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�É¿ÃÈ»�È»�ÇÉÂÕÅ» 7KH�<HDU�RI�WKH�%UDLQ

ɍɜɚɠɚɟɦɢ�ɤɨɥɟɝɢ�

ɂɦɚɦ�ɭɞɨɜɨɥɫɬɜɢɟɬɨ�ɞɚ�ȼɢ�ɢɧɮɨɪɦɢɪɚɦ��ɱɟ�ɩɪɟɡ�
�����ɝ��ɩɨ�ɢɧɢɰɢɚɬɢɜɚ�ɧɚ�Äȿɜɪɨɩɟɣɫɤɢɹ�ɫɴɜɟɬ�ɩɨ�ɦɨ-
ɡɴɤɚ³��ȿɋɆ��ɫɬɚɪɬɢɪɚ�ɩɪɨɟɤɴɬ�ÄȽɨɞɢɧɚ�ɧɚ�ɦɨɡɴɤɚ³�
�<RW%���ɤɨɣɬɨ�ɳɟ�ɩɪɨɞɴɥɠɢ�ɞɨ�ɤɪɚɹ�ɧɚ������ɝ��ɐɟɥɢɬɟ�
ɧɚ�ɩɪɨɟɤɬɚ�ɫɚ�

���Ⱦɚ�ɨɛɪɚɡɨɜɚ�ɨɛɳɟɫɬɜɨɬɨ�ɤɚɤ�ɞɚ�ɪɚɡɜɢɜɚ�ɢ�ɡɚ-
ɳɢɬɚɜɚ�ɦɨɡɴɤɚ�ɨɬ�ɡɚɛɨɥɹɜɚɧɢɹ�

���Ⱦɚ�ɩɨɞɨɛɪɢ�ɝɪɢɠɢɬɟ�ɢ�ɞɨɫɬɴɩɚ�ɞɨ�ɫɴɜɪɟɦɟɧɧɨ�
ɥɟɱɟɧɢɟ�ɧɚ�ɩɨɫɬɪɚɞɚɥɢɬɟ�ɨɬ�ɦɨɡɴɱɧɢ�ɡɚɛɨɥɹɜɚɧɢɹ�

���Ⱦɚ�ɭɜɟɥɢɱɢ�ɢɧɜɟɫɬɢɰɢɢɬɟ�ɜ�ɨɛɥɚɫɬɬɚ�ɧɚ�ɚɫɨ-
ɰɢɢɪɚɧɢɬɟ�ɫ�ɦɨɡɴɤɚ�ɡɚɛɨɥɹɜɚɧɢɹ�ɜ�ɩɨɥɡɚ�ɧɚ�ɛɴɞɟɳɢɬɟ�
ɩɨɤɨɥɟɧɢɹ�

ɉɪɨɟɤɬɴɬ�³<RW%´�ɫɟ�ɪɴɤɨɜɨɞɢ�ɨɬ�ɞ�ɪ�Ɇɟɪɢ�Ȼɟɣ-
ɤɴɪ��ɱɥɟɧ�ɧɚ�Ɉɪɞɟɧɚ�ɧɚ�Ȼɪɢɬɚɧɫɤɚɬɚ�ɢɦɩɟɪɢɹ�ɢ�ɩɪɟ-
ɡɢɞɟɧɬ�ɧɚ�ȿɜɪɨɩɟɣɫɤɚɬɚ�ɝɨɞɢɧɚ�ɧɚ�ɦɨɡɴɤɚ��Ɉɪɝɚɧɢ-
ɡɚɰɢɹɬɚ�ɧɚɫɴɪɱɚɜɚ�ɩɨɬɟɧɰɢɚɥɧɢɬɟ�ɫɢ�ɩɚɪɬɧɶɨɪɢ�ɞɚ�
ɛɪɚɧɞɢɪɚɬ� ɫɜɨɹɬɚ� ɞɟɣɧɨɫɬ� ɫ� ɥɨɝɨɬɨ� ³<RW%´� ɤɚɬɨ�
ɫɨɥɢɞɚɪɧɨɫɬ�ɤɴɦ�ɰɟɥɢɬɟ�ɧɚ�ɩɪɨɟɤɬɚ�

Ȼɴɥɝɚɪɫɤɚɬɚ� ɚɫɨɰɢɚɰɢɹ� ɩɨ� ɧɟɜɪɨɫɨɧɨɥɨɝɢɹ� ɢ� ɦɨ-
ɡɴɱɧɚ�ɯɟɦɨɞɢɧɚɦɢɤɚ�ɟ�ɫɴɩɪɢɱɚɫɬɧɚ�ɤɴɦ�ɢɧɢɰɢɚɬɢɜɚ-
ɬɚ�ɢ�ɢɦɚ�ɱɟɫɬɬɚ�ɞɚ�ɨɛɨɡɧɚɱɢ�ɫɜɨɢɬɟ�ɫɴɛɢɬɢɹ�ɢ�ɩɭɛɥɢ-
ɤɚɰɢɢ�ɞɨ�ɤɪɚɹ�ɧɚ������ɝ��ɫ�ɥɨɝɨɬɨ�ÄȽɨɞɢɧɚ�ɧɚ�ɦɨɡɴɤɚ³��

ɉɪɢɥɚɝɚɦ�ɚɞɪɟɫɢɪɚɧɨɬɨ�ɞɨ�ɦɟɧ�ɩɢɫɦɨ�ɨɬ�ȿɜɪɨ-
ɩɟɣɫɤɚɬɚ�ɮɟɞɟɪɚɰɢɹ�ɧɚ�ɧɟɜɪɨɥɨɝɢɱɧɢɬɟ�ɞɪɭɠɟɫɬɜɚ�

ɂɫɤɪɟɧɨ�ȼɚɲɚ�

'HDU�&ROOHDJXHV�

7KH�(XURSHDQ�%UDLQ�&RXQFLO� �(%&�� KDV� ODXQFKHG� WKH�
<HDU�RI�WKH�%UDLQ�SURMHFW��,W� LV�EHJLQQLQJ�QRZ�DQG�ZLOO�
UXQ�WKURXJK�LQWR�������7KH�<HDU�RI�WKH�%UDLQ��<RW%��KDV�
WKUHH�NH\�DLPV�RU�³SLOODUV“��

��� 7R� HGXFDWH� VRFLHW\� DERXW� KRZ� WR� QXUWXUH� DQG�
SURWHFW�WKH�EUDLQ�DQG�SUHYHQW�EUDLQ�GLVHDVH��

���7R� LPSURYH�FDUH�DQG� WUHDWPHQW�DFFHVV� IRU� WKRVH�
DIIHFWHG�E\�EUDLQ�GLVHDVH��

���7R�LQFUHDVH�LQYHVWPHQW�LQ�EUDLQ�UHODWHG�5HVHDUFK�
DQG� 'HYHORSPHQW� �5	'�� IRU� WKH� EHQH¿W� RI� IXWXUH�
JHQHUDWLRQV��

7KH�RUJDQLVDWLRQ�RI�<RW%� LV�EHLQJ� OHG�E\�'U�0DU\�
%DNHU�0%(��3UHVLGHQW�RI�WKH�<HDU�RI�WKH�%UDLQ��7KH�(%&�
HQFRXUDJHV� SRWHQWLDO� SDUWQHUV� WR� EUDQG� EUDLQ�UHODWHG�
DFWLYLWLHV�ZLWK� WKH� <RW%� ORJR�� SURYLGHG� WKHVH� DFWLYLWLHV�
DUH� QRQ�SURPRWLRQDO� LQ� QDWXUH�� 7KHVH�PD\� EH� UHJXODU�
HYHQWV�RU�HYHQWV�RUJDQLVHG�HVSHFLDOO\�IRU�<RW%��

7KH� %XOJDULDQ� 6RFLHW\� RI� 1HXURVRQRORJ\� DQG�
&HUHEUDO�+HPRG\QDPLFV�LV�FRPPLWWHG�WR�WKLV�LQLWLDWLYH�
DQG�KDV�WKH�KRQRU�WR�PDUN�DOO�RI�LWV�HYHQWV�E\�WKH�HQG�RI�
�����ZLWK�WKH�(XURSHDQ�<RW%�ORJR��

7KH� OHWWHU� IURP� WKH� (XURSHDQ� )HGHUDWLRQ� RI�
1HXURORJLFDO� 6RFLHWLHV� DGGUHVVHG� WR� PH� LV� DWWDFKHG�
EHORZ�

6LQFHUHO\�<RXUV�
�

Acad. Prof. Ekaterina Titianova
&KDLU�RI�WKH�%XOJDULDQ�6RFLHW\�
RI�1HXURVRQRORJ\�DQG�&HUHEUDO�+HPRG\QDPLFV
$FDGHPLFLDQ�RI�WKH�%XOJDULDQ���
$FDGHP\�RI�6FLHQFHV�DQG�$UWV

$ɤɚɞ��ɩɪɨɮ��ȿɤɚɬɟɪɢɧɚ�Ɍɢɬɹɧɨɜɚ
ɉɪɟɞɫɟɞɚɬɟɥ�ɧɚ�Ȼɴɥɝɚɪɫɤɚɬɚ�ɚɫɨɰɢɚɰɢɹ

ɩɨ�ɧɟɜɪɨɫɨɧɨɥɨɝɢɹ�ɢ�ɦɨɡɴɱɧɚ�ɯɟɦɨɞɢɧɚɦɢɤɚ�
Ⱥɤɚɞɟɦɢɤ�ɧɚ�Ȼɴɥɝɚɪɫɤɚɬɚ��

ɚɤɚɞɟɦɢɹ�ɧɚ�ɧɚɭɤɢɬɟ�ɢ�ɢɡɤɭɫɬɜɚɬɚ
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®ÆÍË»Â½ÎÅÉ½É�ÃÂÉ¼Ë»ÂÚ½»ÈÀ�È»�ÐËÉÈÃÒÈÃ��
ÉÒÈÃ�Î½ËÀÁ¿»ÈÃÚ�ÌÆÀ¿�½ÂËÃ½È»�ÍË»½Ç»���

ÉÊÃÌ»ÈÃÀ�È»�ÌÆÎÒ»Ä�ÌÕÌ�ÌÃÈ¿ËÉÇ�È»�³»ËÆ��ÉÈÀ


¬Í��¨ÃÅÉÆÉ½1�� ��­ÃÍÚÈÉ½»1,2��ª��ªÉÊÉ½1,2���
¬��²ÀËÈÃÈÅÉ½»3��¬��¥»Ë»ÅÕÈÀ½»2��.���ÀÈÉ½»4�

à§À¿ÃÑÃÈÌÅÃ�¯»ÅÎÆÍÀÍ�È»�¬ÉÏÃÄÌÅÃ�®ÈÃ½ÀËÌÃÍÀÍ�f¬½��¥ÆÃÇÀÈÍ�©ÐËÃ¿ÌÅÃr�u�¬ÉÏÃÚ�
2¥ÆÃÈÃÅ»�f¯ÎÈÅÑÃÉÈ»ÆÈ»�¿Ã»¾ÈÉÌÍÃÅ»�È»�ÈÀË½È»Í»�ÌÃÌÍÀÇ»r���ÉÀÈÈÉÇÀ¿ÃÑÃÈÌÅ»�»Å»¿ÀÇÃÚ�u�¬ÉÏÃÚ�

3¥ÆÃÈÃÅ»�ÊÉ�ÈÀ½ËÉÆÉ¾ÃÚ��®ÈÃ½ÀËÌÃÍÀÍÌÅ»�¼ÉÆÈÃÑ»�f�ÆÀÅÌ»È¿ËÉ½ÌÅ»r�u�¬ÉÏÃÚ�
40�7(;�©Í¿ÀÆÀÈÃÀ�ÊÉ�É¼Ë»ÂÈ»�¿Ã»¾ÈÉÌÍÃÅ»��®§��¦¬§�fªÃËÉ¾É½r�u�¬ÉÏÃÚ

±ÀÆ�� ¿»� ÌÀ� ¿ÀÇÉÈÌÍËÃË»Í� ¿Ã»¾ÈÉÌÍÃÒÈÃÍÀ� ½ÕÂÇÉÁÈÉÌÍÃ� È»� ÇÎÆÍÃÇÉ¿»ÆÈ»Í»�
�'��'��'�ÈÀ½ËÉ�ÉÏÍ»ÆÇÉ�ÌÉÈÉ¾Ë»ÏÃÚ�ÊËÃ�¼ÉÆÀÈ�ÌÕÌ�ÌÆÀÊÉÍ»�Ã�ÌÃÈ¿ËÉÇ�È»�³»ËÆ�
�ÉÈÀ�ÌÆÀ¿�ÐËÉÈÃÒÈ»�½ÂËÃ½È»�ÉÒÈ»�ÍË»½Ç»��

¥ÆÃÈÃÒÀÈ� ÌÆÎÒ»Ä� Ã� ÇÀÍÉ¿Ã�� £ÂÌÆÀ¿½»È� À� ÇÕÁ� È»� ��� ¾É¿ÃÈÃ�� ÌÍË»¿»Ô� ÉÍ�
ÂËÃÍÀÆÈÃ�Ð»ÆÙÑÃÈ»ÑÃÃ�È»�ÏÉÈ»�È»�»Ç»½ËÉÂ»�ÌÆÀ¿�ÊËÀÁÃ½ÚÈ»�½ÂËÃ½È»�ÍË»½Ç»�
È»����¾É¿ÃÓÈ»�½ÕÂË»ÌÍ��ÊÉÌÆÀ¿½»È»�ÉÍ�ÇÈÉÁÀÌÍ½É�ÉÊÀË»ÑÃÃ�Ã�Ë»ÂÆÃÒÈÃ�ÆÀÒÀ¼�
ÈÃ� ÊËÉÑÀ¿ÎËÃ�� ªËÉ½À¿ÀÈÉ� À� Ê»Ë»ÆÀÆÈÉ� ÃÂÌÆÀ¿½»ÈÀ� Ì� ÇÎÆÍÃÇÉ¿»ÆÈ»� �'��'��'�
ÈÀ½ËÉÌÉÈÉ¾Ë»ÏÃÚ��ÀÆÀÅÍËÉÀÈÑÀÏ»ÆÉ¾Ë»ÏÃÚ��  ����ÂËÃÍÀÆÈÃ�À½ÉÅÃË»ÈÃ�ÊÉÍÀÈÑÃ»�
ÆÃ�Ã�Ç»¾ÈÃÍÈÉËÀÂÉÈ»ÈÌÈ»�ÍÉÇÉ¾Ë»ÏÃÚ��§«­��È»�ÇÉÂÕÅ»�

«ÀÂÎÆÍ»ÍÃ��¨À½ËÉÉÏÍ»ÆÇÉÆÉ¾ÃÒÈÃÚÍ�ÌÍ»ÍÎÌ�ÎÌÍ»ÈÉ½Ú½»�ÍË»½Ç»ÍÃÒÈÃ�ÊÉË»ÁÀ�
ÈÃÚ�È»�ÉÒÃÍÀ�Ì�¿ÕÆ¾É¾É¿ÃÓÈ»�¿»½ÈÉÌÍ�Ã�ÊË»ÅÍÃÒÀÌÅ»�ÌÆÀÊÉÍ»���ÚÌÈÉÍÉ�ÉÅÉ�À�ÌÕÌ�
ÌÕÌÍÉÚÈÃÀ�ÌÆÀ¿�½ÃÍËÀÅÍÉÇÃÚ�Ã�ÅÉËÈÀ»ÆÈ»�ÆÀ½ÅÉÇ»��»�ÆÀ½ÃÚÍ�¼ÎÆ¼�À�Ì�ÏÍÃÂ»��¨À�
ÌÀ�½ÃÂÎ»ÆÃÂÃË»Í�ÉÒÈÃÍÀ�¿ÕÈ»��§ÎÆÍÃÇÉ¿»ÆÈÉÍÉ�ÎÆÍË»Â½ÎÅÉ½É��'��'��'�ÃÂÉ¼Ë»ÂÚ�
½»ÈÀ�ÎÌÍ»ÈÉ½Ú½»�ÍÀÁÅ»�¿ÀÏÉËÇ»ÑÃÚ�È»�ÉÒÈ»Í»�Ú¼ÕÆÅ»��ÉÍÆÀÊ½»ÈÀ�È»�ËÀÍÃÈ»Í»�Ã�
»ÍËÉÏÃÚ�È»�ÂËÃÍÀÆÈÃÚ�ÈÀË½�½ÆÚ½É���ÀÌÈÃÚÍ�¼ÎÆ¼�À�Ì�ÈÉËÇ»ÆÈÃ�Ë»ÂÇÀËÃ��ÈÉ�»ÈÀ�
ÐÉ¾ÀÈÀÈ�ÊÉË»¿Ã�ÃÂÊÕÆ½»ÈÀÍÉ�ÇÎ�ÌÕÌ�ÌÃÆÃÅÉÈ��ÅÉÀÍÉ�ÈÀ�ÊÉÂ½ÉÆÚ½»�½ÃÂÎ»ÆÃÂÃË»ÈÀ�
È»�ÆÀÔ»Í»��ÉÊÍÃÒÈÃÚ�¿ÃÌÅ�Ã�ÂËÃÍÀÆÈÃÚ�ÈÀË½���½ÀÍÀ�ÉÏÍ»ÆÇÃÒÈÃ�»ËÍÀËÃÃ�Ã�½ÀÈÃ�
Ì»� Ì� ÈÉËÇ»ÆÈÃ� ÌÉÈÉ¾Ë»ÏÈÃ� ÊÉÅ»Â»ÍÀÆÃ�� «ÀÊÀÍÃÍÃ½È»Í»�   ��� ÏÉÍÉÌÍÃÇÎÆ»ÑÃÚ� Ã�
ÃÂÌÆÀ¿½»ÈÀÍÉ�È»�ÂËÃÍÀÆÈÃÍÀ�À½ÉÅÃË»ÈÃ�ÊÉÍÀÈÑÃ»ÆÃ�ÌÀ�»ÌÉÑÃÃË»�Ì�ÊÉÚ½»�È»�ÀÆÀ�
ÇÀÈÍ»ËÈÃ�Ñ½ÀÍÈÃ�Ð»ÆÙÑÃÈ»ÑÃÃ��ÌÃÈ¿ËÉÇ�È»�³»ËÆ��ÉÈÀ���ªÉÌÉÒÀÈÃÍÀ�ËÀÂÎÆÍ»ÍÃ�
ÅÉËÀÆÃË»Í�Ì�¿»ÈÈÃÍÀ�ÉÍ�ÈÀ½ËÉÃÂÉ¼Ë»ÂÚ½»ÔÉÍÉ�§«­�ÃÂÌÆÀ¿½»ÈÀ��ÅÉÀÍÉ�ÊÉÍ½ÕËÁ�
¿»½»»�È»ÆÃÒÃÀÍÉ�È»�ÍÀÁÅ»�¿ÀÏÉËÇ»ÑÃÚ�È»�ÉÒÈÃÍÀ�¼ÎÆ¼Ã��¿½ÎÌÍË»ÈÈ»�»ÍËÉÏÃÚ�È»�
ÂËÃÍÀÆÈÃ�ÈÀË½Ã�Ã�ÈÉËÇ»ÆÀÈ�ÉÅÑÃÊÃÍ»ÆÀÈ�ÅÉËÍÀÅÌ��

©¼ÌÕÁ¿»ÈÀ��§ÎÆÍÃÇÉ¿»ÆÈÉÍÉ�ÎÆÍË»Â½ÎÅÉ½É�ÃÂÌÆÀ¿½»ÈÀ�À�½ÃÌÉÅÉ�ÃÈÏÉËÇ»ÍÃ�
½ÀÈ�ÈÀÃÈ½»ÂÃ½ÀÈ�ÇÀÍÉ¿�Â»�ÌÅËÃÈÃÈ¾�Ã�¿Ã»¾ÈÉÂ»�È»�ÐËÉÈÃÒÈÃ�ÉÒÈÃ�Î½ËÀÁ¿»ÈÃÚ�
ÌÆÀ¿�½ÂËÃ½È»�ÍË»½Ç»��

8OWUDVRXQG�,PDJLQJ�RI�&KURQLF�%ODVW�(\H�7UDXPD���
$�&DVH�5HSRUW�RI�&KDUOHV�%RQQHW�6\QGURPH


6W��1LNRORY1��(��7LWLDQRYD1,2��3��3RSRY1,2���
6��&KHUQLQNRYD3��6��.DUDNDQHYD2��.��*HQRYD4�
à0HGLFDO�)DFXOW\�RI�6RILD�8QLYHUVLW\�r6W��.OLPHQW�2KULGVNLs�u�6RILD�

2&OLQLF�RI�)XQFWLRQDO�'LDJQRVWLFV�RI�1HUYRXV�6\VWHP��0LOLWDU\�0HGLFDO�$FDGHP\�u�6RILD�
3&OLQLF�RI�1HXURORJ\��$OH[DQGURYVND�8QLYHUVLW\�+RVSLWDO�u�6RILD�

40�7(;�,PDJLQJ�/DERUDWRU\��8QLYHUVLW\�(PHUJHQF\�+RVSLWDO�r3LURJRYs�u�6RILD��%XOJDULD

2EMHFWLYH��7R�GHPRQVWUDWH�WKH�GLDJQRVWLF�DELOLWLHV�RI�PXOWLPRGDO��'��'��'�XOWUD�
VRXQG�LPDJLQJ�LQ�FKURQLF�EODVW�H\H�WUDXPD�DVVRFLDWHG�ZLWK�IXOO�EOLQGQHVV�

0DWHULDOV�DQG�0HWKRGV��$����\HDU�ROG�PDQ�ZLWK�DPDXURVLV�DIWHU�H\H�EODVW�WUDXPD�DW�

¥ÆÙÒÉ½Ã�¿ÎÇÃ��
½ÂËÃ½È»�ÉÒÈ»�ÍË»½Ç»��
ÈÀ½ËÉÌÉÈÉ¾Ë»ÏÃÚ��
ÌÃÈ¿ËÉÇ�È»�³»ËÆ��ÉÈÀ

¥ÆÙÒÉ½Ã�¿ÎÇÃ��
EODVW�H\H�WUDXPD��
&KDUOHV�%RQQHW�V\QGURPH��
XOWUDVRXQG


�ɉɴɪɜɚ�ɩɨɫɬɟɪɧɚ�ɧɚɝɪɚɞɚ�ɧɚ����ɹ�ɋɜɟɬɨɜɟɧ�ɮɨɪɭɦ�ɩɨ�ɧɟɜɪɨɫɨɧɨ�
ɥɨɝɢɹ� ɧɚ� ɋɜɟɬɨɜɧɚɬɚ�ɮɟɞɟɪɚɰɢɹ� ɩɨ� ɧɟɜɪɨɥɨɝɢɹ�� ��±��� ɨɤɬɨɦɜɪɢ�
�����ɝ���ɋɨɮɢɹ�


� )LUVW� 3RVWHU� $ZDUG� RI� WKH� ��th World NSRG Meeting of the World 
)HGHUDWLRQ�RI�1HXURORJ\�����±���2FWREHU�������6R¿D��%XOJDULD�
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«Ì��§ÂÄÈÅÈ¼�Â�¾Ê��§¿¼ÊÈ�ÈÎÌºÅÆÈ�ËÈÇÈ½ÊºÎÂÙ�ÉÊÂ�ËÂÇ¾ÊÈÆ�Çº�²ºÊÅ��ÈÇ¿

¬ÃÈ¿ËÉÇÕÍ�È»�³»ËÆ��ÉÈÀ�À�ÌÕÌÍÉÚÈÃÀ��ÊËÃ�
ÅÉÀÍÉ�Ê»ÑÃÀÈÍÃ�Ì�ÈÉËÇ»ÆÈ»�ÊÌÃÐÃÅ»��ÈÉ�Ì�ÃÂ�
¾Î¼ÀÈÉ�ÂËÀÈÃÀ��ÃÇ»Í�ÂËÃÍÀÆÈÃ�Ð»ÆÙÑÃÈ»ÑÃÃ�>�@��
­ÉÄ�À�ÉÊÃÌ»È�Â»�ÊËÕ½�ÊÕÍ�ÉÍ�Ó½ÀÄÑ»ËÌÅÃÚ�ÊÃ�
Ì»ÍÀÆ�Ã�È»ÍÎË»ÆÃÌÍ�³»ËÆ��ÉÈÀ�ÊËÀÂ������¾��>�@��

�ÃÂÎ»ÆÈÃÍÀ� Ð»ÆÙÑÃÈ»ÑÃÃÍÀ� ÌÀ� ¿ÀÏÃÈÃË»Í�
Å»ÍÉ�ÊÀËÑÀÊÑÃÚ�È»�ÊËÀ¿ÇÀÍ�ÃÆÃ�½ÕÂ¿ÀÄÌÍ½ÃÀ�
ÊËÃ�ÆÃÊÌ»�È»�½ÕÈÓÈÉ�¿Ë»ÂÈÀÈÀ�Ã�ÌÀ�È»¼ÆÙ¿»�
½»Í�Î�ÐÉË»�Ì�Ë»ÂÆÃÒÈÃ�ÊÌÃÐÃÒÈÃ��ÈÀ½ËÉÆÉ¾ÃÒÈÃ�
Ã�ÃÆÃ�ÉÏÍ»ÆÇÉÆÉ¾ÃÒÈÃ�ÉÍÅÆÉÈÀÈÃÚ�>��@��­À�ÌÀ�
Ë»Â¾Ë»ÈÃÒ»½»Í�ÉÍ�½ÃÂÎ»ÆÈÃÍÀ�ÃÆÙÂÃÃ��ÊËÃ�ÅÉÃ�
ÍÉ�ÃÇ»�½ÕÈÓÀÈ�ÌÍÃÇÎÆ��ÈÉ�É¼Ë»ÂÕÍ�À�ÊËÉÇÀÈÀÈ�
u� ÊÉ� ¾ÉÆÀÇÃÈ»� �ÇÃÅËÉÊÌÃÚ� ÃÆÃ� Ç»ÅËÉÊÌÃÚ���
ÏÉËÇ»� �¿ÃÌÇÉËÏÉÊÌÃÚ� ÃÆÃ� ÇÀÍ»ÇÉËÏÉÊÌÃÚ���
ÊÉÂÃÑÃÉÈÃË»ÈÀ��ÍÀÆÉÊÌÃÚ���¼ËÉÄ�È»�É¼Ë»ÂÃÍÀ��
Ñ½ÚÍ�Ã�¿Ë��©Í¿ÀÆÈÃ�Ì»�Ê»ÆÃÈÉÊÌÃÃÍÀ��ÊËÃ�ÅÉÃ�
ÍÉ�½ÃÂÎ»ÆÈÃÚÍ�É¼Ë»Â�ÊÀËÌÃÌÍÃË»�ÃÆÃ�ÌÀ�ÊÉÚ½Ú�
½»�ÉÍÈÉ½É�ÌÆÀ¿�ÊËÀÎÌÍ»ÈÉ½Ú½»ÈÀ�È»�½ÕÂ¼Î¿ÈÃÚ�
ÌÍÃÇÎÆ��È»Ä�ÒÀÌÍÉ�ÊËÃ�Ë»ÂÆÃÒÈÃ�ÊÌÃÐÉÆÉ¾ÃÒÈÃ�
ÌÕÌÍÉÚÈÃÚ�>�@��

¢ËÃÍÀÆÈÃÍÀ� Ð»ÆÙÑÃÈ»ÑÃÃ� ¼Ã½»Í� ÊËÉÌÍÃ�
�ÏÉÍÉÊÌÃÃ��ÌÅÉÍÉÇÃ��É¼ÃÅÈÉ½ÀÈÃ�Ñ½ÀÍÈÃ�ÏÉË�
ÇÃ�� Ã� ÌÆÉÁÈÃ� �Ë»ÂÆÃÒÈÃ� É¼Ë»ÂÃ�� ÆÃÑ»�� >�@��
ªËÃÒÃÈÃÍÀ� Â»� ÍÚÐÈÉÍÉ� ½ÕÂÈÃÅ½»ÈÀ� Ì»� Ë»ÂÈÉ�
É¼Ë»ÂÈÃ� u� ÉÍ� Ë»ÂÆÃÒÈÃ� ÊÌÃÐÉÂÃ�� ¿ÀÆÃËÃ�� ¿À�
ÇÀÈÑÃÃ�¿É�ÌÕÌÍÉÚÈÃÚ�Ì�ÈÀÎÍÉÒÈÀÈ»�ÀÍÃÉÆÉ¾ÃÚ�
Ã�Ê»ÍÉ¾ÀÈÀÂ»�ÊËÃ�Î½ËÀ¿»�È»�ÂËÃÍÀÆÈÃÚ�»È»ÆÃ�
Â»ÍÉË��ÅÕÇ�ÅÉÃÍÉ�ÌÀ�ÊËÃÒÃÌÆÚ½»�ÌÃÈ¿ËÉÇÕÍ�È»�
³»ËÆ��ÉÈÀ�>��������@��¬Õ½ËÀÇÀÈÈÃ�ÃÂÌÆÀ¿½»ÈÃÚ�
Ì�ÏÎÈÅÑÃÉÈ»ÆÈ»�Ç»¾ÈÃÍÈÉËÀÂÉÈ»ÈÌÈ»�ÍÉÇÉ¾Ë»�
ÏÃÚ��Ï§«­��È»�ÇÉÂÕÅ»�Ð½ÕËÆÚÍ�ÃÂ½ÀÌÍÈ»�Ì½ÀÍ�
ÆÃÈ»�½ÕËÐÎ�ÍÚÐÈ»Í»�Ê»ÍÉ¾ÀÈÀÂ»��ÅÉÚÍÉ�Ã�¿ÉÌÀ¾»�
ÉÌÍ»½»�ÈÀÊÕÆÈÉ�ÃÂÚÌÈÀÈ»�>�@��

ªËÀÂ� ÊÉÌÆÀ¿ÈÃÍÀ� ¾É¿ÃÈÃ� ÈÀ½ËÉ�ÉÏÍ»ÆÇÉ�
ÌÉÈÉÆÉ¾ÃÚÍ»� ÌÀ� ÊËÃÆ»¾»� Å»ÍÉ� ¼ÕËÂ� Ã� ½ÃÌÉÅÉ�
ÃÈÏÉËÇ»ÍÃ½ÀÈ�ÇÀÍÉ¿�Â»�ÃÂÉ¼Ë»ÂÚ½»ÈÀ�È»�ÈÉË�
Ç»ÆÈÃ�Ã�¼ÉÆÀÌÍÈÉ�ÊËÉÇÀÈÀÈÃ�ÉÒÈÃ�ÌÍËÎÅÍÎËÃ��
ÅÉÀÍÉ�ÌÊÉÇ»¾»�Â»�¿ÃÏÀËÀÈÑÃË»ÈÀÍÉ�È»�ÉÏÍ»Æ�
ÇÉÆÉ¾ÃÒÈÃ�ÉÍ�ÈÀ½ËÉÉÏÍ»ÆÇÉÆÉ¾ÃÒÈÃ�ÌÃÇÊÍÉÇÃ�
Ã�ÌÃÈ¿ËÉÇÃ�>�����@�

¨»ÌÍÉÚÔÉÍÉ�ÊËÉÎÒ½»ÈÀ�ÑÀÆÃ�¿»�ÌÀ�¿ÀÇÉÈ�
ÌÍËÃË»Í�¿Ã»¾ÈÉÌÍÃÒÈÃÍÀ�½ÕÂÇÉÁÈÉÌÍÃ�È»�ÇÎÆ�

&KDUOHV� %RQQHW� V\QGURPH� LV� D� FRQGLWLRQ�ZKHQ�
SDWLHQWV� ZLWK� QRUPDO� SV\FKLFV� EXW� YLVXDO� ORVV�
KDYH�YLVXDO�KDOOXFLQDWLRQV�>�@��,W�LV�GHVFULEHG�IRU�
WKH� ILUVW� WLPH� E\� WKH� 6ZLVV� ZULWHU� DQG� QDWXULVW�
&KDUOHV�%RQQHW�LQ������>�@�

9LVXDO� KDOOXFLQDWLRQV� DUH� GHILQHG� DV�
SHUFHSWLRQ� RI� DQ� REMHFW� RU� LPSDFW� ZLWKRXW�
UHDO� H[WHUQDO� VWLPXOXV� DQG� LV� VHHQ� LQ� SHRSOH�
ZLWK� GLIIHUHQW� PHQWDO�� QHXURORJLF� DQG�RU�
RSKWKDOPRORJLF� GDPDJH� >��@�7KH\� GLIIHU� IURP�
WKH� YLVXDO� LOOXVLRQV� u� WKH� ODVW� DUH� FDXVHG�
E\� H[WHUQDO� VWLPXOL� DQG� WKH� LPDJH� PD\� EH�
DOWHUHG� LQ� VL]H� �PLFURSVLD� RU� PDFURSVLD���
VKDSH� �G\VPRUSKRSVLD� RU� PHWDPRUSKRSVLD���
SRVLWLRQ� �WHORSVLD��� QXPEHU� �SRO\RSLD��� FRORU�
HWF�� 3DOLQRSVLDV� RU� YLVXDO� SHUVHYHUDWLRQV� DUH�
FODVVLILHG� DVLGH�� GHVFULEHG� DV� SHUVLVWHQFH� RU�
UHFXUUHQFH�RI�D�YLVXDO�LPDJH�DIWHU�WKH�H[FLWDWRU\�
VWLPXOXV�LV�ZLWKGUDZQ�DQG�YHU\�RIWHQ�WKH\�RFFXU�
LQ�GLIIHUHQW�PHQWDO�LOOQHVVHV�>�@�

7KH� KDOOXFLQDWLRQV� YDU\� IURP� VLPSOH�
�SKRWRSVLDV��VFRWRPV��VLPSOH�FRORUHG�REMHFWV���
WR� PRUH� FRPSOH[� �GLIIHUHQW� SLFWXUHV�� IDFHV��
>�@�� 7KH� FDXVHV� RI� WKHLU� RFFXUUHQFH� DUH�
QXPHURXV� u� IURP� GLIIHUHQW� SV\FKRVHV�� GHOLULD��
GHPHQWLDV�WR�FRQGLWLRQV�ZLWK�XQNQRZQ�HWLRORJ\�
DV� WKH� &KDUOHV�%RQQHW� 6\QGURPH� >��� ��� ��@��
5HFHQW� H[DPLQDWLRQV� YLD� IXQFWLRQDO� 0DJQHWLF�
5HVRQDQFH� ,PDJLQJ� �I05,��RI� WKH�EUDLQ� WU\� WR�
H[SODLQ� WKHLU� SDWKRJHQHVLV� EXW� LW� VWLOO� UHPDLQV�
LQVXIILFLHQW�>�@�

5HFHQWO\� WKH� QHXUR�RSKWKDOPR�VRQRORJ\� KDV�
EHHQ� DSSOLHG� DV� D� IDVW� DQG� KLJKO\� LQIRUPDWLYH�
PHWKRG�IRU�LPDJLQJ�QRUPDO�DQG�SDWKRORJLFDO�H\H�
VWUXFWXUHV� DLGLQJ� WR� GLVWLQJXLVK� WKH� RSKWKDOPR�
ORJLFDO� IURP� WKH� QHXUR�RSKWKDOPRORJLFDO� V\PS�
WRPV�DQG�V\QGURPHV�>�����@��

7KH�DLP�RI� WKH�VWXG\� LV� WR�GHPRQVWUDWH� WKH�
GLDJQRVWLF� DELOLWLHV� RI� PXOWLPRGDO� �'��'��'�
XOWUDVRXQG�LPDJLQJ�RI�FKURQLF�EODVW�H\H�WUDXPD�
DVVRFLDWHG�ZLWK�IXOO�EOLQGQHVV�DQG�YLVXDO�KDOOXFL�
QDWLRQV�

WKH�DJH�RI�����XQGHUZHQW�PXOWLSOH�RSHUDWLRQV�DQG�GLIIHUHQW�H\H�SURFHGXUHV��LQFOXGLQJ�
D�VLOLFRQ�YLWUHRXV�ILOOLQJ��ZDV�VWXGLHG�E\�SDUDOOHO�DSSOLFDWLRQ�RI�PXOWLPRGDO��'��'��'�
XOWUDVRXQG�H\H�LPDJLQJ��HOHFWURHQFHSKDORJUDSK\��YLVXDO�DQG�DXGLWRU\�HYRNHG�SRWHQWLDOV�
DQG�05,�

5HVXOWV��1HXUR�RSKWKDOPRORJLFDO�VWDWXV�VKRZHG�FKURQLF�WUDXPDWLF�GDPDJH�RI�ERWK�
H\HV�ZLWK�FRPSOHWH�EOLQGQHVV��7KH�ULJKW�H\H�ZDV�ZLWK�SDUV�SODQD�YLWUHFWRP\�DQG�FRUQHDO�
OHXFRPD�DQG� WKH� OHIW�EXOE�ZDV�ZLWK�SKWKLVLV��2FXODU� IXQGXV�ZDV�QRW�YLVLEOH�RQ�ERWK�
VLGHV��7KH��'��'��'�H\H�LPDJHV�VKRZHG�VHYHUH�GHIRUPDWLRQ�RI�WKH�OHIW�H\H�ZLWK�FKURQLF�
UHWLQDO�GHWDFKPHQW�DQG�RSWLF�QHUYH�DWURSK\��7KH�ULJKW�EXOE�ZDV�IXOO\�DQHFKRLF��ZLWK�D�
QRUPDO�VKDSH�EXW�QR�LPDJHV�RI�WKH�OHQV��RSWLF�GLVF�DQG�RSWLF�QHUYH�ZHUH�REWDLQHG�GXH�
WR�VLOLFRQ� ILOOLQJ�RI� WKH�YLWUHRXV��%RWK�RSKWKDOPLF�DUWHULHV�DQG�YHLQV�KDG�QRUPDO�XOWUD�
VRXQG�SDWWHUQ��7KH�((*�UHSHWLWLYH�YLVXDO�VWLPXODWLRQ�DQG�YLVXDO�HYRNHG�SRWHQWLDOV�ZHUH�
DVVRFLDWHG�ZLWK�FRORU�KDOOXFLQDWLRQV�GXULQJ�DQG�DIWHU�WKH�LQYHVWLJDWLRQ��&KDUOHV�%RQQHW�
V\QGURPH���7KHVH�ILQGLQJV�FRUUHODWHG�ZLWK�QHXURLPDJLQJ�VWXGLHV�ZKHUH�QRUPDO�RFFLSLWDO�
FRUWH[��RSWLF�QHUYH�DWURSK\�DQG�VHYHUH�H\H�GHIRUPDWLRQ�ZHUH�IRXQG��

