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Welcome Message

ɍɜɚɠɚɟɦɢ�ɤɨɥɟɝɢ��
ɢ�ɩɪɢɹɬɟɥɢ�

ɂɡɦɢɧɚɥɚɬɚ������ɝɨɞɢɧɚ�ɨɫɬɚɧɚ�ɜ�ɢɫɬɨɪɢɹɬɚ�ɫ�ɝɨɥɟ-
ɦɢɹ�ɭɫɩɟɯ��ɤɨɣɬɨ�ɩɨɫɬɢɝɧɚɯɦɟ�ɤɚɬɨ�ɨɪɝɚɧɢɡɚɬɨɪɢ�ɢ�ɞɨ-
ɦɚɤɢɧɢ�ɧɚ����ɹ�ɋɜɟɬɨɜɟɧ�ɮɨɪɭɦ�ɩɨ�ɧɟɜɪɨɫɨɧɨɥɨɝɢɹ�ɧɚ�
ɋɜɟɬɨɜɧɚɬɚ�ɮɟɞɟɪɚɰɢɹ�ɩɨ�ɧɟɜɪɨɥɨɝɢɹ��

ȼ�ɧɚɫɬɨɹɳɚɬɚ������ɝɨɞɢɧɚ�ɧɢɟ�ɨɬɛɟɥɹɡɜɚɦɟ�ɱɟɬɢ-
ɪɢ�ɧɨɜɢ�ɫɴɛɢɬɢɹ��

±�ɑɟɫɬɜɚɧɟ�ɧɚ����ɝɨɞɢɲɟɧ�ɸɛɢɥɟɣ�ɧɚ�ɧɚɲɟɬɨ�ɫɩɢ-
ɫɚɧɢɟ�Äɇɟɜɪɨɫɨɧɨɥɨɝɢɹ�ɢ�ɦɨɡɴɱɧɚ�ɯɟɦɨɞɢɧɚɦɢɤɚ´�

±�Ɉɪɝɚɧɢɡɢɪɚɧɟ�ɧɚ�Ɋɟɝɢɨɧɚɥɧɢɹ�ɤɭɪɫ�ɧɚ�ɨɛɭɱɟɧɢɟ�
ɧɚ�ȿɜɪɨɩɟɣɫɤɚɬɚ� ɚɤɚɞɟɦɢɹ�ɩɨ�ɧɟɜɪɨɥɨɝɢɹ�� ɤɨɣɬɨ� ɫɟ�
ɩɪɨɜɟɠɞɚ�ɨɬɧɨɜɨ�ɜ�ɝɪɚɞ�ɋɨɮɢɹ��ɦɟɠɞɭ���ɢ���ɨɤɬɨɦ-
ɜɪɢ������ɝɨɞɢɧɚ�ɜ�ɉɚɪɤ�ɯɨɬɟɥ�Ɇɨɫɤɜɚ�

±�ɉɪɨɜɟɠɞɚɧɟ�ɧɚ�ɬɪɚɞɢɰɢɨɧɧɚɬɚ�ɞɟɜɟɬɚ�ɫɪɟɳɚ�ɧɚ�
ɧɚɲɟɬɨ�ɫɞɪɭɠɟɧɢɟ��ɫɴɜɦɟɫɬɧɨ�ɫ�Ȼɴɥɝɚɪɫɤɚɬɚ�ɚɤɚɞɟ-
ɦɢɹ�ɧɚ�ɧɚɭɤɢɬɟ�ɢ�ɢɡɤɭɫɬɜɚɬɚ�

±� ɋɴɩɪɢɱɚɫɬɧɨɫɬ� ɤɴɦ� ɢɧɢɰɢɚɬɢɜɚɬɚ� ÄȽɨɞɢɧɚ� ɧɚ�
ɦɨɡɴɤɚ´�ɧɚ�ȿɜɪɨɩɟɣɫɤɢɹ�ɫɴɜɟɬ�ɩɨ�ɦɨɡɴɤɚ�ɢ�ɨɛɨɡɧɚɱɚ-
ɜɚɧɟ�ɧɚ�ɜɫɢɱɤɢ�ɫɴɛɢɬɢɹ�ɧɚ�ȻȺɇɆɏ�ɞɨ�ɤɪɚɹ�ɧɚ������
ɝɨɞɢɧɚ�ɫ�ȿɜɪɨɩɟɣɫɤɢɹ�ɡɧɚɤ�ɡɚ�ɧɟɹ�

ȼɨɞɟɳɢ�ɟɜɪɨɩɟɣɫɤɢ�ɫɩɟɰɢɚɥɢɫɬɢ�ɩɨ�ɧɟɜɪɨɥɨɝɢɹ�
ɳɟ�ɩɪɟɞɫɬɚɜɹɬ�ɚɤɬɭɚɥɧɢ�ɩɪɨɛɥɟɦɢ�ɧɚ�ɫɬɚɪɟɟɳɢɹ�ɦɨ-
ɡɴɤ��ɦɨɡɴɱɧɢɹ�ɢɧɫɭɥɬ�ɢ�ɞɟɦɟɧɰɢɹ��ɧɨɜɢ�ɬɟɯɧɨɥɨɝɢɢ�ɜ�
ɧɟɜɪɨɪɟɯɚɛɢɥɢɬɚɰɢɹɬɚ�ɢ�ɧɟɜɪɨɫɨɧɨɥɨɝɢɹɬɚ��

Ɂɚ�ɭɱɚɫɬɢɟ�ɜ�ɨɛɭɱɟɧɢɟɬɨ�ɫɚ�ɫɟ�ɪɟɝɢɫɬɪɢɪɚɥɢ�ɫɩɟ-
ɰɢɚɥɢɫɬɢ�ɩɨ�ɧɟɜɪɨɥɨɝɢɹ��ɮɢɡɢɤɚɥɧɚ�ɦɟɞɢɰɢɧɚ��ɪɟɯɚ-
ɛɢɥɢɬɚɰɢɹ��ɤɢɧɟɡɢɬɟɪɚɩɢɹ��ɫɬɭɞɟɧɬɢ�ɢ�ɫɩɟɰɢɚɥɢɡɚɧ-
ɬɢ� ɨɬ� ��� ɞɴɪɠɚɜɢ� ±�Ȼɴɥɝɚɪɢɹ��Ɇɚɤɟɞɨɧɢɹ��ɋɴɪɛɢɹ��
Ɋɭɫɢɹ��Ɇɨɥɞɨɜɚ��ɍɤɪɚɣɧɚ��Ⱥɥɛɚɧɢɹ��Ɋɭɦɴɧɢɹ��Ȼɨɫɧɚ�
ɢ�ɏɟɪɰɟɝɨɜɢɧɚ�ɢ�ȿɝɢɩɟɬ�

ɉɨɠɟɥɚɜɚɦ�ȼɢ�ɩɨɥɡɨɬɜɨɪɧɨ�ɭɱɚɫɬɢɟ�ɜɴɜ�ɮɨɪɭɦɚ�

� ȼɚɲɚ

� � Ⱥɤɚɞ��ɩɪɨɮ��ȿ��Ɍɢɬɹɧɨɜɚ��ɞ�ɦ�ɧ��
� � ɉɪɟɞɫɟɞɚɬɟɥ�ɧɚ�ȻȺɇɆɏ

'HDU�&ROOHDJXHV�
DQG�)ULHQGV�

,Q� WKH�SDVW�\HDU�������� WKH���WK�:RUOG�1HXURVRQRORJ\�
0HHWLQJ�RI�WKH�:RUOG�)HGHUDWLRQ�RI�1HXURORJ\�WRRN�LWV�
ULJKWIXO�SODFH� LQ�KLVWRU\�ZLWK� LWV� LPPHQVH� VXFFHVV� WKDW�
ZH�DFKLHYHG�DV�KRVWV�DQG�RUJDQL]HUV�

,Q�WKH�FXUUHQW�\HDU��������ZH�GH¿QH�IRXU�QHZ�HYHQWV�
±�&HOHEUDWLRQ�RI�WKH���WK�DQQLYHUVDU\�RI�RXU�VFLHQWL¿F�

-RXUQDO�³1HXURVRQRORJ\�DQG�&HUHEUDO�+HPRG\QDPLFV³�
±�3ODQQLQJ�DQG�RUJDQL]DWLRQ�RI�WKH�5HJLRQDO�7HDFK-

LQJ� &RXUVH� RI� WKH� (XURSHDQ� $FDGHP\� RI� 1HXURORJ\��
ZKLFK�ZLOO� WDNH�SODFH� LQ�6R¿D�IURP���QG� WR��WK�2FWREHU�
������LQ�3DUN�+RWHO�0RVNYD�

±�2UJDQL]DWLRQ�RI�RXU�WUDGLWLRQDO��WK�0HHWLQJ�RI�WKH�
%61&+�MRLQWO\�ZLWK�WKH�%XOJDULDQ�$FDGHP\�RI�6FLHQF-
HV�DQG�$UWV���

±�6XSSRUWLQJ�WKH�LQLWLDWLYH�³<HDU�RI�WKH�%UDLQ³�RI�WKH�
(XURSHDQ�&RXQFLO�RQ�%UDLQ�DQG�GHVLJQDWLQJ�ZLWK�LWV�ORJR�
DOO�WKH�%61&+�HYHQWV�ZKLFK�ZLOO�EH�KHOG�WLOO�WKH�HQG�RI�
�����

/HDGLQJ�(XURSHDQ�VSHFLDOLVWV�LQ�WKH�¿HOG�RI�1HXURO-
RJ\�ZLOO�SUHVHQW�FXUUHQW�SUREOHPV�RQ� WKH� WRSLFV�RI� WKH�
DJLQJ�EUDLQ��VWURNH�DQG�GHPHQWLD��DQG�QHZ�WHFKQRORJLHV�
DSSOLHG�LQ�1HXURUHKDELOLWDWLRQ�DQG�1HXURVRQRORJ\��

)RU� WKH� ($1� 5HJLRQDO� 7HDFKLQJ� &RXUVH� ZH� KDYH�
UHJLVWHUHG�GHOHJDWHV� IURP� WKH�¿HOGV�RI�1HXURORJ\��3K\VL-
FDO�0HGL�FLQH��5HKDELOLWDWLRQ��3K\VLRWKHUDS\��VWXGHQWV�DQG�
JUDGXDWHV�LQ�WUDLQLQJ�IURP����FRXQWULHV�±�%XOJDULD��5HSXE-
OLF�RI�0DFHGRQLD��6HUELD��5XVVLD��0ROGRYD��8NUDLQH��$OED-
QLD��5RPDQLD��%RVQLD�DQG�+HU]HJRYLQD��DQG�(J\SW���

,�ZLVK�\RX�D�IUXLWIXO�SDUWLFLSDWLRQ�LQ�WKH�IRUXP�
�

6LQFHUHO\�
� �
� �
� � $FDG��3URI��(�7LWLDQRYD��0'��3K'��'6F
� � 3UHVLGHQW�RI�%61&+
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'HDU�5HDGHUV�

,Q� WKH�SDVW����\HDUV� WKH� -RXUQDO�Ä%XO-
JDULDQ� 1HXURVRQRORJ\� DQG� &HUHEUDO�
+HPRG\QDPLFV³�HVWDEOLVKHG�LWVHOI�DV�D�
OHDGLQJ�VFLHQWL¿F�SHULRGLFDO�LQ�WKH�¿HOG�
RI� 1HXURORJ\� DQG� 1HXURVRQRORJ\� LQ�
%XOJDULD�DQG�FDXVHG�D�JURZLQJ�LQWHUHVW�
LQ�WKH�LQWHUQDWLRQDO�QHXURORJLF�FRPPX-
QLW\�� ,W� LV� SXEOLVKHG� LQ� ERWK�%XOJDULDQ�
DQG� (QJOLVK� DQG� LV� HDVLO\� DFFHVVLEOH�
RQOLQH� DW� WKH� LQWHUQHW� ZHESDJH� RI� WKH�
$VVRFLDWLRQ�

7KURXJK� LQIRUPLQJ� LWV� UHDGHUV� RQ�
WKH� ODWHVW� DFKLHYHPHQWV� LQ� WKH�¿HOG� RI�
1HXURVRQRORJ\� DQG� FHUHEUDO� KHPR-
G\QDPLFV� DQG� WKHLU� DSSOLFDWLRQ� LQ� WKH�
DUHDV� RI� 1HXURORJ\�� 1HRQDWRORJ\�� 3H-
GLDWULFV�� 9DVFXODU� 6XUJHU\� DQG� RWKHU�
PHGLFDO�DUHDV��WKH�-RXUQDO�¿OOHG�XS�WKH�
H[LVWLQJ� JDS� LQ� WKH� %XOJDULDQ� VFLHQ-
WL¿F� SHULRGLFDOV� DQG� EHFDPH� D� WULEXQH�
WR� VKDUH� VFLHQWL¿F� DQG� SUDFWLFDO� H[SH-
ULHQFHV�RI�%XOJDULDQ� DQG� ,QWHUQDWLRQDO�
SURIHVVLRQDOV�� WKURXJK� WKH� SXEOLFDWLRQ�
RI� RULJLQDO� DUWLFOHV�� UHYLHZV�� ERRN� UH-
YLHZV�� OHWWHUV� DQG� VFLHQWL¿F� LQIRUPD-
WLRQ�ZLWKLQ�LWV�VHFWLRQV���

7KH�(GLWRULDO�%RDUG�ZLOO�FRQWLQXH�WR�
ZRUN�KDUG�IRU�IXUWKHU�GHYHORSPHQW�DQG�
JURZWK�RI� WKH� -RXUQDO� LQ� WKH�EHQH¿W�RI�
LWV�UHDGHUV�DQG�LQWHUQDWLRQDO�UHFRJQLWLRQ�
DQG�LPSDFW��

+$33<�$11,9(56$5<!
������
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ɍɜɚɠɚɟɦɢ�ɱɢɬɚɬɟɥɢ�

ɉɪɟɡ�ɢɡɦɢɧɚɥɢɬɟ����ɝɨɞɢɧɢ�ɫɩɢɫɚ-
ɧɢɟɬɨ�³ɇɟɜɪɨɫɨɧɨɥɨɝɢɹ�ɢ�ɦɨɡɴɱɧɚ�ɯɟ-
ɦɨɞɢɧɚɦɢɤɚ´� ɫɟ� ɭɬɜɴɪɞɢ� ɤɚɬɨ� ɜɨɞɟɳɨ�
ɩɟɪɢɨɞɢɱɧɨ�ɧɚɭɱɧɨ�ɫɩɢɫɚɧɢɟ�ɜ�ɨɛɥɚɫ-
ɬɬɚ� ɧɚ� ɧɟɜɪɨɥɨɝɢɹɬɚ� ɢ� ɧɟɜɪɨɫɨɧɨɥɨ-
ɝɢɹɬɚ�ɜ�Ȼɴɥɝɚɪɢɹ�ɢ�ɩɨɪɨɞɢ�ɧɚɪɚɫɬɜɚɳ�
ɢɧɬɟɪɟɫ� ɧɚ� ɦɟɠɞɭɧɚɪɨɞɧɚɬɚ� ɧɟɜɪɨɥɨ-
ɝɢɱɧɚ�ɨɛɳɧɨɫɬ�ɤɴɦ�ɧɟɝɨ��Ɍɨ�ɫɟ�ɢɡɩɢɫ-
ɜɚ�ɧɚ�ɛɴɥɝɚɪɫɤɢ�ɢ�ɚɧɝɥɢɣɫɤɢ�ɟɡɢɤ�ɢ�ɟ�
ɫɜɨɛɨɞɧɨ�ɞɨɫɬɴɩɧɨ�ɨɧɥɚɣɧ�ɜ�ɢɧɬɟɪɧɟɬ�
ɫɬɪɚɧɢɰɚɬɚ�ɧɚ�Ⱥɫɨɰɢɚɰɢɹɬɚ�

ɑɪɟɡ� ɢɧɮɨɪɦɢɪɚɧɟ� ɧɚ� ɱɢɬɚɬɟɥɢɬɟ�
ɡɚ�ɧɚɣ�ɧɨɜɢɬɟ�ɞɨɫɬɢɠɟɧɢɹ�ɜ�ɧɟɜɪɨɫɨ-
ɧɨɥɨɝɢɹɬɚ� ɢ� ɦɨɡɴɱɧɚɬɚ� ɯɟɦɨɞɢɧɚɦɢ-
ɤɚ�ɢ�ɬɹɯɧɨɬɨ�ɩɪɢɥɨɠɟɧɢɟ�ɜ�ɧɟɜɪɨɥɨ-
ɝɢɹɬɚ�� ɧɟɨɧɚɬɨɥɨɝɢɹɬɚ�� ɩɟɞɢɚɬɪɢɹɬɚ��
ɫɴɞɨɜɚɬɚ� ɯɢɪɭɪɝɢɹ� ɢ� ɞɪɭɝɢ� ɨɛɥɚɫɬɢ�
ɧɚ� ɦɟɞɢɰɢɧɚɬɚ�� ɫɩɢɫɚɧɢɟɬɨ� ɩɨɩɴɥɧɢ�
ɫɴɳɟɫɬɜɭɜɚɳɚ�ɩɪɚɡɧɨɬɚ�ɜ�ɛɴɥɝɚɪɫɤɚ-
ɬɚ� ɧɚɭɱɧɚ� ɩɟɪɢɨɞɢɤɚ� ɢ� ɫɟ� ɩɪɟɜɴɪɧɚ�
ɜ� ɬɪɢɛɭɧɚ� ɡɚ� ɫɩɨɞɟɥɹɧɟ� ɧɚ� ɧɚɭɱɟɧ�
ɢ� ɩɪɚɤɬɢɱɟɫɤɢ� ɨɩɢɬ� ɧɚ� ɛɴɥɝɚɪɫɤɢ� ɢ�
ɱɭɠɞɟɫɬɪɚɧɧɢ�ɫɩɟɰɢɚɥɢɫɬɢ�ɱɪɟɡ�ɩɭɛ-
ɥɢɤɭɜɚɧɟ�ɧɚ�ɚɜɬɨɪɫɤɢ�ɫɬɚɬɢɢ��ɨɛɡɨɪɢ��
ɪɟɰɟɧɡɢɢ�� ɩɢɫɦɚ� ɢ� ɧɚɭɱɧɢ� ɢɧɮɨɪɦɚ-
ɰɢɢ�ɜ�ɫɜɨɢɬɟ�ɪɭɛɪɢɤɢ��

Ɋɟɞɚɤɰɢɨɧɧɚɬɚ� ɤɨɥɟɝɢɹ� ɳɟ� ɩɪɨ-
ɞɴɥɠɢ� ɞɚ� ɩɨɥɚɝɚ� ɭɫɢɥɢɹ� ɡɚ� ɩɨ�ɧɚɬɚ-
ɬɴɲɧɨ�ɪɚɡɜɢɬɢɟ�ɧɚ�ɫɩɢɫɚɧɢɟɬɨ�ɜ�ɢɧ-
ɬɟɪɟɫ�ɧɚ�ɫɜɨɢɬɟ�ɱɢɬɚɬɟɥɢ�ɢ�ɧɟɝɨɜɨɬɨ�
ɦɟɠɞɭɧɚɪɨɞɧɨ�ɢɧɞɟɤɫɢɪɚɧɟ�

ɑȿɋɌɂɌ�ɘȻɂɅȿɃ�
������

Ɉɬ�Ɋɟɞɚɤɰɢɨɧɧɢɹ�ɫɴɜɟɬ
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About EAN

At the EFNS/ENS Joint Congress of European Neurology in Istanbul, June 2014 one strong unified European 
neurological society, the EUROPEAN ACADEMY OF NEUROLOGY (EAN) was founded. (www.eaneurology.org) 

The ASSEMBLY OF DELEGATES is the democratic heart of EAN: 45 national delegates representing the 45 
member nations of the EAN and an equal number of delegates representing the currently 900 individual members. 

The EAN BOARD – 7 elected and two appointed officers: 

President:  Günther Deuschl (Germany)
Vice President:  Franz Fazekas (Graz, Austria)
Secretary General:  Didier Leys (Lille, France)
Treasurer:  Marianne de Visser (Amsterdam, The Netherlands)
Member at large:  Per Soelberg Sørensen (Copenhagen, Denmark)

Chair Education Committee:  Hannah Cock (London, United Kingdom)
Chair Liaison Committee:  David Vodušek (Ljubljana, Slovenia)
Chair Programme Committee:  Paul Boon (Ghent, Belgium)
Chair Scientific Committee:  Antonio Federico (Siena, Italy)

The EUROPEAN JOURNAL OF NEUROLOGY is the official publication of the EAN. 
(www.europeanjournalofneurology.com) 

NEUROPENEWS is the official communication platform of the EAN. 
(www.neuropenews.org) 
 
The FIRST EAN CONGRESS will be held in Berlin, Germany on 20-23 June 2015. 
(www.eaneurology.org/berlin2015) 

 The EAN HEAD OFFICE is located in Vienna, Austria. 

AIMS OF THE EAN
Excellence in Neurology in Europe 

Membership benefits are...
• free online access to the online learning platform eBrain (www.ebrainJNC.com) 
• free online access to Guideline papers
• free online access to the European Journal of Neurology 
• reduced fee at EAN congresses
• access to educational grants
• access to CME online 

•  To increase the availability and standards of 
neurological services 

•  To advance the development of Neurology 
•  To encourage collaboration between European 

national neurological societies 
•  To support neurological research, encourage 

research collaboration 
•  To strengthen the standard, availability and 

equality of neurological education 

•  To raise awareness among the lay public,  
media, health care providers and other 
stakeholders, as well as law and policy makers 
about the burden and cost of neurological 
disorders and the benefits which clinical 
neurology can bring 

•  To collaborate with international, national and 
regional neurological associations and related 
international health organisation
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Nowadays, the mobility across Europe during training has increased 
greatly and it represents an opportunity for young neurologists to 
have an insight on various medical systems, attend scientific meet-
ings, courses in order to improve knowledge, skills and also net-
work with colleagues.

The European Association of Young Neurologists and Trainees 
(EAYNT) is a non-profit organisation that was founded in 1999. Its 
majors aims are as follows:

• Informing young neurologists on scientific and training op-
portunities

• Supporting young neurologists in traveling to other coun-
tries for research or clinical training

• Representing young neurologists at international level in 
scientific associations

• Improving neurology training by bringing knowledge to a 
common level (teaching courses, online education, examina-
tions)

• Connecting neurology trainees across the world and identi-
fying their training needs, issues and perspectives

Becoming member of EAYNT is free and you can become mem-
ber if you are Medical doctor training in neurology and related 
fields (neurophysiology, neurosurgery, neurosciences) or Qualified 
neurologist under 40 years. Registration can be done online, on our 
website www.eaynt.org

The EAYNT Past Office (2013) was composed of: Edina T. Varga - 
Past-president (Hungary), Antonella Macerollo - President (Italy), 
Orsolya Gyorfi - Secretary (Romania), Xenia Kobeleva - Treasurer, 
(Germany).

Our current Office 2014 is composed of: Antonella Macerollo - Past-
president (Italy), Orsolya Györfi - President (Romania), Péter Balicza - 
Treasurer (Hungary), Monica Moarcăș - Secretary (Romania).

The EAYNT activities are performed in close collaboration with 
international organisations: EFNS, ENS, EAN, Danube  Neurology 
Association , UEMS/European Board of Neurology, WFN, National 
societies of junior neurologists.

During EFNS, ENS, EAN meetings, our activities include: booth, 
special sessions, hospital visits, poster sessions co-chairing, ab-
stracts reviewing, presence in scientific panels, lottery and social 
events for young neurologists.

Young neurologists have the oppportunity to visit hospitals in 
important centres during international congresses and have an in-
sight on other medical and training systems. 

During Special sessions, well known speakers offer talks on dif-
ferent aspects of neurology training; young neurologists have the 
opportunity to learn about ways to build a path in neurology – both 
clinical and research. At Joint Congress of European Neurology 2014, 
we had the honour to listen to Prof. Jose Fero, Prof. Walter Paulus and 
Dr. Laszlo Sztriha on „Do’s and do not’s in neurology”. We will meet 
again for the Special session at the First Congress of EAN Berlin 2015.

For poster sessions at European Congresses young neurologists can 
be co-chair on call. This is an opportunity for young neurologists to ac-
tively interact with authors and discuss the posters, to establish connec-
tions with senior neurologists and to take  responsibility early in career.

Subspecialty Scientific panels of EAN have following aims: Good 
clinical practice across Europe, Guidelines, Coordinating research in Eu-
rope, Improving training and continual  medical education.

Chairpersons may recruit young neurologists from their own 
department who will be nominated official Secretary.

Lotteries at European congresses have prizes like reflex ham-
mers, T-Shirts, but also travel grants. Social events during congresses 
help young neurologists network, know each other, and make new 
friends.

In Danube Neurology Association, EAYNT has a representative 
in executive Board and a meeting at annual symposia. EAYNT has a 
representative also in UEMS/European Board of Neurology. During 
World Congresses of Neurology, EAYNT has a booth thanks to WFN.

The European Board of Neurology Examination is a tool for as-
sessment of European neurological education and improvement 
of its standards created by European Union of Medical Specialists 
(UEMS) Section of Neurology. It was first held in 2009 and is a sign 
of excellence, but no legal consequences attached. EAYNT offers 
grants for young neurologists who wish to pass the examination.

Next, I will present some of the training opportunities and 
grants available for young neurologists:

1. EAN Department-Department Cooperation programme 
2015, 55 grants (each maximum € 1,800) for staying at a foreign 
department for 6 weeks

2. Fellowship programme 2015
Up to 8 grants to support research of young neurologists in de-

partments outside their residence country.
3. EAN Spring School in Stare Splavy, Czech Republic , May 7-10th

Topics in 2015: Neurooncology, Language and higher nervous 
activity, Neurotraumatology.

4. Regional teaching courses
The Open Facilities for Training in European Neurology (OFTEN) 

Exchange programme initiated by European Board of Neurology in 
2002 that aims Improvement of training on clinical skills and re-
search by visiting acknowledged departments. There are included 
over 18 countries/ 106 departments and it is given full credit from 
national neurological and medical societies. This programme is 
maintained by EAYNT. 

Travel grants for congresses can be EAN Congress grants and 
EAYNT travel grants.

Other EAN grants include:
1.  EAN Investigator Award Berlin 2015 - any poster or oral pre-

sentation is eligible.
2. PK Thomas Prize Berlin 2015 - Best paper on peripheral nerve 

disorder.
3. EAN Tournament Uschi Tschabischer Prize for Young Neurologists.
Application when submitting abstract for First Congress of EAN 

Berlin 2015, 12 persons selected and receive free registration, travel 
grant and free accommodation.

EAYNT has always aimed to be close to young neurologists and 
meet their needs. There are surveys by which we tried to evaluate 
certain aspects of training, for example the satisfaction of trainees 
with their clinical training and practical skills.

In conclusion, we believe that together, we can make neurol-
ogy training a better, more challenging and rewarding path to a 
successful career and also for the benefits of our patients.

You can find us online here: 
www.eaynt.org
www.facebook.com/eaynt 

(8523($1�$662&,$7,21�
2)�<281*�1(852/2*,676�$1'�75$,1((6�u�($<17�
)XWXUH�3HUVSHFWLYHV�IRU�<RXQJ�1HXURORJLVWV�LQ�(XURSH

0RQLFD�0RDUFDV
EAYNT Secretary
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Scientific Programme

THURSDAY, 2 October 2014

9th Meeting of the Bulgarian Society 
of Neurosonology and Cerebral Hemodynamics 

(Park Hotel Moskva)

14.00 – 15.30 Registration
15.30 – 17.00 General Assembly of BSNCH (for members)
17.00 – 17.30 Satellite Symposium.

Chairpersons: E. Titianova (Bulgaria)
Eternity in Neurology with UCB.
S. Andonova (Bulgaria)

17.00 – 17.20

17.20 – 17.30 Discussion
17.30 – 18.00 Coffee Break
18.00 – 18.15    Opening Ceremony
18.15 – 19.30 Satellite Symposium of Actavis.

Chairpersons: E. Christova (Bulgaria)
18.15 – 19.15 Secrets of Active Aging.

E. Titianova (Bulgaria)
19.15 – 19.30 Discussion

19.30 – 22.00 Dinner
Ten-Year Anniversary Celebration of the Journal “Neurosonology and Cerebral Hemodynamics”

FRIDAY, 3 October 2014

REGIONAL TEACHING COURSE 
of the European Academy of Neurology 

(Park Hotel Moskva)

08.00 – 18.00 Registration
09.00 – 09.30 Opening Ceremony

E. Titianova (Bulgaria), V. Demarin (Croatia)
Greetings from the Chair of the Regional Teaching Course.
E. Titianova (Bulgaria)
Greetings from the Godmother of the Regional Teaching Course.
V. Demarin (Croatia)
Greetings from the Secretary of the European Association of Young Neurologists  and Trainees.
M. Moarcas (EAYNT)
Greetings from Bulgarian Institutions

AGING BRAIN, STROKE AND DEMENTIA 

09.30 – 10.15 How to Face the Burden of AF with Aging to Prevent Stroke and Vascular Dementia.
E. Azevedo (Portugal)

10.15 – 10.20 Break
10.20 – 11.05 Stroke and Neuroplasticity.

V. Demarin, S. Morovic (Croatia)
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11.05 – 11.20 Coffee Break

11.20 – 12.05 Present State of Thrombectomy in Acute Stroke.
K. Niederkorn (Austria)

12.05 – 12.10 Break
12.10 – 12.55 Classification and Early Diagnosis of Cognitive Impairments.

L. Traykov (Bulgaria)
12.55 – 13.00 Break
13.00 – 13.40 European Association  of Young Neurologists and Trainees – EAYNT. 

Future Perspectives for Young Neurologists in Europe.
M. Moarcas

13.40 – 15.00 Lunch
15.00 – 18.00
Hall 1

Hall 2

Hall 3

Interactive Workshops (Hall1, Hall2, Hall3)
Functional Transcranial Doppler in Stroke Risk.
E. Azevedo (Portugal)
Vascular Dementia – Is There a Way to Prevent It? 
V. Demarin, S. Morovic (Croatia)
Silent Brain Infarction.
K. Niederkorn (Austria)

16.40 – 17.10 Coffee Break
18.30 – 22.00 Dinner (Park Hotel Moskva)

SATURDAY, 4 October 2014

MODERN ASPECTS OF NEUROREHABILITATION 

09.00 – 09.45 Advance in Neurorehabilitation After Stroke.
M. Siebler (Germany)

09.45 – 09.50 Break
09.50 – 10.35 Brain Imaging in Neurorehabilitation.

I. Tarkka (Finland)
10.35 – 11.00 Coffee Break
11.00 – 11.45 Combining Electrical Stimulation Mediated by Iterative Learning Control   

with Movement Practice using Real Objects and Simulated Tasks for Post-Stroke  
Upper Extremity Rehabilitation.
A. M. Hughes, E. Hallewell, M. Kutlu,  C. Freeman, K. Meadmore (UK)

11.45 – 11.50 Break
11.50 – 12.35 Hemiparetic Gait in Stroke Neurorehabilitation.

E. Titianova (Bulgaria)
12.35 – 14.00 Lunch
14.00 – 17.00
Hall 1

Hall 2

Hall 3

Interactive Workshops (Hall1, Hall2, Hall3)
Attention Lounge – a New Concept of Neuropsychological Rehabilitation.
M. Siebler (Germany)
Brain Imaging in Neurorehabilitation. 
I. Tarkka (Finland)
Neurological Rehabilitation using FES – Potential Underlying Mechanisms.
A. M. Hughes (UK)

15.40 – 16.10 Coffee Break
17.00 – 19.00 City Tour
20.00 Gala Dinner
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SUNDAY, 5 October 2014

ADVANCE OF NEUROSONOLOGY 

09.00 – 09.45 Ultrasound Study of Intracranial Stenoses: Pre- and Post- Endovascular Treatment.
C. Baracchini (Italy)

09.45 – 09.50 Break
09.50 – 10.35 Sonothrombolysis.

M. Del Sette, L. Dinia (Italy)
10.35 – 11.00 Coffee Break
11.00 – 11.45 Ultrasound Imaging of Brain Parenchyma, Temporal Arteries and Orbita.

M. Mijajlovic (Serbia)
11.45 – 11.50 Break
11.50 – 12.35 Cerebral Vasomotor Reactivity in Clinical Settings.

I. Velcheva (Bulgaria)
12.35 – 14.00 Lunch
14.00 – 15.00 EXAM

15.15 Closing Ceremony 
(Handout of Certificates)

EUROPEAN ACADEMY 
OF NEUROLOGY

BULGARIAN SOCIETY 
OF NEUROSONOLOGY 
AND CEREBRAL 
HEMODYNAMICS
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Education: Degree in Medicine, Faculty of Medicine of the University of Porto (1985); Postgraduate 
study in Intensive Care, Faculty of Medicine of the University of Porto (1997); Doctorate in Medicine, 
Faculty of Medicine of the University of Porto (2011).

