2 
1 University Clinic of Neurology, University “Ss. Cyril and Methodius”, Skopje, N. Macedonia
2 Faculty of Medicine, Skopje, N. Macedonia 

Abstract
Carotid artery stenosis is a prevalent disease, caused predominantly by atherosclerosis. The reported preva-
lence of carotid artery stenosis is dependent on the population screened, investigative tool used, and which 
criteria are employed. In the Framingham Study cohort, the prevalence of significant carotid artery stenosis 
was 7% in women and 9% in men. Treatment for atherosclerotic carotid stenosis consists in a surgical ap-
proach, either by endarterectomy or by angioplasty with stent placement in patients with significant stenosis 
(>70%), asymptomatic and symptomatic. Widely varying protocols exist for the follow-up of patients after ca-
rotid revascularization. Carotid duplex scanning for surveillance is a common indication, given the restenosis 
rates associated with CEA and carotid artery stenting. Generally it is recommended that patients with  <50% 
stenoses are followed once a year; and those with >50% disease are followed twice a year. There were some 
studies that identified several clinical risk factors in the development of ISR: older age, female sex, dyslipide-
mia, diabetes, tobacco, and peripheral artery occlusion disease. Technical and postprocedural risk factors in-
cluded multiple stents implantation, postprocedural residual stenosis, and previous CEA. Close DUS follow-up 
is therefore appropriate in patients with these ISR risk factors. Patients should be investigated with B-mode, 
color mode and power mode. In patients with stents, PSV criteria should be adjusted. A PSV value of 300–350 
cm/s may be used as the threshold criterion of high grade restenosis. Restenosis is generally a benign condi-
tion that does not require revascularization except in selected cases, such as when restenosis progresses to 
preocclusive grade or determinates neurological symptoms. Under these circumstances, it may be justifiable 
to repeat revascularization, either by CEA in the hands of an experienced surgeon or by CAS in the case of 
hostile neck anatomy.

Title: HIGHLIGHTS ON ULTRASOUND DIAGNOSIS OF CERVICAL ARTERIES DISSECTION
Author: Nathalie Nasr, France

Title: THE VALUE OF ULTRASOUND AFTER STROKE REPERFUSION THERAPIES
Author: Kurt Niederkorn MD,Markus Kneihsl MD,Susanna Horner MD, Thomas Gattringer MD
Department of Neurology; Medical University of Graz; Austria
E-mail: kurt.niederkorn@medunigraz.at

Abstract
Endovascular stroke treatment (Mechanical Thrombectomy) achieves successful recanalization rates (TICI 2b-3)
of about 90% . However,good clinical outcome at 3 months after Thrombectomy (mRS 0-2) ranges between 40 
and 50 %.Among main complications post thrombectomy are reocclusion and hemorrhage and edema.The 
value of Transcranial color-coded duplex sonography (TCCS) for predicting diagnosing and preventing postin-
terventional complications has been described by Demchuk and al (Stroke 2001;32:89–93).
Using their Thrombolysis in Brain Ischemia (TIBI) Transcranial Doppler Flow Grades, Kneihsl et al (Stroke. 
2018;49:2780–2782)showed in 215 patients with large vessel occlusions that in patients with successful angio-
graphic recanalzation TIBI grades 0-4 within 72 hours after Mechanical Thrombectomy were an independent 
predictor of poor clinical outcome at 90 days after the stroke.
To prospectively assess the value of TCCS and other methods the “DYNASTROKE Study-Cerebral Hemodynam-
ics After Stroke Thrombectomy: A Prospective Multicenter Study” (Pricipal Investgator:Thomas Gattringer MD,
PhD) has been designed and started in Graz/Austria, in cooperation with Departments of Neurology in 
Linz,Salzburg and Munich.
The study hypotheses are:
Patients with increased MCA velocity index have a higher risk for (symptomatic)cerebral bleeding complica-
tions after mechanical thrombectomy and Laboratory biomarkers (matrix metalloproteinases, interleukines) 
indicating blood-brain-barrier disruption are increased in such patients.
Besides the clinical assessment, Neurosonography with a defined protocol will be performed immediately 
after tthrombectomy, at 24-48 hours after thrombectomy and at 7 days after thrombectomy as well as at the 
90 days follow-up.
Blood biomarkers and Multimodal MRI will be performed at 0-48 hours post thrombectomy, Blood biomarkers 
also at the 90 days follow-up. The study is ongoing- those who want to join or receive detailed information
please contact markus.kneihsl@medunigraz.at

Title: PERFUSION AUGMENTATION IN ACUTE STROKE USING MECHANICAL COUNTER-PULSATION
Author: Matthias Reinhard1 
1 Department of Neurology and Clinical Neurophysiology, Department of Neurology, University of Freiburg,    
    Germany

Abstract
Background and Purpose: External counterpulsation (ECP) is a non-invasive technique for diastolic blood flow 
augmentation to the heart and the brain. It uses pneumatical cuffs around the lower legs which are sequential-
ly inflated during diastole. It is mainly used in chronic refractory coronary artery disease so far. This talk reviews 
the possibility of using ECP in acute and chronic cerebrovascular diseases.
Findings: Diastolic blood pressure augmentation during ECP does not lead to increased mean cerebral blood 
flow velocity (CBFV) in healthy adults because the effects of ECP are counter-acted by intact cerebral autoregu-
lation. In patients with subacute stroke, ECP leads to an increase of mean CBFV both ipsi- and contralateral to 
the infarcted side. This is probably because cerebral autoregulation is impaired in this situation. In patients 
with subacute stroke, ECP may thus potentially increase periinfarct perfusion and probably enhance neuro-
plasticity and functional recovery. Small studies have shown positive clinical effects on functional recovery 
in this situation, but larger randomized trials are missing. In hyperacute stroke, ECP has not been used to 
augment perfusion to the penumbra so far. A further attractive field of application of ECP may be chronic 
occlusive cerebrovascular disease. In the coronary artery circulation, ECP can induce collateral angiogenesis 
due to increased shear stress. Such an effect on cerebral microcollaterals may also be present but has not been 
investigated in detail so far. In a pilot study, we have shown that in patients with severe internal carotid artery 
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stenosis or occlusion, mean ipsilateral CBFV increases significantly during ECP, as does ipsilateral cerebral oxy-
genation.
Conclusions: ECP effects on cerebral circulation are not present in healthy persons because of their intact 
cerebral autoregulation. Application of ECP in hyperacute ischemic stroke is not sufficiently investigated and 
no realistic scenario. ECP has probably positive effects in subacute ischemic stroke on clinical function and 
recovery. Larger scale studies are, however, necessary, as well as more detailed studies on its direct hemodyna-
mic effects using perfusion measurements. In chronic occlusive cerebrovascular disease, ECP may be a future 
method for improving hemodynamic compensation, but more basic studies on ECP effects are needed first.

Title: UPDATE ON SONOTHROMBOLYSIS
Author: Georgios Tsivgoulis, Greece

Title: GENDER DIFFERENCES IN VASCULAR ULTRASOUND IN PREVENTION, TREATMENT AND PROGNOSIS  
           OF ISCHEMIC STROKE: DOES GENDER MATTER IN ULTRASOUND?
Author: Assoc. Prof. Christine Kremer1 

1 Head Ultrasound, Neurology Department, Skåne University Hospital, Department of Clinical Sciences Uni-
versity of Lund, Jan Waldenströms Gata 15, 20502 Malmö/Sweden

Abstract
The presentation covers the aspects of sex and gender differences regarding cerebrovascular ultrasound. As 
introduction several examples of sex differences regarding the treatment chain of stroke are given including 
at admission, and acute treatment. Regarding the differences in stroke etiology, and modifiable vascular risk 
factors, there are some implications for ultrasound. Men show more large artery atherosclerosis and women 
have a higher risk of stroke from atrial fibrillation. The risk of lacunar stroke in men is higher. Anterior circu-
lation strokes are more common in women, and posterior circulations strokes in men. In large artery athero-
sclerosis plaque composition in men and women can differ, as well as outcome after carotid endarterectomy 
or stenting. In women a higher percentage of cardiac embolic sources can be expected and monitoring, and 
follow-ups and eventual additional measurements (atrial diameter?) are recommended.
A higher association with a stroke in women with diabetes, metabolic syndrome, and smoking is observed. 
As well as stroke risk in women with migraine, and atrial fibrillation. Apart from closely monitoring  this risk 
factors, ultrasound could help to identify risk populations (, Blood flow velocities, IMT- measurements?). 
During pregnancy the stroke risk is increased due to pre- and eclampsia, posterior reversible encephalopa-
thy syndrome (PRES), reversible cerebral vasoconstriction syndrome (RCVS), and postpartum due to cerebral 
venous thrombosis (CVT). Cerebral ultrasound has the advantage of being non-invasive and it can be used 
repetitively, therefore it can be used in pregnancy for the monitoring of eg blood flow velocities in PRES or 
RCVS, and even venous flow in CVT.
Regarding stroke prognosis, and recurrency women have more severe strokes, worse outcome and can show a 
higher recurrency of stroke due to atrial fibrillation.  This might be due to less aggressive treatment in women. 
It is even speculated that women can be “underscreened”.  
More sex-specific analyses are needed, and sex as a variable should be introduced prospectively. There is an 
underrepresentation of women in randomized clinical trials ,with a lack of inclusion of older women.  Although 
we have to avoid generalizing and sex-specific treatment algorithms follow-up including more individualized 
and also directed ultrasound examinations could help to optimize stroke prevention, and therefore outcome.

Title: THE VALUE OF MICROEMBOLIC SIGNALS AFTER ENDOVASCULAR STROKE TREATMENT
Author: Claudio Baracchini MD, FESO1
1 Stroke Unit and Neurosonology Lab, Department of Neurological Sciences, University of Padua School of  
   Medicine

Abstract 
Mechanical thrombectomy (MT) is the most effective treatment for patients with acute ischemic stroke due to 
large vessel occlusion (LVO) in the anterior circulation. However, MT does not guarantee successful recanaliza-
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tion to all patients, and about half of treated patients do not experience a significant clinical improvement at 
3 months despite successful recanalization of the occluded artery. Poor collateralization and hyperperfusion 
are known causes of poor outcome, but other possible causes are incomplete microvascular reperfusion, distal 
microembolization from endothelial damage secondary to MT, and continuous embolization from the same 
source that caused the index stroke. Microembolic signals (MES) detection by transcranial ultrasound is associ-
ated with a higher risk of cerebrovascular events in various stroke etiologies, and it is currently used to monitor 
the safety and efficacy of different vascular therapeutic approaches. In stroke patients who underwent MT, 
MES are a common finding regardless of the recanalization strategy (MT alone or combined with intravenous 
thrombolysis). They are more frequent in patients with specific factors, such as a relevant carotid stenosis or 
occlusion, incomplete vessel recanalization, proximal intracranial site of occlusion, inadequate or no collate-
rals; however, they are also very common after successful endovascular therapy. MES represent a predictor of 
worse prognosis in terms of residual disability and mortality and increase the risk of recurrent ischemic stroke 
or systemic embolization during 90 days of follow-up. All these findings highlight the important role of MES 
monitoring after endovascular treatment for identifying patients at higher risk of poor outcome and recurrent 
embolic events. This might have a significant implication in risk stratification and patient management.

Title: NEUROOPTHALMOLOGICAL EXAMINATION AND TRANSORBITAL SONOGRAPHY IN NEUROLOGY
Author: Piergiorgio Lochner1
1 Department of Neurology, Saarland University Medical Center, Homburg, Germany

Abstract
Ultrasound has been used for almost 30 years in a wide variety of clinical applications. Over the past few 
years neurosonology has been undergoing a significant expansion of its modalities, including atherosclerotic 
plaque perfusion, elastography, fusion imaging, and multimodal monitoring in intensive care unit. Among 
these applications we describe transorbital sonography (TOS) measuring optic nerve sheath diameter  (ONSD). 
Several studies have shown that ONSD is a valid and reliable indicator of  intracranial pressure (ICP). Estima-
tion of intracranial pressure (ICP) may be helpful in the management of neurological critically ill patients and 
patients with chronic increase of ICP. TOS can be performed fast everywhere: at prehospital setting, at hospital 
admission or  in neurological and neurointensive care units.
We briefly discuss the technique and the novel approach of ONSD measurement. ONSD measurement is sim-
ple, easy to learn, and has a wide variety of applications, where an increase of ICP is presumed: intracranial 
hemorrhage and ischemic stroke, meningitis and encephalitis, and idiopathic intracranial hypertension, acute 
mountain sickness and posterior reversible encephalopathy syndrome.   A thickening of ONSD can  develop  
even in  inflammatory lesions of the optic nerve.
A application of TOS could happen in in some neurological complications in not-neurological setting inclu-
ding pregnancy: eclampsia and preeclampsia. Moreover ONSD could be a prognostic indicator of hypoxic 
encephalopathy.   It´s application can be useful in some  laparoscopic surgery where a pneumoperitoneum 
is perfomed  with  application of a CO2) and often a concomitant steep head–down position (up to 45°, Tren-
delenburg position), together increasing the risk for decreased venous return, hypercapnia, and therefore an 
increase of ICP or in aortic surgery operation. In case of a central retinal artery occlusion  
In the diagnostic workup of acute arterial occlusions of the eye,TOS can recognise a hyperechoic structure 
depicted in the optic nerve head: „spot sign“.  
Finally another new field of application is continuos measurement and monitoring of the pupils, allowing 
analysis of the fine details of their constriction and dilation.
TOS is a safe and low-cost bedside tool with the potential of screening patients who need other neuroimaging 
and those who may need an invasive measurement of ICP.

Title: ULTRASOUND IN GIANT CELL ARTERITIS: NEWS, TIPS AND TRICKS
Author: Branko Malojcic, MD, PhD, FESO, FWSO1
1 University Hospital Center Zagreb, Department of Neurology, TIA Center, Zagreb, Croatia
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Abstract
Giant cell arteritis (GCA) is the most common form of arteritis in adults. When it spreads to the temporal arte-
ries, it is called temporal arteritis (TA). Its classical presentation appears in the patients with 50 or more years of 
age, headache and increase of ESR over 50 mm/h. At the level of vessel wall histology, GCA is a granulomatous 
panarteritis with mononuclear cell infiltrates and giant cell formation causing swelling of intima and media. The 
swelling is visible in an ultrasound examination as segmental hypoechoic areas, while inflammation changes 
in adventitia are not that clearly distinguishable from the surrounding tissue. Because of potential serious 
complications of GCA, like stroke, myocardial infarction and blindness, it is essential to establish the diagnosis 
in a fast and efficient way. Although biopsy of the superficial temporal artery (STA) is considered as a golden 
standard, it is often delayed and may carry a risk of complications like hematoma, infection and facial paresis.
Ultrasound (US) examination of STA is a non-invasive, widely available and cheap method in cases of suspec-
ted TA. High resolution probes can display the vessel wall even in superficially located small diameter arteries. 
If performed properly, its high sensitivity and even higher specificity, allow rapid selection of patients which 
should be considered as highly probable TA (clinical suspicion + positive US) or exclusion of the TA diagnosis 
(low clinical suspicion + negative US).
The limitations of US for the diagnosis of TA are the operator dependency which can be minimized by a proper 
training and the influence of corticosteroid therapy on the vessel wall inflammation which causes typical US 
signs of TA to disappear within 1-2 weeks of treatment.

Title: AUTOMATIC OPTIC NERVE MEASUREMENT (AUTONOMA): A NEW TOOL TO STANDARDIZE THE OPTIC  
           NERVE ASSESSMENT BY TRANSORBITAL SONOGRAPHY
Authors: Andrea Naldi1-2, Kristen Meiburger3, Nicola Michielli3, Lorenzo Coppo4, Claudia Montabone4, Filippo 
Molinari3, Alessandro Vercelli1-5, Mauro Bergui⁶, Roberto Cavallo2, Piergiorgio Lochner7
1 Department of Neuroscience "Rita Levi Montalcini", University of Turin, Turin, Italy
2 Neurology Unit, Ospedale San Giovanni Bosco, Turin, Italy
3 PoliToBIOMed Lab, Biolab, Department of Electronics and Telecommunications, Politecnico di Torino, Turin, Italy
4 Neurology Unit, Department of Translational Medicine, University of Piemonte Orientale, Novara, Italy
5 Neuroscience Institute Cavalieri Ottolenghi, Orbassano, Italy
6 Neuroradiology, Department of Neuroscience "Rita Levi Montalcini", University of Turin, Turin, Italy
7 Department of Neurology, Saarland University Medical Center, Homburg, Germany

Abstract
Background: Transorbital sonography is a reliable tool for the noninvasive estimation of intracranial pressure 
by measuring the optic nerve sheath diameter (ONSD), while the optic nerve (ON) diameter (OND) may de-
tect ON atrophy in multiple sclerosis patients. The manual OND and ONSD evaluation is subjected to opera-
tor’s experience and inter-rater variability, leading to potential misunderstanding in the results interpretation. 
Therefore, a standardization of OND and ONSD measurements are required. Here, an AUTomatic Optic Nerve 
MeAsurement (AUTONoMA) system for OND and ONSD assessment in ultrasound B-mode images based on 
deformable models is presented.
Methods: Seventy-five ON images of both healthy subjects and patients with intracranial hypertension were 
analyzed. OND and ONSD were measured by the AUTONoMA system and compared to manual ones obtained 
by two operators (expert and inexpert). Agreement between operators was tested.
Results: AUTONoMA correctly segmented the ON and its sheath in 95% of images. There were no significant 
differences between AUTONoMA and the operators for the OND values and the expert operator for the ONSD. 
Compared to the expert operator, the mean error was 0.06±0.52 mm for the ONSD and 0.06±0.35 mm for 
the OND. The agreement between AUTONoMA and the operators was good. The AUTONoMA evaluation was 
faster than manual ones.
Conclusions: AUTONoMA is a reliable and faster system for the assessment of both ONSD and OND compared 
to manual evaluation. The AUTONoMA system may favor a standardization of OND and ONSD measurements, 
reducing the manual inter-rater variability and allowing a higher reproducibility across studies.
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Title: THE BASIS OF FOCUSED ECHOCARDIOGRAPHY FOR NEUROLOGISTS
Author: Jorge Pagola Pérez de la Blanca, MD, PhD.1
1 Stroke Unit, Neurology Department, Vall d'Hebron University Hospital. Stroke Research Group, Vall d'Hebron  
   Research Institute

Title: CARDIAC SOURCES OF EMBOLISM
Author: Vlatka Reskovic Luksic, MD, PhD1
1 Department for Cardiovascular Diseases, University Hospital Center Zagreb, Croatia

Abstract
Cardiac embolism is a rather common cause of the ischaemic stroke (15-30%). Establishing cardiac embolism 
as the the cause of the stroke has important therapeutical implications (oral anticoagulation, device implan-
tation etc.). Multimodality cardiac imaging if often required  (echocardiography, cardiac CT and cardiac MR). 
Left atrial thrombi represent primary source of cardiac embolism, so rigorous search for atrial fibrillation 
should be performed (especially in older population and patients at risk), including prolonged monitoring 
(Holter, implantable cardiac monitoring). Left ventricular thrombi are most frequently found in patients with 
cardiomyopathies (i.e. dilated, non-compaction cardiomyopathy) and after acute myocardial infarction (MI) 
with large zone of necrosis (4-39% of patients in the first 3 months after anterior MI). 
Cardiac tumors are rare (0,1-0,3%) and mostly benign, but may show malignant behavior. The most prevalent 
among benign tumors are atrial myxomas, while cardiac sarcomas represent the most frequent type among ma-
lignant cardiac tumors. Tumor dimension and localization are the main determinant factors for embolization. 
Among patients with infective endocarditis, 15-30% are complicated with cerebral embolization, often silent, 
so active search for cerebral embolization should be routinely performed. Size (10mm) and mobility of the 
vegetations are the most potent independent predictors of embolic events, and embolization most often 
occurs before the initiation and two weeks after the initiation of antibiotic therapy. 
The prevalence of PFO in the general population is about 25%, increasing to over 50% in patients with crypto-
genic stroke. In those patients, small left-to-right shunt turns into right-to-left shunt during elevation of right 
atrial pressures (i.e during cough or Valsalva maneuver), causing paradoxical embolization.  About 60% of the 
patients with ASA also have PFO. Patient who are at risk for stroke and recurrent events are those with large 
PFO, ASA, long length of the tunnel and large right-to-left shunt (>30 bubbles on contrast echocardiography). 
Echocardiography is the first and most important imaging tool for diagnosis of all the above-mentioned 
potential causes of cardiac embolization. Beyond establishing diagnosis, it is also important for appropriate 
therapeutical decision making, guiding interventions and follow-up. However, inappropriate exams should 
be avoided. Heart-brain multidisciplinary team and individual patient approach are of the most importance. 
 

Title: ULTRASOUND GUIDED INTERVENTIONS (STEROID INJECTIONS, LUMBAR PUNCTURE,
           MUSCLE BIOPSY) & EVALUATION OF LESS COMMON NERVES AND MUSCLES
Author: Daniele Coraci, MD, PhD, Assistant Professor1

1 Department of Neuroscience, University of Padua, Italy

Abstract
Ultrasound shows high usefulness in evaluating the soft tissue. Additionally, it is very beneficial to guide the 
intervention, in particular drug injections, lumbar puncture and muscle biopsy. With ultrasound, the physician 
can see the target to treat/evaluate and the needle. This can extremely reduce the possible side effects of the 
blind procedure. In fact, the target can be better injected and the vessel and the other structures can be avoid-
ed. Furthermore, in cases of biopsy, ultrasound can help the selection of the best muscle area.
Ultrasound can evaluate the small nerves and the anatomical variants of nerves and muscles. The small nerves 
represent a challenge, but they can visualize considering their anatomy. In cases of small nerve branches arising
from the main trunks, the sonographer should follow the major nerve and pay attention to the divisions. In 
cases of “isolated” small nerves, the use of proper landmarks should be considered.



48 49

25th Conference of the European Society of
Neurosonology and Cerebral Hemodynamics

Confluence of East and West                                              Belgrade, Serbia I October 15–17, 2021

Future development, like the application of ultra-high-frequency ultrasound may help in the identification 
and assessment of these structures.