'LVFXVVLRQ��7KH�PXOWLPRGDO� XOWUDVRXQG� H\H� LPDJLQJ� FDQ�EH� XVHG�DV� D� UHOLDEOH�
QRQ�LQYDVLYH�PHWKRG�IRU�VFUHHQLQJ�DQG�WRSLF�GLDJQRVLV�RI�FKURQLF�H\H�LQMXU\�
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&OLQLFDO�&DVH�DQG�0HWKRGV

$����\HDU�ROG�PDQ�ZLWK�DPDXURVLV�DIWHU�H\H�EODVW�
WUDXPD�DW�WKH�DJH�RI��������\HDUV�DJR��ZKHQ�D�MDU�
IXOO�ZLWK�JXQ�SRZGHU�H[SORGHG� LQ�KLV� ULJKW�KDQG�
ZDV�H[DPLQHG��+H�KDG�FRPELQH�WUDXPDWLF�LQMXU\�
ZLWK� SDUWLDO� EXUQV� RI� KLV� OHJV�� DUPV�� IDFH� DQG�
RFXODU�EXOEV��3OHQW\�RI�JODVV�SDUWLFOHV�ZHUH�VRZQ�
LQ�WKHVH�UHJLRQV��2Q�WKH�VDPH�GD\�KH�XQGHUZHQW�
HPHUJHQF\� VXUJHU\� IRU� H[WUDFWLRQ� PRVW� RI� WKH�
SDUWLFOHV�IURP�WKH�H\HV��3HUVLVWHQW�ULJKW�DPEO\RSLD�
DQG� OHIW� DPDXURVLV� ZHUH� HVWDEOLVKHG� WZR� GD\V�
ODWHU��$IWHU�WKUHH�PRQWKV�D�QHZ�VXUJHU\�RI�WKH�ULJKW�
H\H�ZDV�SHUIRUPHG�GXH� WR�EORRG�FROOHFWLRQ�DQG�
UHVLGXDO�JODVV�SDUWLFOHV��7KH�VDPH�H\H�ZDV�ILOOHG�
ZLWK�VLOLFRQ�DV�D�WUHDWPHQW�RI�UHWLQD�GHWDFKPHQW��
$IWHU�WKH�ODVW�SURFHGXUH�WKH�SDWLHQW�KDG�WHPSRUDO�
UHFRYHU\�RI�VRPH�YLVXDO�DELOLWLHV�u�EDUHO\�VHHLQJ�
GLIIHUHQW�VXEMHFWV��VLOKRXHWWHV�DQG�HYHQ�FRORUV��)RXU�
PRQWKV�ODWHU�LQ�%HOJLXP�WKH�SDWLHQW�XQGHUZHQW�QHZ�
VXUJHU\� u� WKH� UHPDLQLQJ�SDUWLFOHV�ZHUH� UHPRYHG�
IURP�KLV�ULJKW�EXOE�IROORZHG�E\�QHZ�VLOLFRQ�ILOOLQJ��
7KH�VDPH�SURFHGXUH�ZDV� UHSHDWHG� LQ� �����GXH�
WR�SURJUHVVLYH�YLVXDO�ORVV�DQG�UHWLQD�GHWDFKPHQW��
,Q� ����� DQG� ����� H[SHULPHQWDO� LPSODQWDWLRQ� RI�
r$OORSODQWs�ZDV�PDGH�LQ�5XVVLD�ZLWK�FRQWURYHUVLDO�
VXEMHFWLYH�HIIHFW��6LQFH�WKHQ�WKH�SDWLHQW�KDV�FRORU�
KDOOXFLQDWLRQV�NQRZQ�DV�&KDUOHV�%RQQHW�6\QGURPH�

3DUDOOHO� FOLQLFDO� DQG� QHXUR�RSKWKDOPRORJLFDO�
H[DPLQDWLRQV� IRU� HYDOXDWLRQ� RI� KLV� QHXURORJLFDO�
DQG�YLVXDO�LPSDLUPHQWV�ZHUH�SHUIRUPHG��7KH�PXOWL�
PRGDO� QHXUR�RSKWKDOPR�VRQRJUDSK\� �'��'��'�
ZDV� XVÀG� IRU� YLVXDOL]LQJ� WKH� VWUXFWXUHV�� WKH�
YLWUHRXV�ERGLHV�� WKH�RSKWKDOPLF�QHUYHV�DQG� WKH�
RSKWKDOPLF� SDSLOODH�� 7KH� EORRG� YHVVHOV� RI� WKH�
H\HV�LQFOXGLQJ�WKH�RSKWKDOPLF�DUWHULHV�DQG�YHLQV�
ZHUH� HYDOXDWHG� E\� %�IORZ� LPDJLQJ��7KH� UHVXOWV�
ZHUH� FRPSDUHG�ZLWK� WKRVH�REWDLQHG� IURP�EUDLQ�
0DJQHWLF�5HVRQDQFH�,PDJLQJ��05,��

,Q�RUGHU�WR�HYDOXDWH�WKH�IXQFWLRQDO�DFWLYLW\�RI�
WKH�EUDLQ�FRUWH[�FODVVLFDO�HOHFWURHQFHSKDORJUDSK\�
ZDV� SHUIRUPHG� ZLWK� TXDQWLWLYH� )DVW� )RXULHU�
7UDQVIRUPDWLRQ� �))7���7KH� DOSKD� SRZHU� WHPSR�
URRFFLSLWDOO\� ZDV� HYDOXDWHG� DQG� DQDO\]HG� DIWHU�
IODVK� SKRWRVWLPXODWLRQ� DW� �� +]� IRU� ERWK� H\HV�
DQG� IRU� HDFK� H\H� VHSDUDWHO\� �ZKLOH� WKH� RWKHU�
H\H� ZDV� FRYHUHG� ZLWK� D� SDWFK��� 7KLUW\�VHFRQG�
LQWHUYDOV� RI� WKH� FRQYHQWLRQDO� ((*� UHFRUG� ZHUH�
DQDO\]HG��3DWWHUQ�UHYHUVDO�HYRNHG�SDWHQWLDOV�ZHUH�
SHUIRUPHG� XVLQJ� VWDQGDUW� SDUDPHWHUV� RI� WKH�
PHGLFDO�HTXLSPHQW��

5HVXOWV

&OLQLFDO�H[DPLQDWLRQ��7KH�QHXURORJLFDO�H[DPLQDWLRQ�
VKRZHG�DPDXURVLV�ZLWK�DSSDUHQW�GDPDJHG�RFXODU�
EXOEV�RI�ERWK�H\HV�DQG�RSKWKDOPLF�QHUYHV��1R�
RWKHU�QHXURORJLFDO�VLJQV�ZHUH�IRXQG��ILJ������
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¨À½ËÉÉÏÍ»ÆÇÉÆÉ¾ÃÒÈÉÍÉ� ÃÂÌÆÀ¿½»ÈÀ� ÎÌÍ»�
ÈÉ½Ú½»�

�ÚÌÈÉ�ÉÅÉ��92' ���ªËÀ¿ÀÈ�ÉÒÀÈ� ÌÀ¾ÇÀÈÍ�
u�ÊÆÕÍÈ»�ÈÀÐÉÇÉ¾ÀÈÈ»�ÆÀ½ÅÉÇ»�È»�ËÉ¾É½ÃÑ»Í»��
ÈÀË»½ÈÉÇÀËÈÉ�¿ÕÆ¼ÉÅ»�ÊËÀ¿È»�Å»ÇÀË»���ËÎ¾Ã�
¿ÀÍ»ÄÆÃ�ÉÍ�ÊËÀ¿ÀÈ�ÉÒÀÈ�ÌÀ¾ÇÀÈÍ�Ã�ÉÒÈÉ�¿ÕÈÉ�
ÈÀ�ÌÀ�½ÃÂÎ»ÆÃÂÎË»Í��

¦Ú½É� ÉÅÉ�� 926 ��� ªËÀ¿ÀÈ� ÉÒÀÈ� ÌÀ¾ÇÀÈÍ�
u� ÊÆÕÍÈ»� ÆÀ½ÅÉÇ»� È»� ËÉ¾É½ÃÑ»Í»�� »ÍËÉÏÃÚ�
�SKWKLVLV��È»�¼ÎÆ¼»��

§ÎÆÍÃÇÉ¿»ÆÈÉÍÉ�ÈÀ½ËÉ�ÉÏÍ»ÆÇÉ�ÌÉÈÉÆÉ¾ÃÒ-
ÈÉ�ÊËÉÎÒ½»ÈÀ�ÊÉÅ»Â½»�ÈÉËÇ»ÆÈÉ�ÃÂÉ¼Ë»ÂÚ½»ÈÀ�
È»�Ç»¾ÃÌÍË»ÆÈÃÍÀ��ÉÏÍ»ÆÇÃÒÈÃÍÀ�Ã�¼»Â»ÆÈÃÍÀ�
ÇÉÂÕÒÈÃ�»ËÍÀËÃÃ�Ã�½ÀÈÃ��¦Ú½ÉÍÉ�ÌÍÕÅÆÉ½Ã¿ÈÉ�
ÍÚÆÉ�À�ÍÀÁÅÉ�¿ÀÏÉËÇÃË»ÈÉ��Ì�ÐËÉÈÃÒÈÉ�ÉÍÆÀÊ�
½»ÈÀ�È»�ËÀÍÃÈ»Í»�Ã�»ÍËÉÏÃÚ�È»�ÉÊÍÃÒÈÃÚ�ÈÀË½��
�ÀÌÈÃÚÍ�ÉÒÀÈ�¼ÎÆ¼�À�Ì�ÉÅËÕ¾ÆÀÈ»�ÏÉËÇ»�Ã�»ÈÀ�
ÐÉ¾ÀÈÀÈ��ªÉË»¿Ã�ÃÂÊÕÆ½»ÈÀÍÉ�ÇÎ�ÌÕÌ�ÌÃÆÃÅÉÈ��
ÅÉÄÍÉ�ÊËÀ¿ÃÂ½ÃÅ½»�Â»ÌÀÈÒ½»Ô�ÀÏÀÅÍ��ÆÀÔ»Í»��
ÉÊÍÃÒÈÃÚÍ�¿ÃÌÅ�Ã�ÂËÃÍÀÆÈÃÚÍ�ÈÀË½�ÈÀ�ÌÀ�ÃÂÉ�
¼Ë»ÂÚ½»Í��ÏÃ¾������

§»¾ÈÃÍÈÉËÀÂÉÈ»ÈÌÈ»Í»�ÍÉÇÉ¾Ë»ÏÃÚ�È»�ÇÉ-
ÂÕÅ»�ÎÌÍ»ÈÉ½Ú½»�ÈÉËÇ»ÆÀÈ�ÇÉÂÕÒÀÈ�Ê»ËÀÈÐÃÇ��
ÇÉÂÕÒÈ»�ÅÉË»�Ã�ÉÒÈÃ�ÇÎÌÅÎÆÃ��¨»ÆÃÑÀ�À�¿½Î�
ÌÍË»ÈÈ»�»ÍËÉÏÃÚ�È»�ÂËÃÍÀÆÈÃÍÀ�ÈÀË½Ã�� ÍÀÁÅ»�
¿ÀÏÉËÇÃË»ÑÃÚ�È»�ÆÚ½ÉÍÉ�ÉÅÉ�Ã�Â»ÊÕÆÈÀÈ�ÌÕÌ�
ÌÃÆÃÅÉÈ�¿ÀÌÀÈ�ÉÒÀÈ�¼ÎÆ¼��ÏÃ¾������

))7� »È»ÆÃÂÕÍ�È»�  �� ÎÌÍ»ÈÉ½Ú½»� ÊÃÅ� È»�
ÇÉÔÈÉÌÍÍ»� È»� ÉÌÈÉ½È»Í»� �»ÆÏ»�� »ÅÍÃ½ÈÉÌÍ�
½� ���� +]�� ªËÀ¿Ã� ÏÉÍÉÌÍÃÇÎÆ»ÑÃÚÍ»� À� È»ÆÃ�
ÑÀ� ÈÀÂÈ»ÒÃÇ»� »ÌÃÇÀÍËÃÚ� ½� »ÆÏ»� ÇÉÔÈÉÌÍ�
Í»�� ÅÉÚÍÉ� À� ÊÉ�¾ÉÆÚÇ»� ½� ¿ÚÌÈ»Í»� ÇÉÂÕÒÈ»�
ÐÀÇÃÌÏÀË»�� ªËÃ� ¿½ÎÌÍË»ÈÈ»� ÃÈÍÀËÇÃÍÀÈÍÈ»�
ÏÉÍÉÌÍÃÇÎÆ»ÑÃÚ� ��� +]�� ÌÀ� ËÀ¾ÃÌÍËÃË»� ÂÈ»�
ÒÃÇÉ�ÌÈÃÁ»½»ÈÀ�È»�»ÆÏ»�ÇÉÔÈÉÌÍÍ»�ÍÀÇÊÉ�
ËÉÉÅÑÃÊÃÍ»ÆÈÉ��ÊÉ�ÃÂË»ÂÀÈÉ�Â»�ÆÚ½»Í»�ÍÀÇ�
ÊÉËÉÉÅÑÃÊÃÍ»ÆÈ»�ÅÉË»��ªÉÌÇÀÈÈ»Í»�ÇÉÈÉÅÎ�
Æ»ËÈ»� ÏÉÍÉÌÍÃÇÎÆ»ÑÃÚ� ÎÌÍ»ÈÉ½Ú½»� ÂÈ»ÒÃÇÉ�
ÉÍÌÆ»¼½»ÈÀ�È»�»ÆÏ»�ÇÉÔÈÉÌÍÍ»�¿½ÎÌÍË»ÈÈÉ��

®Â½������ÔÇÒ¿Ç�ÂÁ½Å¿¾�Çº�ÈÑÂÌ¿�� 
ªÈ½È¼ÂÑÇº�Å¿¼ÄÈÆº�¼¾ÙËÇÈ�Â�ÎÌÂÁº�Çº�»ÍÅ»º�¼ÅÙ¼È�

)LJ�����3KRWR�SLFWXUH�RI�WKH�H\HV�� 
5LJKW�FRUQHDO�OHXFRPD�DQG�SKWK\VLV�RQ�WKH�OHIW�VLGH�

7KH�QHXUR�RSKWKDOPLF�H[DPLQDWLRQ�VKRZHG�
5LJKW� H\H�� 92' ��� $QWHULRU� RSKWKDOPLF�

VHJPHQW�u�GHQVH�QRQ�KRPRJHQRXV�OHXFRPD�RI�
WKH�FRUQHD��XQHYHQ�DQG�GHHSHU�VLWXDWHG�DQWHULRU�
FKDPEHU�RI�WKH�H\H��2WKHU�GHWDLOV�RI�WKH�DQWHULRU�
VHJPHQW�ZHUH�XQDEOH�WR�EH�YLVXDOL]HG�

/HIW� H\H�� 92' ��� $QWHULRU� RSKWKDOPLF�
VHJPHQW�u�GHQVH�OHXFRPD�RI�WKH�FRUQHD��DWURSK\�
�SKWKLVLV��RI�WKH�EXOE�

7KH� PXOWLPRGDO� QHXUR�RSKWKDOPR�VRQRJUDSKLF�
HYDOXDWLRQ� VKRZHG� QRUPDO� SDWWHUQ� RI� WKH� PDLQ�
KHDG�� RSKWKDOPLF� DQG� EDVDO� FHUHEUDO� DUWHULHV�
DQG� YHLQV�� 7KH� OHIW� FRUSXV� YLWUHRXV� ZDV� ZLWK�
JUHDW� GHIRUPLWLHV�� FKURQLF� UHWLQDO� GHWDFKPHQW�
DQG�DWURSK\�RI� WKH�RSKWKDOPLF� QHUYH��7KH� ULJKW�
EXOE�ZDV�ZLWK� VPRRWK�� URXQG� VKDSH�� DQHFKRLF��
%HFDXVH�RI�WKH�VKDGRZ�HIIHFW�RI�WKH�VLOLFRQ�ILOOLQJ�
WKH�OHQV��RSKWKDOPLF�GLVF�DQG�RSWLF�QHUYH�FRXOG�
QRW�EH�YLVXDOL]HG��ILJ�����

0DJQHWLF� 5HVRQDQFH� ,PDJLQJ� RI� WKH� EUDLQ�
VKRZHG� QRUPDO� EUDLQ� SDUHQFK\PD�� FRUWH[� DQG�
RFXODU�PXVFOHV��%LODWHUDO�DWURSK\�RI�WKH�RSKWKDOPLF�
QHUYHV��OHIW�H\H�GHIRUPLWLHV�DQG�VLOLFRQH�ILOOHG�ULJKW�
RFXODU�EXOE�ZHUH�REVHUYHG��ILJ�����

))7� DQDO\VLV� RI� WKH� ((*� UHYHDOHG� IUHTXHQF\�
SHDN�LQ�����+]��))7�EHIRUH�WKH�SKRWRVWLPXODWLRQ�
VKRZHG� QRQVLJQLILFDQW� DV\PPHWU\� LQ� WKH� DOSKD�
SRZHU��ZKLFK�LV�KLJKHU�LQ�WKH�ULJKW�EUDLQ�KHPLVSKHUH���
'XULQJ� WKH�ELODWHUDO� LQWHUPLWWHQW�SKRWRVWLPXODWLRQ�
���+]�� VLJQLILFDQW� UHGXFWLRQ�RI� WKH�DOSKD�SRZHU�
WHPSRURRFFLSLWDOO\�ZDV� UHJLVWHUHG��7KH� FKDQJHV�
ZHUH� PRUH� SURPLQHQW� RQ� WKH� OHIW� FRUWH[� ZKLOH�
VWLPXODWLQJ� WKH� ULJKW� H\H��7KH� H[DPLQDWLRQ�ZDV�
DVVRFLDWHG�ZLWK�VLPSOH�YLVXDO�KDOOXFLQDWLRQV��FRO�
RUHG�FLUFOHV��DW� WKH�HQG�RI� WKH�SKRWRVWLPXODWLRQ�
DQG�ODVWLQJ�D�FRXSOH�RI�PLQXWHV�DIWHU�FHDVLQJ�WKH�
VWLPXOL��ILJ������

1R�UHVSRQFH�ZDV�UHJLVWHUHG�GXULQJ�H[DPLQD�
WLRQ�RI�WKH�YLVXDO�HYRNHG�SRWHQWLDOV�

'LVFXVVLRQ

7KH� SUHVHQW� VWXG\� VKRZV� WKDW� WKH� PXOWLPRGDO�
XOWUDVRXQG� LPDJLQJ� LV� D� UHOLDEOH� QRQ�LQYDVLYH�
PHWKRG� IRU� VFUHHQLQJ� DQG� GLDJQRVLV� RI� PRU�
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ÊÉ�ÃÂË»ÂÀÈÉ� ½� ÆÚ½»Í»� ÍÀÇÊÉËÉÉÅÑÃÊÃÍ»ÆÈ»�
É¼Æ»ÌÍ�ÊÉ�½ËÀÇÀ�È»�ÌÍÃÇÎÆÃË»ÈÀ�È»�¿ÚÌÈÉÍÉ�
ÉÅÉ��£ÂÌÆÀ¿½»ÈÀÍÉ�ÌÀ�»ÌÉÑÃÃË»�Ì�ÊÉÚ½»�È»�
ÀÆÀÇÀÈÍ»ËÈÃ�ÂËÃÍÀÆÈÃ�Ð»ÆÙÑÃÈ»ÑÃÃ��Ñ½ÀÍÈÃ�
ÅËÕ¾É½À��½�ÅË»Ú�È»�ÏÉÍÉÌÍÃÇÎÆ»ÑÃÚÍ»�Ã�ÊÀË�
ÌÃÌÍÃË»ÔÃ� ÇÃÈÎÍÃ� ÌÆÀ¿� ÊËÀÎÌÍ»ÈÉ½Ú½»ÈÀÍÉ�
Ä��ÏÃ¾�����

ªËÃ�ÃÂÌÆÀ¿½»ÈÀ�È»�ÂËÃÍÀÆÈÃÍÀ�ÊËÀ¿ÃÂ½Ã�
Å»ÈÃ�ÊÉÍÀÈÑÃ»ÆÃ�ÈÀ�ÌÀ�ËÀ¾ÃÌÍËÃË»�ÉÍ¾É½ÉË�ÉÍ�
ÉÅÑÃÊÃÍ»ÆÈ»Í»�ÅÉË»�

®Â½�����¦ÍÅÌÂÆÈ¾ºÅÇº�Ç¿¼ÊÈ�ÈÎÌºÅÆÈ�ËÈÇÈ½ÊºÎÂÙ�Çº�ÈÊ»ÂÌÂÌ¿��%�PRGH�Çº�¾¼ºÌº�ÈÑÇÂ�»ÍÅ»º������§ÈÊÆºÅÇÂ�ËÈÇÈ½ÊºÎÇÂ�
ÉÈÄºÁºÌ¿ÅÂ�Çº�ÈÎÌºÅÆÂÑÇÂÌ¿�ºÊÌ¿ÊÂÂ�Â�¼¿ÇÂ��%��&���¬¿ÀÄº�¾¿ÎÈÊÆºÐÂÙ�Çº�ÅÙ¼ÈÌÈ�ÈÄÈ�Ë�ÈÌÅ¿É¼ºÇ¿�Çº�Ê¿ÌÂÇºÌº�Â�ºÌÊÈÎÂÙ�
Çº� ÈÉÌÂÑÇÂÙ� Ç¿Ê¼� �D����Ç¿ÏÈ½¿Ç¿Ç� ¾¿Ë¿Ç� ÈÑ¿Ç� »ÍÅ»� ÉÈÊº¾Â� ÂÁÉÔÅ¼ºÇ¿ÌÈ�ÆÍ� ËÔË� ËÂÅÂÄÈÇ�� �¿ËÇÂÙÌ� ÁÊÂÌ¿Å¿Ç� Ç¿Ê¼� Ç¿� Ë¿�
¼ÂÁÍºÅÂÁÂÊº��(��)��

)LJ�����0XOWLPRGDO��'��'��'�XOWUDVRXQG�RI�WKH�RUELWV��%�PRGH�RI�ERWK�H\H�EXOEV������1RUPDO�XOWUDVRXQG�SDWWHUQ�RI�WKH�RSKWKDOPLF�
DUWHULHV�DQG�YHLQV��%��&���$�VHYHUH�OHIW�H\H�GHIRUPDWLRQ�ZLWK�FKURQLF�UHWLQDO�GHWDFKPHQW�DQG�RSWLF�QHUYH�DWURSK\��D���7KH�ULJKW�EXOE�ZDV�
IXOO\�DQHFKRLF�ZLWK�LUUHJXODU�FRQWRXU��1R�XOWUDVRXQG�LPDJHV�RI�WKH�OHQV��RSWLF�GLVF�DQG�RSWLF�QHUYH�ZHUH�REWDLQHG�GXH�WR�VLOLFRQ�ILOOLQJ�
RI�WKH�YLWUHRXV��(��)��

Transversal Left Eye Right Eye

®Â½�� ���¦ª¬� Çº� ½Åº¼ºÌº��§ÈÊÆºÅÇÈ� ÂÁÈ»ÊºÁÙ¼ºÇ¿� Çº�ÆÈÁÔÑÇÂÙ� ÉºÊ¿ÇÏÂÆ�� ÈÑÇÂ�ÆÍËÄÍÅÂ� Â� ÁÊÂÌ¿ÅÇº� ÄÈÊº� ����� �¼ÍËÌÊºÇÇº�
ºÌÊÈÎÂÙ�Çº�ÁÊÂÌ¿ÅÇÂÙ�Ç¿Ê¼��¾¿ÎÈÊÆºÐÂÙ�Çº�ÅÙ¼È�ÈÄÈ�����Â�ÂÁÉÔÅ¼ºÇ¿�ËÔË�ËÂÅÂÄÈÇ�Çº�¾ÙËÇÈÌÈ�ÈÄÈ��«��

)LJ�����%UDLQ�05,��1RUPDO�EUDLQ�SDUHQFK\PD��RFXODU�PXVFOHV�DQG�RFFLSLWDO�FRUWH[��A���%LODWHUDO�DWURSK\�RI�WKH�RSWLF�QHUYHV�ZLWK�VHYHUH�
GHIRUPDWLRQ�RI�WKH�OHIW�H\H��B��DQG�VLOLFRQ�ILOOLQJ�RI�WKH�ULJKW�RUELW��&��

A % &

F(D

A % &

SKRORJLFDO�H\H�FKDQJHV�DVVRFLDWHG�ZLWK�FKURQLF�
EODVW� WUDXPD� >�@��7KH� DSSOLFDWLRQ� RI�PXOWLPRGDO�
�'��'��'�VRQRJUDSK\�ZLWK�%�IORZ�LPDJLQJ�RI�WKH�
RSKWKDOPLF�EORRG�YHVVHOV�LQFUHDVHV�WKH�GLDJQRV�
WLF�YDOXH�RI� WKH� URXWLQH�%�VFDQ�DQG�JLYHV�DGGL�
WLRQDO� LQIRUPDWLRQ� DERXW� WKH� WRSLF�� VHYHULW\� DQG�
FKDUDFWHULVWLFV� RI� WKH�SDWKRORJLFDO� SURFHVV� DQG�
LWV�YDVFXODUL]DWLRQ�>�����@��7KH�VWXG\�VKRZV�FRP�
SOHWH�PDWFK�EHWZHHQ�WKH�XOWUDVRXQG�DQG�WKH�05,�
LPDJLQJ�RI�WKH�RFXODU�VWUXFWXUHV�LQ�RXU�SDWLHQW�
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«Ì��§ÂÄÈÅÈ¼�Â�¾Ê��§¿¼ÊÈ�ÈÎÌºÅÆÈ�ËÈÇÈ½ÊºÎÂÙ�ÉÊÂ�ËÂÇ¾ÊÈÆ�Çº�²ºÊÅ��ÈÇ¿

©¼ÌÕÁ¿»ÈÀ

¨»ÌÍÉÚÔÀÍÉ� ÊËÉÎÒ½»ÈÀ� ÊÉÍ½ÕËÁ¿»½»�� ÒÀ�
ÎÆÍË»Â½ÎÅÉ½ÉÍÉ� ÃÂÌÆÀ¿½»ÈÀ� À� È»¿ÀÁ¿ÀÈ�� ÈÀ�
ÃÈ½»ÂÃ½ÀÈ�ÇÀÍÉ¿� Â»�ÌÅËÃÈÃÈ¾�Ã�¿Ã»¾ÈÉÂ»�È»�
ÇÉËÏÉÆÉ¾ÃÒÈÃ� ÃÂÇÀÈÀÈÃÚ� È»� ÉÒÈÃÍÀ� ÌÍËÎÅÍÎ�
ËÃ��ÊËÃÒÃÈÀÈÃ�ÉÍ�½ÂËÃ½È»�ÍË»½Ç»�>�@��ªËÃÆ»¾»�
ÈÀÍÉ�È»�ÇÎÆÍÃÇÉ¿»ÆÈ»� �'��'��'�ÌÉÈÉ¾Ë»ÏÃÚ�
Ì���ÏÆÉÎ�ÃÂÉ¼Ë»ÂÚ½»ÈÀ�È»�ÉÒÈÉÍÉ�ÅËÕ½ÉÌÈ»¼�
¿Ú½»ÈÀ�ÊÉ½ÃÓ»½»�¿Ã»¾ÈÉÌÍÃÒÈ»Í»�ÌÍÉÄÈÉÌÍ�È»�
ËÎÍÃÈÈÉÍÉ� ��ÌÅÀÈÃË»ÈÀ� Ã� ¿»½»� ¿ÉÊÕÆÈÃÍÀÆÈ»�
ÃÈÏÉËÇ»ÑÃÚ� Â»� ÍÉÊÃÅ»Í»�� ÍÀÁÀÌÍÍ»� Ã� Ð»Ë»Å�
ÍÀËÃÌÍÃÅ»Í»�È»�¼ÉÆÀÌÍÈÃÚ�ÊËÉÑÀÌ�Ã�ÈÀ¾É½»Í»�
½»ÌÅÎÆ»ËÃÂ»ÑÃÚ� >�����@��ªËÉÎÒ½»ÈÀÍÉ�ÊÉÅ»Â½»�
ÊÕÆÈÉ� ÌÕ½Ê»¿ÀÈÃÀ� ÇÀÁ¿Î� ÎÆÍË»Â½ÎÅÉ½ÉÍÉ� Ã�

Ɇɠ
ɝɣ

�ɩ
ɭɝ
ɠɡ

ɟɛ
ɨɣ

ɺ�/
HI
W�O
HD
G�
2�

�7
�

ȿɠ
ɬɨ
ɣ�
ɩɭ
ɝɠ

ɡɟ
ɛɨ
ɣɺ

�5
LJ
KW
�OH
DG
�2
��
7�

Ɉɤɰɢɩɢɬɚɥɧɚ�ɤɨɪɚ��ɡɚɬɜɨɪɟɧɢ�ɨɱɢ�
ɛɟɡ�ɮɨɬɨɫɬɢɦɭɥɚɰɢɹ

2FFLSLWDO�FRUWH[��
closed eyes without photostimulation

Ɉɤɰɢɩɢɬɚɥɧɚ�ɤɨɪɚ��ɛɢɥɚɬɟɪɚɥɧɚ�
ɮɨɬɨɫɬɢɦɭɥɚɰɢɹ������+]

2FFLSLWDO�FRUWH[�� 
ELODWHUDO�SKRWRVWLPXODWLRQ������+]

Ɉɤɰɢɩɢɬɚɥɧɚ�ɤɨɪɚ��ɮɨɬɨɫɬɢɦɭɥɚɰɢɹ�
ɧɚ�ɥɹɜɨ�ɨɤɨ������+]�
2FFLSLWDO�FRUWH[��

OHIW�H\H�SKRWRVWLPXODWLRQ������+]

Ɉɤɰɢɩɢɬɚɥɧɚ�ɤɨɪɚ��ɮɨɬɨɫɬɢɦɭɥɚɰɢɹ�
ɧɚ�ɞɹɫɧɨ�ɨɤɨ������+]�

2FFLSLWDO�FRUWH[��
ULJKW�H\H�SKRWRVWLPXODWLRQ������+]

IPS IPS IPSɂɛɭɝɩɫɠɨɣ�ɩɲɣ�(\HV�FORVHG

Ɇɺɝɩ�/HIW�2��7� Ɇɺɝɩ�/HIW�2��7� Ɇɺɝɩ�/HIW�2��7� Ɇɺɝɩ�/HIW�2��7�

ȿɺɬɨɩ�5LJKW�2��7� ȿɺɬɨɩ�5LJKW�2��7� ȿɺɬɨɩ�5LJKW�2��7� ȿɺɬɨɩ�5LJKW�2��7�

®Â½���������Ë�))7��®ÈÇÈ¼º�ºÅÎº�ºÄÌÂ¼ÇÈËÌ�Ë�ÉÂÄ�Çº�ÆÈÓÇÈËÌÌº�¼�����+]��))7�ÉÊ¿¾Â�ÎÈÌÈËÌÂÆÍÅºÐÂÙ�������ËÂÆ¿ÌÊÂÙ�¼�ºÅÎº�
ÆÈÓÇÈËÌÌº��ÄÈÙÌÈ�¿�ÉÈ�ÂÁÊºÁ¿Çº�¼�¾ÙËÇºÌº�ÆÈÁÔÑÇº�Ï¿ÆÂËÎ¿Êº���¼ÍËÌÊºÇÇº�ÂÇÌ¿ÊÆÂÌ¿ÇÌÇº�ÎÈÌÈËÌÂÆÍÅºÐÂÙ�u�ÁÇºÑÂÆÈ�
ÇºÆºÅÙÇ¿� Çº� ºÅÎº� ÆÈÓÇÈËÌÌº�Ì¿ÆÉÈÊÈÈÄÐÂÉÂÌºÅÇÈ�� ÉÈ�ÂÁÊºÁ¿ÇÈ� ¼� ÅÙ¼È� �B��� ©ÈËÆ¿ÇÇº�ÎÈÌÈËÌÂÆÍÅºÐÂÙ� u� ¾¼ÍËÌÊºÇÇÈ�
ËÇÂÀ¿Çº�ºÅÎº�ÆÈÓÇÈËÌ��ÉÈ�ÂÁÊºÁ¿ÇÈ�¼�ÅÙ¼È�Ì¿ÆÉÈÊÈÈÄÐÂÉÂÌºÅÇÈ�ÉÈ�¼Ê¿Æ¿�Çº�¾¿ËÇÈËÌÊºÇÇº�ÎÈÌÈËÌÂÆÍÅºÐÂÙ��&��'���©ºÐÂ�
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)LJ�����)DVW�)RXULHU�7UDQVIRUPDWLRQ��))7��RI�((*��%DFNJURXQG�DFWLYLW\�u�SHDN�RI�WKH�SRZHU�LQ�����+]��DOSKD���))7�DQDO\VLV�EHIRUH�VWLPX�
ODWLRQ�VKRZHG�OHIW�ULJKW�DOSKD�SRZHU�DV\PPHWU\������7KH�ELODWHUDO�LQWHUPLWWHQW�SKRWLF�VWLPXODWLRQ�VKRZHG�D�VLJLILFDQW�UHGXFWLRQ�RI�DOSKD�
IUHTXHQF\�SRZHU�LQ�WKH�WHPSRURFFLSLWDO�UHJLRQ�ELODWHUDOO\��7KH�UHGXFWLRQ�ZDV�PRUH�SURPLQHQW�RQ�WKH�OHIW��B���7KH�FRQVHFXWLYH�PRQRFXODU�
LQWHUPLWWHQW�SKRWLF�VWLPXODWLRQ�UHYHDOHG�SURQRXQFHG�UHGXFWLRQ�RI�DOSKD�SRZHU�ELODWHUDOO\�PRUH�SURPLQHQW�LQ�WKH�OHIW�WHPSRURRFFLSLWDO�DUHD�
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7KH� SDUDOOHO� DSSOLFDWLRQ� RI� ((*� DQG� YLVXDO�
HYRNHG� SRWHQWLDOV� JLYHV� DGGLWLRQDO� LQIRUPDWLRQ�
DERXW�WKH�IXQFWLRQDO�FDSDFLW\�RI�WKH�UHWLQD��YLVXDO�
SDWKZD\V�DQG�WKH�RFFLSLWDO�FRUWH[�DIWHU�WKH�WUDXPD��
'LVSLWH� RI� WKH� SUDFWLFDO� EOLQGQHVV� HVWDEOLVKHG�
IURP� WKH� QHXUR�RSKWKDOPRORJLFDO� H[DPLQDWLRQ��
GXULQJ� WKH� UHSHWLWLYH� SKRWRVWLPXODWLRQ� D� FKDQJH�
LQ� WKH�EDVHOLQH�DOSKD�DFWLYLW\�ZDV�UHJLVWHUHG�RQ�
WKH�RFFLSLWDO� FRUWH[��ZKLFK� LV� VLJQLILFDQW�RQO\� LQ�
WKH� OHIW� WHPSRURRFFLSLWDO�DUHD�GXULQJ�VWLPXODWLRQ�
RI�WKH�ULJKW�H\H��7KLV�HOHFWURSKLVLRORJLFDO�VLJQ�IRU�
SKRWLF�LQIOXHQFH�RQ�WKH�YLVXDO�FRUWH[�DOORZV�XV�WR�
DVVXPH�WKH�H[LVWHQFH�RI�VRPH�IXQFWLRQDO�FDSDFLW\�
UHVHUYH� RI� WKH� ULJKW� H\H� DQG� YLVXDO� SDWKZD\V��
ZKLFK�PDWWHUV�IRU�WKH�SURJQRVLV�RI�WKH�LOOQHVV��
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7KH� SDWKRJHQHVLV� RI� WKH� VLPSOH� YLVXDO�
KDOOXFLQDWLRQV�LQ�IRUP�RI�FRORUHG�ULQJV�DW�WKH�HQG�
RI� WKH� H[DPLQDWLRQ� DQG� WKHLU� SHUVLVWHQFH� DIWHU�
WKH� FHDVH� RI� WKH� VWLPXOL� UHPDLQV� XQFOHDU�� 7KH�
SDWLHQW� KDV� H[SHULHQFHG� VXFK� FRQGLWLRQV�PDQ\�
WLPHV�DIWHU�ORVLQJ�KLV�YLVLRQ�WKDW�DUH�GLIILFXOW�WR�EH�
H[SODLQHG�DQG�WKHLU�SDWKRJHQLF�SDWWHUQ�EDUHO\�WR�
EH�XQGHUVWRRG�ZLWK�WKH�PHWKRGV�ZH�KDYH�XVHG�LQ�
WKLV�VWXG\��7KH�RFFLSLWDO�FRUWH[�UHVSRQVH�WR�SKRWLF�
VWLPXOL� PRVW� OLNHO\� VXSSRVHG� WR� EH� JHQHUDWHG�
IURP�WKH�GDPDJHG�LSVLODWHUDO�UHWLQD�

,W� LV� NQRZQ� WKDW� WKH� KDOOXFLQDWLRQV� LQ� WKH�
&KDUOHV�%RQQHW�V\QGURPH�FDQ�JUHDWO\�YDU\�u�IURP�
VLPSOH��UHSHDWLQJ�FRORUHG�VSRWV�WR�FRPSOH[�FRO�
RUIXO�LPDJHV�RI�SHRSOH�DQG�REMHFWV��7KH�SDWLHQWV�
XQGHUVWDQG� WKDW� WKHVH� LPDJHV�DUH�QRW� UHDO�DQG�
FDQ�GHVFULEH�WKHP�YHU\�GHWDLOHG�LQ�VKDSH�DQG�OR�
FDOL]DWLRQ��0RVW�DXWKRUV�FRQVLGHU�WKHP�DV�EHLQJ�D�
UHVXOW�RI�GHDIIHUHQWDWLRQ�FDXVHG�E\�DEVHQW�YLVXDO�
LPSXOVHV�DVFHQGLQJ�WRZDUG�WKH�EUDLQ�FRUWH[��7KLV�
K\SRWKHVLV�LV�VXSSRUWHG�E\�H[SHULPHQWDO�UHVHDUFK�
VKRZLQJ� WKH�DSSHDUDQFH�RI� VXFK�KDOOXFLQDWLRQV�
LQ�KHDOWK\�VLJKWHG�LQGLYLGXDOV�GHSULYHG�IURP�OLJKW��
>��@��7KH�IXQFWLRQDO�05,�H[DPLQDWLRQV�ZLWKLQ�SHR�
SOH�ZLWK�&KDUOHV�%RQQHW�V\QGURPH�GHPRQVWUDWH�
SUHVHQFH�RI�UHRUJDQL]HG�QHXURQ�QHWZRUN�ZLWK�KLJK�
DFWLYLW\�LQ�WKH�YHQWUDO�YLVXDO�FRUWH[�GXULQJ�DQG�LQ�
WKH�DEVHQFH�RI�KDOOXFLQDWLRQV�>�����@��$FFRUGLQJ�
WR�6DQWKRXVH�HW�DOO��>��@�XVLQJ�I05,�LW
V�SRVVLEOH�
WR�PDNH�PDSSLQJ�RI�WKH�KDOOXFLQDWLRQV�u�WKH\�DV�
VXPH�WKDW�WKH�FRPSOH[�KDOOXFLQDWLRQV�FRUUHVSRQG�
WR�GDPDJH�RI�WKH�IURQW�WHPSRUDO�FRUWH[��WKH�DFWL�
YDWLRQ�RI�J\UXV�IXVLIRUPLV�LV�DVVRFLDWHG�ZLWK�LP�
DJHV�RI�GLIIHUHQW�IDFHV��WKH�YHQWUDO�RFFLSLWDO�FRU�
WH[�u�KDOOXFLQDWLRQV�RI�REMHFWV�DQG�VFHQHV�DQG�
WKH�SDULHWDO�ORE�u�SDOLRSVLDV�DQG�SHUVHYHUDWLRQDO�
LPDJHV��7KH�VLPSOH�KDOOXFLQDWLRQV��LQ�D� IRUP�RI�
OLQHV�� GRWV�� FLUFOHV� RI� OLJKW� HWF��� DUH� DVVRFLDWHG�
ZLWK�ELODWHUDO�GDPDJH�RI�WKH�YLVXDO�SDWKZD\V�IURP�
WKH� UHWLQD� WR� WKH�SULPDU\�YLVXDO�FRUWH[�DQG�YHU\�
VHOGRP�DSSHDU� DIWHU� GDPDJHG� DVVRFLDWLRQDO�YL�
VXDO�ILHOGV�>����@�

� ,Q� FRQFOXVLRQ�� WKH� VWXG\� GHPRQVWUDWHV� WKH�
KLJK� GLDJQRVWLF� YDOXH� RI� WKH� SDUDOOHO� QHXUR�
RSKWKDOPR�VRQRJUDSKLF� DQG� HOHFWRSK\VLRORJLFDO�
H[DPLQDWLRQ�LQ�FKURQLF�H\H�LQMXULHV�DIWHU�EODVW�H\H�
WUDXPD�� ,Q� RUGHU� WR� FODULI\� WKH� SDWKRJHQHVLV� RI�
WKH�VLPSOH�FRORUHG�KDOOXFLQDWLRQV��DVVRFLDWHG�ZLWK�
SUDFWLFDO� EOLQGQHVV�� NQRZQ� DV� &KDUOHV� %RQQHW�
V\QGURPH��IXUWKHU�DQG�PRUH�SUHFLVH�H[DPLQDWLRQV�
XVLQJ�I05,�DUH�QHHGHG�
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�ÍÅ��f���«ÈÎÂÃËÄÂr��
�����«ÈÎÂÙ
¬¿Å��ÎºÄË������������������
��PDLO��WLWLDQRYD#\DKRR�FRP

$GGUHVV�IRU�FRUUHVSRQGHQFH�
$FDG��3URI��(��7LWLDQRYD��0'��3K'��'6F
0LOLWDU\�0HGLFDO�$FDGHP\�u�6RILD
��r*��6RILLVNLs�%OYG��
�����6RILD��%XOJDULD
7HO��)D[������������������
��PDLO��WLWLDQRYD#\DKRR�FRP

��� )LQH6PLWK�5��*HOOHU�(%��'HYLQVN\�2��6LPSOH�3DUWLDO�(SLOHSWLF�
6HL]XUHV� DQG�7KHLU� 1RQHSLOHSWLF� ,PLWDWRUV�� ,Q�� .DSODQ� 3:��
)LVKHU�56��HGV���,PLWDWRUV�RI�(SLOHSV\���nd�HGLWLRQ��1HZ�<RUN��
'HPRV�0HGLFDO�3XEOLVKLQJ�������

��� )LW]PDXULFH�.��9XNLFHYLF�0��%XWWHUIOLHV�DQG�EODFN� ODF\�SDW�
WHUQV��WKH�SUHYDOHQFH�DQG�FKDUDFWHULVWLFV�RI�&KDUOHV�%RQQHW�
KDOOXFLQDWLRQV� LQ� DQ� $XVWUDOLDQ� SRSXODWLRQ�� Clinical and 
([SHULPHQWDO�2SKWKDOPRORJ\ 36����������u����

��� *D\�'��+RUQH�67��3HUU\�-��5LWFKLH�-9��8OWUDVRXQG� WULDJH�RI�
RFXODU�EODVW�LQMXU\�LQ�WKH�PLOLWDU\�HPHUJHQF\�GHSDUWPHQW��Mil 
Med 177����������u����

��� +HGJHV�75�-U��&KDUOHV�%RQQHW��KLV� OLIH��DQG�KLV�V\QGURPH��
6XUY�2SKWKDOPRO 52����������u����

��� -DFNVRQ� 0/�� )HUHQF]� -�� &KDUOHV� %RQQHW� V\QGURPH�� YLVXDO�
ORVV�DQG�KDOOXFLQDWLRQV��&0$- 181����������u����

����0HUDEHW� /%�� 0DJXLUH� '��:DUGH�$�� $OWHUHVFX� .�� 6WLFNJROG�
5��3DVFXDO�/HRQH�$��9LVXDO�KDOOXFLQDWLRQV�GXULQJ�SURORQJHG�
EOLQGIROGLQJ� LQ� VLJKWHG� VXEMHFWV�� -� 1HXUR�RSKWKDOPRO 24��
2004:109–113.