Academic experience: Invited assistant of Neuroanatomy at the Health Sciences Superior Institute 
(1993-1996); Professor of Neurology and Neurosurgery in the Integrated Master in Medicine at the Fac-
ulty of Medicine of the University of Porto (FMUP) (since 2011); Coordinator of the Curricular Unit of 
Cerebrovascular Disease of the Doctoral Programme in Cardiovascular Sciences of the FMUP (since 
2010); Current supervisor of 5 doctoral theses.

Clinical experience: Specialist in Neurology (São João Hospital, Porto since 1993); Expert in Cere-
brovascular Disease, Cerebral Hemodynamics and Neurosonology with traineeship in different European 
centres: Toulouse, Lisbon, Angers, Heidelberg, Giessen, Barcelona; Senior neurologist (since 2009), Co-
ordinator of the Cerebrovascular Disease Group (since 2005), of the Neurosonology Unit (since 1996), 
and of the Neurology support to the Emergency Department (since 1998), at São João Hospital, Porto.

5HVHDUFK�¿HOG�RI�LQWHUHVWV� cerebrovascular disease, cerebral hemodynamics, neurosonology, vascu-
lar risk, vascular dementia, dizziness and syncope/syndrome of orthostatic intolerance.

Research experience: Coordinator of the cerebrovascular investigation of the Unit of Cardiovascu-
lar Investigation of FMUP (since 2007). Primary investigation areas: cerebral vascular disease, cerebral 
hemodynamics, neurosonology and syndrome of orthostatic intolerance / autonomic nervous system; Par-
ticipated in several investigation projects with other national and international centres, on the described 
areas, besides coordinating some clinical trials; Organized 93 courses and meetings, some of them inter-
QDWLRQDO��+HOG�����OHFWXUHV�DQG�SDUWLFLSDWHG�LQ�����LQ�VFLHQWL¿F�SUHVHQWDWLRQV��6KH�LV�DXWKRU�RI�����SDSHUV�
published as abstracts and 55 published as full-texts in national and international journals, 5 chapters of 
ERRNV�DQG�HGLWHG���VFLHQWL¿F�SXEOLFDWLRQV�DQG�KDV�UHFHLYHG���VFLHQWL¿F�DZDUGV��6KH�FROODERUDWHV�ZLWK�YDUL-
ous national and international work groups, within both clinical and investigation projects.

6FLHQWL¿F�VRFLHWLHV� Chair of the Association of Cerebrovascular Disease of São João Hospital, one 
of its founders in 1997; Chair of the Portuguese Neurosonology Society (one of the founders in 2001); 
Vice-president of Portuguese Society of Stroke (one of the founders in 2005); Member of the execu-
tive committee of the European Society of Neurosonology and Cerebral Hemodynamics; Member of the 
expert panel of Neurosonology of the European Academy of Neurology; Member of work commissions 
of the College of Neurology of the Portuguese Medical Association, Portuguese Health Authority and 
collaborator/consultant in other institutions, in activities mostly related to cerebrovascular disease and 
cerebrovascular ultrasonography.

3URI��(OVD�,UHQH�3HL[RWR�
Azevedo Silva, 
MD, PhD

Education: Secondary School Honour Graduation Diploma and Ontario Scholar, Toronto, Canada; Pre-
medical studies (Neuroscience major) at the University of Toronto, Canada; Scholarship for academic mer-
its, Mc Master University, Hamilton, Canada; Medical and Surgical studies at the University of Padua, Italy: 
110/110 magna cum laude; Specialist in Neurology, University of Padua, Italy: 70/70 magna cum laude. 

Research and clinical experience: Intern at the Institute of Physiology, University of Toronto, Can-
ada (1983-1984); Intern, at the Playfair Neuroscience Unit, University of Toronto, Canada and Researcher 
DW�WKH�:HVWRQ�'LYHUVL¿HG�5HVHDUFK�&HQWUH��7RURQWR��&DQDGD���������,QWHUQ�DQG�5HVLGHQW�LQ�1HXURORJ\��
University of Padua School of Medicine, Padova, Italy (1991-1999); Staff Neurologist (Clinical Neu-
rology and Stroke Unit), Bassano del Grappa Hospital, Italy (2000-2005); Staff Neurologist (Clinical 
Neurology and Stroke Unit), Treviso Regional Hospital, Italy (2005-2008); Staff Neurologist (Clinical 
Neurology and Stroke Unit), University of Padua School of Medicine, Padova, Italy (since 2009); Direc-
tor of the Stroke Unit, University of Padua School of Medicine, Padova, Italy (since 2011); Director of 
the Neurovascular Center (Stroke Unit + Neurosonology Lab), University of Padua School of Medicine, 
Padova, Italy (since 2014).

5HVHDUFK�¿HOG�RI� LQWHUHVWV� Neurosonology (Cervical vessel color-coded duplex ultrasonography, 
Transcranial Doppler sonography, and Transcranial color-coded duplex ultrasonography); Diagnostics 
and therapy of cerebrovascular diseases - acute ischemic stroke, especially in the young, cervical artery 
dissection, acute surgical/endovascular treatment of ischemic stroke.

Publications and awards:�+H�KDV�DXWKRUHG�DQG�FR�DXWKRUHG�PRUH� WKDQ�����SXEOLFDWLRQV� �VFLHQWL¿F�
SDSHUV�DQG�ERRNV���PDLQO\�LQ�WKH�¿HOGV�RI�YDVFXODU�QHXURORJ\�DQG�QHXURVRQRORJ\��<RXQJ�,QYHVWLJDWRUV�$ZDUG��
at the 1st Meeting of the European Society of Neurosonology and Cerebral Hemodynamics held in Munich, 
Germany (1996); Investigators Award at the 5th Meeting of the Italian Neurovascular Society (1996).

Academic positions: Director of the Cerebrovascular Disease program at the University of Padua, 
Professor of Neurology in the Faculty of Medicine and Surgery, the Faculty of Dentistry, the Residency 
Program of Neurology, the School of Neurophysiopathology for Technologists; Professor of Neurology, 
Founder of the Neurovascular Club, University of Padova, Italy (2009); Visiting Professor in the Neu-
rosonology Section of the Department of Neurology, Neuroangiology Unit, UniveritätsSpital, Zurich, 
Switzerland (2000).

$VVRFLDWH�(GLWRU�RI��BMC Neurology; Reviewer for International Journals: Stroke, Cerebrovascular 
Diseases, The Lancet, Neurology, Canadian Association Medical Journal, Journal of Neuroimaging.

6FLHQWL¿F�VRFLHWLHV� General Secretary since 2006 of the European Society of Neurosonology and 
&HUHEUDO�+HPRG\QDPLFV� �(61&+���0HPEHU� RI�� WKH� ,QWHUQDWLRQDO�&HUWL¿FDWLRQ�&RPPLWWHH� IRU�1HXUR-
sonology, the Executive Committee of the Italian Stroke Association (ISA), the Executive Committee of 
WKH�,WDOLDQ�6WURNH�2UJDQL]DWLRQ��,62���WKH�([HFXWLYH�&RPPLWWHH�DQ�HOHFWHG�IXWXUH�3UHVLGHQW��VWDUWLQJ�RI¿FH�
2015) of the Italian Society of Neurosonology and Cerebral Hemodynamics (SINSEC), the Italian Certi-
¿FDWLRQ�&RPPLWWHH�IRU�1HXURVRQRORJ\��)RXQGHU�RI�WKH�,WDOLDQ�$VVRFLDWLRQ�IRU�WKH�EDWWOH�DJDLQVW�,VFKHPLF�
Stroke (ALICE) and Senior Member of the Italian Society of Neurology (SIN).

3URI��&ODXGLR�%DUDFFKLQL, 
MD
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Education: High School Degree (1978); Degree in Medicine (1984); Specializations: Neurology (1988) 
and Legal Medicine (1991); Post-graduate training: Research Fellow Department of Neurology – Univer-
sity of Western Ontario – London Ontario, Canada (1991 – 1992); Research Fellow at “Robart Research 
Institute” – London, Ontario, Canada (1994); Master in Cerebrovascular Disease – University of Genova 
(2007).

Career Experience: assistant at the Department on Neurological Sciences, University of Genova, 
Italy (since 1989); responsible for the Neurosonology Laboratory (since 1999); Director of Neurology 
Unit Ospedale S. Andrea – La Spezia (since 2009). 

Teaching: Neuroendocrinology at the School of Specialization in Neurology – University of Genova, 
Italy (1992 – 1999); Neurology at the School of Specialization in Neurology – Universitiy of Genova, 
Italy (since 1999);Neurology II at the School for physiotherapists – Universitiy of Genova, Italy (since 
1998); coordinator of teaching course in Neurosonology at the Master in Cerebrovascular Disease – Uni-
vesrity of Genova (2006 – 2007).

Publications: co-author of more than 150 publications in national and international Journals; more 
than 300 lectures at local or international congresses and courses. 

Membership:  Chair of Neurosonology Research Group; President of the Italian Society of Neu-
rosonology and Cerebral Hemodynamics (since 2008); Member of the Executive Committee of the Eu-
ropean Society of Neurosonology and Cerebral Hemodynamics (since 2005); Member of the Executive 
Committee Associazione Lotta all’Ictus Cerebrale (since 2000); Member of the Executive Committee of 
the Italian Stroke Association (since 2007).

Trials: involved as “investigator” in many trials, such as IST, SAINT-I, SPARCL, ECASS III, PRO-
FESS, DIALOGUE; Referee for  STROKE, Cerebrovasc Dis,  J Neuroimaging, NEUROLOGICAL SCI-
(1&(��&DOFL¿HG�7LVVXH�,QWHUQDWLRQDO��

3URI��0DVVLPR�'HO�6HWWH, 
MD

Professor Vida Demarin, MD, Ph.D. graduated from School of Medicine, University of Zagreb, Croatia, 
ZKHUH�VKH�JDLQHG�KHU�0DVWHU�RI�6FLHQFH�WKHVLV�DQG�'RFWRU�RI�3KLORVRSK\�GHJUHH��6KH�¿QLVKHG�KHU�UHVLGHQF\�
in Neuropsychiatry in Sestre milosrdnice University Hospital Centre, Zagreb, Croatia.

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

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

5HVHDUFK�¿HOG�RI�LQWHUHVWV� stroke prevention and management, neurorehabilitation, neurodegenerative 
disorders and dementia, headache and migraine, neuroplasticity, and neuropathic pain. She was principal 
investigator of numerous research projects. She is a pioneer of neurosonology in Croatia, and the founder of 
Summer Stroke School – Healthy Lifestyle and Prevention of Stroke that has been organized in Dubrovnik, 
Croatia since 1990.

For several decades she leads and organizes national stroke and cerebrovascular disease prevention 
programs, educating citizens, general practitioners and neurologists. All her projects are devoted to raising 
health awareness and improving the quality of life. She authored numerous publications dedicated to lifestyle 
improvement and disease prevention.

6FLHQWL¿F�VRFLHWLHV� Member of many Croatian and international professional societies, president of 
Kuratorium of International Neuropsychiatric Pula Congresses, president of Central and Eastern European 
Stroke Society and the Secretary General of the WFN Applied Research Group on Organization and De-
livery of Care. She is member of the Executive Board of the Academy of Medical Sciences of Croatia, 
Fellow of American Academy of Neurology, Fellow of American Heart Association, Fellow of European 
Stroke Organization and member of World Stroke Organization Board of Directors, member of International 
+HDGDFKH�6RFLHW\��6XEVSHFLDOW\�6FLHQWL¿F�3DQHO�IRU�6WURNH��6XEVSHFLDOW\�6FLHQWL¿F�3DQHO�IRU�+HDGDFKH�DQG�
6XEVSHFLDOW\�6FLHQWL¿F�3DQHO�RQ�+LJKHU�&RUWLFDO�)XQFWLRQV�RI�(XURSHDQ�$FDGHP\�RI�1HXURORJ\� �($1���
Vice President of Croatian Brain Council, and more.

6KH�ZDV�WZR�WHUPV�SUHVLGHQW�RI�&URDWLDQ�1HXURORJLFDO�6RFLHW\��IRXQGHU�DQG�WKH�¿UVW�SUHVLGHQW�RI�&URD-
tian Society for Neurovascular Disorders and Croatian Stroke Society, whose workgroup published national 
Recommendations for Stroke Management 2001 and 2006, as well as Evidence based Guidelines for Man-
agement of Primary Headaches 2005 and 2008, Consensus Opinion on Brain Death Diagnosing 2005, and 
Recommendations for the Management of Patients with Carotid Stenosis 2010. She initiated national pro-
gram of stroke management, organization of stroke unit network and thrombolysis therapy in Croatia.

3URI��9LGD�'HPDULQ, 
MD, PhD, FAAN, 
FAHA, FESO
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Education: BSc in Chemistry, University of Exeter (1989); PGDip in Hazardous Waste Management, 
University of Loughborough (1993); MSc in Information Systems, University of Southampton (1994); 
BSc in Physiotherapy, University of the West of England (2000) , PhD in Electronics and electrical engi-
neering, University of Southampton (2009).

Career Experience: Technical Controller, The Boots Company (1990-1993);  Financial Analyst, 
Financial Times (1994-1995) ; New Media Developer, Financial Times (1995 – 1996) ; Senior Neuro-
physiotherapist UK and New Zealand (2001 – 2005); Research Fellow, FoHs, UoS (2005 – 2011); Senior 
Research Fellow, FoHs, UoS (2011 – 2014); Senior Lecturer, Faculty of Heath Sciences (FoHs), Univer-
sity of Southampton (UoS) (since 2014)

5HVHDUFK�¿HOG�RI�LQWHUHVWV� Cross-disciplinary research into the development, application and user 
perspectives of novel technologies (Functional Electrical Stimulation, Non-Invasive Brain Stimulation, 
Rehabilitation Robotics, Constraint induced Movement Therapy, and Movement Sensors) for upper limb 
and trunk neurorehabilitation.

Teaching: International trans-disciplinary, post-graduate education. Roles currently include: Previously 
responsible for Research Methods for Evidence Based Practice (HLTH6036) (over 120 MSc students) and 
Faculty Post Graduate Forum (over 149 PhD and DClinP students). I currently supervise 5 PhD students in 
addition to MSc students and deliver teaching primarily to post graduate students (DClinP and MSc). 

,PSDFW� Established global researcher and clinician network; led virtual European team on complex 
EU grant; organised outreach workshops; presented with Best Paper at the International Conference of 
Rehabilitation Robotics (ICORR) in Japan 09; ethics committee member; reviewer for: journals, (Reha-
bilitation Research and Development, Neurorehabilitation and Neural Repair, Presence and Physiothera-
py); grants (BBSRC) and MS Society grant review panel; IEEE conferences; MRC Training Fellowship 
Applications; and contributed to the UK Intercollegiate Working Party for Stroke RCP Guidelines 2012. 
Steering Committee member for ICORR & International Industry Society for advanced rehabilitation 
technologies (IISART).  EU Cost Action on Rehabilitation Robotics Fellow.

Dr. Ann-Marie Hughes, 

MCSP, PhD  

Education: Doctor of Medicine, School of Medicine, University of Belgrade (July 2001); General Prac-
titioner License (July 2002); Master’s Degree (MSc) in Neurology, School of Medicine University of 
%HOJUDGH�������±��������%RDUG�FHUWL¿HG�1HXURORJLVW��,QVWLWXWH�RI�1HXURORJ\��&OLQLFDO�&HQWHU�RI�6HUELD��
Belgrade; School of Medicine University of Belgrade (2006 – 2009).

Medical skills: Neuropsychological and behavioral examination and evaluation, Neurosonology 
(Extracranial/Transcranial ultrasound, Temporal arteries sonography, Orbita ultrasonography), Ultra-
sound examination of the brain parenchyma (basal ganglia), Stroke management (including thrombolytic 
therapy and sonothombolysis).

Career Experience: National expert in neuroangiology, National Society of Neuroangiology of Ser-
ELD�DQG�0HGLFDO�)DFXOW\�%HOJUDGH��VLQFH��������6FLHQWL¿F�5HVHDUFKHU��5HVHDUFK�$VVRFLDWH��0LQLVWU\�RI�
Sciences of Serbia, School of Medicine University of Belgrade (since 2009); Assistant Professor in Neu-
rology , School of Medicine University of Belgrade  (since 2012).

0DLQ�¿HOGV�RI�LQWHUHVWV�� Cerebrovascular Disorders (genetics, path-physiology of arteriosclerosis-
especially the role of insulin resistance in atherogenesis, asymptomatic carotid artery stenosis and vascular 
dementia, rare causes of stroke especially in young adults), Ultrasound Techniques in Neurology (Power 
Triplex Color Doppler, Transcranial Doppler, detection of the circulating micro emboli and cerebral vaso-
motor reactivity testing, sonothrombolysis), chronic headaches (co-morbidity of migraine, chronic tension 
type of headache, rare headaches-SUNCT, cluster headache, paroxysmal hemicranias), Neuropsychology 
and Dementia, Movement Disorders (neuroimaging techniques, brain parenchyma sonography).

Membership: Executive Committee of the Neurosonology Research Group of the World Federation 
RI�1HXURORJ\��6FLHQWL¿F�&RPPLWWHH�RI�WKH�(XURSHDQ�6RFLHW\�RI�1HXURVRQRORJ\�DQG�&HUHEUDO�+HPRG\-
namics, Chronic Daily Headache International Study Group of the International Headache Society-HIS, 
European Federation of Neurological Societies-EFNS, The Movement Disorders Society-MDS, World 
Stroke Organization-WSO, European Stroke Organization-ESO, Board of the National Society of Neu-
URDQJLRORJ\�RI�6HUELD��6HUELDQ�0HGLFDO�6RFLHW\�&KDPEHU��3UHVLGHQW�RI�WKH�6FLHQWL¿F�&RPPLWWHH�RI�WKH�
6RFLHW\�RI�<RXQJ�6HUELDQ�1HXURORJLVWV�

Ass. Prof. 

Milija D. Mijajlovic, 

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

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

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

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

/RFDO�3,��ECASS 2, 3 and 4;  SPACE and SPACE2, Chrystal-AF, Endostroke, Austrian Stroke Reg-
istry¸ Swift-Prime.

Prof. Kurt Niederkorn

MD, PhD

Education: Study of Medicine, University Homburg Saar (1977 – 1983), Study of Informatics Univer-
sity Saarbrücken (1979 – 1981), Medical Thesis in Neurophysiology (1984), Postdoctoral Fellowship in 
Neurophysiology (1983 – 1985), Intern in Neurology, Neurology Department of the University Homburg 
(1985 – 1986), Fellowship of the Deutsche Forschungsgemeinschaft for Neurophysiology Department of 
Neuroscience, Heinrich-Heine University Düsseldorf (1987 – 1988), Intern in Neurology at the Neurology 
Department of the Heinrich-Heine University Düsseldorf (1988 – 1994),Intern in Psychiatry (1992).

Career Experience:  Assistant Professor in Neurology University of Düsseldorf (1994), Consultant 
in Neurology (1995), Organization and Leading of the Stroke Unit University Düsseldorf (1997 – 2008), 
Specialization in Intensive Care Medicine for Neurology and Stroke (1999 – 2008),Head of the experimental 
Neurophysiology Lab (1988 – 2008), Head of the Neurology and Neurorehabilitationcenter Essen/ Kettwig 
(since 2008).

Awards-Specialization: Claude-Bernard-Award of the University Saarland (1985), Award of excellence 
for cerebral hemodynamics/San Diego/ Calif. USA (1992), Edens-Award of the Heinrich-Heine-University 
��������$ZDUG�RI�,QQRYDWLRQ�IURP�1RUGUKHLQ�:HVWIDOHQ���������6FLHQWL¿F�$ZDUG�IRU�1HXURFKLSWHFKQRORJ\�
$1,0���������6FLHQWL¿F�$ZDUG�IRU�2UELWDXOWUDVRXQG�$1,0���������3UHVLGHQW�RI�WKH�6WURNH�2UJDQLVDWLRQ�
Düsseldorf ( since 2002), Member of the ESNCH Board (since 2008).

Prof. Mario Siebler, MD

Education and experience: Dr. Tarkka received her PhD at the University of Jyväskylä 1986, did many 
years of neuroscience research in USA and Germany and then served as Director of Research at the Brain 
Research and Rehabilitation Center Neuron, Kuopio. She is Adjunct Professor in Cognitive Neuroscience 
and Researcher in the Department of Health Sciences, University of Jyväskylä, Jyväskylä, Finland. 

Research and publications:�'U��7DUNND�KDV�SXEOLVKHG�RYHU����� VFLHQWL¿F�SDSHUV� DQG� VHUYHG� LQ� D�
QXPEHU�RI�VFLHQWL¿F�H[SHUW�SRVLWLRQV���+HU�FOLQLFDO�H[SHULHQFH�LV�LQ�KXPDQ�QHXURSK\VLRORJ\�DQG�QHXUR-
UHKDELOLWDWLRQ��6KH�LV�LQYROYHG�LQ�GLIIHUHQW�(8�SURMHFWV�LQ�VFLHQWL¿F�FROODERUDWLRQ�DV�ZHOO�DV�GHYHORSLQJ�
European-wide Master’s level education in neurorehabilitation. 

Prof. Ina M. Tarkka,

PhD
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Current positions: Acad. Prof. Ekaterina Titianova, MD, PhD, DSc is Professor of Neurology and Fac-
XOW\�PHPEHU�RI�WKH�)DFXOW\�RI�0HGLFLQH�RI�6R¿D�8QLYHUVLW\�³6W��.O��2KULGVNL´��6KH�LV�D�+HDG�RI�WKH�&OLQLF�
RI�)XQFWLRQDO�'LDJQRVWLFV�RI�1HUYRXV�6\VWHP�DW�WKH�0LOLWDU\�0HGLFDO�$FDGHP\�±�6R¿D��VLQFH�������DQG�
Academician of the Bulgarian Academy of Sciences and Arts (since 2012).

6FLHQWL¿F�DFWLYLWLHV��Acad. Titianova is author and co-author of more than 200 publications, includ-
LQJ�ERRNV��6KH�LV�QRPLQDWHG�ZLWK���VFLHQWL¿F�DZDUGV�LQ�WKH�¿HOG�RI�QHXURORJ\�DQG�QHXURVRQRORJ\��

6FLHQWL¿F�6RFLHWLHV� Acad. Titianova is a President of Bulgarian Society of Neurosonology and Ce-
rebral Hemodynamics (since 2005), Member of the Executive Committee of the WFN Neurosonology 
Research Group (since 2009), Editor-in-Chief of the Bulgarian Journal “Neurosonology and Cerebral 
Hemodynamics” (since 2005), Member of the International Advisory Boards of Journals “Archivos de 
Neurociencias” (Mexico) and “Neurosonology” (Japan). 

5HVHDUFK�¿HOGV� cerebrovascular disease, neurosonology, cerebral hemodynamics, hemorheology, 
autonomic failure, orthostatic intolerance, gait motor control, neurorehabilitation.

Acad. Prof. 

Ekaterina Titianova   

MD, PhD, DSc

Career Experience: Prof. Latchezar Traykov is Head of the Neurology Department at the Medical Uni-
YHUVLW\�LQ�6R¿D��%XOJDULD��+H�KDV�KHOG�D�VHULHV�RI�VHQLRU�SRVLWLRQV�DW�KRVSLWDOV�LQ�KLV�QDWLYH�%XOJDULD��DV�
well as in Paris, where he was Associate Professor of Neurology at the Neurological Clinic, at the Faculty 
of Medicine, University Paris XII.

5HVHDUFK�¿HOG�RI�LQWHUHVWV��,Q������KH�ZDV�TXDOL¿HG�DV�8QLYHUVLW\�3URIHVVRU�DW�WKH�1HXURVFLHQFH�
Section of the National University Council of France, following scores of research activities, awards and 
publications. His research activities and grants have included projects on aging and dementia; Alzheimer’s 
disease; vascular dementia; therapeutic strategies in patients with cognitive decline; and many more, span-
ning nearly twenty years. 

Awards: Awards granted to Professor Traykov over the past sixteen years have included prizes for 
Best Research in Neuroscience; the Foreign Scholarship Award in Washington, USA; the France Alzheim-
er annual prize for best research; the Panacea Gold for special contributions to teaching, research and 
H[SHUW�DFWLYLW\��DV�SDUW�RI�WKH�$QQXDO�3UL]H�RI�WKH�0HGLFDO�8QLYHUVLW\�RI�6R¿D��DQG�WKH�$QQXDO�3UL]H�RI�WKH�
Union of Scientists in Bulgaria.

Publications: Professor Traykov has authored and edited scores of articles worldwide for leading 
professional publications specializing in neurology, neuropsychology, geriatric psychiatry, neuroepide-
miology and more.

Prof. Latchezar 

Traykov, 

MD, PhD, DSc.

Carrier: Associate Professor of Neurology and Head of the Clinic of Nerve Disorders for Paroxysmal States 
DW�0XOWLSUR¿OH�KRVSLWDO�IRU�DFWLYH�WUHDWPHQW�LQ�QHXURORJ\�DQG�SV\FKLDWU\�©6W��1DXPª��DFFUHGLWHG�XQLYHUVLW\�
KRVSLWDO�RI�WKH�0HGLFDO�8QLYHUVLW\��6R¿D���6KH�LV�WKH�DXWKRU�RI�QXPEHU�RI�VFLHQWL¿F�DUWLFOHV�DQG�KDV�EHHQ�
granted with many national and international awards.

Membership: Member of many national and international organisations. Chair of section “Medical sci-
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How to Face the Burden of AF with Aging 
to Prevent Stroke and Vascular Dementia

E. Azevedo1,2

1Medicine of University of Porto, 2Hospital Cuf Porto – Porto, Portugal

Atrial fibrillation (AF) is undoubtedly one of the major hazards of contemporary 
medicine. Its prevalence is increasing, especially in the elderly, and AF-related car-
dioembolism is becoming the most frequent cause of stroke in this age group. This 
scenario is aggravated by the fact that cardioembolic stroke is frequently associated 
with a high morbimortality. AF also contributes to the vascular cognitive impairment, 
either through symptomatic acute ischemic cerebral infarcts, and/or through the mul-
tiple small, only apparently silent, cardioembolic ischemic lesions.

It is well settled that with appropriated treatment AF cardioembolic risk decreases 
significantly. Anticoagulation therapy is particularly effective in reducing the cardioem-
bolic risk after a stroke and when administered to aged people. However, the ideal is 
to use it for preventing a first stroke, in primary prevention.

In order to deal with the burden of this enormous disease, each country warrants 
a multidisciplinary approach, involving correct identification of AF, even if paroxysmal, 
individual patient risk assessment, and an adequate stroke preventive treatment.

Fortunately, there have been important scientific breakthroughs on diagnosis 
and treatment of AF. Paroxysmal AF presents the same cardioembolic risk as the 
continuous AF, although it is often difficult to diagnose. Particularly in the case of a 
cryptogenic stroke with embolic characteristics, paroxysmal AF has to be exhaustively 
searched and might require long-term cardiac rhythm monitoring systems, which have 
been recently developed. Other new achievements are the therapeutic advances in 
oral anticoagulation treatment, allowing increased efficacy and safety, along with a 
better convenience to the patient.

All these new approaches are changing the paradigm of the acute stroke man-
agement, challenging the stroke unit neurologist.

¥H\�ZRUGV� 
acute stroke, 
anticoagulation, 
atrial fibrillation, 
stroke prevention, 
vascular cognitive 
impairment

Burden of atrial fibrillation in public health and 
its consequences

What is atrial fibrillation?
Atrial fibrillation (AF) is the most common type 

of cardiac arrhythmia. It consists in rapid, dis-
organized electrical signals that cause the atria 
to fibrillate, resulting in irregular contractions not 
strong enough to pump the blood completely into 
the ventricles. The subsequent atrial blood stasis 
leads to thrombus formations that can be pumped 
into the systemic circulation, possibly causing ar-
terial thromboembolism, with ischemic stroke be-
ing the most feared clinical embolic event [9]. 

Atrial fibrillation prevalence
AF prevalence is continuously increasing, 

mainly amongst the elderly. The prevalence of AF 
in the general population is approximately 1%, in-
creasing from 0.1% in younger adults (<55 years) 
to 9% in those aged 80 years or more [10].About 
70% of patients with AF are between 65 and 85 
years old and the prevalence increases 10% per 
decade of life after the age of 50 [7].  

It should be noted that a larger proportion 
of the world population is now more elderly 

than ever before, and recent estimates suggest 
that by 2025 there will be 1.2 billion individuals 
ZRUOGZLGH�ZLWK� DJH�å��� \HDUV�� &RQVHTXHQWO\��
the projected number of people with AF is an-
ticipated to increase. The increased risk of AF 
associated with male gender and ageing were 
clearly showed by the ATRIA and Rotterdam 
studies [15].  

Atrial fibrillation and vascular risk
AF can result in multiple serious consequenc-

es, such as stroke, heart failure and death. Re-
garding its association with strokes, AF is an in-
dependent risk factor, increasing the risk in about 
fivefold [31]. In fact, one in six strokes occurs in 
patients with AF[8]. 

The ischemic stroke rate among patients 
with AF averages 5% yearly, [9] but varies greatly 
depending on individual clinical characteristics 
such as age, sex, race/ethnicity, and associated 
stroke risk factors. History of stroke or transient 
ischemic attack (TIA) identifies those patients 
with a high stroke risk averaging 10% yearly [29]. 
Also, studies have shown that patients with AF 
who experience a stroke are more likely to have 
a second stroke than those without AF [21]. 
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There is also evidence that strokes in pa-
tients with AF are more severe and the outcome 
is markedly worse compared with strokes in pa-
tients with normal sinus rhythm, as was shown in 
WKH�&RSHQKDJHQ�6WURNH�6WXG\�>��@��

AF is also an independent risk factor for 
mortality, conferring a twofold increased risk of 
death, and is an independent risk factor for heart 
failure, which can further aggravate AF, worsening 
overall patient prognosis [30]. 

Vascular cognitive impairment and atrial fi-
brillation

7KH�YDVFXODU�FRJQLWLYH�LPSDLUPHQW��9&,��FRQ-
cept intends to emphasize the need to prevent 
the development of dementia. The high preva-
OHQFH� RI� 9&,� DQG� WKH� QHFHVVLW\� RI� SUHYHQWLRQ�
strategies targeting vascular risk factors highlight 
its importance in AF. AF conveys a strong risk 
of cumulative brain injury and cognitive morbid-
ity, which can be prevented with pharmacological 
treatment [5]. 

6HYHUDO� VWXGLHV� GHPRQVWUDWHG� WKDW� $)� FDQ�
lead to cognitive impairment and eventually to 
dementia [22]. 

(IILFDF\�RI�DQWLFRDJXODQW�WUHDWPHQW
With appropriated treatment, atrial fibrillation 

cardioembolic risk decreases significantly.
Hart and colleagues performed a meta-analy-

sis of clinical trials (n=6), showing that warfarin re-
duced the relative risk of stroke in 64% compared 
with the placebo, and that reduction in stroke risk 
is greater for secondary prevention [13]. 

Even when compared with dual antiplatelet 
therapy, reduction of stroke risk is significantly 
higher with vitamin K antagonists, as warfarin [17].  

Nevertheless, vitamin K antagonists have sev-
eral drawbacks, including:

• unpredictable pharmacology leading to a 
variable inter-patient dose,

• a variable intra-patient dose due to multiple 
food and drug interactions,

• a narrow therapeutic window, which, cou-
pled with unpredictable pharmacology, necessi-
tates regular coagulation monitoring and dose 
adjustments,

• an increased risk of stroke or bleeding co-
inciding with failure to stay within the therapeutic 
range,

• consequent reluctance to prescribe in 
practice due to fear of bleeding or intracranial 
haemorrhage, particularly in elderly patients.

Fortunately, several new oral anticoagulants 
have been developed in the last years, being 
approved for preventing cardioembolic risk in pa-
tients with non-valvular AF, namely dabigatran, [4] 
rivaroxaban [25] and apixaban [11]. These drugs 

have numerous advantages over the older warfa-
rin, including:

• a more selective mode of action (i.e. tar-
geting a single coagulation factor), resulting in 
predictable pharmacokinetics and pharmacody-
namics and few interactions with drugs and food;

• the possibility of being administered at fixed 
doses without routine coagulation monitoring;

• offering an improved benefit/risk profile in 
patients with AF [16]. 

The main disadvantages of these new oral 
anticoagulants are the lack of sufficiently accu-
rate tests to evaluate the coagulation status of 
the patients and the difficulty in rapidly reversing 
the anticoagulant effect of these drugs.

+RZ�WR�IDFH�WKH�DWULDO�ILEULOODWLRQ�EXUGHQ�

Detection of AF

It is crucial to detect AF before and after a 
cardioembolic stroke. The clinician should take 
all the opportunities to check the patient’s car-
diac rhythm, as in the physical examination at 
each visit. If there is a suspicion of arrhythmia by 
the doctor, or if the patient has this complaint, an 
electrocardiogram should be performed. Howev-
er, if a paroxysmal AF is suspected, it should be 
searched with a 24-hour electrocardiogram moni-
toring, a 7- or 30-day external event recorder, or 
even an implantable cardiac monitor [2, 19]. 

In the acute stroke scenario, the generalized 
recommendation for at least 24 hours of hemo-
dynamic monitoring in a stroke unit might not be 
enough for diagnosing paroxysmal AF, since it 
was shown in a study that its median detection 
time was 43 hours, emphasizing the importance 
of longer continuous monitoring [12]. 