Title: THE TREATMENT OF RESISTANT CHRONIC PERIPHERAL NEUROPATHIC PAIN: INVESTIGATION OF
           VARIOUS LOCAL ANESTHETICS APPLIED BY ULTRASOUND-GUIDED PERINEURAL BLOCKS
Author: Olivera Jovanikic, Serbia

Title: TELENEUROSONOLOGY
Author: Prof. Bojana Žvan, MD, PhD, Senior advisor, FESO1

1 Department of Neurology, University Medical Centre Ljubljana, Zaloška cesta 2, 1000 Ljubljana, Slovenia.
E-mail: bojana.zvan@kclj.si

Abstract
Medical service is one of the crucial policies and decent medical service is required by the population in ev-
ery country. There are three main obstacles which prevent people from obtaining proper medical cares and 
treatments. First, the deficiency of medical staffs especially physicians. Second, an increase in the number of 
the elderly makes the medical services more demanding and broader. Finally, geographical aspect also plays a 
major role in healthcare inequality. Information and communication technologies have become an important 
infrastructure upon which several domains can build in order to achieve more effective solutions. Integrating 
such technologies into the medical discipline results in telemedicine which is currently available across the 
globe.
A neurosonographer performs ultrasounds on the brain and nervous system of patients of all ages. Also called 
neurosonology or neurosonoimaging, that utilizes specialized beam shapes and frequencies from a Transcra-
nial Doppler (TCD) and neck vessels neursonoimaging. The TCD and color coded duplex sonograpy machines 
are a non-invasive ultrasound option which can also be portable. The overall goal of neurosonography is to 
detect or help prevent abnormalities and conditions involving the central nervous system and brain. There 
may be instances where prevention cannot occur, but neurosonography might determine the extent of dam-
age. However, pertaining to strokes, neurosonography might help to save lives. A neurosonographer usually 
works directly with patients and physician. Today we are facing a shortage of neurosonologists, but sonogra-
phers could help diagnose brain arterial and vein diseases, as well as other neurological conditions through 
telemedicine, the so-called teleneurosonology.
Key Words: teleneurosonology, neurosonographer, neck vessels, transcranial Doppler sonography

Title: THE ROLE OF TCD IN PFO DIAGNOSIS AND MANAGEMENT                                              
Author: Susanna Horner, Austria

Abstract
Patent foramen ovale (PFO) is implicated in the pathogenesis of clinical conditions such as cryptogenic stroke. 
Only recently have large-scale data suggested a benefit of PFO closure for secondary stroke prevention in se-
lected patients. The diagnosis of PFO is required for deciding on a treatment. Different imaging modalities can 
be used to diagnose a cardiac or pulmonary right-to-left shunt (RLS). Contrast transesophageal echocardio-
graphy (cTEE) is required in all cryptogenic stroke patients, particularly in those of younger age, to confirm the 
site of the shunt (cardiac or extracardiac) and allows grouping into simple PFO and complex lesions („high-risk 
PFO“) by assessment of the PFO size, presence of an atrial septal aneurysm and other cardiac abnormalities. 
Based on recent data, contrast transcranial Doppler (cTCD) has the highest sensitivity for indirectly detecting 
RLS compared to transthoracic echocardiography and cTEE. Standardized technique cTCD is recommended as 
the first-line test to detect a RLS and should be performed according to the instructions of international con-
sensus conferences. cTCD can be used as a screening test during the acute phase of ischemic stroke workup 
and routine ultrasonography in order to identify the pathogenic mechanism of stroke and to make timely de-
cisions to perform cTEE. cTCD adds functional aspects, allows assessment of permanent or functional shunting 
and semiquantitative estimation of the shunt size by using the so-called „microembolic signals grading score“. 

It also serves as an alternative method for RLS detection and diagnosis of successful interventional treatment 
if cTEE is not available or applicable. cTCD contributes to therapeutic decision making and complements cTEE 
for the management of suspected paradoxical cerebral embolism. However, in the management of PFO me-
diated stroke TCD is still underutilized in clinical practice. Further effort is required to teach and practice a 
proper TCD examination technique. Cardiologists and stroke physicians should communicate closely and the 
interdisciplinary approach for a rational PFO management based on the best available evidence is required.

Title: REVIEW OF MYOSONOLOGY IN THE FIELD OF NEUROSONOLOGY 
Author: Acad. Prof. Ekaterina Titianova, MD, PhD, DSc1

1 Clinic of Functional Diagnostics of Nervous System, Military Medical Academy, 3 Georgi Sofiiski str., 1606  
   Sofia, Bulgaria

Abstract
In the past decade 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 patho-
logical muscle structure and the positioning of needle electrodes for biopsy or injections (e.g., botulinum 
toxins or local anesthetics) 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. It 
can be used for assessment of orthostatic antigravity adjustment using the measurement of pennation angle 
of triceps surae muscle contraction at rest and during maximal active plantar flexion. Recently, an M-mode 
tremorogram has been introduced for registration of tremor frequency. Thus, the myosonology seems to be-
come a powerful tool for neurologists and physiotherapists in their everyday clinical practice.

Title: DIGITAL IMAGE ANALYSIS IN TRANSCRANIAL SONOGRAPHY
Author: David Skoloudik, Czech Republic

Title: FUSION IMAGING TECHNIQUE
Author: Prof. Uwe Walter, MD1
1 University of Rostock, Department of Neurology, Gehlsheimer Str. 20, 18147 Rostock, Germany, D-18147 
Rostock, Germany

Abstract
Transcranial sonography (TCS) is a non-invasive neuroimaging method that can display echogenic deep brain 
structures with high spatial and temporal image resolution. Important advantages of TCS are unlimited re-
peatability, mobility, and low corruption by patients’ movements which is of high value especially in subjects 
with movement disorders. Its main limitations are the affection of image quality by bone structures and low 
resolution of basal ganglia. Conversely, MRI visualizes the intracranial structures with high tissue contrast and 
spatial resolution but is largely affected by patients’ movements. Using real-time fusion imaging, the short-
comings of MRI and TCS can be offset by putting the spatial, contrast or temporal resolution advantage of each 
modality to good use. The image displayed during the fusion imaging procedure allows for either side-by-side 
display or for an image overlay where TCS overlaps MR images. Clinical applications of MRI-ultrasound fusion 
imaging in the head region published so far are the assessment of intracranial vessels and orbital structures, 
the postoperative location of deep brain stimulation electrodes, and intra-operative neuronavigation in brain 
tumour surgery. Real-time MRI-TCS fusion imaging also allows the exact comparison of small deep brain struc-
tures easily identified on MRI with the referring region on TCS if it less clearly identifiable on TCS alone. A very 
promising clinical application is the intra-operative location of deep brain stimulation electrodes and other 
brain implants.
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Title: TRANSCRANIAL BRAIN SONOGRAPHY IN PARKINSONISM AND DEMENTIA
Author: Dzevdet Smajlović1
1 Department of Neurology, University Clinical Centre Tuzla, Bosnia and Herzegovina

Abstract
Transcranial sonography (TCS) of brain parenchyma is a relatively new ultrasound modality which could dis-
play echogenicity of human brain tissue through the intact skull. Becker and colleagues (1995) first observed 
hyperechogenicity of the substantia nigra in patients with Parkinson's disease (PD) using TCS. Since then, TCS 
of brain parenchyma in patients with movement disorders has developed with increasing dynamics during 
the past two decades. Based on the convincing evidence available, the EFNS/ENS accredited the method of 
TCS a level A recommendation for: a) supporting the diagnosis of PD and its differential diagnosis from secon-
dary and atypical parkinsonism; b) early diagnosis of PD; and c) detection of subjects at risk for PD.
In many neurodegenerative disorders there are no specific CT or MRI features which underline a proposed 
clinical diagnosis or help to differentiate the disorder from clinically similar entities. In this lecture, we will 
try to give the answer is TCS can be used to evaluate changes in other diseases characterized by movement 
disorders (Huntington’s chorea, Wilson’s disease, Essential tremor),  as well as in dementias  (Dementia with 
Lewy bodies, Parkinson's disease dementia). TCS provides supplementary information to other neuroimaging 
techniques, it is helpful in differential diagnosis of different forms of parkinsonizm and dementias, and enables 
new insights into pathophysiological processes. Finally, we will give enough scientific data that TCS is useful 
and helpful not only in diagnosis and differential diagnosis of Parkinsonian syndromes, but also in other neu-
rodegenerative diseases.

Title: TRANSCRANIAL BRAIN SONOGRAPHY IN PSYCHIATRIC DISEASES AND PAIN CONDITIONS
Author: Milija Mijajlovic1
1 Neurology Clinic, University Clinical Center of Serbia and Faculty of Medicine University of Belgrade, Serbia

Abstract
Changes in the echogenicity of subcortical brain structures were detected in different disorders, such as ob-
sessive-compulsive disorder, autism spectrum disorder, schizophrenia, panic disorder, attention-deficit/hyper-
activity (ADHD), bipolar disorder and depressive disorder. Transcranial sonography (TCS) revealed reduced 
echogenicity of the brainstem raphe (BR) as a characteristic finding in unipolar depression and in depression 
associated with Parkinson's or Wilson's disease, but not in healthy adults, schizophrenia, multiple sclerosis 
with depression or Parkinson's disease without concomitant depression. Similar findings were shown also for 
adjustment disorder with depressed mood. In contrast to unipolar depression, sonographic findings of bipolar 
patients may generally indicate preserved structural integrity of mesencephalic raphe structures. If bipolar 
disorder is associated with hypoechogenic BR, depressive symptoms are more severe. BR hypoechogenicity 
could be caused by a modification of tissue cell density, the interstitial matrix composition or an alteration 
of fiber tracts integrity representing involvement of the basal limbic system in the pathogenesis of unipolar 
depression and depression associated with certain neurodegenerative diseases.
Recently it was shown that nigrostriatal dopaminergic system is abnormal in children with attention-deficit 
hyperactivity disorder which was expressed by significantly larger echogenicity of substantia nigra.
TCS also revealed certain structural brain changes in several pain conditions like burning mouth syndrome or 
migraine.

Title: FUNCTIONAL TCD IN ACQUIRED AND GENETIC CEREBROVASCULAR DISEASE AND IN PRECEREBRAL 
HYPOPERFUSION
Author: Elsa Azevedo1 
1 Department of Neurology, Centro Hospitalar Universitário São João, and Department of Clinical
   Neurosciences and Mental Health, Faculty of Medicine of University of Porto, Portugal
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Abstract
Our brain is especially sensitive to a decrease of perfusion, and a very fine-tuned cerebrovascular regulation is 
needed to maintain an adequate global brain perfusion, but also to distribute it according to the local specific 
needs. The neurovascular unit provides a perfect articulation between the neurons and the microvessels. This 
neurovascular coupling (NVC) allows a regional reactive hyperemia to local cortical activation, and functional 
transcranial Doppler (fTCD) evaluates this phenomenom measuring the variation of blood flow velocities in 
the regional distributing cerebral artery.
In individuals with cerebrovascular risk, fTCD may detect dysfunction of the neurovascular unit, even previ-
ously to open cerebrovascular disease (CVD). This is the case of the hypertensive diabetic patients, that may 
have a precocious impairment of NVC, already occurring without symptomatic CVD. Also in individuals with 
intracranial stenosis, either symptomatic or not yet, NVC was shown to be associated with severe stenosis, 
higher than 70%.
In monogenic causes of CVD, fTCD can also detect cerebral neurovascular unit problems even before any se-
rious clinical neurological expression. In pre-dementia CADASIL patients, we found a selective disturbance of 
NVC performance, with no significant changes in cerebral autoregulation nor in CO2 vasoreactivity. Also, male 
patients with Fabry disease classic phenotype and absence of clinical expression of CVD already show impair-
ment of NVC. It supports the notion of an early dysfunction of cerebral microvascular in a presymptomatic 
stage of these diseases, and that fTCD could be useful in its assessment.
Patients with familial amyloidotic polyneuropathy type I have a progressive autonomic failure and orthostatic 
hypotension with cerebral hypoperfusion. Also the autonomic failure could interfere with the cerebrovascular 
regulation. In patients that could still sit without a significant decrease of blood pressure, we could find that 
they had a dysfunction of NVC, that was worse in sitting than in supine conditions.
An acquired example of precerebral hypoperfusion is the patient with heart failure. Unlike cerebral autoregu-
lation, NVC is significantly impaired in heart failure patients with reduced ejection fraction, revealing that neu-
rovascular unit of subjects with chronically reduced heart pumping capability is severely dysfunctional.
In conclusion, fTCD has proved to be an early, non-invasive, biomarker of both acquired and genetic CVD, and 
a biomarker of precerebral hypoperfusion. As it allows the monitoring of changes, it might be a useful tool to 
evaluate the result of therapeutic strategies in the future.

Title: APPLICATIONS OF FUNCTIONAL TRANSCRANIAL DOPPLER SONOGRAPHY 
Author: Assoc. prof. Janja Pretnar Oblak, MD, PhD1
1 Department for Vascular Neurology and Intensive Neurological Therapy, University Medical Centre Ljubljana,    
   Zaloška 2, 1000 Ljubljana, Slovenia

Abstract
Functional transcranial Doppler sonography (fTCD) is a neuroimaging tool for measuring cerebral perfusion 
changes due to neural activation. Namely, relative cerebral blood flow and relative blood flow velocity (BFV) 
changes seem to correlate well under strictly monitored conditions such as CO2 and hemodynamic parame-
ters. Transcranial Doppler (TCD) ultrasonography provides non-invasive monitoring of BFV in large intracranial 
arteries. High temporal resolution, safety and accessibility are some of the advantages of TCD in comparison to 
other functional imaging methods, such as functional magnetic resonance imaging, single-photon emission 
computed tomography, and positron emission tomography. On the other hand, low spatial resolution deter-
mined by the size of the cortical area supplied by the investigated artery seems to be a relative disadvantage.
fTCD has been used to measure neurovascular coupling by recording cerebral BFV during visual stimulation, 
as well as cognitive and motor tasks. fTCD has been particularly useful for the study of cerebral lateralization of 
major brain functions such as language, facial processing, color processing etc. Some cognitive tasks (phone-
mic verbal fluency test, trail making test) have shown great potential for TCD monitoring. Recent studies have 
shown a difference between fTCD responses to a cognitive task in patients with schizophrenia compared to 
healthy controls. It seems that fTCD is predestinated for follow-up investigations, especially in individuals with 
diminished ability to cooperate, like patients or children. Its role should be emphasized in clinical practice as 
well as in research studies.
In conclusion, fTCD is an inexpensive, noninvasive method that enables real time monitoring of BFV with ex-
cellent temporal resolution. In the hands of an experienced ultrasonographer it is a reliable tool in clinical 
practice and even more so a research tool.
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Title: ROLE OF ULTRASOUND IN NEUROREHABILITATION
Authors: Dafin Muresanu/Adina Stan, Romania (EFNR)

Title: ACUTE STROKE HEMODYNAMICS
Author: João Sargento-Freias, Coimbra, Portugal

Abstract
An acute ischemic stroke is, in its essence, the clinical translation of a cerebral hemodynamic event. Moreover, 
most of the approved therapeutic interventions address directly or indirectly hemodynamic features of the 
patient’s pathology.
In the timecourse of a stroke, brain perfusion often suffers severe dynamic changes, that in many situations 
have antagonic effect, even for the same patient in different hours of the day. These changes may include 
spontaneous thrombolysis, therapeutic recanalization, hyperperfusion, reocclusion, microembolism, throm-
bus propagation, or collateralization. The intricate complexity of these mechanisms help understand the im-
pact of one of the first and more efficacious treatments approved for stroke: admission to a stroke unit. A key 
determinant for the impact of stroke units is the precise contextualization of the individual patient’s hemody-
namic in each phase of his/her condition. Neurosonology offers the tools to precisely assess patients’ hemody-
namic status routinely, bedside and with the possibility of serial repetitions of the exam.
The main objective of this lecture is to review what neurosonological methods can offer in the assessment and 
management of acute stroke hemodynamics.
Title: ASSESSMENT OF COLLATERAL FLOW WITH ULTRASOUND AND MRA – COMPLEMENTARY FINDINGS
Author: Marek Jauss, Germany

Abstract
Assessment of collateral pathways are important in clinical decision making in vascular neurological disease 
in acute as well as in chronic conditions. The author gives illustrative examples of difficult findings in patients 
with intracranial und extracranial findings as well. ultrasound examination protocols are presented and limi-
tations of assessment with ultrasound are addressed. It will be commented on  complementary methods 
such as CTA and MRA. Sophisticated examination sequences situations are illustrated on a stepwise base. Also 
non-everyday situations such as examination of an EC-IC bypass is presented.

Title: PAST, PRESENT AND FUTURE OF NEUROSONOLOGY IN OUR REGION
Author: Vida Demarin1
1 Croatian Academy of Sciences and Arts, Zagreb, Croatia

Abstract
Neurosonology, with its array of different methods has been present in our region since about fifty years ago. 
Being noninvasive, functional and accurate, giving the insight of brain's circulation as well as partly of  brain's 
morphology as well, neurosonologic methods are indispensable diagnostic tool. Echoencephalography was 
the first ultrasound method  introduced in neurology, with the possibility to show eventual midline echo shift. 
With the introduction of CT scanner, it was not used any more..
On the other hand, ultrasound methods based on Doppler's principle, quickly found their way in examining 
cerebral circulation and based upon new technology, they developed in the important noninvasive diagnostic 
tool with increasing number of applications. The first Doppler method was a simple, zero-crossing detector, 
using compression tests in evaluation of carotid circulation. It was followed by color doppler mapping, having 
possibility of mapping carotids based upon  blood velocity changes. The introduction of duplex scanner was 
a kind of „revolution“ in diagnostics of cerebral circulation, but only the invention of color doppler enabled 
the complete evaluation of cerebral circulation, including vertebrobasilar system as well. Further on, power 
doppler was introduced with more detailed visualization.
Transcranial doppler (TCD) was introduced about 25 years after carotid  as skull bones, precluded the penetra-
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tion of ultrasound waves. It enables the insight in intracranial circulation in basic conditions while vasoreactiv-
ity is investigated by use of different stimuli. Special software enabled emboli detection and TCD monitoring is 
used during thrombolysis. Transcranial color-coded system gives data on brain parenchyma, what is especially 
important in patients with extrapiramidal disorders, and with depression.
Recently, ultrasound sonography is  used for detection of peripheral nerves lesions.
Ultrasound methods are widely used in all countries in our region, in many institutions, from university depart-
ments to private practice. Many different indications for neurosonologic methods are contributing to more 
precise evaluation, prevention and management of patients with stroke, with cognitive decline, with traumat-
ic brain injury, with headache and migraine, peripheral nerves impairment and many more.
Education is very important and it is very well organized in all countries of our region, theoretical and practical 
with hands on sessions, with final exams and certification. Several Doppler laboratories are certified by EAN 
and ESNCH becoming the European Reference Center in Neurosonology.

Title: SCIENTIFIC EVIDENCE AND ENHANCING SAFETY IN ULTRASOUND ASSISTED PROCEDURES IN ICU
Author: Milan Vosko, Austria

Title: TRANSCRANIAL DOPPLER IN SUBARCHNOID HAEMORRHAGE
Author: Željko Živanović1,2

1 Faculty of Medicine, University in Novi Sad, Serbia; 2Clinic of Neurology, Clinical Centre of Vojvodina,
   Novi Sad, Serbia

Abstract
Transcranial Doppler (TCD) ultrasonography is an noninvasive tool used for monitoring of intracerebral hemo-
dynamic changes. Aneurysmal subarachnoid hemorrhage (SAH) and its accompanying sequelae are manage-
ment challenges for the neurosurgeon and neurointensivist. TCD extensively use for the monitoring of vaso-
spasm after aneurysmal SAH. Vasospasm following SAH is a very important source of morbidity and mortality. 
Vasospasm occurs most intensely adjacent to the subarachnoid clot. A typical course for vasospasm is increase 
on the fourth day after SAH with declining trend following the 14th day. The incidence of vasospasm after SAH 
has been estimated to occur in 50% to 70% of patients, with 50% of those exhibiting symptoms. Patients with 
vasospasm may progress from focal neurologic deficits suggestive of infarction to diffuse neurologic signs 
such as confusion, increasing somnolence. The impact of clinical vasospasms on outcome, with both morbidi-
ty and mortality ranges from 10% to 20%. 
The gold standard for the diagnosis of cerebral vasospasm is DSA. However it is impractical for use as a fre-
quent monitor of vasospasm, expense, and may has severe complications. CTA is helpful tool in the evaluation 
of vasospasm, with relatively good sensitivity and specificity. MRA is a technology limited by logistics, acqui-
sition time, motion, and hardware artifact. TCD has become the most common screening tool for vasospasm 
monitoring due to its portability, bedside monitoring, and ease of repeat testing. 
Many studies have established TCD threshold velocities for vasospasm diagnosis. The velocity of blood flow 
in artery is inversely related to the diameter of that artery. As the diameter of a blood vessel decreases, the 
blood velocity will increase. The Lindegaard index (LI) is an important method of correcting for increases in 
hyperdynamic systemic flow velocities, either physiologic or induced, in patients with SAH. To calculate the 
LI, the mean flow velocity (MFV) of the middle cerebral artery (MCA) is compared with an ipsilateral internal 
carotid artery (ICA). This ratio helps to distinguish global hyperemia from vasospasm. Many advocate frequent 
TCD monitoring starting on the first day after SAH onset, with schedules ranging from every other day to twice 
daily, and ending with resolution of vasospasm. Limitation of TCD is operator dependent, and inability to in-
sonate to inadequate acoustic windowing in about 8% of patients.
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Title: THE NORMAL MEAN VALUES OF ONSD AND OND AND THE ISSUE OF DIFFERENT CUT-OFF VALUES. 
           APPLICATION IN NEUROLOGY AND CRITICAL CARE PATIENTS
Author: Andrea Naldi, M.D.1,2

1 Department of Neuroscience Rita Levi Montalcini, University of Turin, Italy
2 Neurology Unit, San Giovanni Bosco Hospital, Turin, Italy

Abstract
Ultrasonography of the optic nerve sheath diameter (ONSD) is a valuable method for the non-invasive evalu-
ation of intracranial pressure. Due to the numerous advantages related to the ultrasound assessment, the 
interest for transorbital sonography has remarkably increased with a crescent number of studies in this field. 
As a consequence, different ONSD techniques of measurement and have been proposed, leading to a hete-
rogeneity among studies that risks to limit the reproducibility of results. Therefore, to date there is still no 
consensus about a unique cut-off value to delineate normal ONSD from pathological one. Despite this, current 
clinical application of the ONSD assessment vary from neurological diseases with intracranial hypertension or 
hypotension, optic nerve pathology, brain death and, more recently, for the monitoring and decision-making 
in critically ill patients with serial evaluation.
Conversely, measurements of the optic nerve diameter (OND) seems to be more homogeneous probably re-
flecting a unique model of assessment. However, application field are restricted to multiple sclerosis patients 
by detecting optic nerve atrophy.
In this lecture, current potential cut-off values for the ONSD-OND assessment are considered. In addition, fac-
tors that contributed to the heterogeneity of the OND and ONSD measurements are analysed, emphasizing 
the current role of these useful techniques and their potentiality in neurological and critical care setting.
Title: ULTRASOUND IN BRAIN DEATH
Author: Prof. Dejana Jovanovic1,2

1 Neurology Clinic, University Clinical Centre of Serbia, Belgrade
2 Faculty of  Medicine, University of Belgrade

Abstract
The diagnosis of brain death is based on clinical criteria. However, ancillary testing is required when it is im-
possible to complete a minimum of clinical criteria or when it is required by the law. Pathophysiological basis 
of brain death means the existence of cerebral circulatory arrest (CCA) which can be detected with transcranial 
Doppler (TCD). Compared to other complementary methods, benefits of TCD in confirming brain death are 
that it is a cheap, safe, and noninvasive method, without contrast media, which can be easily performed at the 
bedside of patients, and most importantly the TCD findings are not affected by the sedation, metabolic disor-
ders or hypothermia. Typical TCD records in the presence of CCA are bi-directional (oscillating, reverberating) 
signals with anterograde and retrograde flow component or presence of systolic spikes, sharp unidirectional 
signals in early systole without diastolic signal in other parts of the cardiac cycle. The absence of a TCD signal is 
not a reliable finding for the diagnosis of CCA, as it may be due to difficulties in the transmission of ultrasound 
through the temporal bone. CCA may be confirmed in the presence of typical TCD records, bilaterally or over 
3 arteries of different vascular territories, mandatory in the anterior and posterior circulation. TCD has a high 
degree of specificity (97-100%) and sensitivity (86-91%) in the confirmation of brain death. The disadvantage 
of this method is that it can show cerebral blood flow only in some segments of the great arteries.