����2VóULR����%DVWRV�/HLWH�$-��%UDQGãR� ,�� 3�����u�5HVWLQJ�
VWDWH� IXQFWLRQDO� PDJQHWLF� UHVRQDQFH� LPDJLQJ� �I05,�� LQ�
FKDUOHV�ERQQHW�V\QGURPH��(XURSHDQ�3V\FKLDWU\ 27��������
���VXSSO����

����6DQWKRXVH�$0�� +RZDUG� 5-�� )I\WFKH� '+�� 9LVXDO� KDOOXFLQD�
WRU\�V\QGURPHV�DQG� WKH�DQDWRP\�RI� WKH�EUDLQ��%UDLQ 123��
���������u������

����7HHSOH� 5�� &DSODQ� -�� 6WHUQ� 7K�� 9LVXDO� +DOOXFLQDWLRQV��
'LIIHUHQWLDO�'LDJQRVLV�DQG�7UHDWPHQW��Prim Care Companion 
J Clin Psychiatry 11���������u���

����7LWLDQRYD�(��&KHUQLQNRYD�6��.DUDNDQHYD�6��6WDPHQRY�%��)RXU�
GLPHQWLRQDO�XOWUDVRXQG�LPDJLQJ�LQ�QHXUR�RSKWKDOPRORJ\��,Q��
3HUVSHFWLYHV�LQ�0HGLFLQH��1HZ�7UHQGV�LQ�1HXURVRQRORJ\�DQG�
&HUHEUDO�+HPRG\QDPLFV�u�DQ�8SGDWH 1���������u���
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¥ÆÃÈÃÒÈÉ��ÃÈÍË»ÉÊÀË»ÍÃ½ÈÉ�Ã�ÇÎÆÍÃÇÉ¿»ÆÈÉ��
ÎÆÍË»Â½ÎÅÉ½É�ÃÂÌÆÀ¿½»ÈÀ�È»�ÇÀÆ»ÈÉÇ��

½�ÆÃÑÀ½É�ÒÀÆÙÌÍÈ»Í»�É¼Æ»ÌÍ

 ���ÆÀÅÌÃÀ½1��¥���ÃËÉ½2������ÃËÉ½»3�����§ÃÐÉ½»4�� ��­ÃÍÚÈÉ½»5,6�
à¥»ÍÀ¿Ë»�ÊÉ�ÉË»ÆÈ»�Ã�ÆÃÑÀ½É�ÒÀÆÙÌÍÈ»�ÐÃËÎË¾ÃÚ��¯»ÅÎÆÍÀÍ�ÊÉ�¿ÀÈÍ»ÆÈ»�ÇÀ¿ÃÑÃÈ»���
§À¿ÃÑÃÈÌÅÃ�ÎÈÃ½ÀËÌÃÍÀÍ�u�¬ÉÏÃÚ��2¥ÆÃÈÃÅ»�ÊÉ�ÌÕ¿É½»�ÐÃËÎË¾ÃÚ�Ã�»È¾ÃÉÆÉ¾ÃÚ���
3�ÉÀÈÈÉÇÀ¿ÃÑÃÈÌÅÃ�ÉÍËÚ¿�Â»�¼ÕËÂÉ�ËÀ»¾ÃË»ÈÀ��4¥ÆÃÈÃÅ»�ÊÉ�Ê»ÍÉÐÃÌÍÉÆÉ¾ÃÚ���

5¥ÆÃÈÃÅ»�f¯ÎÈÅÑÃÉÈ»ÆÈ»�¿Ã»¾ÈÉÌÍÃÅ»�È»�ÈÀË½È»Í»�ÌÃÌÍÀÇ»“���ÉÀÈÈÉÇÀ¿ÃÑÃÈÌÅ»�»Å»¿ÀÇÃÚ�u�¬ÉÏÃÚ�
6¯»ÅÎÆÍÀÍ�ÊÉ�ÇÀ¿ÃÑÃÈ»��¬ÉÏÃÄÌÅÃ�ÎÈÃ½ÀËÌÃÍÀÍ�f¬½��¥ÆÃÇÀÈÍ�©ÐËÃ¿ÌÅÃ“��u�¬ÉÏÃÚ

±ÀÆ�� ¿»� ÌÀ� ¿ÀÇÉÈÌÍËÃË»Í� ¿Ã»¾ÈÉÌÍÃÒÈÃÍÀ� ½ÕÂÇÉÁÈÉÌÍÃ� È»� ÇÎÆÍÃÇÉ¿»ÆÈÉÍÉ�
�'��'��'� ÎÆÍË»Â½ÎÅÉ½É� ÃÂÉ¼Ë»ÂÚ½»ÈÀ� È»� Ç»ÆÃ¾ÈÀÈ� ÇÀÆ»ÈÉÇ�� ÆÉÅ»ÆÃÂÃË»È� ½�
ÆÃÑÀ½É�ÒÀÆÙÌÍÈ»Í»�É¼Æ»ÌÍ��½�ÌË»½ÈÃÍÀÆÀÈ�»ÌÊÀÅÍ�Ì�ÅÆÃÈÃÒÈÃ�ÅÉÇÊÙÍÕËÈÉ�ÍÉÇÉ�
¾Ë»ÏÌÅÃ��¥­���ÃÈÍË»ÉÊÀË»ÍÃ½ÈÃ�Ã�ÐÃÌÍÉÆÉ¾ÃÒÈÃ�ÃÂÌÆÀ¿½»ÈÃÚ�

§»ÍÀËÃ»Æ�Ã�ÇÀÍÉ¿Ã��ªËÉ½À¿ÀÈÉ�À�ÅÆÃÈÃÒÈÉ��ÇÎÆÍÃÇÉ¿»ÆÈÉ��'��'��'�ÎÆÍË»Â�
½ÎÅÉ½É�ÃÂÉ¼Ë»ÂÚ½»ÈÀ�Ã�¥­�ÃÂÌÆÀ¿½»ÈÀ�ÊËÃ����¾É¿ÃÓÀÈ�ÇÕÁ�Ì�ÍÎÇÉËÈ»�ÏÉËÇ»ÑÃÚ�
½�ÆÚ½»Í»�ÊÉÆÉ½ÃÈ»�È»�ÆÃÑÀÍÉ��«ÀÂÎÆÍ»ÍÃÍÀ�Ì»�ÌË»½ÈÀÈÃ�Ì�ÃÈÍË»ÉÊÀË»ÍÃ½ÈÃÍÀ�Ã�
ÐÃÌÍÉÆÉ¾ÃÒÈÃ�È»ÐÉ¿ÅÃ�

«ÀÂÎÆÍ»ÍÃ��­ÎÇÉËÕÍ�»È¾»ÁÃË»�ÇÀÅÃÍÀ�ÍÕÅ»ÈÃ�È»�ÆÚ½»Í»�ÆÃÑÀ½»�ÊÉÆÉ½ÃÈ»�Ã�À�
Ì�ÏÉËÇ»�È»�ÊÚÌÕÒÀÈ�Ò»ÌÉ½ÈÃÅ��¨À�É¼Ð½»Ô»�ÆÃÑÀ½ÃÍÀ�ÅÉÌÍÃ��¬�¥7�ÌÀ�ÃÂÉ¼Ë»ÂÚ½»�
ÍÎÇÉË�Ì�ÊÆÕÍÈ»�ÌÍËÎÅÍÎË»�Ã�ÌÆ»¼»�½»ÌÅÎÆ»ËÃÂ»ÑÃÚ��§ÎÆÍÃÇÉ¿»ÆÈÉÍÉ�ÎÆÍË»Â½ÎÅÉ½É�
ÃÂ�ÌÆÀ¿½»ÈÀ�ÊÉÅ»Â½»�ÏÉËÇ»ÑÃÚ�Ì�ÐÀÍÀËÉ¾ÀÈÈ»�ÌÍËÎÅÍÎË»��Å»ÊÌÎÆ»��ÊÌÀ½¿ÉÅÃÌÍÃ�Ã�
ÌÆ»¼É� ÅËÕ½ÉÌÈ»¼¿ÀÈÃ� É¼Æ»ÌÍÃ�� °ÃÌÍÉÆÉ¾ÃÒÈÉÍÉ� ÃÂÌÆÀ¿½»ÈÀ� ¿ÉÅ»Â½»� È»ÊËÀ¿È»Æ�
Ç»ÆÃ¾ÈÀÈ�ÇÀÆ»ÈÉÇ��®ÌÍ»ÈÉ½Ú½»�ÌÀ�½ÃÌÉÅ»�ÅÉËÀÆ»ÑÃÚ�ÇÀÁ¿Î�ÎÆÍË»Â½ÎÅÉ½ÃÚ�É¼Ë»Â�
Ã�ÐÃÌÍÉÆÉ¾ÃÒÈ»Í»�È»ÐÉ¿Å»�ÊËÀ¿Ã�Ã�ÌÆÀ¿�ÉÊÀË»ÑÃÚÍ»�

©¼ÌÕÁ¿»ÈÀ��§ÎÆÍÃÇÉ¿»ÆÈÉÍÉ�ÎÆÍË»Â½ÎÅÉ½É�ÃÂÌÆÀ¿½»ÈÀ�À�È»¿ÀÁ¿ÀÈ�ÈÀÃÈ½»ÂÃ�
½ÀÈ�ÇÀÍÉ¿�Â»�¿Ã»¾ÈÉÌÍÃÅ»�È»�ÍÎÇÉËÃ�½�ÆÃÑÀ½É�ÒÀÆÙÌÍÈ»Í»�É¼Æ»ÌÍ�Ã�¿»½»�¿ÉÊÕÆ�
ÈÃÍÀÆÈ»�ÃÈÏÉËÇ»ÑÃÚ�Â»�ÍÚÐÈ»Í»�ÇÉËÏÉÆÉ¾ÃÚ��½»ÌÅÎÆ»ËÃÂ»ÑÃÚ�Ã�ÃÈÏÃÆÍË»ÑÃÚ���

&OLQLFDO��,QWUDRSHUDWLYH�DQG�0XOWLPRGDO��
8OWUDVRXQG�,PDJLQJ�6WXG\�RI�)DFLDO�0HODQRPD

(��$OH[LHY1��.��*XLURY2��%��*XLURYD3��$��0LKRYD4��(��7LWLDQRYD5,6�
à'HSDUWPHQW�RI�2UDO�DQG�0D[LOORIDFLDO�VXUJHU\��)DFXOW\�RI�'HQWDO�0HGLFLQH��0HGLFDO�8QLYHUVLW\�u�6RILD��

2&OLQLF�RI�9DVFXODU�6XUJHU\�DQG�$QJLRORJ\��30LOLWDU\�0HGLFDO�'HWDFKPHQW�IRU�(PDUJHQF\�5HVSRQVH���
4'HSDUWPHQW�RI�3DWKRPRUSKRORJ\��5&OLQLF�RI�)XQFWLRQDO�'LDJQRVWLFV�RI�1HUYRXV�6\VWHP���

0LOLWDU\�0HGLFDO�$FDGHP\�u�6RILD��6)DFXOW\�RI�0HGLFLQH��6RILD�8QLYHUVLW\�“6W��.OLPHQW�2KULGVNL”�u�6RILD��%XOJDULD

2EMHFWLYH��7R�GHPRQVWUDWH�WKH�GLDJQRVWLF�DELOLWLHV�RI�PXOWLPRGDO�XOWUDVRXQG�LPDJ�
LQJ�DQG�LWV�FRUUHODWLRQ�WR�FOLQLFDO��LQWUDRSHUDWLYH��KLVWRORJLFDO�DQG�&7�LPDJLQJ�LQ�D�UDUH�
FDVH�RI�IDFLDO�PDOLJQDQW�PHODQRPD�

0DWHULDOV�DQG�0HWKRGV��$����\HDU�ROG�PDQ�ZLWK�D�WXPRU�IRUPDWLRQ�LQ�WKH�OHIW�IDFLDO�
KDOI�ZDV�VWXGLHG�ZLWK�FOLQLFDO��&7�DQG�PXOWLPRGDO���'��'��'��DQG�%�IORZ�XOWUDVRXQG�
LPDJLQJ��7KH�GDWD�ZHUH�FRPSDUHG�ZLWK�WKH�LQWUDRSHUDWLYH�DQG�KLVWRORJLFDO�ILQGLQJV��

5HVXOWV��7KH�WXPRU�LQILOWUDWHG�WKH�VRIW�WLVVXH�RI�WKH�ZKROH�OHIW�IDFLDO�KDOI�DQG�ZDV�
ZLWK�VDQGJODVV�VKDSH��,W�GLG�QRW�LQYROYH�WKH�IDFLDO�ERQHV��&7�VKRZHG�WXPRU�IRUPDWLRQ�
ZLWK� GHQVH� VWUXFWXUH� DQG�ZHDN� YDVFXODUL]DWLRQ��7KH�PXOWLPRGDO� XOWUDVRXQG� LPDJLQJ�
SUHVHQWHG�KHWHURJHQLF�VWUXFWXUH��SDUW�RI�ZKLFK�ZDV�OHVV�YDVFXODUL]HG��ZLWK�D�GLVWLQFW�
FDSVXOH�DQG�SVHXGRF\VWV�DUHDV��7KH�KLVWRORJLFDO�GLDJQRVLV�ZDV�DGYDQFHG�PDOLJQDQW�
PHODQRPD��$� KLJK� FRUUHODWLRQ� EHWZHHQ� XOWUDVRXQG� SDWWHUQ� DQG� WXPRU� KLVWRORJ\�ZDV�
HVWDEOLVKHG�EHIRUH�DQG�DIWHU�VXUJHU\�

'LVFXVVLRQ��7KH�PXOWLPRGDO�XOWUDVRXQG�LPDJLQJ�LV�D�UHOLDEOH�QRQ�LQYDVLYH�PHWKRG�
IRU�IDFLDO� WXPRU�GLDJQRVLV�SURYLGLQJ�DGGLWLRQDO� LQIRUPDWLRQ�IRU�WXPRU�PRUSKRORJ\�� LWV�
YDVFXODUL]DWLRQ�DQG�LQILOWUDWLRQ��

¥ÆÙÒÉ½Ã�¿ÎÇÃ��
ÆÃÑÀ½�ÇÀÆ»ÈÉÇ��
ÎÆÍË»Â½ÎÅÉ½É�
ÃÂÉ¼Ë»ÂÚ½»ÈÀ

¥ÆÙÒÉ½Ã�¿ÎÇÃ��
IDFLDO�PHODQRPD��
XOWUDVRXQG�LPDJLQJ
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����Å¿ÄËÂ¿¼�Â�¾Ê��­ÅÌÊºÁ¼ÍÄÈ¼È�ÂÁÈ»ÊºÁÙ¼ºÇ¿�ÉÊÂ�Æ¿ÅºÇÈÆ�Çº�ÅÂÐ¿ÌÈ

§ÀÆ»ÈÉÇÕÍ�À�Ç»ÆÃ¾ÈÀÈ»�ÈÀÉÊÆ»ÂÇ»�ÉÍ�ÇÀ�
Æ»ÈÉÑÃÍÀÈ�ÊËÉÃÂÐÉ¿��ÅÉÚÍÉ�ÌÀ�Ë»Â½Ã½»�ÉÍ�¼À�
ÈÃ¾ÈÀÈÃ�ÇÀÆ»ÈÉÑÃÍÈÃ�ÆÀÂÃÃ�ÃÆÃ�½ÕÂÈÃÅ½»�GH�
QRYR�ÉÍ�ÇÀÆ»ÈÉÑÃÍÃ�¼ÀÂ�ÊËÀ¿ÓÀÌÍ½»Ô»�ÅÉÁÈ»�
ÃÆÃ� ÆÃ¾»½ÃÒÈ»� Ê»ÍÉÆÉ¾ÃÚ�� �ÕÊËÀÅÃ�� ÒÀ� ÊÉ�¾É�
ÆÚÇ»Í»� Ò»ÌÍ� ÉÍ� ÇÀÆ»ÈÉÇÃÍÀ� Ì»� Ì� ÅÉÁÈ»� ÆÉ�
Å»ÆÃÂ»ÑÃÚ��ÍÀ�ÇÉ¾»Í�¿»�ÌÀ�Ë»Â½ÃÚÍ�½Õ½�½ÌÚÅ»�
É¼Æ»ÌÍ��ÅÕ¿ÀÍÉ�ÌÀ�ÉÍÅËÃ½»Í�ÇÀÆ»ÈÉÑÃÍÃ�>�@��

�� ÀÍÃÉÊ»ÍÉ¾ÀÈÀÂ»Í»� È»� Â»¼ÉÆÚ½»ÈÀÍÉ� ½É�
¿ÀÔÉ� ÂÈ»ÒÀÈÃÀ� ÃÇ»Í� ËÃÌÅÉ½Ã� Ï»ÅÍÉËÃ� Å»ÍÉ�
½ËÉ¿ÀÈÉ�ÊËÀ¿Ë»ÂÊÉÆÉÁÀÈÃÀ�Ã�ÏÀÈÉÍÃÊ�È»�ÃÈ�
¿Ã½Ã¿»�� ÎÆÍË»½ÃÉÆÀÍÉ½»� Ë»¿Ã»ÑÃÚ�� ¿ÃÌÊÆ»Ì�
ÍÃÒÈÃ�Ã�ÅÉÈ¾ÀÈÃÍ»ÆÈÃ�ÇÀÆ»ÈÉÑÃÍÈÃ�ÈÀ½ÎÌÃ�>�@��
¥ÆÃÈÃÅÉ�Ê»ÍÉÆÉ¾ÃÒÈÉ�ÌÀ�Ë»ÂÆÃÒ»½»Í���ÉÌÈÉ½ÈÃ�
ÏÉËÇÃ�È»�Ç»ÆÃ¾ÈÀÈ�ÇÀÆ»ÈÉÇ�u�ÊÉ½ÕËÐÈÉÌÍÈÉ�
Ë»ÂÊËÉÌÍË»ÈÚ½»Ô�ÌÀ�ÇÀÆ»ÈÉÇ��ÈÉ¿ÎÆ»ËÀÈ�ÇÀ�
Æ»ÈÉÇ��ÆÀÈÍÃ¾É�Ç»ÆÃ¾ÈÀÈ�Ç»Æ»ÈÉÇ�Ã�»ÅË»ÆÀÈ�
ÆÀÈÍÃ¾ÃÈÉÂÀÈ�ÇÀÆ»ÈÉÇ�>�@��

§ÀÆ»ÈÉÇÃÍÀ�ÊÉÅ»Â½»Í�¿½ÎÃÂÇÀËÀÈ�ÇÉ¿ÀÆ�È»�
Ë»ÌÍÀÁ�u�Ì�Ë»¿Ã»ÆÈ»�Ã�Ì�½ÀËÍÃÅ»ÆÈ»�Ë»ÌÍÀÁÈ»�
Ï»Â»�>�@����Ë»ÈÈÃÍÀ�ÌÍ»¿ÃÃ�Ë»¿Ã»ÆÈ»Í»�Ë»ÌÍÀÁ�
È»�Ï»Â»�¿ÉÇÃÈÃË»�ÊËÃ�ÊÉ½ÕËÐÈÉÌÍÈÉ�Ë»ÂÊËÉÌ�
ÍË»ÈÚ½»ÔÃÚ� ÌÀ� ÇÀÆ»ÈÉÇ�� ÆÀÈÍÃ¾É� Ç»ÆÃ¾ÈÀÈÃÚ�
ÇÀÆ»ÈÉÇ� Ã� »ÅË»ÆÈÃÚ� ÆÀÈÍÃ¾ÃÈÉÂÀÈ� ÇÀÆ»ÈÉÇ��
ªËÃ�ÍÀÂÃ�ÆÀÂÃÃ�Ç»ÆÃ¾ÈÀÈÃÍÀ�ÇÀÆ»ÈÉÑÃÍÃ�ÊËÉÚ�
½Ú½»Í�ÍÀÈ¿ÀÈÑÃÚ�Â»�ÐÉËÃÂÉÈÍ»ÆÈÉ�Ë»ÂÊËÉÌÍË»�
ÈÀÈÃÀ�ÌÊËÚÇÉ�¼»Â»ÆÈ»Í»�ÇÀÇ¼Ë»È»�È»�ÀÊÃ¿À�
ËÇÃÌ»��¥É¾»ÍÉ�Ç»ÆÃ¾ÈÀÈÃÍÀ�ÅÆÀÍÅÃ�Â»ÊÉÒÈ»Í�¿»�
ÃÈ½»ÂÃË»Í� ÊÉ¿ÆÀÁ»Ô»Í»� ÌÕÀ¿ÃÈÃÍÀÆÈ»� ÍÕÅ»È��
Â»ÊÉÒ½»�½ÀËÍÃÅ»ÆÈ»Í»�Ë»ÌÍÀÁÈ»�Ï»Â»��ªËÃ�ÈÉ�
¿ÎÆ»ËÈÃÚ�ÇÀÆ»ÈÉÇ�ÊËÀÉ¼Æ»¿»½»� ½ÀËÍÃÅ»ÆÈ»Í»�
Ë»ÌÍÀÁÈ»�Ï»Â»��»�Ë»¿Ã»ÆÈ»Í»�Ë»ÌÍÀÁÈ»�Ï»Â»�À�
ÇÈÉ¾É�ÅË»ÍÅ»�ÃÆÃ�ÈÀ�ÌÕÔÀÌÍ½Î½»�

¥ËÃÍÀËÃÃÍÀ�Â»�Ë»ÈÈ»�¿Ã»¾ÈÉÂ»�È»�Ç»ÆÃ¾ÈÀÈÃÚ�
ÇÀÆ»ÈÉÇ�Ì»�É¼É¼ÔÀÈÃ�ÉÍ��ÇÀËÃÅ»ÈÌÅ»Í»�»Å»¿À�
ÇÃÚ�ÊÉ�¿ÀËÇ»ÍÉÆÉ¾ÃÚ�½�$%&'(�ÌÃÌÍÀÇ»Í»��ÅÕ¿À�
ÍÉ�����$V\PPHWU\� »ÌÃÇÀÍËÃÒÈÉÌÍ�È»�ÆÀÂÃÚÍ»����
�%RUGHU� ÈÀÊË»½ÃÆÀÈ�ËÕ¼��&��&RORU� ÈÀË»½ÈÉÇÀËÈ»�
ÊÃ¾ÇÀÈÍ»ÑÃÚ��'��'LDPHWHU� ¿Ã»ÇÀÍÕË�È»¿���PP�Ã�
(��(YROYLQJ� Ë»Â½ÃÍÃÀ�È»�ÆÀÂÃÚÍ»�>�@�

ªËÀÂ� ÊÉÌÆÀ¿ÈÃÍÀ� ¾É¿ÃÈÃ� ÎÆÍË»Â½ÎÅÉ½ÃÍÀ�
ÇÀÍÉ¿Ã� ÌÀ� È»Æ»¾»Í� ½ÌÀ� ÊÉ½ÀÒÀ� ½� ÌÅËÃÈÃÈ¾É�
½»Í»� ¿Ã»¾ÈÉÌÍÃÅ»� È»� Ë»ÂÆÃÒÈÃ� ÅÉÁÈÃ� ÈÉ½É�
É¼Ë»ÂÎ½»ÈÃÚ� >��� ��� �@�� �É¼ËÉÅ»ÒÀÌÍ½ÀÈÃÍÀ� Ã�
ÂÆÉÅ»ÒÀÌÍ½ÀÈÃÍÀ�ÅÉÁÈÃ�ÆÀÂÃÃ�ÃÇ»Í�ÈÚÅÉÃ�Ð»�
Ë»ÅÍÀËÈÃ�ÉÌÉ¼ÀÈÉÌÍÃ�ÊËÃ�ÎÆÍË»Â½ÎÅÉ½ÉÍÉ�ÃÂÉ�
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0HODQRPD�LV�D�PDOLJQDQW�QHRSODVP�RI�PHODQRF\WLF�
RULJLQ�� ZKLFK� DULVHV� IURP� EHQLJQ� PHODQRF\WLF�
OHVLRQV� RU� GH� QRYR� IURP� PHODQRF\WHV� ZLWKLQ�
RWKHUZLVH�QRUPDO�VNLQ�RU�PXFRVD��$OWKRXJK�PRVW�
PHODQRPDV�DUH�RQ�WKH�VNLQ��WKH\�PD\�GHYHORS�DW�
DQ\�VLWH�ZKHUH�PHODQRF\WHV�DUH�SUHVHQW�>�@�

'LIIHUHQW� ULVN� IDFWRUV� SOD\� UROH� LQ� WKH�
HWLRSDWKRJHQHVLV� RI� WKH� GLVHDVH� ZLWK� WKH�
OHDGLQJ�VLJQLILFDQFH�RI�KHUHGLWDU\�SUHGLVSRVLWLRQ��
LQGLYLGXDOqV� SKHQRW\SH�� XOWUDYLROHW� UDGLDWLRQ� DQG�
G\VSODVWLF�FRQJHQLWDO�PHODQRF\WLF�QHYL� >�@��)RXU�
FOLQLFRSDWKRORJLF�W\SHV�RI�PHODQRPD�KDYH�EHHQ�
GHVFULEHG�u�VXSHUILFLDO�VSUHDGLQJ��QRGXODU��OHQWLJR�
PDOLJQD�DQG�DFUDO�OHQWLJLQRXV�PHODQRPD�>�@�

0HODQRPD�VKRZV�WZR�GLPHQVLRQDO�SDWWHUQ�RI�
JURZWK� u�ZLWK� UDGLDO� DQG�YHUWLFDO� JURZWK� SKDVH�
>�@�� ,Q�WKH�HDUO\�VWDJHV�WKH�UDGLDO�JURZWK�SKDVH�
SUHGRPLQDWHV� LQ� VXSHUILFLDO� VSUHDGLQJ�� OHQWLJR�
PDOLJQD� DQG� DFUDO� OHQWLJLQRXV� PHODQRPD�� ,Q�
WKHVH� OHVLRQV� PDOLJQDQW� PHODQRF\WHV� WHQG� WR�
VSUHDG� KRUL]RQWDOO\� WKURXJK� WKH� EDVDO� OD\HU� RI�
WKH�HSLGHUPLV��7KH�YHUWLFDO�JURZWK�SKDVH�EHJLQV�
ZKHQ� WKH�PDOLJQDQW� FHOOV� HYHQWXDOO\� LQYDGH� WKH�
XQGHUO\LQJ�FRQQHFWLYH�WLVVXH��,Q�QRGXODU�PHODQRPD�
WKH�YHUWLFDO�JURZWK�SKDVH�LV�SUHGRPLQDQW�DQG�WKH�
UDGLDO�JURZWK�SKDVH�LV�YHU\�VKRUW�RU�QRQ�H[LVWHQW�

&ULWHULD� IRU� HDUO\� GLDJQRVLV� RI� PDOLJQDQW�
PHODQRPD� DUH� VXPPDUL]HG� E\� WKH� $PHULFDQ�
$FDGHP\�RI�'HUPDWRORJ\�LQ�WKH�$%&'(�V\VWHP��
$� �$V\PPHWU\� DV\PPHWU\� RI� WKH� OHVLRQ�� %�
�%RUGHU� LUUHJXODU� HGJH�� &� �&RORU� XQHYHQ�
SLJPHQWDWLRQ��'��'LDPHWHU� GLDPHWHU�PRUH�WKDQ�
��PP�DQG�(��(YROYLQJ� OHVLRQ�HYROXWLRQ�>�@�

,Q� UHFHQW� \HDUV� XOWUDVRXQG� PHWKRGV� KDYH�
EHFRPH� PRUH� YDOLG� DQG� VLJQLILFDQW� LQ� WKH�
VFUHHQLQJ�GLDJQRVLV�RI�D�YDULHW\�RI�VNLQ� WXPRUV�
>�������@��%HQLJQ�DQG�PDOLJQDQW�VNLQ�OHVLRQV�KDYH�
VRPH� XOWUDVRXQG� FKDUDFWHULVWLFV� WKDW� KHOS� WKHLU�
HDUO\� DQG� SUHRSHUDWLYH� GLIIHUHQWLDWLRQ� >�@�� 7KHLU�
DSSOLFDWLRQ� LQ� WKH� ILHOG� RI� PD[LOORIDFLDO� VXUJHU\�
LV�VWLOO� OLPLWHG�u�PDLQO\� WR�FRQWURO� WKH�JURZWK�RI�
UHJLRQDO�PHWDVWDVHV�>�@�

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�GHPRQVWUDWH�
WKH�GLDJQRVWLF�DELOLWLHV�RI�PXOWLPRGDO��'��'��'�
XOWUDVRXQG� LPDJLQJ� IRU� PDOLJQDQW� PHODQRPD�
ORFDOL]HG�LQ�WKH�PD[LOORIDFLDO�DUHD�LQ�FRPSDULVRQ�
WR�WKH�&7��LQWUDRSHUDWLYH�DQG�KLVWRORJLF�UHVXOWV�

&OLQLFDO�FDVH�DQG�PHWKRGV

7KH�SDWLHQW�ZDV�D����\HDU�ROG�PDQ�DGPLWWHG�IRU�
VXUJHU\� LQ� WKH� 'HSDUWPHQW� RI�9DVFXODU� 6XUJHU\�
RI� WKH�0LOLWDU\� 0HGLFDO�$FDGHP\� EHFDXVH� RI� D�
ODUJH�SDLQOHVV� IRUPDWLRQ� LQ� WKH� OHIW� IURQW�KDOI�RI�
KLV�IDFH��7KH�PDVV�FDXVHG�FRVPHWLF�GLVFRPIRUW��
EXW� GLG� QRW� GLVWXUE� KLV� VZDOORZLQJ�� VSHDNLQJ�
DQG� EUHDWKLQJ�� 6LPLODU�� EXW� VPDOOHU� IRUPDWLRQ�
ZDV�IRXQG�LQ�RFFLSLWDO�DUHD��7KH�GLVHDVH�VWDUWHG�
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����\HDUV�HDUOLHU�ZLWK�WKH�DSSHDUDQFH�RI�D�VPDOO�
EXPS�RQ�KLV�OHIW�WHPSOH��ZKLFK�JUDGXDOO\�FRYHUHG�
WKH�HQWLUH�IURQW�KDOI�

7KH� SDWLHQW� XQGHUZHQW� D� FRPSOH[� FOLQLFDO�
H[DPLQDWLRQ� VHDUFKLQJ� IRU� WXPRU� IRUPDWLRQV� LQ�
RWKHU� ORFDWLRQV��7KH� EUDLQ� SDUHQFK\PD�� FUDQLDO�
ERQHV�DQG�VRIW�WLVVXHV�ZHUH�HYDOXDWHG�E\�QDWLYH�
DQG�FRQWUDVW�&7�RI�WKH�KHDG�DQG�QHFN��7KH�PDMRU�
EDVDO� FHUHEUDO� DQG� IDFLDO� DUWHULHV� DQG� YHLQV�
ZHUH� H[DPLQHG� SUHRSHUDWLYHO\� ZLWK� PXOWLPRGDO�
�'��'��'�QHXURVRQRJUDSK\�ZLWK�%�IORZ�LPDJLQJ�
RI�WKH�EORRG�VWUHDP�DQG���GLPHQVLRQDO� LPDJLQJ�
RI�WKH�WXPRU�

7KH� ELJ� IDFLDO� IRUPDWLRQ� ZDV� VXUJLFDOO\�
UHPRYHG�� IL[HG� LQ� ���� QHXWUDO� IRUPDOLQ� DQG�
H[DPLQHG� KLVWRORJLFDOO\�� ,PPXQRKLVWRFKHPLFDO�
PHWKRGV� ZLWK� 9LPHQWLQ�� 6����SURWHLQ�� +0%�����
0HODQ�$�DQG�.L����ZHUH�DSSOLHG��)RUPDOLQ�IL[HG�
FRPSRVLWLRQ� ZDV� VWXGLHG� ZLWK� ��GLPHQVLRQDO�
XOWUDVRXQG� LQ� VHDUFK� RI� FRUUHODWLRQV� ZLWK� WKH�
PDFURVFRSLF�GHVFULSWLRQ�RI�WKH�WXPRU�

5HVXOWV

&OLQLFDO�H[DPLQDWLRQ
7KH�H[DPLQDWLRQ�IRXQG�D�YLVLEOH�IDFLDO�DV\PPHWU\�
GXH� WR� WKH� ODUJH� DQG� LUUHJXODUO\� VKDSHG� WXPRU�
IRUPDWLRQ� LQYROYLQJ� WKH� OHIW� VLGH� RI� WKH� IDFH�
�WHPSRUDO��]\JRPDWLF��SDURWLGHR�PDVVHWHULDO�DQG�
EXFFDO� DUHDV���7KH�PDVV� KDG� VRIW� FRQVLVWHQF\�
DQG�ZDV�IL[HG�WR�WKH�XQGHUO\LQJ�WLVVXHV�EXW�QRW�
WR� WKH� RYHUOD\LQJ� VNLQ�� 6LPLODU� EXW� VXEVWDQWLDOO\�
VPDOOHU�IRUPDWLRQ��DERXW���FP�LQ�GLDPHWHU��ZDV�
GLVFRYHUHG� LQ� WKH� RFFLSLWDO� UHJLRQ�� ,W� KDG� VRIW�
WH[WXUH� WRR��DQG�QR� IOXFWXDWLRQ��%RWK� IRUPDWLRQV�
ZHUH�SDLQOHVV��EXW�WKH�IURQWDO�RQH�OLPLWHG�WKH�DFWLYH�
PRYHPHQWV� RI� WKH� ORZHU� MDZ� ZLWKRXW� DIIHFWLQJ�
WKH�VSHHFK��VZDOORZLQJ�DQG�EUHDWKLQJ��(QODUJHG�
UHJLRQDO� O\PSK� QRGHV� DQG� IRFDO� QHXURORJLFDO�
V\PSWRPV�ZHUH�QRW�GHWHFWHG��ILJ������

7KH�H[DPLQDWLRQ�RI�WKH�QDVRSKDU\Q[�GLG�QRW�
HVWDEOLVK� DQ\� FKDQJHV� LQ� WKH� VKDSH�RU� VL]H� RI�
VWUXFWXUHV� DQG� WKH� OLQLQJ� PXFRVD� KDG� QRUPDO�
FRORU� DQG� PRLVWXUH�� 1R� VXVSLFLRXV� SLJPHQWHG�
OHVLRQV�RQ�WKH�ERG\�VNLQ�ZHUH�GHWHFWHG�

,PDJLQJ�VWXGLHV
1DWLYH� &7� VFDQ� RI� WKH� KHDG� DQG� QHFN�

SHUIRUPHG� SUHRSHUDWLYHO\� HVWDEOLVKHG� QRUPDO�
EUDLQ� SDUHQFK\PD� DQG� FUDQLDO� ERQHV�� $� ODUJH�
KHWHURJHQHRXV�WXPRU�IRUPDWLRQ�LQ�WKH�OHIW�IDFLDO�
DUHD�ZDV�GLVSOD\HG��,W�KDG�KRXUJODVV�VKDSH�DERYH�
DQG�EHORZ� WKH�]\JRPDWLF�DUFK�DQG�ZDV� LQLWLDOO\�
LQWHUSUHWHG�DV�O\PSKDQJLRPD��$W�WKH�OHYHO�RI�WKH�
ORZHU�MDZ�WKH�WXPRU�KDG�VROLG�VWUXFWXUH�ZLWK�SRRU�
YDVFXODUL]DWLRQ��1R� FKDQJHV� LQ� WKH� QHLJKERULQJ�
VWUXFWXUHV�ZHUH�GHWHFWHG��,Q�WKH�RFFLSLWR�SDULHWDO�
DUHD�DORQJ� WKH�VDJLWWDO�SODQH�D�VHFRQG����PP�
LQ� VL]H� IRUPDWLRQ� ZDV� IRXQG�� ,VRODWHG� ELODWHUDO�
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¾ÃÉÇ��¨»� ÈÃ½ÉÍÉ� È»� ¿ÉÆÈ»Í»� ÒÀÆÙÌÍ� ÍÎÇÉËÕÍ�
À�Ì�ÊÆÕÍÈ»�ÌÍËÎÅÍÎË»�Ã�ÌÆ»¼É�ÅËÕ½ÉÌÈ»¼¿ÀÈ��
¨ÚÇ»�¿»ÈÈÃ�Â»�ÊËÉÇÀÈÃ�½�ÌÍËÎÅÍÎËÃÍÀ�ÊÉ�ÌÕ�
ÌÀ¿ÌÍ½É����ÉÅÑÃÊÃÍÉ�Ê»ËÃÀÍ»ÆÈ»Í»�ÂÉÈ»�ÊÉ�Ì»�
¾ÃÍ»ÆÈ»Í»�Ë»½ÈÃÈ»�ÌÀ�ÃÂÉ¼Ë»ÂÚ½»�½ÍÉË»�ÏÉË�
Ç»ÑÃÚ� Ì� Ë»ÂÇÀË� ÉÅÉÆÉ� ��� PP�� ©ÍÅËÃ½»Í� ÌÀ�
À¿ÃÈÃÒÈÃ�Î¾ÉÆÀÇÀÈÃ�ÆÃÇÏÈÃ�½ÕÂÆÃ�¿½ÎÌÍË»ÈÈÉ�
½�É¼Æ»ÌÍÍ»�È»�ÓÃÚÍ»��ÏÃ¾�����

§ÎÆÍÃÇÉ¿»ÆÈÉÍÉ� ÎÆÍË»Â½ÎÅÉ½É�ÃÂÌÆÀ¿½»ÈÀ��
ÊÉÅ»Â½»� ÆÃÑÀ½»� ÏÉËÇ»ÑÃÚ� Ì� ÐÀÍÀËÉ¾ÀÈÈ»�
ÌÍËÎÅÍÎË»��ÅÉÚÍÉ�À�»½»ÌÅÎÆ»ËÈ»�½�ÌÕËÑÀ½ÃÈ»Í»�
ÌÃ��»�ÊÀËÃÏÀËÈÉ�À�É¾Ë»ÈÃÒÀÈ»�ÉÍ�¿É¼ËÀ�ÅËÕ�

®Â½�����¢Á½Å¿¾�Çº�ÉºÐÂ¿ÇÌº�u�ÎºË������ÉÊÈÎÂÅ������ÍËÌÇº�ÄÍÏÂÇº��«��Â�ÂÇÌÊºÈÉ¿ÊºÌÂ¼Çº�ÇºÏÈ¾Äº��D).