In the acute stroke the neurosonological study 
of the cervical and cerebral arteries may suggest 
a cardiac aetiology, which can be important in the 
case of a paroxysmal AF. In fact, the absence of 
significant arterial extra- and intracranial pathology 
(such as atherosclerotic plaques, arterial dissec-
tion or other) in the case of a patient with a non-
lacunar stroke is highly suggestive of an upstream 
(cardiac) source of an embolus. Moreover, initial 
occlusion of a vessel at a bifurcation followed by 
spontaneous recanalization (the timing of recana-
lization may vary widely with the correspondent 
clinical consequences) or documentation of active 
embolization through the detection of microem-
EROLF� VLJQDOV� �0(6�� E\� WUDQVFUDQLDO�'RSSOHU� DUH�
also indicative. Lastly, even if the exam is not per-
IRUPHG� RQ� WKH� ILUVW� GD\�� 'RSSOHU� KHPRG\QDPLF�
signs of post-ischemia hyperaemia in a symptom-
atic territory suggest a recent revascularization of 
an embolic occlusion [1]. 

The problem of cryptogenic strokes, which are 



87Regional Teaching Course of the EAN | Lectures

Regional Teaching Course of the EAN  | 3-5 October, 2014

related to a persuasive evidence of frequently being 
thromboembolic (Embolic strokes of Undetermined 
6RXUFH� u� (686��� KDYH� UHFHQWO\� WR� SODQQLQJ� UDQ-
domised trials to test direct-acting oral anticoagu-
ODQWV�IRU�VHFRQGDU\�SUHYHQWLRQ�RI�WKHVH�(686�>��@��

Preventing cardioembolic strokes

Individual risk assessment. &DUGLRHPEROLF�ULVN�
LV�QRW�XQLIRUP�LQ�DOO�SDWLHQWV�ZLWK�$)��7KH�6WURNH�
Risk in Atrial Fibrillation Working Group performed 
a systematic review of studies using multivari-
ate regression techniques to identify independent 
risk factors for stroke in patients with AF, and 
reported absolute stroke rates in subgroups of 
patients with these risk factors collected [29]. This 
OHDG� WR� WKH�&+$'6��DQG� ODWHU� WR� WKH�&+$�'6-
�9$6F� ULVN� VFRUH�� FRQVLGHULQJ� DV� ULVN� IDFWRUV�
congestive heart failure, hypertension, age (2 
points if >75 years, 1 point if 65-74 years), diabe-
tes, prior stroke/TIA (2 points), vascular disease 
and female gender [24]. For treatment purposes, 
anticoagulation is recommended with a score of 
at least 2 [6]. 

On the other hand, a score for haemorrhagic 
ULVN�ZDV�DOVR�SURSRVHG��7KH�+$6�%/('�VFRUHV�
for hypertension, abnormal renal/liver function, 
stroke, bleeding condition, labile INR, being el-
GHUO\�DQG�GUXJV�DOFRKRO��6RPH�RI�WKHVH�ULVN�IDF-
tors for bleeding are also risk factors for stroke 
related to AF which complicates evaluation of 
benefit/risk. 

7KH�SUHGLFWLYH�DFFXUDF\�RI�+$6�%/('�LQ�WKH�
$)�FRKRUW�RI�SDWLHQWV�IURP�WKH�(XUR�+HDUW�6XUYH\�
ZDV�JRRG� >��@��7KH� �����(6&�*XLGHOLQHV� VWDWH�
WKDW� LW�ZRXOG�VHHP�UHDVRQDEOH�WR�XVH�WKH�+$6�
%/('�VFRUH�WR�DVVHVV�EOHHGLQJ�ULVN� LQ�SDWLHQWV�
ZLWK�$)�RQ�WKH�EDVLV�WKDW�D�VFRUH�RI�å��LQGLFDWHV�
‘high risk’. In addition, some caution and regular 
review of the patient would be needed following 
the initiation of antithrombotic therapy [6].  

Starting anticoagulant therapy. For patients 
ZLWK�D�&+$�'6��9$6F�VFRUH�RI�å���LW�LV�UHFRP-
mended an oral anticoagulation therapy using 
an adjusted dosing of vitamin K antagonists 
(VKA) (preferably within the international nor-
malized ratio [INR] of 2.0-3.0), one of the new 
oral anticoagulation drugs (direct thrombin in-
KLELWRUV� u� GDELJDWUDQ� u� DQG� GLUHFW� )DFWRU� ;D�
LQKLELWRUV� u� ULYDUR[DEDQ�� DSL[DEDQ�� >�@��7KHVH�
QHZ� RUDO� DQWLFRDJXODWLRQ� GUXJV� �12$&�� RIIHU�
better effectiveness, reliability and convenience 
in comparison with the VKA (warfarin, aceno-
coumarol); thus, if oral anticoagulation therapy 
is recommended, these should be considered 
>�@��:KHQ�HOHFWLQJ�D�SDUWLFXODU�12$&��LW�LV�LP-
portant to take into account, amongst other 
issues, the concomitant drugs that the patient 
is taking, as there can be contraindications or 

SRWHQWLDO�LQWHUDFWLRQV�EHWZHHQ�WKHP��WKH�12$&�
and the renal function.

%HIRUH� VWDUWLQJ� WKH� DQWLFRDJXODWLRQ� WKHUDS\��
the following should be considered:

Þ�$V�LQ�WKH�FDVH�RI�EHJLQQLQJ�D�WKHUDS\�ZLWK�
9.$� RU� RWKHU� 12$&� RU� ZLWK� SODWHOHW� DQWLSODWHOHW�
drugs, the reversible risk factors of haemorrhage 
should be under control (blood pressure, concom-
LWDQW� GUXJ� WKHUDSLHV� u� DVSLULQ� DQG� QRQ�VWHURLGDO�
anti-inflammatory drugs, alcoholic ingestion) [2]; 

Þ�(YHU\�SDWLHQW�ZKR�VWDUWV�WKHUDS\�ZLWK�DQ\�RI�
WKH�12$&�VKRXOG�XQGHUJR�DQ�LQLWLDO�HYDOXDWLRQ�UH-
garding hemoglobin, platelets, coagulation, renal 
function and hepatic function [16], and should 
be alerted to the necessity of subsequent regular 
evaluations.

Þ�7KH� SDWLHQW� VKRXOG� EH� DZDUH� RI� WKH� LP-
portance of a strict adherence to the therapy, 
understanding that its withdrawal leads to an im-
mediate decline of the prevention [3]. 

Challenges in acute stroke management 
with the NOAC

Ischemic stroke

Acute stage. Oral anticoagulation represents 
a frequent challenge for the emergency manage-
PHQW�RI� LVFKHPLF�VWURNH��,6���VLQFH�D�FRQVLGHU-
DEOH�SURSRUWLRQ�RI�,6�SDWLHQWV�XQGHU�DQWLFRDJXOD-
tion therapy appear to be eligible for thromboly-
sis [27]. 

According to current recommendations, the 
intravenous thrombolytic therapy with rtPA can be 
performed until 4.5 hours after the beginning of 
ischemic stroke symptoms, and is contraindicat-
ed in patients under anticoagulation therapy [16]. 

6LQFH� WKH� KDOI�OLIH� RI� 12$&� LV� DERXW� �����
hours, according to some authors, the thrombo-
lytic therapy cannot be performed in the first 48 
KRXUV�DIWHU�WKH�WDNLQJ�RI�D�12$&��FRUUHVSRQGLQJ�
to 4 half-lives) [16]. However, as noted by the 
European Heart Rhythm Association (EHRA), this 
recommendation is arbitrary and has never been 
tested [16]. Therefore, one of the most important 
issues in the scenario of a patient with ischemic 
VWURNH�WDNLQJ�D�12$&�LV�WR�FRQILUP�WKH�WLPH�RI�
the last anticoagulation drug taking, along with 
analysing the renal function and proceeding to 
the coagulation study, despite the fact of this be-
LQJ�OHVV�DFFXUDWH�ZLWK�WKHVH�12$&�

It is possible to consider endovascular re-
canalization by thrombectomy in the acute stroke 
anticoagulated patient.

'XULQJ� WKH� LVFKHPLF�VWURNHqV�DFXWH�VWDJH� WKH�
anticoagulation therapy should be discontinued 
[16]. It should be investigated whether the stroke 
was a result of lack of adherence to the therapy. If 
the stroke has happened despite a strict adherence 
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to the therapy, other potential aetiologies should be 
excluded, besides the eventual cardioembolism.

Post-acute phase. Regarding the post-acute 
phase, there are no clinical studies that suggest 
an optimal time to restart the anticoagulation ther-
apy, which might vary between 1 to 3 weeks, de-
pending on each case in particular. This decision 
may take into account the patient’s thrombotic 
risk, the ischemic lesion dimension and the pres-
ence of haemorrhagic transformation. In order to 
evaluate these conditions and help the clinic in 
making a decision before starting the anticoagu-
ODWLRQ�WKHUDS\��D�&7�VFDQ�LV�UHFRPPHQGHG�

Haemorrhagic stroke

Acute stage. There are no specific data re-
garding actions to take in the case of cerebral 
KDHPRUUKDJHV�LQ�SDWLHQWV�WUHDWHG�ZLWK�DQ\�12$&��
Potentially, the action could be similar to that 
XVHG�IRU�SDWLHQWV�WUHDWHG�ZLWK�9.$�u�WR�VWRS�LP-
mediately the oral anticoagulation therapy, imple-
ment support therapy, and consider using pro-
thrombin complex [16]. 

Post-acute stage. There are no available/known 
data related to the restart of oral anticoagulant 

therapy after a haemorrhagic stroke. It can be 
restarted 10 to 14 days after the haemorrhagic 
stroke when the cardioembolic risk is high and 
the risk of suffering another haemorrhagic stroke 
is low [16]. Nonetheless, a retrospective study that 
estimated the risk in a specific cohort suggested 
that the anticoagulation restart could be delayed 
to 10 to 30 weeks after the haemorrhagic stroke 
[20]. It should be reminded that the occurrence 
of spontaneous intracerebral haemorrhage under 
9.$�RU�12$&� WKHUDS\�PDNHV� WKHVH�RUDO� DQWLFR-
agulation drugs contraindicated, unless when the 
cause of the haemorrhage is controllable [25]. 
Regarding aetiology, it should be noted that the 
hypertensive small vessels condition might be 
easier to control, through an effective treatment 
of the arterial hypertension, while cortical haemor-
rhages associated with amyloid angiopathy tend 
to recur more easily [23] and are not susceptible 
of prevention, thus contraindicating the restart of 
anticoagulation therapy [28]. Non-pharmaceutical 
prevention strategies (e.g.: ablation or occlusion 
of the auricular appendix) might be considered 
as an alternative to the oral anticoagulation drugs, 
when its restart is contraindicated [31].
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6WURNH�DQG�1HXURSODVWLFLW\
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6WURNH�LV�RQH�RI�WKH�OHDGLQJ�FDXVHV�RI�PRUWDOLW\�DQG�GLVDELOLW\�LQ�PRGHUQ�FRXQWULHV��
&OLQLFDO�PDQLIHVWDWLRQ� RI� VWURNH� LV� UDSLGO\� GHYHORSLQJ� ORVV� RI� EUDLQ� IXQFWLRQ� GXH� WR�
GLVWXUEDQFH� LQ� WKH� EORRG� VXSSO\� WR� WKH� EUDLQ�� &KDOOHQJLQJ� WKH� EUDLQ�ZLWK� GLIIHUHQW�
tasks creates new neural connections and intensive exercise leads to improvement 
in neuroplasticity.

Neuroplasticity can be defined as brain’s ability to change, remodel and reorganize 
for purpose of better ability to adapt to new situations. The concept of neuroplasticity 
is quite new, and it is one of the most important discoveries in neuroscience. The 
fact is that neural networks are not fixed, but occurring and disappearing dynamically 
throughout our whole life, depending on experiences. While we repeatedly practice 
one activity such as a sequence of movements or a mathematical problem, neuronal 
circuits are being formed, leading to better ability to perform the practiced task with 
less waste of energy. Once we stop practicing a certain activity, the brain will redirect 
these neuronal circuits by a much known ‘use it or lose it’ principle. Neuroplasticity 
leads to many different occurrences, such as habituation, sensitization to a certain 
position, medication tolerance, even recovery following brain injury. 

¥H\�ZRUGV� 
functional neuroplasticity, 
neuroplasticity, 
neurorehabilitation, 
stroke, 
structural 
neuroplasticity

6WURNH�LV�D�PDMRU�KHDOWK�SUREOHP�GHVSLWH�WKH�JUHDW�
HIIRUWV�PDGH�ZRUOGZLGH�WR�ILJKW�DJDLQVW�LW��'HVSLWH�
therapeutic achievements to treat ischemic stroke 
patients, prevention remains the most powerful 
strategy to cure this heterogeneous and multi-
factorial disease caused by the combination of 
vascular risk factors, environment, and genetic 
factors. It remains one of the leading causes of 
mortality and disability in modern countries.

The brain damage caused by a stroke may 
result in the loss of cerebral function. However, the 
brain can use neuroplasticity to adjust itself func-
tionally, by reorganizing the cortical maps, which 
contributes to the stroke recovery. The changes 
in the cortex organization include an increase in 
the number and density of dendrites, synapses 
and neurotrophic factors synthesis which results in 
two ways: unmasking of existing neuronal circuits 
and establishing of new neuronal circuits. Term 
neuroplasticity comes from Greek word "plastos" 
which means pliable; it means that neurochemi-
cal, synaptic, receptor and functional reorganiza-
tion in brain results in new functional possibilities. 
After damage of the motor cortex, changes of ac-
tivation in other motor areas are observed. These 
changes occur in homologue areas of the non-
affected hemisphere which can substitute for the 
lost functions or in the intact cortex adjacent to 
WKH�GDPDJH��'XH�WR�WKHVH�FRUWLFDO�UHRUJDQL]DWLRQV��
which begin from one to two days after the stroke, 
and can be extended for months, the patients can 
recover, at least in part, their lost abilities. The re-
covery of functions of the limbs which is promoted 
by plasticity is more difficult to occur, due to a 

phenomenon known as "learned non use". With 
the loss of a brain area’s function, the body part 
that was linked to this area is also affected and its 
mobility power is lost too. As the patient can not 
move his most affected limb, he compensates this 
using the other limb. Thus, after a certain period, 
when the damage effects aren’t present anymore 
and brain adaptations happen, the movements 
could be recovered, but the patient has already 
'learned" that the limb is no longer functional [1]. 
&RJQLWLYH�DELOLWLHV�OLNH�SURFHVVLQJ�VSHHG��PHPRU\�
and reasoning start to decline in our late twenties. 
Normal aging process and many different neuro-
logical disorders like stroke, dementia, Alzheimer’s 
and Parkinson’s disease, Huntington disease, 
multiple sclerosis and acquired brain trauma con-
tribute to the decline of our cognitive abilities. 

About 120 years ago, William James was the 
first to suggest the theory of neuroplasticity in his 
work Principles of Psychology [2]. He suggested 
that human brain is capable for continuous func-
tional changes.  Polish neuroscientist Jerzy Konor-
ski was the first to define the term ‘neuroplasticity’ 
in 1948. Konorski suggested a theory by which neu-
rons which have been activated by closeness of 
an active neural circuit, change and incorporate 
WKHPVHOYHV� LQWR� WKDW� FLUFXLW� >�@�� 'RQDOG� +HEE�� D�
&DQDGLDQ�SV\FKRORJLVW�HVWDEOLVKHG�D�+HEEqV�UXOH��
defined also as pre-post coincidence, implying that 
changes of biochemical processes in one neuron 
can stimulate neighboring simultaneously activated 
synapses, this being the basic principle of synaptic 
SODVWLFLW\�>�@��3DXO�%DFK�\�5LWD�LV�WKH�SLRQHHU�LQ�GHP-
onstrating neuroplasticity on actual cases, claiming 



92 NEUROSONOLOGY  AND CEREBRAL HEMODYNAMICS, vol. 10, 2014, No. 2

NEUROSONOLOGY  AND CEREBRAL HEMODYNAMICS, Volume 10, Number 2, 2014

that healthy regions of the brain can take over the 
functions of injured parts of the brain. This was the 
basis of his treatment for people who suffered ves-
tibular damage. He patented an appliance which 
when connected to one’s tongue, stimulates recep-
tors by vibrations in a frequency and amplitude in 
correlation with pixel analysis from the surround-
ings [5, 6, 7]. Edward Taub supported research and 
developed first real and applicable treatments for 
patients. He proved, first using rhesus monkeys, 
then on humans, that tying up of healthy half of 
the body in case of hemiplegia, “forces” the dam-
aged part of the brain to faster rehabilitation [8, 9, 
10]. Michael Merzenich is yet another neuroscientist 
who left his mark in the field of neuroplasticity. He 
designed software for in order to help people with 
learning difficulties [11, 12].

All these scientists had to fight against an 
academic dogma which disapproved the exis-
tence of adult brain neuroplasticity, except during 
GHYHORSPHQWDO� SKDVH�� 8QWLO� WKH� 'HFDGH� RI� WKH�
brain (1990-2000), the word ‘neuroplasticity’ itself, 
lead to articles not being published in prestigious 
journals. When asked, Eric Kandel, a Nobel Prize 
winner in medicine, said that neuroplasticitiy is 
ZKDW�PDUNHG�WKH�'HFDGH�RI�WKH�EUDLQ�

Neuroplasticity is a general term, defining the 
fact that the brain changes, recognizing the need 
for further definition of the term. We distinguish 
structural from functional neuroplasticity. 

6WUXFWXUDO� QHXURSODVWLFLW\�� V\QDSWLF� SODVWLFLW\�
refers to changes in the strength between neurons 
(synapses), chemical or electric meeting points 
EHWZHHQ�EUDLQ�FHOOV��6\QDSWLF�SODVWLFLW\�LV�D�JHQ-
eral term, and the name  itself has no meaning 
other that something changed within the synapse, 
but can include many specific processes such as 
long-term changes in the number of receptors for 
certain neurotransmitters, or changes where some 
proteins are being synthetized more within the cell.

6\QDSWRJHQHVLV�UHIHUV�WR�IRUPDWLRQ�DQG�ILWWLQJ�
of synapse or group of synapses into a neural 
FLUFXLW�>��@��6WUXFWXUDO�SODVWLFLW\�LV�D�QRUPDO�PDUN-
ing of fetal neurons during brain development 
and is called developmental plasticity, including 
neurogenesis and neuronal migration. Neuronal 
migration is a process in which neurons travel 
from their ‘place of birth’ in fetal ventricular or 
subventricular zone, towards their final position 
in the cortex. 

'XULQJ�GHYHORSPHQW��EUDLQ�DUHDV�EHFRPH�VSH-
cialized for certain tasks such as processing sig-
nals form the surrounding areas through sensory 
receptors. For example, in occipital brain area, 
the fourth layer of cortex hypertrophies in order to 
receive signals from the visual pathway [14].

Neurogenesis is formation of new neurons. It 
is a process which mainly takes place during brain 

development, even though in the last decade neu-
rogenesis was found in adult brain as well. On the 
other hand, neuronal death occurs throughout life, 
due to brain damage or programmed cell death. 
Other forms of structural neuroplasticity include 
changes in white or gray matter density which can 
be visualized by magnetic resonance.

Functional neuroplasticity: functional neuro-
plasticity depends upon two basic processes, 
learning and memory. They also represent a spe-
cial type of neural and synaptic plasticity, based 
on certain types of synaptic plasticity causing 
permanent changes in synaptic effectiveness 
>��@�� 'XULQJ� OHDUQLQJ� DQG� PHPRU\� SHUPDQHQW�
changes occur in synaptic relationships between 
neurons due to structural adjustments or intracel-
lular biochemical processes.

When looking at neuroplasticity on molecular 
level, all types of synaptic plasticity share neu-
rotransmitter exocytosis modulation, on the level 
of one single synapse or among a larger neuro-
QDO�QHWZRUN��6\QDSWLF�SODVWLFLW\�PDLQO\�GHSHQGV�
on receptors binding neurotransmitters. Mental 
events activate a large neural molecular cascade, 
LQFOXGLQJ�UHJXODWRU\�IDFWRUV�UHIHUULQJ�WR�'1$�DQG�
RNA [16]. Research on long term changes within 
the synapse consider different types of memory 
based on different mechanisms. Within the cor-
tex, glutamate receptors play the key role, as 
glutamate is the most important excitatory neu-
rotransmitter. If several impulses, from neigh-
boring neurons, in a very short time, activation 
RI� PHWDERWURSLF� JOXWDPDWH� UHFHSWRUV� �10'$��
occurs. This enables calcium influx which par-
ticipates in protein synthesis, and permanently 
changes postsynaptic neuron [17].

After establishing the fact that brain has a pos-
sibility of remodeling its own neural maps, the main 
question for neurorehabilation medicine is how to 
direct this neuroplasticity to regain lost functions 
caused by a neurologic deficit. This emphasizes 
the need to neuroanatomically define every neuro-
logic lesion. When we know which neural pathway 
is damaged, we can start looking for bypasses. 

Movement rehabilitation: when we learn com-
plex movements, the brain firstly recognizes basic 
motoric movements, and divides them and stores 
them into a given model which is then remem-
bered. The same network of neurons will activate 
every time we observe, think, or make a certain 
movement, or hear sounds which remind us of that 
movement. If we focus on repetitive movements, 
it is important to understand the purpose of the 
movement. For example, for a patient practicing 
hand pronation, the movement itself is not the pur-
pose; the purpose is for him to be able to open the 
door again. This way we can stimulate other neu-
ronal circuits which can lead to execution of this 



93Regional Teaching Course of the EAN | Lectures

Regional Teaching Course of the EAN  | 3-5 October, 2014

final goal. Neurological rehabilitation must focus on 
expediency of the movement. This makes familiar-
izing with patient’s habits before stroke very impor-
tant. Most complex movements that we perform, we 
were first observing during childhood. It is helpful to 
repeat these movements during rehabilitation pro-
cess. Ventral premotor cortex and base of parietal 
lobe are cortical areas belonging to mirror neuron 
system [18]. These areas have shown to be great 
neuroanatomical target areas for rehabilitation exer-
cises. The goal is to reach their activation through 
any connected healthy part of the cortical network. 
The mirror neuron system will activate differently 
in every person, depending on individual’s level of 
practice of specific movement. For example, if a 
patient played a guitar and danced tango prior to 
stroke, the observation of these activities itself will 
strongly activate his mirror neurons, which leads to 
stimulation of larger network area and reconnection 
of large number of synapses.

Neuronal processing of different signals: in 
������D�)UHQFK�VROGLHU�QDPHG�&KDUOHV�%DUELHU��YLV-
ited a Royal institution “night writing”, in Paris, pre-
senting his invention, a code of 12 dots which offer 
possibilities to soldiers to communicate and share 
information on the battle field, without the need for 
speech. Usage of the code showed to be too dif-
ficult for soldiers, but not for a blind boy from that 
LQVWLWXWLRQ��/RXLV�%UDLOOH��%UDLOOH�ORZHUHG�WKH�QXPEHU�
RI�GRWV�IURP����WR����DQG�SXEOLVKHG�WKH�ILUVW�%UDLOOH�
book in 1829. In 1839 he added mathematical and 
music symbols [19]. How can a blind person pro-
cess and translate position of the dots so fast? If 
the experience is changing dramatically or parts 
of the brain are damaged, parts of the brain can 
change their function without structural changes. 
From this example, visual cortex in a blind per-
son, if it’s not receiving information from the visual 
pathway, it can process the sense of touch. 150 
years later, Uhl and his coworkers proved that tac-
tile reading in blind subject activates the occipital, 
visual part of the cortex [20]. Remodeling of brain 
maps after brain damage is a revolutionary term 
which opened a pathway for new understanding of 
neurorehabilitation [21]. After accepting the fact, the 
future of neurorehabilitation lies in defining neural 
pathways and ways we can regain lost function by 
using bypass pathways in the brain [22]. 

Our brain is constantly changing during life-
WLPH��'XULQJ�IHWDO�GHYHORSPHQW�VWUXFWXUDO�FKDQJHV�
are dominant, such as neurogenesis and migra-
tion of neurons, while in adult brain the dominant 
type of neuroplasticity is functional, allowing the 
brain to constantly adapt to environment and in-
jury. The greatest challenge for neurorehabilitation 
in the future is finding and defining major and 
minor neural pathways, and then aim to support 
neuroplasticity of compensatory neural circuits.
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The recent developments in drug treatments for Alzheimer's disease (AD) and other 
dementias, have highlighted the importance of early diagnosis and the need to char-
acterize the cognitive profile of the earliest stages of the disease. The final result in 
dementia is well known to the physicians and it is not difficult to make the diagnosis 
especially in its late phases. However, several problems remain in terms of diagnosis, 
particularly in its early stages. To provide a few examples that will be developed in 
this chapter, the clinical diagnosis of very early dementia and its differentiation from 
normal aging remains problematic. Recent research has identified a transitional state 
between the cognitive changes of normal aging and AD, known as Mild Cognitive 
Impairment (MCI). Another problem is the differential diagnosis between different forms 
of dementia which is complicated by the fact there is a genuine overlap between the 
pathology of AD and the pathology observed in many other disorders.

This presentation will discuss briefly the neuropsychology of normal aging and 
of the entity known as benign senescent forgetfulness or age-associated memory 
impairment. It will then review the rationale of the criteria that have been proposed to 
diagnose patients with MCI. An important issue in the early diagnosis of AD is also 
the differential diagnosis with VaD. Especially the new concept of Subcortical Vascular 
Cognitive Impairment (VCI) will be discussed. In this context, a better understanding of 
neuropsychological differences between MCI and VCI may have important implications 
for the differential diagnosis of these disorders. 
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The recent developments in drug treatments for 
AD have highlighted the importance of early di-
agnosis and the need to characterize the cogni-
tive profile of the earliest stages of the disease. 
Recent research has identified a transitional state 
between the cognitive changes of normal aging 
and AD, known as MCI [2, 14]. 

The diagnosis of AD is often difficult, espe-
cially in its early phases and this is due to sev-
eral reasons9. First of all, the onset of AD is 
always insidious and the disease tends to occur 
in elderly persons with frequent changes in ce-
rebral functions due to some other pathology or 
to "normal" aging. In addition, the clinical signs 
of AD tend to be non-specific, especially in the 
early stages of the disease, and they tend to 
vary considerably from case to case. The neuro-
pathological lesions, albeit more specific, are not 
readily accessible to routine imaging techniques. 
Finally, to complicate matters even further, there 
is a genuine overlap between the pathology of 
AD and the pathology observed in many other 
disorders.

This presentation will discuss briefly the neu-
ropsychology of normal aging and of the entity 
known as benign senescent forgetfulness or age-
associated memory impairment. It will then re-
view the rationale of the criteria that have been 

proposed to diagnose patients with MCI. An im-
portant issue in the early diagnosis of AD is also 
the differential diagnosis with Vascular dementia 
(VaD). Especially the new concept of Subcorti-
cal VCI will be discussed. Since subcortical VaD 
sometimes presents gradual progression, extra-
pyramidal signs, depression and leukoaraiosis or 
white matter abnormality on CT or MRI which are 
also frequently observed in AD, it is probably the 
most difficult to discriminate clinically from AD. In 
this context, a better understanding of neuropsy-
chological differences between MCI and VCI may 
have important implications for the differential di-
agnosis of these disorders. 

Dementia and normal aging

Our understanding of neuropsychological chang-
es in normal aging has evolved considerably in 
recent past [6, 10] . Most studies agree that age 
is accompanied by an overall decline in cogni-
tive functions as measured by IQ tests. A more 
detailed analysis shows that, in general, verbal 
functions (corresponding to so-called crystal-
lized intelligence are relatively preserved in aging 
subjects, while non-verbal functions ("fluid intel-
ligence") tend to show a decline. This is reflect-
ed by the results of classical intelligence tests 
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such as the Wechsler Adult Intelligence Scale 
(WAIS): up to age 75, there tends to be little or 
no changes at verbal subtests such as vocabu-
lary or arithmetic. In contrast, digit-symbol sub-
stitution, object assembly and other performance 
subtests often show changes starting at age 
60 [16]. More detailed neuropsychological tests 
show that in general, the most important cogni-
tive changes involve attention (particularly divided 
attention), some visuospatial functions and some 
processes involved in learning and remember-
ing. Some authors have found, however, that if 
assessment is restricted to elderly subjects who 
are completely free of any disease, the effect of 
aging on cognitive functions is mild. A working 
party of the International Psychogeriatric Associa-
tion (IPA) in collaboration with the World Health 
Organization (WHO) proposed diagnostic criteria 
for "Aging-Associated Cognitive Decline" (AACD) 
to categorize subjects with cognitive decline fall-
ing short of dementia [16]. The criteria include 
the presence for at least 6 months of subjective 
gradual cognitive and objective evidence of ab-
normal performance in any principal domain of 
cognition. The abnormality is defined as perfor-
mance at least one standard deviation below the 
age and education norms in well standardized 
neuropsychological tests. Thus, the diagnosis of 
AACD identifies persons with subjective and ob-
jective evidence of cognitive decline which does 
not evolve toward a dementia [17]. A concept akin 
to AACD is included in DSM-IV as a "age-related 
cognitive decline" (ARCD) and defined as "an ob-
jectively identified decline in cognitive functioning 
consequent to the aging process that is within 
normal limits given the person's age".

In conclusion, it is important to stress that 
a major loss of episodic memory and a sizable 
intellectual decline are not part of normal aging 
and represent clear indications for further workup.

The challenge of early detection Alzheimer’s 
disease or amnestic Mild Cognitive Impairment

Patients with MCI have a memory impairment that 
is higher than that expected for their age, yet they 
do not meet commonly accepted criteria for de-
mentia or AD because their cognitive deficits are 
limited to memory alone and their everyday abili-
ties are preserved [7]. Although MCI can pres-
ent a variety of symptoms, when memory loss is 
the predominant symptom it is termed "amnestic 
MCI" and the risk is higher for the development 
of AD [1]. These patients progress to AD at a rate 
of 10% to 15% per year, as compared to elderly 
individuals without MCI, who convert at rates of 
1% to 2%. However, subsequent work has also 
indicated that MCI is heterogeneous in its clini-

cal presentation and should be considered in a 
broad clinical context [23]. The principal cognitive 
impairment can be amnestic, single nonmemory 
domain or involving multiple cognitive domains 
(with or without a memory impairment). 

Several studies have suggested that an im-
pairment of memory is most common in amnes-
tic MCI and is the fundamental aspect of cogni-
tion to evaluate. Collie [7] et al reported verbal 
episodic memory performance in an MCI group 
that was as impaired as that seen in mild AD. 
However, the same MCI group's performance 
on measures assessing other cognitive domains 
(naming, executive functions, etc.) was equiva-
lent to that of healthy older controls. Other stud-
ies of MCI report cognitive deficits similar to 
those described by Petersen and colleagues. 
Grundman [13] in line with the concept of am-
nestic MCI, we would like to stress on the ben-
efits of the Buschke’s FCSR test [12] usage, in 
spite of the studies that examined memory func-
tioning in MCI using free recall measures [1, 2]. 
Our recent findings [22] show that MCI patients 
recalled significantly fewer words on immediate 
and delayed free recall than did matched con-
trol participants and show, in addition, lesser 
efficacy of cued recall. Similar results were ob-
tained by Grober et al. [12] who investigated 
learning and retention in participants who later 
developed AD. Considered together, our findings 
with those of Grober et al. [12] indicate that de-
tection of MCI and very early AD may be best 
accomplished by using robust learning tests 
that control cognitive processing. 

However, in recent years, the literature has re-
ported that, while episodic memory is the hallmark 
of patients with amnestic MCI, they are impaired 
on a variety of tasks that have commonly been 
considered a measure of executive functions [5]. 
Executive functions are encompassing a number 
of cognitive abilities which generally have been 
conceptualized as controlling or guiding behavior 
in a top-down fashion such as decision-making, 
planning, self monitoring, and behavior initiation, 
organization and inhibition [4].

Some authors suggest that executive deficits 
appear early in AD but the initial stage of the dis-
ease, known as MCI is characterised by amnesia 
alone with profound loss of episodic memory, de-
spite intact executive functions [10]. Longitudinal 
studies employing neuropsychological assess-
ment in small groups of subjects have suggested 
that, following the amnesia-only phase, deficits 
in executive functions and/or semantic memory 
arise before all domains of cognitive processing 
become affected [18]. Other studies have shown 
both episodic memory and executive function 
tasks to be predictive of latter onset of AD, [22] 
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and some, indeed report executive functions to 
be equally predictive for the latter development 
of AD. Thus, although an episodic memory deficit 
is generally considered to be the first sign of AD, 
these longitudinal results support a multiple pat-
tern of deterioration prior to AD. Similarly, recent 
studies show, that when the clinical syndrome of 
MCI evolves on a neurodegenerative basis, the 
multiple-domain type of MCI has a less favor-
able prognosis than the amnestic type and may 
represent a more advanced prodromal stage of 
dementia [3]. 