Title: VALIDATION OF A NEW NON-INVASIVE TECHNIQUE FOR CEREBRAL COMPLIANCE ASSESSMENT
Author: Sergio Brasil, Brazil

Abstract
Background: We validated a new noninvasive tool (B4C) to assess intracranial pressure
waveform (ICPW) morphology in a set of neurocritical patients, correlating the data with
ICPW obtained from invasive catheter monitoring.
Materials and Methods: Patients undergoing invasive intracranial pressure (ICP) monitoring
were consecutively evaluated using the B4C sensor. Ultrasound-guided manual internal jugular vein (IJV) com-
pression was performed to elevate ICP from the baseline. ICP values,
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amplitudes, and time intervals (P2/P1 ratio and time-to-peak [TTP]) between the ICP and B4C waveform peaks 
were analyzed.
Results: Among 41 patients, the main causes for ICP monitoring included traumatic brain
injury, subarachnoid hemorrhage, and stroke. Bland-Altman’s plot indicated agreement
between the ICPW parameters obtained using both techniques. The strongest Pearson’s
correlation for P2/P1 and TTP was observed among patients with no cranial damage (r = 0.72
and 0.85, respectively) in detriment of those who have undergone craniotomies or craniectomies.
P2/P1 values of 1 were equivalent between the two techniques (area under the
receiver operator curve [AUROC], 0.9) whereas B4C cut-off 1.2 was predictive of intracranial hypertension
(AUROC 0.9, p < 000.1 for ICP > 20 mmHg).
Conclusion: B4C provided biometric amplitude ratios correlated with ICPW variation
morphology and is useful for noninvasive critical care monitoring.

Title: DO WE OVERLOOK FIBROMUSCULAR DYPLASIA ON ULTRASOUND IMAGES?
Author: Arijana Lovrencic-Huzjan1 
1 UHC Sestre milosrdnice, University of Zagreb

Abstract
Fibromuscular dysplasia (FMD) is a non-atherosclerotic, non-inflammatory vascular disease with strong female 
preponderance. However neurosonological diagnosis of the disease is low.
FMD affects medium-sized muscular arteries, predominantly renal arteries, but equally carotid and vertebral 
arteries. It leads to artery stenosis, occlusion, aneurysm or dissection. The clinical picture depends on the af-
fected blood vessels. It is most commonly recognized as a cause of hypertension in young female patients. In 
the case of involvement of cranial and cervical arteries, the clinical picture is mostly nonspecific, with head-
ache, migraine and tinnitus. Usually, it becomes recognized after ischemic symptoms due to craniocervical 
artery dissection. However, ultrasound detection of FMD is low, due to multiple reasons. Low awareness of 
the disease, localization in distal, inaccessible parts of internal carotid or vertebral arteries, FMD mimics like 
atherosclerosis, arteritis, external compression, hypoplasia and chronic lesions secondary to dissection are 
challenging to set the diagnosis.
Ultrasound can show diversity of findings like tortuosity as kinks, coils, S curve, increased intima-media thick-
ness, focal stenosis or aneurysm. String of beads are challenging when analyses of freeze images is performed. 
Carotid web is an unusual form. Single patient can exhibit diverse findings, and since they are nonspecific, they 
can mimic other disease. 
The challenges in FMD ultrasound diagnosis can be overcome by awareness of the disease, online analyzes 
and knowledge of the ultrasound findings.

Title: EFFECT OF 2 TYPES OF ANTIHYPERTENSIVE THERAPY ON COGNITION AND VESSEL WALL
Author: Laszlo Csiba, Hungary

Title: OPTIC NERVE SHEATH DIAMETER AND DIAGNOSIS OF INCREASED INTRACRANIAL PRESSURE
Author: Nicola Carraro, Italy

Abstract
In adults, the skull is a non expansible structure and contains brain, blood and cerebrospinal fluid (CSF). The 
intracranial fluids are: CSF (10%), blood (10%) and the remaining 80% consists of intracellular (68%) and inter-
stitial (12%) fluids.

The CSF flows in the brain ventricles, in the cerebral and spinal sub arachnoidal cisterns and in sub arachnoidal 
spaces.
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CSF is mainly produced by the choroid plexus, but intracellular fluid and interstitial bulk flow account for some 
of it; it is absorbed throught the arachnoid villi into the venous circulation, but a significant amount also flows 
into dural lymphatic vessels locate around the cranial cavity and spinal canal and the cranial nerves.

CSF is renewed about four times every 24 hours. The CSF space is a dynamic pressure system. CSF pressure de-
termines intracranial pressure with physiological values ranging, in adults, between 10 and 15mmHg. Cranial 
and spinal arachnoid villi have been considered for a long time to be the predominant sites of CSF absorption 
into the venous outflow system. Experimental data suggest that cranial and spinal nerve sheaths, the crib-
riform plate and the adventitia of cerebral arteries constitute substantial pathways of CSF drainage into the 
lymphatic outflow system.

CSF circulation from sites of secretion to sites of absorption largely depends on the arterial pulse wave; addi-
tional factors such as respiratory waves, the subject’s posture, jugular venous pressure and physical effort also 
modulate CSF flow dynamics and pressure. The absorption rate correlates, moreover, with the CSF pressure.

The 3rd Cranial nerve leaves the chiasmatic cistern to reach the ophthalmic bulb, it is surrounded by the dura 
mater, arachnoid and pia mater and between the latter two there is the subarachnoid space.

There is relationship between optic serve sheath diameter (ONSD), endocranial hypertension and other con-
ditions that change the modulation of the brain/eye pressure gradient, (microgravity and excursions in high 
mountains). Intracranial hypertension leads to nervous structures compression, dislocation (midline shift, in-
fratentorial herniation), CSF reallocation and its turnover, blood flow reduction, and finally ONSD dilation and 
optic disc swelling (ODS).

The US investigation of the ONSD and the ODS, have good reproducibility, measurement accuracy and observ-
er agreement; although the cut-offs for pathological values are likely affected by many factors (age, ethnicity, 
equipment used and measurement accuracy). It has a certain sure value also for the follow-up of this lifethreat-
ening condition.

Title: TRANSCRANIAL DETECTION OF MICROEMBOLI SIGNALS (MES) IN PATIENTS WITH
           ANTIPHOSPHOLIPID SYNDROME AND STROKE
Authors: Zagorka Jovanović MD PhD ¹
¹ Faculty of Medicine, University of  Belgrade

Abstract
Background: Stroke is a severe manifestation of antiphospholipid syndrome (APS). The aim is to estimate im-
portance of microemboli signals (MES) detection to confirm thromboembolic mechanism of stroke. 
Method: The study included 36 patients with APS+stroke and 26 stroke-free APS patients (control group-CG). 
The ultrasound examination included neurosonologic examination, including MES detection and echocardio-
graphic examination. 
Results: Color doppler flow imaging showed 5.5% patients with unstable plaque and appositional thrombus 
on carotid arteries, without unstable plaques in CG (p>0.05). Pathological heart conditions with embolic po-
tential (thrombus in the left auricle, patent foramen ovale, Libman Sacks endocarditis, mitral valve prolaps) 
were more frequently (22.2%) observed in the APS+stroke group compared to the CG and this result reached 
statistical significance (p = 0.043). MES were detected in 8.0% of patients only, (p>0.05). The paradoxical throm-
boembolism was not detected. 
Conclusion: MES were detected in non significant number of patients with APS, although cardiac potentially 
embolic lesions were present in the significant number. More reliable results would be obtained using long-
term MES detection of all cerebral arteries on the first day of stroke.
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Number        Title                     First author                   Country

The treatment of resistant chronic peripheral neuro-
pathic pain: investigation of various local anesthetics 
applied by ultrasound-guided perineural blocks
Evolution of blood-brain barrier permeability and 
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lent (>50%) and good results (31-49%), or the 
therapy does not work (<30%). The side effects, 
complications, the procedure duration, the on-
set time of numbness, the number of needle 
corrections were recorded as well.

Results: For all three groups: nerve blocks took 
5,04±1,48 minutes, the numbness occured 
within 3,75±2,62 minutes, and the needle cor-
rections was minimal (1,03±0,17). All the pa-
tients experienced the loss of pain: the number 
of blocks with long-acting anesthetic was the 
significant smallest (4,33±0,63), and the pain 
reduction was the significant highest (73,13%) 
than in other two group(p<0,001). The pain re-
lief lasted one month after the therapy without 
any other therapy. Neither complications nor 
side effects were observed.

Conclusions: This is a safe, efficient and easy-to-
perform procedure. The pain relief is achieved 
effectively and rapidly with long-acting anes-
thetics, maintained a months without of any 
additional therapy.

Background: We investigated efficacy of the 
neuropathic pain treatment with ultrasound –
guided nerve blocks.

Methods: In prospective, randomized and do-
uble-blinded study, 108 patients with the resis-
tant, chronic, peripheral neuropathic pain in 
the lower extremities were treated with a series 
of ultrasound-guided peripheral nerve blocks. 
The conventional treatment was exhausted. 
The pain was confirmed by the Leeds Asses-
ment of Neuropathic Simptoms and Signs, the 
Dolour Neuropathic 4 questions and the pain 
DETECT scale. Other therapies were not applied.
The nerve blocks were daily performed until 
the pain relief (VAS<30), and two additional 
nerve blocks were given. During patient treat-
ment, one local anesthetics was given at the 
same dose: 1% procaine-chloride solution or 
1% lidocaine-chloride solution or 0,25% levo-
bupivacaine-chloride solution. The efficacy was 
measured with the percent reduction in pain 
intensity (VAS scale) before and after the thera-
py and one month after the treatment: excel-
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phases were defined as Hyperacute (< 6 hours); 
Acute (6-48hours); Subacute (3-9 days) and 
Chronic (≥ 30 days). BBBP was evaluated by a 
random effect model based on the standardi-
zed difference between lesion and contralateral 
brain and compared by meta-regression.

Results: We included 45 patients in the cohort 
study and 1385 patients in the meta-analysis 
(from 21 eligible studies). All phases were asso-
ciated with increased permeability, reaching a 
peak in the subacute phase [SMD (95% CI)]: 0.74 
(0.48-0.99) p<0.0001), 1.68 (0.94-2•42) p<0•0001, 
1.98 (0.96-3.00) p<0•0001 and 1•37 (0•73-
2•02). BBBP was associated with haemorrha-
gic transformation only in the hyperacute 
phase, with bad clinical outcome in the acute 
phase and good clinical outcome in the suba-
cute phase.

Conclusions: BBBP is persistently elevated af-
ter stroke, peaking in the subacute phase, and 
showing heterogeneous associations with clini-
cal and hemodynamic features

Background: Blood-brain barrier permeability 
(BBBP) is a core determinant of hemodynamic 
evolution and clinical outcome after ischemic 
stroke. However, BBBP shows a time-sensitive 
evolution, with animal models suggesting hy-
poxia as the main pathological substrate in the 
hyperacute phase, inflammation in acute and 
regenerative vasculogenic mechanisms in the 
late subacute phase. This heterogeneity and 
unclear evolution in humans limits standar-
dized approaches. With this study we aimed 
to perform an observational study of BBBP in 
different timepoints and pool the results with 
existing data in a meta-analysis.

Methods: We performed a cohort study of 
consecutive patients with non-lacunar acute 
ischemic stroke in the territory of a middle ce-
rebral artery and assessed BBBP in the first 24 
hours and seven days (+-2) of the infarct tissue 
and contralateral brain parenchyma using MRI 
with Dynamic Contrast-enhancement. For the 
meta-analysis we included all human studies 
that quantitatively assessed BBBP in non-lacu-
nar stroke reporting contralateral values. Stroke 
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in ultrasound/angio-CT not causing > 50% 
stenosis and “probably not-atherotrombotic” 
(ESUS-NonAthero) when not meeting the prior 
criteria.

Results: We identified 861 patients with ische-
mic stroke, 16% ESUS, 9% undetermined etiolo-
gy due to incomplete evaluation, 46% cardio-
embolic, 11% atherothrombotic. Within ESUS, 
22% were subclassified as “ESUS-Athero” and 
the rest as “ESUS-NonAthero”. “ESUS-NonAthe-
ro” had atrial fibrillation detected more often 
during follow-up (18,4% vs. 3.3%, p=0.044) but 
no significant differences in mortality (20,8% vs. 
12,5%, p=0.295) or stroke recurrence (14,9% vs. 
23,3%, p=0.235).

Conclusions: The characteristics of the ESUS 
population and the best secondary preventive 
strategy remain elusive. Our study emphasizes 
the existence of different sub-groups within the 
ESUS definition, that may be identified by ca-
rotid and vertebral ultrasound or by angio-CT. 
A non-atherothrombotic ESUS sub-group pro-
bably exist that might benefit from a different 
diagnostic and prevention strategy.

Background: ESUS is generically defined as 
non-lacunar ischemic stroke without a clear 
embolic source. The best secondary prevention 
strategy for ESUS is still unclear. Recent clinical 
trials failed to show efficacy of anticoagulation 
over antiplatelet therapy. Many causes for these 
results have been proposed, however the hete-
rogeneity of the population seems to contribu-
te to the results. Therefore, it is paramount to 
define sub-groups within the ESUS population 
that might benefit from different secondary 
prevention strategies. We aimed to identify 
sub-groups of ESUS patients and evaluate diffe-
rences in clinical outcomes after a 5-year fol-
low-up.

Methods: We included all patients with is-
chemic stroke admitted in our tertiary centre 
in 2015, identified ESUS patients and recorded
clinical features, imaging, complementary 
studies (carotid and vertebral ultrasound, ECG-
Holter, echocardiogram, cervical angio-CT), re-
currence of vascular events and complications 
until 2020. Patients were divided in “probably 
atherotrombotic” (ESUS-Athero) defined by the 
presence of irregular/heterogeneous plaques 
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lar artery. Both had an impaired VMR in the vas-
cular bed downstream of the carotid artery ip-
silateral to the PPTA, hinting to the presence of 
a steal of blood flow from the anterior towards 
the posterior circulation. Interestingly, Patient 2 
also had a tinnitus homolateral to PPTA. Patient 
3 presented with recurrent unexplained epi-
sodes of long-lasting singultus; though no hy-
poplasia was present, the patient had deficient 
VMR homolateral to the PPTA. Patient 4 came to 
medical attention because of recurrent vertigo 
attacks and hypoacusis ipsilateral to the PPTA; 
neither hypoplasia of the vertebrobasilar sys-
tem nor significant asymmetries in VMR were 
found. No significant side difference in VMR was 
reported in the healthy control subjects.

Conclusions: Although often regarded as a 
clinically meaningless finding, our preliminary 
data indicate that PPTA could represent a hall-
mark of hemodynamic instability of the pos-
terior circulation, especially in the presence of 
vertebrobasilar hypoplasia. 

Background: Persistent Primitive Trigeminal 
Artery (PPTA) is the most common of the fe-
tal carotid-basilar anastomosis that persists in 
adulthood. The aim of our study was to assess 
the hemodynamic repercussions of PPTA on 
cerebral circulation.

Methods: Four patients with PPTA (diagnosed 
with MRA) were included in the study (mean 
age: 61 years, 50% male). All underwent an 
extensive ultrasound assessment, including 
Color-Coded Duplex Ultrasonography of the 
cervical vessels and TransCranial Color Doppler 
of the intracranial circulation; VasoMotor Reac-
tivity (VMR) was assessed using Breath Holding 
Index (BHI). Data were compared with the radi-
ological and ultrasound findings of ten healthy 
controls (mean age 53 years, 50% male).

Results: Patient 1 and Patient 2 presented with 
clinical and radiological signs of vertebrobasilar 
insufficiency and had severe hypoplasia of both 
vertebral arteries and proximal segment of basi-
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carotid artery (CCA) caliber. There was demon-
strated the absence of the LICA as well as signifi-
cant increase in flow velocity in both vertebral 
arteries (VAs). Transcranial color-coded duplex 
ultrasonography (TCCD) revealed blood flow 
through an enlarged left posterior communi-
cating artery (PCoA). Unenhanced skull base CT 
showed the absence of left bony carotid canal. 
The absence of the LICA was detected by CT 
angiography. The left anterior cerebral artery 
(LACA) was found to receive collateral circula-
tion from the contralateral ICA via the anterior 
communicating artery (ACoA); the left middle
cerebral artery (LMCA) received collateral circu-
lation from the basilar artery (BA) via the enlar-
ged LPCoA. These findings confirm agenesis of 
the ICA with type A according to Lie and Quint’s 
classification of collateral blood flow.

Conclusions: Color-coded duplex ultrasonogra-
phy and CT imaging may precisely clarify agene-
sis of the ICA which was responsible for insuffi-
ciency of cerebral circulation.

Background: Agenesis, aplasia and hipoplasia
of the internal carotid artery (ICA) are very rare 
congenital vascular anomalies of which occur-
rence has been reported less than 0.01%. In 
literature there are a few case reports which 
have described a coexistence of absence of the 
ICA with Horner’s syndrome (HS) and even less 
with hipochromiairidis.We report a case of pa-
tient with agenesis of the left ICA with ischemic
stroke of right brain hemisphere, ipsilateral 
Horner’s syndrome and hipochromiairidis.

Case report: A 81-years-old female with comor-
bidities: hypertension and hypercholesterole-
mia, presented to the Stroke Unit with left 
hemiparesis and dysarthria due to acute ische-
mic stroke of the right brain hemisphere. Neu-
rological examination also performed left 
Horner’s syndrome and hypochromiairidis. She 
was treated with an intravenous recombinant 
tissue plasminogen activator (IV-rtPA) with 
almost full recovery. Imaging findings: The as-
sessment by Duplex scanning of extracranial 
arteries showed a relatively small left common 
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Results: All operated tumors in our series were 
clearly displayed and visualized during surgery. 
All of them were hyperechogenic relative to 
the surrounding brain tissue, regardless of tu-
mor pathohistological type and preoperative 
neuroimaging finding on CT and MRI. Hyper-
echogenicity increased with higher grades of 
malignancy.

Conclusions: Our results are in accordance with 
the findings of other similar studies. IOUS can 
be a useful operative tool in the hands of neu-
rosurgeon.

Background: Intraoperative ultrasonography 
(IOUS) has been used a useful tool in cranial and 
spinal neurosurgery for several years. During 
recent years, advances in image data proces-
sing have led to improvements in ultrasound 
image quality. IOUS is used to navigate towards 
deep brain lesions, to define the extent of re-
section, and to visualize remnants of tumor. Dif-
ferent tumors and other well-delineated lesions 
are displayed with clear margins. However, the 
boundaries of diffuse infiltrating tumors (most-
ly gliomas) with the surrounding brain tissue 
cannot be distinguished properly. Also, edema 
impairs the contrast line.

Methods: We performed literature review 
about IOUS in adult cranial neurosurgery, and 
also we present results of our ongoing study. 
In the Neurosurgical department of Clinical 
Hospital Center Zemun, IOUS is used in the 
last 3 years. We used Toshiba, Aplio 500® with 
sector (5MHz) and linear (7,5MHz) probes. So 
far, 20 patients have been operated with the 
assistance of IOUS. Demographical, clinical and 
pathological characteristic are presented and 
discussed.

Abstract category: Review article
Scientific topic: Other/Miscellaneous

Abstract      INTRAOPERATIVE ULTRASONOGRAPHY IN ADULT NEUROSURGERY. 
        title:     OUR EXPERIENCE AND LITERATURE REVIEW
             
Authors: Aleksić V.1, Mihajlović M.1, Stanić M.1, BulatovićM.1, Mandarić A.1, Ilić R.1, Popović I.1,
Samardžić M.1, Miladinović V.1, Petrović A.1
Institution:
1 Neurosurgery department, Clinical Hospital Center Zemun, Belgrade, Serbia
E-mail: aleksicvuk@hotmail.com

Results: Both OND and ONSD are used to study 
neurological conditions that imply variations 
in their value. An increase of ICP can be shown 
in acute mountain sickness and posterior re-
versible encephalopathy syndrome as well 
as in intracranial hemorrhage and malignant 
ischemic stroke, meningitis and encephalitis, 
and idiopathic intracranial hypertension. ONSD 
changes develop in inflammatory or ischemic 
optic neuropathies. Some articles demonstrate 
the usefulness of ONSD studies in symptoma-
tic intracranial hypotension. Future applications
could be in the prehospital setting and the 
development of automated measurement of 
ONSD. Little is known about the usefulness of 
OND in multiple sclerosis and neurodegenera-
tive diseases.

Conclusions: TOS is simple, easy to apprehend, 
with diverse applications. ONSD and OND are a 
safe and low-cost bedside tool with the poten-
tial of screening patients in neurointensive and 
neurological care and for neuro-ophthalmolo-
gical purposes.

Background: Transorbitalsonography (TOS) 
provides information for specific central ner-
vous system (CNS) or systemic diseases. It has 
been demonstrated that the estimation of in-
tracranial pressure (ICP) may be helpful in the 
management of critically ill patients. The optic 
nerve sheath diameter (ONSD) is a reliable tool 
for non-invasive estimation of increased (ICP) 
at hospital admission, in neurological wards, or 
in intensive care. Furthermore, in the last years 
some studies provided the application of optic 
nerve diameter (OND) detecting optic nerve 
atrophy in multiple sclerosis. The aim of this re-
view was to elucidate both prevailing and novel 
applications of ONSD and OND for neurologists 
and critical-care physicians and neuro-ophthal-
mologists.

Methods: In this review we discuss the tech-
nique and novel approach of ONSD and OND 
measurement and its clinical applications.
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Results: Borderline statistical significance 
(p=0.05) is determined by comparing the right 
SN surface in DM1 patients (0.14±0.06 cm2) and 
is lower than the right SN average size in DM2
patients (0.16±0.07cm2). There are no statisti-
cally significant data comparing the echogeni-
city ofother basal ganglia and DTK patients with 
DM1 and DM2. BR hypoehogenicity in DM1 pa-
tientswas more common in older (32-53 years) 
and in patients with depression (p<0.05). En-
largedDTK present at DM1 patients correlated 
with age (P<0.01). Borderline statistical signifi-
cancewas determined by comparing the BR 
hypoechogenic images of DM1 patients with 
fatigue(p=0.05). Daytime sleepiness is more 
frequent in correlation with hypoechogenic BR 
and hyperechogenic SN (p<0.05) and enlarged 
DTK at DM2 patients (p<0.01).

Conclusions: TCS is a practical, easily applicab-
le, highly sensitive and useful neuroimaging 
method of great importance in the diagnosis 
and treatment of patients with DM1 and DM2.