)LJ�����&OLQLFDO�YLHZ�RI�WKH�SDWLHQW�u�¿[WUDRUDO�YLHZ�IXOO�IDFH������RFFLSLWDO�OHVLRQ������LQWUDRUDO�YLHZ��C��DQG�LQWUDRSHUDWLYH�ILQGLQJ��D).

®Â½�����«�¤¬�Ë¿�¼ÂÁÍºÅÂÁÂÊº�ÌÍÆÈÊÇº�ÎÈÊÆºÐÂÙ�Ë�ÉÅÔÌÇº�ËÌÊÍÄÌÍÊº�Â�ËÅº»º�¼ºËÄÍÅºÊÂÁºÐÂÙ�u�ÇºÌÂ¼Çº�ÄÈÆÉØÌÔÊÇº�ÌÈ-
ÆÈ½ÊºÎÂÙ������¤ÈÇÌÊºËÌÇº�ÄÈÆÉØÌÔÊÇº�ÌÈÆÈ½ÊºÎÂÙ������¬ÊÂÂÁÆ¿ÊÇºÌº�Ê¿ÄÈÇËÌÊÍÄÐÂÙ�Çº�ÌÍÆÈÊÇºÌº�ÎÈÊÆºÐÂÙ�ÉÈÄºÁ¼º�
¿ÄËÉºÇÁÂ¼¿Ç�ÊºËÌ¿À�Â�ÂÁÆ¿ËÌ¼ºÇ¿�Çº�D��WHPSRUDOLV�VXSHUILFLDOLV��«���

)LJ�����&7�VKRZHG�D�WXPRU�IRUPDWLRQ�ZLWK�GHQVH�VWUXFWXUH�DQG�VSDUVH�YDVFXODUL]DWLRQ�u�QDWLYH�&7�VFDQ�RI�WKH�WXPRU��A���&7�VFDQ�RI�WKH�
WXPRU�ZLWK�FRQWUDVW��B���WULGLPHQVLRQDO�UHFRQVWUXFWLRQ�RI�WKH�WXPRU�OHVLRQ�u�H[SDQVLYH�JURZWK�DQG�VKLIWLQJ�RI�D��WHPSRUDOLV�VXSHUILFLDOLV�
ZHUH�GLVSOD\HG��«).

HQODUJHG�O\PSK�QRGHV�LQ�WKH�QHFN�ZHUH�SUHVHQW�
�ILJ�����

0XOWLPRGDO�XOWUDVRXQG�VKRZHG�D�IRUPDWLRQ�LQ�
WKH� IDFLDO� DUHD�ZLWK� D�KHWHURJHQHRXV� VWUXFWXUH�
ZLWK� DYDVFXODU� FRUH� DQG� ZHOO� YDVFXODUL]HG�
SHULSKHUDO�FDSVXOH��6PDOO�SRUWLRQV�RI�WKH�WXPRUqV�
FDXGDO� SDUW� ZHUH� SDUWLDOO\� YDVFXODUL]HG� ZLWKLQ�
WKH� ODWHUDO� VHJPHQW� �ILJ�� ���� 7KH� PHGLDO� SDUW�
FRQVLVWHG�RI�K\SRHFKRJHQLF�]RQH�ZLWK�LUUHJXODU�
VL]H��DQHFKRJHQLF�DUHDV��ODFN�RI�YDVFXODUL]DWLRQ�
DQG� IRUPDWLRQ� RI� SVHXGRF\VWV�� 7KH� VHFRQG�
IRUPDWLRQ�VKRZHG�SUHGRPLQDQWO\�KRPRJHQHRXV�
VWUXFWXUH�

,QWUDRSHUDWLYHO\�D�ZHOO�HQFDSVXODWHG� IRUPDWLRQ�
ZLWK�H[SDQVLYH�JURZWK�DQG�GHIRUPHG�DGMDFHQW�VRIW�
WLVVXHV� DQG� EORRG�YHVVHOV�ZHUH� GLVFRYHUHG� �ILJ��
�'���7KH�FXW�VXUIDFH�RI�WKH�PDWHULDO�VKRZHG�D�VROLG�
IRUPDWLRQ�ZLWK�SUHVHQFH�RI�PXOWLSOH�SVHXGRF\VWLF�
DUHDV�ZLWK�EODFN�FRORU�DQG�XQHYHQ�LQWHQVLW\�

+LVWRSDWKRORJ\�� +LVWRPRUSKRORJLFDOO\� WKH� WX�
PRU�VKRZHG�]RQHV�RI�GHSRVLWHG�EURZQ�SLJPHQW�
DQG� ]RQHV� ZLWKRXW� SLJPHQW�� ,Q� WKH� DFKURPDWLF�
]RQHV�WKH�DW\SLFDO�FHOOV�ZHUH�LQ�QHVWV��ILJ���$���7KH�
FHOOV�ZHUH�PDLQO\�ZLWK�RYDO�DQG�VOLJKWO\�HORQJDWHG�
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½ÉÌÈ»¼¿ÀÈ»� Å»ÊÌÎÆ»�� �ÃÂÎ»ÆÃÂÃË»Í� ÌÀ�Ç»ÆÅÃ�
ÎÒ»ÌÍÕÑÃ�½�Å»Î¿»ÆÈ»Í»�Ò»ÌÍ�È»�ÍÎÇÉË»��ÅÉÃÍÉ�
Ì»�Ò»ÌÍÃÒÈÉ�½»ÌÅÎÆ»ËÃÂÃË»ÈÃ�½�Æ»ÍÀË»ÆÈÃÚ�ÌÃ�
ÌÀ¾ÇÀÈÍ��ÏÃ¾��������ÇÀ¿Ã»ÆÈ»Í»�Ò»ÌÍ�ÌÀ�ÉÍÅËÃ�
½»�ÐÃÊÉÀÐÉ¾ÀÈÈ»�ÂÉÈ»�Ì�ÈÀÊË»½ÃÆÈÃ�Ë»ÂÇÀËÃ��
»ÈÀÐÉ¾ÀÈÈÃ�ÎÒ»ÌÍÕÑÃ��ÆÃÊÌ»�È»�ÌÕ¿É½À�Ã�ÉÏÉË�
ÇÚÈÀ�È»�ÊÌÀ½¿ÃÅÃÌÍÃ���ÍÉË»Í»�ÏÉËÇ»ÑÃÚ�À�Ì�
ÊËÀ¿ÃÇÈÉ�ÐÉÇÉ¾ÀÈÈ»�ÌÍËÎÅÍÎË»�

£ÈÍË»ÉÊÀË»ÍÃ½ÈÉ� ÌÀ� ÎÌÍ»ÈÉ½Ú½»� ¿É¼ËÀ�
Å»ÊÌÎÆÃË»È»�ÏÉËÇ»ÑÃÚ��Ë»ÌÍÚÔ»�ÀÅÌÊ»ÈÂÃ½ÈÉ�
Ã�¿ÀÏÉËÇÃË»Ô»�ÊËÃÆÀÁ»ÔÃÍÀ�ÇÀÅÃ�ÍÕÅ»ÈÃ�Ã�
ÅËÕ½ÉÈÉÌÈÃ�ÌÕ¿É½À��ÏÃ¾���'���¬ËÀÂÈ»Í»�ÊÉ½ÕËÐ�
ÈÉÌÍ�È»�Ç»ÍÀËÃ»Æ»�ÊÉÅ»Â»�ÌÉÆÃ¿È»�ÏÉËÇ»ÑÃÚ�
Ì�È»ÆÃÒÃÀ�È»�ÇÈÉÁÀÌÍ½É�ÊÌÀ½¿ÉÅÃÌÍÉÂÈÃ�ÂÉÈÃ�
Ì�ÒÀËÀÈ�Ñ½ÚÍ�Ã�ÈÀË»½ÈÉÇÀËÀÈ�ÃÈÍÀÈÂÃÍÀÍ�

°ÃÌÍÉÇÉËÏÉÆÉ¾ÃÒÈÉÍÉ�ÃÂÌÆÀ¿½»ÈÀ�È»�ÍÎÇÉ�
Ë»�ÊÉÅ»Â½»�ÂÉÈÃ�È»�ÉÍÆ»¾»ÈÀ�È»�Å»ÏÚ½�ÊÃ¾ÇÀÈÍ�
Ã�Í»ÅÃ½»�¼ÀÂ�ÊÃ¾ÇÀÈÍ����»ÐËÉÇ»ÍÃÒÈÃÍÀ�ÊÉÆÀÍ»�
»ÍÃÊÃÒÈÃÍÀ�ÅÆÀÍÅÃ�Ì»�¾ËÎÊÃË»ÈÃ�½�¾ÈÀÂ¿»��ÏÃ¾��
�$���¥ÆÀÍÅÃÍÀ�Ì»�¾Æ»½ÈÉ�Ì�É½»ÆÈÃ�Ã�ÃÂ¿ÕÆÁÀÈÃ�
Ú¿Ë»��Ì�ÓÃËÉÅÃ�¼»ÂÉÏÃÆÈÃ�ÈÎÅÆÀÉÆÃ�Ã�É¼ÃÆÈ»�
ÑÃÍÉÊÆ»ÂÇ»��ÏÃ¾���%��

£ÇÎÈÉÐÃÌÍÉÐÃÇÃÒÈÉÍÉ� ÃÂÌÆÀ¿½»ÈÀ� È»� »Ð�
ËÉÇ»ÍÃÒÈÃÍÀ� ÂÉÈÃ� ÊÉÅ»Â½»� ÃÇÎÈÉÏÀÈÉÍÃÊ�
È»�Ç»ÆÃ¾ÈÀÈ�ÇÀÆ»ÈÉÇ��ÀÅÌÊËÀÌÃË»Ô�9LPHQWLQ�
�ÏÃ¾���&���+0%�����ÏÃ¾���'��Ã�0HODQ�$��ÏÃ¾���(���
¨À� ÌÀ� ÎÌÍ»ÈÉ½Ú½»� ÀÅÌÊËÀÌÃÚ� È»� 6����� ÊËÉ�
ÍÀÃÈ��­ÉÂÃ�ÊËÉÍÀÃÈ�ÈÀ�À�ÌÊÀÑÃÏÃÒÀÈ�Ç»ËÅÀË�
È»�Ç»ÆÃ¾ÈÀÈ�ÇÀÆ»ÈÉÇ��­ÎÇÉËÕÍ� H� Ì� ÎÇÀËÀÈ»�
ÊËÉÆÃÏÀË»ÍÃ½È»�»ÅÍÃ½ÈÉÌÍ�u�ÊËÉÆÃÏÀË»ÍÃ½ÀÈ�
ÃÈ¿ÀÅÌ�u�.L��������ÏÃ¾���)�����ÍÎÇÉËÈ»Í»�ÍÕÅ»È�
ÌÀ� ÎÌÍ»ÈÉ½Ú½»Í� ÇÈÉÁÀÌÍ½ÀÈÃ� Ã� Ë»ÂÊËÉÌÍË»�
ÈÀÈÃ�ÈÀÅËÉÂÃ��²»ÌÍ�ÉÍ�ÍÚÐ�Ì»�Ì�ËÀÂÉË¼ÑÃÚ�Ã�
ÏÉËÇÃË»Í�ÊÌÀ½¿ÉÅÃÌÍÃ�

¯ÃÅÌÃË»ÈÃÚÍ�Ì�ÏÉËÇ»ÆÃÈ�È»ÍÃ½ÀÈ�ÊËÀÊ»�
Ë»Í�ÉÍ�ÍÎÇÉËÈ»Í»�ÍÕÅ»È�À�ÃÂÌÆÀ¿½»È�¿ÉÊÕÆÈÃ�
ÍÀÆÈÉ�Ì���ÃÂÇÀËÀÈ�ÎÆÍË»Â½ÎÅ��¬ÉÈÉ¾Ë»ÏÌÅ»Í»�
È»ÐÉ¿Å»�ÌÕ½Ê»¿È»�È»ÊÕÆÈÉ�Ì�Ç»ÅËÉÌÅÉÊÌÅÉÍÉ�
ÉÊÃÌ»ÈÃÀ�È»�ÊËÀÊ»Ë»Í»��ªÌÀ½¿ÃÅÃÌÍÃÍÀ�ÌÀ�ÃÂ�
É¼Ë»ÂÚ½»Í�Å»ÍÉ�»ÈÀÐÉ¾ÀÈÈÃ�ÂÉÈÃ��ÏÃ¾�����

®Â½�����«ÈÇÈ½ÊºÎÇÈÌÈ�ÂÁËÅ¿¾¼ºÇ¿�Çº�ÌÍÆÈÊÇºÌº�ÎÈÊÆºÐÂÙ�ÉÊ¿¾Â�ÈÉ¿ÊºÐÂÙÌº�ÉÈÄºÁ¼º�Ï¿Ì¿ÊÈ½¿ÇÇº�ËÌÊÍÄÌÍÊº�Ë�º¼ºËÄÍÅºÊÇÂ�
ÍÑºËÌÔÐÂ�Â�ÇºÅÂÑÂ¿ÌÈ�Çº�ÉË¿¼¾ÈÄÂËÌÂ��A���ÄÈÂÌÈ�Ë¿�¼ÂÁÍºÅÂÁÂÊºÌ�ÉÈ�¾È»Ê¿�Ë���ÂÁÆ¿Ê¿Ç�ÍÅÌÊºÁ¼ÍÄ���).

)LJ�����7KH�PXOWLPRGDO�XOWUDVRXQG�LPDJLQJ�SUHVHQWHG�KHWHURJHQLF�VWUXFWXUH��SDUW�RI�ZLWFK�ZDV�OHVV�YDVFXODUO]HG��A��ZLWK�D�GLVWLQFW�
FDSVXOH�DQG�SVHXGRF\VWV�DUHDV��B).

QXFOHXV�� ZLWK� ODUJH� EDVRSKLOLF� QXFOHROXV� DQG�
DEXQGDQW�F\WRSODVP��ILJ���%���

7KH�LPPXQRKLVWRFKHPLFDO�H[DPLQDWLRQ�RI�WKH�
DFKURPDWLF�DUHDV�SURYHG�DQ�LPPXQRSKHQRW\SH�
RI� PDOLJQDQW� PHODQRPD� H[SUHVVLQJ� 9LPHQWLQ�
�ILJ���&���+0%�����ILJ���'��DQG�0HODQ�$��ILJ���(���
1R�H[SUHVVLRQ�RI�6�����SURWHLQ�ZDV�GHWHFWDEOH��
7KLV� SURWHLQ� LV� QRW� D� VSHFLILF� PDUNHU� IRU�
PDOLJQDQW�PHODQRPD��7KH�WXPRU�KDG�PRGHUDWH�
SUROLIHUDWLYH� DFWLYLW\� u� D� SUROLIHUDWLYH� LQGH[� .L�
��� ��� �ILJ�� �)��� ,Q� WKH� WXPRU� WLVVXH� PXOWLSOH�
DQG� H[WHQVLYH� QHFURVHV�ZHUH� GHWHFWDEOH�� 3DUW�
RI�WKHP�ZHUH�ZLWK�UHVRUSWLRQ�DQG�IRUPDWLRQ�RI�
SVHXGRF\VWV�

7KH� IRUPDOLQ�IL[HG� WXPRU� WLVVXH� VDPSOH�ZDV�
IXUWKHU�LQYHVWLJDWHG�E\���GLPHQVLRQDO�XOWUDVRXQG��
7KH� VRQRJUDSKLF� ILQGLQJV� FRLQFLGHG� SHUIHFWO\�
ZLWK� WKH�PDFURVFRSLF�GHVFULSWLRQ�RI� WKH� WLVVXH��
7KH�SVHXGRF\VWV�ZHUH�GHWHFWHG�DV�DQHFKRJHQLF�
]RQHV��ILJ�����

'LVFXVVLRQ

7KLV�VWXG\�ILQGV�D�KLJK�FRUUHODWLRQ�EHWZHHQ�WKH�
XOWUDVRXQG�LPDJLQJ��&7�LPDJH�DQG�PDFURVFRSLF�
FKDUDFWHULVWLFV� RI� WKH� WXPRU��$OO� WKUHH� PHWKRGV�
VKRZ�D�KHWHURJHQHRXV�VROLG�WXPRU�ZLWK�SVHXGR�
F\VWV�DQG�GLVWLQFW�DUHDV�RI�YDVFXODUL]DWLRQ�ZKLFK�
DUH� QRQVSHFLILF� DQG� DUH� IRXQG� LQ� RWKHU� WXPRUV�
u�O\PSKDQJLRPD��KHPDQJLRPD��F\VWV�RI�WKH�VRIW�
WLVVXHV�HWF��2XU�UHVXOWV�VXSSRUW�WKH�QHFHVVLW\�RI�
KLVWRORJLFDO�H[DPLQDWLRQ��ZKLFK�UHPDLQV�WKH�JROG�
VWDQGDUG�IRU�W\SH�GLIIHUHQWLDWLRQ�RI�WKH�SDWKRORJL�
FDO�SURFHVVHV�

7KH���GLPHQVLRQDO�XOWUDVRXQG�LPDJLQJ�RI�VNLQ�
OHVLRQV� LV�QRW� URXWLQH� LQ�FOLQLFDO�SUDFWLFH�DQG� LV�
DSSOLHG� PDLQO\� IRU� SUHQDWDO� GLDJQRVLV� RI� ODUJH�
WXPRUV� >�@��7KLV� VWXG\� VKRZV� WKDW� WKH� PHWKRG�
JLYHV� PRUH� LQIRUPDWLRQ� DERXW� WKH� VWUXFWXUH��
GHQVLW\��VKDSH�DQG�YROXPH�RI�WKH�IRUPDWLRQ��WKH�
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����Å¿ÄËÂ¿¼�Â�¾Ê��­ÅÌÊºÁ¼ÍÄÈ¼È�ÂÁÈ»ÊºÁÙ¼ºÇ¿�ÉÊÂ�Æ¿ÅºÇÈÆ�Çº�ÅÂÐ¿ÌÈ

©¼ÌÕÁ¿»ÈÀ

¨»ÌÍÉÚÔÉÍÉ� ÊËÉÎÒ½»ÈÀ� ÎÌÍ»ÈÉ½Ú½»� ½ÃÌÉ�
Å»� ÅÉËÀÆ»ÑÃÚ�ÇÀÁ¿Î� ÎÆÍË»Â½ÎÅÉ½ÉÍÉ� ÃÂÉ¼Ë»�
ÂÚ½»ÈÀ�� ÅÉÇÊÙÍÕËÈÉ�ÍÉÇÉ¾Ë»ÏÌÅÃÚ� É¼Ë»Â� Ã�
Ç»ÅËÉ�ÌÅÉÊÌÅ»Í»�Ð»Ë»ÅÍÀËÃÌÍÃÅ»�È»�ÍÎÇÉËÈ»Í»�
ÏÉËÇ»ÑÃÚ��£�ÍËÃÍÀ�ÇÀÍÉ¿»�¿ÀÇÉÈÌÍËÃË»Í�ÐÀÍÀ�
ËÉ¾ÀÈÈ»�ÌÉÆÃ¿È»�ÍÎÇÉËÈ»�ÏÉËÇ»ÑÃÚ�Ì�ÊÌÀ½¿É�
ÅÃÌÍÃ� Ã� É¾Ë»ÈÃÒÀÈÃ� ½»ÌÅÎÆ»ËÈÃ� ÂÉÈÃ�� ÅÉÃÍÉ�
Ì»�ÈÀÌÊÀÑÃÏÃÒÈÃ�Ã�ÇÉ¾»Í�¿»�ÌÀ�ÉÍÅËÃÚÍ�Ã�ÊËÃ�
¿ËÎ¾Ã�Ê»ÍÉÆÉ¾ÃÒÈÃ�ÊËÉÑÀÌÃ�Å»ÍÉ�ÆÃÇÏ»È¾ÃÉÇ��
ÐÀÇ»È¾ÃÉÇ��ÅÃÌÍÃ�È»�ÇÀÅÃÍÀ�ÍÕÅ»ÈÃ�Ã�¿Ë��­ÀÂÃ�
È»ÓÃ�ËÀÂÎÆÍ»ÍÃ�ÊÉ¿ÅËÀÊÚÍ�ÈÀÉ¼ÐÉ¿ÃÇÉÌÍÍ»�ÉÍ�
ÐÃÌÍÉÆÉ¾ÃÒÈÉ� ÃÂÌÆÀ¿½»ÈÀ�� ÅÉÀÍÉ� ÉÌÍ»½»� ÂÆ»�

SUHVHQFH� RI� FDSVXOH� DQG� GHJUHH� RI� LQILOWUDWLRQ�
LQWR�WKH�VXUURXQGLQJ�WLVVXHV��7KH�SDUDOOHO�XVH�RI�
XOWUDVRXQG� DQJLRJUDSK\� �%�IORZ�� REMHFWLILHV� WKH�
GHJUHH�RI�YDVFXODUL]DWLRQ�RI�WKH�WXPRU��LWV�FDSVXOH�
DQG�WKH�VXUURXQGLQJ�WLVVXHV�

7KH� XOWUDVRXQG� H[DPLQDWLRQ� RI� WKH� IL[HG�
WXPRU� VDPSOH� GHWHUPLQHV� D� KLJK� FRUUHODWLRQ�
EHWZHHQ� WKH� PDFURVFRSLF� FKDUDFWHULVWLFV� DQG�
WKH���GLPHQVLRQDO�LPDJH�WKDW�MXVWLILHV�WKH�XVH�RI�
XOWUDVRXQG�LPDJLQJ�DV�D�QDYLJDWLQJ��QRQLQYDVLYH�
SUHRSHUDWLYH�PHWKRG�ZLWK� D� VLPLODU� WR� &7� VFDQ�
GLDJQRVWLF�YDOXH�

7KH�ORFDOL]DWLRQ�RI�WKH�WXPRU�LQ�WKH�K\SRGHUPLV�
DQG�LWV�JRRG�GLIIHUHQWLDWLRQ�IURP�WKH�QHLJKERULQJ�

®Â½������ÏÊÈÆºÌÂÑ¿Ç�ÆºÅÂ½Ç¿Ç�Æ¿ÅºÇÈÆ�Ë�ÉË¿¼¾ÈºÅ¼¿ÈÅºÊÇº�ËÌÊÍÄÌÍÊº��¨Ð¼��¯�� ������ÏÊÈÆºÌÂÑ¿Ç�ÆºÅÂ½Ç¿Ç�Æ¿ÅºÇÈÆ�ÈÌ�
ºÌÂÉÂÑÇÂ�ÄÅ¿ÌÄÂ�Ë�ÉÊ¿¼ºÅÂÊºÓÈ�Ù¾ÊÈ�Â�½ÈÅÙÆº�»ºÁÈÎÂÅÇº�ÇÍÄÅ¿ÈÅº��Ë�È»ÂÅÇº�½ÊºÇÍÅÂÊºÇº�ºÐÂ¾ÈÎÂÅÇº�ÐÂÉÈÌÅºÁÆº��¨Ð¼��¯��
�B����ÏÊÈÆºÌÂÑ¿Ç�ÆºÅÂ½Ç¿Ç�Æ¿ÅºÇÈÆ�Ë�ÐÂÌÈÉÅºÁÆ¿Çº�¿ÄËÉÊ¿ËÂÙ�9LPHQWLQ��¢ÆÍÇÈÏÂËÌÈÏÂÆÂÑÇÈ�ÈÐ¼¿ÌÙ¼ºÇ¿��C����ÏÊÈÆºÌÂÑ¿Ç�
ÆºÅÂ½Ç¿Ç�Æ¿ÅºÇÈÆ�Ë�ÐÂÌÈÉÅºÁÆ¿Çº�¿ÄËÉÊ¿ËÂÙ�Çº�§¦��������¢ÆÍÇÈÏÂËÌÈÏÂÆÂÑÇÈ�ÈÐ¼¿ÌÙ¼ºÇ¿��D����ÏÊÈÆºÌÂÑ¿Ç�ÆºÅÂ½Ç¿Ç�Æ¿-
ÅºÇÈÆ�Ë�ÐÂÌÈÉÅºÁÆ¿Çº�¿ÄËÉÊ¿ËÂÙ�Çº�0HODQ���$��¢ÆÍÇÈÏÂËÌÈÏÂÆÂÑÇÈ�ÈÐ¼¿ÌÙ¼ºÇ¿��E����ÏÊÈÆºÌÂÑ¿Ç�ÆºÅÂ½Ç¿Ç�Æ¿ÅºÇÈÆ�Ë�Ù¾Ê¿Çº�
¿ÄËÉÊ¿ËÂÙ�Çº�.L�����¢ÆÍÇÈÏÂËÌÈÏÂÆÂÑÇÈ�ÈÐ¼¿ÌÙ¼ºÇ¿��F).

)LJ�����$FKURPDWLF�PDOLJQDQW�PHODQRPD�ZLWK�SVHXGRDOYHRODU�VWUXFWXUH��6WDLQ��+	(��A���$FKURPDWLF�PDOLJQDQW�PHODQRPD�ZLWK�DW\SLFDO�
FHOOV�ZLWK�SUHYDLOLQJ�QXFOHL�� ODUJH�EDVRSKLOLF�QXFOHROL�DQG�DEXQGDQFH�RI�JUDQXODU�DFLGRSKLOLF�F\WRSODVP��6WDLQ��+	(��B���$FKURPDWLF�
PDOLJQDQW�PHODQRPD�ZLWK�F\WRSODVPLF�H[SUHVVLRQ�RI�9LPHQWLQ��,PPXQRKLVWRFKHPLFDO�VWDLQLQJ��C���$FKURPDWLF�PDOLJQDQW�PHODQRPD�ZLWK�
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ÈÃÒÈÃÍÀ� ÌÃÇÊÍÉÇÃ� ¿É� ÐÉÌÊÃÍ»ÆÃÂ»ÑÃÚÍ»� ½�
ÌÊÀÓÈÉ�ÉÍ¿ÀÆÀÈÃÀ��È»Ò»ÆÉÍÉ�È»�ÃÈÍË»½ÈÉÂÈÉ-
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¬ËÀ¿ÈÉÍÉ�½ËÀÇÀ�ÉÍ�ÊÉÌÍÕÊ½»ÈÀ�È»�Ê»ÑÃÀÈ-
ÍÃÍÀ�½�¬ª©�¿É�Â»ÊÉÒ½»ÈÀ�È»�­¦��GRRU�WR�QHHGOH�
WLPH��À�����������PLQ��¬ËÀ¿ÈÉÍÉ�½ËÀÇÀ�ÉÍ�È»Ò»-
ÆÉÍÉ�È»�ÌÃÇÊÍÉÇÃÍÀ�¿É�Â»ÊÉÒ½»ÈÀ�È»�ÆÀÒÀÈÃÀ�
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Ë������u�ÂÈ»ÒÃÇ»�Ë»ÂÆÃÅ»�ÌÊËÚÇÉ������¾��VLJQLILFDQW�GLIIHUHQFH�FRPSDUHG�WR�������

Ë������u�ÂÈ»ÒÃÇ»�Ë»ÂÆÃÅ»�ÌÊËÚÇÉ�
�����Ã������¾��VLJQLILFDQW�GLIIHUHQFH�FRPSDUHG�WR������DQG�������


Ë������u�ÂÈ»ÒÃÇ»�Ë»ÂÆÃÅ»�ÌÊËÚÇÉ������¾��VLJQLILFDQW�
GLIIHUHQFH�FRPSDUHG�WR������

VWURNH�� ������ ��������� u� FDUGLRHPEROLF� VWURNH��
���������������u�FU\SWRJHQLF�DQG�����������������
ODFXQDU�VWURNH��7KHLU�ULVN�IDFWRUV�DUH�SUHVHQWHG�LQ�
WDEOH���

7KH� OHDGLQJ� ULVN� IDFWRUV� DUH� DUWHULDO� K\SHU-
WHQVLRQ��VPRNLQJ��DWULDO� ILEULOODWLRQ�DQG� LVFKHPLF�
KHDUW� GLVHDVH��7KH� SDWLHQWV�ZLWK� FRPELQHG� WZR�
DQG� WKUHH� ULVN� IDFWRUV�FRQVWLWXWH�����RI�DOO�SD-
WLHQWV��

7KH�VHYHULW\�RI�WKH�QHXURORJLFDO�GHILFLW�LQ�HDFK�
SDWLHQW�LV�HVWLPDWHG�ZLWK�1,+66��/DERUDWRU\�WHVWV��
D�GRXEOH�&7�VFDQ�RI�WKH�EUDLQ��DIWHU�KRVSLWDOL]DWLRQ�
DQG�ZLWKLQ����KRXUV�DIWHU� WKH�WKURPERO\VLV��DQG�
'XSSOH[� VFDQQLQJ� RI� WKH� EUDLQ� YHVVHOV� LQ� WKH�
ILUVW� ��� KRXUV� DIWHU� WKH� RQVHW� RI� WKH� V\PSWRPV�
DUH� SHUIRUPHG�� 7KH� HYDOXDWLRQ� RI� WKH� SDWLHQWVq�
IXQFWLRQDO�VWDWXV�LV�WZLFH�SHUIRUPHG�ZLWK�PRGLILHG�
5DQNLQ� 6FDOH� �P56�� u� DIWHU� KRVSLWDO� GLVFKDUJH�
DQG���PRQWKV�DIWHU�WKH�LQFLGHQW��

5HVXOWV�

7KH�DYHUDJH�WLPH�IURP�WKH�EHJLQQLQJ�RI�V\PSWRPV�
WR�WKH�KRVSLWDOL]DWLRQ�LQ�WKH�HPHUJHQF\�URRP��(5���
WKH� EHJLQQLQJ� RI� WUHDWPHQW� ZLWK� $FWLO\VH��� &7�
SHUIRUPDQFH�DQG�WKH�UHFHLYLQJ�RI�WKH�ODERUDWRU\�
UHVXOWV�DUH�VKRZQ�RQ�WDEOH����

7KH� PHDQ� WLPH� IURP� WKH� DGPLVVLRQ� RI� WKH�
SDWLHQWV� LQ� (5� WR� WKH� EHJLQQLQJ� RI� WKURPERO\VLV�
�GRRU�WR�QHHGOH�WLPH��LV�����������PLQ��7KH�PHDQ�
WLPH�IURP�WKH�RQVHW�RI�WKH�V\PSWRPV�WR�WKH�VWDUW�
RI�WKH�WUHDWPHQW�LV�������PLQ��2QH�RI�WKH�UHDVRQV�
IRU�WKLV�SURORQJHG�PHDQ�WLPH�LQ�WKH�ODVW���\HDUV�LV�
WKH�SURORQJHG�WLPH�ZLQGRZ�IRU�WKURPERO\VLV�LQ�WKH�
SURWRFRO�u�IURP���WR�����KRXUV�IURP�WKH�$,6�RQFHW��

7KH� QHXURORJLFDO� GHILFLW� LV� HVWDEOLVKHG� ZLWK�
1,+66�ULJKW�DIWHU�DGPLVVLRQ�DQG�EHIRUH�KRVSLWDO�
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��� ÍÉÒÅÃ� ÃÇ»Í� ��� Ê»ÑÃÀÈÍÃ� �������� ÉÍ� ½ÌÃÒ-
ÅÃ� ÃÂÊÃÌ»ÈÃ�� »� ¿ÀÏÃÑÃÍ� ÊÉ�Ç»ÆÕÅ� ÃÆÃ�Ë»½ÀÈ�
È»���ÍÉÒÅÃ�ÊÉ�1,+66�u����Ê»ÑÃÀÈÍÃ�����������
®ÌÍ»ÈÉ½Ú½»�ÌÀ�ÊÉÆÉÁÃÍÀÆÈ»�ÅÉËÀÆ»ÑÃÚ�ÇÀÁ¿Î�
½ËÀÇÀÍÉ�ÉÍ�È»Ò»ÆÉÍÉ�È»�­¦�Ã�ÍÉÒÅÃÍÀ�ÊÉ�1,+66�
�U �������Ë��������¥ÉÀÏÃÑÃÀÈÍÕÍ�È»�¿ÀÍÀËÇÃ-
È»ÑÃÚ� ÊÉÅ»Â½»�� ÒÀ� ������ ÉÍ� ËÀ¾ÃÌÍËÃË»ÈÃÍÀ�
ÊÉ¿É¼ËÀÈÃÚ�Ì»�Ì½ÕËÂ»ÈÃ�Ì�ÊÉ�Ë»ÈÈÉÍÉ�½ËÀÇÀ�
È»�ÊÉÌÍÕÊ½»ÈÀ��

ªËÃ� ÃÂÊÃÌ½»ÈÀ� P56� ������ À� ËÀ¾ÃÌÍËÃË»È�
ÊËÃ� ������ ���������� »�P56� ������ u� ÊËÃ� ������
��������� ÉÍ� ÊËÀÁÃ½ÀÆÃÍÀ� ¼ÉÆÈÃ�� ¨»� ���Ú� ¿ÀÈ�
ÌÆÀ¿�ÃÈÌÎÆÍ»�Ì�P56�������Ã�ÏÎÈÅÑÃÉÈ»ÆÈÉ�ÈÀ-
Â»½ÃÌÃÇÃ� ÃÆÃ� ¼ÀÂ� ÂÈ»ÒÃÇ� ÈÀ½ËÉÆÉ¾ÃÒÀÈ� ¿À-
ÏÃÑÃÍ�Ì»����������������¼ÉÆÈÃ��»�ÌÕÌ�ÂÈ»ÒÃÇ�
ÈÀ½ËÉÆÉ¾ÃÒÀÈ� ¿ÀÏÃÑÃÍ� u� P56� ������ Ì»� ������
��������� ÉÍ� Ê»ÑÃÀÈÍÃÍÀ�� ¥ÉËÀÆ»ÑÃÉÈÈÃÍÀ� ÅÉÀ-
ÏÃÑÃÀÈÍÃ� ÇÀÁ¿Î� ÌÍÀÊÀÈÍ»� È»� ÏÎÈÅÑÃÉÈ»ÆÈ»-
Í»�ÈÀÂ»½ÃÌÃÇÉÌÍ�È»�Ê»ÑÃÀÈÍÃÍÀ�Ã�½ËÀÇÀÍÉ��Â»�
ÅÉÀÍÉ�ÍÀ�Ì»�ÊËÉÌÆÀ¿ÀÈÃ��ÊËÃ�ÃÂÊÃÌ½»ÈÀ�Ã�È»�
���Ú�¿ÀÈ���ÌÉÒ»Í�È»ÆÃÒÃÀÍÉ�È»�ÂÈ»ÒÃÇ»�ÉÍËÃ-
Ñ»ÍÀÆÈ»�ÅÉËÀÆ»ÑÃÚ�ÇÀÁ¿Î�¿½ÀÍÀ�½»ËÃ»¼ÃÆÈÃ��
Å»ÅÍÉ�Â»�P56���������U �������Ë��������Í»Å»�Ã�Â»�
P56���������U �������Ë��������

¬�ÈÉËÇ»ÆÀÈ�¥­�È»� ¾Æ»½ÀÈ�ÇÉÂÕÅ�ÊËÃ�ÐÉÌ-
ÊÃÍ»ÆÃÂ»ÑÃÚÍ»�Ì»� ������ÉÍ�¼ÉÆÈÃÍÀ�� »� ÍÀÂÃ�Ì�
Ë»ÈÈÃ�¼ÀÆÀÂÃ�È»�ÉÌÍÕË�£§£�ÃÆÃ�½ÀÒÀ�ÉÏÉËÇÀ-
È»�ÂÉÈ»�Ì»��������Í»¼ÆÃÑ»�����­É½»�¼Ã�ÇÉ¾ÆÉ�¿»�
ÌÀ�É¼ÚÌÈÃ�Ì�Ï»ÅÍ»��ÒÀ�ÊËÀÂ�ÊÉÌÆÀ¿ÈÃÍÀ�¾É¿ÃÈÃ�
À�Î½ÀÆÃÒÀÈÉ�½ËÀÇÀÍÉ�ÉÍ�ÊÉÚ½»�È»�ÌÃÇÊÍÉÇÃÍÀ�
¿É� ÊÉÌÍÕÊ½»ÈÀ� ½� ¬ª©�� Ã� ÌÕÉÍ½ÀÍÈÉ� u� ¿É� ÃÂ-
½ÕËÓ½»ÈÀ�È»�¥­�ÊËÀ¿Ã�È»Ò»ÆÉÍÉ�È»�­¦��Í»¼ÆÃÑ»�
��Ã� ����ªÉË»¿Ã� Î¿ÕÆÁ»½»ÈÀ�È»� ÍÀË»ÊÀ½ÍÃÒÈÃÚ�
ÊËÉÂÉËÀÑ� ÉÍ� �� È»� ���� Ò»Ì»�� ÌÀ� È»¼ÆÙ¿»½»� Ã�
Î½ÀÆÃÒ»½»ÈÀ�È»�Ê»ÑÃÀÈÍÃÍÀ�Ì�Ë»ÈÈÃ�¼ÀÆÀÂÃ�È»�
©£§£�ÃÆÃ�Ì�½ÀÒÀ�ÉÏÉËÇÀÈ»�ÃÌÐÀÇÃÒÈ»�ÂÉÈ»��
ÈÉ�ÈÀ�ÊÉ�¾ÉÆÚÇ»�ÉÍ�����ÉÍ�ÇÉÂÕÒÈ»Í»�ÐÀÇÃÌÏÀ-
Ë»� �U ������� Ë��������¥ÉÈÍËÉÆÈÃÚÍ�¥­�È»� ���Ú�
Ò»Ì�ÌÆÀ¿�ÊËÉ½À¿ÀÈ»Í»�ÍËÉÇ¼ÉÆÃÂ»�ÊÉÅ»Â½»�ÊËÃ�
������ÉÍ�Ê»ÑÃÀÈÍÃÍÀ�ÉÏÉËÇÀÈ»�ÃÌÐÀÇÃÒÈ»�ÂÉÈ»��

¬ËÀ¿�¼ÉÆÈÃÍÀ�Ì�­¦�Â»�ÃÂÌÆÀ¿½»ÈÃÚ���¾É¿Ã-
ÓÀÈ� ÊÀËÃÉ¿� ÌÃÇÊÍÉÇ»ÍÃÒÈÃ� ÃÈÍË»ÑÀËÀ¼Ë»ÆÈÃ�
ÐÀÇ»ÍÉÇÃ� Ì»� ÊÉÆÎÒÃÆÃ� ��� Ê»ÑÃÀÈÍÃ� ������� ÉÍ�
½ÌÃÒÅÃ� ¼ÉÆÈÃ� Ì� ­¦�� ªÉÒÃÈ»ÆÃ� ÊÉ� ½ËÀÇÀ� È»�
ÐÉÌÊÃÍ»ÆÃÂ»ÑÃÚÍ»� Ì»� ������� ��������� Ê»ÑÃÀÈ-
ÍÃ��Å»ÍÉ�ÃÈÍË»ÑÀËÀ¼Ë»ÆÈÃÚÍ�ÅËÕ½ÉÃÂÆÃ½�À�¼ÃÆ�
ÊËÃÒÃÈ»�Â»�ÌÇÕËÍ�ÊËÃ���ÉÍ�ÍÚÐ����ÉÌÍ»È»ÆÃÍÀ�

­»¼ÆÃÑ»����¨À½ËÉÆÉ¾ÃÒÀÈ�¿ÀÏÃÑÃÍ�ÊÉ�1,+66�ÌÅ»Æ»Í»�ÊËÃ�ÐÉÌÊÃÍ»ÆÃÂ»ÑÃÚ�Ã�ÊËÃ�¿ÀÐÉÌÊÃÍ»ÆÃÂ»ÑÃÚ�
7DEOH����1HXURORJLFDO�'HILFLW�HVWLPDWHG�E\�1,+66�6FDOH�DW�$GPLWWLRQ�DQG�+RVSLWDO�'LVFKDUJH�

1,+66�
­ÉÒÅÃ�SRLQWV n ����� ���� ���� ���� ����

ÊËÃ�ÊÉÌÍÕÊ½»ÈÀ�$GPLWWLRQ ��� ��������
Q ��

��������
Q ��

��������
Q ��

��������
Q ��

��������
Q ��

ÊËÃ�ÃÂÊÃÌ½»ÈÀ�+RVSLWDO�'LVFKDUJH ��� �������
Q ��

�������
Q ��

�������
Q ��

�������
Q ��

�������
Q ��

GLVFKDUJH�� DQG� WKH� IXQFWLRQDO� VWDWXV� RI� WKH�
VXUYLYRUV�u�ZLWK�PRGLILHG�5DQNLQ�6FDOH��P56��u�
EHIRUH�KRVSLWDO�GLVFKDUJH�DQG���PRQWKV�DIWHU�WKH�
LQFLGHQW��7KH�UHVXOWV�DUH�VXPPDUL]HG�RQ�WDEOH����

,Q� DGPLVVLRQ� WKH� QHXURORJLFDO� GHILFLW� � ZLWK�
1,+66� LV� ��������� SRLQWV�� ,Q� GLVFKDUJH�1,+66�
IRU� WKH� VDPH� SHULRG� LV� ���������� ,PSURYHPHQW�
ZLWK�PRUH�WKDQ����SRLQWV�LV�VHHQ�LQ����SDWLHQWV�
������� IURP� DOO� GLVFKDUJHG� SDWLHQWV�� DQG� ZLWK�
GHILFLW�ORZHU�RU�HYHQ�WR���SRLQWV�DUH����SDWLHQWV�
���������$�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ� WKH�VWDUW�
WLPH�RI�WKURPERO\VLV�DQG�1,+66�SRLQWV��U �������
S�������LV�HVWDEOLVKHG��)DFWRUV�RI�GHWHUPLQDWLRQ�
VKRZ�WKDW�������RI�UHJLVWHUHG�LPSURYHPHQWV�DUH�
FRQQHFWHG�WR�WKH�WLPH�RI�DGPLVVLRQ�

%HIRUH� KRVSLWDO� GLVFKDUJH� P56� ������ LV�
UHJLVWHUHG� LQ� ������ SDWLHQWV� ��������� DQG��
P56�������u� LQ����������������RI� WKH�VXUYLYHG�
SDWLHQWV��2Q�WKH���WK�GD\�DIWHU�WKH�VWURNH�RQVHW�
ZLWK� P56� ������ L�H�� IXQFWLRQDO� LQGHSHQGHQW� RU�
ZLWKRXW�VLJQLILFDQW�QHXURORJLFDO�GHILFLW�DUH�������
���������SDWLHQWV�DQG�ZLWK�VLJQLILFDQW�QHXURORJLFDO�
GHILFLW� u�P56� ������ DUH� ������ ����������7KHUH�
LV� D� VLJQLILFDQW� QHJDWLYH� FRUUHODWLRQ� EHWZHHQ�
WKH� OHYHO� RI� IXQFWLRQDO� LQGHSHQGHQFH� RI� WKH�
SDWLHQWV� DQG� WKH� IROORZ�XS� WLPH� �LQ� GLVFKDUJH�
DQG�DIWHU����GD\V���IRU�ERWK�P56���������U �������
Ë�������DQG�P56���������U �������Ë��������:LWK�
QRUPDO�EUDLQ�&7�LQ�KRVSLWDOL]DWLRQ�DUH�������RI�
WKH�SDWLHQWV�DQG� WKRVH�ZLWK�HDUO\�VLJQV�RI�$,6�
RU� DOUHDG\� IRUPHG� LVFKHPLF� UHJLRQ� DUH� ������
�WDEOH� ����7KLV� FDQ� EH� H[SODLQHG�ZLWK� WKH� IDFW�
WKDW�GXULQJ�WKH�ODVW�IHZ�\HDUV�WKH�WLPH�IURP�WKH�
V\PSWRPV
� RQVHW� WR� WKH� DUULYDO� LQ� WKH� KRVSLWDO�
DQG� UHVSHFWLYHO\� WR� WKH� &7� SHUIRUPDQFH� KDV�
EHHQ�LQFUHDVHG��WDEOH���DQG�����7KH�SURORQJHG�
WKHUDSHXWLF� WLPH�IURP��� WR�����KRXUV�DOORZV�WR�
GHWHFW� DQ� LQFUHDVLQJ� QXPEHU� RI� SDWLHQWV� ZLWK�
HDUO\�VLJQV�RI�$,6�RU�DOUHDG\� IRUPHG� LVFKHPLF�
UHJLRQ�� QRW� ODUJHU� WKDQ� ���� RI� WKH� FHUHEUDO�
KHPLVSKHUH� �U ������� Ë�������� $FFRUGLQJ� WR�
WKH� SURWRFRO� FRQWURO� &7� LV� FRQGXFWHG� RQ� WKH�
��WK�KRXU�DIWHU�WKH�WKURPERO\VLV��,Q�������RI�WKH�
SDWLHQWV�DQ�LVFKHPLF�]RQH�LV�REVHUYHG��

6\PSWRPDWLF� LQWUDFHUHEUDO� KDHPDWRPDV� DUH�
REVHUYHG�LQ�����������RI�DOO�WKURPERO\VHG�SDWLHQWV�
IRU�WKH�GHVFULEHG�ILYH�\HDU�SHULRG�'XULQJ�KRVSLWD�
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ÌÆÎÒ»Ã�ÊËÃÒÃÈ»Í»�À�ÆÃÊÌ»�È»�ËÀÅ»È»ÆÃÂ»ÑÃÚ��
Ë»Â½ÃÍÃÀ�È»�Ç»ÆÃ¾ÈÀÈ�ÇÉÂÕÒÀÈ�ÉÍÉÅ�Ã�ÊÉÌÆÀ¿-
½»ÔÉ�ÑÀËÀ¼Ë»ÆÈÉ�½ÅÆÃÈÚ½»ÈÀ��ÇÉÂÕÒÈÉÌÕ¿É½»�
Ê»ÍÉÆÉ¾ÃÚ� Ã� ÍÀÁÅ»� ÅÉÇÉË¼Ã¿ÈÉÌÍ�� ¿É½ÀÆ»� ¿É�
ÆÀÍ»ÆÈÃÚ�ÃÂÐÉ¿��

��
©¼ÌÕÁ¿»ÈÀ

¨»ÌÍÉÚÔÉÍÉ� ÊËÉÎÒ½»ÈÀ� ÊÉÍ½ÕËÁ¿»½»� ¿É-
¼ËÃÚ� ÍÀË»ÊÀ½ÍÃÒÀÈ� ÀÏÀÅÍ� È»� ÆÀÒÀÈÃÀÍÉ� Ì� ÃÈ-
ÍË»½ÈÉÂÈ»Í»�ÍËÉÇ¼ÉÆÃÂ»�Ì�UW�3$��ÊËÃÆÉÁÀÈ»�¿É�
����Ò»Ì»�ÉÍ�È»Ò»ÆÉÍÉ�È»�©£§£��¥»ÅÍÉ�ÊÉÅ»Â½»Í�
¿ËÎ¾Ã�ÊËÉÎÒ½»ÈÃÚ��ÍÚ�ÊÉ¿É¼ËÚ½»�Ë»ÈÈÃÚ�Ã�ÅÕÌ-
ÈÃÚ�ÏÎÈÅÑÃÉÈ»ÆÀÈ�ÃÂÐÉ¿�ÉÍ�ÃÈÌÎÆÍ»��ÃÇ»�¿É¼ÕË�
ÊËÉÏÃÆ�È»�¼ÀÂÉÊ»ÌÈÉÌÍ�Ã�ÈÃÌÅÉ�ÈÃ½É�È»�ÐÀÇÉ-
Ë»¾ÃÒÈÃ�ÎÌÆÉÁÈÀÈÃÚ�>��@�

§ÀÁ¿ÎÈ»ËÉ¿ÈÃ�ÊËÉÎÒ½»ÈÃÚ�ÊÉÅ»Â½»Í��ÒÀ�ËÀ-
¿ÃÑ»�É¼ÀÅÍÃ½ÈÃ�Ï»ÅÍÉËÃ�É¾Ë»ÈÃÒ»½»Í�ÊËÃÆÉÁÀ-
ÈÃÀÍÉ�È»�­¦�ÊËÃ�©£§£�>����@�u�ÌËÀ¿�ÍÚÐ�ÅË»Í-
ÅÃÚÍ�ÍÀË»ÊÀ½ÍÃÒÀÈ�½ËÀÇÀ½Ã�ÊËÉÂÉËÀÑ�Ã�ÇÈÉÁÀ-
ÌÍ½ÉÍÉ� ¿ÉÊÕÆÈÃÍÀÆÈÃ� ÅÉÈÍË»ÃÈ¿ÃÅ»ÑÃÃ� Ã¾Ë»ÚÍ�
ÅÆÙÒÉ½»�ËÉÆÚ�>��@��ªËÉÎÒ½»ÈÀÍÉ�È»�(LVVD�Ã�ÌÕ-
»½Í��>�@�ÊËÃ������Ê»ÑÃÀÈÍÃ�ÊÉÅ»Â½»��ÒÀ�ÊÉË»¿Ã�
ÅÉÈÍË»ÃÈ¿ÃÅ»ÑÃÃ� Ì»� ¼ÃÆÃ� ÃÂÅÆÙÒÀÈÃ� ���� ÉÍ�
Å»È¿Ã¿»ÍÃÍÀ�Â»�­¦��»�ÌÊÉËÀ¿�%DUEHU�Ã�ÌÕ»½Í��>�@�
u�¼ËÉÚÍ�ÃÇ�¿ÉÌÍÃ¾»�¿É������¨ÀÂ»½ÃÌÃÇÉ�ÉÍ�­¦�
ÆÀÒÀÈÃÀ�É¼»ÒÀ�À¿È»�ÍËÀÍ»�ÉÍ�¼ÉÆÈÃÍÀ�Ì»�ÉÌÍ»-
È»ÆÃ�ÏÎÈÅÑÃÉÈ»ÆÈÉ�Â»½ÃÌÃÇÃ�ÃÆÃ�Ì»�ÊÉÒÃÈ»ÆÃ�
>�@��ÅÉÀÍÉ�ÉÊËÀ¿ÀÆÚ�ÈÃÌÅÃÚ�ÊËÉÑÀÈÍ�È»�­¦�¿ÉËÃ�
ÌËÀ¿�ÐÉÌÊÃÍ»ÆÃÂÃË»ÈÃ�¼ÉÆÈÃ�½�Ë»ÇÅÃÍÀ�È»�½ËÀ-
ÇÀ½ÃÚ�ÍÀË»ÊÀ½ÍÃÒÀÈ�ÊËÉÂÉËÀÑ�>��@�u�ÊËÉÑÀÈÍÕÍ�
ÃÇ�½»ËÃË»�ÉÍ���¿É����½�Ë»ÂÆÃÒÈÃÍÀ�¿ÕËÁ»½Ã��½�
�½ÌÍË»ÆÃÚ�À�ÉÅÉÆÉ�����½�¬�´�u�ÉÅÉÆÉ�����½��½-
ÌÍËÃÚ�u��������>�@����ÈÚÅÉÃ�ÌÍË»ÈÃ�ÍÉ½»�ÆÀÒÀÈÃÀ�
½ÌÀ�ÉÔÀ�ÈÀ�ÌÀ�ÊËÃÆ»¾»�v�È»ÊËÃÇÀË�½��ËÎÂÃÚ�

¨»ÓÃÍÀ� ËÀÂÎÆÍ»ÍÃ� ÊÉÅ»Â½»Í�� ÒÀ� ÉÍ� ½ÌÃÒÅÃ�
Ê»ÑÃÀÈÍÃ�Ì�ÉÌÍÕË�£§£��ÐÉÌÊÃÍ»ÆÃÂÃË»ÈÃ�ÊËÀÂ�
ÊÀËÃÉ¿»�����u�����¾��½Õ½��ÍÉË»�ÈÀ½ËÉÆÉ¾ÃÒÈ»�
ÅÆÃÈÃÅ»�È»�®§��¦�f¬½��§»ËÃÈ»s��­¦�Ì�$FWLO\VH��
Ì»�ÊÉÆÎÒÃÆÃ�Ì»ÇÉ�������ª»ÑÃÀÈÍÃÍÀ��ÊÉ¿ÐÉ¿ÚÔÃ�
Â»�ÆÀÒÀÈÃÀ�Ì�$FWLO\VH��ÈÀ�ÊËÃÌÍÃ¾»Í�È»½ËÀÇÀ�½�

­»¼ÆÃÑ»�����«ÀÂÎÆÍ»ÍÃ�ÉÍ�¥­�È»�¾Æ»½»�ÊËÃ�ÐÉÌÊÃÍ»ÆÃÂ»ÑÃÚÍ»�Ã�È»����ÍÃÚ�Ò»Ì�ÌÆÀ¿�­¦�
7DEOH����� 5HVXOWV�IURP�&7�6FDQ�RI�WKH�%UDLQ�E\�+RVSLWDOL]DWLRQ�DQG����+RXUV�DIWHU�7/�

«ÀÂÎÆÍ»ÍÃ�ÉÍ�¥­�È»�¾Æ»½»��5HVXOWV�IURP�&7�6FDQ�RI�WKH�%UDLQ n �

¥­�ÊËÃ�ÊÉÌÍÕÊ½»ÈÀ��E\�+RVSLWDOL]DWLRQ

¨ÉËÇ»ÆÀÈ���1RUPDO �� ���

«»ÈÈÃ�¼ÀÆÀÂÃ�ÃÆÃ�ÃÌÐÀÇÃÒÈ»�ÂÉÈ»���(DUO\�6LJQV�RU�,VFKHPLF�=RQH ���� ����

¥­�È»����ÍÃÚ�Ò»Ì�ÌÆÀ¿�­¦���ZLWKLQ����KRXUV�DIWHU�WKH�7/

¨ÉËÇ»ÆÀÈ���1RUPDO� �� ���

£ÌÐÀÇÃÒÈ»�ÂÉÈ»���,VFKHPLF�5HJLRQ ��� ����

¥ËÕ½ÉÃÂÆÃ½���,QWUDFHUHEUDO�+HPRUUKDJH �� ���

®ÇËÀÆÃ���'LHG 32 �����

°ÃËÎË¾ÃÒÈ»�ÃÈÍÀË½ÀÈÑÃÚ���6XUJLFDO�,QWHUYHQWLRQ � ���

OL]DWLRQ� ������� ���������RI� WKH�SDWLHQWV�GLHG�� DV�
WKH�LQWUDFHUHEUDO�KHPRUUKDJH�ZDV�FDXVH�IRU�GHDWK�
LQ���RI�WKHP��,Q�WKH�RWKHU�FDVHV�WKH�UHDVRQ�LV�ODFN�
RI�UHFDQDOL]DWLRQ��PDOLJQDQW�EUDLQ�HGHPD��IDOORZHG�
E\�KHUQLDWLRQ��FHUHEURYDVFXODU�SDWKRORJ\�DQG�VH-
YHUH�FRPRUELGLW\��OHDGLQJ�WR�GHDWK��

�
'LVFXVVLRQ�

2XU�FXUUHQW�VWXG\�FRQILUPV�WKH�JRRG�WKHUDSHXWLF�
HIIHFW� RI� LQWUDYHQRXV� WKURPERO\VLV� ZLWK� UW�3$��
DSSOLHG�XS�WR�����KRXUV�IURP�WKH�RQVHW�RI�$,6��$V�
VKRZQ� LQ� RWKHU� VWXGLHV� WKLV� WUHDWPHQW� LPSURYHV�
HDUO\� DQG� ODWH� IXQFWLRQDO� RXWFRPH� DIWHU� VWURNH��
KDV� D� JRRG� VDIHW\� SURILOÀ� DQG� ORZ� OHYHO� RI�
KHPRUUKDJLF�FRPSOLFDWLRQV�>��@��

,QWHUQDWLRQDO� VWXGLHV� GHPRQVWUDWH� WKDW�
VHYHUDO�REMHFWLYH� IDFWRUV� OLPLW� WKH�DSSOLFDWLRQ�RI�
WKURPERO\VLV� LQ� $,6� >��� �@�� DPRQJ� WKHP� VKRUW�
WKHUDSHXWLF� WLPH� ZLQGRZ� DQG� PDQ\� DGGLWLRQDO�
FRQWUDLQGLFDWLRQV�KDYH�D�NH\� UROH� >��@�� ,Q�(LVVD�
HW�DO��VWXG\�>�@�LQFOXGLQJ������SDWLHQWV������ZHUH�
H[FOXGHG�GXH�WR�FRQWUDLQGLFDWLRQV��DQG�LQ�%DUEHU�
HW�DO��VWXG\�>�@�u�WKH�QXPEHU�RI�H[FOXGHG�DFKLHYHG�
����� 5HJDUGOHVV� RI� WKURPERO\WLF� WKHUDS\� RQH�
WKLUG�RI�WKH�SDWLHQWV�UHPDLQ�IXQFWLRQDO�GHSHQGHQW�
RU� GLH� >�@��ZKLFK� LQGLFDWHV� WKH� ORZ� SHUFHQWDJH�
RI� WKURPERO\VLV� HYHQ� LQ� KRVSLWDOL]HG� SDWLHQWV�
>��@� u� WKH� SHUFHQWDJH� YDULHV� IURP� �� WR� ��� LQ�
GLIIHUHQW� FRXQWULHV� �LQ� $XVWUDOLD� LV� DURXQG� ����
LQ�86$�u�DURXQG�����LQ�$XVWULD�u��������>�@�� ,Q�
VRPH�FRXQWULHV�WKLV�NLQG�RI�WUHDWPHQW�LV�QRW�HYHQ�
DSSOLHG�u�IRU�H[DPSOH�LQ�*HRUJLD��

2XU�UHVXOWV�GHPRQVWUDWH�WKDW�IURP�DOO�SDWLHQWV�
ZLWK� $,6�� KRVSLWDOL]HG� EHWZHHQ� ����� DQG� �����
LQ� 6HFRQG� &OLQLF� RI� 1HXURORJ\� ZLWK� ,&8� DW�
WKH� 8QLYHUVLW\� +RVSLWDO� r6W�� 0DULQDs� u� 9DUQD��
WKURPERO\VLV�ZLWK�$FWLO\VH�� UHFHLYHG� RQO\� ������
3DWLHQWV�VXLWDEOH�IRU�WUHDWPHQW�ZLWK�$FWLO\VH�GRQ
W�
DUULYH� LQ� WLPH� LQ� WKH� KRVSLWDOqV� (5�� 7KH� WUHQG�
IRU� VPDOO� LQFUHDVH� RI� L�Y�� WKURPERO\VLV� EHWZHHQ�
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¬ª©�È»�¼ÉÆÈÃÑ»Í»��­ÀÈ¿ÀÈÑÃÚÍ»�Â»�ÌÆ»¼É�È»Ë»-
ÌÍ½»ÈÀ�È»�ÃÈÍË»½ÀÈÉÂÈ»Í»�­¦�ÊËÀÂ�����u�����¾��
ÌÀ�Ì½ÕËÂ½»�ÌÕÌ�ÌÕ½ÇÀÌÍÈÃÍÀ�ÎÌÃÆÃÚ�È»�ÀÅÃÊÃ-
ÍÀ�È»�¼ÕËÂ»�ÇÀ¿ÃÑÃÈÌÅ»�ÊÉÇÉÔ�Ã�ÌÕÂ¿»¿ÀÈÃÚ�
ÃÈÍÀË¿ÃÌÑÃÊÆÃÈ»ËÀÈ� »Æ¾ÉËÃÍÕÇ� È»� ÊÉ½À¿ÀÈÃÀ�
Ì����Ò»ÌÉ½»�É¼ÀÂÊÀÒÀÈÉÌÍ�Ì�Æ»¼ÉË»ÍÉËÈÃ�Ã�ÈÀ-
½ËÉÃÂÉ¼Ë»ÂÚ½»ÔÃ�ÃÂÌÆÀ¿½»ÈÃÚ�

ªËÉÎÒ½»ÈÀÍÉ� 6,76� u�9,67$� ÊËÃ� ��� ���� Ê»-
ÑÃÀÈÍÃ� ÎÌÍ»ÈÉ½Ú½»�� ÒÀ� ÆÀÅÎ½»ÈÃÍÀ� Ì�­¦� ÃÇ»Í�
ÊÉ�¿É¼ËÃ� ÅÆÃÈÃÒÈÃ� ËÀÂÎÆÍ»ÍÃ� ÈÀÂ»½ÃÌÃÇÉ� ÉÍ�
ÍÚÐÈ»Í»�½ÕÂË»ÌÍ�>��@��®ÌÍ»ÈÉ½Ú½»�ÌÀ��ÒÀ�¼Æ»¾É-
ÊËÃÚÍÈÃÚÍ�ÃÂÐÉ¿��ÉÑÀÈÚ½»È�ÌÕÌ�ÌÅ»Æ»Í»�È»�«»È-
ÅÃÈ�È»���Ú�ÇÀÌÀÑ�ÉÍ�ÆÀÒÀÈÃÀÍÉ��À�ÊÉ�¿É¼ÕË�ÊËÃ�
ÊÉ�Ë»ÈÈÉ�Â»ÊÉÒ½»ÈÀ�È»�­¦�Ã�ÊÉ�ÆÀÅ�ÈÀ½ËÉÆÉ¾Ã-
ÒÀÈ�¿ÀÏÃÑÃÍ��ÉÑÀÈÚ½»È�Ì�1,+66�ÌÅ»Æ»Í»��ªËÉ-
ÎÒ½»ÈÃÚÍ»�(&$66��1,1'6��$7/$17,6�Ã�(3,7+(7�
ÊÉÅ»Â½»Í��ÒÀ�ÈÚÇ»�ÊÉÆÂ»�ÉÍ�ÊËÃÆÉÁÀÈÃÀ�È»�UW�3$�
ÌÆÀ¿�����PLQ��ÍÕÄ�Å»ÍÉ�ËÃÌÅÉ½ÀÍÀ�ÇÉ¾»Í�¿»�È»¿-
½ÃÓ»Í�ÊÉÆÂ»Í»�>�������������@��

¨»ÓÃÍÀ�ËÀÂÎÆÍ»ÍÃ�ÊÉÅ»Â½»Í��ÒÀ�½�ÌË»½ÈÀÈÃÀ�
Ì� ����� ¾É¿ÃÈ»� ÌËÀ¿ÈÉÍÉ� ½ËÀÇÀ� ÉÍ� È»Ò»ÆÉ� È»�
ÌÃÇÊÍÉÇÃÍÀ�¿É�ÊÉÌÍÕÊ½»ÈÀ�½�¬ª©�Ã�Â»ÊÉÒ½»ÈÀ�
È»�­¦� È»Ë»ÌÍ½»Í�� ÅÉÀÍÉ� À� ËÀÂÎÆÍ»Í� ÉÍ� Ë»ÂÓÃ-
ËÚ½»ÈÀ�È»�ÍÀË»ÊÀ½ÍÃÒÈÃÚ�ÊËÉÂÉËÀÑ�Â»�ÊËÃÆÉ-
ÁÀÈÃÀ�È»�­¦�¿É� ���� Ò»Ì»���ÕÊËÀÅÃ� Î¿ÕÆÁ»½»-
ÈÀÍÉ� È»� ÍÀË»ÊÀ½ÍÃÒÈÃÚ� ÊËÉÂÉËÀÑ�� ÊËÉÑÀÈÍÕÍ�
È»� ÃÈÍË»ÅË»ÈÃ»ÆÈÃ� ÐÀÇÉË»¾ÃÃ� ÈÀ� À� È»Ë»ÌÈ»Æ�
v�������­»ÅÕ½�ÊËÉÑÀÈÍ�ÌÕÉ¼Ô»½»Í�Ã�ÊÉ½ÀÒÀÍÉ�
Ì½ÀÍÉ½ÈÃ�ÑÀÈÍËÉ½À��½�ÅÉÃÍÉ�ÌÀ�ÊËÉ½ÀÁ¿»�ÍËÉÇ-
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����� DQG� ����� LV� D� UHVXOW� RI� WKH� MRLQW� HIIRUWV�
RI� WKH� GLIIHUHQW� HPHUJHQF\� WHDPV� DQG� FUHDWHG�
LQWHUGLVFLSOLQDU\�DOJRULWKP�RI�FRQGXFW�ZLWK����KRXU�
VHFXUHG�ODERUDWRU\�DQG�QHXURLPDJLQJ�WHVWV�

7KH�6,76�u�9,67$�VWXG\�ZLWK��������SDWLHQWV�
GHWHUPLQHV�WKDW�WUHDWHG�ZLWK�WKURPERO\VLV�SDWLHQWV�
KDYH�EHWWHU�FOLQLFDO�RXWFRPH�UHJDUGOHVV�RI� WKHLU�
DJH�>��@��,W�LV�HVWDEOLVKHG�WKDW�D�IDYRUDEOH�RXWFRPH��
HYDOXDWHG�E\�P56���PRQWKV�DIWHU�WKH�WUHDWPHQW��
LV�PRUH�SUREDEOH�DIWHU�HDUO\� WKURPERO\WLF�RQVHW�
DQG� LQ� OLJKWHU� QHXURORJLFDO� GHILFLW� HVWLPDWHG�
ZLWK�1,+66��7KH�(&$66��1,1'6��$7/$17,6�DQG�
(3,7+(7� VWXGLHV� GHPRQVWUDWH� WKDW� WKHUH� LV� QR�
EHQHILW�IURP�DSSO\LQJ�WKH�UW�3$�DIWHU�����PLQ���DV�
WKH�ULVNV�FDQ�VXUSDVV�WKH�EHQHILW�>�������������@��

2XU�UHVXOWV�VKRZ��WKDW�LQ�FRPSDULVRQ�WR������WKH�
PHDQ�WLPH�IURP�WKH�V\PSWRPVq�RQVHW�WR�WKH�DUULYDO�
LQ�(5�DQG�VWDUWLQJ�WKH�WKURPERO\VLV�KDYH�LQFUHDVHG�
DV�UHVXOW�RI�SURORQJHG�WKHUDSHXWLF�ZLQGRZ�WR�XS�
WR�����KRXUV��'HVSLWH�RI�SURORQJHG� WLPH�ZLQGRZ�
WKH� SHUFHQWDJH� RI� LQWUDFUDQLDO� KHPRUUKDJHV� KDV�
QRW� LQFUHDVHG� u� ������7KH� VDPH� SHUFHQWDJH� LV�
UHSRUWHG�IURP�WKH�PRVW�ZRUOG�FHQWHUV�FRQGXFWLQJ�
WKURPERO\VLV��7KH�VDPH�DSSOLHV�IRU�PRUWDOLW\�UDWH�
SHUFHQWDJH�DIWHU�WKURPERO\VLV��

7KH� PHDQ� WLPH� IURP� WKH� V\PSWRPV
� RQVHW�
WR� WKH� WUHDWPHQW� EHJLQQLQJ� LV� ������ PLQ�� 7KH�
PHDQ�1,+66�LQ�DGPLVVLRQ�LV������SRLQWV�DQG�LQ�
GLVFKDUJH�u�����SRLQWV��ZKLFK�PHDQV�WKDW�ZH�KDYH�
D�GHFUHDVH�RI� ����SRLQWV��&RPSDULVRQ�EHWZHHQ�
RXU�UHVXOWV�DQG�WKH�UHVXOWV�IURP�RWKHU�FHQWHUV�LV�
VKRZQ�RQ�WDEOH����

,Q� FRPSDULVRQ� WR� LQWHUQDWLRQDO� VWXGLHV�� RXU�
LQYHVWLJDWLRQ�VKRZV�VLPLODU�UHVXOWV�IRU�PHDQ�WLPH�
IURP� WKH� V\PSWRPV
� RQVHW� WR� WKH� VWDUW� RI� WKH�
WKURPERO\VLV��VLPLODU�VHYHULW\�RI�VWURNH��HVWLPDWHG�
ZLWK�1,+66�DQG�ORZHU�PHDQ�DJH�RI�WKURPERO\VHG�
SDWLHQWV��ZKLFK�FDQ�EH�WKH�UHDVRQ�IRU�WKH�ORZHU�
PRUWDOLW\� UDWH� LQ� RXU� FRQWLQJHQW��7KH� IUHTXHQF\�
RI� WKH� LQWUDFUDQLDO� KHPRUUKDJHV� LV� LQ� WKH� VDPH�
UDQJH�DV�LQ�OLWHUDWXUH
V�GDWD��

7KH�VLJQLILFDQFH�RI�HDUO\�&7�VLJQV� LQ�$,6� LV�
FRQWUDGLFWRU\� UHJDUGLQJ� WKH� ULVN� RI� LQWUDFUDQLDO�
KHPRUUKDJHV� >���������@�� ,Q�RXU�VWXG\�������RI�
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FRQWUDVWV� ZLWK� WKH� UHODWLYHO\� ORZ� SHUFHQWDJH� RI�
GHDWK�DQG�KHPRUUKDJLF�FRPSOLFDWLRQV��

7KH� (XURSHDQ� 6WURNH� 2UJDQL]DWLRQ� �(62��
UHFRPPHQGV�FRQWLQXRXV�FRQWURO�RYHU�WKH�URXWLQH�
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WKURPERO\VLV� DQG� VLPLODU� UDWH� RI� FRPSOLFDWLRQV�
FRPSDUHG� WR� RWKHU� LQWHUQDWLRQDO� LQYHVWLJDWLRQV��
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DQG� FRRUGLQDWLRQ� RI� WKH� WHDPV� LQFOXGHG� LQ�
GLDJQRVLV�DQG�WUHDWPHQW�RI�$,6�DUH�QHHGHG��

1. Albers G, Bates V, Clark W, Bell R, Verro P, Hamilton S. 

Intravenous tissue-type plas- minogen activator for treat-

ment of acute stroke: the Standard Treatment with Alte- 

plase to Reverse Stroke (STARS) study. J Am Med Assoc 
283, 2000:1145–1150.

��� $QGRQRYD�6��.LURY�)��¦LQFKHY�'��%DFKYDURY�&K��*HRUJLHYD�9��
%RFKHYD�'��7KURPERO\WLF�7KHUDS\�LQ�$FXWH�,VFKHPLF�&HUHEUDO�
Stroke – a Pilot Study. Stroke with Thrombolysis in Bulgaria. 

Neurosonology and Cerebral Hemodynamics 6, 2010:15–19.
��� %DQVDO� 6�� .LUDQSDO� 6�� 6DQJKD� .6�� 3RRMD� .KDWUL� 3�� 'UXJ�

Treatment of Acute Ischemic Stroke. Am J Cardiovasc Drugs. 
13, 2013:1–13. 

��� %DUEHU�3��=KDQJ�-��'HPFKXN�$��+LOO�0��%XFKDQ�$��:K\�DUH�
stroke patients excluded from TPA therapy?: an analysis of 

patient eligibility. Neurology 56, 2001:1015–1020.
5. Ciccone A. Consent to thrombolysis in acute ischaemic stroke: 

from trial to practice. Lancet Neurology 2, 2003: 375–78.
��� &ODUN�:0��:LVVPDQ�6��$OEHUV�*��,QWUDYHQRXV�UW�3$�IRU�DFXWH�

ischemic stroke beyond 3-hours. (ATLANTIS). JAMA 282, 
1999:2019–2016. 

¥¨£�©ª£¬���5()(5(1&(6

7. Eissa A, Krass I, Bajorek B. Optimizing the management of 

acute ischaemic stroke: a review of the utilization of intrave-

nous recombinant tissue plasminogen activator (tPA). Journal 
of Clinical Pharmacy and Therapeutics 37, 2012: 620–629.

8. Eissa A, Krass I, Bajorek B. Barriers to the utilization of 

thrombolysis for acute ischaemic stroke. Journal of Clinical 
Pharmacy and Therapeutics 23, 2012:211–221.