The challenge of early detection of Vascular De-
mentia or the concept of Subcortical Vascular 
Cognitive Impairment

VaD is known as the second most common form 
of dementia. In recent years, practical as well 
as theoretical considerations have engendered 
a strong interest in recognizing the very early 
VaD [6, 21]. The cognitive impairment related to 
cerebrovascular disease (CVD) may be more 
preventable and patients with CVD could ben-
efit from therapy. This possibility underlines the 
importance of early detection and accurate di-
agnosis of VaD. 

Although relatively easy to define, VaD has 
proved difficult to diagnose because of the wide 
variability in mechanisms, brain changes, syn-
dromes, and course. At present, the current cri-
teria for VaD such as the DSM-IV, select an het-
erogeneous group and may have biased findings 
in research studies and clinical trials. In 1993, 
the NINDS-AIREN International Work Group [20] 
proposed diagnostic criteria for VaD focusing on 
the delineation of the clinical subtypes of VaD, 
consistent with the heterogeneity of dementia 
syndrome from CVD. Accordingly, the main sub-
categories of ischaemic VaD include multi-infarct 
dementia, strategic single-infarct dementia, and 
small-vessel disease with dementia. 

Many studies dedicated to development of 
drug treatment for VaD suggested that subcorti-
cal VaD, caused by small vessel disease, repre-
sents a more homogeneous subtype for clinical 
trials [11]. However, there are some limitations in 
the current criteria for the diagnosis of subcorti-
cal VaD, such as the definition of the cognitive 
syndrome and the necessity of relationship be-
tween onset of dementia and CVD. 

To further refine the criteria for subcortical 
VaD, Erkintunti et al. [11] have proposed a modi-
fication of the NINDS-AIREN criteria as a new 
research criteria for subcortical VaD. This propo-
sition provides a sharper delineation of the clini-
cal and the brain imaging features of patients 
with subcortical VaD. For example, according to 

these criteria, the cognitive syndrome in subcorti-
cal VaD includes both a dysexecutive syndrome 
and memory impairment caracterised by predom-
inantly retrieval deficit, however there is a need 
to identify cognitive test-batteries for screening, 
diagnosis and follow up.

An important issue in the early diagnosis 
of VaD is also the differential diagnosis with 
AD. Since subcortical VaD sometimes presents 
gradual progression, extrapyramidal signs, de-
pression and leukoaraiosis or white matter ab-
normality on CT or MRI which are also frequently 
observed in AD, it is probably the most difficult 
to discriminate clinically from AD. In this context, 
a better understanding of neuropsychological dif-
ferences between VaD and AD may have impor-
tant implications for the differential diagnosis of 
these disorders. 

Recently, we found that VaD patients showed 
fewer impairment on episodic memory measures 
than AD patients. The results show a noticeable 
impairment on free recall, some deficit on cued 
recall, and quasi-normal recognition memory 
in VaD patients relative to controls. This deficit 
should be considered a retrieval defect of mem-
ory, patients being helped by semantic cues. 
In contrast, AD patients show lesser efficacy of 
cued recall (as assessed by the proportion of 
maximum possible recall obtained by total recall) 
and impaired recognition as compared with VaD. 
Our findings indicate that use of a cued recall 
and recognition procedures significantly enhance 
the ability to discriminate between VaD and AD. 
In addition, patients with VaD have a significantly 
greater number of perseverative errors during 
tasks that assess "frontal" lobe functions, while 
AD patients exhibit more perseverations on tests 
of semantic knowledge.

It might be reasonable to interpret the find-
ings in terms of topographical distribution of 
neuropathology in AD and subcortical VaD. While 
AD is characterised by medial temporal lesions 
early in the course of the disease, the subcorti-
cal VaD seems to involve predominantly basal 
ganglia and frontal white matter lesions[30]. It is 
generally agreed that memory is supported by 
multiple neural systems, with particular involve-
ment of the medial temporal structures Haxby 
[15]. However, episodic memory disturbance re-
flecting more pronounced impairment on free re-
call than recognition is frequently associated with 
fronto-subcortical pathologies. 

In conclusion, many studies show that cogni-
tive dysfunction in early subcortical VaD includes 
retrieval memory impairment, as well as deficit 
in mental control, problem solving, set-shifting, 
conceptualisation, and concurrent manipulation 
of information, which encompass various aspects 
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of executive function commonly associated with 
the syndrome of “fronto-subcortical dementia” 
[8]. This constellation of neuropsychological im-

pairments is very close to the cognitive syndrome 
proposed by Erkinjuntti et al. [11] for the diagno-
sis of subcortical VCI. 

1. Albert MS, Blacker D, Moss MB, Tanzi R, McArdle JJ. 
Longitudinal change in cognitive performance among indi-
viduals with mild cognitive impairment. Neuropsychology 21, 
2007: 158–169.

2. Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox 
NC, Gamst A, Holtzman DM, Jagust WJ, Petersen RC, Snyder 
PJ, Carrillo MC, Thies B, Phelps CH. The diagnosis of mild cog-
nitive impairment due to Alzheimer’s disease: recommendations 
from the National Institute on Aging–Alzheimer’s Association 
workgroups on diagnostic guidelines for Alzheimer’s disease. 
Alzheimers Dement 7, 2011: 270–279.

3. Alexopoulos P, Grimmer T, Perneczky R, Domes G, Kurz A. 
Progression to dementia in clinical subtypes of mild cognitive 
impairment. Dement Geriatr Cogn Disord 22, 2006: 27–34.

4. Anderson SW, Tranel D. Neuropsychological consequences 
of dysfunction in human dorsolateral prefrontal cortex. In: 
Boller F, Grafman J, eds. Handbook of Neuropsychology. 
Amsterdam: Elsevier 7, 2002: 145–156.

5. Arnaiz E, Almkvist O. Neuropsychological features of mild 
cognitive impairment and preclinical Alzheimer's disease. 
Acta Neurol Scand 179, 2003: 34–41.

6. Boller F, Dalla Barba GF, Suarez S, Traykov L. LA neuropsy-
chologie de la maladie d'Alzheimer et autres démences. In: 
Botez-Marquard T, Boller F. (Eds.), Neuropsychologie clinique 
et neurologie du comportement. 3th edition. Paris, Montreal: 
Masson/Les Presses de l’Université de Montréal, 2005: 
677–722.

7. Collie A, Maruff P. The neuropsychology of preclinical 
Alzheimer's disease and mild cognitive impairment. Neurosci 
Biobehav Rev 24, 2000: 365–374.

8. Cummings JL. Anatomic and behavioral aspects of frontal-
subcortical circuits. Ann N Y Acad Sci 769, 1995: 1–13.

9. Dubois B, Feldman HH, Jacova C, Cummings JL, Dekosky 
ST, Barberger-Gateau P, Delacourte A, Frisoni G, Fox NC, 
Galasko D, Gauthier S, Hampel H, Jicha GA, Meguro K, 
O'Brien J, Pasquier F, Robert P, Rossor M, Salloway S, 
Sarazin M, de Souza LC, Stern Y, Visser PJ, Scheltens P. 
Revising the definition of Alzheimer’s disease: a new lexicon. 
Lancet Neurol 9, 2010: 1118–1127.

10. Dalla Barba GF, Traykov L, Baudic S. Neuropsychological 
examination in dementia. In: Aminoff MJ, Boller F, Swaab 
DF (Eds.). Handbook of Clinical Neurology, 3rd edition, 
Amsterdam, Elsevier 89, 2008: 15–33.

11. Erkinjuntti T, Inzitari D, Pantoni L, Wallin A, Scheltens P, 
Rockwood K, Roman GC, Chui H, Desmond DW. Research 
criteria for subcortical va scular dementia in clinical trials. J 
Neural Transm Suppl 59, 2000: 23–30.

12. Grober E, Lipton RB, Hall C, Crystal H. Memory impairment 
on free and cued selective reminding predicts dementia. 
Neurology 54, 2000: 827–832. 

13. Grundman M, Petersen RC, Ferris SH, Thomas RG, Aisen PS, 
Bennett DA, Foster NL, Jack CR Jr, Galasko DR, Doody R, 
Kaye J, Sano M, Mohs R, Gauthier S, Kim HT, Jin S, Schultz 
AN, Schafer K, Mulnard R, van Dyck CH, Mintzer J, Zamrini 
EY, Cahn-Weiner D, Thal LJ; Alzheimer's Disease Cooperative 
Study. Mild cognitive impairment can be distinguished from 
Alzheimer disease and normal aging for clinical trials. Arch 
Neurol 61, 2004: 59–66. 

14. Guidance for industry: Alzheimer’s disease: developing drugs 
for the treatment of early stage disease. Washington, DC: 
Center for Drug Evaluation and Research, February 2013 www.
fda.gov/downloads/Drugs/GuidanceComplianceRegulatory 
Information/Guidances/UCM338287.pdf).

15. Haxby JV. Medial temporal lobe imaging. Nature 380, 1996: 
669–670.

16. Hochanadel G, Kaplan E. Neuropsychology of Normal Aging. 
In: Albert ML. (eds), Clinical Neurology of Aging. Lexingtoon, 
MA: Lexington Books, 1984: 121–132.

17. Levy R. Aging-associated cognitive decline. Int Psychogeriatr 
6, 1994: 63–68.

18. Perry RJ, Hodges JR. Fate of patients with questionable (very 
mild) Alzheimer’s disease: longitudinal profiles of individual 
subjects’ decline. Dement Geriatr Cogn Disord 11, 2000: 
342–349. 

19. Petersen RC, Doody R, Kurz A, Mohs RC, Morris JC, Rabins 
PV, Ritchie K, Rossor M, Thal L, Winblad B. Current con-
cepts in mild cognitive impairment. Arch Neurol 58, 2001: 
1985–1992.

20. Roman GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Masdeu 
JC, Garcia JH, Amaducci L, Orgogozo JM, Brun A, Hofman A, 
Moody DM, O'Brien MD, Yamaguchi T, Grafman G, Drayer BP, 
Bennett DA, Fisher M, Pajeau AK, Bell MA, DeCarli C, Culebras 
A, Korczyn AD, Bogousslavsky J, Hartmann A, Scheinberg P: 
Vascular dementia: diagnostic criteria for research studies 
(Report of the Erkinjuntti T, Inzitari D, Pantoni L, Wallin A, 
Scheltens P, Rockwood K, Roman GC, Chui H, Desmond DW: 
Research criteria for subcortical va scular dementia in clinical 
trials. J Neural Transm Suppl 59, 2000: 23–30.

21. Traykov L, Baudic S, Raoux N, Latour F, Rieu D, Smagghe A, 
Rigaud AS. Patterns of memory impairment and perseverative 
behavior discriminate early Alzheimer's disease from subcorti-
cal vascular dementia. J Neurol Sci, 2005: 229–230, 75–79.

22. Traykov L, Raoux N, Latour F, Gallo L, Baudic S, Hanon O, 
Bayle C, Wenisch E, Remy P, Rigaud AS. Executive Functions 
Deficit in Mild Cognitive Impairment. Cogn Behav Neurol 4, 
20, 2007: 219–224.

23. Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, 
Wahlund LO, Nordberg A, Bäckman L, Albert M, Almkvist 
O, Arai H, Basun H, Blennow K, de Leon M, DeCarli C, 
Erkinjuntti T, Giacobini E, Graff C, Hardy J, Jack C, Jorm A, 
Ritchie K, van Duijn C, Visser P, Petersen RC. Mild cognitive 
impairment--beyond controversies, towards a consensus: 
report of the International Working Group on Mild Cognitive 
Impairment. J Intern Med 256, 2004: 240–246.

REFERENCES

Address for correspondence:
Prof. Lachezar Traykov, MD, PhD
University Hospital Alexandrovska
Department of Neurology
Medical University
Sofia, Bulgaria
Tel. 00359 887491034 
e-mail: traykov_l@yahoo.fr



99Regional Teaching Course of the EAN | Lectures

Regional Teaching Course of the EAN  | 3-5 October, 2014

Functional Transcranial Doppler 
in Stroke Risk
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Brain’s high metabolic demand requires that cerebral blood vessels have a fine tune 
regulation of vascular resistance, controlling blood flow distribution. Two fast regulating 
principles of cerebral perfusion are well accepted: cerebral autoregulation maintains 
a stable cerebral blood flow for a wide range of systemic blood pressure variation, 
and cerebral neurovascular coupling adapts local cerebral blood flow to the metabolic 
needs and activity of the underlying cortex.

Transcranial Doppler (TCD) allows a continuous and non-invasive monitoring of 
cerebral blood flow velocities in the basal cerebral arteries, which change according 
to distal arterioles vasomotor variations. Functional TCD is a tool designed to measure 
the increase of local cerebral blood flow due to regional cortical neuronal activation, 
accomplished by the neurovascular coupling. 

As endothelial dysfunction affects neurovascular coupling, it disturbs the dynamics 
of the evoked blood flow response to cortical activation, as assessed by functional 
TCD. Vascular risk factors, including age, diabetes and smoking habits, have been 
shown to interfere with neurovascular coupling.

Functional TCD can also be useful for evaluating presymptomatic and even prele-
sional subjects with genetic diseases afecting the endothelial function. Fabry disease 
patients, without prior history of stroke or transient ischemic attack, had disturbed 
neurovascular coupling in the visual cortex.

Interesting findings seem to show that cerebral blood flow regulation may reflect 
the neurological dysfunction caused by cerebral microvascular disease, namely asso-
ciated with slow gait speed and risk of falls. A better understanding of the relationship 
between cerebral hemodynamics and structural changes in the aging brain is an 
essential step towards identifying preventive and therapeutic strategies for age related 
cerebrovascular disease.

¥H\�ZRUGV� 
cortical stimulation, 
functional hyperemia, 
neurovascular coupling, 
stroke risk, 
transcranial Doppler

Functional transcranial Doppler in stroke risk is a 
new cerebrovascular research area, as reflected 
by the few published articles related to this topic.

In this presentation some physiologic aspects 
of cerebrovascular hemodynamics will be firstly 
discussed, with a focus on neurovascular cou-
pling. It will be shown how transcranial Doppler 
can study the neurovascular coupling, and finally 
how this functional transcranial Doppler is able to 
potentially evaluate stroke risk.

3K\VLRORJLF�FRQVLGHUDWLRQV�RQ�FHUHEURYDVFXODU�
KHPRG\QDPLFV

The relatively small human brain, which repre-
sents around 2% of the body weight, consumes 
20% of total body oxygen and claims 15% of the 
cardiac output, in order to maintain the neces-
sary levels of metabolic activity of 3.5 ml.100 g 
brain-1.min-1 [1]. 

Furthermore, the brain has no energetic re-
serve, thus requiring a continuous blood flow 
during the whole cardiac cycle. A proof of this 
statement is the fact that a pathologic condition 
involving an intracranial pressure high enough to 

prevent blood from entering the skull during dias-
tole results in brain death [3]. 

Another important issue is that the brain is 
surrounded by bone, and therefore the intracra-
nial volume must be kept rather constant, with 
equilibrium of brain parenchyma, blood and ce-
rebrospinal fluid volumes [25]. 

Brain’s high metabolic demand and these 
volume-balance requirements imply that cerebral 
blood vessels have a fine tune regulation of vas-
cular resistance, controlling blood flow distribu-
tion.

+RZ�GRHV�EUDLQ�UHJXODWH�YDVRUHDFWLYLW\"

Brain circulatory physiology is not yet fully under-
stood and competing theories about the modulat-
ing role of myogenic, neurogenic and metabolic 
mechanisms still exist. 

Regardless of their biological realisation, two 
fast regulating principles of cerebral perfusion 
are well accepted: cerebral autoregulation and 
cerebral neurovascular coupling.

Cerebral autoregulation maintains a stable 
cerebral blood flow for a wide range of systemic 
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blood pressure (BP) variation, as long as the fluc-
tuations remain within 50-150 mmHg mean blood 
pressure [13]. 

Cerebral neurovascular coupling adapts local 
cerebral blood flow in accordance to the meta-
bolic needs and activity of the underlying cortex 
[8]. The neurovascular unit, composed by the 
neuron, the glia and the vessel, assures this in-
terplay for an adequate local cerebral blood flow 
distribution.

It is assumed that the small arteriolar resis-
tance vessels are the effector structures of both 
these physiologic mechanisms. Also, similar ef-
fectors were suggested because both mecha-
nisms show almost identical response times [2]. 

+RZ� FDQ�7UDQVFUDQLDO� 'RSSOHU� �7&'�� HYDOXDWH�
FHUHEURYDVFXODU�UHDFWLYLW\"

Transcranial Doppler (TCD) is a non-invasive ul-
trasonographic procedure that measures local 
blood flow velocity and direction of blood ves-
sels in the proximal portions of large intracranial 
arteries.

Since its first development, described in 1982 
by Rune Aaslid, transcranial Doppler has allowed 
a continuous and non-invasive monitoring of ce-
rebral blood flow velocities in the basal cerebral 
arteries, through temporal bone “windows” [1]. 
Although TCD does not register directly CBF in 
the small vasoactive arteriolar system, but rather 
in the cerebral basal distribution arteries, distal 
arteriolar calibre variation in response to physi-
ologic stimuli will induce flow variations on basal 
arteries, and therefore blood flow velocity. It could 
be argued that TCD measures CBF velocities and 
does not measure the CBF itself. Nevertheless, 
since flow is equal to the product of area and 
velocity, and calibre in insonated basal cerebral 
vessels remains constant with pressure changes 
of up to 20 mmHg, flow velocity changes cor-
relate closely to flow changes. So, TCD allows 
continuous non-invasive monitoring of regional 
CBF variations, doing it with an excellent tempo-
ral resolution [2, 9, 19]. 

There are several ways to study vasomotricity 
of cerebral arterioles. With TCD we can evalu-
ate the vasoreactive response inducing an in-
crease in CO2 (either from breathing carbogen 
or through an apnea test), we can study the per-
formance of cerebral autoregulation by analyzing 
the pressure-driven cerebrovascular adaptation 
(either to induced or spontaneous variations on 
arterial blood pressures), and we can study the 
neurovascular coupling by evaluating the reactive 
hyperemia to cortical activation. 

Each of these evaluations can be relevant for 
stroke risk in different situations. For example, 

looking at the vasomotor response to an increase 
in CO2 can be important for studying cerebro-
vascular reserve in patients with carotid or intra-
cranial stenosis: it allows assessing the risk of 
ischemia and identifying a group with high risk of 
recurrent stroke. This can help to make decisions 
regarding revascularization, when there is already 
an exhaustion of vasodilatation in the arterial ter-
ritory of the proximal stenosis [20]. 

Looking at the performance of cerebral au-
toregulation in acute stroke can be very helpful 
if this allows adjusting the blood pressure, and 
investigations are ongoing on this topic [7, 14]. 
This adaptation can potentially reduce the risk 
of further ischemia when BP decreases or help 
preventing edema and hemorrhage when BP in-
creases. The analysis of the cerebral evoked flow 
to cortical activation is important to evaluate the 
performance of the neurovascular coupling unit, 
both for neuronal and endothelial dysfunction, and 
also allows localizing some cortical functions, as 
in the laterality studies [10]. It can be useful for 
predicting stroke risk [4], and after stroke it might 
help in assessing changes in motor organization 
with rehabilitation. Functional brain imaging may 
assist in the selection of rehabilitation methods 
that best foster recovery [24].  

Functional transcranial Doppler

Neurovascular coupling (NVC) ensures that blood 
flow is increased to meet the increased metabol-
ic demands of the activated neurons. A mismatch 
between the demand and supply would result in 
relative hypoperfusion and brain dysfunction.

Functional TCD is a tool designed to mea-
sure the increase of local cerebral blood flow 
caused by regional cortical neuronal activation, 
accomplished by the neurovascular coupling. For 
this purpose, CBF velocity in the cerebral basal 
distribution artery related to the simulated cortex 
is monitored, and velocities in “rest” and while 
performing the task are compared [5]. It is im-
portant to find which duration of the stimulation 
is adequate to the stimulus, and also a resting 
phase long enough to allow the velocity to reach 
the basal levels. During the whole monitoring, 
marks should signal the beginning and the end 
of the stimulation phase, for posterior analysis.

One possible way of evaluating NVC consists 
in monitoring posterior cerebral artery during vi-
sual stimulation. The P2 segment of the posterior 
cerebral artery is a very good option to study 
NVC, because functionally it supplies mostly the 
visual cortex, so the low spatial resolution of the 
technique is not a limitation in this case. Thus, 
when monitoring P2, after asking the subject to 
make a normal task like reading a text, we can 
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see that with a short initial delay to stimulation, 
the flow velocity increases rapidly, overshoots 
and then stabilizes at a constant higher level 
compared to resting conditions. After being trans-
formed into relative data to become independent 
from the insonation angle, the flow responses 
are evaluated conventionally by the maximal flow 
velocity increase. Nevertheless, some develop-
ments allowed a different approach for studying 
all the dynamic features of the evoked flow re-
sponse, such as the initial time delay, the steep-
ness of flow velocity increase, the overshoot, and 
the stabilization phase [15]. 

)XQFWLRQDO�WUDQVFUDQLDO�'RSSOHU�DQG�VWURNH�ULVN

It is expected that endothelial dysfunction will af-
fect the normal dynamic characteristics of the 
visual evoked blood flow, and it has been shown 
with functional transcranial Doppler that vascular 
risk factors interfere with NVC.

While age ranging from 10 – 60 years did not 
affect NVC in a functional transcranial Doppler 
(TCD) study with a visual stimulation task and 
monitoring posterior cerebral artery [17], another 
study involving young and old subjects that as-
sessed NVC in the anterior and posterior cerebral 
arteries during visual and executive function tasks 
found that overall NVC seems to be altered with 
aging [21]. While the younger group showed task-
specific flow activation in one territory at a time, 
the older group showed a generalized increase 
in blood flow in both the territories in response to 
both tasks suggesting generalization of cerebral 
activity to compensate for age related loss of 
region specific function. Similar generalization of 
cerebral activity was also reported with functional 
MRI during cognitive tasks in elderly people [6].

NVC also seems to be disturbed in the pres-
ence of other vascular risk factors. It was shown 
to be impaired in type 1 diabetic children [16] 
and in women with gestational diabetes versus 
non-pregnant and healthy pregnant women [18]. 
Impaired visually evoked flow velocity response 

was also found to be associated with chronic 
cigarette smoking in otherwise healthy, young 
subjects. The impaired cerebral vasodilatory 
mechanism together with atherosclerosis may in-
fluence stroke occurrence and outcome in chron-
ic smokers [12]. 

Functional transcranial Doppler can also be 
useful for evaluating presymptomatic and even 
prelesional subjects with genetic diseases affect-
ing the endothelial function. As cerebrovascular 
disease is known to progress asymptomatically 
in the early stages of Fabry disease, a cohort 
of patients from families with the classical phe-
notype were studied with functional transcranial 
Doppler. The authors concluded that Fabry dis-
ease patients of both genders, without prior his-
tory of stroke or transient ischemic attack, may 
have disturbed neurovascular coupling in the vi-
sual cortex, as well as decreased resting poste-
rior cerebral artery BFV. These findings support 
the role of functional TCD, along with duplex ul-
trasound and MR techniques, in the evaluation of 
these patients, since early stages of disease [4]. 

Finally, interesting findings seem to show that 
cerebral blood flow regulation may reflect the 
neurological dysfunction caused by cerebral mi-
crovascular disease [22, 23]. Data from the MO-
BILIZE Boston study shows that changes in CBF 
velocity responses to an N-Back task to study the 
NVC was significantly associated with gait speed 
and that subjects with higher NVC were able to 
suppress the negative relationship between white 
matter hyperintensities and gait speed [23]. A 
better understanding of the relationship between 
cerebral hemodynamics and structural changes 
in the aging brain is an essential step towards 
identifying preventive and therapeutic strategies 
for age-related cerebrovascular disease. 

In conclusion, functional transcranial Doppler 
allows gathering new information about neurovas-
cular coupling, contributing to the evaluation of 
vascular risk even in pre-symptomatic subjects, 
which outlines its interest as a non-invasive tool 
for cerebral hemodynamics research.
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Vascular Dementia – 
Is There a Way to Prevent It?

V. Demarin, S. Morovic

Aviva Medical Center – Zagreb, Croatia

Aging is often associated with some cognitive impairment. Greater population life 
expectancy is one explanation for increased incidence of cognitive impairment cases. 
A large number of people with cognitive impairment and dementia is becoming one of 
the most important medical and social problems worldwide. Therefore, prevention of 
cognitive impairment is an imperative. Dementia includes a heterogeneous group of 
disorders, the most common being Alzheimer's dementia (AD) and Vascular demen-
tia (VD). Most cardiovascular risk factors, such as hypertension, diabetes mellitus, 
hypercholesterolemia, atrial fibrillation, and smoking are not exclusively risk factors for 
VD, but also for AD. Early changes in the blood vessel wall can be detected by early 
ultrasound screening methods which allow us to detect changes before the disease 
becomes clinically evident. Early disease detection enables in-time management, and 
studies have shown that careful control of vascular risk factors can postpone or even 
reverse disease progression.

¥H\�ZRUGV� 
Alzheimer's dementia, 
cognitive impairment, 
subclinical ultrsound 
markers, 
vascular dementia, 
vascular risk factors

The global aging of the population has lead to 
greater numbers of older people, owing to fac-
tors such as an increasing life expectancy and a 
decreasing birth rate. Aging is usually associated 
with cognitive changes, which may range from 
mild changes in cognitive function to more se-
vere impairment causing dementia. The growth in 
the number of patients suffering from dementia is 
becoming a burden of constantly increasing im-
portance to society. Although Alzheimer's disease 
is the most common cause of cognitive decline 
in the aged population, independant causes of 
cognitive dysfunction such as vascular disease, 
subclinical brain injury, silent brain infarction, and 
clinically overt stroke are important causes and 
contributors to cognitive dysfunction [1]. The over-
all prevalence of dementia in wealthy countries is 
5% to 10% in populations aged >65 years. The 
prevalence of Alzheimer's disease (AD) doubles 
every 4.3 years, whereas the prevalence of vascu-
lar dementia (VaD) doubles every 5.3 years. Vas-
cular cognitive impairment is strongly associated 
with age. In low-to-middle-income countries, the 
prevalence of dementia is lower than in wealthy 
countries but is still related to age. Incidence 
rates are variable, but age-related [1, 2].

Mild cognitive impairment (MCI) is a clinical 
state of mild but clearly abnormal memory loss, 
without significant impairment in daily activities. In 
many instances, both clinically and pathologically, 
MCI represents a prodromal stage of Alzheimer's 
disease (AD). Some studies have shown that the 
presence of MCI in older subjects, regardless of 
the definitions and criteria used, increases the risk 
for developing dementia [3, 4]. Because cerebro-

vascular disease can cause mild cognitive deficits 
that affect multiple cognitive functions, the term 
'vascular' mild cognitive impairment (VaMCI) was 
proposed [5, 6]. Patients diagnosed with VaMCI 
are in transition towards Alzheimer's disease. [7] 
Vascular cognitive impairment (VCI) encompasses 
all cognitive disorders associated with cerebrovas-
cular disease, from developed mild cognitive defi-
cits to dementia. VCI is a syndrome with evidence 
of clinical stroke or subclinical vascular brain in-
jury, and cognitive impairment affecting at least 
one cognitive domain. The most severe form of 
VCI is VaD (Table 1) [1].

Dementia is a clinical syndrome character-
ized by the impairment of cognitive functions, 
such as memory, language, praxis, recognition 
and executive function, with the loss of functional 
capacity [8]. Dementia may be caused by a het-
erogeneous group of disorders, the most com-
mon being Alzheimer's disease (AD) and vascular 
dementia (VaD). While cardiovascular risk factors, 
such as diabetes mellitus, hypertension, hyper-
cholesterolemia, atrial fibrillation, and smoking, 
are particularly relevant in the development of 
VaD, they may also play a role in AD [9, 10, 
11, 12, 13, 14]. Thus both conditions may repre-
sent different spectrums of cerebral vascular dis-
ease depending on the extent of microvascular 
changes [15]. An association between impaired 
function of cerebral microvessels and cognitive 
impairment in patients with mild to moderate AD 
was shown in a study by Silvestrini [16].

Because some cardiovascular risk factors 
are modifiable, investigating the mechanisms 
by which they contribute to AD pathology and 
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Table 1. Types of dementia.

Dementia

1. The diagnosis of dementia should be based on a decline in cognitive function from a prior baseline and a deficit in 
performance in 2 cognitive domains that are of sufficient severity to affect the subject’s activities of daily living.

2. The diagnosis of dementia must be based on cognitive testing, and a minimum of 4 cognitive domains should be assessed: 
executive/attention, memory, language, and visuospatial functions.

3. The deficits in activities of daily living are independent of the motor/sensory sequelae of the vascular event.

Probable VaD

1. There is cognitive impairment and imaging evidence of cerebrovascular disease and: a. There is a clear temporal relationship 
between a vascular event (eg, clinical stroke) and onset of cognitive deficits, or b. There is a clear relationship in the severity 
and pattern of cognitive impairment and the presence of diffuse, subcortical cerebrovascular disease pathology (eg, as in 
CADASIL).

2. There is no history of gradually progressive cognitive deficits before or after the stroke that suggests the presence of a 
nonvascular neurodegenerative disorder.

Possible VaD

There is cognitive impairment and imaging evidence of cerebrovascular disease but 
1. There is no clear relationship (temporal, severity, or cognitive pattern) between the vascular disease (eg, silent infarcts, 

subcortical small-vessel disease) and the cognitive impairment.
2. There is insufficient information for the diagnosis of VaD (eg, clinical symptoms suggest the presence of vascular disease, 

but noCT/MRI studies are available).
3. Severity of aphasia precludes proper cognitive assessment. However, patients with documented evidence of normal 

cognitive function (eg, annual cognitive evaluations) before the clinical event that caused aphasia could be classified as 
having probable VaD.

4. There is evidence of other neurodegenerative diseases or conditions in addition to cerebrovascular disease that may affect 
cognition, such as: a. A history of other neurodegenerative disorders (eg, Parkinson disease, progressive supranuclear 
palsy, dementia with Lewy bodies); b. The presence of Alzheimer disease biology is confirmed by biomarkers (eg, PET, CSF, 
amyloid ligands) or genetic studies (eg, PS1mutation); or c. A history of active cancer, psychiatric or metabolic disorders 
that may affect cognitive function.

VaMCI

1. VaMCI includes the 4 subtypes proposed for the classification of MCI: amnestic, amnestic plus other domains, nonamnestic 
single domain, and nonamnestic multiple domain.

2. The classification of VaMCI must be based on cognitive testing, and a minimum of 4 cognitive domains should be assessed: 
executive/attention, memory, language, and visuospatial functions. The classification should be based on an assumption of 
decline in cognitive function from a prior baseline and impairment in at least 1 cognitive domain.

3. Instrumental activities of daily living could be normal or mildly impaired, independent of the presence of motor/sensory 
symptoms.

Probable VaMCI

1. There is cognitive impairment and imaging evidence of cerebrovascular disease and: a. There is a clear temporal relationship 
between a vascular event (eg, clinical stroke) and onset of cognitive deficits, or b. There is a clear relationship in the severity 
and pattern of cognitive impairment and the presence of diffuse, subcortical cerebrovascular disease pathology (eg, as in 
CADASIL).

2. There is no history of gradually progressive cognitive deficits before or after the stroke that suggests the presence of a 
nonvascular neurodegenerative disorder.

Possible VaMCI

There is cognitive impairment and imaging evidence of cerebrovascular disease but: 
1. There is no clear relationship (temporal, severity, or cognitive pattern) between the vascular disease (eg, silent infarcts, 

subcortical small-vessel disease) and onset of cognitive deficits.
2. There is insufficient information for the diagnosis of VaMCI (eg, clinical symptoms suggest the presence of vascular disease, 

but noCT/MRI studies are available).
3. Severity of aphasia precludes proper cognitive assessment. However, patients with documented evidence of normal 

cognitive function (eg, annual cognitive evaluations) before the clinical event that caused aphasia could be classified as 
having probable VaMCI.

4. There is evidence of other neurodegenerative diseases or conditions in addition to cerebrovascular disease that may affect 
cognition, such as: a. A history of other neurodegenerative disorders (eg, Parkinson disease, progressive supranuclear 
palsy, dementia with Lewy bodies); b. The presence of Alzheimer disease biology is confirmed by biomarkers (eg, PET, CSF, 
amyloid ligands) or genetic studies (eg, PS1mutation); or c. A history of active cancer or psychiatric or metabolic disorders 
that may affect cognitive function.

Unstable VaMCI

Subjects with the diagnosis of probable or possible VaMCI whose symptoms revert to normal should be classified as having 
„unstable VaMCI” 
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the manifestations of dementia may have impli-
cations for prevention. Also, lifestyle factors at 
a younger age, such as physical, cognitive and 
work activity, diet and mild to moderate alcohol 
consumption, may be protective against AD [17].

The diagnostic evaluation of dementia is com-
plex, with various criteria applied. The clinical diag-
nosis depends on the definition of cognitive defi-
cits and the differentiation between normal age-
related changes and pathological conditions. Be-
cause the variability of cognitive function among 
the elderly is great, it is difficult to quantify precise 
normative limits in this population group. The clini-
cal diagnosis of dementia should always take into 
account the individual's decline from the premor-
bid level of functioning. In addition to the difficulty 
in differentiating between early AD and normal ag-
ing, the distinction among the various dementing 
illnesses presents a diagnostic challenge.