Background: Myotonic dystrophy type 1 and 
2 (dystrophia myotonica, DM), is an autosoma
dominant genetically determined progressive 
muscular dystrophy associated with multiple 
organs involvement. The application of molecu-
lar genetic tests contributed to the accuracy in 
diagnosing DM1 and DM2, confirming the mu-
tation by using PCR and Southern blot analysis.
Neuroimaging techniques allow better visual-
ization and quantification of pathoanatomic 
changes, by using the parenchymal transcranial 
ultrasound (TCS), which allows accurate visua-
lization of deep brain structures (basal ganglia,
raphe nuclei, and the chamber system). Deter-
mining the echogenicity change of basal gan-
glia (substantia nigra-SN, n. raphe-BR, n. Ru-
ber-NR, n. Lentiformis-NL) and diameter of third 
ventricle (DTI) by using TCS in DM1 and DM2 
patients and to correlate the ultrasonography 
results with the clinical manifestation.

Methods: The study was conducted on 163 pa-
tients with DM1 and DM2, aged 30 to 62 years, 
at Department of Neurology, Clinical Center of 
Serbia, Belgrade. Statistical analysis was con-
ducted in SPSS program.
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Results: Cervical vessel and transcranial ultra-
sound, brain MRI and MRA showed no patho-
logical findings. TCD saline contrast study 
revealed a large RLS, while the TEE showed a 
defect of the interatrial septum (ASD) type os-
tium secundum 5 mm in the upper part of the 
fossa ovalis. Coagulopathy and immunological 
screening tests were normal. In 2016, transcathe-
ter closure of ASD with an Amplatzer septal 
occluder device was performed. Since then, 
the patient had regular clinical and ultrasound 
evaluations with complete migraine cessation 
and significant improvement of health and 
quality of life.

Conclusion: Studies have reported a significant 
association between migraine with aura and 
the presence of Patent Foramen Ovale. Pooled 
analysis showed that percutaneous closure of 
PFO in migraine with aura is safe and signifi-
cantly reduced the attacks. TCD confirmed its 
pivotal role in the diagnosis of RLS and espe-
cially in post-procedural monitoring during fol-
low-up. 

Background: We present the case of a 23-year-
old man with a history of migraine with aura 
since the age of eleven. There was no family 
history of headaches. In 2016, he was referred 
to our Neurology Department. In the last five 
years, he had two attacks of migraine with aura 
monthly, usually lasting 2-3 hours often asso-
ciated with nausea and vomiting, phono and 
photophobia. The intensity was severe (7/10 
according to the Numeric Pain Rating Scale). In 
the last year it had become a therapy-resistant 
migraine. He had more frequent absences from 
school, decreased concentration, fatigue, and 
less physical activity which worsened his quali-
ty of life. At that time, he had been examined by 
a neuropediatrician and cardiologist (TTE: thin-
ner layer of the basal part of the IAS).

Methods: Neurological examination was unre-
markable. We performed a complete extracra-
nial and intracranial ultrasound evaluation (US), 
transcranial ultrasound (TCD) with right-to-left 
shunt (RLS) detection followed by brain mag-
netic imaging (MRI) and angiography (MRA), 
cardiac workup with transthoracic echocardio-
gram (TTE) and transesophageal echo (TEE), 
genetic and laboratory evaluation.
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Results: Embologenic plaques (EC>0) were 
associated with median GSM10 of 2, median 
GSM100 of 8.5 and median heterogeneity of 
5.5, whereas the non-embologenic ones (EC=0) 
of 29, 39 and 18 respectively (p=0.0001 for all 
analyses). Carotid plaque stenosis failed to sepa-
rate the embologenic from non-embologe-
nic plaques (median stenosis for embologenic 
plaques of 80% and for non-embologenic ones 
of 70%, p=0.09). ROC curves demonstrated 
a trend for more adequate ability of GSM10, 
over GSM100 and heterogeneity in separating 
the embologenic from the non-embologe-
nic plaques (areas under the curve: 0.742 for 
GSM10, 0.710 for GSM100, 0.666 for heteroge-
neity, p=0.22 for GSM10-GSM100 comparison, 
p=0.02 for GSM10-heterogeneity comparison, 
p=0.16 for GSM100-heterogeneity comparison).

Conclusions: Our results suggested a trend for 
juxtaluminal plaque echodensity to be a more 
adequate index, compared with global plaque 
echodensity and heterogeneity, in the separa-
tion of embologenic and non-embologenic ca-
rotid plaques.

Background: Previous ultrasound studies sug-
gested that echolucent carotid plaques are 
embologenic, whereas echogenic ones are 
non-embologenic. The aim of the present study 
was to determine whether juxtaluminal echo-
density and heterogeneity constitutes a better 
discriminator of embologenic and non-embo-
logenic status, as compared to global plaque 
echodensity.

Methods: Analysis performed on images of 154 
carotid plaques with 50%-99% stenosis (121 
patients, 65 symptomatic and 89 asympto-
matic plaques). The global (100%) plaque Grey 
Scale Median (GSM100) and also the juxtalumi-
nal 10%, 25%, 50% plaque area GSM (GSM10, 
GSM25, GSM50) were evaluated in a computer 
software. The heterogeneity of a plaque was 
defined as the difference of maximum and the 
minimum value of those GSMs per plaque. Low 
values of heterogeneity corresponded to ho-
mogeneous plaques, whereas high values to 
heterogeneous ones. The embolic count (EC) 
was calculated in the ipsilateral middle cerebral 
artery to the plaque under study for 30 minutes 
on transcranial Doppler. Carotid plaque steno-
sis was also evaluated.
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Results: We identified 123 patients, 17 (13.8%) 
were diagnosed with fistula – 11 DAVF-ECA 
and 6 CCF [12 females (71%), median age of 55 
years-old (47-70)]. CDS displayed indirect signs 
of fistula in 13 patients (sensitivity 77%). When 
analyzed separately, CDS detected 10 DAVF-
ECA (91% sensitivity) and 3 CCF (50% sensiti-
vity). Clinical information included the terms 
“fistula”, “tinnitus” or “bruit” in 10 (77%). CDS was 
the first exam raising fistula suspicion in at least 
9 cases (the remaining 6 with previous vascular 
exam, 2 unknown). In one case, CDS raised the 
hypothesis of DAVF, and posterior clinical infor-
mation mentioned endovascular embolization, 
however, we did not have access to the angio-
graphy and the diagnosis was, therefore, uncer-
tain. Apart from this dubious case, there were 
no secure false positives in the present series.

Conclusions: CDS performed well in the pre-
sent sample, with high sensitivity in the detec-
tion of hemodynamic parameters consistent 
with fistula, particularly in DAVF-ECA. ECA’s he-
modynamic data ought to be evaluated in all 
patients, especially in those with tinnitus.

Background: Dural arteriovenous fistulas 
(DAVF) commonly present with tinnitus. Caro-
tid duplex sonography (CDS) is a non-invasive 
and readily available exam, with recognized 
utility in the screening of DAVF but still margi-
nally used to this end. We aimed to evaluate the 
performance of CDS in the detection of intra-
cranial fistulas.

Methods: We performed a retrospective obser-
vational study (Jun/2000-Jun2021). We inclu-
ded individuals whose CDS report mentioned 
“fistula” or “tinnitus”. For DAVF mostly nourished 
by the external carotid artery (DAVF-ECA), we in-
cluded cases with ECA resistance index (RI)<0.7; 
increased ECA velocity and/or RI between the 
internal carotid artery (ICA) and the ECA>0.9. 
For carotid-cavernous fistulas (CCF) we conside-
red increased ICA velocity, diminished ICA RI, 
and/or flux reversal at the superior ophthalmic 
vein. We reviewed the database from the Neu-
rosonology Unit and patients’ electronic chart 
data.
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Results: From the 43 patients included, 42% 
(n=22) were injected with abobotulinum-
toxinA, 32,6% (n=42) with onabotulinumtoxinA
and 11,6% (n=5) with incobotulinumtoxinA. 
We observed a significant reduction tendency
of the BoNT dosage per patient (p=0.006), par-
ticularly between T-2 and T+1 (p=0.003), T-1 
and T+1 (p=0.031), and T-2 and T+2 (p=0.032). 
A significant reduction in cost per session was 
also observed (p<0.001). Major differences in 
the time intervals between sessions were not 
detected (p=0.430).

Conclusion: In our sample, the usage of ultra-
sonography to identify target muscles allowed 
for a reduction of the BoNT applied to patients 
with dystonia. This not only leads to a subse-
quent therapy cost reduction but may also lo-
wer the risk of iatrogenic effects.

Background: Dystonia treatment is usually de-
fined by clinical features and, intramuscular 
botulinum neurotoxin (BoNT) injections are 
used to improve patient’s quality of life. Usu-
ally, these injections are guided by anatomical 
landmarks. To maximize the efficacy of BoNT, 
an accurate selection of muscles is critical. In 
this setting, ultrasonography (US) provides the 
means to unequivocally identify target muscles 
for BoNT therapy We retrospectively evaluated 
the benefits of an US-guided approach to BoNT 
treatment, in comparison to the manual needle 
placement, by evaluating the dosage of BoNT 
applied and the frequency of injections.

Methods: We included mainly cervical dysto-
nia patients, from an outpatient clinic in a ter-
tiary university hospital. Considering the time 
of the first US-guided BoNT injection (T0), two 
moments before (T-2 and T-1), and after (T+1 e 
T+2), were assessed by reviewing the serotype 
and dosage of the BoNT injected, its cost, and 
the time interval between sessions. Statistical 
comparisons were made between sessions,
using Friedman and Wilcoxon tests.
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sured bilaterally by TCD (Viasys, Companion III 
device) after 24 hours from stroke onset.

Results: There were significant correlations 
between averaged MCA PI and IL-6 (R=0,54; 
p=0,005), hs-CRP (R=0,42; p=0,04) and TNF 
(R=0,53; p=0,008). PI was also associated with 
3-month functional outcome (R=0,53; p=0,01). 
Subgroup of patients with favorable outcome 
showed lower PI values (p=0,04) than those 
with poor long time outcome. No differences 
regarding pro-inflammatory markers between 
subgroups existed.

Conclusions: Cerebral pulsatility in acute stroke 
may be related to pre-treatment inflammato-
ry state markers. Post-treatment PI may also 
impact functional prognosis after cerebral 
iv-thrombolysis.

Background: Inflammatory response in is-
chemic stroke may occur both, in acute ischae-
mia, and chronic phase of cerebral microangi-
opathy. Increase of Pulsatility Index (PI) reflects 
a dysfunction of brain microvasculature, how-
ever it’s associations with inflammatory mar-
kers remains uclear. Thus, we aimed to evaluate 
a relationship between PI of middle cerebral 
artery (MCA) and pro-inflammatory cytokines 
in patients with lacunar stroke treated with 
iv-thrombolysis.

Methods: Study group consisted of 25 patients 
(mean age 68,9 years, 18 males) with lacunar 
stroke treated with iv-thrombolysis. Serum con-
centrations of interleukin 6 (IL-6), high sensitivi-
ty C-reactive protein (hs-CRP) and tumor necro-
sis factor (TNF) have been obtained within 4,5 
hours from the stroke onset, MCA PI was mea-
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rebral, vertebral and basilar arteries. Microem-
bolic signals were registered in middle cerebral 
artery bilaterally. Conventional angiography 
confirmed high-grade left ICA stenosis. Thali-
domide was discontinued, cyclophosphamide 
administered, CyBorD regimen was activated. 
Additionally the patient was treated low-mo-
lecular-weight heparin for the presumable 
embolization. Eight months later an autolo-
gous bone marrow stem cell transplantation 
was successfully performed. The remission of 
MM was achieved. However, repeated TCCS re-
vealed no regress of stenotic lesions in the dis-
tal ICA. High-resolution MRI showed contrast 
enhancement in the walls of the distal ICA. Ge-
netic testing of COL4A1, 2, CTC1, GLA, HTRA1, 
N3ECD, NEMO, NOTCH3, TREX1 was normal. No 
cerebrovascular events occurred within two 
years of the follow-up.

Conclusions: Lambda light chain MM may pre-
sent with multiple cerebral infarctions and vas-
culopathy of non-atherosclerotic origin. TCCS is 
a reliable method for initial diagnosis and fol-
low-up of stenotic lesions of intracranial ICA.

Background: Multiple myeloma (MM) is a lym-
phoid malignancy, accounting for 1% of all 
cancers. A recent cohort study showed an in-
creased risk of a stroke in MM patients with a 
kappa light chain isotype. We described a clini-
cal case of a newly diagnosed lambda light 
chain MM with multiple cerebral infarctions 
and vasculopathy, predominantly in the intra-
cranial internal carotid artery (ICA).

Case report: A 50-year-old woman was ad-
mitted to a hospital for anaemia in 2018 and 
was diagnosed with MM, a lambda light chain 
isotype, III stage, and mild renal insufficiency. 
She had induction chemotherapy with borte-
zomib, thalidomide, dexamethasone (VTD) 
regimen. An acute right-sided weakness oc-
curred 2 weeks after the end of treatment. The 
neurological evaluation showed mild right 
hemiparesis. Brain CT and magnetic resonance 
imaging (MRI) demonstrated multiple brain 
infarctions, involving bilateral cortical, subcor-
tical, watershed regions and cerebellar hemis-
pheres. Transcranial color-coded sonography 
(TCCS) revealed stenotic lesions >70 % in C1-2 
segments of ICA bilaterally, and in middle ce-
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nally putting a neurostent to posterior cerebral 
artery/proximal basilar artery for the stability of 
the system were performed. Aggressive steroid 
therapy to prevent the rupture of the basilar 
aneurysm, including clopidogrel 75mgx1 for 6 
months and aspirin 100 mgx1 for 2 years was 
administered. Conventional angiography after 
one year showed no more flow in the basilar 
aneurysm. ¬Repeated TCCS was used for a fol-
low-up period of 3 years. The patient remained 
asymptomatic and neurologically normal.

Conclusions: The presented case proved that 
the embolization of a giant basilar aneurysm 
using a flow-diverter implant with an additio-
nal neurostent may be highly successful. TCCS, 
being a non-invasive and inexpensive diagnos-
tic tool for the visualization of a giant basilar 
aneurysm, may provide important additional 
information in order to perform follow-up exa-
minations before and after the embolization.

Background: Giant aneurysm of the basilar ar-
tery is a rare life-threatening condition, which 
poses a difficult therapeutic challenge.

Case report: A 37-year-old woman was urgently 
admitted due to a temporary loss of conscious-
ness after a neck flexion. The medical history 
included intermittent double vision, dizziness, 
headache and numbness of the left arm two 
days before. Neurological examination revealed 
no focal and meningeal signs. Head computed 
tomography (CT) excluded haemorrhage, but 
demonstrated brain stem compression by a 
giant basilar aneurysm (~41×30 mm), partially 
thrombosed. Transcranial duplex sonography 
(TCCS) with the transtemporal and transforami-
nal approach was performed to visualize the 
aneurysm. Magnetic resonance (MR) imag-
ing showed no ischemic lesions. Conventional 
angiography confirmed CT and MR data. Suc-
cessful placement of a flow-diverter "Surpass” 
for basilar aneurysm embolization and additio-
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obtained. The patients were then divided into 
2 groups according to that ratio in < 0.4 (“very 
low” group) and >1.0 (immunological normali-
zation). Possible associations were statistically 
sought.

Results: Only 49 individuals (62%) attended the 
ultrasound evaluation. The subgroup analysis 
of CD4 / CD8 ratio < 0.4, presented a significant 
correlation between the CD4 / CD8 ratio and 
PI (p <0.05). The association between IMT with 
very low ratio and the immunologically normali-
zed was not statistically significant.

Conclusions: The association between lower 
CD4 / CD8 ratio and higher PI on TCD suggests 
an increased cardiovascular risk possibly caused 
by the persistence of immune dysfunction.
Because this dysfunction causes predominantly 
inflammation so atherosclerosis may presents 
as less important. This may explain this associa-
tion with PI values not seen in carotid IMT.
A larger sample may be necessary to confirm 
our findings.

Background: The use of new antiretroviral the-
rapies (ARVT) turned HIV infection into a chro-
nic disease with an increasing life expectancy 
while keeping the state of persistent inflamma-
tion with an immune activation (“inflamma-
ging”) and a predisposition for complications 
not directly related to the infection. A few stu-
dies suggested CD4 / CD8 ratio as a possible
accurate marker to predict future non-AIDS 
events such as those associated with cardiovas-
cular manifestations. We intended to correlate 
the very low CD4 / CD8 ratios (<0.4), despite 
ARVT with neurovascular ultrasound parame-
ters: TCD pulsatility index (PI), and carotid inti-
ma-media thickness (IMT).

Methods: 79 HIV1 men aged < 65 years, under 
ARVT for more than 2 years, with no history of 
cardiovascular events, were selected by a con-
venience sampling from our immunodeficiency 
clinic during 2019. Our cohort was evaluated by 
both carotid ultrasound imaging and TCD. The 
CD4 and CD8 values of the previous 5 years 
were collected and the CD4 / CD8 ratio was 
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Methods: A prospective observational control-
led study is ongoing with neurocritical patients 
monitoring invasive arterial pressure and ICP, bi-
laterally middle cerebral arteries velocities and 
B4C recording. First, a basal recording of 5 mi-
nutes, followed by a second record of 4 minutes 
with ultrasound guided internal jugular veins 
(IJVs) manual compression for one minute. All 
parameters able to influence TCD and/or ICP re-
cording (i.e. arterial blood pressure and pCO2) 
were controlled to assure suitability of compari-
son between recordings. Analytic data report 
(P2/P1 ratio, time to peak and pulse detection) 
and correlation with the same ICP features, as 
well as PI variation were correlated. Data of 40 
patients has been collected to the date. 

Results, discussion and conclusions of prelimi-
nary data will be presented in the 25th meeting 
of the ESNCH 2021 in Belgrade.

Background: Early and continuous detection 
of intracranial hypertension (ICH) is essential to 
guide the installation of therapeutic measures 
capable of preventing cerebral compliance im-
pairment (CCI) harmful effects. However, Intra-
cranial pressure monitoring (ICP) is an invasive, 
costly, and therefore restricted technique. Trans-
cranial Doppler, in a controlled environment 
is able to indirectly assess cerebrovascular re-
sistance by the measure of pulsatility index 
(PI). Likewise, a new recently developed cranial 
pulse sensor (B4C) features compatible graphic 
record with cerebral compliance, as this sensor 
registers waveforms with definite ICP peaks (P1, 
P2 and P3), but still under study. The main ob-
jective of the present study was to evaluate the 
accuracy of the variation of the PI and the crani-
al pulse sensor as indicators of CCI. 
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sion over a median follow-up of 5 years in uni- 
and multivariable analyses. WMH severity was 
rated by the Fazekas scale and quantified by 
semi-automated volumetric assessment.

Results: The final study cohort comprised 491 
participants (mean age: 60.7±6.9 years; female: 
48.5%). TCD PI was increased in participants 
with more severe WMH at baseline (p<0.001) 
but was not associated with WMH progression 
during follow-up (rs: 0.097, p=0.099). In multi-
variable analyses, only arterial hypertension 
(p<0.05) remained significantly associated with 
baseline severity and progression of WMH, 
while TCD PI was not predictive (p>0.1, respec-
tively).

Conclusions: In this large community-based 
cohort, MCA PI on TCD was neither associated 
with microangiopathic WMH severity at base-
line nor predictive of WMH progression during
follow-up after adjustment for important 
co-variables.

Background: Previous studies suggested an as-
sociation between increased intracranial arteri-
al pulsatility and cerebral small vessel disease
including white matter hyperintensities (WMH). 
However, possible confounders such as age 
and hypertension were rarely considered, and 
longitudinal data are lacking. We hypothesized 
that in community-dwelling stroke-free sub-
jects an increased middle cerebral artery (MCA) 
pulsatility index (PI) measured by transcranial 
Doppler sonography (TCD) relates to baseline 
WMH severity and progression over 5 years fol-
low-up.

Methods: The study population consisted of 
elderly participants without stroke and demen-
tia from the community-based Austrian Stroke 
Prevention Study. Baseline and follow-up as-
sessment comprised TCD, brain MRI and clini-
cal/laboratory examination of vascular risk 
factors. Individuals TCD PI was averaged from 
baseline PIs of both MCAs and was correlated 
with baseline WMH severity and WMH progres-
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Results: Compared to preoperatively, the 
Z-scores of the first systolic peak (Sys1) and 
second systolic peak (Sys2) were increased on 
postoperative day 3 (both p<0.001), with a 
stronger rise of Sys1. The Z-score for D560 only 
showed a temporary increase with a maximum 
on postoperative day 1 (p<0.001). The systolic 
and diastolic blood pressure decreased with 
8 and 7 mmHg resp. (both p<0.001) whereas 
heart rate increased with 9 BPM (p<0.001).

Conclusions: Describing the normally occurring 
changes in Z-scores for the new MCAFV parame-
ters after CEA improves our understanding of 
the underlying hemodynamic mechanisms and 
enables a more accurate follow up for future 
patients undergoing surgery.

Background: Transcranial Doppler (TCD) me-
asuring middle cerebral artery flow velocity 
(MCAFV) is an important technique to moni-
tor patients during and after carotid endar-
terectomy (CEA). In 2012 (UtrasMedBiol 38(8): 
1451-9) new TCD parameters were introduced 
which represent the MCAFV more accurately: 
the first (Sys1) and second (Sys2) systolic peak 
and the diastolic flow velocity at a fixed time 
of 560ms after stroke onset (D560). Since flow 
velocities are known to decrease with age, it 
was proposed to use Z-scores as method for 
age correction (2018 JNeurosciMeth 307:1-7).
This retrospective study aimed to provide nor-
mal values for changes in Z-scores of the new 
parameters on postoperative days 0-3.

Methods: In a retrospective study preoperative 
data on ipsilateral MCAFV could be retrieved in 
224 out of 318 patients undergoing CEA. Follow 
up data on postoperative day 3 was available in 
196 patients.
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the VEP P100 wave compared to the control 
period (110.81 ± 3.39 ms vs. 107.96 ± 2.40 ms, 
p<0.01). The resting absolute flow velocity 
values increased, whereas the pulsatility indi-
ces in the PCA decreased after alcohol inges-
tion. Although the visually evoked PCA flow 
velocity time courses were similar (p=0.29), 
the visually evoked maximum relative flow 
velocity increase in the PCA (125.58±7.07% vs. 
127.30±7.60%; p=0.02), as well as the steepness 
of rise of the flow velocity curve were smaller 
(3.24±1.03 cm/s2 vs. 4.73±1.42 cm/s2, p<0.01) 
after than before alcohol consumption. The BHI 
(34.88 ± 14.28 %/40s vs. 44.09 ± 11.42 %/40s, 
p<0.01) was also smaller after than before alco-
hol ingestion.

Conclusions: Our measurements prove that 
acute alcohol consumption inhibits the neu-
ronal activity evoked by visual stimulus, results 
in dilation of cerebral arterioles, and thus inter-
feres with cerebral vasoreactivity. These effects 
might contribute to the disturbance of the visu-
ally evoked flow response after alcohol con-
sumption.

Background: Alcoholism is a global problem 
nowadays. Our aim was to study the effects of 
acute alcohol consumption on neuronal activi-
ty, cognitive functions, neurovascular coupling 
and cerebral vasoreactivity.

Methods: Thirty young healthy adults (15 men) 
were included in our study. Neuronal activity 
was evaluated by visual evoked potential (VEP) 
examination. Cognitive functions were inves-
tigated by neuropsychological tests. By using 
a visual cortex stimulation paradigm, visually 
evoked flow velocity response during reading 
was measured by transcranial Doppler in both 
posterior cerebral arteries (PCA). Cerebral vaso-
reactivity was investigated by analysing the ef-
fect of breath holding on the flow velocity in-
crease (breath holding index, BHI) in both middle 
cerebral arteries. The examinations were evalu-
ated before and 30 minutes after drinking alco-
hol. The target blood alcohol content was 1 ‰.

Results: The blood pressure didn’t change, 
but the heart rate increased after alcohol con-
sumption. Alcohol increased the latency of 
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resented quantitative and qualitative variables,
respectively. Mean difference, CHI-Square, and 
p-value of decreased Raphe echogenicity and
increased DTV were calculated separately in 
pairs for each group.

Results: The echogenicity of the brainstem ra-
phe nuclei was significantly decreased in B1D
patients (33.33%) in comparison with the cont-
rol group (9.4% ) (P-value of CHI-square: 0.008).
Also, The DTV was significantly increased in B1D
patients (25.9%) in comparison with the control
group (5.6%) (P-value of CHI-square: 0.010).

Conclusion: In this study, The Echogenicity of 
the Mesencephalic raphe nuclei in patients with
Bipolar disorder is significantly lower, and the 
Diameter of the third ventricle is significantly 
higher than the average population. We recom-
mend a meta-analysis considering previous 
articles' results and series of TCS evaluations in 
each episode of the disease.

Background: Bipolar disorders include mood 
disorders associated with severe mood swings,
changes in energy, sleep, perception, and be-
havior. Transcranial sonography (TCS) is a non-
invasive and valuable measure for assessing 
brain parenchyma. The Mesencephalic raphe 
nuclei are closely associated with the dorso-
caudal limbic system and are essential in many 
psychiatric disorders. In this study, we compa-
red the echogenicity of the raphe nuclei in pa-
tients with nonpsychotic Bipolar Mood Disor-
der type1 (B1D) and the control group.

Methods: Eighty participants, including 27 pa-
tients in the B1D group and 53 in the control-
group with similar age and sex, were analyzed. 
The DSM-V criterion confirmed the Medical 
diagnosis in the samples in psychiatrist inter-
views. The echogenicity of the Mesencephalic 
raphe nuclei and diameter of the third ventric-
le was assessed by a trained neurologist using 
TCS. The Mean and standard deviation (SD) rep-
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ty healthy subjects using transcranial Doppler 
(TCD). We found out that αCGRP decreased vm 
MCA (p<0.001), vm PCA (p < 0.001), mean ar-
terial pressure (MAP) (p< 0.001) and end-tidal 
CO2 (Et-CO2) (p=0.030). The heart rate (HR) 
increased during αCGRP infusion (p<0.001). In 
addition, we found a positive relationship be-
tween Et-CO2 and vm MCA (p=0.001) as well as 
vm PCA (p=0.043). In our view, αCGRP induces 
changes in cerebral and systemic circulation 
in healthy volunteers. It might cause vasodila-
tation of MCA and PCA and a compensatory 
decrease of Et-CO2 to αCGRP related hemody-
namic changes.

Key Words: calcitonin gene-related peptide, 
cerebral arteries, transcranial Doppler sonogra-
phy, migraine

Calcitonin gene-related peptide (CGRP) has 
been proven to play an important role in mi-
graine and it has therefore become a target 
molecule in headache migraine research and 
treatment. There is growing evidence that alfa 
CGRP (αCGRP) importantly affects clinical and 
physiologic state. Therefore, an αCGRP response 
should be regarded as an important predictive 
factor for selecting patients who are responders 
to anti-CGRP preventive treatment. It is known 
that perivascular application of CGRP induces 
cerebral vasodilatation. However, it is unclear 
whether intravenous alfa CGRP (αCGRP) induc-
es changes in cerebral and systemic hemody-
namics. Therefore, we studied the influence of 
an αCGRP intravenous infusion at a rate of 1.5 
mcg/min in 20 min on mean arterial velocity 
in the middle cerebral artery (vm MCA) and in 
the posterior cerebral artery (vm PCA) in twen-
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twice machine. Brain tissue was visualized trans-
cranially using a sector transducer with an ope-
rating frequency of 2.0–3.5 MHz in B-Mode, fol-
lowed by fusion of imported MR pictures (FLAIR 
sequence, DICOM format, performed with 1.5 
Tesla MRI system, slice thickness 5mm, 10% 
gap). Electromagnetic (EM) tracking-based fu-
sion imaging was performed.

Results: In 91% the periventricular white mat-
ter lesions verified on MRI could be visualized 
using UFI technique. The detection rate increa-
ses with higher WMHs burden (°I:85%, °II:94%, 
°III:97%). The highest visualizable detection rate 
of white matter lesions was found at the con-
tralateral central part (CPc) (97%). The IRA be-
tween 2 independent raters indicated an 86% 
agreement with an overall moderate strength 
of agreement (κ: 0.489, p<0.0005) for all locali-
zations.

Conclusion: This explorative study describes 
prospectively the ultrasound detection of pe-
riventricular WMHs corresponding to MRI le-
sions using UFI.

Introduction: Cerebral small vessel disease 
(CSVD) is a common neurological disease and 
causes about 20% of all strokes worldwide and 
up to 45% of dementia, mood disturbance and 
gait problems. Small vessels per se cannot be 
currently visualized in vivo. The diagnosis of 
CSVD has relied on imaging findings. The lea-
ding imaging techniques to visualize brain 
white matter lesions (WMLs) are magnetic reso-
nance imaging (MRI) or computed tomography 
(CT). Another, not routinely applied brain pa-
renchyma imaging method is ultrasound (US). 
With high-end ultrasound systems a very high 
image resolution is achieved.Ultrasound fusion 
imaging (UFI) is a relatively novel approach to 
evaluate brain tissue.

Subjects and Methods: 29 Patients with vari-
ous degree of WMLs quantified according to 
Fazekas grading scale (n=13 °I; n=9 °II; n=7 °III) 
and 11 subjects with normal MRI findings were 
investigated using UFI technique. Additionally, 
inter-rater-agreement (IRA) between two inde-
pendent raters was determined.
UFI was conducted with US Esaote – MyLab 
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tid plaques, carotid diameter stenosis, sum of 
plaques, intima-media thickness-IMT, IMT sum, 
arterial anatomy malformations, peak systolic 
velocity PSV, end-diastolic velocity EDV, verte-
bral artery findings). Information about age, sex 
and cerebrovascular risk factors (hypertension, 
hyperlipidemia, diabetes, and smoking) were 
also noted.

Results: In our group of patients the most 
prominent finding was a correlation between 
age and a type of lesion. Combined LS and 
WMH were more often found in older patients. 
There was no correlation between other risk 
factors/carotid ultrasonography findings and 
CSVD.

Conclusions: Based on the results, we can con-
clude that there is a clear correlation between 
aging and CSVD. We believe that additional re-
search is required to find a cause of CSVD.

Background: Cerebral small vessel disease 
(CSVD) includes pathologies that affect small 
arteries, arterioles, venules, and capillaries of 
the brain. Today, atherosclerosis is considered 
to be the most dominant pathology in CSVD. 
Most commonly, the disease presents with is-
chemic lesions (lacunar stroke LS and white 
matter hyperintensities WMH). Even though 
large and small cerebral arteries have a clear 
morphological and functional connection, the 
role of large vessel atherosclerosis in CSVD is 
not fully understood.

Methods: The population included 99 patients 
treated at the Neurology Clinic of the University 
Clinical Center of Serbia from November 2018 
to August 2021. CSVD was confirmed clinically 
and by neuroimaging methods in all patients. 
The following data was collected: LS/WMH on 
neuroimaging and localization (right, left or 
both hemispheres), ultrasonographic proper-
ties of the carotid and vertebral arteries (caro-
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Results: Duration of remission for at least one 
year was achieved in 71% of patients, while 10% 
had pseudo-resistant epilepsy. Dysexecutive 
syndrome and psychiatric comorbidities were 
noted in 30.4% and 25% of patients, respective-
ly. Pathologically hyperechoicsubstantianigra 
(SN) and red nucleus (RN) on TPS were found in 
35% and 32.5% of patients, respectively. There 
was no statistically significant difference in the 
incidence of pathologic echogenicity of these 
structures between different patient groups. 
However, compared to the control group, hy-
perechoity of the right-sided SN and both 
right- and left-sided RN was significantly more 
common in the patient group.

Conclusions: To our knowledge, this is the first 
study to demonstrate structural changes of SN 
and RN in JME. Our results suggest additional 
non-lesional abnormalities of BG and midbrain 
structures in JME patients.

Background: Abnormal neural networks in the 
thalamus, limbic areas, brainstem and cerebel-
lum seem to be associated with juvenile myo-
clonic epilepsy (JME). Cognitive and behavioral 
difficulties in JME are suggested to relate with 
alterations in basal ganglia. These structures are 
implicated in the modulation of epileptic spike-
wave discharge generalization in patients with 
idiopathic generalized epilepsy.The aim of our 
study was to evaluate the influence and poten-
tial clinical significance of abnormal findings in 
subcortical structures associated with JME.

Methods: This retrospective study included 40 
JME patients who were followed-up from Janu-
ary 1985 to December 2016 at the Clinic of Neu-
rology and Psychiatry for Children and Youth 
in Belgrade. All patients received transcranial 
parenchymal sonography (TPS). Relation of 
clinical parameters (seizure control, cognitive 
functioning, and behavior) with TPS results was 
assessed.
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Results: Frequency of substantia nigra (SN) 
echogenicity was the highest in PD, also sig-
nificantly higher in BMS in comparison to con-
trols (90% vs. 62% vs. 10%; p<0.01 respectively), 
while there were no differences in other basal 
ganglia echogenicities. The third ventricle di-
ameter was significantly higher in PD and BMS 
compared to controls (8.4±2.2 vs. 8.2±2.1 vs. 
5.3±1.9; p<0.01). Frequency of brainstem ra-
phe hypoechogenicity was significantly higher 
in both patients groups compared to controls 
(75% vs. 74%vs. 10%; p<0.01 for PD and BMS 
vs. controls). Significant correlation was found 
between raphe and substantia nigra echo-
genicity and the degree of depression (r=0.351; 
p=0.012).

Conclusions: TCS is noninvasive method to 
identify BMS patients with NDS damage that 
in some could be early premotor PD symptom. 
This finding could have important therapeutic 
implications.

Background: Primary burning mouth syn-
drome (BMS) is chronic intraoral burning sensa-
tion without medical or dental cause. Potential 
causes are neuropathic dysfunction and central 
mechanisms with involvement of the nigrostri-
atal dopaminergic system (NDS). BMS could 
also be premotor symptom of Parkinson’s disea-
se (PD). The aim of this study was to determine 
the frequency of NDS dysfunction in BMS using 
TCS.

Methods: 120 patients with BMS, 120 with PD 
and 74 healthy individuals are included. Using 
standardized transcranial sonography (TCS) 
protocol, basal ganglia echogenicity as well 
as ventricular system diameter and brainstem 
raphe echogenicity were measured. Degree of 
intraoral burning sensation and affective status 
were also determined.
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in RA patients were: age, body-mass index, 
smoking, rheumatoid factor concentration, 
erythrocyte sedimentation rate, and duration 
of methotrexate+chloroquine therapy (inverse 
correlation). Multivariate regression analysis 
revealed that RA is an independent risk factor 
for increased IMT. vWF activity was significantly 
higher in participants with subclinical as well 
as in participants with atherosclerotic plaques-
than in those without. Factors correlating with 
IMT in the controls were: age, BMI, total choles-
terol, LDL-cholesterol, total/HDL cholesterol, 
triglycerides and glycaemia.

Conclusions: Despite a favorable risk profile, 
our female RA patients had significantly en-
larged carotid IMT than controls. RA itself was 
an independent risk factor for increased IMT. 
Impact of chronic inflammation on atheroscle-
rosis was confirmed by negative correlation of 
IMT and duration of anti-inflammatory treat-
ment.

Background: Study intention was to determine 
factors associated with increased intima-media 
thickness (IMT) and potential cardiovascular 
risk of rheumatoid arthritis (RA) patients. Ca-
rotid IMT of the carotid arteries is a marker of 
subclinical atherosclerosis.

Methods: The insonation was performed in 
42 non-diabetic, normotensive, female RA pa-
tients and 32 matched healthy controls (age 
45.3±10.0 vs. 45.2±9.8 years) at common carotid 
artery to determine the IMT. Mean and maximal 
IMT were calculated from 3 measurements at 
each site. Clinical work-up included laboratory 
analyses, determination of the disease activity 
and evaluation of treatment. vWF activity was 
used as rheumathoid arthritis confirmation.

Results: RA patients had increased IMT (mm) in 
comparison with controls (IMTmax: 0.764±0.148 
vs. 0.703±0.100, IMTmean: 0.671±0.119 vs. 
0.621±0.085. Parameters associated with IMT 
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Results: A total of 356 patients were studied. 
Median baseline NIHSS score was 15. The occlu-
sion site was MCA in 73% of all cases, ICA-MCA 
tandem occlusion in 5%, T-occlusion in 12%, 
and basilar artery in 10% of all patients. 64% 
received intravenous thrombolysis. Super se-
lective catheterization of the occluded vessel 
was not feasible in 13%. Successful revasculari-
zation was achieved in 60% of all patients. The 
median NIHSS score at the end of hospitaliza-
tion was 10. After 3 months 51% showed good 
functional outcome (mRS 0-2).

Conclusions: Endovascular techniques (mecha-
nical thrombectomy) for treatment of acute 
ischemic stroke, which commonly use sten-
triever in addition with distal aspiration and 
only mechanical aspiration as well, especially in 
combination with intravenous thrombolysis are 
the gold standard for patients with large vessel 
occlusions of anterior and posterior cerebral 
circulation, in the 6-hours window, and even for 
the late-window patients.

Purpose: The aime of this study is to show how 
we treat patients with acute ishemic stroke in 
UHC Split combining endovascular approach 
(mechanical thrombectomy) with intravenous 
thrombolysis.

Materials and Methods: We present 356 con-
secutive patients who underwent thrombecto-
my in a single center between 01.01.2018. and 
30.06.2021. Demographics, comorbidities, Na-
tional Institute of Health Stroke Scale (NIHSS), 
rtPA administration, localisation of vessel occlu-
sion, onset to skin puncture time, onset to re-
canalization time, recanalization rates (mTICI), 
recanalization technique (only aspiration vs use 
of stentriever combined with distal aspiration) 
were presented for patients with various 90-
day outcomes (mRS).
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obtained. Data were compared between CSVD 
patients with headache and headache-free 
CSVD cases, with the use of standard statistical 
methods. 

Results: Headache was reported in 44.0% of 
included patients. MRI findings included lacu-
nar infarcts in 86.1% and WMH in 46.1% cases.
Correlation between headache symptoms 
and lacunar infarcts showed a trend towards 
statistical significance (p = 0.072) whereas 
heada¬che-free patients more frequently had 
WMH, also approaching statistical significance 
(p = 0.065). 

Conclusions: A large number of arterioloscle-
rotic CSVD patients complain of different types 
of headaches. Based on MRI findings, lacunar 
infarcts are related to headache symptoms, and 
WMHs are more frequently present in patients 
with a negative history of headache. 

Background: Cerebral small vessel disease 
(CSVD), a common finding in patients with vas-
cular risk factors, is associated with motor, cog-
nitive and affective disorders. Magnetic reso-
nance imaging (MRI) findings in patients with 
CSVD include lacunar infarcts, white matter
hyperintensities (WMH), and microbleeds. Aside
from rare familiar forms of CSVD, patients with 
chronic headache, migraine in particular, have 
an increased risk for developing such lesions, 
although this relationship is rather complex 
and yet to be fully elucidated. The aim of the 
study was to determine the frequency and type 
of headache in patients with CSVD. 

Methods: This retrospective study included 115 
patients with CSVD diagnosis admitted at the 
Clinic of Neurology, Clinical Center of Serbia in 
the period January 1st, 2015 - December 31st, 
2017. Baseline demographic data, headache 
type, and MRI findings (ischemic lacunar infarc-
tions, WMH, and overall lesion severity) were 
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localised around the right shoulder. Before the 
ultrasound examination, this patiend treated as 
neuropathic pain after lateral surgical dissec-
tion of the neck. This specially, because after 
surgical procedure the hypoglossal and acces-
sory nervs were paralysed, and shoulder girdle 
muscles were atrophied. The ultrasound iden-
tified subcutaneous position of the suprasca-
pular nerve, who is additionally compressed by 
fibrosal band- rest of the muscles.

Results: In the first case, we editionally threat 
canalisulnarissy, include vascular surgeon in our
surgical team, during brachial plexus approach. 
In the second case conservative treatment with 
hyperbaric oxigen treatment was aplay. In the 
third case, we aply the free fat graft between 
the nerv and this fibrous band: pain completely 
resolved.

Conclusions: The brachial plexus ultrasound is 
easy to perform, and very valuable method for 
surgery planning.

Background: We represent theree cases when 
we changed surgical plan after brachal plexus 
ultrasound performed.

Methods: The first one is 17 years old girl with 
bilateral congenital C8 radix pressure by the 
medial scalenus muscle (MSM) and the neck 
rib. The brachial plexus ultrasound examina-
tion discovered very long and wide arterial 
vesel from the right side, just anteriorly from 
the MSM. From the other side, we discovered 
double crush syndrome ( the another hard C8 
radix compression in the ulnar canal, at two 
places). The second one, is 34 years old man, 
who had, after vehicle accident as a motocyc-
list, diagnosis of the avulsion of the C8, C7 and 
C6 brachial plexus radices. After the ultrasound 
examination, we modified this diagnosis in to 
contusion and haemathoma of the MSM and 
contusion of the C4 ,C5 radices under of it. The 
third cases is case of 58 years man, who suffer 
from flagrant pain after surgical and hemothe-
rapy treatment of larynx carcinoma. The pain is 
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surgical treatment, the patient was sedated and 
mechanically ventilated. On control CT, diffuse 
cerebral edema was noted. Decompressive 
craniotomy was done next. ICP could not be 
measured invasively at that time, due to tech-
nical issues, but ICP assessment was necessary, 
so optical nerve sonography was performed. 
ONSD was acquired on both sides, with visible
bilateral papillary edema and ONSD which was 
6.9mm on the right, and 6.4mm on the left. 
Based on that report, barbituric sedation with 
thiopental was induced for further neuropro-
tection and lowering ICP. Unfortunately, the pa-
tient died because of extreme hypernatremia 
and prolonged malignant cerebral edema.

Conclusions: ONSD is a safe and reliable method
to asses ICP with the capability to recognize 
those patients who are at risk of major neuro-
logical deterioration and with death following. 
It is a new tool not just for neurocritical care 
physicians, but for all neurosonologists.

Background: ‘Gold’ standard for measuring 
of intracranial pressure (ICP) is still an invasive 
way. For doing that, you have to exchange that 
opportunity for a moderate risk of infections 
and other complications. Even today, invasive 
ICP measuring is not widely available. Optic 
nerve sheath diameter (ONSD) is a low-cost, 
safe and reliable method for recognizing those 
patients who have ICP>20mmHg and requiring 
specific treatment for lowering ICP. It can be 
done by the bed, very fast, and can be repeated 
several times during the day. We wanted to re-
port an illustrative case of a young patient with 
malignant cerebral edema and utilization of 
ultrasound ONSD for further management and 
treatment decisions.

Case report: We present a case report of a male 
patient 19 years old. He was admitted to the 
ICU because of epileptic seizure and postictal 
coma. He was previously treated conservatively 
with antibiotics for brain abscess. After urgent 
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mic stroke treatment. On the next day routine 
carotid ultrasound was performed and showed 
atypical and uncommon heterogeneous mass
on posterior wall resembling probable meta-
static embolus, and neither with power or color 
signal within the mass. Stenosis was not signi-
ficant. Distal to the stenosis, an artery was occ-
luded with homogenous hypoechogenic for-
mation, a thrombus. Ultrasound findings in our 
case led us to consider existing tumor embolic 
complication of already known lung cancer.

Conclusion: Ischaemic stroke in our patient 
was a consequence of spontaneous internal 
carotid artery occlusion by tumor embolus 
spreading from the lung cancer. Our therapy 
decision would probably have been different 
if we had suspected of tumor embolus as the 
origin for ischaemic stroke and performed the 
ultrasound at the same time as CT angiography. 
Understandably, our patient had no benefit 
from thrombolytic therapy. This case may indi-
cate that in similar situations carotid ultrasound 
exam should not be overlooked since it could 
be superior to CT angiography and may lead to 
different decisions regarding the therapy.

Background: Tumor embolism is recognized as 
a possible mechanism of cancer-related stroke. 
Excluding systemic tumor emboli caused by left 
atrial myxomas, tumor emboli large enough to 
cause symptomatic cerebral ischemia are quite 
uncommon. Lung carcinoma may form an em-
bolus after invading blood vessels via 2 mecha-
nisms: spontaneous embolization or secondary 
to surgical manipulation, which is more fre-
quent. The most frequent sites of tumor emboli 
reported are aortic bifurcation of femoral ves-
sels (50%) and cerebral circulation (30%).

Case report: We report a 60-year-old woman 
with a history of lung adenocarcinoma, with-
out diagnosis of active metastatic disease, who 
presented to our clinic with acute right middle 
cerebral artery syndrome, characterized by 
conjugate gaze deviation to the right, left hemi-
paresis, and dysarthria; the NIH stroke scale 
score was 11. Head CT scan showed early signs 
of ischaemia with ASPECT score of 8 in the right 
hemisphere. Head and neck CT angiography 
showed occlusion of right internal carotid artery 
after which our patient received intravenous 
tissue plasminogen activator for acute ischae-
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rences were detected in CA. NVC was signifi-
cantly impaired in HFrEF patients with reduced 
augmentation of CBFV during stimulation 
(overshoot systolic CBFV 19.116.92 vs 22.61 7.78 
vs 27.92 6.84, p = 0.04), slower upright of CBFV 
(rate time to overshoot: 1.19-3.0 vs. 3.06 (4.30) 
vs. 2.90-3.84, p = 0.02); p = 0.023) and reduced 
arterial oscillatory properties (natural frequen-
cy 0.17 0.06 vs. 0.20 0.09 vs. 0.24 0.07, p = 0.03; 
attenuation 0.34-0.24 vs. 0.48-0.35 vs. 0.50 0.23, 
p = 0.05). Logistic regression for MoCA score 
(normal vs cognitive deficit) according to NCV 
parameters did not show significant differences 
between groups.

Conclusions: Our results show that HF may 
have an impairment of the neurovascular unit. 
NVC parameters do not seem to be associated 
with MoCA score compatible with cognitive 
deficit. Further prospective studies are needed 
to explore if NVC parameters may predict cog-
nitive decline.