The initial diagnostic approach to cognitive 
changes with age includes a clinical assessment 
and a neuropsychological evaluation [18]. Neu-
roradiological procedures may be of benefit in 
assessing early morphological changes and are 
usually based on computed tomography (CT) 
and magnetic resonance imaging (MRI) findings. 
Identification of early stages of microangiopathic-
atherosclerotic changes of the small brain blood 
vessels can be assessed by means of neuro-

imaging techniques such as positron emission 
tomography (PET) and single photon emission 
CT (SPECT) of cerebral blood flow (CBF) are also 
useful, but often have limited clinical availability 
[19, 20, 21, 22]. Novel neurosonological methods 
utilizing sophisticated software, may also have a 
place in the assessment of cognitive impairment, 
with findings potentially appearing prior to struc-
tural and morphological changes in the brain. 

Color Doppler Flow Imaging (CDFI) and func-
tional Transcranial Doppler (fTCD) are the neuro-
sonological methods most frequently used for the 
assessment of a patient's vascular status, and 
the information obtained is helpful in the diagno-
sis of various forms of dementia. CDFI may show 
evidence of impaired cerebral blood flow. Ultra-
sound parameters, intima-media thickness (IMT), 
circumferential arterial stiffness, resistance, and 
pulsatility indexes of the common carotid artery 
were found to be age-dependent. Thus, these pa-
rameters can be used to determine the actual 
vascular age of individuals [23, 17].

Neurosonological parameters that may be 
useful in the early stages of memory deficit and 
cognitive impairment include arterial stiffness, in-
tima-media thickness, the measurement of cere-
brovascular reactivity, and flow-mediated dilation, 
as well as the detection of microemboli in cere-
bral arteries (Table 2). Data from recent investiga-

Table 2.

ULTRASOUND METHOD MEASUREMENT/ ASSESSMENT DIAGNOSTIC VALUE

Transcranial Doppler (TCD) Assessment of blood flow velocity, flow 
resistance, vasospasm, blood vessel stenosis 
or occlusion, of all cerebral arteries.

Shows evidence of impaired 
cerebral blood flow.

Functinal Transcranial Doppler (fTCD) Measures cerebral blood flow velocity changes 
due to neural activation during cognitive tasks. 
Uses pulse-wave Doppler technology to record 
blood flow velocities in cerebral arteries.

Useful in assessment of cerebral 
lateralization during major brain 
functions (i.e. language, facial 
processing, etc.).

Transcranial Doppler (TCD) – 
emboli detection

Noninvasive ultrasound method of detecting 
the presence of circulating emboli.

Detection of emboli and their origin 
in intracranial vessels.

Color Doppler Flow Imaging (CDFI) – 
carotid arteries

Noninvasive assessment of morphology and 
hemodynamics of carotid arteries.

Evidence of impaired cerebral 
blood flow.

Color Doppler Flow Imaging (CDFI) – 
vertebral arteries

Noninvasive assessment of morphology and 
hemodynamics of vertebral arteries.

Evidence of impaired cerebral 
blood flow.

Arterial stiffness General term for the elasticity (or compliance) 
of the arteries.

Indicator of atherosclerosis.

Intima-media thickness (IMT) Measurement of the thickness of tunica intima 
and tunica media, the innermost two layers of 
the arterial wall.

Detection of atherosclerosis and, 
tracking the regression, arrest or 
progression of disease.

Pulse wave velocity (PWV) The speed of travel of a pulse or energy wave 
that travels through the circulation

Shows evidence concerning the 
prognostic significance of large 
artery stiffening.

Flow mediated dilation (FMD) Measurement of endothelial function by 
inducing reactive hyperemia by temporary 
arterial occlusion and measuring the resultant 
relative increase in blood vessel diameter by 
ultrasound

Non-invasive test for assessing 
endothelial function.
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tions suggest that these parameters may be use-
ful as markers for identifying patients with mild 
cognitive impairment who, as stated earlier, may 
be at greater risk for developing dementia [23].

Recently, a TCD study on cerebrovascular re-
activity in VaD and AD patients, showed reduced 
flow velocity (FV) and increased PI with significant 
vasoreactivity reduction in both types of demen-
tia, as indicative of impaired microvasculature 
compared to controls. There were no differences 
between the two types of dementia [24]. Although 
it is currently not possible to differentiate between 
the various types of dementia by means of TCD, 
the reproducibility and safety of this screening 
technique makes it potentially valuable in the di-
agnosis of dementia in the future. 

Both AD and VaD changes are present in 
smaller vessels, where occlusion secondary to 
stenosis/thrombosis or spasm (which occurs 
as a reaction to an elevation in mean arterial 
pressure) results in elevated total peripheral re-
sistance. These dementias may thus represent 
end-organ failure secondary to the effects of vas-
cular disease [25]. Several years ago a study by 
Rundek et al. described the changes of CVMR in 
patients with VaD, and to a lesser extent in those 
with AD [26]. A reduction in CVMR was associated 
with cognitive decline at 12 months follow-up, as 
reported by Silvestrini [16]. These results suggest 
that vascular factors are important in the patho-
genesis of cognitive impairment in some patients 
with AD. AD is characterized by various patho-
logical processes, such as cerebral angiopathy, 
atherosclerosis, capillary endothelial and base-
ment membrane changes, and thus the cerebral 
blood flow may be impaired. Changes of CVR in 
the absence of neck vessels stenosis may reflect 
increased arteriolar wall stiffness attributable to 
intrinsic anatomical changes. 

Roher et al. have shown similar results. PI 
of the arteries in AD patients is generally greater 
than that of similarly aged patients without de-
mentia. They suggest that with the increased 
artery wall rigidity imposed by atherosclerotic 
changes, mean flow velocities were generally 
lower in patients with AD [27].

Thus vascular status should be evaluated in 
all patients presenting with cognitive impairment. 
The possibility of influencing cerebral microves-

sel function by means of a more aggressive ap-
proach to the therapeutic control of vascular risk 
factors may have practical implications in the 
managment of AD [16].

Transcranial Doppler also has a place in de-
tecting asymptomatic spontaneous cerebral em-
boli (ASCE) which are common findings in pa-
tients with VaD and AD [28]. One of the most 
common sources of ASCE is carotid artery dis-
ease. Embolic signals are often detected by TCD 
of the middle cerebral arteries when monitored 
for a number of hours in most patients with 
symptomatic and severe stenosis [29]. Results of 
large emboli are stroke and transient ischaemic 
attack, but repeated small asymptomatic emboli 
over a long period of time may cause progres-
sive cerebral damage. During open heart surgery 
or carotid surgery microemboli entering the ce-
rebral circulation might cause memory loss and 
cognitive impairment. [30, 31] Valvular heart dis-
ease, atrial fibrillation and paradoxal embolisation 
of venous emboli into the arterial circulation may 
also result in ASCE [32, 33].

Both intracranial and extracranial neurosono-
logical methods are convenient, relatively widely 
available, and generally inexpensive diagnostic 
tools. Intracranial haemodynamics of the aging 
brain can sucesfully be assessed using TCD, 
functional TCD assessing the response to various 
stressors, and the TCD detection of cerebral em-
boli, while extracranial neurosonological methods 
involve the measurement of intima-media thick-
ness (IMT), plaque formation and composition, 
and alterations in arterial mechanisms based on 
B mode ultrasound imaging, such as pulse pres-
sure wave or flow-mediated dilation. 

Vascular dementia is an important and often 
overlooked form of dementia. Data indicate that it 
may become the most common form of dementia 
in the elderly affected by ischemic heart disease 
and stroke. Most cases of vascular dementia 
present with a subcortical form of dementia with 
prominent executive dysfunction that often stays 
unrecognized by relatives or caregivers for a cer-
tain amout of time. Treatment may improve the 
prognosis of the condition, but primary preven-
tion of vascular dementia is still the most effec-
tive cure, and it depends on early identification 
and appropriate control of vascular risk factors.
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Advances in Neurorehabilitation After Stroke

M. Siebler

RehabX-Group – Essen, Germany

Stroke is the leading cause of disability, and 
about 65% of stroke survivors experience long-
term functional limitations. Despite great advanc-
es in acute stroke therapy – mainly by throm-
bolysis which had generated the acute stroke 
management (stroke units) – most of the patients 
remained disabled and need rehabilitation. Due 
to the international classification of functioning 
(ICF), the aim of the rehabilitation therapy is fo-
cused not only on functional recovery (which is 
often limited) but also to the reintegration of the 
patients in their former social life and work. 

After stroke, nearly all patients are affected in 
a complex manner: motoric dysfunctions, restric-
tion of upper extremity functionality, broad ranges 
of neuropsychological deficits, communication 
and swallowing problems, post-stroke depression 
etc. Each system has their own temporal devel-
opment during the rehabilitation process (e.g. de-
generation of the pyramidal tract, recovery, neuro-
endocrinological adaption). Thus, it is not simple 
to focus therapeutic management only on one 
aspect of the dysfunction. At least, the risk for 
complications such as aspiration, cardiovascular 
problems, diabetic control, fall with fractures, fro-
zen shoulder and others are very high.  

New insights in the effect of stroke lesions 
and therapeutic methods have changed tradi-
tional clinical rehabilitation and more evidence 
based therapies are provided. The rehabilitation 
process is divided in regeneration, neuroplasticity 
and adaption. Learning and repetitive exercises 
are the most important aspect for the rehabilita-
tion success. In addition, neuronal aggregates 
adjacent to a lesion in the brain areas may take 
over the function previously played by the dam-
aged neurons. Such reorganization modifies the 
interhemispheric networking in organization of 
the cortices. This reorganization may be respon-
sible for clinical recovery of motor performances 
and sensorimotor integration after a stroke.

Current methods in stroke clinical rehabilitation

In the therapeutic decision making several issues 
are relevant for neurorehabilitation after stroke: 1. 
Primary and secondary prevention 2. Exercises 
by therapists (physiotherapy, ergotherapy, com-
munication and swallowing, neuro-psychology 3. 

Support by special therapeutic tools (e.g. robot-
ics, rTCS) and 4. Pharmacological intervention.

Prevention

The prevention of expected common complica-
tion is one of the important targets after stroke 
onset. Primary prevention should avoid typical 
complications in the early phase after stroke 
such as aspiration, joint luxation, decubitus, mal-
nutrition, bladder infection, pulmonary embolism 
and trauma by falling. Secondary prevention is in 
accordance with the recommendation of second-
ary stroke prevention: treatment of hypertension, 
hypotension, diabetic control, lipids, cardiac con-
trol of rhythmic activity or antithrombotic therapy, 
vascular risk factor management.

Physiotherapy

The most used traditional therapeutic approach-
es are founded by Bobath which has failed in 
clinical trials to be more effective in compari-
son with unspecific approaches. Thus, the tar-
get agreements with patients in relation to ICF 
are improvement of physical fitness, balance and 
gait. Walking training improves walking capacity 
and self-care in different stages of stroke, but 
the training frequency should be high. However, 
the effects of training on death, dependence, 
and disability after stroke are unclear. There is 
evidence to incorporate cardiorespiratory training 
involving walking within post-stroke rehabilitation 
program to improve speed, tolerance, and inde-
pendence during walking. For the treatment of 
pain coordination with physical and pharmaco-
logical therapies are recommended.

Upper Extremity

The improvement of sensomotoric affection of 
the hand and arm are difficult to realize by clas-
sic ergotherapy. Contrasting with the increase 
in performance due to spontaneous recovery, a 
concurrent decrease of spontaneous arm use 
has been supposed to occur following stroke. 
This decrease may be due both to the higher 
effort and attention required for successful use 
of the impaired hand and to the development 
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of learned nonuse in that the preference for the 
less affected arm is learned as a result of unsuc-
cessful repeated attempts in using the affected 
arm. The constraint-induced therapy (CIT) pro-
tocol, which was proved in animal experimental 
settings, which forces the use of the affected 
limb by restraining the use of the less affected 
limb, has been specifically developed to reverse 
learned nonuse. CIT has been shown to be ef-
fective in the recovery of arm and hand functions 
after stroke in multisite randomized clinical trials. 
Other therapeutic strategies with circle training 
containing multiple functionalities are promising. 
The application of mirror is done to pretend the 
brain with a normalized illusion of motion of the 
paretic arm and hand. This supports the hypoth-
esis of reconnecting brain areas.

Communication and swallowing

One of the most devastating consequences of 
stroke is aphasia. Communication problems after 
stroke can severely impair the patient's quality of 
life and make even simple everyday tasks chal-
lenging. One challenge is to predict the language 
outcome for stroke patients with aphasia. The 
new therapeutic approaches are based on non 
invasive focal electrical stimulation. The current 
review reveals that repetitive magnetic stimulation 
(rTMS) with or without conventional rehabilitation 
has positive effects on post-stroke aphasia. 

In the early stroke phase swallowing is often 
and may be complicated by aspiration. Neuro-
muscular electrical stimulation (NMES) for treat-
ing dysphagia is a relatively new therapeutic 
method. There is a paucity of evidence about the 
use of NMES in patients with dysphagia caused 
by stroke. The majority of the reviewed studies 
describe some positive effects of the NMES on 
the neck musculature in the swallowing perfor-
mance of poststroke dysphagic patients, espe-
cially when the intensity of the stimulus is ad-
justed at the sensory level or when the motor 
electrical stimulation is applied on the infrahyoid 
muscles during swallowing.

Neuropsychology

It is mandatory to check all stroke patients for 
basic cognitive function before rehabilitation. 
Memory or attentional deficits limit all rehabilita-
tion processes. Thus the individual rehabilitation 
therapy design had to respect the neuropsycho-
logical test results. 

Patients affected by right parietal lobe lesion 
can be severely impaired in sustained attention 
tasks, particularly in the left visual field or other 
modalities. For example, patients with right pari-

etal stroke are commonly limited in their ability to 
attentionally track multiple moving objects in their 
left visual field when competing stimuli are simul-
taneously presented in the right visual field. There 
is discussion that post-stroke hyperactivity of the 
undamaged left hemisphere leads to excessive 
cross-hemispheric inhibition of the damaged right 
hemisphere, thus exacerbating the attentional 
deficits. The therapeutic strategies involved the 
compensation training but also medication (L-
Dopa, amantadine). 

Patients with attention deficits often suffered 
on circadian rhythmic disorders with inversion of 
day-night. Here, re-entrainment of the 24 hour 
rhythm may improve also the cognitive perfor-
mance and thereby the rehabilitation effect. We 
have developed a specific therapy package (At-
tention lounge) including intense light application 
for the regaining of circadian rhythmic activity.

Special advanced Methods

Robotics

“Robot-mediated” post-stroke therapy is devel-
oped for the lower- und upper-extremity in the 
last decades. There is know clinical evidence that 
robotic interventions improve upper limb motor 
scores and strength. Most of the studies focus 
on training of the proximal arm for chronic stroke 
patients. Patients who receive electromechanical 
and robot-assisted arm training early after stroke 
are more likely to improve their generic activi-
ties of daily living. People who receive electro-
mechanical-assisted gait training in combination 
with physiotherapy after stroke are more likely 
to achieve independent walking than people who 
receive gait training without these devices. Spe-
cifically, people in the first three months after 
stroke and those who are not able to walk seem 
to benefit most from this type of intervention.

rTMS / tDCS

In recent years, efforts have focused on investi-
gating the neurophysiological changes that oc-
cur in the brain after stroke, and on developing 
novel strategies such as additional brain stim-
ulation to enhance sensorimotor and cognitive 
recovery. Repetitive transcranial magnetic stimu-
lation (rTMS) was introduced as a therapeutic 
tool for improving the efficacy of rehabilitation 
for recovery after stroke. The current hypothesis 
is that disturbances of interhemispheric activities 
after stroke result in a pathological hyperactivity 
of the intact hemisphere. The rationale of using 
rTMS as a complementary therapy is mainly to 
decrease the cortical excitability in regions that 
are presumed to hinder optimal recovery by low-
frequency rTMS delivered to the unaffected hemi-
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sphere, while high-frequency rTMS delivered to 
the affected hemisphere facilitates cortical excit-
ability. There is a growing body of research in 
stroke patients investigating the effect of rTMS 
on facilitating recovery by modifying cortical and 
subcortical networks. Altogether, in combination 
with conventional therapeutic approaches, rTMS 
has a potential to become a complementary 
strategy to enhance stroke recovery by modulat-
ing the excitability of targeted brain areas. Today 
it is not clear which parameters (frequency, burst 
pattern, stimulation time etc) are optimizing the 
beneficial effects of rTMS on stroke recovery. 
Similar discussion are held in the literature about 
the effects of transcranial direct current stimula-
tion (tDCS).

Pharmacology

One of the best studied effects on pharmacol-
ogy improvement after stroke is the application of 
Botulinum toxin against the spasticity in the up-
per and recently shown also in the lower extremi-
ties. Also it is not so clear at which time during 
development of spasticity (very early, early, late) 
the application is most effective. International 
guidelines of neurological and rehabilitation so-
cieties recommend this treatment (level A). A very 
high portion of patients developed post stroke 
depression and several studies had demonstrat-

ed a positive effect of SSRI on the depression 
but also on the regaining of functionality. Motoric 
function is very often slowed down on both sides 
and the basal ganglia may be involved. Some 
clinical studies had demonstrated a positive ef-
fect of L-Dopa on the motoric and neuropsycho-
logical performance even in chronic lesions. Be-
yond that aspect and due to the high impact of 
cognitive performance, some discussion is held 
about the adjunct therapy by “neuroenhancer”. 
Patients with cognitive dysfunction also present 
massive circadian rhythmic disorders which are 
negative for the rehabilitation. Some experimen-
tal and clinical data give a hint for the involve-
ment of neuro - endocrinological disturbances. 
This would be very interesting because it would 
open more specific and known pharmacological 
treatment (melatonin, cortison, etc). To my mind 
to find the right “cocktail” will be one of the chal-
lenges for neurorehabilitation in the future. 

Conclusion

Deepening knowledge of the mechanisms regu-
lating the long-term recovery, observed for most 
neurologic sequelae after neural damage, might 
prompt newer and more efficacious therapeutic 
and rehabilitative strategies for stroke. Neurore-
habilitation has the potential to be a fascinating 
part of clinical medicine.
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Brain Imaging in Neurorehabilitation

I. Tarkka

University of Jyväskylä – Jyväskylä, Finland

This syllabus discusses the usefulness of navigated transcranial magnetic stimulation 
(TMS) as a brain imaging tool in stroke patients. TMS assessment of the motor tract 
function and walking ability over time in stroke patients with poor or non-existent initial 
gait is in the focus. Main data is derived from twenty-seven patients, first assessed 
one week post-stroke, and followed up for six months. Outcome measure in these 
patients was walking ability. Motor evoked potentials (MEP) in lower limbs early on 
predicted better physical functioning at 3 weeks and at 6 months in all patients 
(p<0.05). The value of MEP amplitudes and latencies in assessing the descending 
motor pathways in different stages of stroke recovery is discussed.
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Stroke is one of the leading causes of adult dis-
ability in the developed countries. It is generally 
believed that the first weeks after the cerebral 
insult are crucial in determining the functional 
capacity of stroke patients. Functional recovery 
after stroke is attributable, at least in part, to the 
reorganization of the surviving brain elements [1]. 
It is known that immediate, targeted, and high-in-
tensity therapy generally results in a better func-
tional outcome than conventional treatment [2]. 
A number of studies have analysed the influence 
of the size or location of structural brain lesion 
on motor and behavioural outcomes. The size of 
the lesion is not the only determinant of the func-
tional outcome; even minor damage in a critical 
part of corticospinal tract has been shown to limit 
patients’ performance [3, 4]. Detailed understand-
ing of the functional status of the remaining de-
scending pathways might be one way to improve 
the prognostic accuracy and aid in developing 
targeted therapy.

Transcranial magnetic stimulation (TMS) rep-
resents a non-invasive tool to study directly the 
functional capacity of the motor pathway from 
cortex to the muscles. In stroke patients, stud-
ies with TMS have revealed smaller amplitudes 
and longer latencies of the motor evoked poten-
tial (MEP) elicited from the lesioned hemisphere 
when compared to those from the non-lesioned 
hemisphere. Most of the previous studies using 
TMS have analysed the hand motor cortex and 
lower limb studies are few [5]. 

Here I discuss data of 27 patients who ful-
filled the TMS study inclusion criteria in the neu-
rological examination within 10 days of stroke 
(inclusion criteria were: first supratentorial infarc-
tion or hemorrhagic stroke diagnosed by MRI, 
Modified Rankin Scale 0–2, Functional Ambula-
tory Category (FAC) 0–3, voluntary movement in 
the leg of the affected side, Barthel Index (BI) 

25–75 points, no severe cognitive or communica-
tive disorders, age 18 – 85 years). Patients were 
randomized to intensive gait-oriented rehabilita-
tion (GOR) group or conventional therapy group 
(CT). None of the patients were independent 
walkers at the start of rehabilitation. Nineteen pa-
tients were not able to walk, two patients needed 
constant attention from one assistant in walking, 
three patients needed someone to provide bal-
ance support and three patients needed to have 
someone walking beside them. The demographic 
characteristics of the patients in the GOR (n=17) 
and CT groups (n=10) did not differ from each 
other (Table 1). GOR group was provided three 
weeks’ in-patient rehabilitation in acute phase in 
order to enhance their motor abilities and help 
them regain their walking independence as soon 
as possible. Each patient spent a maximum of 1 
hour/day in order to achieve 20 min actual walk-
ing either in the electromechanical gait trainer 
(Gait Trainer, Reha-Stim, Berlin, Germany) or on 
level ground. Each patient also received addi-
tional gait-oriented physiotherapy for 55 minutes 
daily. The patients in the CT group were most 
often transferred to a health centre after the 
first measurements. Later they visited the hos-
pital on the test days. In the health care center, 
the patients had one therapy session daily, but 
not at comparable intensity as the GOR group. 
All patients were assessed with magnetic reso-
nance imaging using a 1.5T scanner (Siemens 
Magnetom Avanto, Erlangen, Germany) with an 
8-channel head coil. The MRI scan consisted of 
transaxial T2-weighted and diffusion-weighted im-
ages, coronal FLAIR and 3D T1-weighted images. 
The T1-weighted images were used for navigation 
during TMS. All MR images were evaluated by an 
experienced neuroradiologist and lesions were 
classified. White matter changes were graded 
according to the Fazekas scale. Lesions were 
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highly variable in terms of size, location, aetiology 
and thus MRI signal properties. All were located 
either at the motor cortical areas or were related 
to leg pyramidal fibers. 

TMS was performed to study functional motor 
tract integrity. It was done with on-line navigation 
(Nexstim Ltd, Helsinki, Finland) using the patient’s 
own structural MR images. Single monophasic 
stimulation pulses were delivered with a Magstim 
Bistim (Magstim Company Ltd, Whitland, Wales, 
UK) via a figure-of-eight shaped 70 mm coil. Dur-
ing mapping of representation area of tibialis an-
terior muscle (TA), the coil was held tangential to 
the scalp and the direction of the induced electric 
field was perpendicular to the central sulcus. The 
non-lesioned hemisphere was stimulated first fol-
lowed by stimulation of the lesioned hemisphere. 
To elicit a response in the target muscle, stimula-
tion intensity was increased up to the maximum 
output of the stimulator, if necessary. The location 
of the stimulation that evoked the largest response 
in TA was chosen as the stimulation site. The rest-
ing motor threshold (MT, percentage of maximum 
output intensity of the stimulator) was determined 
as the lowest TMS intensity at which at least 4/10 
stimuli resulted in an MEP of >100 µV. Five MEPs 
were collected at the stimulation intensity of 130% 
MT. In addition, five stimuli at the same intensity 
at the optimal site were delivered to elicit the si-
lent period (SP) during weak voluntary isometric 
contraction of TA. During TMS, the activity in the 
muscle being studied was monitored on-line and 
recorded by continuous electromyography (EMG) 

(ME 6000, Mega Electronics LTD, Kuopio, Fin-
land). The EMG signals were filtered (8-500 Hz), 
amplified and stored for off-line analyses. MEPs 
ZLWK�SHDN�WR�SHDN�DPSOLWXGH�å�����9�ZHUH�LQFOXG-
ed in analysis, and amplitudes and latencies were 
measured for each MEP. The duration of SP was 
measured from the end of the preceding MEP 
until the first re-occurrence of voluntary activation. 
SPs with the longest and shortest durations were 
excluded from further analysis, and the mean SP 
was determined of the remaining three values. 
TMS responses at 3 weeks and 6 months follow-
ups were normalized with the TMS response value 
at the start in the group comparisons. 

Motor cortex excitability and physical func-
tioning tests were performed at the start, at 3 
weeks, and at 6 months’ follow-up. Also several 
motor scale scores were performed. The ana-
tomical locations of the lesions in all 27 patients 
varied extensively. While a minority were pure 
cortical (n=3, all frontal), many lesions included 
combinations of cortical and striatocapsular pa-
renchyma (n=7). The remaining lesions were lo-
cated deeper (n=17). In addition to the location 
of the main lesion, multicentric locations were 
observed in many cases. The lesion diameters 
ranged from 15 to 100 mm. 

The maximum output from the stimulator was 
not sufficient to elicit a response in every patient. 
The motor threshold, MT, and the optimal stimu-
lation sites of the TA representation area were de-
finable at the start in 9 lesioned hemispheres and 
in 25 non-lesioned hemispheres. At 3 weeks, two 

Table 1. Patient, lesion and physical functioning characteristics. Comparison of the 
gait-oriented rehabilitation (GOR) and conventional treatment (CT) groups at start.

Parameter GOR CT  p-value

Patients 17 10  NA

Age 64.5 (8.7) 69.5 (11.0) 0.203

Days since stroke 8.3 (2.0) 9.5 (1.9) 0.139

Gender, male/female 9/8 5/5 0.902

Lesioned hemisph, left/right 8/9 6/4 0.604

Lesion type, infar/ICH 11/6 8/2 0.537

Lesion size, mm 51.8 (26.9) 48.5 (18.0) 0.783

MEPs in TA, yes/no 6/11 3/7 0.824

FAC, category 0 - 5 12/1/2/2/0/0 7/1/1/1/0/0 0.975

MMAS, scores 0 – 48 20.5 (10.5) 15.3 (13.4) 0.270

P-values obtained using independent samples t-test, Mann-Whitney U-test or Kruskall-Wallis H-test. NA, not 
applicable; ICH; intracerebral hemorrhage; MEPs in TA, motor-evoked potentials elicited from affected tibialis 
anterior; yes/no; FAC, functional ambulatory category: 0=unable to walk or needs two assistants, 1=needs 
continuous support from someone while walking to shift weight or maintain balance, 2=needs continuous/
occasional support from someone while walking to maintain balance and coordination, 3=needs someone 
walking alongside to give confidence, none of the patients were in the more independent FAC categories 4 or 5; 
MMAS, Modified Motor Assessment Scale (scores 0 – 48).
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more patients produced TMS responses when 
the lesioned hemisphere was stimulated, one in 
each group. At 6 months, MEPs were elicitable 
in four more patients in GOR, but no further re-
sponses were obtained in CT. The lesion size 
influenced MT at the start (lesioned hemisphere 
TA MT r=0.837, p=0.005, n=9). 

The walking ability of all of the patients was 
poor (median FAC GOR 0 and CT 0 (0 – 1.25) NS 
between groups). None of the motor ability scores 
differed between groups at start. When analysing 
only if the patient produced a response after stim-
ulation of the lesioned hemisphere, those patients 
with MEPs had higher motor ability than patients 
without MEPs (MMAS mean 29.1 (±7 .3) vs. 13.3 
(±9.8), p=0.001). Intensive post-stroke therapy in 
the form of gait training resulted in larger im-
provements in walking ability, in muscle force of 
the knee extensors and in overall motor function 
in the GOR group compared with the CT group. 
Significant group differences were obtained in 
ANOVA (FAC: interaction F (df 2)=5.559, p=0.007; 
MI knee: interaction F (df 2)=4.930, p=0.011; 
MMAS: interaction F (df 2)=68.931, p=0.02). Nor-
malized TMS response values of patients in the 
GOR group and in the CT group were compared 
at 3 weeks and 6 months. There were differences 
in the amount of change between GOR and CT 
groups in the lesioned hemisphere. At 3 weeks, 
the MEP amplitude in the GOR group increased 
and it was higher than in the CT group (GOR vs. 
CT, p=0.03). At the 6 months follow-up, the MEP 
latency in the CT group lengthened whereas in 
the GOR group it remained unchanged (group 
difference p=0.04) and the MEP amplitude in the 
GOR group increased (group difference p=0.05). 
The amplitudes declined during follow-up be-
cause they were calculated relative to the start 
amplitudes. These earliest amplitudes represent 
the overexcitability in the motor cortex which is 
present acutely after stroke and these normalize 
by 6 months. MEP elicitability at the start indicat-
ed significant prognostic value for walking speed 
and distance at 6 months, i.e. for the 10-meter 
walk test in GOR (p=0.017), see Table 2. 

The follow-up of the recovery process of 
stroke patients from the very acute stage on-
wards was performed using a multimodal ap-
proach including lesion characterization with MRI 
and neurophysiologic and physical functioning 
evaluations. The intervention group received in-
tensive gait-oriented rehabilitation for 3 weeks 
whereas the patients in the control group fol-
lowed the conventional treatment path. The focus 
of this study was on assessing the motor tract 
physiology after stroke. The conduction proper-
ties of the unimpaired descending motor path-
ways to the affected side muscles during the 

Table 2. Motor outcomes at three weeks and 
at six months according to the existing versus 
non-existing MEP response after stimulation of 
lesioned hemisphere at the beginning of study 
in patients with acute stroke who received gait-
oriented rehabilitation, GOR, N=17. 

GOR
No MEP

GOR
<HV�0(3

3 weeks FAC 3 (11) 4.5 (6)

6 min (m) 275 (7)0 396 (6)*

MMAS 30 (11) 42 (6)*

6 months FAC 3 (11) 4.5 (6)*

6 min 277 (11) 435 (6)*

MMAS 32 (11) 40 (6)*

early stage of stroke predicted better physical 
functioning. Gait-oriented rehabilitation resulted in 
better motor tract function which was evidenced 
in more and higher amplitude MEPs and bet-
ter physical functioning at follow-up compared 
to the corresponding values in those who had 
received conventional treatment. Neither anatomi-
cal locations of the lesions nor cortical involve-
ment vs. primary involvement of the subcortical 
motor tracts showed any statistically significant 
correlations with the MTs, MEP latencies and am-
plitudes or SPs. Only the lesion size influenced 
the MT values of the TA muscle. This is in line 
with the evidence that functional recovery is more 
likely related to changes in distributed neuronal 
networks rather than functions or lesions in indi-
vidual regions. 

It is well established in patients with stroke that 
MEPs from the lesioned hemisphere are smaller 
than those obtained from the non-lesioned hemi-
sphere and smaller than those of age-matched 
healthy subjects [5]. In addition, an increase 
in the MEP amplitudes is accompanied by an 
improvement of clinical and functional scores. 
However, many of the earlier intervention stud-
ies concentrated on hand motor cortex. Only few 
randomized controlled intervention trials have es-
tablished that intensive practice with the affected 
hand and arm for 3 to 6 hours/day for 2 weeks 
can result in increased number of active TMS 
sites compared to less intensive treatment or no 
treatment [6]. The enlarged motor representation 
in the lesioned hemisphere was shown to remain 
for up to 4 months in the follow-up period. In 
our previous clinical trial, the MEP amplitudes in 
the lesioned hemisphere increased after 2 weeks 
of intensive hand and arm exercise therapy [7]. 
Similar results were obtained e.g. by Koski et al. 
[8], who reported that MTs decreased after more 
training, whereas MEP amplitude and map size 
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increased after less extensive treatment. Our re-
sults of gait rehabilitation and TA MEPs confirm 
their conclusion that TMS is useful in both mod-
erately affected and in more impaired patients 
as a physiological assay of treatment-induced 
plasticity and functional gains. There is evidence 
that neural reorganization can be enhanced by 
gait-oriented rehabilitation. These results support 
previous clinical studies of MEPs of the lower 
limb in predicting motor recovery and ambulation 
and correlations between MEPs and gait recov-
ery after stroke [9]. 

In a treadmill training study of Forrester et al. 
[10], 3/11 patients walked on a treadmill 3 times 
per a week for 6 months. The MEP amplitudes 
increased in all 3 trained patients in the lesioned 
hemisphere, whereas MEPs decreased in 6/8 of 
their untrained counterparts. We obtained corre-
sponding results in early acute stage of stroke. 
Only 3 weeks of intensive gait-oriented walking 
training resulted in increased MEP amplitudes 
in the affected leg. Four weeks of gait training 
at subacute stage has been shown to decrease 
the MT for TA in the lesioned hemisphere [11] 
and the map size for TA increased in both hemi-
spheres, whereas the corresponding value for 
abductor hallucis increased only in the lesioned 

hemisphere. Furthermore, these changes in corti-
comotor excitability correlated with the functional 
improvement in the subacute stage [11]. During 
the acute stage of stroke, we observed that those 
patients with preserved motor tract function dem-
onstrated existing MEPs at a mean of 8 days 
post-stroke and showed good prognostic value 
for predicting physical functioning after 3 weeks 
and at 6 months. Obtaining MEP values is more 
robust than a clinical examination because it pro-
vides an unambiguous result also in individuals 
who cannot perform clinical tests such as the 
10-meter walk. More detailed TMS methods, such 
as studies of intracortical inhibition, and utiliz-
ing other techniques, e.g. tractography, already 
during patient selection could provide a deeper 
understanding of the critical parameters of good 
motor function recovery. 
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Combining Electrical Stimulation Mediated 
by Iterative Learning Control 

with Movement Practice using Real Objects 
and Simulated Tasks for Post-Stroke 

Upper Extremity Rehabilitation
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Objective: Task specific training and Electrical stimulation (ES) are techniques used in 
rehabilitation of the upper extremity post stroke. This study describes the feasibility of 
using a rehabilitation system that combines personalised, precisely controlled levels of 
ES to the anterior deltoid, triceps and finger and wrist extensors during goal-oriented 
activity utilising real objects from daily life. 