Background: Heart failure (HF) is a prevalent 
disease but there is a lack of knowledge regar-
ding its repercussion in cerebral hemodyna-
mics mechanisms and in cognitive decline. Aim: 
To evaluate neurovascular coupling (NVC) in HF 
patients with reduced and recovered ejection 
fraction and healthy subjects, through a battery 
of dynamic transcranial Doppler (TCD) tests. We 
also aimed to explore if NVC parameters are as-
sociated with cognitive decline.

Methods: We performed a cross-sectional ob-
servational study of TCD vasoregulation tests 
in HF patients with reduced (HFrEF) and reco-
vered ejection fraction (HFrecEF) and healthy 
controls, monitoring cerebral blood flow ve-
locity (CBFV) in right middle and left posterior 
cerebral arteries. NVC was assessed by the CBFV 
response to visual stimulation. MoCA test was 
performed to assess cognitive status.
Results: We recruited 23 patients with HFrEF, 8 
with HFrecEF and 13 healthy controls. No diffe-

Abstract category: Original research
Scientific topic: Functional Testing/Contrast imaging

Abstract      NEUROVASCULAR COUPLING IMPAIRMENT AND COGNITIVE DEFICIT IN HEART
        title:       FAILURE PATIENTS WITH REDUCED AND RECOVERED EJECTION FRACTION 
             
Authors: Aires A.1,3; Andrade A.3; Ferreira J.3, Azevedo E.1,3; Araújo P.2,3; Gomes F.2,3; Castro P.1,3

Institutions:
1 Department of Neurology, Centro Hospitalar Universitário de São João E.P.E, Porto, Portugal
2 Department of Internal Medicine, Centro Hospitalar Universitário de São João E.P.E., Porto, Portugal
3 Faculdade de Medicina da Universidade do Porto, Portugal
E-mail: ana.aires@chusj.min-saude.pt



100 101

25th Conference of the European Society of
Neurosonology and Cerebral Hemodynamics

Confluence of East and West                                              Belgrade, Serbia I October 15–17, 2021

Results: The neurovascular reactivity was 
found to be significantly higher in patients 
with optic nerve involvement (53.3±12.1% 
and 52.7±12.2%; p<0.001, right and left sides, 
respectively) with ON and (38.8±11.7% and 
37.4±12.2%; p<0.002, right and left sides, res-
pectively) without ON.

Conclusion: Since axonal degeneration of the 
optic nerve strongly correlated with cortical glial
degeneration, our results support the theory 
that inhibition due to glial degeneration causes 
high activity.

Background: Increased neurovascular reactivi-
ty have been shown in patients with relapsing-
remitting multiple sclerosis (RRMS) in our pre-
vious studies. In this study, we investigated the 
effect of optic nerve involvement on neurovas-
cular reactivity.

Methods: Eighty-five patients with RRMS (77 pa-
tients with ON and 8 patients without ON) were 
examined by transcranial Doppler sonography. 
Blood flow velocities were recorded from the 
P2-segments of both posterior cerebral arteries 
simultaneously during simple visual stimula-
tion. The NV reactivity was defined as a relative 
increase of the blood flow velocities during 
visual stimulation.
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Results: Fatigue and cognitive dysfunction
were significantly higher in MS patients com-
pared to healthy controls. Increased visual 
reactivity was also associated with fatigue. 
We observed that as the SDMT (Symbol Digit
Modalities Test) score decreased, cerebral reac-
tivity increased and blood flow velocities de-
creased significantly. Similarly, when BVMTR 
(Brief Visuospatial Memory Test-Revised) sco-
res decreased, blood flow velocities decreased
significantly and reactivity increased, but it was
not statistically significant.

Conclusion: We think that cerebrovascular re-
activity is activated to provide sufficient blood 
flow to neurons to prevent chronic hypoxia 
caused by cerebral perfusion failure in MS pa-
tients with fatigue and cognitive dysfunction.

Background: Fatigue and cognitive dysfunction 
are important parameters for multiple sclerosis 
(MS)-related disability and they affect most pa-
tients. This process is thought to be related to 
cerebral hypometabolism, but the underlying 
pathophysiological mechanisms are not fully 
known. Our aim in this study was to describe 
the relationship between cerebral metabolism, 
fatigue, and cognition, and to determine cere-
brovascular reactivity in the posterior cerebral 
arteries accompanied by neuronal activity in 
the occipital cortex.

Methods: Our study included 50 patients diag-
nosed with MS according to the 2017 revised 
McDonald Criteria and 50 healthy controls. Brief 
International Cognitive Assessment (BICAMS) 
and Fatigue Assessment Scale (FAS) were ad-
ministered for MS, and visual reactivity was
assessed by TCD.
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at least 50%, freedom from reintervention, 
survival, stroke and transient ischemic attack. 
Mean follow-up was 7±3,42 years. Late carotid 
in-stent restenosis was observed in 16 patients 
(6,37%). 23.9% suffered a major vascular event 
at 5 years and, of the remaining, 17.2% presen-
ted it more than 5 years after stent placement; 
the mortality rate from vascular causes was 
3.2% and 6.4% respectively. The following were 
analyzed as determining factors: hypertension, 
dyslipidemia, smoke and alcohol, ischemic 
heart disease, cardiac arrhythmias, valve disea-
se, DM, episodes of repeated TIA or stroke, chro-
nic renal disease, cervical radiation therapy, 
use of ASA, clopidogrel or anticoagulants, and 
chronic venous disease. Only the existence of 
the latter was significant in a future stenosis.

Conclusions: In our CAS experience, encour-
aging long-term results seem that peripheral 
arteriopathy has to be considered to facilitate 
restenosis.

Background: The long-term efficacy of carotid 
artery stenting is debated. Predictors of stent 
restenosis are not fully investigated. Our aim 
was to assess the incidence of long term reste-
nosis after CAS and to identify some predictors 
of restenosis.

Methods: We retrospectively selected 251 
treated patients and we study the overall sur-
vival, for freedom from stroke or death and 
from restenosis. To correlate clinical, radiologi-
cal, and procedural variables to stent resteno-
sis, an univariate analysis was performed while 
to determine independent predictors of reste-
nosis, a multivariate analysis was applied.

Results: We obtained 251 patients, 82.5% male 
and with a mean of 70 ± 9 years of age. All pa-
tients had carotid duplex ultrasound immedi-
ately after the procedure and at 1, 6 and every 
6 to 12 months thereafter. Outcomes of interest
included freedom from in-stent restenosis of 
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betes mellitus; atrial fibrillation; cardiomyopa-
thy; blood lipid profile; smoking habits were 
taken from patients’ medical history records.

Results: Out of entire sample, 160 were fe-
males and 125 males, average age of 54.6. We 
found the correlation between BHI and age 
(r=-0.242, p<0.01), dyslipidemia (p<0.05) and 
hypertension (p<0, 05). We also found negative 
correlation between BHI and presence of ca-
rotid plaques, as well as BHI and IMT (r=-0.203, 
p<0.01). Positive correlation was found be-
tween BHI in the left MCA and EDV in the left in-
ternal carotid artery (r=0.121, p<0.05). We also 
found negative correlation between BHI and PI 
of MCA on both sides (r=-0.268, p<0.01).

Conclusion: Our study showed correlation be-
tween cerebral VMR, and morphological as well 
as hemodynamic parameters of carotid arteries 
with a higher influence of morphological than 
hemodynamic parameters on cerebral VMR.

Background: Cerebral vasomotor reactivity 
(VMR) plays an important role in maintaining 
cerebral autoregulatory mechanism. There are 
many risk factors that can influence VMR, which 
reflects morphological and functional parame-
ters of large and small cerebral vessels. Aim of 
our study was to investigate correlation bet-
ween VMR, and morphological and hemody-
namic parameters of carotid arteries.

Methods: Retrospective cross sectional study 
included 285 individuals, treated at Neurology
Clinic CCS in Belgrade. VMR was evaluated 
measuring breath holding index (BHI), whilst 
morphological and hemodynamic parameters 
of carotid arteries were obtained via a carotid
artery ultrasound (intima–media complex thick-
ness (IMT); presence and character of carotid 
plaques; degree of stenosis; peak systolic veloci-
ty (PSV); end diastolic velocity (EDV)). We also 
evaluated middle cerebral artery (MCA) hemo-
dynamic parameters: mean flow velocity (MFV) 
and pulsatility indexes (PI). Hypertension; dia-
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Results: Eighty percent of patients had cogni-
tive difficulties in the acute phase of AIS, with 
only 25% showing full recovery after three 
months. Half of the population did not resume 
work after three months, especially in the pre-
sence of attention and/or executive function 
deficits in the acute phase (p = 0.015) and lan-
guage and number processing impairment af-
ter three months (p = 0.041 and p 0.032). MES 
detection was not associated with cognitive 
outcome nor the presence of thrombophilia. 
Coagulation factors were not predictive of mo-
tor outcome, but Factor XI and Factor VIII were 
associated with cognitive impairment.

Conclusions: Cognitive impairment is very 
common after juvenile ischemic stroke and is a 
major cause of inability to resume work. There-
fore, early post-stroke cognitive assessment is 
essential to reveal a patient’s dysfunction and 
offer adequate rehabilitation.

Background: The objectives of our study were 
to describe the neuropsychological status after 
AIS in the young, its correlation with prothrom-
botic alterations and Microembolic Signals 
(MES), and its role in resuming normal work ac-
tivity.

Methods: A retrospective analysis of patients 
aged 18-60 admitted for their first AIS to the 
Stroke Unit of our Hospital (January 2015 – 
September 2018) was performed. Then, we 
conducted a prospective investigation on the 
same population at two centers: our Hospital 
(September 2018 – September 2019) and the 
Kepler Universitätsklinikum of Linz, Austria 
(June – September 2019). Patients underwent 
a thrombophilic screening and neurocognitive 
assessment with the Oxford Cognitive Screen 
(OCS); MES were detected using Transcranial 
Ultrasound. After three months, patients were 
reassessed for neurological outcome and cog-
nitive deficits; information about resumption of 
work activity was recorded.
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0.621±0.085. Parameters associated with IMT 
in RA patients were: age, body-mass index, 
smoking, rheumatoid factor concentration, 
eritrocyte sedimentation rate, and duration of 
methotrexate+chloroquine therapy (inverse 
correlation). Multivariate regression analysis 
revealed that RA is an independent risk factor 
for increased IMT. Factors correlating with IMT 
in the controls were: age, BMI, total cholesterol, 
LDL-cholesterol, total/HDL cholesterol, trigly-
cerides and glycaemia.

Conclusions: Despite a favourable risk profile, 
our female RA patients had significantly enlar-
ged carotid IMT than controls. RA itself was an 
independent risk factor for increased IMT. Im-
pact of chronic inflammation on atherosclerosis 
was confirmed by negative correlation of IMT 
and duration of anti-inflammatory treatment.

Background: Carotid intima-media thickness 
(IMT) of the carotid arteries is marker of subclini-
cal atherosclerosis in patients with rheumatoid 
arthritis (RA). Study intention was to determine 
factors associated with increased IMT and po-
tential cardiovascular risk of RA patients.

Methods: IMT was measured by ultrasonogra-
phy in 42 non-diabetic, normotensive, female 
RA patients and 32 matched healthy controls 
(age 45.3±10.0 vs. 45.2±9.8 years) at common 
carotid (CCA). Mean and maximal (max) IMT 
were calculated from 3 measurements at each 
site. Clinical work-up included laboratory analy-
ses, determination of the disease activity and 
evaluation of treatment.

Results: RA patients had increased IMT (mm) in 
comparison with controls (IMTmax: 0.764±0.148
vs. 0.703±0.100, IMTmean: 0.671±0.119 vs. 
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cerebral parenchyma shows hyperechogenic-
echostructure around the basal ganglia due to 
the presence of multiple perivascular spaces 
dilatations. MRI: Multiple T2-hyperintese basal 
ganglia lesions, presented as hypointense areas 
on T1-weigheted and FLAIR sequences in rela-
tion to prominent perivascular spaces.

Conclusions: GPA can provoke dilated perivas-
cular spaces that can be detected not only in 
MRI but also in transcranial duplex. The useful-
ness of neurosonology in extracranialvasculitis 
is well known, however; transcranial duplex 
had generally only been used to measure ve-
locimetric parameters.

Background: C-ANCA positive granulomatosis 
with polyangiitis (GPA) is a necrotizing vascu-
litis involving small vessels that causes multi-
systemic granulomatous inflammation and can 
affect the central nervous system. It requires ra-
diological diagnosis but there are not pathog-
nomonic findings in the neuroimaging. We aim 
to present the unusual case of a GPA patient 
whose intracranial duplex showed charasteris-
tic changes.

Case report: A 52 year old woman is admitted 
to the emergency room presenting right facial 
palsy, motor aphasia and right hemiparesis. 
NIHSS 8. CT scan shows intracerebralhaemor-
rhage in right basal ganglia. Transcranial duplex:
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Results: 250 patients were included, mean age 
was 70.18 years (SD 8). 82.5% were male. 188 
were followed-up for 5 years or more (mean 
follow-up 7 years). All patients had carotid DUS 
immediately after the procedure and at 1, 3, 6 
and every 6 to 12 months thereafter. 16 (6,4%) 
patients suffered ISR, 3 of which (18.8%) occur-
red during the first year and 2 (12.5%) during the
first 6 months. Mean ISR time was 34.5 months 
(range 5- 120).

Conclusions: We did not detect ISR in the first 4 
months so it would be reasonable to postpone 
DUS to the 6th month after the procedure.

Background: Clinical studies on carotid artery 
stenting (CAS) efficacy and security have shown 
good results on the reduction of periprocedu-
ral adverse events and during the first 12-24 
months. However, long-term evidence on in-
stent restenosis (ISR) is limited and therefore, 
duplex ultrasound (DUS) surveillance intervals 
are not unified amongst centres. Our purpose 
is to determine long-term ISR rate after CAS im-
plantation in order to analyse the usefulness of 
close DUS surveillance after the procedure.

Methods: Retrospective observational study 
based on clinical history of patients that have 
undergone endovascular carotid stent inter-
vention.
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Results: There were 26 patients who were trea-
ted with sonothrombolysis and 84 patients 
who were treated with thrombolysis. The age 
(66,3 vs 68), initial neurological finding (NIHSS
14,1 vs NIHSS 14,5), did not show statistical 
differences. The patients who were treated 
with sonothrombolysis were statistically more 
often functionally independent relative to the 
patients treated with thrombolysis (61,5 % vs 
39,2% ; OR 2,47; 95% CI: 1.0020 to 6.1022; P = 
0.0495). There were no statistically significant 
differences related to symptomatic intracereb-
ral hemorrhage between the examined groups 
( 8% vs 7.5 %; P = 0.925).

Conclusion: Sonothrombolysis is considered to
be safe and it increases considerably the per-
centage of patients that are functionally in-
dependent three months following the stroke 
compared to the patients that were treated 
only with intravenous thrombolysis.

Background: Sonothrombolysis (intravenous 
thrombolysis + TCD or TCCD), presents a promi-
sing method for treating the patients with 
acute cerebral infarction compared to mere in-
travenous thrombolysis with alteplase from the 
aspect of safety and therapeutic effect.

Methods: The patients who fulfilled criteria 
were treated with sonothrombolysis or intra-
venous thrombolysis. The efficacy was being 
estimated based on the Modified Rankin Scale 
(mRS) three months after the stroke. A favour-
able outcome – the mRS values ranging from 
0-2. Safety was estimated based on the exis-
tence of symptomatic intracerebral hemor-
rhage. CT of the brain with CT angiography was 
performed up to 48 hours following the thera-
py. If the hemorrhage that could cause the in-
crease in the NIHSS score by ≥4, existed, it was 
considered to be symptomatic.
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Number    Title                         First author                 Country

Successful treatment of systemic and cerebral venous 
thrombosis complicating antithrombin III deficiency with 
non- vitamin K antagonist oral anticoagulants (NOAC)
Dolichoarteriopathies of internal carotid arteries and 
cerebral perfusion
The structure of cardiac arrhythmias in patients with 
cardioembolic stroke. Holter ECG monitoring results
Transcranial tissue Doppler (TCTD) measurement of brain 
tissue motion; software development
Improved envelope detection and fit for pathological TCD 
waveforms
Assessment of recovery after mild traumatic brain injury 
with cerebral hemodynamics: age matters
Algorithm for identification of showers and curtains on TCD 
ultrasound
Deep learning algorithm for grading right-to-left shunts
TCD waveform analysis for differentiating large-vessel and 
distal occlusions
Intracranial artery dissection (IAD) and possible alternative 
treatment hypothesis
Thromby analysis: further in stroke phisyopathology, 
haemodynamics and possible therapeutic perspective
Ischemic stroke with dolichoectasia of the basilar artery, 
radiology examination
Microembolic signals in patients at recovery period of 
ischemic stroke
Development of a flow-phantom for transcranial doppler 
ultrasound quality assurance
In vivo internal carotid “tail” embolization diagnosed by 
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vic CT showed thromboses in right iliac and 
left renal veins. In laboratory findings, D-dimer 
and FDP increased to 1048 and 7.53, respec-
tively, and antithrombin III decreased to 11%. 
SERPINC 1 gene analysis showed no deletion/
duplication variant. After two weeks of low 
molecular-weight heparin(LMWH) and hyper-
tonic saline, we switched to non-vitamin K an-
tagonist oral anticoagulant, edoxaban. After 4 
months, she had no headache and her aphasia 
improved to normal status. Follow-up MR ve-
nography depicted occlusion of sinus, however, 
abdominal & pelvic CT showed improved renal 
and iliac vein thrombosis.

Conclusion: There is a growing interest about 
NOAC in using to long term maintenance thera-
py for CVT. NOAC have several advantages over 
vitamin K antagonists including rapid onset of 
action, predictable pharmacokinetic properties 
and few drug interactions. Many recent studies 
reported that the outcomes of treatment with 
NOAC for CVT have been shown to be similar to 
those achieved with vitamin K antagonist and 
NOAC does not increase the risk of intracrani-
al hemorrhage. However, there is no definite 
guideline yet, so further research is needed to 
show the efficiency of NOAC.

Background: Antithrombin III deficiency is a
rare disease and results in condition of in-
creased coagulation which can lead to venous 
thrombosis. The most frequent localizations are 
known in the veins of the legs, mesenteric veins, 
superficial periumbilical veins. A decreased ac-
tivity of AT III may be resolved by the heparin or 
low molecular weight heparin administration.
We report a case of systemic, including cerebral 
venous sinus thrombosis which was treated 
with NOAC successfully.

Case report: A 39-year-old woman visited 
emergency department with aphasia. She was 
nonsmoker and denied any previous disease 
including stroke, and familial history of vascular 
disease. She had no recent pregnancy, child-
birth, medical history of oral contraceptives or 
hormone replacement therapy. On neurologi-
cal examinations, she showed dysarthria and 
transcortical motor aphasia. NIH stroke scales 
were 2. Diffusion weighted MRI showed high 
signal intensity in left temporo-parietal subcor-
tical and cortical areas without ADC restriction. 
SWI depicted petechial hemorrhages in the 
same areas. TOF and carotid enhanced neck 
MRA were normal. In MR venography, showed 
occlusion of left internal jugular vein, sigmoid 
sinus and transverse sinus. Abdominal & pel-
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territories of elongated carotid arteries. We 
noted a correlation between the length of the 
convoluted carotid arteries and the age of the 
patients, but did not find a correlation between 
age and white matter disease (WMD). A statisti-
cally significant (p<0.005) decrease in cerebral 
perfusion indices was recorded in the vascular 
areas of the anterior cerebral arteries and len-
ticulostriatal arteries on the side of the DICA. 
We also found a correlation between the de-
gree of lengthening of the carotid arteries and 
the age of the patients, as well as the WMD of 
the brain. The association between the severi-
ty of the increase in blood flow velocity, and 
perfusion parameters has not been proven. We 
obtained similar results in an earlier pilot study.

Conclusions: The revealed decrease in the pa-
rameters of cerebral perfusion in the vascular 
areas of the anterior cerebral arteries and len-
ticulostriatal arteries in patients with DICA re-
quires further research.

Background: Dolichoarteriopathies of the in-
ternal carotid arteries (DICA) are thought to 
have the potential to affect cerebral perfusion. 
Existing ultrasound methods do not fully reflect 
the perfusion of brain tissue. The most reliable 
method for assessing the blood supply to the 
brain is perfusion computed tomography (CT). 
In this work, we performed perfusion CT in pa-
tients with lengthening of the internal carotid 
arteries revealed by echography.

Methods: MRI and perfusion CT angiography 
of the brain were performed in 31 patients with 
DICA and ischemic stroke of the contralateral 
hemisphere, as well as 14 patients in the control 
group with ischemic stroke in the hemisphere 
without DICA. In all patients, according to the 
results of duplex scanning of the brachioce-
phalic arteries, different types of dolichoarte-
ropathies were identified.

Results: A statistically significant decrease 
(p<0.05) in the parameters of cerebral perfu-
sion was found within the normal range in the 
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ding persistent atrial fibrillation was 8.37% 
(80 people CI: 6.69-10.31%); paroxysmal atrial 
fibrillation 1.36% (13 people CI:% 0.73-2.31%), 
supraventricular extrasystole (<1000 episodes) 
– 49.06% (469 people CI: 45.84-52.28%), su-
praventricular extrasystole (>1000 episodes) 
– 6.9% (66 people CI: 5.38-8.70%); ventricular 
extrasystoles (<1000 episodes) – 42.89% (410 
people CI: 39.72-46.09%); ventricular extra-
systoles (>1000 episodes) – 6.8% (65 people 
CI: 5.29-8.58%), supraventricular tachycardia 
23.43% (224 people, CI: 20.78-26.25%), ven-
tricular tachycardia 3.97% (38 people CI: 2.83-
5.42%), AV block ≥2nd-degree 0.94% (9 people 
CI: 0.43-1.78%).

Conclusions: As a result of the analysis of 24-
hour Holter ECG data, the most frequent vari-
ant of a rhythm disturbance in the patients 
examined, who have a potentially high risk of 
ischemic stroke of the cardioembolic type, is 
supraventricular extrasystole (49.06%). The rate 
of the most embologenic atrial fibrillation was 
9.73%.

Background: Cardioembolism is the leading 
cause of transient ischemic attacks and ische-
mic stroke. Sources of emboli can be not only 
walls and valves but also the formation of blood 
clots in the chambers when the rhythm is dis-
turbed. Verification of potentially embologenic 
arrhythmias requires the use of long-term ECG 
monitoring.

Methods: In the period from January to August 
2021, 956 people with suspected cardioembo-
lic (according to TOAST) mechanism of de-
velopment of acute focal cerebral ischemia 
treated with medical rehabilitation procedu-
res in the early recovery period of ischemic
stroke underwent 3-channels Holter ECG moni-
toring. The duration of the monitoring was at
least 24 hours. The group of patients consisted of
330 (34.5%) women (64 ± 13 years old, 27-95 ye-
ars old) and 626 (65.5%) men (60 ± 11 years old,
21-90 years old).

Results: Among the identified variants of car-
diac arrhythmias, the proportion of long-stan-
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sing a three-lead electrocardiogram (ECG), as 
well as facilitating the removal of artefacts, and 
enabling comparisons between TCTD data and 
other continuous physiological measurements 
(such as blood pressure, intracranial pressure, 
accelerometer, and capnography data). The GUI 
allows automated extraction of TCTD features 
(such as pulsation amplitude and ‘time-to-
peak’) for future statistical analysis or use with 
machine learning algorithms. The GUI comes 
with an instruction manual and is suitable for 
use by non-experts with minimal training.

Conclusions: Our TCTD analysis software pro-
vides a powerful tool for future research. The 
software is currently being tested for analysis 
of clinical and healthy volunteer physiological 
measurement data and has been successful-
ly used to explore the relationship between 
the amplitude of brain tissue pulsations and 
Et-CO2, blood pressure, and heart rate. Future
applications will focus on analysis of brain tis-
sue pulsations measured in acute stroke pa-
tients to establish whether brain biomechanics 
are disturbed in the presence of stroke.

Background: Ultrasound measurement of car-
diac-induced brain tissue motion using trans-
cranial tissue Doppler (TCTD) has potential to 
inform the development of medical devices 
aimed at diagnosis and monitoring of patients 
with brain injury. The aim of this project was to 
create versatile software package to support 
future analysis of TCTD data across a range of 
research projects.

Methods: A Graphical User Interface (GUI) and 
TCTD analysis package was developed in MAT-
LAB (Mathworks, Natick, MA) to display and 
analyse continuous ultrasound brain tissue mo-
tion measurements acquired using a single-e-
lement 2 MHz TCD. Doppler sample depths se-
lected for analysis ranged from ~2 to 8 cm be-
neath the probe’s surface with a pulse repeti-
tion frequency of 500 Hz.

Results: A GUI was developed to enable re-
searchers to review continuous TCTD recor-
dings displaying either velocity or displacement 
estimates as well as backscattered signal inten-
sity. The software automatically adds markers 
to indicate cardiac R-R intervals measured u-
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highest velocities and subsequent envelope 
detection
4. Time-domain smoothing post-processing
For validation, 50 exams of 10s images with 
known envelope traces were used spanning 
the cases where MGM fails. The improvement 
in accuracy (difference in % variance accounted 
for) and improvement in percentage error in es-
timate of clinical parameters (systolic/diastolic 
velocity/pulsatility index) are reported.

Results: Compared to traditional envelope tra-
cing (MGM algorithm), the new envelope trace 
demonstrated 14-56% improvement in trace 
accuracy, 12-71% improvement in diastolic ve-
locity accuracy, 6-16% improvement in systolic 
velocity accuracy, and up to 211% improvement 
in accurate determination of pulsatility index.

Conclusions: A new adaptive envelope trace 
algorithm is demonstrated, showing significant 
performance improvement over state-of-the 
art envelope trace algorithm based on clinically 
relevant metrics. Based on the technique, this 
algorithm could potentially be used for applica-
tions beyond transcranial pulsed wave Doppler 
as well.

Background: Transcranial Doppler (TCD) ul-
trasonography is a well-established, guideli-
ne-supported modality for the evaluation of ce-
rebral hemodynamics. The TCD spectrogram 
envelope represents the maximal cerebral 
blood flow velocity (CBFV) and is used as the 
basis to indicate hemodynamically significant 
metrics including the systolic, diastolic, and 
mean velocities, Pulsatility index, systolic up-
stroke, and other waveform morphological 
metrics. The accuracy of these metrics; how-
ever, relies upon the accuracy of the envelope 
trace. Industry-standard envelope trace uses 
a modified geometric mean (MGM) method, 
which often fails in cases of low end-diastolic, 
high peak-systolic velocities, poor signal (sig-
nal-to-noise-ratio) and in instances of multiple 
flows (e.g. stenotic flow). We introduce and vali-
date a novel envelope trace algorithm that ac-
curately traces spectrograms in the aforemen-
tioned cases.

Methods: The new envelope trace is an adap-
tive algorithm that utilizes the interquartile sig-
nal range as follows:
1. Time-domain smoothing to pre-process signal
2. Signal to noise ratio assessment
3. Statistical modeling of noise to determine 
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ted. Analysis was completed using Linear Mixed 
Effects models.

Results: In the adolescent cohort, significantly 
increased CVR was observed across days 2-6, 
and days 8-9 post-injury. The college-aged co-
hort exhibited decreased CVR over a similar 
period. A significant fixed effect was only found 
on day 3. Fixed effects of gender in both co-
horts were observed to reach significance for 
mean velocity (F>M), pulsatility index (M>F), 
and P2R (F>M), but not CVR. For both cohorts, 
significant effects were observed for symptoms 
indicating elevated reporting in the initial 7 
days post-injury. Importantly, there was no sig-
nificant effect of cohort in the combined popu-
lation symptom model. 

Conclusions: These results suggest that the dif-
ferent responses to the hypercapnia challenge 
cannot be directly attributed to a difference in 
injury severity as measured by self-reported 
symptoms, and that a critical period of hemo-
dynamic development occurs between these 
two age cohorts.

Background: Altered cerebral hemodynamics 
after mild traumatic brain injury (mTBI) represent
a significant diagnostic and therapeutic target.
Previous studies have found increases in cere-
brovascular reactivity (CVR) in adolescent athle-
tes after mTBI; this conflicts with studies of older
athletes that have demonstrated a decrease in
CVR. Here, we compare the cerebral hemodyna-
mic changes after an mTBI in injured adoles-
cent and college-aged athletes across different
time points.

Methods: Subjects were adolescent (N=69, 
40% female, 15.6±1.2 years) and college-aged 
athletes (N=141, 49.6% female, 20.2±1.1 years), 
with cases assessed at multiple points follow-
ing mTBI (N=30, 23.3% female, adolescent; 
N=46, 50% female, college-aged). These were 
contrasted with controls (N=39, 51% female, 
adolescent; N=74, 47.3% female, college-aged). 
Bilateral measurements of the MCA were re-
corded during a 5-minute baseline, followed by 
two 60-second hypercapnia challenges (CO2 
gas). Self-reported symptom scores were collec-
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nually labeled, and SGA was scored as a binary 
classifier and by a matching score that ranged 
from –1 (no match) to 1 (complete match).

Results: The performance of SGA algorithm 
was 226 true positives, 307 true negatives, 48 
false positives, and 1 false negative out of 582 
total patient exams collected. This yielded a 
sensitivity of 99.6% and specificity of 86.5%. 
The grading scheme resulted in a positive re-
gion grade of 0.68, control grade of 0.95, and an 
overall grade of 0.84.

Conclusions: The automated identification of 
ROIs for showers/curtains demonstrates the 
utility of advanced algorithms to aid in the 
identification of significant events, increasing 
diagnostic confidence for non-expert users. 
This suggests that SGA algorithm is a useful 
tool for the identification of embolic ROI and 
can be used to improve confidence in detecting 
emboli, especially among naïve TCD users and 
for longer exams.

Background: The identification of emboli cur-
tains, or an un-countable shower of emboli, 
on TCD has applications in bubble studies for 
Patent Foramen Ovale (PFO)/Right-to-Left (RLS) 
shunt assessment and for intra-operative moni-
toring. During a bubble study, the number of 
microembolic signals (MES) displayed is quanti-
fied to grade the size of the shunt. Identification 
of emboli showers/curtains is imperative for the 
assessment of pathology and requires expert 
interpretation. This introduces subjectivity that 
can be problematic for non-expert users and ul-
timately harmful to the patient. We present an 
objective metric that identifies regions of inte-
rest (ROI) in the exam with MES showers/curtains 
to increase diagnostic confidence from TCD.

Methods: The Shunt Grade Assist (SGA) algo-
rithm creates signal and noise models from the 
power MMode. Regions of high activity in the 
signal are then found by comparing these mo-
dels over a moving window. SGA was validated 
with clinical data collected using our fully auto-
nomous NovaGuide robotic TCD. ROIs were ma-
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For testing, healthy subjects were scanned 
with a NovaGuide 2 Intelligent Ultrasound for 
60 seconds bilaterally (n=110, 39.7±14.7 years, 
40% female). This dataset was then further en-
riched using segments from a flow-phantom 
with automatic bubble injection. ASG employs 
a stereotypical image classification network 
configuration. The bottom layers consist of 
convolutions of increasing filter size, with two 
fully connected dense layers feeding a softmax 
activated output.

Results: The ASG algorithm had an overall accu-
racy of 97% with individual grades having pre-
cision, recall, and F1-score of Negative: 0.97, 
0.99, 0.98, n=220; Minor: 0.96, 0.87, 0.91, n=86; 
Significant: 0.97, 0.99, 0.98, n=177.

Conclusions: ASG provides both naive and ex-
perienced users more confidence when identi-
fying an RLS. Furthermore, the high sensitivity 
for the Significant grade illustrates that clinical-
ly meaningful shunts are seldom missed.

Background: The utility of transcranial Doppler 
ultrasound (TCD) in identifying right-to-left 
shunts (RLS) is well established. However, the 
interpretation of the results can be a barrier 
for naive users. In this work we demonstrate a 
method for simplifying this process, by emp-
loying deep learning techniques to automate 
the interpretation of TCD bubble studies and 
the grading of an RLS called auto shunt grade 
(ASG). In addition, we are proposing a three 
grade scale that further simplifies the identifi-
cation of shunts.

Methods: Three grades of RLS were defined 
based on the number of emboli counted unila-
terally (Negative: no bubbles, Minor: 1-10
bubbles, Significant: >10 bubbles). 
The training data for ASG was created through 
computationally simulating the Doppler shifted 
ultrasound response to blood cells and gaseous 
emboli in pulsatile flow. The data was created 
in 60-second Power M-Mode segments with 33 
depths. A total of 100,284 segments were gene-
rated for training (80%) and validation (20%). 
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(n=35, 57±16.5 years, 61% male). In addition to 
standard imaging, bilateral TCD measurements 
of the middle cerebral artery were collected. 
TCD waveforms were sampled at 30-s intervals 
and further processed by extracting the corres-
ponding beats and resulting VCI for each sub-
ject.

Results: A one-way ANOVA revealed a signifi-
cant effect of cohort on VCI [F(2, 75) = 41.76, 
p<0.001]. Post-hoc analysis using Bonferroni
correction, found significant differences bet-
ween LVO (2.83 ±0.92) and Controls (5.09±1.14) 
[p<0.001], Distal (3.97±1.13) and controls 
[p<0.05], as well as Distal and LVO [p<0.05] 
groups.

Conclusions: In this case the distal occlusion 
group had VCI values between the LVO and
control groups — supporting VCI as a continu-
ous estimate of vascular dysfunction. Further-
more, the extension beyond binary discriminati-
on illustrates the use of VCI as a complementary 
measure of ischemic stroke severity.

Background: Traditional transcranial Doppler 
(TCD) ultrasound metrics in the acute phase 
of large-vessel occlusion (LVO) diagnosis have 
been shown to provide complementary value 
to current standard-of-care triage modalities. 
In addition to these metrics, pulse-level mor-
phological features have also begun to show 
diagnostic utility. This study explores Velocity 
Curvature Index (VCI), one such morphologi-
cal feature. VCI is an application of curvature, 
which quantifies the degree to which a beat 
morphologically deviates from normal. This 
reduces the dimensionality of a pulse, and has 
shown discriminatory power when comparing 
LVO subjects (ICA, M1, M2, MCA segments) to 
controls. This study extends beyond that bina-
ry case to explore how VCI changes in subjects 
with distal occlusions (M3, M4, MCA segments, 
and lacunar).

Methods: The three cohorts were confirmed by 
CTA imaging and were comprised of LVO (n=36, 
70±20.4 years, 52% male), Distal occlusion 
(n=7, 67±14.6 years, 77% male), and Controls 
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vicarious external carotid arteries plus intracra-
nial anterior and posterior compensation. Ulti-
mately VA occlusion in 2 pts.and post-ricanali-
zation stenosis in three cases were observed. 
Four pts.were given Actilyse, followed by me-
chanical thrombectomy (MT) in two subjects; 
one pt. underwent only BA MT. The thrombo-
lytic was administered in all pts. with confirmed 
diagnosis of vessel occlusion prior to the dis-
section finding. Subsequent and alternative 
therapy: aspirin. The three-month outcome was 
good.

Conclusions: The thrombolytic therapy didn’t 
cause bleeding in small sample of examined 
pts., thus suggesting that it acts on the throm-
botic process, without affecting the integrity 
of the vessel wall, although the latter is poorly 
equipped with elastic fibers and easily vulner-
able to any noxa, probably more traumatic than 
pharmacologic. The study of these few cases 
highlights the role of ultrasound in confirming 
dissection diagnosis and provides ideas to re-
flect on alternative treatments that could envis-
age, after specific trials, the use of thrombolysis 
also in intracranial vessels dissections.

Background: IAD is an uncommon and under-
diagnosed disease, the aim is to identify its 
pathophysiological mechanisms and possible 
alternative therapies.

Methods: Eight patients (pts.), referred to the 
Emergency Department with focal signs, were 
studied. Work-up: neurological examination, 
brain CT-MRI/AG, Digital-Angiography (DA), Ul-
trasounds.

Results: All pts. were diagnosed with cerebral 
ischemia. AG highlighted intradural internal 
carotid artery (ICA) dissection in three pts. and 
both intra-and extracranial ICA dissection in 
one pt. In one subject subarachnoid haemorrh-
age from rupture of intradural ICA dissecting 
aneurysm, treated with embolization, was ob-
served; in another pt. dissection of the basilar 
artery (BA) was detected. The other pts.were 
found to have vertebral artery dissection (VAD).
Ultrasounds monitoring, given in all pts.dur-
ing Stroke Unit hospitalization, detected intra-
dural ICA occlusion in two subjects; a pt. with 
fibrodysplasia showed a tipical finding of both 
intra-extracranial bilateral ICA dissection and 
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The lower thrombus porosity seemed to pro-
mote collateral circulation.

Statistics: Both procedures led to a favourable 
outcome: P< 0.001; no association between fi-
brin load, RBC load, hyperemia and type of treat-
ment, either isolated or combined, was found: P 
> 0.05 (MWT); an association trend between fi-
brin and atherosclerotic load: P= 0.1 and a corre-
lation between collateralization and MT: P = 
0.037 (χ2T) was also detected; almost total agree-
ment between AG and Ultrasound was evident.

Conclusions: The study reveals the poor fibrino-
lytic efficacy of r-tPA against the thrombotic 
mechanism activation, especially in concurren-
ce with a large atherosclerotic load. Without the 
proven superiority of MT, our investigation sug-
gests that further research on thrombi, to supp-
lement those already in progress, are required 
to identify alternative thrombolytics, a success-
ful “cocktail” of thrombolytic combined with an-
tiplatelet agents or anticoagulants, at different 
doses, antibodies neutralizing pro-thrombotic 
factors, ADAMTS-13 enzymes and Nets, nano-
bodies and novel ultrasounds.

Background: Recent studies reported the ques-
tionable utility of bridging therapy with intra-
venous thrombolysis versus mechanical throm-
bectomy (MT) in acute ischemic stroke (AIS) 
with large vessel occlusion (LVO). This study fo-
cuses on the composition of extracted thrombi 
and the resulting haemodynamic repercussions 
on the cerebral circulation.

Methods: Thirty-seven LVO AIS patients (pts.) 
who were given either bridging therapy or MT, 
were studied.

Results: Twenty-three pts. underwent combi-
ned treatment and 14 isolated treatment (MT). 
Recanalization was achieved in all, but two pts., 
with a good outcome in 29 pts.
The length of thrombi was difficult to assess, 
as they rupture during the procedure; the mor-
pho-histological analysis highlighted the pre-
sence of fibrin, red blood cells (RBC), platelets, 
leukocytes. An almost similar amount of white 
and red thrombi was observed with a nearly 
overlapping distribution in both procedures. 
vWF expression was higher in pts. treated with 
combined treatment, in line with fibrin load. 

Abstract category: Clinical case study
Scientific topic: Cerebrovascular Diseases

Abstract      THROMBY ANALYSIS: FURTHER IN STROKE PHISYOPATHOLOGY, 
        title:      HAEMODYNAMICS AND POSSIBLE THERAPEUTIC PERSPECTIVE  
             
Authors: Liaci G.1, Amati F.1, Marzullo A.2 , Addabbo F.3 , Chiapparino C.4, Pascazio L.1
Institutions:
1Stroke Unit, Department of Neuroscience
2 Institute of Pathology
3 Biomedical Science, Policlinico Hospital, University of Bari
4 Department of Neurology, F. Perinei Hospital, Altamura (BA), Italy
E-mail:  luxpas@alice.it



122 123

25th Conference of the European Society of
Neurosonology and Cerebral Hemodynamics

Confluence of East and West                                              Belgrade, Serbia I October 15–17, 2021

70% cases (left MCA – 4 patients, right MCA 
– 2, borderzone MCA/PCA – 1), in posterior – 
30%. The diameters of all intracranial arteries 
(ICA, MCA, ACA, BA, and PCA) in patients with 
BADE were significantly larger (p<0.05), and 
blood flow velocity in them was significantly 
lower than in control group. For example, with 
BADE, the diameter and peak systolic blood 
flow velocity in right MCA/M1 was 3.7±0.6 mm, 
55±14 cm/s (2.8±0.5; 97±35 in control group 
respectively), in left MCA/M1 – 3.5±0.7, 66±30 
(2.9±0.8; 94±31), in BA – 5.9±1, 32±12 (3.6±0.7; 
56±23). MRI of vessel wall in patients with BADE 
revealed areas of CE accumulation not only 
in the BA wall, but also in the vascular wall of
other cerebral arteries.

Conclusions: In elderly patients with BADE, 
changes are revealed not only in BA, but also in 
other cerebral arteries, which may indicate the 
generalized nature of the pathological process.

Background: Dolichoectasia of the cerebral 
arteries, which is nonsaccular intracranial an-
eurysm, is considered rare vascular pathology, 
most often affecting the arteries of posterior 
circulation (in particular – basilar artery). Clini-
cal manifestations of basilar artery dolichoec-
tasia (BADE) are very diverse, most often BADE 
is accompanied by development of ischemic 
stroke (IS) of the brain stem. The aim of this 
study was a comprehensive radiology assess-
ment of patients with BADE who underwent IS.

Methods: Retrospectively, we recruited 10 pa-
tients (8 men and 2 women aged 67±8 years) 
with BADE and IS. The comparison group (pa-
tients after IS without BADE) consisted of 1000 
patients (588 men and 412 women aged 60±13 
years). MRI and MSCT of the brain and intracra-
nial arteries, ultrasound DS were performed. 
2 patients with BADE underwent contrast-en-
hanced (CE) MRI of the vascular wall.

Results: In patients with BADE, the infarction 
focus was localized in anterior circulation in 
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Results: According to brain MRI data in patients 
with MES, the limbic system atrophy on the right 
side (MTA scale) was significantly greater than 
in patients without MES (p=0.017). On the left 
side, a similar picture was observed (p=0.13). In 
patients with MES, the frequency and severity 
of deep microbleeds were significantly higher 
(p=0.045). Vascular wall thickness (atheroscle-
rotic plaque height) according to MSCTA was 
higher in patients with MES, for example: bra-
chiocephalic trunk 4.00+/-1.48mm and 1.88+/-
1.49mm, respectively (p=0.002); right CCA – 
2.90+/-2.18mm and 1.18+/-1.30mm (p=0.006); 
left CCA – 2.23+/-1.50mm and 1.33+/-1.13mm 
(p=0.072); left ICA bulb 3.49+/-1.76mm and 
1.79+/-1.32mm (p=0.003).

Conclusions: MES in our patients was associ-
ated with wall thickness in the CCA and ICA, 
atherosclerosis in the ascending aortic arch. 
There was no connection with cardiac patholo-
gy, concomitant diseases, defects in the plaque 
lining. The main cause of MES in our cohort is 
atherosclerosis, possibly aortic.

Background: Transcranial doppler embolode-
tection is a non-invasive, reproducible method
for emboli detection in the cerebral arteries 
bloodstream. Prevailing opinion is that micro-
emboli usually do not cause the clinical symp-
toms, but are markers and predictors of macro-
embolism. Another point of view: prolonged 
massive microembolization has a cumulative 
effect and leads to vascular dementia. Detec-
tion of microemboli within three months after
a stroke may be a predictor of recurrent stroke 
and death. Despite the prognostic value of 
recorded microembolic signals (MES), their 
pathogenetic role is not fully understood. The 
aim of this study was to compare patients with 
and without MES in the late recovery period of 
IS to identify clinical and diagnostic parameters, 
associated with MES.

Methods: We include 515 patients with ische-
mic stroke. MES in MCA or PCA was observed in
48 (9.3%) patients, in 467 (90.7%) MES were not
 detected. All patients underwent: brachioce-
phalic arteries duplex scanning, echocardio-
graphy, microembolodetection, brain MRI,
brain MSCT.
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average of 57.3±0.43 cm/s for the DWL TCD and 
57±0.21 cm/s for the Spencer system. Timed 
collection confirmed that TCD devices display 
the “mean of the peak velocity envelope”, which 
is around twice the mean velocity. Assuming 
laminar flow, 57 cm/s corresponds to a mean 
velocity or 28.5±0.2 cm/s, or 33.25±0.2 cm/s 
after correcting for a 30° Doppler angle. Fol-
lowing this conversion, mean TCD velocity esti-
mates were in good agreement with the 33.25 
cm/s found on imaging and true mean flow ve-
locity of 33 cm/s confirmed by timed collection.

Conclusion: Our phantom provides a useful tool 
for exploring confusion surrounding TCD blood 
flow estimates, including differences between 
devices. The TCD machines we tested provi-
ded reassuringly similar velocity estimates, but 
care should be taken when comparing velocity 
estimates between TCD and imaging systems, 
remembering that TCD displays the “mean 
peak velocity” which will be roughly twice the 
non-angle corrected time-averaged mean ve-
locity displayed by imaging devices.

Background: Transcranial Doppler (TCD) ultra-
sound estimates of blood flow have potential 
to vary due to differences in methods for calcu-
lating ‘mean velocity’ and the absence of angle 
correction. Here we describe a Middle Cerebral 
Artery (MCA) flow phantom aimed at clarifying 
the interpretation of TCD velocity estimates 
and for use in assessing whether estimates vary 
between manufacturers.

Method: Our MCA flow phantom comprised 3 
mm internal diameter c-flex tubing embedded 
within a validated tissue-mimicking material at 
an angle of 30°. A programmable pump circu-
lated blood mimicking fluid (BMF) in a closed 
loop to generate a typical ‘textbook’ MCA wave-
form with a “mean TCD velocity” of ~55 cm/s. 
Time-averaged velocity estimates were then 
obtained using two TCD devices (Spencer Tech-
nologies, USA, and DWL, Germany), a B-mode 
scanner (Zonare, USA), and with timed collec-
tion as the gold standard.

Results: TCD machines displayed reproducible 
time-averaged MCA velocity estimates, with an 
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60% by NASCET criteria. TCD demonstrated an-
tegrade right MCA flow, turbulence at the right 
ICA terminus, anterior crossflow (left-to-right) 
via retrograde right ACA, antegrade ophthal-
mic artery (OA) on the right and absent right 
ICA siphon signal. There were four microem-
bolic signals (MES) meeting consensus criteria 
for spontaneous emboli in the right MCA dis-
tribution. Each arose in the same location – the 
sonographically turbulent terminal R-ICA. No 
MES were noted in the left MCA, left ACA or 
right ACA that were all simultaneously moni-
tored in real time with the right MCA.