Materials and Methods: Four chronic stroke participants undertook seventeen 
intervention sessions, each of one hour duration. During each session, participants 
performed goal-orientated tasks while Iterative learning control (ILC) updated the 
ES signal applied to each muscle group. The update was based on the difference 
between the ideal and actual movement in the previous attempt at the task, mea-
sured using Microsoft Kinect and PrimeSense sensors. The control system applied 
the minimum amount of ES required with a view to facilitating success at each given 
task while maximising voluntary effort. 

Results: Preliminary results demonstrate that ES mediated by ILC resulted in a 
statistically significant improvement in range of movement in all four joint angles 
studied (shoulder flexion; elbow, wrist and index finger extension) over 17 intervention 
sessions. Additionally, participants required signficantly less extrinsic support for each 
task. The tasks and system is described and initial intervention data are reported. 

Discussion: The feasibility of using this system for assisting upper limb movement 
has been demonstrated. A large scale pilot RCT is now required. 

¥H\�ZRUGV� 
electrical stimulation, 
iterative learning control,
rehabilitation, stroke,
upper extremity 

Annually 16 million first strokes occur globally, 
and 10.3 million people are estimated to survive 
[1]. As age is a substantial risk factor, the aging 
of the world population means that a growing 
number of people are at risk, with associated im-
pacts on the individual, their carers and broader 
society. Arm dysfunction is a major consequence 
of stroke; only 41% of people with moderate to 
severe stroke and 71% with mild stroke regain 
dexterity [2], which affects performance in ac-
tivities of daily living [3] and subsequently care. 
In 2009, stroke alone was estimated to cost the 
EU economy over €38 billion, of which 50% was 
due to direct health care costs, 22% was due to 
productivity losses and 28% was due to informal 
care costs of people with stroke [4].

Whilst the majority of any functional improve-
ment is seen in the first six months following 
stroke, functional gains can be observed over 
several years [5, 6]. A recent review and meta-
analysis highlighted that there is strong evidence 
for physical therapy interventions which include 

intensive, highly repetitive task-oriented and task-
specific training in all phases post stroke [7]. This 
presents a major challenge to healthcare provid-
ers, and is driving the development of rehabilita-
tion technology which can deliver this specific 
and intense rehabilitation without using additional 
resources. Technologies such as electromechani-
cal and robot-assisted arm training have been 
demonstrated to improve activities of daily liv-
ing and arm function (but not muscle strength) 
[8]. However few evidence based technologies 
are routinely used in clinical practice in the UK. 
Identified barriers which need to be overcome to 
facilitate translation include usability, knowledge, 
education, awareness and access to ATs as well 
as cost [9]. One of the technologies which shows 
promise in meeting some of these barriers is 
Electrical Stimulation (ES) which has a growing 
evidence base [10], demonstrating improvements 
in range of movement, strength and spasticity. 

The effectiveness of ES is increased when 
ES is associated with voluntary drive. It is there-



118 NEUROSONOLOGY  AND CEREBRAL HEMODYNAMICS, vol. 10, 2014, No. 2

NEUROSONOLOGY  AND CEREBRAL HEMODYNAMICS, Volume 10, Number 2, 2014

fore important to carefully control ES in order 
to support the user’s intended movement. ILC 
is an advanced control paradigm that operates 
by comparing movement data from a previous 
attempt at a task to an idealised reference tra-
jectory for the same task. It sequentially adjusts 
the level of stimulation given to each muscle 
group with a view to achieving the required ref-
erence trajectory. This iterative process applies 
the minimum level of ES for task attainment 
while simultaneously encouraging voluntary 
contribution from the participant. Previous stud-
ies combining ES and ILC have demonstrated 
feasibility of using PayPals electrodes to deliver 
precisely controlled stimulation to the anterior 
deltoid, triceps and wrist extensors [11-13]. The 
GO-SAIL (goal-oriented stimulation assistance 
through iterative learning) system used in this 
study, is a multi-channel ES system for the up-
per extremity that precisely controls ES through 
advanced iterative learning control algorithms 
[14]. The technology employed in this study 
includes three important developments to that 
used in previous research:

1. An electrode array is located over the wrist 
and finger extensors to enable functional hand 
gestures to be performed.

2. A Primesense is used to measure hand 
and wrist joint angles, reducing set-up time and 
removing constraints associated with contact-
based sensors (e.g. goniometers). 

3. A touch table displays the tasks in an inter-
active manner.

The system directly trains goal-oriented activi-
ties and is able to provide greater assistance than 
in previous research by including an electrode ar-
ray to support functional hand and wrist gestures. 
This is expected to lead to further reduction in 
upper limb motor impairments, as reflected by 
evidence that effects resulting from training are 
mostly restricted to the actually trained functions 
and activities [10]. To be useful in longer term 
self-management, technologies need to promote 
adherence through stimulating and motivating re-
habilitation. The use of a touch table provides 
such an environment, and, when combined with 
inexpensive non-contact sensors (Kinect and 
Primesense), represent a significant step in the 
development of technology that is suitable for 
translation into the home environment.

The aim of this study is to test the feasibility 
of using the multi-channel ES system to precisely 
control ES applied to multiple muscle groups in 
the UE in combination with real and virtual tasks 
to facilitate functional motor recovery post-stroke. 
The rehabilitation system has been designed to 
facilitate recovery of UE motor control and func-
tion in chronic stroke participants.

Method

Participants
The inclusion criteria for participants were: i) aged 
18 years old or over; ii) stroke causing hemiplegia 
of at least 6 months duration; iii) impaired upper 
limb that includes the inability to effectively extend 
the elbow in reaching and impaired opening and 
closing of the hand iv) ES produces movement 
through a functional range; v) able to comply with 
study protocol; vi) able to communicate effective-
ly; vii) able to provide written informed consent. 
The exclusion criteria for participants were: i) any 
active device implant; ii) a metal implant in the 
affected upper limb; iii) uncontrolled epilepsy; iv) 
pregnancy and lactation; v) any serious or unsta-
ble medical, physical or psychological condition 
or cognitive impairment that would compromise 
the subject’s safety or successful participation 
in the study; vi) requirement of an interpreter; 
vii) current participation in another study involv-
ing physical rehabilitation of the arm. Following 
ethical approval, to date, a total of 4 participants 
have been recruited to the trial.

The rehabilitation system
Pals Plus electrodes were applied to the ante-
rior deltoid and triceps, whilst the 24 element 
electrode array was positioned over the finger 
and wrist extensors. Multi-channel ES was pre-
cisely applied to assist participants’ completion 
of the movement tasks. The system was goal-
orientated; tasks included holding an imitation 
loaf of bread with one hand whilst simulating a 
cutting task with the other, or moving soap or 
toothpaste to a different position on the repre-
sentation of the bathroom sink displayed by the 
touch screen. The control scheme considered 
each task to be a general optimisation prob-
lem where the desired movement was specified 
in terms of kinematic variables. For example, 
the task of moving the soap, involved reach-
ing a certain position in Cartesian space at a 
predetermined time, with constraints which influ-
enced the posture adopted, and the speed and 
smoothness of the motion. Healthy participants’ 
movements were used to identify the optimisa-
tion components. [24]. ILC iteratively solves the 
optimisation by learning from experimental data 
recorded on the previous attempts of the task, 
in such a way as to solve the optimisation and 
hence complete the task. Thus, the stimulation 
signal applied to each muscle group is updated 
on every trial. In the current system, this involves 
using kinematic, kinetic and stimulation signals, 
which are used in combination with an underly-
ing bio-mechanical dynamic model of the arm 
[14, 15]. 
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A schematic overview of the system can be 
seen in Figure 1. Participants sat on a perching 
stool in front of a touch table adjusted to their 
height and reach. Their arm was de-weighted ac-
cording to individual need and task using a Sae-
boMAS® arm support (Saebo, Charlotte, USA). 
Electrodes were positioned on the anterior del-
toid, triceps and an electrode array was used 
over the common extensor complex of the fore-
arm. Joint angles of the shoulder, elbow and wrist 
were recorded using a Kinect® (Microsoft, Wash-
ington) and a PrimeSense (Apple Inc, California). 
Data from these sensors fed into the control al-
gorithm hardware and software, which updated 
the ES control signals for each muscle group to 
provide enough ES to assist performance. The 
therapist used the operator monitor displaying 
the GO-SAIL graphical user interface to select 
appropriate tasks and monitor training. A safety 
override button could be used to terminate trials 
with immediate effect if required. 

Intervention sessions
The participants repeatedly practiced functional 
tasks assisted by ES over 17, 1 hour intervention 
sessions, lasting between 6-8 weeks. Participants 
sat on the perching stool in front of the touch 
table, with their hemiplegic arm supported by the 
SaeboMAS® arm support. The support was ad-
justed to allow the participant to access a greater 
range of active or ES assisted movement without 

causing abnormal posture in the upper quadrant. 
The aim was for the participant’s hand to rest 
easily on the table top (see Figure 1). Electrodes 
were placed on the anterior deltoid, triceps and 
wrist extensors, ES was applied and the move-
ment pattern was checked. For the wrist array, an 
automated programme stimulated electrode ele-
ments within the array to identify the combination 
of electrode elements that produced the optimal 
wrist and index finger gestures required in the 
tasks. For comfort and safety, upper limit stimu-
lation amplitudes were identified for all muscles, 
which would not be exceeded in the intervention. 
Parameters within the model of the arm were also 
identified.

During each task, joint angles, timings and 
error magnitudes between the participant’s arm 
movement and the reference movement were re-
corded to provide a measure of accuracy for 
each muscle group for unassisted tasks (i.e., 
movements without ES) and assisted tasks.

Unassisted tasks: Four button pushing tasks 
(at 75% of reach at each of the four locations) 
and one light switch task (at 75% of reach at the 
highest location), were completed pre and post 
each session. These consisted of one trial only. 

Assisted tasks: The intervention practice tasks 
were determined by the therapist according to 
clinical need, and designed to present an achiev-
able challenge. The tasks began with the partici-
pant’s hand placed on the touch table in front of 

Fig. 1. The components of the GO-SAIL system: (1) Microsoft Kinect® and Primesense sensors 
which provide kinematic data for the ILC algorithm; (2) virtual and real tasks displayed using touch table; 
(3) SaeboMAS® arm support; (4) FES and multiplexor hardware (5) surface electrode array on forearm.
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their shoulder (see Figure 2) and were typically 
repeated six times. Participants were instructed 
to always try to initiate the activity and try to move 
their arm to complete the task themselves. Dur-
ing each task, ES mediated by ILC, was applied 
to all three muscle groups. This facilitated the 
movement of the participant’s arm over the six 
repetitions of the selected task. A custom graphi-
cal user interface was used by the therapist to 
perform the subsequent tests.

Task Design
Daily life tasks were chosen that utilised reach 
and manipulation across the workspace, and 
were sufficiently challenging but achievable by 
the participants (see Figure 2). Four background 
images were used on the touch table: a default 
image, a table, a bathroom sink and a chopping 
board. Tasks included reaching and grasping us-
ing real objects relevant to the image. There were 
5 main tasks; closing a drawer, switching on a 
light switch, stabilising an object, button press-
ing and repositioning an object. As illustrated in 
Fig. 2, the light switch was located at two differ-
ent heights (low and high) and there were four 
table-mounted positions in which the buttons 
could be located or objects repositioned both in 
the sagittal plane and towards the frontal plane 
(45° across body, 45° to the hemiplegic side or in 
line with the shoulder). The objects were placed 
at different percentages of arm length (60%, 75%, 
80% and 90%) from the participant’s glenohumer-
al joint (see Fig. 2). The table was positioned at a 
distance of 45% of arm length away from the gle-
nohumeral joint and 35 cm below the arm when 
the arm was held 90° horizontal to the shoulder.

Level of Arm support used during FES-assisted 
tasks
The level of arm support remained the same 
for the unassisted tasks. For the assisted tasks 

however, the level of arm support was reduced 
following consistently successful performance, to 
encourage voluntary effort. This was monitored 
and recorded for each task completed. 

FES-unassisted and FES-assisted performance
The time it took to complete a task (or until maxi-
mum effort was achieved), joint angles and task 
success (i.e. whether the task was successfully 
performed) were recorded for each trial. Unassist-
ed tasks: participants completed five unassisted 
tasks (i.e. without the aid of FES): the four button 
pushing tasks (located at 60% or 80% of reach in 
line with the shoulder, or at 75% of reach, 45° to 
the left or right of the shoulder), and the high light 
switch task (located at 75% of reach and 115° of 
elevation) at the beginning and end of each ses-
sion. The unassisted tasks consisted of one trial 
only. These data were used to map changes in 
these performance measures over time. 

In addition, the tracking error (i.e. the mean 
difference between the measured joint angle 
signal and the desired reference trajectory) for 
each muscle group was calculated across the 
six repetitions of each assisted task to quantify 
the change in task performance elicited by ILC.

Statistical analysis
FES-Unassisted and FES-Assisted Performance 
and Level of Arm Support: changes in the FES-un-
assisted and FES-assisted perfomance, and level 
of arm support required across the sessions were 
analysed by calculating best-fit linear regression 
slopes of performance against session number 
collapsed across all participants. Significance was 
associated with a value of p < 0.05.

Results

The feasibility trial took place at the Faculty of 
Health Sciences, University of Southampton. Data 

Fig. 2. a) Changes in Range of Movement over the intervention a) High Light Switch Task: Shoulder Flexion b) Contralateral Task: 
Elbow Extension, c) Lateral Task: Elbow Extension, d) Near Reach Task: Wrist Extension, e) Far Reach Task: Index Finger Extension.

A B C

D E
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7DEOÀ��� Regression slopes and p-values for range of movement in FES-
unassisted tasks over the 17 sessions across all participants.

Joint angle Task slope t-stat p-value

Shoulder Flexion High Light Switch 0.2814 5.6755 0.0054

Elbow Extension Contralateral Reach 0.78 6.2702 0.0041

Lateral Reach 0.4137 3.1752 0.0251

Wrist Extension Near Reach 2.4521 2.8616 0.0322

Index Finger Extension Far Reach 1.9814 2.7172 0.0364

are reported from four participants (3 male and 1 
female, aged 44-55) who completed the trial over 
6-8 weeks. They have all had a right cerebral vas-
cular event causing left hemiplegia. None of the 
participants demonstrated any loss in sensation 
or passive range of movement. With gravitational 
support, participants had varying degrees of vo-
litional proximal activity but all demonstrated an 
increasing deficit in activity distally.

The range of unassisted tasks during the inter-
vention reflects different improvements in range of 
movement at the shoulder, elbow, wrist and index 
finger joints; the highlight switch demonstrated the 
most significant gain in shoulder flexion, the con-
tralateral reach in elbow extension, the near reach 
in wrist extension and the far reach in index finger 
extension as seen in Table 1. 

Analysis demonstrates that the intervention 
of ILC mediated ES in conjunction with the task 
practice successfully improved range of move-
ment in the upper limb, at all joints over the 
intervention. Statistically significant mean range 
of movement improvements over the course of 
the intervention can be seen to be 5° in shoulder 
flexion (High Light Switch), 13° in elbow exten-
sion (Contralateral Reach), 42° in wrist extension 
(Near Reach), and 34° in index finger extension 
(Far Reach). Greater detail can be seen in Figure 
2 which shows range of movement in each inter-
vention session for each participant.

These results indicate reduced motor impair-
ment. This will be further quantified with the clini-
cal assessments post-intervention. Data collec-
tion is on-going.

Discussion

This study provides evidence of the feasibility of 
using the GO-SAIL system, incorporating ES me-
diated by ILC with real tasks for chronic stroke 
participants. The electrode array worked to en-
able hand gestures to be performed leading to 
changes in unassisted wrist and finger movement. 
No participants reported discomfort from the wrist 
array. The Primesense recorded hand and wrist 
joint angles, reducing set-up time and removing 

constraints associated with contact-based sen-
sors (e.g. goniometers) and the touch table dis-
played the tasks in an interactive manner.

The results of this feasibility study are rele-
vant to all studies in which non-contact movement 
measurement is required. This type of system 
will become increasingly important in the drive 
to deliver cost-effective improvements in stroke 
rehabilitation and to fulfil national clinical guide-
lines which include recommendations for patients 
to have every opportunity to practise within their 
capacity. 

The results from this sample indicate reduced 
motor impairment following the intervention. The 
different improvements visible in Figure 2 relate 
to the movement requirements necessary for per-
forming the different tasks. The ipsilateral and 
contralateral tasks challenged the elbow exten-
sion, but not the shoulder flexion. Participants 
were able to control their shoulder flexion and 
elbow extension so this may have reduced the 
degrees of freedom allowing the participants to 
forcus (focus) on their wrist extension. The far 
reach task challenged all joints, but was the only 
task to require index finger extension to complete 
the task; repetitive practice resulted in the most 
significant improvement in index finger extension.
The highlight switch task challenged participants 
repeatedly in terms of their shoulder flexion, and 
this is where the changes in movement occurred. 

In clinical practice,outcome measurements 
would generally be recorded in line with the WHO 
International Classification of Functioning, Dis-
ability and Health [16]. However clinical outcomes 
generally do not measure incremental changes in 
movements, but solely provide a pre-post per-
spective. It can be oberved from the graphs that 
although the trend is in an overall direction, the 
day to day fluctuations could mean that a pre-
post measurement could present a misleading 
picture of what the participant is achieving. Ad-
ditionally, feedback is known to be an important 
factor in rehabilitation, and this type of system 
could be used to provide feedback. 

Nevertheless, despite observing an improve-
ment in range of movement it was still evident 
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that further refinement of fine finger movement is 
required to optimise transfer of the benefits ob-
served in to activities of daily living. Additionally, 
whilst the non contact technology worked well, 
it is still not at a stage where it could be easily 
transferred into people’s homes. On-going refine-
ments, however, mean that this can be expected 
within 5 years.

Limitations of the study were a small sample 
size, no control group or follow-up (due to time 
constraints). Participant had also taken part in 
previous ILC studies, so it is possible that the 
improvements seen were not representative of 
participants who have not had the opportunity of 
using ES mediated by ILC. Now we have demon-
strated the feasibility of using this technology we 
will seek to verify these results with a larger sam-
ple of participants in a randomised controlled trial 
or cross-over study design in which the effects of 
no ES (unweighting from the arm support alone) 
or ES that is not precisely controlled by ILC are 

compared with ILC controlled ES. In addition fur-
ther refinement of the hand movement is required.

Conclusion

This study aimed to assess the feasibility of us-
ing the innovative GO-SAIL ES system that uses 
advanced ILC algorithms to precisely control 
stimulation to the anterior deltoid, triceps, and 
wrist and finger extensors during task specific 
upper extremity training. The feasibility of the sys-
tem has been demonstrated by supplementing 
activity and promoting the successful completion 
of a range of functional tasks. 
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Hemiparetic Gait 
in Stroke Neurorehabilitation
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The restoration of gait after stroke is a primary and long-term goal of neurorehabilita-
WLRQ��7KLV�DUWLFOH�IRFXVÀV�RQ�WKH�XSGDWH�VFLHQWLILF�WKHRULHV�IRU�WKH�LQIOXHQFH�RI�QHXUR-
rehabilitation on restoration of hemiparetic gait due to unilateral supratentorial stroke. 
At presence it is accepted that stroke patients have an optimal time window for fast 
recovery within the rehabilitation. A significant motor improvement can be achieved in 
the first 6 months after stoke following by a plateau, although some functional recov-
ery may be observed many years after stroke. Gait restoration in chronic hemiparesis 
is mainly associated with the use of optimal behavior strategies for compensation the 
existed motor deficit where the non-affected, clinically healthy side is more involved. 
Recent concepts emphasize on optimal stimulation of brain plasticity using relevant 
task-oriented and high-intensity training in better motivated and moving patients who 
have preserved cognition and receive family support.

Since the impairment of gait is responsible for a 
long-term disability and handicap in many chron-
ic stroke patient, the restoration of gait becomes 
a major goal in neurorehabilitation [24]. Approxi-
mately 65% of stroke survivors with initial motor 
deficits of the lower extremities show some de-
gree of motor recovery. Predicting outcome on 
the basis of expected neurological and associ-
ated functional recovery helps for planning the 
appropriate neurorehabilitation [17]. 

This article is focused on the kinetic, footprint 
and electromyographic (EMG) gait patterns in 
hemiparetic walking following supratentorial stroke 
– the most common reason for permanent disabil-
ity in stroke survivors. 

Neurophysiology of gait

Normal gait

Normal human gait is a natural movement de-
fined as bipedal and biphasic, forward propulsion 
of the center of gravity with minimal expenditure 
of energy during locomotion. It is a result from 
dynamic interactions between a central program 
and feedback mechanisms [12]. 

The basic motor patterns for stepping are 
generated in the spinal cord, where networks of 
nerve cells, named Central Pattern Generators 
(CPGs), generate movements and enclose infor-
mation necessary to activate motor neurons in 
the suitable sequence for motor patterns. These 
“innate” networks have a capacity to generate 
intrinsic pattern of rhythmic activity independently 
of sensory inputs. The CPGs are under supra-
spinal control of walking that involves various 

brain regions, including cerebral motor cortex, 
cerebellum, and brain stem. Peripheral sensory 
information and descending inputs from motor 
cortex modulate continuously the CPGs function, 
the drive for locomotion and the coordination to 
negotiate a complex environment [13, 23].

Hemiparetic gait

Motor outcome after unilateral supratentorial 
stroke is known to depend on the location of 
the brain lesion and the total number of residual 
descending fibers in the cerebral peduncles [48]. 
Bilateral impairments and different diaschisis phe-
nomena are observed in unilateral hemispheric 
lesions while the common course of restoration 
of motor function consists of a regular sequence 
following a general pattern of reflex changes and 
ability for voluntary movement [46]. A complex 
functional reorganization involving more or less 
clinically "healthy" side is related to motor recov-
ery after stroke utilizing those residual descend-
ing motor pathways, which are unaffected by the 
lesion and are bilaterally organized [19, 33]. 

These findings suggest that motor behavior 
of chronic stroke patients reflects the complex 
relationship between morphological lesion at the 
onset of stroke and associated structural and 
functional brain reorganization that may result in 
a newly and bilaterally organized control of am-
bulation in the presence of  motor deficit. The fi-
nal motor output is generated from one side – by 
the preserved CPGs in the spinal cord, which are 
programmed to operate in a stereotyped manner 
under supraspinal motor control mechanisms, 
and from other side – reflect some newly and 

¥H\�ZRUGV� 
gait, 
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bilaterally organised alternatives in the coordi-
nation between segmental and suprasegmental 
control, which continuously modulate the spinally 
generated motor output. These alternative con-
trol mechanisms are suggested to underly in the 
restoration of hemiparetic ambulation despite the 
severity of post-stroke damage of the corticospi-
nal pathways [40].

7KHRUHWLFDO�EDFNJURXQG�RI�PRWRU�UHFRYHU\

The neurobiological basis of recovery after stroke 
is based on the theory of brain plasticity [4, 27]. 
It remains not completely understood although 
many evidences have been accumulated that af-
ter stroke the brain can reorganize itself [10, 28]. 
Several mechanisms for functional recovery are 
assumed: (1) brain repair (restitution, i.e. the bio-
logical recovery of the damage area itself); (2) 
adaptive reorganization (recruitment of new addi-
tional neural networks that can activate the same 
final pathways) and/or (3) compensatory strat-
egy (behavioral substitution, i.e. patients learn to 
compensate for their deficit). 

At present there are strong indications that 
all these mechanisms are potentially involved in 
the recovery process after brain injury, however 
the ability of human adult brain to reorganize it-
self remains more or less restricted. Irrespective 
of the type and the amount of applied therapy 
certain biological processes, characterized as the 
“spontaneous neurological recovery”, are suppos-
edly responsible for the functional outcome after 
stroke. The final outcome has been shown to be 
determined within a limited time window during the 
acute phase of brain injury – if recovery is seen 
early after stroke onset, better outcomes may be 
expected six months later although motor recov-
ery may continue over a period of years in some 
individuals with appropriate rehabilitation [17].  

Knowledge for post-stroke neuroplasticity has 
been grown recently gleaned from both animal 
models and human populations. It has been 
demonstrated that behavioral experience is the 
most potent modulator of brain plasticity. Based 
on the quantity and quality of motor experience, 
the brain can be reshaped after injury in either 
adaptive or maladaptive ways. Many studies have 
demonstrated the neurophysiological and neuro-
anatomical changes triggered by motor experi-
ence, injury and interaction of these processes. 
Using new techniques novel perspectives take 
place in the injured brain, providing a real-time 
window into post-injury plasticity. These new ap-
proaches are likely to accelerate the pace of ba-
sic research, and provide a wealth of opportuni-
ties to translate basic principles into therapeutic 
methodologies [28].

Fig. 1. Courve of temporal variables of gait cycle. The gait phases 
are pointed in accordance to the right leg (up). The shadowed 
parts (a’ and a’’) reflect a total double support time [40].

Fig. 2. Footprint obtained by GaitRite® walkway. It is divided into 
12 trapezoids, 6 for the lateral part and 6 for the medial part 
distributed into three segments: hindfoot, midfoot and forefoot. 
Each trapezoid, non-square, includes a specific number of sensors 
and the order for assigning sensor activation is heel-to-toe [43].

*DLW�YDULDEOHV

For assessment of gait various kinetics, kinemat-
ics and footprint variables are used. 

6SDWLDO�DQG�WHPSRUDO�JDLW�YDULDEOHV
They give information about the kinetics of walk-
ing and can be measured by all gait methods. 
The important parameters are: gait velocity 
(cm/s), cadence (step/min), step length (cm), 
stride length (cm), cycle time (s), stance time (s), 
swing time (s), single and double support time 
(s) and the base of support (cm). Some systems 
calculate automatically functional scores for am-
bulation giving additional information for the over-
all gait performance (fig. 1) [1, 42, 49]. 

)RRWSULQW�DQG�IRRWIDOO�JDLW�YDULDEOHV
Using walkway sensitive sensors it is possible to 
record the foot activated sensors and their time 
of activation/deactivation along with a dynamic 
pressure mapping of each footprint and footfall 
during normal and pathological walking (fig. 2) 
[40, 45].
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Polyelectromyography
Many studies used EMG records of muscle leg 
activity during walking by placing surface elec-
trodes over paraspinal, quadriceps, hamstrings, 
tibial anterior and triceps surae muscles (fig. 3). 
Visual inspection, quantitative and qualitative 
analyses are used to identify reciprocal inhibition 
of antagonist muscles of ankle movement during 
walking cycle [40].

Gait patterns 

Gait Patterns based on Spatial and Temporal 

Variables 

Normal gait is characterised by a high symmetri-
cal pattern in all spatial and temporal variables of 
any speed of walking [42, 49].

In chronic hemiparesis the gait shows a typi-
cal asymmetrical pattern regardless of the type 
and the side of stroke, more pronounced in slow-
er walkers with severe disability using orthotic de-

vices. The temporal gait variables change in a 
stereotyped manner (more quantitative than qual-
itative in nature) [12] – prolonged swing time on 
the affected side (AS) and prolonged stance time 
on the non-affected side (NS) were described in 
all post-stroke studies. The patients favored their 
non-affected leg in order to complete one stride 
of walking. They showed individual quantitative 
differences in gait kinetics in relation to the sever-
ity of stroke (fig. 4) [39]. 

Gait Patterns based on Footprint Analysis 

It has been shown that the footprint patterns are 
relatively symmetrical in the phases of normal 
walking regardless of the velocity performance 
(fig. 5A) [42]. However, a significant gait asymme-
try with prolonged footprint peak times on the NS 
and shorter times on the lateral footprint on the 
AS were found in post-stroke hemiparetic gait, 
more pronounced during slower walking. The pa-
tients chose their preferred walking velocity using 
stereotyped, alternative gait patterns where the 
contribution of the NS was larger than that of the 
AS especially in slower locomotion (fig. 5B). A 
high variability of the individual footfalls more pro-
nounced on the AS was also described [44, 45]. 
The principal component analysis of the footprint 
peak times separated the hemiparetic stroke gait 
from the normal walking with a total predicted 
classification of 97.1% [44].

The changes in walking speed were found  to 
produce quantitative alterations in the overall gait 
variables and to induce inverse changes in the 
temporal gait parameters, footprint and footfall 
peak times on both sides in patients and controls 
[1, 42, 45].

Fig. 3. Location of EMG surface electrodes over paraspinal (PS), 
quadriceps (QA), hamstrings (HA), tibial anterior (TA) and triceps 
surae (TS) muscles. EMG pattern of normal walking [40].

Fig. 4. Gait asymmetry index (AI) in hemiparetic patients 
and controls [41].

Fig. 5. Footprint gait patterns in relation to walking speed in 
healthy (A) and hemiparetic stroke (B) subjects [44].

A

�
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Gait patterns based on EMG analysis

It has been demonstrated that healthy persons 
have nearly symmetrical and relatively consistent 
reciprocal patterns of EMG activities of lower ex-
tremities more expressed for distal muscles dur-
ing walking – a reciprocal inhibition of antagonist 
(tibial and triceps surae) muscles during ankle 
movement is typical for all speeds of normal 
walking (fig. 6A) [40].

The patients with chronic hemiparesis use dif-
ferent strategies of reciprocal muscle activation 
and types of ankle movements depending on the 
severity of leg muscle paresis, the degree of gait 
recovery and the use of orthotic devices. A larch 
variability of EMG patterns during walking have 
been described by several studies – based on 
abnormal leg muscle activation [20], synergy ex-
hibited by the NS [37], primitive patterns of mass 
extension and flexion [30], reciprocal ankle (TA/
TS) muscle inhibition [40] and co-activation [22] – 
fig. 6 B, C, D. These findings confirm that the gait 
alterations after stroke affect both legs and the 
motor system contralateral to the brain lesion ap-
pear to be relatively disinhibited with co-activation 
significantly elicited during swing phase on the 
AS. Thus even in present of motor deficit both 
legs act in a co-operative manner, each limb af-
fecting muscle activation and temporal behaviour 
of the other. Orthotic devices are common in cas-
es with reduced distal motor outcome with severe 
peroneal muscle deficit where the ankle on the 
AS needs to be stabilized. However, in presence 
of motor deficit the relationship between gait per-
formance and plantar flexor strength appered to 
be more complex and secondary to the brain 
reorganisation following stroke. 

Gait Neurorehabilitation

Restoration of motor functions after stroke is a 
complex process involving spontaneous recovery 
and appropriate therapeutic interventions. Its pri-
mary goals are stroke patients to be able to walk 
independently and to manage to perform daily 
activities. Rehabilitation programs focus on gait 
training at sub-acute and chronic stroke patients 
where the rehabilitation outcome is strongly as-
sociated with cognitive function (attention, motor 
adaptation, learning and ability for re-learning), 
the degree of motivation and the engagement of 
the patient and his/her family [6]. 

The approaches used in gait rehabilitation af-
ter stroke include neurophysiological and motor 
learning techniques, robotic devices, Functional 
Electrical Stimulation (FES), and braincomputer 
interface (BCIs). The majority of methodologies 
applied are bottom-up (based on neural plas-
ticity) and top-down (based on the state of the 
brain after stroke). There are general agreement 
that the combination of different rehabilitation 
strategies seems to be more effective than over-
ground gait training alone [6]. However, the neu-
rophysiological and motor learning techniques 
are not specifically focused on the gait rehabilita-
tion. Compared to conventional therapy the use 
of robotic devices (including systems for BWSTT 
and FES) seems to be more effective for stroke 
gait recovery [6], but needs further evaluation.

The functionally orientated manual physi-
cal therapy aims to restore the preferred walk-
ing velocity and gait symmetry, however different 
degree of asymmetries in kinematic and kinetic 
variables of hemiparetic gait are often seen af-

Fig. 6. EMG patterns in normal (A) and hemiparetic gait (B, C, D) based on the reciprocal ankle TA/TS muscle inhibition. A. Normal 
gait with clear TA/TS reciprocity during swing and stance phases; B. Stroke gait type I – a prolonged swing phase with bilaterally 
preserved TA/TS reciprocity; C. Stroke gait type II – co-activation with bilateral TA/TS reciprocity during swing phase; D. Stroke gait type 
III – reduced EMG activity on the AS [40].