Conclusion: TCD can isolate the source of MES 
by combining the results of a complete study 
and real-time monitoring of all relevant arterial 
segments, and thereby TCD can provide in vivo 
evidence of ICA “tail” embolization.

Background: Internal carotid artery (ICA) occlu-
sion presents a risk for ischemic stroke from 
distal embolization. Proposed source(s) of em-
boli include the “stump” (proximal aspect of 
occlusion) through ipsilateral external carotid 
artery (ECA) collaterals, the “tail” (distal aspect 
of occlusion), or via collaterals, especially the 
contralateral ICA and retrograde anterior cere-
bral artery (ACA) ipsilateral to the occluded ICA. 
There are no reports demonstrating a “tail” ori-
gin of embolization in vivo, which we demon-
strate here using transcranial Doppler (TCD).

Results: A 55-year-old Caucasian male had left 
leg weakness and numbness from a right hemis-
phere ischemic stroke. CT angiography(CTA) 
revealed right ICA occlusion from origin to the 
distal intracranial segment with short segment 
of preserved terminus and left ICA stenosis of 
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mm, IMT at the carotid bifurcation 1,69±0,02 
mm, IMT at the level of CCA 1,16±0,02 vs pts 
of gr.II accordingly: 7,59±0,02 mm (p<0,05), 
1,31±0,02 mm, 1,01±0,02mm (p<0,05) and 
significantly lower end diastolic BFV in MCA, 
ACA, PCA (accordingly: MCA – 0,49±0,02 vs 
0,62±0,02m/s, p<0,05, ACA – 0,41±0,02 vs 
0,50±0,02m/s, p<0,05, PCA – 0,30±0,01 vs 
0,38±0,01m/s, p<0,05). Peak systolic BFV were 
not significantly different. MoCA results were 
related to IMT at the carotid bifurcation value
(r = -0,53; p < 0,01), MCA end diastolic BFV
(r = -0,63; p < 0,01). The same relations were 
between MoCA results and end diastolic BFV 
parameters of ACA and PCA.

Conclusions: Cognitive impairment in patients 
with essential hypertension is more closely
associated with atherosclerotic changes of the 
carotid arteries rather than their hypertensive 
remodulation and increased vascular resistance 
of the cerebral arteries, which is manifested by 
a decrease in their diastolic blood flow velocity.

Background: To determine the association be-
tween cognitive function, parameters of caro-
tid arteries structure and cerebral blood flow in 
patients with essential hypertension (EH).

Methods: In 148 pts with EH (average age 
59,25±1,65; 89 males) we measured ultrasono-
graphically diameter (D) of common carotid 
arteries (CCA), carotid intima-media thickness 
(IMT) value at the carotid bifurcations and at the 
level of CCA, blood flow velocities (BFV) in me-
dia(MCA), anterior(ACA), posterior(PCA) cere-
bral arteries. Cognitive function was assessed 
in all pts by Montreal cognitive assessment 
(MoCA) test. All patients were divided into 2 
groups depending on the MoCA results: group 
I (n = 71) – MoCAscore<26, group II (n =77) – 
MoCA score≥26.

Results: There was not significant difference in 
age between two groups. Pts with cognitive im-
pairment had significantly greater carotid struc-
tural changes: pts of gr.I had DCCA 8,53±0,02 
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Statistics: tendency to favourable outcome in 
pts. with primary compensations and higher 
Careggi Collateral Score, a higher TICI correlates 
with a better outcome at three months (p < 
0.005); correlation between shorter procedure 
and lesser disability at three months (p<0.001), 
correlation between lysis or compensation-in-
duced recanalization and favourable outcome 
(p< 0.005).

Conclusions: Reperfusion is achieved through 
thrombolysis and/or collateral flow with a 
better outcome when both events occur. In-
effective congenital collateralization or macro 
and microcirculation damage may impair any 
compensation, with slower flow, thrombosis 
and haemorrhagic complications. Hence, far 
from inducing reperfusion, recanalization pro-
cedures can result in re-occlusion.This study 
shows that, while providing satisfactory results, 
the above strategies are not always successful. 
Therefore, additional and alternative therapies 
should be considered encouraging studies and 
trials on sonothrombolysis with magnetically or 
otherwise targeted microbubbles, alternative 
thrombolytics, nanomolecules that support 
thrombolysis and strengthen the rete mirabile.

Background: Thrombolysis is the approved 
treatment of the acute ischemic stroke, not al-
ways successful, the aim is understanding the 
ischemia pathophysiology to suppose adjuvant 
therapeutic strategies.
 
Methods: 223 patients (pts.), age range 18-93, 
referred to the Stroke Unit, underwent intrave-
nous thrombolysis (IV-TL) and/or endovascular 
treatment (EVT). Work-up: brain CT/CT-Angi-
ography, DW-PW-Flair-MRI/PW-CT in selected 
cases, diagnostic and therapeutic Digital Angi-
ography (DA), Ultrasound Monitoring.

Results: DA confirmed the steno-occlusions 
detected by CT-AG showing active collaterals 
in 55 pts. (72.3%). 147/223 (65.9%) pts. received 
EVT; 76/223 (34%) pts. isolated EVT (42%) or 
associated with IV-TL (57.8%); average time 
since symptoms onset to IV-TL and EVT was 1-2 
hours. 30 pts. (39%) exhibited complete (TICI 3) 
and early recanalization. Favourable outcome 
at three months (0-2 mRS) in 137/223 (61.4%) 
pts., moderate outcome (mRS: 3) in 21 (9.4%) 
pts., unfavourable in 66/223 (29.5%) pts.; the 
latter being often affected by TACS, having a 
greater atheromasic load, poor collateralization 
and more haemorrhagic complications.
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hematoma, double lumen or intimal flap) and 
indirect signs (arterial stenosis or occlusion). A 
discriminative analysis was performed using 
the SPSS 22.2 software (2016).

Results: Thirty-three patients were identified 
and 4 of them were excluded because of mis-
sing relevant data. The mean age of the remain-
ing 29 patients was 47.4 years (SD = 13.01 years) 
being 21 (72.4%) males. A total of 22 (75.9%) 
patients were classified as spontaneous and in 
5 (24.1%) cases as traumatic according to their 
history. In 15 (51.7%) cases, VA dominance was 
found and in 2 (6.9%) cases the criteria of hypo-
plasia was met. In the group of VA dominance, 
dissection occurred in non-dominant arteries 
in 13 (86.7%) cases. This was statistically signi-
ficant (p=0.01).

Conclusions: VA dissections were more fre-
quent in the non-dominant vessels, Ultrasound 
examiners should be aware of this possible vul-
nerability in adequate clinical setting.

Background: Arterial dissections are charac-
terized by the tearing of the wall layers of the 
vessel and in the case of vertebral arteries they 
may be responsible for about 2% of all vertebro-
basilar strokes. The diameter of the vertebral 
arteries (VA) varies widely being considered 
hypoplastic if < 2 mm. There is some evidence 
that VA dissections occur more frequently in 
the hypoplastic ones but no studies looked for 
an association with the dominants.

Methods: A retrospective analysis of VA dissec-
tion was performed at a neurovascular ultra-
sound unit where patients were evaluated for 
initial diagnosis or follow-up. The criterion for 
VA dominance was a difference in width ≥1 mm 
compared to the contralateral vessels. Hypo-
plastic VA were defined as difference in lumen 
diameter of <2 mm. Clinical files were reviewed 
by a neurologist and the diagnostic images 
were evaluated independently by two senior 
neuroradiology residents who agreed with the 
presence of both direct signs of dissection (wall 
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evaluations were performed by TCD-c using the 
bilateral transtemporal approach (MCA’s) and 
the suboccipital approach (Basilar Artery) with 
and without the Valsalva Maneuver (VM). The 
microembolic signals (MES) were quantified as: 
0 = negative; 1-25 MES = isolated; >25 MES = 
“shower”; countless = "curtain". The number of 
MES in both approaches, were compared using 
the Kappa-Cohen test.

Results: 61 patients (males = 45.9%) were in-
cluded with a mean age of 53 years, (SD = 10.2). 
The Kappa-Cohen test value for concordance 
without VM was 0.85 with standard error 0,06. 
The agreement with the VM was 0.86 with 
standard error 0,06.

Conclusions: We found an almost perfect ag-
reement between transtemporal and subocci-
pital approaches. So, suboccipital approach
appears to be an accurate alternative to identify 
RLS, when the transtemporal one is not avai-
lable.

Background: Patent Foramen Ovale (PFO) is a 
congenital cardiac hole persisting in about 25% 
of the adults. Albeit most patients with PFO 
remain asymptomatic, there is a growing evi-
dence that this may be responsible for ischemic 
events, mainly in young individuals. Transcra-
nial Doppler with injection of saline contrast 
medium (TCD-c) via transtemporal window is 
currently used for detection of right-left shunt 
(RLS), identifying PFO and even non-cardiac 
sources. However, anatomical characteristics 
may limit this path in about 10% of the cases. We 
hypothesized that suboccipital insonation of 
the posterior circulation could be an alternative 
approach to detect RLS, however, there are no 
data validating this method. We aimed to com-
pare the diagnostic accuracy of the subocci-
pital versus transtemporal approaches using 
TCD-c in the detection of RLS.

Methods: A prospective cohort of patients with 
the diagnosis of TIA or stroke was evaluated at 
a Neurosonology Laboratory from September 
2019 to February 2020 to investigate RLS. The 
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Signal to Noise Ratio (SNR), and the proportion 
of each recording rejected as artifact, were 
computed and subsequently compared across 
groups via bootstrapped empirical p-values, 
with a critical level of 0.05 specified for signifi-
cance.

Results: An average SNR of 10.57 (SD=4.23) was 
observed for LRS exam recordings, compared 
to an average of 10.29 (SD=4.68) observed for 
manual recordings. Observed group differen-
ces (p=0.086) did not reach the threshold for 
significance. However, the proportion of rejec-
ted signal averaged 12% (SD=9%) for LRS re-
cordings, compared to 14% (SD=10%) for ma-
nual recordings, with observed group differen-
ces exceeding threshold significance (p<0.01).

Conclusions: These preliminary results suggest 
LRS is capable of measuring TCD in a clinical 
setting with signal quality which does not sig-
nificantly deviate from an expert human sono-
grapher, with a smaller proportion of signal re-
jected as artefact.

Background: High training requirements for 
ultrasound technicians have long been an ob-
stacle to widespread adoption of TCD for acute 
stroke assessment, despite its status as a nonin-
vasive, inexpensive, and conveniently portable 
imaging technology. In this work we compare 
TCD signal quality measured in a clinical control 
population by an expert human sonographer 
to that acquired robotically with the Lucid Ro-
botic System (LRS), a device which automates 
TCD data acquisition.

Methods: Subjects were enrolled at Erlanger 
Medical Center (Chattanooga, TN, USA), as part 
of an ongoing TCD study of large vessel occlu-
sion (LVO). To ensure the presence of LVO did 
not impact signal quality, only CTA-confirmed 
non-LVO control subjects were included in the 
current analysis. CBFV waveforms were recor-
ded in 30 second intervals at multiple depths 
along the left/right Middle Cerebral Arteries of 
105 total subjects: 71 via LRS, and 34 via manual 
examination by the same expert sonographer. 
To assess signal quality for each recording, both 
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Methods: Data from 86 healthy volunteers who 
underwent robotically conducted TCD scans by 
LRS is analyzed. Subjects were consented under 
IRB, with average age 38 ± 12, 66% male. Per-
formance indication is defined as percentage of 
successful scans to insonate the MCA at 1, and 
3 min after starting the LRS search.

Results: On average, unilateral MCA signals are 
located for 86% (95% CI: 80-93%) of subjects af-
ter 1 min search and 94% (95% CI: 89-98%) of 
subjects under 3 min search.

Conclusions: In this retrospective analysis, we 
showed that investigational LRS is highly effi-
cient in insonating MCA as the first requirement 
for contrast TCD examination. Autonomous TCD 
removes the need for experts and facilitates use 
of TCD as an efficient test for RLS diagnosis.

Background: Presence of cardiac Right-to-Left 
Shunt (RLS), usually through a patent forama-
novale (PFO), is shown to be a contributing fac-
tor to stroke and migraine. Contrast Transcrani-
al Doppler (TCD) has proven excellent diagnos-
tic accuracies that makes it a safe, non-invasive 
and cost-efficient test for detecting RLS [1]. 
However, TCD is underutilized due to lack of 
expertise. Insonation of at least one middle ce-
rebral artery (MCA) is the minimum requirement 
for a diagnostic contrast TCD exam. Automated 
robotic signal acquisition could vastly improve 
ease of use and level of expertise required on 
site. We did a retrospective analysis to evaluate 
the efficacy of the investigational Lucid Robotic 
System (LRS) system in insonating MCA blood 
flow to be used for contrast examination.
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Methods: A prospective observational con-
trolled study was carried out in neurocritical 
patients with invasive arterial pressure and ICP 
monitoring, bilaterally middle cerebral arteries 
velocities and B4C monitoring were obtained 
in a basal recording of 5 minutes, followed by 
a second record of 4 minutes with ultrasound 
guided internal jugular veins (IJVs) manual com-
pression for one minute. All parameters able to 
influence TCD and/or ICP recording (i.e. arterial 
blood pressure and pCO2) were controlled to 
assure suitability of comparison between re-
cordings. Analytic data report (P2/P1 ratio, time 
to peak and pulse detection) and correlation 
with the same ICP features, as well as PRx, Mx 
and B4Cx variation were correlated. Data of 40 
patients has been collected to the date. 

Results, discussion and conclusions of prelimi-
nary data will be presented in the 25th meeting 
of the ESNCH 2021 in Belgrade.

Background: Cerebral autoregulation (CAR) 
impairment is observed when intracranial hy-
pertension (ICH, >20 mmHg), systemic or focal 
injuries to the brain are present. Hence, Intra-
cranial pressure monitoring (ICP) and transcra-
nial Doppler (TCD) are techniques used to as-
sess CAR indexes (PRx and Mx respectively). A 
new recently developed cranial pulse sensor 
(B4C) features compatible graphic record with 
cerebral compliance, as this sensor registers 
waveforms with definite ICP peaks (P1, P2 and 
P3), theoretically could permit the study of CAR 
combined with TCD in an exclusively non-inva-
sive fashion (B4Cx), and even the evaluation of 
resistance area product (RAP) and critical clo-
sing pressure (CrCP). The main objective of the 
present study was to evaluate correlation of 
CAR features assessed by different techniques. 
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collapse. Both assessments (TCD and B4C) were 
performed concomitantly to avoid timing bias. 

Results: Preliminary data about no-BD and BD 
samples will be presented in the 25th ESNCH 
meeting in Belgrade. We observed significant 
differences concerning pulse amplitude and 
analytic data report (P2/P1 ratio, time to peak 
and pulse detection). In some BD cases, ICP was 
also monitored, and similarity correlation of ICP 
and B4C waveforms were observed. Discussion: 
We present a new non-invasive technique able 
to register intracranial compliance. In BD, TCD is 
a method to confirm the absence of intracranial 
flow, whereas arterial pulsatility remains pro-
ducing systolic spikes. This pulsatility is trans-
mitted to cranial bone and detected by the B4C 
sensor. 

Conclusions: The maximum skull dilatation ob-
served in BD may be assessed non-invasively. 
Broader studies in this subject may add more 
evidence to this insight.

Background: In clinical practice, some situa-
tions may challenge diagnosing brain death 
(BD), as those conditions that might mimic 
compromised cortical or brain stem function 
per example. Ancillary testing is needed in 
these situations, especially imaging tests. Re-
cently, a strain gauge sensor device (B4C) has 
been developed, which only maintains contact 
with the skull skin and therefore eliminates the 
need for perforation of the skull, being able to 
obtain recordings of cranial dilatation at each 
heartbeat, and consequently reflecting brain 
compliance. As the latter reaches its limit when 
BD is stablished, because of extreme elevation 
of intracranial pressure (ICP), there is a possibi-
lity of B4C to detect maximum skull dilatation. 

Methods: The present research assessed neu-
rocritical patients (Glasgow coma score <5) with 
and without BD signs, to evaluate whether the 
B4C sensor is able to make distinction between 
BD and no-BD patients. Transcranial Doppler 
(TCD) was used as proof of intracranial arterial 
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Results: A total of 106 patients were enrolled 
in this study; 52 patients did not have BD, and 
none of these patients had circulatory arrest ob-
served by CTA or TCD (100% specificity). Of the 
54 patients with a clinical diagnosis of BD, 33 
met the 4PS (61.1% sensitivity), whereas 47 met 
the VS (87% sensitivity), and 52 had TCD posi-
tive results (96% sensitivity). The accuracy of 
both techniques was time-related, with greater 
accuracy when scanning was performed less 
than 12 hours prior to the neurological assess-
ment, as CTA reached 95.5% sensitivity with 
the VS. For both false negatives found by TCD, 
sonographic assessment was conducted more 
than 12 hours prior to clinical definition of BD. 

Conclusions: TCD and CTA can reliably support 
a diagnosis of BD. CTA criterion of absence of 
deep venous opacification can confirm the oc-
currence of cerebral circulatory arrest.

Background: Conventional transcranial Dop-
pler (TCD, blind technique) has been applied 
for brain death (BD) diagnosis support. The 
present study evaluated accuracy of TCD and 
computed tomography angiography (CTA) for 
this purpose, since well-designed and reliable 
studies were lacking for both techniques. 

Methods: A unicenter prospective, observa-
tional controlled study was undertaken. Coma-
tose patients (Glasgow Coma Scale ≤ 5), even 
subjects presenting with first signs of BD, were 
included. CTA scanning of arterial and venous 
vasculature and TCD were performed. A neuro-
logical determination of BD and consequently 
determination of case (BD group) or control 
(no-BD group) was conducted. All personnel 
involved with assessing patients were blinded 
to further tests results. CTA accuracy was calcu-
lated based on the criteria of bilateral no visu-
alization of the internal cerebral veins and the 
distal middle cerebral arteries, the 4-point score 
(4PS), and an exclusive criterion of absence of 
deep brain venous drainage exclusively, the ve-
nous score (VS), considering only the internal 
cerebral veins bilaterally. 
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Results: Our adult female patient and her son 
had ischemic stroke,while she and her daugh-
ter have migraine. All of them had PFO which 
was confirmed by TEE. Also all of them had fin-
dings on TCD bubble test.All of them had no oc-
curance of MES (micro-embolic signals) at rest.
WithVasalvamaneuver mother had 20 MES, son 
had 5 MES and daughter had 2 MES. Mothers' 
and sons' MR of brain showed residual small 
cortical lesions and poststroke normal MRA 
findings. Daughters' MR of brain with MRA is 
withoughtpatology.

Conclusions: We wanted to pay attention to 
this aspect due to a small number of published 
studies concerning PFO inheritance. The latest 
studies about the safety of device closure tend 
to introduce primary stroke prevention be-
cause PFO closure is safe and effective.

Background: Official opinion regarding current 
guidelines about PFO (patent foramen ovale) 
and ASD (atrial septal defect) has remained in-
conclusive for a long time. According to present 
knowledge, atrial shunt (PFO or ASD) is not in-
herited. However, some population based stu-
dies suggest that atrial shunt is probably mater-
nally inherited.

Methods: Nine years ago,we observed 39 year 
old female patient who had criptogenic is-
chemic stroke with PFO. We investigated past 
medical history(migraine with aura, varicose 
veins) and family history (she has 2 maternal 
aunts with history of stroke in their 50s). She 
was examined neurologically, TCD , TTE , TEE , 
brain MRI with MRA. She was administrated by 
intravenous t -PA, because she had top of the 
basilar artery thrombus. After complete clin-
ically improvement she underwent transca-
theter closure of PFO.Five years later, her son, 
aged 16, also had a cryptogenic stroke with 
tunnel-shaped PFO with ASA (atrial septal an-
eurysm), which was transcatheter closed. Her 
daughter is 14 now and suffers from migraine. 
She also has PFO.
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grey-white matter differentiation and diffuse 
cerebral edema was not obvious. An initial TCD 
examination also showed preserved cerebral 
blood flow with normal waveform. On the 8th 
day, TCD showed decreased MCA diastolic flow 
that was not compatible with cerebral circula-
tory arrest, and cerebral blood flows were still 
observed in intracranial major arteries. A fol-
low-up CT showed aggravation of diffuse brain 
swelling.

Conclusions: In our brain death case caused 
by cardiac arrest, TCD showed a false negative 
finding despite compatible clinical examina-
tion and EEG findings. Brain death in this case 
may be caused by extensive cerebral cytotoxi-
city before IICP occurred. TCD findings should 
be cautiously interpreted with consideration of 
an underlying pathophysiology of brain death.

Background: Transcranial Doppler (TCD) is an 
useful ancillary test for brain death diagnosis 
with high level of sensitivity and specificity. The 
characteristic findings of cerebral circulatory 
arrest on TCD are mainly based on increased 
intracranial pressure (IICP). However, TCD has 
several limitations including false negatives. We 
present a brain death case after cardiac arrest 
with preserved cerebral blood flow on TCD.

Case report: A 67-year-old man was admitted 
after cardiac arrest. He had a history of non-ST
segment elevation myocardial infarction and 
coronary artery stenting. He had return of 
spontaneous circulation in 23 minutes. At 5th 
days after cardiac arrest, he was unresponsive 
coma without brainstem reflexes. The electro-
encephalography (EEG) showed flat for 30 mi-
nutes and apnea test was positive, suggesting 
brain death. The brain CT revealed preserved 
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paring with the group without diabetes. There 
was no difference in CIMT when patients were 
divided according to their HOMA index or insu-
lin levels. We also found statistically significant 
higher values of CIMT in patients with arterial 
hypertension comparing to those normoten-
sive. CIMT values were dependent on hyper-
tension duration, being higher in those with 
longer history of hypertension. Patients with 
hyperlipidemia, especially with triglyceride and 
cholesterol elevation had statistically signifi-
cant higher values than those without hyper-
lipidemia. There was no difference in measured 
CIMT comparing smokers and non-smokers or 
in groups of patients divided according to their 
obesity level.

Conclusions: CIMT was higher in patients with 
arterial hypertension, diabetes, prediabetes 
and hyperlipidemia than in patients without 
those cerebrovascular risk factors present. The 
level of obesity didn’t seem to affect CIMT.

Background: Carotid intima-media thickness 
(CIMT) can be used for predicting patient’s vas-
cular age. The correlation of CIMT as an inde-
pendent predictor of stroke and myocardial 
infarction with different cerebrovascular risk 
factors has already been studied, but with diffe-
rent methods of CIMT measurement across 
studies.

Methods: We conducted an observational 
cross-sectional study in obese patients in a 
weight reduction program under medical su-
pervision. CIMT was measured according to the 
Manheim protocol in both common carotid ar-
teries and carotid bifurcations. The effect of ce-
rebrovascular risk factors on CIMT was analyzed.

Results: The total number of patients was 111, 
72% of which were female. Their average age 
was 49 ± 12 years. We found statistically sig-
nificant higher values of CIMT in the groups of 
patients with diabetes and prediabetes com-
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