A B C D
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ter rehabilitation. Most of the studies report for 
improved preferred walking speed as a result 
of rehabilitation with variations between the sub-
types of stroke. As general, patients with better 
functional outcome (higher gait velocity, higher 
Barthel Index and more symmetry in swing and 
stance duration) at the start of rehabilitation ob-
tained higher gait capability at the end of reha-
bilitation. However, it has been observed that in 
chronic post-stroke hemiparesis the 3-weeks in-
tensive neurorehabilitation is effective to improve 
the kinetic gait performance but appears insuf-
ficient to change the central programming of gait 
footfall patterns [43, 45]. 

Gait Rehabilitation Techniques

Modern gait rehabilitation is based on physical 
therapy interventions with robotic approaches 
and aims to improve functional ambulation af-
ter stroke. According to the Cochrane review the 
classic neurological gait rehabilitation techniques 
can be classified in two main categories: neuro-
physiological and motor learning [6, 25].

Neurophysiological techniques

They are based on the theories that the physio-
therapist supports the correct patient’s movement 
patterns, acting as problem solver and decision 
maker with the patient being a relatively passive 
recipient [43]. Commonly used in gait rehabilita-
tion are:

Bobath concept – it is the most widely ac-
cepted treatment in Europe. The method consists 
on trying to inhibit muscle spasticity by passive 
mobilization associated with tactile and proprio-
ceptive stimuli [7, 29]. 

The Brunnström method – it enhances the 
synergic pattern of movement developed during 
recovery from hemiplegia and encourages de-
velopment of voluntary movement through reflex 
facilitation and sensory stimulation [8].

Fig. 7. The footprint peak times of hemipateric patients before 
and after rehabilitation [43].

Proprioceptive neuromuscular facilitation 

(PNF) – through the application of a variety of 
stimuli (visual, auditory, proprioceptive et al.) it 
aims to achieve normalized movements and in-
creasing recruitments of additional motor units 
maximising the motor response required [36].

The Vojta method – it is based on central 
pattern generator theories for postural and gait 
control and aims to activate the “innate”, stored 
movement patterns in children with birth related 
brain damage and adult stroke patients [47]. 

The Rood technique – it focuses on the se-
quence of recovery and the use of peripheral (sen-
sory) input to facilitate as much as possible the 
normal movement and postural responses [35].

The Johnstone method – it assumes that the 
pathological reflexes can be controlled through 
positioning and splinting to inhibit abnormal pat-
terns and controlling tone in order to restore cen-
tral control [16]. 

Motor learning techniques

Opposite to the passive role of patients implied in 
neurophysiological techniques, the motor learn-
ing methods aim to stress active patient involve-
ment and collaboration in neurorehabilitation [6]. 
The task-specific and context-specific training is 
recommended to be relevant for the needs of 
patients including the additional training in the 
patient’s own environment. The common motor 
learning approaches are:

The Perfetti method – it is a sensory mo-
tor technique developed originally for controlling 
spasticity in arms and subsequently – for im-
proving gait. The rehabilitation starts with tactile 
recognition of different stimuli and evolves trough 
passive exploitation and manipulation of muscles 
and joints to active manipulation. It needs a cer-
tain degree of cognitive preservation to allow pa-
tient’s cooperation [31].

Carr and Shepherd motor relearning method 
– it is based on the hypothesis that neurological 
patients learn in the same way as healthy sub-
jects and through appropriate sensory inputs it is 
possible to modulate motor responses to a task. 
The rehabilitation protocol is initially focussed on 
movement that cannot be performed, followed by 
functional tasks and generalization of the training 
into activities of daily living [9].

Conductive education or Peto method – the 
rehabilitation protocols are focused on coping 
with disability in daily life of the patients by teach-
ing them to use appropriate strategies [18].

The Affolter method – the incoming informa-
tion is compared with past experience (“assimila-
tion”) which leads to anticipatory behavior [2]. 

Sensory integration or Ayres method [3] – 
the exercises are based on sensory feedback 
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and repetition which are seen as important prin-
ciples of motor learning.

According to the only available Cochrane 
review on gait rehabilitation techniques there is 
insufficient evidence to determine if any rehabili-
tation approach is more effective in promoting 
functional recovery of lower limbs after stroke. 
Some studies reveal that patients receiving con-
ventional functional treatment regimens need less 
time to achieve their functional goals compared 
to specific neurological approaches, such as Bo-
bath [11]. There is strong evidence that patients 
benefit from task-oriented and high-intensity train-
ing to improve gait and gait-related activities after 
stroke supporting the view that functional recov-
ery is driven mainly by adaptive strategies that 
compensate for impaired body functions [27]. 

There is no systematic review addressed to 
the efficacy of gait training methods in stroke 
rehabilitation. For acute stage of stroke there is a 
consensus that ground gait training helps for re-
covery of patients who cannot walk independently 
[5], but the opinion of gait training in chronic 
patients with permanent mobility deficits is con-
traversal – from negative to small, time-limited 
benefits mainly for walking speed [38]. Better re-
sults are considered in combination of ground 
gait training with treadmill or high-technology ap-
proaches (body weight support treadmill training, 
robotic devices, ect) [14, 26].

Robotic devices 

Gait robotic devices (treadmill with body weight 
support, gait trainer and electromechanical exo-
skeletons) are related mainly to motor re-learning 
programs and promote learning depended on the 
self-selected usage and self initiated movements.
They provide safe, intensive and task-oriented 
rehabilitation to people with mild to severe mo-
tor impairments after neurologic injury [15]. Their 
main advantages are associated with ability to in-
crease the intensity of therapy under on-line con-
trol of kinetic and kinematic variables of walking, 
ability for repetition and increased training mo-
tivation through the use of interactive feedback 
along with reduction of the amount of required 
physical assistance that reduces the health care 
costs [6]. The positive effect of retraining gait 
with robotic devices on recovery of ambulation 
has been confirmed by several studies. However, 
according to recent Cochrane review robotic gait 
rehabilitation increases the walking independently 
mainly in patients with subacute stroke but not in 
patients with chronic stroke [25]. 

Functional Electrical Stimulation

Functional Electrical Stimulation (FES) has been 
used in rehabilitation of chronic hemiplegia since 

the 1960s. It consists on delivering an electric 
current through electrodes to the muscles that 
generates muscle contractions [34]. FES can be 
applied alone or as a part of a Neuro-robot. 

Both robotic devices and FES can be con-
trolled or triggered by biological signals recorded 
from the patient. Such positive feedback loop can 
enhance learning. The new approaches as brain-
computer interfacing (BCI) and Functional near 
infrared spectroscopy-based BCIs are under in-
vestigations [6]. Repetitive Transcranial Magnetic 
Stimulation (rTMS) is applied to enhance motor 
recovery by a non-invasive deep brain stimulation 
of motor cortex. 

Predictors of hemiparetic gait recovery

Knowledge for predictors of gait recovery after 
stroke can contribute to more appropriate selec-
tion of the rehabilitation strategy when different 
techniques in gait training are considered. Most 
of the studies confirm the significant association 
of recovery with younger age, better functional 
outcome (higher preferred gait velocity, Barthel 
Index and more gait symmetry at the start of re-
habilitation), severity of stroke and brain ability for 
neuroplasticity (location and extent of damange, 
activation of secondary and contralateral areas, 
individual genetic abilities for brain reorganiza-
tion) and better motivated and moving patients 
[6, 21, 32]. 

The individual variability on the final motor 
outcome among the patients suggests the im-
portant role of the natural post-stroke recovery 
combined with therapeutic intervention and the 
personal human ability for functional brain reor-
ganization. Thus, the accurate predictive mod-
els for walking recovery remain elusive as many 
factors (external and internal) may influence this 
process. 

*DLW� LQGLFDWRUV� IRU� EUDLQ� UHRUJDQL]DWLRQ� DIWHU�
stroke 

Some recent studies have shown possible gait 
indicators for bilateral brain reorganization in 
chronic hemiparesis due to stroke. They are re-
lated to: 

(1) the use of alternative kinetic and pressure-
sensor footprint and footfall patterns where the 
non-affected side contributes more than the af-
fected side [44, 45]; 

(2) stereotyped manner of changes in gait 
asymmetry depending on the contribution of the 
NS, the degree of motor control disability, the 
achieved preferred gait velocity and the use of 
orthotic devices [12, 39, 41]; 

(3) preserved gait asymmetry and higher vari-
ability in footfall gait variables after 3-week neu-
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rorehabilitation despite its positive effect on the 
walking velocity, temporal and spatial hemiparetic 
gait variables [39, 45]. 

In a given chronic motor deficit all these in-
dicators are possible to be quantitatively and 
qualitatively evaluated, analyzed and documented 
using a detailed kinetic, footprint and footfall ex-
pertise [45].

Conclusion

The restoration of gait after stroke is a primary 
and long-term goal of neurorehabilitation. It can 
be achieved by stimulating brain plasticity using 
relevant task-oriented and high-intensity training 
in better motivated and moving patients who have 
preserved cognition and received family support.
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Ultrasound Study of Intracranial Stenoses: 
Pre- and Post- Endovascular Treatment

C. Baracchini

University of Padua School of Medicine – Padova, Italy

Intracranial atherosclerotic stenosis (ICAS) represents a major cause of ischemic 
stroke in the world. Its incidence varies by ethnicity being highest among Asians and 
still underestimated in Caucasians. ICAS is held as a malignant cause of stroke with 
a very high stroke recurrence rate, highest for 70-99% stenosis and during the first 
2-3 weeks after the initial event.

A systematic assessment of intracranial vessels by ultrasound is useful in diagnos-
ing stroke patients with intracranial stenosis, understanding the nature of the stenosis, 
identifying ICAS patients at a higher risk of stroke recurrence. In fact ultrasound can 
provide real-time flow information (grade of stenosis, collaterals), study hemodynamic 
changes with time (regression/progression/stability of stenosis) or in response to vari-
ous stimuli including breath-holding index to induce or augment a steal, and it can 
also detect transient emboli. All the information gathered by ultrasound has immediate 
therapeutic implications: anticoagulants for a partially recanalized embolus, calcium 
channel blockers for vasospasm, antiplatelet agents for dissection, immunosuppres-
sants for vasculitis, intensive risk factor management and dual antiplatelet treatment 
for ICAS. In patients with recurrent symptoms despite best medical therapy, ultra-
sound can detect a progression of the stenosis, check for a possible increase of the 
embolic count downstream, assess intracranial arterial hemodynamics changes post-
operatively (angioplasty alone or combined with new stents). In the latter cases, when 
verifying treatment efficacy, it is important to know the effects of a stent on cerebral 
blood flow in order to avoid misdiagnosis.
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The aim of this lecture is to give an overview 
of the clinical applications of ultrasound in the 
assessment of intracranial stenoses in order to 
improve outcome and abate stroke risk. 

Intracranial artery stenosis is a frequent find-
ing in stroke patients, in particular intracranial 
atherosclerotic stenosis (ICAS) represents a ma-
jor cause of ischemic stroke in the world. Its in-
cidence varies by ethnicity being highest among 
Asians (30-50%) and still underestimated in Cau-
casians. ICAS is considered a malignant cause 
of stroke due to a very high stroke recurrence 
rate: highest rate for 70-99% stenosis and during 
the first 2-3 weeks after the initial event. 

Important data on the intracranial circulation 
can be collected by Transcranial Doppler (TCD) 
or Transcranial color-coded duplex sonography 
(TCCS) through regions of the skull where the 
bone is naturally thin named bone windows; the 
main windows are the transtemporal, the transfo-
raminal and the submandibular. The patency of 
the bone windows depends on several factors: 
bone thickness, patient age, gender, race and 
brain parenchyma. A thicker bone, old age, fe-
male gender, black race and brain atrophy make 
examinations more difficult. In these cases the 
signal can be enhanced by using ultrasound con-
trast agents. The most important characteristics 

that need to be recorded from each arterial seg-
ment are: blood flow direction, velocities (peak 
systolic, end-diastolic, mean) and pulsatility index 
(PI). PI is a marker of cerebrovascular resistance 
resulting from intracranial arterial stiffness and 
cardiac output parameters; it can be calculated 
using the following ratio: (peak systolic velocity)-
(end diastolic velocity)/mean flow velocity. An in-
creased PI represents enhanced cerebrovascular 
resistance. 

No matter how the information is gathered 
(TCD or TCCS), the ability to interpret correctly 
vessel spectrograms is of paramount importance 
for understanding the neurovascular status of the 
patient. It must also be remembered that inter-
pretation of ultrasound waveforms depends on 
the quality of the study performed, therefore ap-
propriate training and equipment are essential. 
Often, we are confronted with patients having 
findings outside the classical schemes (i.e. bi-
lateral disease, tandem lesions, coexistence of 
systemic and focal abnormalities) and this repre-
sents the real challenge of cerebrovascular ultra-
sound interpretation. 

Stroke is a dynamic disease, consequently 
static neuroimaging studies (CT, MRI) character-
ize this process only partially; ultrasound moni-
toring in parallel with clinical evaluation offer in-
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valuable information on the pathophysiology of 
stroke allowing for tailored treatment. Intracranial 
occlusion can be directly or indirectly detected 
by ultrasound. Direct criteria for proximal occlu-
sion include no flow signal (TIBI 0) and minimal 
flow signal (TIBI 1), while blunted flow signal (TIBI 
2) and dampened flow signal (TIBI 3) are criteria 
for distal occlusion. Indirect criteria of intracra-
nial arterial occlusion comprise high resistance 
in the feeding vessel or in the proximal segment 
of the occluded vessel, flow diversion and signs 
of collateralization. Analogously to intracranial oc-
clusion, intracranial stenosis criteria are direct 
and indirect. Direct criteria include progressive 
IRFDO�LQFUHDVH�RI�EORRG�IORZ�YHORFLWLHV�LQ�å�����
stenosis or paradoxical velocity decrease with 
very severe stenosis, near-occlusion or diffuse 
intracranial disease. Indirect criteria, which are 
present only in very severe stenosis (>80%), are 
the same as for occlusion: high resistance in 
the feeding vessel or in the proximal segment 
of the stenotic vessel, flow diversion and signs 
of collateralization. While transcranial ultrasound 
has very high specificity, sensitivity and negative 
predictive value, it has only modest positive pre-
dictive value, thus requiring confirmation by other 
imaging modality such as CTA or conventional 
cerebral angiography. 

Once the anatomical diagnosis of an intracra-
nial stenosis is made, it is crucial to understand 
the functional significance and the hemodynamic 
effects of the stenosis. Transcranial ultrasound 
can surely help by studying collaterals, testing for 
vasomotor reactivity and detecting emboli. In fact 
TCD/TCCS can provide real-time information on 
collateral flow and in case of vessel obstruction, 
activation of collateral pathways is very important 
for the clinical outcome of the patient. A complete 
circle of Willis and the possibility to activate pri-
mary collaterals (anterior communicating artery, 
posterior communicating artery) or secondary 
collaterals (ophthalmic artery, leptomeningeal ar-
teries) reduces the risk of hemodynamic isch-
emic stroke. Sometimes we see a compensatory 
increase of blood flow velocity in the donor ves-
sel due to recruitment of collaterals by vasodila-
tion in tissues with compromised perfusion. This 
is called flow diversion and represents a natural 
steal by vessels distal to an arterial occlusion. 

TCD/TCCS provides also information on he-
modynamic changes in response to various stim-
uli (apnea, acetazolamide): if there is no veloc-
ity increase during apnea, we speak of impaired 
vasomotor reactivity (VMR) which translates into 
a higher risk of hemodynamic stroke. Sometimes 
we observe an intracranial steal, that is a para-
doxical velocity decrease in the affected vessel 
and simultaneous velocity increase in normal ves-

sels, in response to vasodilatory stimuli. This rep-
resents the “reversed” Robin Hood principle (i.e. 
rob the poor to feed the rich). Thus, when a pres-
sure gradient favors the normally perfused brain 
parenchyma, a collateral vessel, which normally 
acts with a compensatory mechanism delivering 
sufficient supplies, can become deleterious for 
the patient by further depriving brain regions at 
risk of supply. If the steal is causing a clinical 
deterioration we speak of Reversed Robin Hood 
Syndrome, which is associated with a higher 
stroke recurrence rate. 

Transcranial ultrasound is the only diagnostic 
method that can detect clinically silent emboli; 
this requires continuous monitoring of the major 
intracranial arteries and according to the current 
consensus the duration of the monitoring should 
be at least one hour. Microembolic signal (MES) 
detection identifies patients who are at higher risk 
of atheroembolic stroke, thus allowing to select 
those patients who could benefit from a more ag-
gressive treatment. MES are also valid surrogate 
markers for verifying antithrombotic efficacy and 
a key for individualized stroke medicine.

Once the anatomical and functional diagnosis 
of an intracranial stenosis is made, it is crucial to 
understand the nature of the stenotic lesion. The 
differential diagnosis includes atherosclerotic dis-
ease, a partially recanalized embolus/thrombus, 
arterial dissection, vasculitis, vasospasm. Intracra-
nial stenosis can be a dynamic process and se-
rial examinations by TCD/TCCS can help under-
standing its nature; in fact cerebral artery steno-
ses may undergo progression (usually a plaque), 
regression (embolus, dissection, vasospasm, vas-
culitis), or remain stable during follow-up. 

Intracranial artery stenosis is assumed to 
represent atherosclerotic plaque when no other 
obvious disorder, like vasculitis or dissection, is 
found on diagnostic work-up. However, we know 
relatively little about the composition of these ce-
rebral artery stenoses apparent on noninvasive 
and invasive imaging studies. Another limit is that 
ultrasound detection of hemodynamically relevant 
intracranial stenosis limits the search to the ad-
vanced stages of the disease. In fact, intracra-
nial stenosis represents only the most advanced 
stage of intracranial atherosclerosis, because the 
vessel maintains the same lumen diameter up to 
40-50% stenosis due to the remodeling of the ar-
terial wall according to Glagov regardless of the 
progressing atherosclerotic process. When this 
compensatory mechanism fails, a vessel stenosis 
develops. 

All the information obtained on the nature 
of the intracranial stenosis will have immediate 
therapeutic implications: anticoagulants for a par-
tially recanalized embolus of cardiac origin, cal-
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cium channel blockers for vasospasm, antiplatelet 
agents for dissection, immunosuppressants for 
vasculitis, intensive risk factor management and 
dual antiplatelet treatment for ICAS. In patients 
with recurrent symptoms despite best medical 
therapy, ultrasound can detect a possible pro-
gression of the stenosis, exclude a branch oc-
clusion, check for a possible increase of the em-
bolic count downstream. The SAMMPRIS study 
has shown that early aggressive medical therapy 
is better than stenting for prevention of recurrent 
stroke. Nevertheless, there are subgroups of pa-
tients who remain at high risk of stroke despite 
aggressive medical therapy. In these patients, an-
gioplasty alone or in combination with new stent 
types might still be an option, and transcranial 
ultrasound can quickly assess vessel patency 
by recording intracranial arterial hemodynamics 
changes post-operatively. In particular, due to the 
metal composition of the stent, TCCS can clearly 
display the stent, thereby determining the location 
and shape of it. When the treatment is effective, 
there is a significant and immediate decrease of 
blood flow velocities; after about a week, owing 
to the reshaping of the stent and vascular re-
modeling, there is a further improvement in he-
modynamics with velocity values declining toward 
normal. A regular follow-up of these patients is 
advisable in order to confirm the efficacy of stent-
ing and to detect residual stenosis or in-stent re-
stenosis. Finally, it is important to underline that 

blood flow velocities in a stented vessel are higher 
compared to a non-stented vessel; consequent-
ly, when verifying treatment efficacy this has to 
be taken into account to avoid overestimation of 
residual stenosis or misdiagnosis of in-stent re-
stenosis. Overall transcranial ultrasound provides 
accurate information on cerebral hemodynamics 
and represents the ideal modality for following 
disease progression and therapeutic effects. 
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Sonothrombolysis

M. Del Sette, L. Dinia

S. Andrea Hospital – La Spezia, Italy

Sonothrombolysis (ST) can increase the penetration of circulating tPA into the 
thrombus, promote the breaking and cleaving of the fibrin polymers, and improve 
the binding affinity of tPA to fibrin. A recent Cochrane Review of all the randomized 
studies published on ST reported significantly more recanalizations and better clinical 
outcome, with no effect on mortality. Two ongoing multicenter studies are verifying the 
efficacy and safety of ST in acute ischemic stroke. In both studies, endpoints will be 
clinical and sonological. ST is a promising tool for ischemic stroke treatment. Ongoing 
studies will provide us further data to be added to previous study and basis for more 
efforts in this promising direction.

Stroke is the first cause of disability and the 
second cause of death in the world. Ischemic 
stroke (IS) represents 80% of all strokes, and it 
is presently the most treatable one. In fact, in 
recent years, the spread of stroke units and the 
advent (appearance) of specific diagnostic tools 
and treatments have changed considerably the 
attitude towards active intervention in the acute 
management of stroke.

Intravenous recombinant tissue Plasminogen 
Activator (r-tPA) is the main medical therapy of IS, 
within a time window of 4.5 hours from symptom 
onset to thrombolysis,and possibly up to 6 hours 
in selected patients [1, 2, 3]. The mechanism of 
tPA is to favor arterial recanalization, thus achiev-
ing early reperfusion. The efficacy depends upon 
time window (the earlier the better) and location 
of thrombus (larger and more proximal thrombi 
are less prone to be lysed by tPA). 

The thrombolytic drugs can be administered 
intravenously and/or locally, although there is no 
evidence of a greater efficacy with local adminis-
tration [4, 5, 6]; moreover, intra-arterial tPA requires 
a complex, active and specialized organization.

Despite its evident efficacy, i.v.thrombolysis has 
a surprisingly low successful recanalization rate, 
which ranges between 20% and 30%, depending 
on the site and on the extension of arterial occlu-
sion. To enhance the effect of i.v.thrombolysis and 
speed up clot lysis, the use of ultrasound (US) 
has been evaluated in several studies.

In most stroke units the access to ultrasound 
for the diagnosis of intracranial arterial occlu-
sion is quite simple, due to the wide availability 
of transcranial Doppler among the clinical tools 
of vascular neurologists. A Transcranial Doppler 
(TCD) and/or a Transcranial color-coded Doppler 
(TCCD) are usually performed in the acute phase 
of IS, to detect and localize the arterial occlusion 

causing it and to monitor the recanalization fol-
lowing tPA infusion. Recently, experimental and 
clinical studies have consistently demonstrated 
the ability of US to enhance enzymatic thrombol-
ysis. This type of treatment is called SonoThrom-
bolysis (ST) [7, 8, 9, 10, 11, 12, 13]. 

Sonothrombolysis is usually performed in pa-
tients with a documented arterial occlusion by in-
sonation of major intracranial vessels, mainly the 
middle cerebral artery. US increases the penetra-
tion of circulating tPA into the thrombus, promotes 
the breaking and cleaving of the fibrin polymers, 
and improves the binding affinity of tPA to fi-
brin. Thus, US accelerates enzymatic fibrinolysis 
through non-thermal mechanisms and through the 
motion of fluid in and around the thrombus. More-
over, recent experimental studies provided new 
insights in comprehension of ST mechanisms: the 
modulation of NO seems to help recanalization 
even for small vessel occlusions [14]. 

A meta analysis of randomized and non-ran-
domized trials on ST [15] and a Cochrane Review 
of all the randomized studies published on ST 
[16] reported stimulating results: there were more 
recanalizations (Fig. 1), better clinical outcome 
(Fig. 2), with no effect on mortality (Fig. 3). An 
increase of asymptomatic and symptomatic hem-
orrhages was mainly due to the concomitant use 
of microbubbles (Fig. 4) [16, 17, 18, 19, 20], fur-
ther enhancing clot lysis and blood brain barrier 
(BBB) disruption. Nevertheless, other studies re-
ported no effect of US on BBB and did not show 
any increase of apoptosis and markers of tissue 
damage outside the infarcted area [21]. The pos-
sible usefulness of microbubbles is a promising 
field for researchers and for drugs development.

There are some ongoing trials, one no-profit Ital-
ian trial (ULTRAS), which has the goal to verify in a 
“real world” design the positive effect of ST on re-
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canalization and on clinical outcome [22]. It is a mul-
ticenter, interventional, controlled, randomized study. 
Another ongoing trial is the “CLOTBUSTER”, where 
an “Hand-free” helmet provides US administration, 
in a randomized design with a sham procedure, that 
has proven to be safe and applicable [23]. 

Both studies will provide new information of 
this promising, yet not completely proven, way of 
increasing tPA effect.

Waiting for the results of these two trial, ST 
represent a therapy still not-authorized for routine 
clinical use.

Fig. 1.

Fig. 2.
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Fig. 3.

Fig. 4.
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Ultrasound Imaging of Brain Parenchyma, 
Temporal Arteries and Orbita

M. Mijajlovic

School of Medicine University of Belgrade – Belgrade, Serbia

Beside crucial role in the diagnosis of the morphological and hemodynamic changes 
of the cerebral vasculature, during last years, novel neurosonological methods (tran-
scranial brain parenchyma sonography-TCS, temporal arteries ultrasonography, echo-
sonography of the optic nerve and retrobulbar vessels) find their important place in 
the diagnosis of neurodegenerative and psychiatric diseases, temporal arteritis, as 
well as optic nerve and ocular vessels changes. 

TCS is a highly sensitive non-invasive ultrasound method for detection of early and 
highly specific echogenic changes in basal ganglia of patients suffering from some 
neurodegenerative diseases such as Parkinson’s-, Huntington’s- and Wilson’s disease, 
secondary parkinsonian syndromes, spinocerebellar ataxias, some forms of dystonia. 
Changes of the brainstem raphe echogenicity have been shown to be highly prevalent 
in patients with unipolar- as well depression associated with certain neurodegenerative 
diseases. That why TCS is valuable neuroimaging method for early and differential 
diagnosis and follow-up of patients with neurodegenerative and psychiatric diseases.

Ultrasonography of the temporal arteries revealed in 70-90% of patients with a 
clinical suspicion of temporal arteritis, specific sonographic changes: a) circumferent 
hypoechogenic wall thickening-halo, b) segmental stenosis or occlusion of temporal 
arteries and c) lack of temporal arteries compressibility.

Noninvasive echosonography of the optic nerves could easily reveal changes of 
the intracranial pressure (intracranial hypo- or hypertension) while duplex sonography 
could easily detect central retinal artery or vein occulsion.

Transcranial brain parenchyma sonography

Transcranial sonography (TCS) is a relatively new 
ultrasound diagnostic method which displays 
echogenicity of the brain tissue through the in-
tact skull. 

Besides the specific substantia nigra (SN) hy-
perechogenicity in about 90% of Parkinson’s dis-
ease (PD) patents, that was first time described 
in 1995 by Becker et al. [1], numerous TCS stud-
ies reported other specific ultrasound features in 
various other neurodegenerative diseases.

Structural abnormality of the midbrain raphe 
displayed as reduced echogenicity or invisible 
brainstem raphe (BR) was found in patients with 
unipolar- and depression associated with some 
other neurological diseases [2, 3, 4, 5]. Modern 
TCS systems have a possibility to display deep 
brain structures with a very high lateral and axial 
resolution similar to that of magnetic resonance 
imaging (MRI) in clinical applications [6].

Based on the consensus guidelines it is sug-
gested to perform TCS scanning through the tem-
poral acoustic bone windows, as it is suggested 
for transcranial vascular ultrasound. Guidelines 
suggest using modern ultrasound equipped with 
2.0- to 3.5-MHz phased-array transducers [7-9]. 
For the optimal insonation of brain structures, 

TCS parameters should be set as follows: dy-
namic range between 45 and 50 dB, insonation 
depth should be 14-16 cm; individualized adapta-
tion of time gain compensation and brightness 
of the ultrasound image in order to achieve the 
best possible visualization. After clear ultrasound 
depiction of the basal ganglia structures it is 
suggested to fix and zoom ultrasound picture 
in order to provide optimal conditions for further 
ultrasound measurements. The scanning is per-
formed at several axial levels through the brain-
stem and the thalami [7, 8, 9].

At the first scanning level, the butterfly 
shaped hypoechogenic brainstem surrounded by 
the highly hyperechogenic basal cisterns can be 
visualized. At this axial scanning level, the echo-
genicity of the ipsilateral SN, red nucleus (RN) 
and the BR could be evaluated (ig. 1) [7, 8, 9]. 

The best-validated method to measure and 
grade SN echogenicity is the planimetric mea-
surement of SN echogenic area in axial plane. 
Hyperechogenic area is measured by encircling 
the outer circumference of the hyperechogenic 
area and is automatically displayed in square 
centimeters. According to consensus guidelines 
[7, 8] “a marked SN hyperechogenicity is consid-
ered, if the planimetrically measured echogenic 
area exceeds a cut-off value defined by the 90% 
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percentile of measures in normal population, and 
moderate SN hyperechogenicity, if the measured 
area ranges in-between the 75% and 90% percen-
tile of measures in healthy population”. Planimetri-
cally measured reference values of hyperecho-
genic SN areas range between 0.18 and 0.24 cm2 
depending on ultrasound systems applied.

IBR is normally depicted as highly echogenic 
continuous line which has similar echogenicity to 
that of the RN or surrounding cerebral white mat-
ter (Fig. 1) [9, 10].

Based on the TCS guidelines, BR echogenicity 
is rated semiquantitatively, preferable using a two-
point grading system (grade 0: invisible, hypoecho-
genic or interrupted BR representing pathological 
finding; grade 1: highly echogenic continuous BR, 
as a normal finding) are suggested [7, 9, 10]. Due 
to variations in transparency of temporal bone win-
dows it is suggested to scan BR always from both 
sides. If the BR can be depicted as continuous 
hyperechogenic line from at least one side, then it 
is rated as a normal (Fig. 1) [9, 10]. 

To display the thalamic axial plane level the 
ultrasound probe should be tilted 10-20 degrees 
upward. Very important landmark of the thalamic 

or ventricular level is the usually highly echogenic 
pineal gland (Fig. 2) [7, 8, 9].

The thalami are normally depicted as iso/
hypoechogenic round structures next to the third 
ventricle. Hypoechogenic structures of thalami 
and ventricles help to differentiate the anatomi-
cal site of caudate nucleus (CN) and lenticular 
nucleus (LN) [7, 8, 9 , 10].

At the same level, the transverse diameters of 
the third ventricle which is depicted between the 
two hyperechogenic lines representing ependyma, 
as well as diameter of contra lateral frontal horn of 
the lateral ventricle can be measured (Fig. 2) [8, 9]. 

Normal TCS values for the ventricular system 
diameters depend on age, but it could be roughly 
accepted that normal diameter of the third ven-
tricle is up to 10mm, and for the frontal horns of 
lateral ventricle up to 20 mm [7, 8, 9].

Echogenicity of contralateral thalamus, con-
tralateral LN and contralateral CN should be eval-
uated semi-quantitatively at this level. 

In normal conditions, these BG have the same 
echogenicity as surrounding brain parenchyma 
(Fig. 2), they are isoechogenic. Any hyperecho-
genic area at the anatomical sites of CN and/or 

Fig. 1. Axial TCS images (mesencephalic level). The butterfly-shaped midbrain was encircled for better visualization (full line). Thick 
arrow indicates BR; thin dotted arrow depicts RN; SN is encircled with dotted line. (A) Mesencephalic brainstem of a healthy individual 
with normal, nearly invisible SN and normal, highly echogenic BR which has the same echogenicity as the RN; (B) Mesencephalic 
brainstem of a patient with unipolar depression with normal, nearly invisible SN and abnormal, reduced echogenicity of the BR (C); 
Mesencephalic brainstem of a PD patient with depression displays marked unilateral hyperechogenicity of the SN and abnormal, reduced 
echogenicity of the BR. Echogenic area of the right SN was encircled with dotted line for computerized measurement.

A B C

Fig. 2. Sonographic images at the level of thalami (ventricular system). (A) Normal finding at the thalamic level, BG and thalami are 
invisible i.e. isoechogenic with surrounding cerebral white matter; normal diameters of the third ventricle (full line) and the frontal horn 
of the lateral ventricle (dotted line); full thick arrow depicts hyperechogenic pineal gland. (B); Hyperechogenicity of the CN (encircled 
with dotted line), located next to the frontal horn of the lateral ventricle (depicted with the dotted line, normal diameter); (C) Hyperecho-
genicity of the LN (encircled with dotted line) located close to the third ventricle (depicted with arrow, normal diameter).

A B C
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LN is pathological. In that case, hyperechogenic 
signals could be measured planimetrically as it 
was described for SN (Fig. 2) [7, 8, 9, 10]. 

TCS in PD and atypical parkinsonian syn-

dromes (APS)

SN hyperechogenicity above the cut-off values as 
a typical finding in PD patients (Fig. 1) was the 
first time described by Becker two decades ago 
[1]. SN hyperechogenicity could be found uni-
laterally or asymmetrically bilaterally. This finding 
has been also showed by many other research 
groups in the last decades [11, 12]. 

SN hyperechogenicity has also been de-
tected in 8-10% of healthy people [13]. Healthy 
subjects with SN hyperechogenicity may show 
functional deficits in the nigrostriatal dopaminer-
gic pathways, with “soft motor signs and symp-
toms” occurrence. SN hyperechogenicity on TCS 
in healthy individuals has been shown to reveal 
up to 20-fold increased risk of developing PD 
during up to five years follow-up period [13]. 

The reasons for SN hyperechogenicity in PD 
are not elucidated yet. It is possible that SN hy-
perechogenicity reflects pathological alterations 
related to an increased SN iron and possible 
other trace metals content [1, 12, 13], and may 
represent a susceptibility marker of nigrostriatal 
dopaminergic system vulnerability.

Typical finding of SN hyperechogenicity in 
patients with idiopathic PD is not frequent in atyp-
ical parkinsonian syndromes (APS) (multiple sys-
tem atrophy-MSA and progressive supranuclear 
palsy-PSP), or vascular-Parkinsonism (VP). 

TCS studies showed that “SN hyperecho-
genicity discriminates PD from APS (MSA and 
PSP) with a sensitivity of 92% and a specificity 
of 80%” [14]. On the other side, basal ganglia 
hyperechogenicities (primarily LN) could be spe-
cifically seen in APS but very rare in PD [14, 15]. 
The finding of BG hyperechogenicity with nor-
mal echogenicity of SN could be very helpful in 
discriminating PD from APS. An increase in the 
diameter of the third ventricle (>10mm) usually 
without SN hyperechogenicity but occasionally 
with LN hyperechogenicity, has been described 
in PSP but not frequently in PD patients [14, 15].

It is even possible to differentiate, based on 
TCS in addition to clinical characteristics, two 
different clinical forms of PSP: “classical” form 
known as Richardson’s syndrome (PSP-RS) and 
another form known as PSP-Parkinsonism (PSP-
P) [16]. In the recent study, our group showed 
that subgroup of patients with PSP-RS have sig-
nificantly higher prevalence of LN hyperechogen-
city and significant dilatation of the third ventricle, 
while patients with PSP-P had significantly higher 
prevalence of pathological SN hyperechogenicity 

(73 vs. 14%), with significantly larger maximal 
area of SN hyperechogenicity [16].

TCS could be also an important additional 
diagnostic tool to differentiate between PD and 
VP. Namely, patients with VP in majority of cases 
do not have pathological hyperechogenic signals 
of SN and other basal ganglia structures. VP pa-
tients usually express pathological findings on 
vascular examination, showing increased blood 
flow velocities and/or pulsatility indexes as typi-
cal markers of intracranial vessels atherosclerotic 
changes as a background for VP [15].

EFNS/MDS-ES recommended application of 
TCS with the highest level of recommendation 
for the diagnosis of PD, the differential diagnosis 
with secondary and atypical Parkinsonism, and 
the detection of subjects at risk for PD [17].

As the TCS examination is highly operator de-
pendent, this recommendation is valid only for ade-
quately trained and very experienced sonographers. 

TCS in other neurodegenerative diseases with 

movement disorders

TCS found its place as the diagnostic tool in 
several other neurodegenerative diseases char-
acterized with movement disorders. 

Two independent TCS studies showed spe-
cific echogenic changes of basal ganglia in pa-
tients with Wilson’s disease (WD). Walter et al. 
[5] investigated 21 consecutive WD patients (18 
with neurological form of the disease), and found 
increased LN echogenicity on at least one side 
in all assessed neurologically symptomatic and 
in 2 of the 3 patients with hepatic form of WD. 
Proposed explanation for LN hyperechogenicity 
in patients with either neurologic or hepatic form 
of WD, was increased copper content. SN hy-
perechogenicity was found in almost half of WD 
patients in the same study (10 out of 21) with-
out ventricular system dilatation. Observed TCS 
changes were also present in some of patients 
with normal brain MRI [5].

We published results in larger group of “54 
consecutive, clinically stable patients with WD who 
were classified as predominantly neurologic or he-
patic form of the disease and were adequately 
assessable by TCS from both sides. TCS showed 
significantly higher prevalence of SN and LN hy-
perechogenicity in WD patients in comparison with 
healthy controls. Moderate to marked SN hyper-
echogenicity was found in 31.5% of our WD pa-
tients (42% and of those with predominantly neu-
rologic form and 7% with hepatic form of WD). 
SN hyperechogenicity was also found in 8% of 
healthy controls in our study. Disease severity cor-
related with the hyperechogenicity of SN and with 
the width of the third ventricle that was significantly 
higher in patients with neurologic form of WD” [18].
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Results of both TCS studies in WD patients, 
confirmed the ability of the method for early de-
tection of trace metals in the basal ganglia (prob-
ably copper and possibly iron and manganese).

Similar findings were observed in some other 
neurodegenerative diseases with trace metals ac-
cumulation. Our group conducted MRI parallel 
to TCS in 5 unrelated patients with pantothenate 
kinase-associated neurodegeneration (PKAN), 
caused by PANK2 mutations [19]. “All patients in 
our study had an eye of the tiger sign on MRI. 
Hypointense lesions on the T2-weighted MRI im-
ages were restricted to the globus pallidus (GP) 
and SN. TCS also revealed bilateral hyperecho-
genic areas restricted to the LN and SN, with 
normal values of the third ventricle diameter. Both 
TCS and MRI findings in PKAN patients are in 
accordance with the pathological findings that 
accumulation of iron, even in advanced cases, is 
restricted to the GP and SN, suggesting selective 
involvement of these brain structures” [19].

In patients with cervical and upper limb dys-
tonia, TCS displayed hyperechogenicity of LN 
(in up to 80% of cases) which is usually more 
prominent contra lateral to the clinically affected 
side. LN hyperechogenicity is probably caused 
by increased copper and manganese content [4].

Two TCS studies revealed comparable fre-
quencies of BG hyperechogenic changes as 
well as a similar pattern of basal ganglia lesions 
in spinocerebellar ataxia (SCA) type 2 and SCA 
type 3 [20, 21]. SN hyperechogenicity was a fre-
quent finding in both studies (66.7% of those with 
SCA 2 and 73.3% with SCA 3), indicating a vul-
nerability of nigrostriatal dopaminergic system in 
these SCA patients. SCA 2 patients also showed 
significant dilatation of the ventricular system 
represented by increased diameters of the third 
ventricle on TCS [20, 21]. Although evidence of 
TCS alterations in ataxia is limited, with the pro-
posed specific cerebellar examination plane the 
enlargement of the fourth ventricle and nucleus 
dentatus hyperechogenicity could be visualized 
as a characteristic finding in SCA3 as well as in 
SCA17 patients. Hyperechogenicities of pallidos-
triatal regions, especially if marked and/or bi-
lateral could be very useful and specific sono-
graphic feature to differentiate between move-
ment disorders with dominant extrapyramidal or 
ataxic clinical features [20, 21].

TCS in psychiatric diseases

Evidence from clinical, neuroimaging, biochemical 
and animal studies implicates basal limbic system 
and BR system involvement in the pathogenesis 
of the mood disorders, particularly depression. 
This is supported by typical TCS finding of low 
echogenicity or interrupted BR which is normal-

ly depicted as highly echogenic continuous line. 
Raphe hypoechogenicity or lack of visualization 
on TCS is observed in 50–70% of patients with 
unipolar depression and could be associated with 
responsiveness to inhibitors of serotonin-reuptake 
[10, 22]. These findings support a hypothesis that 
BR hypoechogencity that is frequently found in de-
pressive disorders could be a marker of impaired 
central serotonergic transmission. 

BR hypoechogenicity or interruption is even 
more frequent in patients with depression associ-
ated with suicidal ideation. It was shown that even 
86% of these patients had TCS abnormalities of 
the BR. This was highly significant when com-
pared with the same variable frequency (47%) of 
patients with major depression without suicidal 
ideation [22].

TCS revealed normal or even increased 
echogenicity (hyperechogenicity) of BR in bipolar 
disorder, without SN or other basal ganglia echo-
genicity changes. It was associated with signifi-
cant ventricular system dilatation (the third ven-
tricle), irrespective of the existing disease condi-
tions or stages [22].

Characteristic PD finding of SN hyperecho-
genicity, was also frequently found in patients with 
depression. Those patients who had depression 
were found to have strong relationship between 
motor asymmetry and reduced verbal fluency 
and observed SN hyperechogenicity. This rela-
tionship was even stronger in younger patients 
(< 50 years) and independent from age in those 
who had reduced echogenicity, invisible or inter-
rupted BR (32). Increased frequencies of PD-like 
TCS findings in patients with depression require 
them to be screened for sonographic and clinical 
signs of early, premotor PD [2, 3, 22].

One TCS study also showed that “the echo-
genicity of SN was significantly larger in children 
with attention deficit hyperactivity disorder (ADHD) 
in comparison with healthy controls (F1.42= 9.298, 
p=0.004, specificity was 0.73 and sensitivity 0.82), 
without influence of age or sex” [23]. SN hyper-
echogenicity in ADHD patients might be explained 
by a developmental delay followed by structural 
changes of basal ganglia structures. This assump-
tion was confirmed by recent neuroimaging stud-
ies that have showed structural alterations in the 
basal ganglia of patients with ADHD [23].

Ultrasonography of temporal arteries

Temporal arteritis (TA), also known as giant cell 
or gigantocellular arteritis, is a chronic vasculitis 
of medium and large-sized blood vessels, in par-
ticular the main cervical branches of the aorta, 
with particular affinity to the temporal arteries and 
eye-supplying arteries. The most difficult compli-
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cation of TA is visual loss, however in rare cases 
stroke can occur (3–8 %) with the predominance 
for vertebrobasilar circulation [24].

For differentiating TA from other forms of vas-
culitis, the American College of Rheumatology 
(ACR) formulated five classification criteria for 
TA: a) age over 50 years at onset, b) headache 
of new onset, c) scalp tenderness or decreased 
pulse of the temporal artery, d) erythrocyte sedi-
mentation rate (ESR) > 50 mm/h and e) positive 
temporal artery biopsy revealing a necrotizing ar-
teritis. The presence of three of these five criteria 
is associated with 93,5% sensitivity and 91,2% 
specificity for the diagnosis of TA [25]. Other se-
rologic markers beside ESR such as C-reactive 
protein, platelet count, interleukin-6 and fibrino-
gen can provide additional information in favor of 
the TA diagnosis [24].

Temporal artery biopsy is still a gold standard 
for diagnosis, however in recent years color du-
plex ultrasound examination has been proposed 
as a useful diagnostic screening tool in cases of 
TA suspicion. Schmidt et al. [26] first described 
the edematous wall swelling of the temporal ar-
teries, characterized sonographically as a hy-
poechoic or anechoic circumferential mural thick-
ening localized around the arterial lumen, with a 
diameter ranging from 0.3–2.0 mm (Fig. 3). This 
finding was named as the “halo sign”. Two other 
parameters considered relevant for the diagno-
sis of TA were described: stenosis and occlu-
sion. Stenosis, characterized by a narrowing of 
the lumen, was defined as a segmental increase 
in blood flow velocity two times greater than in 
the region before the stenosis. Acute occlusion 
is revealed by the absence of color signal in a 
segment of temporal artery [26].

The sensitivity of ultrasound was highest when 
all three findings (halo, stenosis and occlusion) 
were present. The sensitivity of halo alone was 
lower, but the specificity was high. The weighted 
sensitivity and specificity of the halo sign were 
69% (95% CI, 57% to 79%) and

82% (CI, 75% to 87%), respectively, compared 
with biopsy and 55% (CI, 36% to 73%) and 94% 
(CI, 82% to 98%), respectively, compared with 
ACR criteria. Stenosis or occlusion was an al-
most equally sensitive marker compared with ei-
ther biopsy (sensitivity 68%) or ACR criteria (sen-
sitivity 66%) [27].

For correct diagnosis, the appropriate ex-
amination technique and the experience of the 
sonographer are very important. There is a need 
for high quality color duplex ultrasound equip-
ment, with standardized adjustments and a high 
frequency (> 8MHz) linear transducer [26]. False 
positive and negative halos may be seen in ul-
trasound examination. It is important to take care 
about the color gain during insonation, while if it 
is inappropriate could give false positive or nega-
tive results. Ultrasound is not able to differentiate 
between TA and other vasculitis that can involve 
the temporal arteries. 

The consistently higher specificity serves to 
substantially increase suspicion when a halo sign 
is present. Recently published novel vascular ul-
trasound phenotype – namely visibility vs. loss of 
visibility of the TA upon transducer-imposed artery 
compression (compression sign that is absent in 
the diseased artery, i.e. upon transducer com-
pression of the temporal artery it remains visible) 
could in combination with halo sign significantly 
increase the sensitivity and the specificity of so-
nography for the TA diagnosis [28]. 

The greatest utility of ultrasonography may be 
in cases with bilateral-halo signs. If high specific-
ity in these cases is indeed confirmed with further 
investigation, the necessity of a temporal-artery 
biopsy in such cases may be questionable. An-
other role that has been suggested for ultrasound 
is direction of the temporal artery biopsy so as to 
avoid skip lesions. Finally, ultrasound of proximal 
upper extremity arteries had been shown to aid in 
the diagnosis of the large vessel variant of giant-
cell arteritis (in which the aorta and its branches 
are primarily involved) [24, 25, 26].

Fig. 3. Duplex scan of the left superficial temporal artery of a 80-year-old woman with positive temporal artery biopsy, showing in 
cross- (A) and longitudinal- (B) sections circumferential hypoechogenic edematous arterial wall thickening (“halo sign”) depicted with 
red arrows in the longitudinal section. 

A B
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Ultrasound imaging of orbita

For the insonation of the orbital and retroorbital 
structures we use linear transducers 8-15MHz 
with the acoustic power settings based on the 
ALARA principle (‘‘as low as reasonably achiev-
able’’) to avoid possible damage of the ocular 
lens and retina.

Retrobulbar segment of the optic nerve 
could be visualized in axial scanning plane 
while optic disc and nerve are depicted longi-
tudinally. It is recommended to depict the nasal 
side on the left side of the ultrasound B-mode 
image (Fig. 4A) [29].

Conventionally, optic nerve sheath diameter 
(ONSD) which is an extension of intracranial sub-
arachnoidal sheaths is measured 3mm behind 
the optic nerve head (Fig. 4A), and is calculated 
as a distance between outer hyperechogenic ar-
eas that surround optic nerve [29]. 

As part of the central nervous system the 
optic nerve is surrounded by cerebrospinal fluid 
and by meninges, and any changes of the in-
tracranial pressure have an influence on ONSD. 
Geeraerts et al. suggested normal average val-
ues for the ONSD of 5.1±0.5 mm. ONSD values 
between 5.7 and 5.9 mm represent risk marker 
for increased intracranial pressure (ICP) particu-
larly in patients with intracranial bleeding or head 
trauma (Fig. 4B) [29].

Transbulbar sonography with measurement of 
ONSD has a sensitivity of 90% and specificity of 
85% to predict increase of ICP. 

On the contrary, decreased ONSD bellow 
4.7 mm could be found in patients with intracranial 
hypotension, either idiopathic or iatrogenic [30]. 

Differentiation between arteritic or embolic 
central retinal artery (CRA) occlusion is a diag-
nostic challenge specially in older patients with 
ischemic optic neuropathy (ION). Presence of the 
so called ‘‘spot sign’’ (hyperechogenic embolic 
material) in the optic nerve head at the projec-

Fig. 4. Axial orbital B-mode scan with longitudinal depiction of the optic nerve behind the optic bulb (optic nerve head) with meas-
urement of ONSD. (A) Normal ONSD in healthy person (dotted arrow) is measured 3 mm behind the optic nerve head (depicted in 
rectangle). (B) Increased ONSD (dotted arrow) and optic nerve head edema (in rectangle) caused by increased intracranial pressure.

A B

tion of CRA, with very high probability points to-
ward embolic occlusion of the CRA (Fig. 5). On 
the contrary, vasculitic hypoperfusion in temporal 
or arteritis of other etiology is associated with 
decreased or absent flow in the CRA and lack 
of ‘‘spot sign’’ [31]. This etiological differentiation 
which easily could be obtained with ocular so-
nography has important therapeutic implications. 
Sensitivity for detection of the embolic CRA oc-
clusion based on the presence of ‘‘spot sign’’ is 
83% (95% CI: 65-99%), and specificity for exclu-
sion of the vasculitic causes of ION is 100% (95% 
CI: 65-100%) [31].

Conclusion

TCS is valuable, reliable and very useful neuroim-
aging method that has an important place in the 
early and differential diagnosis of psychiatric and 
neurodegenerative diseases. Sonography is also 
an important additional non-invasive diagnostic 
method for patients with clinical suspicion for TA 
that could be also used to guide temporal artery 
biopsy and to follow-up therapeutic success. Ul-
trasonography of the optic nerve and retro bulbar 

Fig. 5. B-mode orbital sonography with longitudinal depiction of 
the optic nerve (dotted blue arrows) and hyperechogenic ‘‘spot 
sign’’ in the optic nerve head (red arrow) which represents em-
bolic material that occluded the distal segment of the right CRA 
in patient with sudden unilateral visual loss.
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vessels is novel method to identify and follow-up 
patients with ICP changes as well as to differenti-
ate between vasculitic or thromboembolic causes 
of sudden visual loss (ION). 

All mentioned ultrasound methods are eas-
ily applicable, non-invasive, cost effective, 

bedside and could be repeated as much as 
needed. 

Certain limitations are associated with non-trans-
parent acoustic bone windows for TCS in small mi-
nority of patients and with the operator-dependence 
for all described modern ultrasound methods.
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Cerebral Vasomotor Reactivity 
in Clinical Settings
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The cerebral vasomotor reactivity (VMR) indicates the ability of the cerebral arterioles 
to change their vascular tone under external stimuli. Greatest influence on the VMR 
exert age, endothelial functions and blood rheological properties. The most frequent 
influences are inhalatory induced changes in the partial pressure of carbon dioxide 
and infusion of acetazolamide. The alterations in the cerebral circulation are exam-
ined mainly with transcranial Doppler sonography or magnetic resonance imaging. 
In patients with carotid stenoses and cerebral infarctions and also in other diseases 
the estimation of the VMR is  important for evaluating the pathogenetic mechanisms 
and the clinical outcome and for selecting the therapeutic behavior in these patients.  

The cerebral vasomotor reactivity (VMR) indicates 
the ability of the cerebral arterioles to change 
their vascular tone under external stimuli. The 
hemodynamic response after applying stimuli 
for assessment of the VMR is mainly related 
to metabolic mechanisms. The integrity of the 
vascular endothelium [22] and the influence of 
some endothelial factors, especially of NO are 
important for the regulation of the VMR. The tone 
of the cerebral arterioles is particularly sensitive 
to changes in the carbon dioxide partial pressure 
(PaCO2). However under the CO2 influence the 
diameter of the basal cerebral arteries remains 
almost unchanged [1, 11]. 

The effect of different factors on the VMR like 
chronic hyperglycemia or high values of plasma 
viscosity or estrogens are established [32]. 
The cerebral vascular reactivity reveals diurnal 
fluctuations with morning reduction. It is also 
influenced by exercise training [14], high altitude 
[20] and especially by the age factor. Ageing 
causes reduction of the cerebral VMR to CO2 
and this reduction is associated with impairment 
of the cerebral autoregulation, increased vascular 
stiffness [6], slow gait speed and frequent falls 
[27]. Also sex dependence with significantly higher 
VMR in women than men was found. The VMR 
assessment shows greater absolute measures in 
the anterior than the posterior circulation [26]. 
In orthostatic stress attenuated VMR could be 
observed and in this case it reflects the reduces 
cerebral vascular reserve to compensate the 
instability of the systemic circulation [13]. 

When measuring the cerebrovascular 
reactivity the most frequently used vasoactive 
provocation is 5-7% CO2 inhalation. Monitoring 
of the mean blood flow velocity in the middle 
cerebral artery (MCA) by transcranial doppler 

sonography (TCD) and of PaCO2 is performed 
and the VMR is calculated as the ratio of the 
percent increase of blood flow velocity due to 
the induced hypercapnia towards its values at 
normocapnia and the absolute increase of p 
CO2 at the same conditions[28]. The method is 
based on the conception that when the cerebral 
arterioles are maximally dilated during impaired 
cerebral autoregulation, the further vasodilation 
after provoked hypercapnia would be strongly 
restricted. Recently new techniques of the test 
with rebreathing and control of the ispired CO2 
and combining this with an instrument for control 
of the lung gas exchange region[5]. Recent 
studies have shown good reproducibility and 
reliability, especially when performing the test 
in sitting than lying posture [22]. The cerebral 
VMR can be also estimated with acetazolamide 
infusion [1, 5]. 

The test with breath-holding for 30 sec, where 
the induced hypercapnia causes vasodilatation 
is easy to perform and suitable for screening. 
The test could be expanded with applying of 
hyperventilation (hypocapnia) and consequent 
calculation of the index of total vasomotor 
reactivity and the vasomotor range. The 
hypocapnia exerts vasoconstrictive effect and 
it has been used for mapping of the cerebral 
VMR. Sometimes its application could induce 
heterogenic reaction, especially in traumatic brain 
injury. The disadvantage of the breath-holding test 
is the inability to control the lung ventilation [5]. 

In addition to TCD the cerebral VMR is 
assessed with other methods for evaluation of 
the cerebral blood flow and the cerebral blood 
volume when applying the same stimuli: xenon- 
computerized tomography (Xe/CT), perfusion or 
phase-contrast positron emission tomography 
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(PET), single photon emission comuterized 
tomography (SPECT). These investigations 
are more expensive, they are associated with 
radiation and often reveal variable results. During 
the last years different magnetic-resonance 
imaging (MRI) techniques for examination of the 
cerebral VMR: blood oxygen level dependent MRI 
�%2/'� u� §5,�� ZLWK� HVWLPDWLRQ� RI� WKH� FHUHEUDO�
oxygenation, arterial spin labeling MRI (ASL – 
§5,��ZLWK�HVWLPDWLRQ�RI�WKH�DUWHULDO�EORRG�IORZ�>��@�
and quantitative MRI angiography [3] have been 
XVHG��%2/'�u�§«,�JLYHV�SRVVLELOLW\�IRU�FHUHEUDO�
VMR mapping and for evaluation of its regional 
heterogeneity. Comparative studies have shown 
good correlations between the results of the MRI 
and TCD tests when examining the cerebral VMR 
in one and the same patient. When comparing 
the parallel investigation of the VMR with PET and 
TCD however, coincidence of the results in only 
half of the patients with symptomatic occlusions 
of the internal carotid arteries was found [24]. 

The basic clinical application of the tests 
for estimation of the cerebral VMR is in carotid 
pathology – stenoses or thromboses of the 
internal carotid arteries. Meta-analyses of 
prospective studies in a great number of patients 
with asymptomatic or symptomatic high-grade 
carotid stenosis or occlusion and decreased 
VMR have shown significantly increased risk 
of stroke or transient ischemic attacks [12, 17, 
21]. The impaired VMR is associated with risk of 
mortality, cardiovascular or noncardiovascular, 
regardless of the presence or absence of stroke. 
In these cases the VMR is discussed to reflect 
the existence of systemic vascular damage [25]. 
A prospective study with evaluation of the VMR 
on admission and after 6 months in patients 
with acute stroke and symptomatic intracranial 
or extracranial stenosis shows better VMR values 
from the ipsilateral hemisphere in the patients 
with extracranial than with intractranial stenosis. 
The VMR measures from admission correlated 
positively with the Barthel index on the 6th month 
>��@��7KH�LPSDLUPHQW�RI�WKH�KHPRG\QDPLF�UHVHUYH�
capacity is frequently observed in patients with 
multiple asymptomatic subcortical infarctions, 
the results suggesting vasculopathy of the 
small vessels and hypoperfusion pathogenetic 
mechanism of their origin. When investigating 
patients with cerebral infarctions and symptomatic 
carotid stenoses Jolnic W. et al. [15] established 
that the TCD examined VMR has not identified 
the subgroup with high risk of stroke recurrence. 
Our studies with estimation of the VMR in the 
MCA in patients with unilateral cerebral infarctions 
showed its bilateral decrease [30]. In cases with 
cerebral infarctions ipsilateral to high-grade 
stenosis or thrombosis of the internal carotid 

artery significant asymmetry of the VMR indices 
is observed with their decrease on the side of the 
vascular pathology. 

It is found that the measurement of the VMR 
could be used for evaluation of the therapeutic 
interventions in patients with carotid disease. 
Improvement of the investigated with BOLD –MRI 
impaired VMR in patients with high-grade stenoses 
after carotid endarterectomy is reported [10]. In 
similar patients the subgroup with reduced VMR 
in the MCA is the only independent risk factor for 
new ischemic accident after carotid stenting [18]. 

A study in patients with subarachnoid 
hemorrhage shows that the abnormal VMR after 
¬©2 inhalation precedes the development of 
symptomatic vasospasm in the patients [2]. Our 
investigation in patients who underwent surgery 
for cerebral aneurisms revealed significant 
decrease of the total vasomotor capacity of 
the middle cerebral artery after the ventilation 
stimulus. Similar decrease in patients with type2 
diabetes mellitus with expressed hyperglycemia 
and possible arteriolopathy was observed [7, 31]. 

Experimental and clinical studies reveal 
impaired VMR to hyper- or hypocapnia in 
patients with cognitive deficit and degenerative 
or vascular dementia. The reduced VMR in the 
both types of dementia prompts impairment of 
the cerebral microcirculation and helps for the 
choice of specific therapy [4, 16, 33]. Changes 
of the VMR have been also observed in patients 
with glaucoma, depression, epilepsy and others. 

It was established that the impaired cerebral 
vascular reactivity was influenced by statin 
WUHDWPHQW�>����@��7KH�HIIHFWV�RI�WKH�VWDWLQV�DUH�GXH�
to their influence on the smooth of the endothelial 
functions. 

The evaluation of the VMR by measurement 
of the vasomotor capacity of the cerebral arteries 
and the effectiveness of the collateral circulation 
in patients with carotid pathology and cerebral 
infarctions and also in other diseases is important 
for the estimation of their pathogenetic mechanisms, 
choosing the therapeutic behavior and estimating 
the disease outcome in these patients. 
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ɞɚ�ɩɪɨɜɟɠɞɚɬ�ɢɧɬɟɧɡɢɜɧɨ�ɥɟɱɟɧɢɟ��Ɂɚ�ɩɨɞɩɨɦɚɝɚɧɟ�
ɧɚ�ɬɚɡɢ�ɞɟɣɧɨɫɬ�ɬɹ�ɭɱɪɟɞɹɜɚ�Ȼɴɥɝɚɪɫɤɚɬɚ�ɚɫɨɰɢɚ-
ɰɢɹ�ɩɨ�ɧɟɨɧɚɬɨɥɨɝɢɹ�ɢ�ɟ�ɧɟɢɧ�ɩɴɪɜɢ�ɩɪɟɞɫɟɞɚɬɟɥ��Ɍɹ�
ɟ�ɚɜɬɨɪ�ɢ�ɫɴɚɜɬɨɪ�ɧɚ�ɦɧɨɝɨ�ɧɚɭɱɧɢ�ɬɪɭɞɨɜɟ��ɭɱɟɛɧɢ-
ɰɢ�ɢ�ɪɴɤɨɜɨɞɫɬɜɚ�ɩɨ�ɩɟɞɢɚɬɪɢɹ�ɢ�ɧɟɨɧɚɬɨɥɨɝɢɹ�ɢ�ɫɟ�
ɩɨɥɡɜɚ�ɫ�ɜɢɫɨɤ�ɚɜɬɨɪɢɬɟɬ�ɭ�ɧɚɫ�ɢ�ɜ�ɱɭɠɛɢɧɚ��

Ƚɨɥɹɦɨɬɨ�ɱɨɜɟɲɤɨ�ɫɴɪɰɟ�ɧɚ�ɩɪɨɮ��ɏɪɢɫɬɨɜɚ��ɨɩ-
ɢɬɴɬ�ɣ�ɜ�ɫɮɟɪɚɬɚ�ɧɚ�ɧɟɩɪɚɜɢɬɟɥɫɬɜɟɧɢɬɟ�ɨɪɝɚɧɢ-
ɡɚɰɢɢ�ɢ�ɧɟɢɡɱɟɪɩɜɚɳɢɹɬ�ɣ�ɚɥɬɪɭɢɡɴɦ�ɫɚ�ɝɟɧɟɪɚɬɨ-
ɪɢ�ɧɚ�ɧɚɰɢɨɧɚɥɧɢɬɟ�ɛɥɚɝɨɬɜɨɪɢɬɟɥɧɢ�ɢɧɢɰɢɚɬɢɜɢ��
³ɋɢɥɜɢɹ�ȼɚɪɬɚɧ�ɡɚ�Ȼɴɥɝɚɪɢɹ´��³Ȼɴɥɝɚɪɫɤɚ�Ʉɨɥɟɞɚ´��
³ɒɚɧɫ�ɡɚ�ɠɢɜɨɬ´��

Ȼɴɥɝɚɪɫɤɚɬɚ� ɚɫɨɰɢɚɰɢɹ� ɩɨ� ɧɟɜɪɨɫɨɧɨɝɪɚɮɢɹ� � ɢ�
ɦɨɡɴɱɧɚ� ɯɟɦɨɞɢɧɚɦɢɤɚ� ɱɟɫɬɢɬɢ� ���ɝɨɞɢɲɧɢɹ�ɸɛɢ-
ɥɟɣ� ɧɚ� ɫɜɨɹ� ɭɱɪɟɞɢɬɟɥ� ɢ� ɡɚɦɟɫɬɧɢɤ�ɩɪɟɞɫɟɞɚɬɟɥ��
ɩɪɨɮ�� ȿɦɢɥɢɹ� ɏɪɢɫɬɨɜɚ�� ɤɚɬɨ� ɣ� ɩɨɠɟɥɚɜɚ� ɤɪɟɩɤɨ�
ɡɞɪɚɜɟ��ɞɴɥɴɝ�ɢ�ɬɜɨɪɱɟɫɤɢ�ɠɢɜɨɬ�

ɑȿɋɌɂɌ�ɘȻɂɅȿɃ�

3URIHVVRU�(PLOLD�&KULVWRYD�OHDYHV�DQ�HYHUODVWLQJ�WUDFN�
LQ�FKLOG�KHDOWKFDUH�DV�D�'R\HQ�RI�%XOJDULDQ�1HRQDWRO-
RJ\��6KH�LV�WKH�IRXQGHU�RI�WKH�¿UVW�QHRQDWRORJ\�VWUXFWXUHV�
LQ�%XOJDULD�IROORZLQJ�DQ�(XURSHDQ�PRGHO�DQG�WKH�FUHD-
WRU�RI�WKH�¿UVW�0HGLFDO�VWDQGDUG�LQ�1HRQDWRORJ\�

)RU� PRUH� WKDQ� ��� \HDUV� QRZ�� SURIHVVRU� &KULVWRYD�
KDV�EHHQ�ZRUNLQJ�WR�PRGHUQL]H�FKLOG�KHDOWKFDUH�DQG�WR�
FUHDWH�QHRQDWRORJ\�PHGLFDO�WHDPV��FDSDEOH�RI�SHUIRUP-
LQJ�SULPDU\� UHVXVFLWDWLRQ� LQ� WKH�GHOLYHU\� URRP� WR� VDYH�
KLJK�ULVN� QHZERUQV� DQG� FRQVHTXHQWO\� WR� FRQGXFW� LQ-
WHQVLYH�WUHDWPHQW��,Q�RUGHU�WR�GHYHORS�DQG�VXSSRUW�WKLV�
SURFHVV�RI�PRGHUQL]DWLRQ��VKH�HVWDEOLVKHG�WKH�%XOJDULDQ�
1HRQDWRORJ\�$VVRFLDWLRQ�DQG�ZDV�LWV�¿UVW�3UHVLGHQW��6KH�
LV� WKH�DXWKRU�DQG�FR�DXWKRU�RI�PDQ\� VFLHQWL¿F�SDSHUV��
WH[WERRNV�DQG�PDQXDOV�RQ�3HGLDWULFV�DQG�1HRQDWRORJ\��
+HU� SURIHVVLRQDO� UHSXWDWLRQ� LV� KLJKO\� YDOXHG� DW� KRPH�
DQG�DEURDG�

7KH� JUHDW� KXPDQ� KHDUW� RI� SURIHVVRU� &KULVWRYD�� KHU�
H[SHULHQFH� ZLWK� QRQ�JRYHUQPHQWDO� RUJDQL]DWLRQV� � DQG�
ODVW�EXW�QRW�OHDVW�±�KHU�HQGOHVV�DOWUXLVP�DUH�WKH�JHQHUD-
WRUV�RI�D�QXPEHU�RI�FKDULWLHV�ZLWK�D�QDWLRQDO�FDXVH�OLNH��
�6\OYLH�9DUWDQ�IRU�%XOJDULD����%XOJDULDQ�&KULVWPDV��DQG�
�&KDQFH�IRU�/LIH��

%XOJDULDQ� 6RFLHW\� RI� 1HXURVRQRORJ\� DQG� &HUHEUDO�
+HPRG\QDPLFV�FRQJUDWXODWHV�WKH���WK�DQQLYHUVDU\�RI�LWV�
IRXQGHU�DQG�9LFH�SUHVLGHQW�3URIHVVRU�(PLOLD�&KULVWRYD�
DQG� ZLVKHV� KHU� JRRG� KHDOWK�� ORQJ� OLIH� DQG� VXFFHVV� LQ�
HYHU\�LQLWLDWLYH�
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