��� )HUUDUL� -�� .QRIODFK� 0�� .LHFKO� 6�� :LOOHLW� -�� 0DWRševiþ B. 

For the Austrian Stroke Unit Registry Collaborators. Stroke 

7KURPERO\VLV�� +DYLQJ� 0RUH� 7LPH� 7UDQVODWHV� ,QWR� 'HOD\HG�
Therapy. Stroke 41, 2010:2–5.

10. Frank B, Grotta JC, Alexandrov AV, Bluhmki E, Lyden P, 

0HUHWRMD�$��0LVKUD�1.��6KXDLE�$��:DKOJUHQ�1*��:HLPDU�&��
/HHV�.5��7KURPERO\VLV� LQ�6WURNH�'HVSLWH�&RQWUDLQGLFDWLRQV�
or Warnings? Stroke 44, 2013: 727–733. 

11. Hacke W. Intravenous thrombolysis with recombinant tissue 

plasminogen activator (ECASSI). JAMA 274, 1995:1017–1025. 
12. Kirmani J. F., Alkawi A, Panezai S et al. Advances in throm-

bolytics for treatment of acute ischemic stroke. Neurology 
79, 2012:119–125.

����0LVKUD�1��$KPHG�1��$QGHUVHQ�*��7KURPERO\VLV�LQ�YHU\�HOGHUO\�
people: controlled comparison of SITS International Stroke 

Thrombolysis Registry and Virtual International Stroke Trials 

Archive. BMJ 40, 2013:134–156.
����0ROLQD�&��5HSHUIXVLRQ�7KHUDSLHV�IRU�$FXWH�,VFKHPLF�6WURNH��

&XUUHQW�3KDUPDFRORJLFDO�DQG�0HFKDQLFDO�$SSURDFKHV��Stroke 
42, 2011:16–19. 

����0XOOHQ� 0�� 3LVDSLD� -�� 7LOZD� 6K�� 6\VWHPDWLF� 5HYLHZ� RI�
2XWFRPH�$IWHU� ,VFKHPLF� 6WURNH�'XH� WR�$QWHULRU� &LUFXODWLRQ�
Occlusion Treated With Intravenous, Intra-Arterial, or 

Combined Intravenous + Intra-Arterial Trombolysis. Stroke 
43, 2012:2350–2355.

����1,1'6�,QYHVWLJDWRUV�u�'RQQDQ�-��'DYLV�6��.DVWH�0��(IILFDQF\�
of tissue plasminogen activator for storke. N ENGL J Med 
333, 1995:1581–1514. 

����3UD]GQL]NRYD�9��$ODVKHHY�0��6KDODJLQD�$��9RONRYD�,��$QDO\VLV�
of factors influencing the early efficiency of systemic throm-

bolytic therapy for ischemic stroke. Neurology, neuropsy-
chiatry, psychosomatics 3, 2013: 32–35.



��NEUROSONOLOGY  AND CEREBRAL HEMODYNAMICS, vol. 10, 2014, No. 1

S. Andonova at al. Intravenous Thrombolysis of Acute Ischemic Stroke

����5DPDLDK�6��<DQ�%��/RZ�'RVH�7LVVXH�3ODVPLQRJHQ�$FWLYDWRU�
DQG� 6WDQGDUG�'RVH�7LVVXH� 3ODVPLQRJHQ�$FWLYDWRU� LQ�$FXWH�
Ischemic Stroke in Asian Populations: A Review Cerebrovasc 
Dis. 4, 2013:161–166.

19. Sandercock P, Lindley R, Wardlaw J. Update on the third 
international stroke trial (IST-3) of thrombolysis for acute 
ischaemic stroke and baseline features of the 3035 patients 
recruited. Biomed central 12, 2011:1–9.

����6DSRVQLN� *�� *ODGVWRQH� '�� 5DSWLV� 5�� $WULDO� )LEULOODWLRQ� LQ�
Ischemic Stroke: Predicting Response to Thrombolysis and 
Clinical Outcomes. Stroke 44, 2013:99–104.

21. Schellinger P, Hacke W, Fiebach J. Thrombolysis with 
Alteplase 3 to 4.5 hpurs after acute stroke. (ECASSIII). N 
Engl J Med 359, 2008:2839–2841. 

22. Seet R, Rabinstein A. Symptomatic Intracranial Hemorrhage 
following Intravenous Thrombolysis for Acute Ischemic 
6WURNH��$� &ULWLFDO� 5HYLHZ� RI� &DVH� 'HILQLWLRQV��Cerebrovasc 
Dis 34, 2012:106–114.

����7LWLDQRYD� ��� 9HOFKHYD� ,�� 6WDPHQRY� %�� 7UHDWPHQW� RI� $FXWH�
Ischemic Stroke with Thrombolysis in Bulgaria. Neurosonology 
and Cerebral Hemodynamics 6, 2010:9–14. 

����7LWLDQRYD� ��� 9HOFKHYD� ,�� 6WDPHQRY� %�� 7UHDWPHQW� RI� $FXWH�
Ischemic Stroke with Thrombolysis problems and perspectives. 

Neurosonology and Cerebral Hemodynamics 5, 2009:122–123.
����8\WWHQERRJDDUW� ¦�� /XLMFN[� -�� ,QWUDYHQRXV� WKURPERO\VLV� IRU�

patients with ischaemic stroke on antiplatelet therapy: a 
blessing in disguise? European Journal of Neurology 17, 
2010:177–178. 

����:LOOH\� -�� 3HWHUVHQ� 1�� 'KDPRRQ� 0�� 6WLOOPDQ� -�� 6DIHW\� RI�
thrombolysis in patients over the age of 80. Neurologist 18, 
2012:99–101.

����+LOO�0��%XFKDQ�$��7KURPERO\VLV� IRU�DFXWH� LVFKHPLF�VWURNH��
results of the Canadian Alteplase for Stroke Effectiveness 
Study (CASES). CMAJ 172, 2005:1307–1312.

����:DKOJUHQ�1��$KPHG�1��'D�́ valos A. Thrombolysis with alteplase 
for acute ischaemic stroke in the Safe Implementation of 
7KURPERO\VLV� LQ� 6WURNH�0RQLWRULQJ� 6WXG\� �6,76�0267��� DQ�
observational study. Lancet 369, 2007:275–282. 

29. Wahlgren N, Ahmed N, Eriksson N, Aichner F, Bluhmki E, 
'ávalos A, Erilä�7��)RUG�*��*URQG�0��+DFNH�:��+HQQHULFL�0��
.DVWH�0��.öKUPDQQ�0��/DUUXH�:��/HHV�.��0DFKQLJ�7��5RLQH�
5��7RQL�'��9DQKRRUHQ�*��0XOWLYDULDEOH�DQDO\VLV�RI�RXWFRPH�
predictors and adjustment of main outcome results to 
baseline data proÀle in randomized controlled trials: Safe 
,PSOHPHQWDWLRQ�RI�7KURPERO\VLV� LQ�6WURNH�0RQLWRULQJ�6WXG\�
�6,76�0267���Stroke 39, 2008:3316–3322.

�¼È½É�¿¸�ÂÆÈ½ÉÇÆÅ¼½ÅÎÀ×�
�ÈÐ��¾�Ê�«ÂÅ¼º��Ç¾ÈÇÈ¼º��¾Æ
�ÌÈÊº�§¿¼ÊÈÅÈ½ÂÑÇº�ÄÅÂÇÂÄº
­¦��¥�f«¼��¦ºÊÂÇºs
�ÍÅ��f¯Ê��«ÆÂÊÇ¿ÇËÄÂs��
������ºÊÇº
7¿Å������������
��PDLO��GUVLOYD#DEY�EJ

$GGUHVV�IRU�FRUUHVSRQGHQFH�
$VVRF��3URI��6��$QGRQRYD��0'��3K'
Second Neurology Clinic
8QLYHUVLW\�+RVSLWDO�r6W��0DULQDs
��r+ULVWR�6PLUQHQVNLs�6WU�
9010 Varna, Bulgaria
Tel: +359 52 978236
(�PDLO��GUVLOYD#DEY�EJ



33NEUROSONOLOGY  AND CEREBRAL HEMODYNAMICS, vol. 10, 2014, No. 1

�¨ª¢�¢§�¥§¢�«¬�¬¢¢���¨5,*,1$/�3$3(56

�ÀÅÉÇÊËÀÌÃ½È»�ÅË»ÈÃÀÅÍÉÇÃÚ�
ÊËÃ�ÉÌÍÕË�ÃÌÐÀÇÃÒÀÈ�ÃÈÌÎÆÍ�u�ÅÆÃÈÃÒÀÈ�ÌÆÎÒ»Ä

¬���È¿ÉÈÉ½»à��ª��¥ÃËÃÆÉ½»à�� ��¥»ÆÀ½ÌÅ»à��§��ªÀÍÅÉ½»à���
±½��±½ÀÍÅÉ½à��§��¨É½»ÅÉ½»Ý��­���ÀÉË¾ÃÀ½Ý�

à�ÍÉË»�ÅÆÃÈÃÅ»�ÊÉ�ÈÀ½ËÉÆÉ¾ÃÚ�Ì�©£¦¨����
Ý±ÀÈÍÕË�ÊÉ�É¼Ë»ÂÈ»�¿Ã»¾ÈÉÌÍÃÅ»��®§��¦�„¬½��§»ËÃÈ»“�u��»ËÈ»

±ÀÆ���»� ÌÀ� É¼ÌÕ¿ÚÍ� ÍÀË»ÊÀ½ÍÃÒÈÃÍÀ� ½ÕÂÇÉÁÈÉÌÍÃ� Â»� ÆÀÒÀÈÃÀ� È»� Ç»ÆÃ¾ÈÀÈ�
ÃÈÏ»ËÅÍ�ÊËÃ�ÉÌÍË»�ÉÅÆÎÂÃÚ�È»�§1�ÌÀ¾ÇÀÈÍ»�È»�ÌËÀ¿È»�ÇÉÂÕÒÈ»�»ËÍÀËÃÚ��

¥ÉÈÍÃÈ¾ÀÈÍ�Ã�ÇÀÍÉ¿Ã��ªËÀ¿ÌÍ»½ÀÈ�À����¾É¿ÃÓÀÈ�Ê»ÑÃÀÈÍ�Ì�½ÈÀÂ»ÊÈÉ�È»ÌÍÕ�
ÊÃÆ»�ÆÀ½ÉÌÍË»ÈÈ»�ÑÀÈÍË»ÆÈ»�ÐÀÇÃÊÆÀ¾ÃÚ��ÊËÃ�ÅÉÄÍÉ�À�ÊËÉ½À¿ÀÈ»�ÃÈÍË»½ÀÈÉÂÈ»�
ÍËÉÇ¼ÉÆÃÂ»�Ì�UW�3$�

«ÀÂÎÆÍ»ÍÃ��ªÉË»¿Ã�ÊËÉÚ½Ã�È»�É¼ÔÉÇÉÂÕÒÈ»�ÌÃÇÊÍÉÇ»ÍÃÅ»��ÊÀËÌÃÌÍÃË»ÈÀ�È»�
ÍÀÁÕÅ�¿½Ã¾»ÍÀÆÀÈ�¿ÀÏÃÑÃÍ�½�ÊÕË½ÃÍÀ����Ò»Ì»�ÉÍ�ÆÀÒÀÈÃÀ�Ì� ÍËÉÇ¼ÉÆÃÂ»�Ã�§«­�
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FHUHEUDO�HGHPD�OHDGLQJ�WR�KHUQLDWLRQ�RI�FHUHEUDO�
VWUXFWXUHV� WKURXJK� WKH� WHQWRULXP� RU� IDO[� DQG�
EUDLQVWHP� VWUXFWXUHV� WKURXJK� WKH� IRUDPHQ�
PDJQXP��7UDQVWHQWRULDO�KHUQLDWLRQ�KDV�EHHQ�FLWHG�
DV�WKH�SUREDEOH�FDXVH�RI�GHDWK�LQ�PDQ\�FDVHV�
RI�PDOLJQDQW�VWURNH�>�������@��7KH�FOLQLFDO�SLFWXUH�
LV� FKDUDFWHUL]HG� E\� FKDQJHV� LQ� FRQVFLRXVQHVV��
SURJUHVVLYH� IRFDO� QHXURORJLF� V\PSWRPV� DQG�
EUDLQVWHP� G\VIXQFWLRQ�� 1HXURLPDJLQJ� VWXGLHV�
VXSSRUW� WKH� FOLQLFDO� SLFWXUH�� ([WHQVLYH� 0&$�
LQIDUFWLRQ� �PRUH� WKDQ� ���� RI� LWV� WHUULWRU\��
ZLWK� HGHPD� FDQ� EH� LGHQWLILHG� RQ� &7� VFDQV�
LQ� DSSUR[LPDWHO\� ���� RI� WKH� FDVHV� >���� ��@��
3DUHQFK\PDO�K\SRGHQVLW\�LQ�JUHDWHU�WKDQ�����RI�
0&$�WHUULWRU\�LV�KLJKO\�LQGLFDWLYH�IRU�D�SURJUHVVLYH�
FOLQLFDO� FRXUVH�� OHDGLQJ� WR� VHYHUH� GLVDELOLW\� RU�
GHDWK�� ,WqV� DVVXPHG� WKDW� VLJQV� IRU� H[WHQVLYH�
0&$� LQIDUFWLRQ� DUH�� K\SHUGHQVLW\� RI� WKH� 0¬���
SDUHQFK\PDO�K\SRGHQVLW\�LQ�JUHDWHU�WKDQ�����RI�
WKH�0&$�WHUULWRU\��K\SRGHQVLW\�RI�EDVDO�JDQJOLD��
&OLQLFDO� WULDOV� LQ� SDWLHQWV� ZLWK� PDOLJQDQW� 0&$�
LQIDUFWLRQ�VKRZ�WKDW�GHFRPSUHVVLYH�FUDQLHFWRP\�
LV� OLIH�VDYLQJ� DQG� FDQ� VLJQLILFDQWO\� UHGXFH�
PRUWDOLW\� >�����@��'LDJQRVLV� LV�EDVHG�RQ�FOLQLFDO�
DQG� &7�05,� FKDQJHV�� 7KH� SUHVHQWHG� FOLQLFDO�
FDVH� VKRZV� WKH� WKHUDSHXWLF� SRVVLELOLWLHV� RI� WKH�
GHFRPSUHVVLYH�FUDQLHFWRP\�DQG�UDLVHV�TXHVWLRQV�
DERXW�WKLV�SURFHGXUHqV�WLPLQJ�DQG�LQGLFDWLRQV��,WqV�
FRQVLGHUHG�WKDW�WKH�HDUO\�WUHDWPHQW�LV�OLQNHG�ZLWK�
D� EHWWHU� SURJQRVLV�� DOWKRXJK� WKH� RSWLPDO� WLPH�
ZLQGRZ�IRU�SHUIRUPLQJ�VXUJHU\�LV�VWLOO�GHEDWHG�>���
��������@�

0DWHULDO�DQG�0HWKRGV

$� ���\HDU�ROG� PDOH� DGPLWWHG� IRU� WKH� ILUVW� WLPH�
LQ� 6HFRQG� 1HXURORJ\� &OLQLF� LQ� WKH� 8QLYHU�
VLW\�+RVSLWDO� r6W��0DULQDs� u�9DUQD�ZLWK� VXGGHQ�
ZHDNQHVV�RI�WKH�OHIW�H[WUHPLWLHV�EDVHG�RQ�KLJK�
EORRG�SUHVVXUH�ZDV�H[DPLQHG��7KHUH�ZHUH�PDQ\�
ULVN�IDFWRUV�IRU�FHUHEURYDVFXODU�GLVHDVH��DUWHULDO�
K\SHUWHQVLRQ�� G\VOLSLGHPLD�� REHVLW\�� $� SRLQWHG�
ODERUDWRU\� H[DPLQDWLRQ� RI� FRPSOHWH� EORRG�
FRXQW��ELRFKHPLVWU\�DQG�FRDJXODWLRQ�VWDWXV�ZDV�
SHUIRUPHG��0DLQ� KHDG� DUWHULHV�ZHUH� H[DPLQHG�
ZLWK�6RQL[�63��&DQDGD��E\�FRORU�FRGHG�GXSOH[�
VFDQQLQJ�XVLQJ�����+]�WUDQVGXFHU��7KH�WKLFNQHVV�
RI�WKH�FDURWLG�DUWHU\�LQWLPD�PHGLD�FRPSOH[�ZDV�
PHDVXUHG�E\�%�PRGH�LPDJLQJ�LQ�UHDO�WLPH�XVLQJ�
D�VWDQGDUG�SURJUDP�IRU�DXWRPDWLF�DYHUDJLQJ�RI�
YDOXHV��:LWK� SXOVH� 'RSSOHU� VRQRJUDSK\� VSHHG�
SDUDPHWHUV� RI� EORRG� IORZ� ZHUH� PHDVXUHG��
1HXURLPDJLQJ� H[DPLQDWLRQ� RI� WKH� EUDLQ� ZDV�
FRQGXFWHG� E\� ����7HVOD� 05,� �*(� +7;� 6LJPD�
u� 86$���$Q� LVFKHPLF� VWURNH� LQ� WKH� WHUULWRU\� RI�
WKH�0&$�ZDV�GLDJQRVHG�DQG�FRQILUPHG�E\�&7�
VFDQ� RI� WKH� EUDLQ��$OO� FULWHULD� RI� WKH� 1DWLRQDO�
+HDOWK�,QVXUDQFH�)XQG�IRU�WKURPERO\WLF�WKHUDS\�
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ZHUH�PHW�DQG�WKH�SDWLHQW�XQGHUZHQW�LQWUDYHQRXV�
WKURPERO\VLV�ZLWK�UW�3$�E\�SURWRFRO�

5HVXOWV

,Q�DGPLVVLRQ�WKH�SDWLHQW�ZDV�FRQVFLRXV��ZLWK�DQ�
DFXWH�OHIW�VLGHG�KHPLSOHJLD��7KH�ODERUDWRU\�EORRG�
UHVXOWV�ZHUH� QRUPDO� H[FHSW� IRU� G\VOLSLGHPLD�� ,Q�
DEVHQFH� RI� FRQWUDLQGLFDWLRQV� DQG� DIWHU� VLJQLQJ�
DQ�LQIRUPHG�FRQVHQW�IURP�WKH�SDWLHQW
V�UHODWLYHV��
LQWUDYHQRXV� WKURPERO\VLV� ZDV� SHUIRUPHG�� ,Q�
WKH� QH[W� ��� KRXUV� DIWHU� WKH� WKURPERO\VLV� WKHUH�
ZDV�QR�FKDQJH�LQ�WKH�IRFDO�QHXURORJLFDO�GHILFLW��
(PHUJHQF\� 05,� DQG� PDJQHWLF� UHVRQDQFH�
DQJLRJUDSK\� �05$�� ZHUH� SHUIRUPHG� EHFDXVH�
RI� ZRUVHQLQJ� VLJQV� RI� LQFUHDVHG� LQWUDFUDQLDO�
SUHVVXUH�� VKRZLQJ� SHUVLVWLQJ� LVFKHPLD� LQ� WKH�
0&$�WHUULWRU\��VHYHUH�FHUHEUDO�HGHPD�DQG�VLJQV�
RI�KDHPRUUKDJLF� LQIDUFWLRQ� �ILJ������2Q� WKH� WKLUG�
GD\� DIWHU� WKH� V\PSWRPV� RQVHW� DQG� IROORZLQJ� D�
QHXURVXUJLFDO�FRQVXOWDWLRQ��WKH�SDWLHQW�XQGHUZHQW�
GHFRPSUHVVLYH� FUDQLHFWRP\�� ,Q� WKH� QH[W� IHZ�
GD\V� WKH� SDWLHQWqV� FRQGLWLRQ� LPSURYHG� ZLWK� IXOO�
UHJUHVVLRQ� RI� HGHPD� EXW� SHUVLVWLQJ� VHYHUH� OHIW�
FHQWUDO�KHPLSDUHVLV�WR�KDQG�PRQRSOHJLD��5DQNLQ�
VFRUH� ����$Q� LPSURYHPHQW� RI� IRFDO� QHXURORJLFDO�
V\PSWRPV�DIWHU�WKUHH�PRQWKV�WR�PLOG�FHQWUDO�OHIW�
VLGHG�KHPLSDUHVLV�ZDV�UHSRUWHG��5DQNLQ�VFRUH����

'LVFXVVLRQ

0DOLJQDQW�FHUHEUDO�LVFKHPLD�RFFXUV�LQ�D�VLJQLILFDQW�
QXPEHU� RI� SDWLHQWV� ZLWK� DFXWH� FHUHEURYDVFXODU�
LQFLGHQWV��7KH�PRUWDOLW\�UDWH�LQ�WKRVH�SDWLHQWV�LV�YHU\�
KLJK�GXH�WR�SURJUHVVLYH��VHYHUH�FHUHEUDO�HGHPD��
,Q� WKHVH�SDWLHQWV�GHFRPSUHVVLYH�FUDQLHFWRP\� LV�
LQGLFDWHG�DQG�LV�DSSOLHG�DIWHU�DQ�H[DFW�FOLQLFDO�DQG�
QHXURLPDJLQJ�HYDOXDWLRQ��7KH�RSWLPDO�WUHDWPHQW�RI�
EUDLQ�HGHPD�LQFOXGHV�RVPRWKHUDS\�ZLWK�PDQQLWRO��
EORRG� SUHVVXUH� FRQWURO�� KHDG� HOHYDWLRQ� WR� �����
PDLQWHQDQFH� RI� QRUPRWKHUPLD�� QRUPRJO\FHPLD�
DQG�QRUPRYROHPLD��,WqV�FRQVLGHUHG�WKDW�WKH�HDUO\�
GHFRPSUHVVLYH� FUDQLHFWRP\� OHDGV� WR� EHWWHU�
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Ï¿ÆÈÊº½ÂÑÇÈ�ÂÇÎºÊÐÂÊºÇ¿�Â�¾ÂËÅÈÄºÐÂÙ�

)LJ���� MRI of the brain – ischemic stroke in MCA territory with hemorrhagic transformation 
DQG�GLVORFDWLRQ�RQ�WKH�OHIW�
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½Ã¼Ë»ÑÃÉÈÈ»�¼ÉÆÀÌÍ�
ÉÍ�ÆÉÅ»ÆÈÃ�½Ã¼Ë»ÑÃÃ��
Å»ÊÃÆÚËÉÌÅÉÊÃÚ��
Æ»ÂÀËÈ»�¿ÉÊÆÀËÉ½»�
ÏÆÉÎÇÀÍËÃÚ��
ÍÀËÇÉ¾Ë»ÏÃÚ

¥ÆÙÒÉ½Ã�¿ÎÇÃ� 
FDSLOODURVFRS\��
KDQG�DUP�YLEUDWLRQ�
V\QGURPH��
ODVHU�'RSSOHU�IORZPHWU\�
PLFURFLUFXODWLRQ��
WKHUPRJUDSK\
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0LFURYDVFXODU� GDPDJHV� DQG� G\VIXQFWLRQV� DUH�
VRPH�RI�WKH�PRUSKRORJLFDO�DQG�IXQFWLRQDO�PDUNHUV 
RI�KDQG�DUP�YLEUDWLRQ�V\QGURPH��+$96���D�VSHFLILF�
RFFXSDWLRQDO�GLVHDVH�FDXVHG�E\�H[SRVXUH� WR�YL-
EUDWLRQ�DW�ZRUN��FKDUDFWHUL]HG�E\�SHULSKHUDO�YDVFX-
ODU��QHUYRXV�DQG�PXVFXORVNHOHWDO�DEQRUPDOLWLHV�LQ�
WKH�XSSHU�OLPEV��7KH�PLFURYDVFXODU�FKDQJHV�DUH�
FKDUDFWHUL]HG�E\�VSDVP��5D\QDXGqV�SKHQRPHQRQ��
DQG�WKURPERVLV�VHFRQGDU\�WR�YLEUDWLRQ�H[SRVXUH��

0DQ\� UHJXODWRU\� IDFWRUV� SDUWLFLSDWH� LQ�
SDWKRSK\VLRORJLFDO� PHFKDQLVPV� RI� YLEUDWLRQ�
LQGXFHG� PLFURYDVFXODU� FKDQJHV�� $XWRQRPLF�
G\VEDODQFH� ZLWK� LQFUHDVHG� V\PSDWKHWLF� DFWLYLW\�
DQG�RU� SDUDV\PSDWKHWLF� GHSUHVVLRQ�� SUREDEO\�
LQLWLDWHG�E\�RYHUVWLPXODWLRQ�RI�3DFLQLDQ�FRUSXVFOHV�
KDV�EHHQ�HVWDEOLVKHG�>����@��0HFKDQLFDO�GDPDJH�
WR�EORRG�YHVVHOV��YDVRUHJXODWRU\�QHUYH�HOHPHQWV��
HVSHFLDOO\� V\PSDWKHWLF� YDVRFRQVWULFWRU� QHUYHV�
DQG� UHFHSWRUV� LQ� ILQJHUV� DQG� GLJLWDO� FXWDQHRXV�
SHULYDVFXODU� QHUYHV� FRQWDLQLQJ� WKH� QHXURSHSWLGH�
ZLWK�SRZHUIXO�YDVRGLODWRU�SURSHUWLHV�FDOFLWRQLQ�JHQH�
UHODWHG�SHSWLGH��&*53��KDV�EHHQ�GHVFULEHG�>������
�����@��3DLQ�PHGLDWLQJ�QHUYH�ILEHUV�DQG�UHFHSWRUV��
WHPSHUDWXUH�QHUYH�HQGLQJV��PHFKDQRUHFHSWRUV�DW�
WKH� ILQJHUWLSV�DUH�DIIHFWHG�E\�KDQG�DUP�YLEUDWLRQ�
>�@��7KH�QHXUDO�GHILFLW�LQ�GLJLWDO�VNLQ�RI�SDWLHQWV�ZLWK�
953� KDV� D� IXQFWLRQDO� FRXQWHUSDUW� ZLWK� UHGXFHG�
DELOLW\� WR� SURSDJDWH� DQ� D[RQ�UHIOH[� YDVRGLODWRU�
UHVSRQVH� >�@�� 9DULRXV� GHJUHHV� DQG� IRUPV� RI�
HQGRWKHOLDO�GDPDJH�DQG�G\VIXQFWLRQV�PD\�GHULYH�
DV�D�UHVXOW�RI�KDQG�DUP�YLEUDWLRQ�H[SRVXUH�>��@��

7KH�REMHFWLYH�RI�WKH�VWXG\�LV�WR�DVVHVV�QRQ-
LQYDVLYHO\�PLFURYDVFXODU�PRUSKRORJLFDO�DQG�IXQF-
WLRQDO�FKDQJHV�LQ�SDWLHQWV�ZLWK�+$96�

0DWHULDO�DQG�0HWKRGV

7KLUW\�+$96�SDWLHQWV�DQG����KHDOWK\�FRQWUROV�ZHUH�
LQFOXGHG� LQ� WKH� VWXG\�� $IWHU� DFFOLPDWL]DWLRQ�� DOO�
VXEMHFWV�XQGHUZHQW�QDLOIROG�FDSLOODURVFRS\��LQIUDUHG�
WKHUPRJUDSK\�DQG�ILQJHUWLS�ODVHU�'RSSOHU�IORZPHWU\��
7KH�QDLOIROG�FDSLOODURVFRS\�ZDV�SHUIRUPHG� LQ� WKH�
HSRQ\FKLXP�RI�WKH�ILQJHUV�ZLWK�D�PLFURVFRSH�DW���ß�
WR���ß�PDJQLILFDWLRQ��6NLQ�EORRG�IORZ�RI�WKH�YRODU�SDUW�
RI� WKH�ILQJHUWLSV�ZDV�PHDVXUHG� LQ�SHUIXVLRQ�XQLWV�
�38��XVLQJ�ODVHU�'RSSOHU�IORZPHWHU�3HULIOX[�����DV�
LQLWLDO�YDOXHV��DW�D�WHPSHUDWXUH�RI����&�ZLWK�KDQGV�

§ÃÅËÉ½»ÌÅÎÆ»ËÈÃÍÀ� Î½ËÀÁ¿»ÈÃÚ� Ã� ¿ÃÌ-
ÏÎÈÅÑÃÃ� Ì»� Ò»ÌÍ� ÉÍ�ÇÉËÏÉÆÉ¾ÃÒÈÃÍÀ� Ã�ÏÎÈÅ-
ÑÃÉÈ»ÆÈÃÍÀ� ÉÍÆÃÒÃÍÀÆÈÃ� Ð»Ë»ÅÍÀËÃÌÍÃÅÃ� È»�
½Ã¼Ë»ÑÃÉÈÈ»Í»� ¼ÉÆÀÌÍ� ÉÍ� ÆÉÅ»ÆÈÉ� ½Ã¼ËÉ½ÕÂ-
¿ÀÄÌÍ½ÃÀ��ÅÉÚÍÉ�À�ÌÊÀÑÃÏÃÒÈÉ�ÊËÉÏÀÌÃÉÈ»ÆÈÉ�
Â»¼ÉÆÚ½»ÈÀ�� ÊËÀ¿ÃÂ½ÃÅ»ÈÉ� ÉÍ� ÀÅÌÊÉÂÃÑÃÚ� È»�
½Ã¼Ë»ÑÃÃ�½�ÎÌÆÉ½ÃÚÍ»�È»�ÍËÎ¿»��°»Ë»ÅÍÀËÃÂÃ-
Ë»�ÌÀ�Ì�ÊÀËÃÏÀËÈÃ�ÌÕ¿É½Ã��ÈÀË½ÈÃ�Ã�ÇÎÌÅÎÆ-
ÈÉ�ÌÅÀÆÀÍÈÃ� È»ËÎÓÀÈÃÚ� ½� ¾ÉËÈÃÍÀ� ÅË»ÄÈÃÑÃ��
§ÃÅËÉ½»ÌÅÎÆ»ËÈÃÍÀ� ÊËÉÇÀÈÃ� ÌÀ� ÃÂË»ÂÚ½»Í�
½� ÌÊ»ÂÕÇ�� ÏÀÈÉÇÀÈ� È»� «ÀÄÈÉ� ÃÆÃ� ÍËÉÇ¼ÉÂ»�
½ÌÆÀ¿ÌÍ½ÃÀ�ÀÅÌÊÉÂÃÑÃÚ�È»�½Ã¼Ë»ÑÃÃ�

«À¿ÃÑ»� ËÀ¾ÎÆ»ÍÉËÈÃ� Ï»ÅÍÉËÃ� ÎÒ»ÌÍ½»Í� ½�
Ê»ÍÉ�ÏÃÂÃÉÆÉÃÒÈÃÍÀ�ÇÀÐ»ÈÃÂÇÃ�È»�½Ã¼Ë»ÑÃÉÈ-
ÈÉ� É¼ÎÌÆÉ½ÀÈÃÍÀ� ÇÃÅËÉ½»ÌÅÎÆ»ËÈÃ� ÊËÉÇÀÈÃ��
®ÌÍ»ÈÉ½ÀÈ�À�»½ÍÉÈÉÇÀÈ�¿ÃÌ¼»Æ»ÈÌ�Ì�Î½ÀÆÃÒÀÈ»�
ÌÃÇÊ»ÍÃÅÉ½»�»ÅÍÃ½ÈÉÌÍ�ÃÆÃ�Ê»Ë»ÌÃÇÊ»ÍÃÅÉ½»�
¿ÀÊËÀÌÃÚ�½ÀËÉÚÍÈÉ�½ÌÆÀ¿ÌÍ½ÃÀ�Ì½ËÕÐÌÍÃÇÎÆ»-
ÑÃÚ�È»�ÅÉËÊÎÌÅÎÆÃÍÀ�È»�ª»ÒÃÈÃ�>����@��©ÊÃÌ»-
ÈÃ�ÌÀ�ÇÀÐ»ÈÃÒÈÃ�Î½ËÀÁ¿»ÈÃÚ�È»�ÅËÕ½ÉÈÉÌÈÃÍÀ�
ÌÕ¿É½À�� ½»ÂÉËÀ¾ÎÆ»ÍÉËÈÃÍÀ� ÈÀË½ÈÃ� ÀÆÀÇÀÈÍÃ��
ÉÌÉ¼ÀÈÉ� È»� ÌÃÇÊ»ÍÃÅÉ½ÃÍÀ� ½»ÂÉÅÉÈÌÍËÃÅÍÉË-
ÈÃ�ÈÀË½Ã�Ã�ËÀÑÀÊÍÉËÃ�½�ÊËÕÌÍÃÍÀ��È»�ÅÉÁÈÃ-
ÍÀ�ÊÀËÃ½»ÌÅÎÆ»ËÈÃ�ÈÀË½Ã��ÌÕ¿ÕËÁ»ÔÃ�ÈÀ½ËÉ-
ÊÀÊÍÃ¿»� Ì� ÇÉÔÈÉ� ½»ÂÉ¿ÃÆ»Í»ÍÉËÈÉ� ¿ÀÄÌÍ½ÃÀ�
u� Å»ÆÑÃÍÉÈÃÈ� ¾ÀÈÈÉ�Ì½ÕËÂ»È� ÊÀÊÍÃ¿� >��� ��� ���
��@��®½ËÀÁ¿»Í�ÌÀ�ÈÀË½ÈÃÍÀ�½Æ»ÅÈ»�Ã�ËÀÑÀÊÍÉ-
ËÃ��ÇÀ¿ÃÃË»ÔÃ�¼ÉÆÅ»��ÍÀÇÊÀË»ÍÎËÈÃÍÀ�ÈÀË½ÈÃ�
ÉÅÉÈÒ»ÈÃÚ��ÇÀÐ»ÈÉËÀÑÀÊÍÉËÃÍÀ�½�ÊËÕÌÍÃÍÀ�È»�
ËÕÑÀÍÀ� >�@��¨À½Ë»ÆÈÃÚÍ�¿ÀÏÃÑÃÍ�½�ÅÉÁ»Í»�È»�
ÊËÕÌÍÃÍÀ�È»�ËÕÑÀÍÀ�ÊËÃ�¼ÉÆÈÃ�Ì�½Ã¼Ë»ÑÃÉÈÈ»�
¼ÉÆÀÌÍ�ÏÎÈÅÑÃÉÈ»ÆÈÉ�ÉÍ¾É½»ËÚ�È»�ËÀ¿ÎÑÃË»È»�
½ÕÂÇÉÁÈÉÌÍ� Â»� Ë»ÂÊËÉÌÍË»ÈÚ½»ÈÀ� È»� »ÅÌÉÈ�
ËÀÏÆÀÅÌÈÃÚ�½»ÂÉ¿ÃÆ»Í»ÍÉËÀÈ�ÉÍ¾É½ÉË�>�@��«»Â-
ÆÃÒÈÃ�ÌÍÀÊÀÈÃ�Ã�ÏÉËÇÃ�È»�ÀÈ¿ÉÍÀÆÈÉ�Î½ËÀÁ-
¿»ÈÀ�Ã�¿ÃÌÏÎÈÅÑÃÃ�ÊËÉÃÂÍÃÒ»Í�½�ËÀÂÎÆÍ»Í�È»�
ÀÅÌÊÉÂÃÑÃÚ�È»�ÆÉÅ»ÆÈÃ�½Ã¼Ë»ÑÃÃ�>��@��

±ÀÆ�È»�ÊËÉÎÒ½»ÈÀÍÉ�À�¿»�ÌÀ�ÉÑÀÈÚÍ�ÇÃÅËÉ-
½»ÌÅÎÆ»ËÈÃÍÀ� ÇÉËÏÉÆÉ¾ÃÒÈÃ� Ã� ÏÎÈÅÑÃÉÈ»ÆÈÃ�
ÊËÉÇÀÈÃ�ÊËÃ�¼ÉÆÈÃ�Ì�½Ã¼Ë»ÑÃÉÈÈ»�¼ÉÆÀÌÍ�ÉÍ�
ÆÉÅ»ÆÈÉ�½Ã¼ËÉ½ÕÂ¿ÀÄÌÍ½ÃÀ��

§»ÍÀËÃ»Æ�Ã�ÇÀÍÉ¿Ã

£ÂÌÆÀ¿½»ÈÃ�Ì»����¼ÉÆÈÃ�Ì�½Ã¼Ë»ÑÃÉÈÈ»�¼É-
ÆÀÌÍ�ÉÍ�ÆÉÅ»ÆÈÉ�½Ã¼ËÉ½ÕÂ¿ÀÄÌÍ½ÃÀ�Ã����Â¿Ë»½Ã�
ÆÃÑ»��¬ÆÀ¿�»ÅÆÃÇ»ÍÃÂ»ÑÃÚ�ÅÕÇ�Æ»¼ÉË»ÍÉËÈÃÍÀ�

DEQRUPDO�� /RVV� RI� YHQR�DUWHULRODU� UHIOH[� UHVSRQVHV� ZDV� HVWDEOLVKHG� LQ� ������ RI�
YLEUDWLRQ�LQGXFHG�VHFRQGDU\�5D\QDXGqV�SKHQRPHQRQ�SDWLHQWV�SURYLQJ�ORFDO�YDVRPRWRU�
G\VIXQFWLRQ� UHIOHFWLQJ� HLWKHU� SRVWJDQJOLRQDU� V\PSDWKHWLF� LQVXIILFLHQF\� ZLWK� YDVFXODU�
WRQH� IDLOXUH� RU� DOWHUHG� PLFURYDVFXODU� VPRRWK� PXVFOH� FHOOVq� UHVSRQVHV�� $� QHJDWLYH�
FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�LQFUHDVLQJ�FDSLOODU\�DEQRUPDOLWLHV�DQG�GHFUHDVLQJ�IORZ�
UDWHV�DW�UHVW�DQG�VNLQ�EORRG�IORZ�UHVSRQVHV�LQ�YHQRDUWHULRODU�UHIOH[�WHVW�

'LVFXVVLRQ�� 7KH� DVVHVVPHQW� RI� QXWULWLRQDO� FDSLOODU\� VNLQ� EORRG� IORZ� E\�
FDSLOODURVFRS\�DQG�JOREDO�VNLQ�EORRG�IORZ�LQFOXGLQJ�WKHUPRUHJXODWRU\�PLFURFLUFXODWLRQ�
E\� 'RSSOHU� IORZPHWU\� DQG� LQIUDUHG� WKHUPRJUDSK\� JLYH� WKRURXJK� LQIRUPDWLRQ� DERXW�
VNLQ�PLFURYDVFXODU�FLUFXODWLRQ�DQG�YDVRPRWRU�IXQFWLRQ��0RUSKRORJLFDO�DQG�IXQFWLRQDO�
DVVHVVPHQW� RI� WKH� FXWDQHRXV� PLFURYDVFXODWXUH� KDV� D� FUXFLDO� VLJQLILFDQFH� IRU�
GLDJQRVLV��SURJQRVLV�DQG�WUHDWPHQW�RI�SDWLHQWV�ZLWK�KDQG�DUP�YLEUDWLRQ�V\QGURPH�
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ÎÌÆÉ½ÃÚ�È»�½ÌÃÒÅÃ�À�È»ÊË»½ÀÈ»�Å»ÊÃÆÚËÉÌÅÉ-
ÊÃÚ�Ã�ÃÈÏË»ÒÀË½ÀÈ»�ÍÀËÇÉ¾Ë»ÏÃÚ�Ì�ÊÉÌÆÀ¿½»-
Ô»�Æ»ÂÀËÈ»�¿ÉÊÆÀËÉ½»�ÏÆÉÎÇÀÍËÃÚ��¥ÉÁÈÃÚÍ�
ÅËÕ½ÀÈ�ÍÉÅ�È»�½ÉÆ»ËÈ»Í»�ÌÍË»È»�È»�½ÕËÐ»�È»�
ÊËÕÌÍÃÍÀ�È»�ËÕÑÀÍÀ��ÃÂÌÆÀ¿½»È�½�ÊÀËÏÎÂÃÉÈ-
ÈÃ�À¿ÃÈÃÑÃ��38���À�ÇÉÈÃÍÉËÃË»È�ÒËÀÂ�Æ»ÂÀË�
¿ÉÊÆÀËÉ½�ÏÆÉÎÇÀÍÕË�3HULIOX[�����Å»ÍÉ�ÃÂÐÉ¿È»�
ÌÍÉÄÈÉÌÍ��ÊËÃ�ÍÀÇÊÀË»ÍÎË»�ÉÍ����&�Ì�ËÕÑÀ�È»�
ÈÃ½ÉÍÉ�È»�ÌÕËÑÀÍÉ�½ÕËÐÎ�ÌÍÀËÈÎÇ»��38K��Ã�½Õ½�
½ÃÌÚÔÉ�ÊÉÆÉÁÀÈÃÀ�È»�ËÕÅ»Í»��38G��Â»�ÃÂÌÆÀ¿-
½»ÈÀ� È»� ÇÃÅËÉ½»ÌÅÎÆ»ËÈÃÍÀ� ËÀÏÆÀÅÌÈÃ� ÉÍ¾É-
½ÉËÃ� �9$5���£ÂÒÃÌÆÀÈÃ�Ì»�ÌÆÀ¿ÈÃÍÀ�ÃÈ¿ÀÅÌÃ��
GHOWD�9$5��é9$5���ÃÂÒÃÌÆÀÈ»�ÒËÀÂ��38G�u�38K���
ÊËÉÑÀÈÍÈ»�ÊËÉÇÚÈ»�È»�ÊÀËÏÎÂÃÚÍ»���FKDQJH��
u� >�é9$5�38K�����@�Ã�½ÀÈÉ»ËÍÀËÃÉÆ»ËÀÈ�ÅÉÈÌ-
ÍËÃÅÍÉËÀÈ�ÉÍ¾É½ÉË��9$&��u�>�38G�38K�@�

«ÀÂÎÆÍ»ÍÃ

¬Ê»ÌÍÃÒÈÃÍÀ�ÌÍÀÌÈÀÈÃ�Å»ÊÃÆÚËÃ�ÃÆÃ�Å»ÊÃ-
ÆÚËÈ»Í»�¿ÃÆ»Í»ÑÃÚ�Ã�Â»ÊÆÀÍÀÈÉÌÍ�Ì�»ÈÀ½ËÃÂÇÃ�
Ã�ÊÀËÃÅ»ÊÃÆ»ËÀÈ�ÉÍÉÅ� Ì»� ½É¿ÀÔÃÍÀ�ÉÍÅÆÉÈÀ-
ÈÃÚ�ÊËÃ�¼ÉÆÈÃÍÀ�Ì�½Ã¼Ë»ÑÃÉÈÈ»�¼ÉÆÀÌÍ�ÉÍ�ÆÉ-
Å»ÆÈÉ�½Ã¼ËÉ½ÕÂ¿ÀÄÌÍ½ÃÀ��S���������ÏÃ¾������

£ÂÐÉ¿ÈÃÍÀ� ÌÍÉÄÈÉÌÍÃ� È»� ÅÉÁÈ»Í»� ÍÀÇÊÀ-
Ë»ÍÎË»� ÊËÃ� ¼ÉÆÈÃÍÀ� Ì� ½Ã¼Ë»ÑÃÉÈÈ»� ¼ÉÆÀÌÍ�
Ì»�ÊÉ�ÈÃÌÅÃ�ÉÍ�ÍÀÂÃ�ÊËÃ�ÅÉÈÍËÉÆÈÃÍÀ�Â¿Ë»½Ã�
ÆÃÑ»�� ®ÌÍ»ÈÉ½Ú½»� ÌÀ� ÐÃÊÉÍÀËÇÃÚ� ½� ËÕÑÀÍÀ� Ã�
ÉÌÉ¼ÀÈÉ�½�ÊËÕÌÍÃÍÀ�È»�ËÕÑÀÍÀ�ÊËÃ�ÃÈÏË»ÒÀË-
½ÀÈ»�ÍÀËÇÉ¾Ë»ÏÃÚ��ÊËÀ¿ÌÍ»½ÀÈ»�È»�ÏÃ¾����

RQ�WKH�VWHUQXP��38K��DV�D�EDVHOLQH�DQG�E\�ORZHULQJ�
WKH�DUP� IURP�KHDUW� OHYHO�KDQJLQJ� LQ�GHSHQGHQF\�
�38G�� WR� WHVW� VNLQ� YHQRDUWHULRODU� PLFURFLUFXODWRU\�
UHIOH[�UHVSRQVHV��9$5���9$5�LQGLFHV�ZHUH�DQDO\]HG��
GHOWD� 9$5� �é9$5�� FDOFXODWHG� DV� �38G� u� 38K���
SHUFHQW�FKDQJH�RI�SHUIXVLRQ���FKDQJH��u��é9$5�
38K�������DQG�YHQRDUWHULRODU�FRQVWULFWLRQ�UHVSRQVH�
�9$&��u��38G�38K��

5HVXOWV

7KH� VSDVWLF� QDUURZHG� FDSLOODULHV� RU� FDSLOODU\�
GLODWDWLRQ� DQG� WRUWXRVLW\� ZLWK� DQHXU\VPV� DQG�
SHULFDSLOODU\� RHGHPD� SUHYDLOHG� LQ� WKH� +$96�
SDWLHQWV��S���������ILJ������

7KH� LQLWLDO� PHDQ� VNLQ� WHPSHUDWXUHV� LQ� +$96�
SDWLHQWV�ZHUH�VLJQLILFDQWO\� ORZHU�FRPSDUHG� WR� WKH�
KHDOWK\� FRQWUROV�� +\SRWKHUP\� RI� WKH� KDQGV� DQG�
HVSHFLDOO\� RI� WKH� ILQJHUV� LQ� +$96� SDWLHQWV� ZDV�
HVWDEOLVKHG�E\�LQIUDUHG�WKHUPRJUDSK\��VHHQ�LQ�ILJ����

7KH� ILQJHUWLS� VNLQ� SHUIXVLRQV� ZHUH� DOVR�
VLJQLILFDQWO\� ORZHU� LQ� SDWLHQWV� WKDQ� LQ� KHDOWK\�
FRQWUROV� �ILJ�� ���� EXW� ZLWK� ZLGH� RYHUODS� RI� WKH�
YDOXHV�LQ�LQGLYLGXDO�FDVHV�

&KDQJHV� LQ� ERGLO\� SDUWVq� SRVLWLRQ� UHODWHG� WR�
WKH�OHYHO�RI�WKH�KHDUW�FDXVH�ORFDO�QHXUDO�UHJXODWRU\�
YDVRPRWRU� UHVSRQVHV�� 7KH� G\QDPLFV� RI� VNLQ�
SHUIXVLRQ�GXULQJ�YHQRDUWHULRODU�WHVW�LV�SUHVHQWHG�LQ�
ILJXUH����9HQRDUWHULRODU�UHIOH[�UHVSRQVHV�WR�ORZHULQJ�
WKH�KDQGV�EHORZ�KHDUWqV�OHYHO�VXSSRVH�D�GHFUHDVH�

®Â½�����¤ºÉÂÅÙÊÈ½ÊºÎÂÂ�ÉÊÂ�¼Â»ÊºÐÂÈÇÇº�»ÈÅ¿ËÌ��«ÉºËÌÂÑÇÂ�ÄºÉÂÅÙÊÂ��¿¾ÂÇÂÑ¿Ç�¾ÂÅºÌÂÊºÇ�ÄºÉÂÅÙÊ��A���¤ÔËÂ��¾ÂÅºÌÂÊºÇÂ��
ÁºÉÅ¿Ì¿ÇÂ�ÄºÉÂÅÙÊÂ��ÇºÆºÅ¿ÇÂ�ÉÈ�»ÊÈÃ�ÂÅÂ�ÅÂÉË¼ºÓÂ������¤ºÉÂÅÙÊ¿Ç�ÉÈÅÂÆÈÊÎÂÁÔÆ�u�ËÄÔË¿ÇÂ��ËÉºËÌÂÑÇÂ��¾ÂÅºÌÂÊºÇÂ�Â�ºÇ¿-
¼ÊÂÁÆºÅÇÂ�ÄºÉÂÅÙÊÂ��«���¡ºÉÅ¿Ì¿ÇÂ��¾ÂÅºÌÂÊºÇÂ�ºÇ¿¼ÊÂÁÆºÅÇÂ�ÄºÉÂÅÙÊÂ��D��

)LJ�����Capillarographies in HAVS�SDWLHQWV��6SDVWLF�FDSLOODULHV��D�VLQJOH�GLODWHG�RQH��A���6KRUWQHG��GLODWHG�FDSLOODU\�ORRSV��GHFUHDVHG�
QXPEHU��ORVV�RI�FDSLOODULHV��B���&DSLOODU\�SRO\PRUSKLVP�u�VKRUWHQHG��VSDVWLF��GLODWHG��DQHXU\VPDO�FDSLOODULHV��C���7RUWXRXV��GLODWHG�DQG�
DQHXU\VPDO�FDSLOODULHV��D��

$ B C '

®Â½�����¢ÇÎÊºÑ¿Ê¼¿Çº�Ì¿ÊÆÈ½ÊºÎÂÙ�ÉÊÂ�»ÈÅÇÂ�Ë�¼Â»ÊºÐÂÈÇÇº�»ÈÅ¿ËÌ��¬¿ÊÆÈºÆÉÍÌºÐÂÙ�Çº�¾ÂËÌºÅÇÂÌ¿�ÎºÅºÇ½Â�Çº�ÉÊÔËÌÂÌ¿�
Ë�Ì¿ÆÉ¿ÊºÌÍÊ¿Ç�½Êº¾Â¿ÇÌ�ÄÂÌÄº�ÉÊÔËÌÂ�¾È����«������¬¿ÊÆÈºÆÉÍÌºÐÂÙ�Çº�ÉÊÔËÌÂÌ¿�Â�¾ÂËÌºÅÇºÌº�ÑºËÌ�Çº�ÄÂÌÄºÌº�Ë�
Ì¿ÆÉ¿ÊºÌÍÊ¿Ç�½Êº¾Â¿ÇÌ�ÄÂÌÄº�ÉÊÔËÌÂ�¾È������«�����

)LJ�����,QIUDUHG�WKHUPRJUDSK\�LQ�+$96��7KHUPRDPSXWDWLRQ�RI�WKH�GLVWDO�SKDODQJHV�RI�WKH�ILQJHUV�ZLWK�WHPSHUDWXUH�JUDGLHQW�ZULVW�ILQJHUV�XS�
WR���&��A���7KHUPRDPSXWDWLRQ�RI�WKH�ILQJHUV�DQG�GLVWDO�SDOPV�ZLWK�WHPSHUDWXUH�JUDGLHQW�ZULVW�ILQJHUV�XS�WR�����&��B��

$ B
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�ÉÌÍÉ½ÀËÈÉ�ÊÉ�ÈÃÌÅÃ�Ì»�Ã�ÌÍÉÄÈÉÌÍÃÍÀ�È»�
ÅÉÁÈ»Í»� ÊÀËÏÎÂÃÚ� È»� ½ÕËÐÉ½ÃÍÀ� Ï»Æ»È¾Ã� È»�
ÊËÕÌÍÃÍÀ�È»�ËÕÑÀÍÀ�ÊËÃ�¼ÉÆÈÃÍÀ�ÌÊËÚÇÉ�Â¿Ë»-
½ÃÍÀ�ÆÃÑ»��ÏÃ¾������ÈÉ�Ì�ÓÃËÉÅÉ�ÊËÃÊÉÅËÃ½»ÈÀ�
È»�ÌÍÉÄÈÉÌÍÃÍÀ�ÇÀÁ¿Î�ÃÈ¿Ã½Ã¿Î»ÆÈÃÍÀ�ÌÆÎÒ»Ã�

ªËÉÇÀÈÃÍÀ�½�ÊÉÂÃÑÃÚÍ»�È»�Ò»ÌÍÃ�ÉÍ�ÍÚÆÉ-
ÍÉ� ÌÊËÚÇÉ� ÈÃ½ÉÍÉ� È»� ÌÕËÑÀÍÉ� ÊËÀ¿ÃÂ½ÃÅ½»Í�
ÆÉÅ»ÆÈÃ� ÈÀ½Ë»ÆÈÃ� ËÀ¾ÎÆ»ÍÉËÈÃ� ½»ÂÉÇÉÍÉË-
ÈÃ�ÉÍ¾É½ÉËÃ���ÃÈ»ÇÃÅ»Í»� È»� ÅÉÁÈ»Í»�ÊÀËÏÎ-
ÂÃÚ� ÊÉ� ½ËÀÇÀ� È»� ½ÀÈÉ»ËÍÀËÃÉÆ»ËÈÃÚ� ÍÀÌÍ� À�
ÊËÀ¿ÌÍ»½ÀÈ»� È»� ÏÃ¾�� ��� �ÀÈÉ»ËÍÀËÃÉÆ»ËÈÃÍÀ�
ËÀÏÆÀÅÌÈÃ�ÉÍ¾É½ÉËÃ�ÊËÃ�ÌÊÎÌÅ»ÈÀ�È»�ËÕÑÀÍÀ�
ÊÉ¿�ÈÃ½ÉÍÉ�È»�ÌÕËÑÀÍÉ�¼Ã�ÍËÚ¼½»ÆÉ�¿»�ÊËÀ¿ÃÂ-
½ÃÅ½»Í�È»Ç»ÆÚ½»ÈÀ�È»�ÅÉÁÈ»Í»�ÊÀËÏÎÂÃÚ��­ÉÂÃ�
ËÀÏÆÀÅÌÀÈ�ÉÍ¾É½ÉË�À�È»ËÎÓÀÈ�ÊËÃ�¼ÉÆÈÃÍÀ�Ì�
½Ã¼Ë»ÑÃÉÈÈ»� ¼ÉÆÀÌÍ�� �ÉÌÍÉ½ÀËÈÉ� È»Ç»ÆÀÈ� À�
ÌÃÇÊ»ÍÃÅÉ½É� ÇÀ¿ÃÃË»ÈÃÚÍ� »ÅÌÉÈ�ËÀÏÆÀÅÌÀÈ�
ÉÍ¾É½ÉË�¼ÀÂ�ÊËÉÇÀÈÃ�½�ÌÍÉÄÈÉÌÍÃÍÀ�È»�ÅÉÁÈÃÚ�
ÅËÕ½ÀÈ�ÍÉÅ�ÃÆÃ�¿ÉËÃ�Î½ÀÆÃÒ»½»ÈÀ�½ÇÀÌÍÉ�È»-
Ç»Æ»½»ÈÀ�È»�ÅÉÁÈ»Í»�ÊÀËÏÎÂÃÚ��

�ÀÈÉ»ËÍÀËÃÉÆ»ËÈÃÍÀ� ÃÈ¿ÀÅÌÃ� ÊËÃ� ¼ÉÆÈÃ-
ÍÀ�ÉÍ�½Ã¼Ë»ÑÃÉÈÈ»�¼ÉÆÀÌÍ�Ì»�¿ÉÌÍÉ½ÀËÈÉ�»¼-
ÈÉËÇÈÃ� ÌÊËÚÇÉ� Â¿Ë»½ÃÍÀ� ÆÃÑ»�� ªËÉÑÀÈÍÈÃÍÀ�
ÊËÉÇÀÈÃ� Ã� ¿ÀÆÍ»� ÊÀËÏÎÂÃÉÈÈÃÍÀ� ÃÈ¿ÀÅÌÃ� Ì»�
¿ÉÌÍÉ½ÀËÈÉ�ÊÉ�½ÃÌÉÅÃ�½�ÅÉÈÍËÉÆÈ»Í»�¾ËÎÊ»�ÉÍ�
Â¿Ë»½Ã�ÆÃÑ»�ÌÊËÚÇÉ�¾ËÎÊ»Í»�È»�¼ÉÆÈÃÍÀ���»-
ÑÂÉÅÉÈÌÍËÃÅÍÉËÈÃÍÀ�ÃÈ¿ÀÅÌÃ�Ì»�ÌÕÔÉ�Ë»ÂÆÃÒ-
ÈÃ�ÇÀÁ¿Î�¾ËÎÊÃÍÀ��ªÉ�½ÃÌÉÅÃ�Ì»�ÊËÃ�¼ÉÆÈÃÍÀ�Ì�
½Ã¼Ë»ÑÃÉÈÈ»�¼ÉÆÀÌÍ��S����������¦ÃÊÌ»�È»�½À-

RI�PLVFURYDVFXODU�VNLQ�SHUIXVLRQ��,Q�+$96�SDWLHQWV�
WKLV�UHIOH[�ZDV�TXLWH�DEQRUPDO��6LJQLILFDQWO\�UHGXFHG�
V\PSDWKHWLFDOO\�PHGLDWHG�D[RQ�UHIOH[�UHVSRQVH�ZDV�
HVWDEOLVKHG� LQ� +$96� SDWLHQWV�ZLWKRXW� FKDQJHV� LQ�
VNLQ�EORRG�IORZ�YDOXHV�RU�HYHQ�DQ�LQFUHDVH�LQVWHDG�
RI�D�GHFUHDVH�RI�VNLQ�SHUIXVLRQ�

7KH� YHQRDUWHULRODU� LQGLFHV�ZHUH� VLJQLILFDQWO\�
GLIIHUHQW� EHWZHHQ� +$96� SDWLHQWV� DQG� KHDOWK\�
FRQWUROV�� 7KH� SHUFHQW� FKDQJHV� DQG� GHOWD�
SHUIXVLRQ�LQGLFHV�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�WKH�
FRQWURO�JURXS�FRPSDUHG�WR�WKH�+$96�JURXS��7KH�
YDVRFRQVWULFWLRQ� LQGLFHV� EHWZHHQ� SDWLHQWV� DQG�

®Â½�� ��� ¢ÁÏÈ¾Çº� ÄÈÀÇº� É¿ÊÎÍ-
ÁÂÙ��38�u�É¿ÊÎÍÁÂÈÇÇÂ�¿¾ÂÇÂÐÂ��
�� �� ½ÊÍÉº� Çº� Á¾Êº¼Â� ÄÈÇÌÊÈÅÂ��
��u�½ÊÍÉº�Çº�ÉºÐÂ¿ÇÌÂ�Ë�¼Â»Êº-
ÐÂÈÇÇº�»ÈÅ¿ËÌ�

)LJ�� ��� ,QLWLDO� ILQJHUWLS� VNLQ� SHU-
IXVLRQ�� 38� u� SHUIXVLRQ� XQLWV�� ��
u� JURXS� RI� KHDOWK\� FRQWUROV�� �� u�
+$96�JURXS�

®Â½�� ����ÂÇºÆÂÄº� Çº� ÄÈÀÇºÌº� É¿ÊÎÍÁÂÙ� ÉÊÂ� ¼¿ÇÈºÊÌ¿ÊÂ-
ÈÅºÊÇÂÙ�Ì¿ËÌ��38�u�É¿ÊÎÍÁÂÈÇÇÂ�¿¾ÂÇÂÐÂ��©����38L�u�ÇºÑºÅ-
ÇÂ�©���38E�u�»ºÁºÅÇÂ�©��ÉÊÂ����«��38K�u�©��Çº�ÇÂ¼ÈÌÈ�Çº�
ËÔÊÐ¿ÌÈ��38G�u�©��ÉÈ¾�ÇÂ¼ÈÌÈ�Çº�ËÔÊÐ¿ÌÈ��53�u�Î¿ÇÈÆ¿Ç�
Çº� ª¿ÃÇÈ� �®ª��� 6VF� u� ËÄÅ¿ÊÈ¾¿ÊÆÂÙ�� ÊÝ������� ËÊº¼Ç¿Çº� Ë�
ÉÊ¿¾ÏÈ¾ÇºÌº�É¿ÊÎÍÁÂÈÇÇº�ËÌÈÃÇÈËÌ�

)LJ�����'\QDPLFV�RI�VNLQ�SHUIXVLRQ�GXULQJ�YHQRDUWHULRODU�WHVW�
38�u�SHUIXVLRQV�XQLWV��38L�u�LQLWLDO�38��38E�uEDVDO�38�DW����&��
38K�u�DW�KHDUW�OHYHO��38G�u�LQ�GHSHQGHQF\��53�u�5D\QDXGqV�SKH-
QRPHQRQ��6VF�u�VFOHURGHUPD��
�S�������

�S���������FRP-
SDUHG�WR�IRUPHU�SHUIXVLRQ�YDOXH�

7»¼ÆÃÑ»����¥ÉÁÈ»�ÊÀËÏÎÂÃÚ�Ã�½ÀÈÉ»ËÍÀËÃÉÆ»ËÈÃ�ÃÈ¿ÀÅÌÃ�
7DEOH����'DWD�DERXW�DJH��VNLQ�SHUIXVLRQ�GXULQJ�YDU��YDU�LQGLFHV�

�ÈËÇÀ�*URXSV
�Ò¿È¸ÉÊ�$JH
�»Æ¼ÀÅÀ�
\HUDV�6'�

§½ÈÌË¿À×�Å¸��
ÅÀºÆÊÆ�Å¸�

ÉÒÈÎ½ÊÆ�3HUIXVLRQ��
DW�KHDUW�OHYHO
�38�6'�

§½ÈÌË¿À×��
ÇÆ¼�ÅÀºÆÊÆ�Å¸��

ÉÒÈÎ½ÊÆ�3HUIXVLRQ��
LQ�GHSHQGHQF\
�38�6'�

à38��6'
�38K�u�38G�

�ÇÈÆÄ×Å¸�
�FKDQJH�6'�
�à38�38K�����

9$&
�38G�3XK�

¤ÈÇÌÊÈÅÇº�½ÊÍÉº��
&RQWURO�JURXS 44.1±9.3 161.1±60.2 105.6±55.0 55.5±47.9 35.0±22.8 0.6±0.2

S�������

�ÊÍÉº�Ë�®ª��ÉÊ¿¾ÂÁ¼ÂÄºÇ�ÈÌ�
¼Â»ÊºÐÂÂ���9LEUDWLRQ�LQGXFHG�
53�JURXS

48.2±8.2 79.8±51.2*** 77.5±57.2 2.3±19.9*** 5.2±24.8*** 0.9±0.3***

S!����

38�6'�u�ÌËÀ¿È»�ÅÉÁÈ»�ÊÀËÏÎÂÃÚ�ÌÍ»È¿»ËÍÈÉ�ÉÍÅÆÉÈÀÈÃÀ���PHDQ�VNLQ�SHUIXVLRQ�VWDQGDUG�GHYLDWLRQ��



�S��������u�ÂÈ»ÒÃÇÉÌÍ�ÇÀÁ¿Î�¼ÉÆÈÃÍÀ�Ã�ÅÉÈÍËÉÆÃÍÀ��0DQQ�:KLWQH\�8�ÍÀÌÍ����VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�SDWLHQWV�DQG�
FRQWUROV��0DQQ�:KLWQH\�8�WHVW��
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¡Å��«ÌÈÃÇ¿¼º��¦ÂÄÊÈ¼ºËÄÍÅºÊÇÂ�ÇºÊÍÒ¿ÇÂÙ�ÉÊÂ�¼Â»ÊºÐÂÈÇÇº�»ÈÅ¿ËÌ�ÈÌ�ÅÈÄºÅÇÈ�¼Â»ÊÈ¼ÔÁ¾¿ÃËÌ¼Â¿

ÈÉ»ËÍÀËÃÉÆ»ËÀÈ�ËÀÏÆÀÅÌÀÈ�ÉÍ¾É½ÉË��é38å���À�
ÎÌÍ»ÈÉ½ÀÈ�ÊËÃ�������ÉÍ�¼ÉÆÈÃÍÀ��

�ÃÌÅÎÌÃÚ

§ÉËÏÉÆÉ¾ÃÒÈÃÍÀ�ÊËÉÇÀÈÃ�È»�ÈÎÍËÃÑÃÉÈÈÃÍÀ�
ÅÉÁÈÃ�ÇÃÅËÉÌÕ¿É½À��È»¼ÆÙ¿»½»ÈÃ� LQ�YLYR�ÒËÀÂ�
Å»ÊÃÆÚËÉÌÅÉÊÃÚ�� ÉÍË»ÂÚ½»Í� Ã� ÏÎÈÅÑÃÉÈ»ÆÈÃ�
ÌÊ»ÌÍÃÒÈÃ�Ã�ÌÍËÎÅÍÎËÈÃ�»ÈÀ½ËÃÂÇÀÈÃ�Ã�È»¾ÕÈ»ÍÃ�
Å»ÊÃÆÚËÃ�ÊËÃ�¼ÉÆÈÃÍÀ�Ì�½Ã¼Ë»ÑÃÉÈÈ»�¼ÉÆÀÌÍ��­À�
ÌÕÉÍ½ÀÍÌÍ½»Í�È»�ÌÈÃÁÀÈÃÍÀ�ÌÍÉÄÈÉÌÍÃ�È»�ÃÂÐÉ¿-
È»Í»�ÊÉ½ÕËÐÈÉÌÍÈ»�ÅÉÁÈ»�ÍÀÇÊÀË»ÍÎË»�u�ÐÃÊÉ-
ÍÀËÇÃÚ�È»�ÊËÕÌÍÃÍÀ�Ã�ËÕÑÀÍÀ�ÊËÃ�ÃÈÏË»ÒÀË½ÀÈ»�
ÍÀÇÉ¾Ë»ÏÃÚ��Ã�È»�ÈÃÌÅ»Í»�ÃÂÐÉ¿È»�ÅÉÁÈ»�ÊÀËÏÎ-
ÂÃÚ�È»�½ÕËÐÉ½ÃÍÀ�Ï»Æ»È¾Ã�È»�ÊËÕÌÍÃÍÀ�½�ÊÉÅÉÄ��
�ÉÌÍÉ½ÀËÈÉ�ÊÉ�¾ÉÆÚÇ»Í»�ÒÀÌÍÉÍ»�È»�È»ËÎÓ»½»ÈÀ�
È»�½ÀÈÉ»ËÍÀËÃÉÆ»ËÈÃÚ�ËÀÏÆÀÅÌ�ÊËÃ�¼ÉÆÈÃÍÀ�Ì�
½Ã¼Ë»ÑÃÉÈÈ»� ¼ÉÆÀÌÍ� ÊÉÅ»Â½»� ÆÉÅ»ÆÈ»� ½»ÂÉÇÉ-
ÍÉËÈ»� ¿ÃÌÏÎÈÅÑÃÚ� Ì� ÊÉÌÍ¾»È¾ÆÃÉÈ»ËÈ»� ÌÃÇÊ»-
ÍÃÅÉ½»� ÈÀ¿ÉÌÍ»ÍÕÒÈÉÌÍ�� È»Ç»ÆÀÈ� ÌÕ¿É½� ÍÉÈÎÌ�
ÃÆÃ�È»ËÎÓÀÈÃ�ÌÕ¿É½Ã�¾Æ»¿ÅÉÇÎÌÅÎÆÈÃ�ÉÍ¾É½ÉËÃ��
ªËÀ¿ÌÍ»½ÀÈÃÍÀ�¿»ÈÈÃ�ÊÉÍ½ÕËÁ¿»½»Í�½Ã¼Ë»ÑÃÉÈ-
ÈÉ� É¼ÎÌÆÉ½ÀÈÃÍÀ� ÇÃÅËÉÑÃËÅÎÆ»ÍÉËÈÃ� È»ËÎÓÀ-
ÈÃÚ��ÎÌÍ»ÈÉ½ÀÈÃ�ÉÍ�ËÀ¿ÃÑ»�ÃÂÌÆÀ¿É½»ÍÀÆÃ�>����@��

�� Â»ÅÆÙÒÀÈÃÀ�� ÉÑÀÈÅ»Í»� È»� ÈÎÍËÃÑÃÉÈÈÉ-
ÍÉ�Å»ÊÃÆÚËÈÉ�ÅÉÁÈÉ�ÅËÕ½ÉÉ¼Ë»ÔÀÈÃ�ÒËÀÂ�Å»-
ÊÃÆÚËÉÌÅÉÊÃÚ� Ã� È»�É¼ÔÃÚ� ÅÉÁÀÈ� ÅËÕ½ÀÈ� ÍÉÅ�
ÒËÀÂ�Æ»ÂÀËÈ»�¿ÉÊÆÀËÉ½»�ÏÆÉÎÇÀÍËÃÚ�Ã�ÃÈÏË»-
ÒÀË½ÀÈ»�ÍÀËÇÉ¾Ë»ÏÃÚ�¿»½»�ÊÕÆÈ»�ÃÈÏÉËÇ»ÑÃÚ�
Â»� ÅÉÁÈ»Í»�ÇÃÅËÉÑÃËÅÎÆ»ÑÃÚ�Ã� ½»ÂÉÇÉÍÉËÈ»�
ÏÎÈÅÑÃÚ��©ÑÀÈÅ»Í»� È»�ÇÉËÏÉÆÉ¾ÃÚÍ»� Ã�ÏÎÈÅ-
ÑÃÚÍ»� È»� ÅÉÁÈÃÍÀ� ÇÃÅËÉÌÕ¿É½À� ÃÇ»� ÌÕÔÀÌÍ-
½ÀÈÉ� ÂÈ»ÒÀÈÃÀ� Â»� ¿Ã»¾ÈÉÂ»Í»�� ÊËÉ¾ÈÉÂ»Í»� Ã�
ÆÀÒÀÈÃÀÍÉ�È»�¼ÉÆÈÃÍÀ�Ì�½Ã¼Ë»ÑÃÉÈÈ»�¼ÉÆÀÌÍ�
ÉÍ�ÆÉÅ»ÆÈÉ�½Ã¼ËÉ½ÕÂ¿ÀÄÌÍ½ÃÀ�

FRQWUROV� GLIIHUHG�� WRR�� EHLQJ� KLJKHU� LQ� SDWLHQWV�
�S����������/RVV�RI�YHQRDUWHULRODU�UHIOH[��é38å���
ZDV�HVWDEOLVKHG�LQ�������RI�+$96�SDWLHQWV��

 
'LVFXVVLRQ

0RUSKRORJLFDO� FKDQJHV� RI� QXWULWLRQDO� VNLQ�
PLFURYHVVHOV� REVHUYHG� LQ� YLYR� E\� QDLOIROG�
FDSLOODURVFRS\� HVWDEOLVKHG� ERWK� IXQFWLRQDO�
VSDVWLF� DQG� VWUXFWXUDO� DQHXULVPDO� DQG� WRUWXRXV�
FDSLOODULHV�LQ�+$96�SDWLHQWV��7KH\�FRUUHVSRQGHG�
WR� WKH� GHFUHDVHG� LQLWLDO� PHDQ� VXSHUILFLDO� VNLQ�
WHPSHUDWXUHV� DQG� K\SRWKHUPLHV� RI� WKH� KDQGV�
DQG� HVSHFLDOO\� RI� WKH� ILQJHUV� LQ� +$96� SDWLHQWV�
E\�LQIUDUHG�WKHUPRJUDSK\��DQG�ORZHU�LQLWLDO�PHDQ�
VNLQ�SHUIXVLRQV�RI�WKH�ILQJHUWLSV��7KH�VLJQLILFDQWO\�
KLJKHU�SUHYDOHQFH�UDWH�RI�LPSDLUHG�YHQRDUWHULRODU�
UHIOH[� LQ�+$96�SDWLHQWV�SURYHG� ORFDO�YDVRPRWRU�
G\VIXQFWLRQ� DQG� UHIOHFWHG� HLWKHU� SRVWJDQJOLRQDU�
V\PSDWKHWLF� LQVXIILFLHQF\� ZLWK� YDVFXODU� WRQH�
IDLOXUH�RU�DOWHUHG�YDVFXODU� VPRRWK�PXVFOH�FHOOVq�
UHVSRQVHV�� 3UHVHQWHG� GDWD� FRQILUP� YLEUDWLRQ�
LQGXFHG� PLFURFLUFXODWRU\� GLVRUGHUV� HVWDEOLVKHG�
E\�PDQ\�LQYHVWLJDWRUV�>����@��

,Q� FRQFOXVLRQ�� WKH� DVVHVVPHQW� RI� QXWULWLRQDO�
FDSLOODU\� VNLQ�EORRG� IORZ�E\�FDSLOODURVFRS\�DQG�
JOREDO�VNLQ�EORRG�IORZ�LQFOXGLQJ�WKHUPRUHJXODWRU\�
PLFURFLUFXODWLRQ� E\� 'RSSOHU� IORZPHWU\� DQG�
LQIUDUHG�WKHUPRJUDSK\�JLYH�WKRURXJK�LQIRUPDWLRQ�
DERXW� VNLQ� PLFURYDVFXODU� FLUFXODWLRQ� DQG�
YDVRPRWRU�IXQFWLRQ��0RUSKRORJLFDO�DQG�IXQFWLRQDO�
DVVHVVPHQW� RI� WKH� FXWDQHRXV� PLFURYDVFXODWXUH�
KDV�D�FUXFLDO�VLJQLILFDQFH�IRU�GLDJQRVLV��SURJQRVLV�
DQG� WUHDWPHQW� RI� KDQG�DUP� YLEUDWLRQ� V\QGURPH�
SDWLHQWV�

��� %RYHQ]L� 0�� 6RPH� SDWKRSK\VLRORJLFDO� DVSHFWV� RI� YLEUDWLRQ�
LQGXFHG�ZKLWH�ILQJHU��(XU�-�$SSO�3K\VLRO�55����������u����

��� %XQNHU�&%��*ROGVPLWK�3&��/HVOLH�7$��+D\HV�1��)RUHPDQ�-&��
'RZG�30��&DOFLWRQLQ�JHQH�UHODWHG�SHSWLGH��HQGRWKHOLQ����WKH�
FXWDQHRXV�PLFURYDVFXODWXUH�DQG�5D\QDXG
V�SKHQRPHQRQ��Br 
J Dermatol��������������u����

��� 'RZG� 30�� *ROGVPLWK� 3&�� %XUQVWRFN� *�� 0DUVKDOO� ,�� %XOO�
+�� )RUHPDQ� -&�� 5D\QDXGqV� SKHQRPHQRQ�� /DQFHW� �����
��������u����

��� 'RZG�30��*ROGVPLWK�3&��&KRSUD�6��%XOO�+$��)RUHPDQ�-&��
&XWDQHRXV� UHVSRQVHV� WR� HQGRWKHOLQ��� DQG� KLVWDPLQH� LQ�
SDWLHQWV�ZLWK�YLEUDWLRQ�ZKLWH� ILQJHU��-� ,QYHVW�'HUPDWRO������
��������u����

��� *HPQH�*��3DWKRSK\VLRORJ\�RI�ZKLWH�ILQJHUV�LQ�ZRUNHUV�XVLQJ�
KDQG�KHOG�YLEUDWLQJ�WRROV��1DJR\D�-�0HG�6FL�57���������u���

��� *ROGVPLWK� 3&�� 0ROLQD� )$�� %XQNHU� &%�� 7HUHQJKL� *�� /HVOLH�
7$�� )RZOHU� &-�� 3RODN� -0�� 'RZG� 30�� &XWDQHRXV� QHUYH�

ILEHU� GHSOHWLRQ� LQ�YLEUDWLRQ�ZKLWH� ILQJHU�� -�5�6RF�0HG�87��
��������u����

��� +DUDGD� 1�� 0DKEXE� 0+�� 'LDJQRVLV� RI� YDVFXODU� LQMXULHV�
FDXVHG� E\� KDQG�WUDQVPLWWHG� YLEUDWLRQ�� ,QW� $UFK� 2FFXS�
(QYLURQ�+HDOWK�������������u����

��� +HDYHU� &�� *RRQHWLOOHNH� .6�� )HUJXVRQ�+�� 6KLUDONDU� 6�� +DQG�
DUP�YLEUDWLRQ�V\QGURPH�� D� FRPPRQ�RFFXSDWLRQDO� KD]DUG� LQ�
LQGXVWULDOL]HG�FRXQWULHV��-�+DQG�6XUJ�(XU��������������u����

��� +HLQRQHQ� (�� )DNNLOD� 0�� )RUVVWURP� -�� $QWLOD� .�� -DORQHQ� -��
.RUKRQHQ� 2�� 3\\NNR� ,�� $XWRQRPLF� QHXURSDWK\� DQG� YLEUDWLRQ�
H[SRVXUH�LQ�IRUHVWU\�ZRUNHUV��%U�-�,QG�0HG��������������u����

����6KDZNHW�6��'LFNHUVRQ�&��+D]OHPDQ�%��%URZQ�0-��6HOHFWLYH�
VXSUDVHQVLWLYLW\�WR�FDOFLWRQLQ�JHQH�UHODWHG�SHSWLGH�LQ�WKH�KDQGV�
LQ�5D\QDXG
V�SKHQRPHQRQ��/DQFHW����������������u�����

����6WR\QHYD�=��/\DSLQD�0��7]YHWNRY�'��9RGHQLFKDURY�(��&XUUHQW�
SDWKRSK\VLRORJLF�YLHZV�RQ�YLEUDWLRQ�LQGXFHG�5D\QDXGqV�SKH�
QRPHQRQ��&DUGLRYDVF�5HV��57����������u����

¥¨£�©ª£¬���5()(5(1&(6

�¼È½É�¿¸�ÂÆÈ½ÉÇÆÅ¼½ÅÎÀ×�
�ÈÐ��¾�Ê�¡Å��«ÌÈÃÇ¿¼º��¾Æ
­¦��¥�f«¼��¢¼ºÇ�ªÂÅËÄÂr
�ÍÅ��f�Äº¾��¢¼ºÇ��¿ÒÈ¼r�������«ÈÎÂÙ�����
¬¿Å������������������
H�PDLO��]ODWNDBVWR\QHYD#\DKRR�FRP

$GGUHVV�IRU�FRUUHVSRQGHQFH�
$VVRF��3URI��=��6WR\QHYD��0'��3K'
8QLYHUVLW\�+RVSLWDO�r6W��,YDQ�5LOVN\s
���r$FDG��,YDQ�*HVKRYs�6WU��������6RILD��%XOJDULD
3KRQH���������������
H�PDLO��]ODWNDBVWR\QHYD#\DKRR�FRP
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¥»Ë¿ÃÉÊÎÆÇÉÈ»ÆÈ»�ËÀÌÎÌÑÃÍ»ÑÃÚ��
ÌÆÀ¿�ÌÕË¿ÀÒÀÈ�»ËÀÌÍ�u��

ÌÕ½ËÀÇÀÈÈÃ�ÅÉÈÑÀÊÑÃÃ�Ã�ÊÉ¿ÐÉ¿Ã

¨��«»ÇÓÀ½�
¥ÆÃÈÃÅ»�ÊÉ�ÃÈÍÀÈÂÃ½È»�ÍÀË»ÊÃÚ��¥»ÍÀ¿Ë»�ÊÉ�Å»Ë¿ÃÉÆÉ¾ÃÚ��

�ÉÀÈÈÉÇÀ¿ÃÑÃÈÌÅ»�»Å»¿ÀÇÃÚ�u�¬ÉÏÃÚ

¨»ÌÍÉÚÔ»Í»�ÌÍ»ÍÃÚ�¿»½»�ÌÕ½ËÀÇÀÈÀÈ�ÊÉ¾ÆÀ¿�½ÕËÐÎ�½ÈÀÂ»ÊÈÃÚ�ÌÕË¿ÀÒÀÈ�»ËÀÌÍ�
Ã�ÊËÀ¿ÌÍ»½Ú�ÇÉ¿ÀËÈÃÍÀ�ÅÉÈÑÀÊÑÃÃ�Ã�ÊÉ¿ÐÉ¿Ã�Â»�ÎÌÊÀÓÀÈ�ÃÂÐÉ¿�ÌÆÀ¿�Å»Ë¿ÃÉÊÎÆ-
ÇÉÈ»ÆÈ»�ËÀÌÎÌÑÃÍ»ÑÃÚ��¯ÉÅÎÌÕÍ�À�È»ÌÉÒÀÈ�ÅÕÇ�ÊËÉ¾ÈÉÌÍÃÒÈÃÍÀ�Ï»ÅÍÉËÃ�Â»�ÊËÀ-
ÁÃ½ÚÀÇÉÌÍ��Å»ÅÍÉ�Ã�ÉÊËÀ¿ÀÆÚÈÀ�È»�»¿ÀÅ½»ÍÀÈ�ÇÎÆÍÃ¿ÃÌÑÃÊÆÃÈ»ËÀÈ�ÍÀË»ÊÀ½ÍÃÒÀÈ�
ÊÉ¿ÐÉ¿��

&DUGLRSXOPRQDU\�5HVXVFLWDWLRQ��
DIWHU�&DUGLDF�$UUHVW�u��

0RGHUQ�&RQFHSWV�DQG�$SSURDFKHV

1��5DPVKHY�
&OLQLF�RI�,QWHQVLYH�7KHUDS\��'HSDUWPHQW�RI�&DUGLRORJ\��0LOLWDU\�0HGLFDO�$FDGHP\�u�6RILD

­KH� SUHVHQW� UHYLHZ� DUWLFOH� SURYLGHV� FRQWHPSRUDU\� SHUVSHFWLYHV� RQ� WKH� VXGGHQ�
FDUGLDF� DUUHVW� DQG� SUHVHQWV� WKH�PRGHUQ� FRQFHSWV� DQG� DSSURDFKHV� IRU� VXFFHVVIXO�
RXWFRPH�DIWHU�FDUGLRSXOPRQDU\� UHVXVFLWDWLRQ�� ,W� LV� IRFXVHG�RQ�SURJQRVWLF� IDFWRUV�RI�
VXUYLYDO�DQG�GHWHUPLQDWLRQ�RI�DQ�DGHTXDWH�PXOWLGLVFLSOLQDU\�WKHUDSHXWLF�DSSURDFK�

¥ÆÙÒÉ½Ã�¿ÎÇÃ��
Å»Ë¿ÃÉÊÎÆÇÉÈ»ÆÈ»�
ËÀÌÎÌÑÃÍ»ÑÃÚ��
ÊËÀ¿ÃÅÍÉËÃ��
ÊËÀÁÃ½ÚÀÇÉÌÍ��
ÌÕË¿ÀÒÀÈ�»ËÀÌÍ

¥ÆÙÒÉ½Ã�¿ÎÇÃ��
FDUGLRSXOPRQDU\�
UHVXVFLWDWLRQ��
FDUGLDF�DUUHVW��
SUHGLFWRUV��VXUYLYDO

¬ÕË¿ÀÒÈÉ�ÌÕ¿É½ÃÍÀ� Â»¼ÉÆÚ½»ÈÃÚ� Ì»� ÊËÃ-
ÒÃÈ»� Â»� ÉÅÉÆÉ� ���� ÉÍ� ÌÇÕËÍÈÃÍÀ� ÌÆÎÒ»Ã� ½�
 ½ËÉÊ»� ½Õ½� ½ÕÂË»ÌÍ� ÊÉ¿� ��� ¾É¿ÃÈÃ� >��@�� ªÉ�
ÀÊÃ¿ÀÇÃÉÆÉ¾ÃÒÈÃ� ¿»ÈÈÃ� ½ÈÀÂ»ÊÈÃÚÍ� ÌÕË¿À-
ÒÀÈ�»ËÀÌÍ� ��¬���À�ÉÍ¾É½ÉËÀÈ�Â»�È»¿�����ÉÍ�
ÌÇÕËÍÈÃÍÀ�ÌÆÎÒ»Ã�ÊËÃ�½ÕÂË»ÌÍÈÃ��È»¿����¾É-
¿ÃÈÃ��Å»ÍÉ�ÎÌÆÉÁÈÀÈÃÀ�È»�ÅÉËÉÈ»ËÈ»�ÌÕË¿ÀÒ-
È»�¼ÉÆÀÌÍ� >���� ��@��ªËÃÀÇ»Í�ÌÀ� ÍËÃ�ÉÌÈÉ½ÈÃ�
ÏÉËÇÃ� È»� ÌÕË¿ÀÒÈÉ�ÌÕ¿É½Ã� ÎÌÆÉÁÈÀÈÃÚ�� ½É-
¿ÀÔÃ�¿É�½ÈÀÂ»ÊÈ»�ÌÕË¿ÀÒÈ»�ÌÇÕËÍ���¬¬���ÉÌ-
ÍÕË�ÇÃÉÅ»Ë¿ÀÈ�ÃÈÏ»ËÅÍ��ÃÌÐÀÇÃÚ�¼ÀÂ�ÃÈÏ»ËÅÍ�
Ã� ÌÍËÎÅÍÎËÈÃ� ÊËÉÇÀÈÃ� �ÇÃÉÅ»Ë¿È»� ÌÅÆÀËÉÂ»�
ÃÆÃ� Å»ÇÀËÈ»� ¿ÃÆ»Í»ÑÃÚ� Å»ÍÉ� ½ÍÉËÃÒÈÃ� ÊËÉ-
ÇÀÈÃ� È»� ÌÍ»Ë� ÇÃÉÅ»Ë¿ÀÈ� ÃÈÏ»ËÅÍ� ÃÆÃ� ÐËÉ-
ÈÃÒÈ»� ÃÌÐÀÇÃÚ��� ¨»¿� �� ÇÃÆÃÉÈ»� ÌÆÎÒ»Ã� È»�
�¬¬�¾É¿ÃÓÈÉ�ÌÀ�ÉÍÒÃÍ»Í�½�Ì½ÀÍÉ½ÀÈ�Ç»Ô»¼��
���� ÐÃÆÚ¿Ã� ÉÍ� ÍÚÐ� Ì»� ½� ¬�´�� »� ���� ÐÃÆÚ¿Ã�
Ì»�½� ½ËÉÊ»� >��@��ª»ÍÉ»È»ÍÉÇÃÒÈÃ�¿»ÈÈÃ�Â»�
ÇÃÉÅ»Ë¿È»�ÈÀÅËÉÂ»�ÌÀ�ÉÍÅËÃ½»Í�½��������ÉÍ�
»ÎÍÉÊÌÃË»ÈÃÍÀ�� »� ÊËÀ¿ÃÇÈÉ� ÌÍ»¼ÃÆÈÃ� ÊÆ»ÅÃ�
Ã�ÐËÉÈÃÒÈÃ�ÇÃÉÅ»Ë¿ÈÃ�ÊËÉÇÀÈÃ�u�ÊËÃ�ÉÅÉÆÉ�
����ÉÍ�ÌÆÎÒ»ÃÍÀ�>�@�

&DUGLRYDVFXODU�GLVHDVHV�FDXVH�DERXW�����RI�DOO�
GHDWKV� LQ� (XURSH� EHORZ� ��� \HDUV� RI� DJH� >��@��
%DVHG� RQ� HSLGHPLRORJLFDO� GDWD� WKH� 6XGGHQ�
&DUGLDF�$UUHVW� �6&$�� LV� UHVSRQVLEOH� IRU� ����RI�
DOO�GHDWKV� LQ�HOGHUO\�JURXS��DERYH����\HDUV��DV�
D�UHVXOW�RI�FRURQDU\�DUWHU\�GLVHDVH�FRPSOLFDWLRQ�
>���� ��@�� 7KUHH� EDVLF� W\SHV� RI� FDUGLRYDVFXODU�
FRPSOLFDWLRQV� DUH� DVVXPHG� WR� OHDG� WR� 6XGGHQ�
&DUGLDF�'HDWK��6&'���DFXWH�P\RFDUGLDO�LQIDUFWLRQ��
LVFKHPLD� ZLWKRXW� LQIDUFWLRQ� DQG� VWUXFWXUDO�
FKDQJHV� �P\RFDUGLDO� VFOHURVLV� RU� YHQWULFXODU�
GLODWDWLRQ�DV�D� VHFRQGDU\� WUDQVIRUPDWLRQ�RI� ROG�
P\RFDUGLDO�LQIDUFWLRQ�RU�FKURQLF�LVFKHPLD���2YHU�
��ELOOLRQ�HYHQWV�RI�6&'�ZRUOGZLGH�DUH� UHSRUWHG�
RQ�DQQXDO�EDVLV������ WKRXVDQGV�RI� WKHP�RFFXU�
LQ�86$�DQG�����WKRXVDQGV�LQ�(XURSH�>��@��,Q����
����RI�DXWRSVLHV�SDWKRDQDWRPLFDO�HYLGHQFHV�RI�
P\RFDUGLDO�QHFURVLV�DUH�LGHQWLILHG��SUHGRPLQDQWO\�
VWDEOH�SODTXHV�DQG�FKURQLF�P\RFDUGLDO�FKDQJHV�
LQ�����RI�DOO�FDVHV�>�@�

'LIIHUHQW�RWKHU�QRQ�LVFKHPLF�FDUGLDF� �K\SHU�
WURSKLF�FDUGLRP\RSDWK\��FRURQDU\�DUWHU\�DEQRUPD�
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OLWLHV��P\RFDUGLWLV��KHDUW�UK\WKP�DEQRUPDOLWLHV��K\-
SHUWHQVLYH�KHDUW�GLVHDVH��FRQJHVWLYH�KHDUW�IDLOXUH��
HWF���DQG�QRQ�FDUGLDF�FDXVHV��WUDXPD��QRQ�WUDX-
PDWLF� EOHHGLQJ�� GUDZLQJ�� LQWR[LFDWLRQ�� HWF��� LQ-
FUHDVH�WKH�ULVN�RI�6&$�>����������@�

7KH� ZLGH� PHGLFDO� FRPPXQLW\� VWDUWHG�
UHFRJQL]LQJ� DQG� SURPRWLQJ� WKH� WHFKQLTXH�
FRPELQLQJ� WKH� DUWLILFLDO� UHVSLUDWLRQ� DQG� FKHVW�
FRPSUHVVLRQV�EHLQJ�D�NH\�SDUW�RI�FDUGLRSXOPRQDU\�
UHVXVFLWDWLRQ� �&35�� DIWHU� FDUGLDF� DUUHVW� LQ� WKH�
PLGGOH� RI� ��WK� FHQWXU\�� 7KH� PRGHUQ� WUHDWPHQW�
UHODWHG� WR� GHYHORSPHQW� RI� &35� WHFKQLTXH� LV� D�
UHVXOW� RI� LQFUHDVLQJ� WKH� NQRZOHGJH� DERXW� WKH�
FDUGLDF�DUUHVW��&$���'LIIHUHQW� WHUPV�DUH�XVHG� LQ�
WKH� PRGHUQ� PHGLFLQH� ZKLFK� FRPSUHKHQVLRQ� LV�
HQULFKHG�FRQVWDQWO\�DQG�WKHLU�PHDQLQJ�VKRXOG�EH�
NQRZQ�IRU�WKH�FOLQLFDO�SUDFWLFH��

&DUGLDF�DUUHVW��7KLV�WHUP�GHILQHV�WKH�VWRS�RI�
FDUGLDF�SXPSLQJ�IXQFWLRQ��FRQILUPHG�E\�ODFN�RI�
SXOVH�DQG�ODFN�RI�EUHDWKLQJ�RU�DJRQDO�EUHDWKLQJ��,W�
KDV�ZLGHU�PHDQLQJ�LQFOXGLQJ�DOO�FDVHV�RI�FDUGLDF�
DUUHVW� LQGHSHQGHQWO\� RI� WKH� FDXVH� �LQFOXGLQJ�
WHUPLQDO� VWDJHV� RI� UHIUDFWRU\� KHDUW� IDLOXUH���7KH�
FDUGLDF� DUUHVW� LV� D� UHVXOW� RI� GLIIHUHQW� FDXVHV�
ZKLFK�DUH�FRPELQHG�LQ�WKUHH�HOHFWURFDUGLRJUDSKLF�
FOLQLFDO�JURXSV�
t� 7DFK\�IRUP��YHQWULFXODU�ILEULOODWLRQ��9)���YHQWUL�

FXODU� IODWWHU� �9)O�� DQG� SXOVHOHVV� YHQWULFXODU�
WDFK\FDUGLD��397��

t� %UDG\FDUGLD�DV\VWROH� IRUP�� DV\VWROH� DQG�
H[WUHPH�EUDG\FDUGLD��KLJK�JUDGH�RI�VLQRDWULDO�
EORFN�� VLQRDWULDO� DUUHVW�� KLJK� JUDGH� RI�
DWULRYHQWULFXODU� EORFN� DQG� ODFN� RI� HIIHFWLYH�
UHSODFHPHQW�UK\WKP��

t� 3XOVHOHVV� (OHFWULFDO� $FWLYLW\� �3 ��� LV� D�
FRQGLWLRQ�ZLWK�HOHFWULFDO�DFWLYLW\��UHJLVWHUHG�RQ�
WKH�PRQLWRU��DQG�ODFN�RI�PHFKDQLFDO�FDUGLDF�
FRQWUDFWLRQ� DQG� FLUFXODWLRQ� �QR� SXOVH��� 3($�
LV�REVHUYHG�ZKHQ�VHYHUH�PHFKDQLFDO�FDUGLDF�
IXQFWLRQ�GLVWXUEDQFHV�DUH�SUHVHQW��FRQWUDFWLOLW\�
IDLOXUH� LQ�PDVVLYH� LQIDUFWLRQ��FDUGLDF� WDPSR�
QDGH�DIWHU� UXSWXU�RI� WKH� IUHH�ZDOO�RI� WKH� OHIW�
YHQWULFOH� DIWHU� DFXWH� P\RFDUGLDO� LQIDUFWLRQ��
P\RFDUGLDO� FRPSUHVVLRQ� GXH� WR� WHQVLRQ�
SQHXPRWKRUD[��REWXUDWLRQ�RI�SXOPRQDU\�DUWHU\�
WUXQN� RU� LWV� PDLQ� EUDQFKHV�� HWF��� DQG� LW� LV�
UHYHUVLEOH� DIWHU� FRUUHFWLRQ� RI� WKH� FRQGLWLRQV�
�K\SRYROHPLD��K\SR[LD��K\SRWKHUPLD�HWF���
$UUK\WKPLDV� DIWHU� ¬�� DUH� VKRFNDEOH� �9)� RU�

397��DQG�QRQ�VFKRFNDEOH��3($�RU�DV\VWROH��>��@�
6XGGHQ� &DUGLDF� 'HDWK� �6&'��� ,W� LV� DQ�

XQH[SHFWHG� GHDWK� RFFXUULQJ� YHU\� IDVW� �LQ� DQ�
KRXU� DIWHU� WKH� EHJLQLQJ� RI� DFXWH� V\PSWRPV��� ,W�
KDV�FDUGLDF�RULJLQ�ZLWK�RU�ZLWKRXW�SULRU�FDUGLDF�
GLVHDVH��&DUGLDF�DUUHVW�LV�WKH�FOLQLFDO�SUHVHQWDWLRQ�
GXH� WR� FDUGLDF� FDXVHV� RQO\� �,VFKHPLF� &DUGLDF�
'LVHDVH��+HDUW�)DLOXUH�RU�V\VWROLF�OHIW�YHQWULFXODU�
G\VIXQFWLRQ��FDUGLRP\RSDWK\��DUUK\WKPLDV��FDUGLDF�

«»ÂÆÃÒÈÃ�¿ËÎ¾Ã�ÈÀÃÌÐÀÇÃÒÈÃ�ÌÕË¿ÀÒÈÃ��ÐÃ-
ÊÀËÍËÉÏÃÒÈ»�Å»Ë¿ÃÉÇÃÉÊ»ÍÃÚ��ÅÉËÉÈ»ËÈ»�»Ë-
ÍÀËÃ»ÆÈ»�»ÈÉÇ»ÆÃÚ��ÇÃÉÅ»Ë¿ÃÍ��È»ËÎÓÀÈ�ÌÕË-
¿ÀÒÀÈ�ËÃÍÕÇ��ÐÃÊÀËÍÉÈÃÒÈ»�¼ÉÆÀÌÍ�È»�ÌÕËÑÀ-
ÍÉ��Â»ÌÍÉÄÈ»�ÌÕË¿ÀÒÈ»�ÈÀ¿ÉÍ»ÍÕÒÈÉÌÍ�Ã�¿Ë���Ã�
ÈÀ�ÌÕË¿ÀÒÈÃ��ÍË»½Ç»��ÈÀÍË»½Ç»ÍÃÒÈÉ�ÅÕË½ÀÈÀ��
Î¿»½ÚÈÀ��ÉÍË»½ÚÈÀ�Ã�¿Ë���ÊËÃÒÃÈÃ�ÊÉ½ÃÓ»½»Í�
ËÃÌÅ»�Â»��¬��>����������@�

­ÀÐÈÃÅ»Í»�È»�ÃÂÅÎÌÍ½ÀÈÉ�¿ÃÓ»ÈÀ�ÅÉÇ¼ÃÈÃ-
Ë»ÈÉ�Ì�¾ËÕ¿ÈÃ�ÅÉÇÊËÀÌÃÃ�Å»ÍÉ�ÅÆÙÒÉ½»�Ò»ÌÍ�
ÉÍ� Å»Ë¿ÃÉÊÎÆÇÉÈ»ÆÈ»Í»� ËÀÌÎÌÑÃÍ»ÑÃÚ� �¥ª«��
ÌÆÀ¿�ÌÊÃË»ÈÀ�È»�ÌÕË¿ÀÒÈ»Í»�¿ÀÄÈÉÌÍ��ÌÀ�ÊËÃ-
ÂÈ»½»�Ã�ÊËÀÊÉËÕÒ½»�ÉÍ�ÓÃËÉÅ»Í»�ÇÀ¿ÃÑÃÈÌÅ»�
É¼ÔÈÉÌÍ� ÅÕÇ� ÌËÀ¿»Í»� È»�;;� ½ÀÅ��§É¿ÀËÈÉÍÉ�
ÆÀÒÀÈÃÀ��Ì½ÕËÂ»ÈÉ�Ì�ÎÌÕ½ÕËÓÀÈÌÍ½»ÈÀ�È»�ÇÀ-
ÍÉ¿ÃÅ»Í»� È»� ¥ª«� À� ËÀÂÎÆÍ»Í� ÉÍ� É¼É¾»ÍÚ½»ÈÀ�
È»�ÊÉÂÈ»ÈÃÀÍÉ�Â»�ÌÕË¿ÀÒÈÃÚ�»ËÀÌÍ��¬������ÌÕ-
½ËÀÇÀÈÈ»Í»�ÇÀ¿ÃÑÃÈ»�ÌÀ�ÃÂÊÉÆÂ½»Í�Ë»ÂÆÃÒÈÃ�
ÍÀËÇÃÈÃ��ÅÉÃÍÉ�ÌÀ�É¼É¾»ÍÚ½»Í�ÈÀÊËÀÅÕÌÈ»ÍÉ�Ã�
ÍËÚ¼½»�¿»�ÌÀ�ÊÉÂÈ»½»Í�½�ÅÆÃÈÃÒÈ»Í»�ÊË»ÅÍÃÅ»�

¬ÕË¿ÀÒÀÈ�»ËÀÌÍ��¬�ÍÉÂÃ�ÍÀËÇÃÈ�ÌÀ�É¼ÉÂÈ»-
Ò»½»�ÌÊÃË»ÈÀÍÉ�È»�ÊÉÇÊÀÈ»Í»�ÏÎÈÅÑÃÚ�È»�ÌÕË-
ÑÀÍÉ��ÊÉÍ½ÕË¿ÀÈ»�ÉÍ�ÆÃÊÌ»Í»�È»�ÊÎÆÌ�Ã�ÆÃÊÌ»�
È»�¿ÃÓ»ÈÀ�ÃÆÃ�»¾ÉÈ»ÆÈÃ�¿ÃÐ»ÍÀÆÈÃ�¿½ÃÁÀÈÃÚ��
­É�À�ÊÉ�ÓÃËÉÅÉ�ÊÉÈÚÍÃÀ��ÅÉÀÍÉ�½ÅÆÙÒ½»�½ÌÃÒ-
ÅÃ�ÌÆÎÒ»Ã�È»�ÌÊÃË»ÈÀ�È»�ÌÕËÑÀÍÉ��ÈÀÂ»½ÃÌÃÇÉ�
ÉÍ� ÊËÃÒÃÈ»Í»� �½ÅÆÙÒÃÍÀÆÈÉ� Ã� ÍÀËÇÃÈ»ÆÈÃÍÀ�
ÌÍ»¿ÃÃ�È»�ËÀÏË»ÅÍÀËÈ»�ÌÕË¿ÀÒÈ»�ÈÀ¿ÉÌÍ»ÍÕÒ-
ÈÉÌÍ���¬ÕË¿ÀÒÈÃÚÍ�»ËÀÌÍ�È»ÌÍÕÊ½»�½�ËÀÂÎÆÍ»Í�
È»�Ë»ÂÆÃÒÈÃ�ÊËÃÒÃÈÃ��É¼À¿ÃÈÀÈÃ�½�ÍËÃ�ÅÆÃÈÃ-
ÅÉ�ÀÆÀÅÍËÉÅ»Ë¿ÃÉ¾Ë»ÏÌÅÃ�¾ËÎÊÃ�
t� ­»ÐÃ� ÏÉËÇ»�� Å»ÇÀËÈÉ� ÇÕÁ¿ÀÈÀ� �¥§��� Å»-

ÇÀËÈÉ�ÍËÀÊÍÀÈÀ��¥­��Ã�¼ÀÂÊÎÆÌÉ½»�Å»ÇÀË-
È»�Í»ÐÃÅ»Ë¿ÃÚ���¥­��

t� �Ë»¿ÃÅ»Ë¿ÈÉ�»ÌÃÌÍÉÆÈ»�ÏÉËÇ»��»ÌÃÌÍÉÆÃÚ�Ã�
ÀÅÌÍËÀÇÈ»�¼Ë»¿ÃÅ»Ë¿ÃÚ��½ÃÌÉÅÉÌÍÀÊÀÈHÈ�ÌÃ-
ÈÉ�»ÍËÃ»ÆÀÈ� ¼ÆÉÅ�� ÌÃÈÉ�»ÍËÃ»ÆÀÈ� »ËÀÌÍ�� ½Ã-
ÌÉÅÉÌÍÀÊÀÈHÈ�»ÍËÃÉ�½ÀÈÍËÃÅÎÆ»ËÀÈ�¼ÆÉÅ�ÊËÃ�
ÆÃÊÌ»�È»�ÀÏÀÅÍÃ½ÀÈ�Â»ÇÀÌÍÃÍÀÆÀÈ�ËÃÍÕÇ��

t� �ÀÂÊÎÆÌÉ½»�ÀÆÀÅÍËÃÒÀÌÅ»�»ÅÍÃ½ÈÉÌÍ��� ���
u�ÌÕÌÍÉÚÈÃÀ��ÊËÃ�ÅÉÀÍÉ�ÃÇ»�ÀÆÀÅÍËÃÒÀÌÅ»�
»ÅÍÃ½ÈÉÌÍ��ËÀ¾ÃÌÍËÃË»È»�È»�ÇÉÈÃÍÉË��ÊËÃ�
ÆÃÊÌ»�È»�ÇÀÐ»ÈÃÒÈÉ�ÌÕË¿ÀÒÈÉ�ÌÕÅË»ÔÀÈÃÀ�
Ã�ÑÃËÅÎÆ»ÑÃÚ��¼ÀÂ�ÊÎÆÌ���� ��½ÕÂÈÃÅ½»�ÊËÃ�
ÍÀÁÅÃ�ÇÀÐ»ÈÃÒÈÃ�È»ËÎÓÀÈÃÚ�È»�ÌÕË¿ÀÒÈ»-
Í»�ÏÎÈÅÑÃÚ� �ÅÉÈÍË»ÅÍÃÆÈ»� ÈÀ¿ÉÌÍ»ÍÕÒÈÉÌÍ�
ÊËÃ�Ç»ÌÃ½ÀÈ�ÃÈÏ»ËÅÍ��Í»ÇÊÉÈ»¿»�ÌÆÀ¿�ËÎÊ-
ÍÎË»�È»�Ì½É¼É¿È»Í»�ÌÍÀÈ»�È»�ÆÚ½»Í»�Å»ÇÀ-
Ë»� ½� ÐÉ¿»� È»� ÉÌÍÕË� ÇÃÉÅ»Ë¿ÀÈ� ÃÈÏ»ËÅÍ��
ÅÉÇÊËÀÌÃÚ�½ÕËÐÎ�ÇÃÉÅ»Ë¿»�ÊËÃ�ÍÀÈÂÃÉÈÀÈ�
ÊÈÀ½ÇÉÍÉË»ÅÌ�� É¼ÍÎË»ÑÃÚ� È»� ÌÍ½ÉÆ»� È»�
ÊÎÆÇÉÈ»ÆÈ»Í»�»ËÍÀËÃÚ�ÃÆÃ�¾Æ»½ÈÃÍÀ�Ä�ÅÆÉ-
ÈÉ½À� Ã� ¿Ë��� Ã� À� É¼Ë»ÍÃÇÉ� ÌÕÌÍÉÚÈÃÀ� ÊËÃ�
ÅÉËÀÅÑÃÚ�È»�ÊËÃÒÃÈÃÍÀ� �ÐÃÊÉ½ÉÆÀÇÃÚ��ÐÃ-
ÊÉÅÌÃÚ��ÐÃÊÉÍÀËÇÃÚ�Ã�¿Ë���
«ÃÍÕÇÈÃÍÀ�È»ËÎÓÀÈÃÚ�ÊËÃ�¬��ÌÀ�¿ÀÆÚÍ�È»�

ÓÉÅÉ½Ã� �¥§� Ã� ¼ÀÂÊÎÆÌÉ½»� ¥­�� Ã� ÈÀÓÉÅÉ½Ã�
��($�Ã�»ÌÃÌÍÉÆÃÚ��>��@�
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�ÈÀÂ»ÊÈ»�ÌÕË¿ÀÒÈ»�ÌÇÕËÍ� ��¬¬���­É½»� À�
ÈÀÉÒ»Å½»È»�ÌÇÕËÍ��ÅÉÚÍÉ�È»ÌÍÕÊ½»�ÇÈÉ¾É�¼ÕË-
ÂÉ��¿É���Ò»Ì�ÉÍ�È»Ò»ÆÉÍÉ�È»�ÉÌÍËÃÍÀ�ÌÃÇÊÍÉ-
ÇÃ��� «ÀÂÎÆÍ»Í� À� È»� ÌÕË¿ÀÒÈÃ� ÊËÃÒÃÈÃ� Ì� ÃÆÃ�
¼ÀÂ�ÊËÀ¿ÓÀÌÍ½»ÔÉ�ÌÕË¿ÀÒÈÉ�Â»¼ÉÆÚ½»ÈÀ��¥ÆÃ-
ÈÃÒÈÉ�ÍÚ�ÌÀ�ÃÂÚ½Ú½»�Å»ÍÉ�¬��½�ËÀÂÎÆÍ»Í�Ì»ÇÉ�
È»� ÌÕË¿ÀÒÈÃ� ÊËÃÒÃÈÃ� �£�¬�� ¬¨� Ã� ÌÃÌÍÉÆÈ»�
ÆÀ½ÉÅ»ÇÀËÈ»�¿ÃÌÏÎÈÅÑÃÚ��¥§ª��ËÃÍÕÇÈÃ�È»ËÎ-
ÓÀÈÃÚ��ÌÕË¿ÀÒÈÃ�ÊÉËÉÑÃ�Ã�¿Ë����¨»Ä�Ð»Ë»ÅÍÀ-
ÈÃÍÀ�ÅÆÃÈÃÒÈÃ�ÊËÃÂÈ»ÑÃ�Â»��¬¬�Ì»��½ÈÀÂ»ÊÈ»�
Â»¾Î¼»� È»� ÌÕÂÈ»ÈÃÀ�� ÆÃÊÌ»� È»� »ÎÌÅÎÆÍ»ÍÉËÈÉ�
¿ÉÆÉ½ÃÇ�ÊÎÆÌ��ÊÎÆÌ»ÑÃÃ�È»�¾ÉÆÀÇÃÍÀ�»ËÍÀËÃÃ�
Ã�ÆÃÊÌ»Í»�È»�¿ÃÓ»ÈÀ��¬ÕÌÍÉÚÈÃÀÍÉ�À�ÈÀÉ¼Ë»-
ÍÃÇÉ��»ÅÉ�ÈÀ�ÌÀ�ÊËÃÆÉÁÃ�¥ª«�Ã�½É¿Ã�¿É�¼Ã-
ÉÆÉ¾ÃÒÈ»�ÌÇÕËÍ��­ÕÄ�Å»ÍÉ��¬¬�À�ÈÀÉÒ»Å½»È»��
ÌÀ�ÃÂÅÆÙÒ½»Í�ÌÕË¿ÀÒÈÃ�Â»¼ÉÆÚ½»ÈÃÚ�½�ÍÀËÇÃ-
È»ÆÀÈ� ÌÍ»¿ÃÄ� È»� ÌÕË¿ÀÒÈ»� ÈÀ¿ÉÌÍ»ÍÕÒÈÉÌÍ� Ã�
ÍË»½Ç»ÍÃÒÈÃ�ÊËÃÒÃÈÃ��

¥»Ë¿ÃÉ�ÊÎÆÇÉÈ»ÆÈ»�ËÀÌÎÌÑÃÍ»ÑÃÚ�À�ÅÉÇ-
ÊÆÀÅÌ�ÉÍ�ÌÊÀÓÈÃ�¿Ã»¾ÈÉÌÍÃÒÈÃ�Ã�ÍÀË»ÊÀ½ÍÃÒ-
ÈÃ� ¿ÀÄÈÉÌÍÃ� ÌÆÀ¿� ¬�� Â»� ½ÕÂÌÍ»ÈÉ½Ú½»ÈÀ� È»�
ÑÃËÅÎÆ»ÑÃÚÍ»�Ã�ÉÌÃ¾ÎËÚ½»ÈÀ�È»�ÉÅÌÃ¾ÀÈÃË»È»�
ÅËÕ½�¿É�ÇÉÂÕÅ»��®ÀÄÌÍÏÀÆ¿�Ã�ÌÕ»½ÍÉËÃ�ÉÊËÀ-
¿ÀÆÚÍ���ÊÉÌÆÀ¿É½»ÍÀÆÈÃ�Ï»ÂÃ�ÉÍ�È»Ò»ÆÉÍÉ�È»�
¬��½�Â»½ÃÌÃÇÉÌÍ�ÉÍ�ÊËÉ¾ËÀÌÃÚÍ»�È»�ÃÌÐÀÇÃÚ-
Í»��ÀÆÀÅÍËÃÒÀÌÅ»�Ï»Â»������ÇÃÈÎÍÃ���ÌÆÀ¿½»È»�
ÉÍ�ÑÃËÅÎÆ»ÍÉËÈ»�Ï»Â»�������ÇÃÈÎÍÃ��Ã�ÇÀÍ»¼É-
ÆÃÍÈ»�Ï»Â»��È»¿����ÇÃÈÎÍÃ��>��@��

 ÆÀÅÍËÃÒÀÌÅ»Í»�Ï»Â»�ÌÀ�ÃÂÚ½Ú½»�Ì�ËÃÍÕÇÈÃ�
È»ËÎÓÀÈÃÚ��ÊËÉÑÀÌÕÍ�À�É¼Ë»ÍÃÇ��»�ÈÀÂ»¼»½È»-
Í»�¿ÀÏÃ¼ËÃÆ»ÑÃÚ�ÃÇ»�ÂÈ»ÒÃÍÀÆÀÈ�Ó»ÈÌ�Â»�ÎÌ-
ÊÀÐ��ÉÌÉ¼ÀÈÉ�¿É�ÍËÀÍ»Í»�ÇÃÈÎÍ»��ªÉ�½ËÀÇÀ�È»�
ÑÃËÅÎÆ»ÍÉËÈ»Í»�Ï»Â»�ÌÀ�È»ÍËÎÊ½»Í�ÃÌÐÀÇÃÒÈÃ�
ÇÀÍ»¼ÉÆÃÍÃ� ½� ÇÃÉÅ»Ë¿»�� ÊËÀ¿ÃÂ½ÃÅ½»ÔÃ� Å»-
ÇÀËÈÉ�ÇÕÁ¿ÀÈÀ��¥§����ÀÂ�ÊËÀ¿ÓÀÌÍ½»Ô»�¥ª«�
Ó»ÈÌÉ½ÀÍÀ�Â»�ÎÌÊÀÓÈ»�¿ÀÏÃ¼ËÃÆ»ÑÃÚ�È»Ç»ÆÚ-
½»Í��¥»ÇÀËÈÉÍÉ�ÇÕÁ¿ÀÈÀ�ÌÀ�Ð»Ë»ÅÍÀËÃÂÃË»�Ì�
ÆÃÊÌ»� È»� ÃÂ½ÕÈËÀÏË»ÅÍÀËÀÈ� ÊÀËÃÉ¿� �fÌ½É¼É-
¿ÀÈ�ÉÍ�½ÕÂ¼ÎÁ¿ÀÈÃÀr���ÊÉË»¿Ã�ÅÉÀÍÉ�¿ÀÏÃ¼ËÃ-
Æ»ÑÃÚÍ»�ÈÀ�ÇÉÁÀ�¿»�ÊËÀÅÕÌÈÀ�ËÀ�ÀÈÍËÃ�ÇÀÐ»-
ÈÃÂÇ»��ªÉ�½ËÀÇÀ�È»�ÇÀÍ»¼ÉÆÃÍÈ»Í»�Ï»Â»�ÈÚÇ»�
½ÕÂÇÉÁÈÉÌÍ� Â»� ½ÕÌÍ»ÈÉ½Ú½»ÈÀ� È»� ÌÕË¿ÀÒÀÈ�
ËÃÍÕÇ��ÉÌÃ¾ÎËÚ½»Ô�ÀÏÀÅÍÃ½È»�ÑÃËÅÎÆ»ÑÃÚ���É�
��ÇÃÈÎÍÃ�ÉÍ�È»Ò»ÆÉÍÉ�È»�¬��È»ÌÍÕÊ½»�¼ÃÉÆÉ-
¾ÃÒÈ»Í»� ÌÇÕËÍ��­ÉÂÃ� ½ËÀÇÀ½Ã� ÃÈÍÀË½»Æ�ÇÉÁÀ�
ÂÈ»ÒÃÍÀÆÈÉ�¿»�ÌÀ�Î¿ÕÆÁÃ�ÊËÃ�ÊËÉ½ÀÁ¿»ÈÀ�È»�
»¿ÀÅ½»ÍÈ»�¥ª«�

§ÀÁ¿ÎÈ»ËÉ¿ÈÃÍÀ�ÊËÀÊÉËÕÅÃ�Â»�¥ª«��»ÅÍÎ-
»ÆÃÂÃË»ÈÃ�ÊËÀÂ������¾��ÉÌÍ»½»Í�ÊÉÒÍÃ�ÈÀÊËÉ-
ÇÀÈÀÈÃ�ÉÍ������¾���ÊÉË»¿Ã�ÆÃÊÌ»�È»�ÂÈ»ÒÃÇ�ÈÉ½�
¿ÉÅ»Â»ÍÀÆÌÍ½ÀÈ� Ç»ÍÀËÃ»Æ�� ªËÀÂ� ÊÉÌÆÀ¿ÈÃÍÀ�
¾É¿ÃÈÃ�ÌÀ�ÎÍ½ÕËÁ¿»½»�ÇÎÆÍÃ¿ÃÌÑÃÊÆÃÈ»ËÈÃÚÍ�
ÊÉ¿ÐÉ¿� È»� ÊËÉ½ÀÁ¿»ÈÀ� È»�¥ª«��ªËÀÂ� ����� ¾��
ÌÀ�É¼À¿ÃÈÚ½»Í�ÊËÀÊÉËÕÅÃÍÀ�È»��ÇÀËÃÅ»ÈÌÅ»Í»�
ÌÕË¿ÀÒÈ»� »ÌÉÑÃ»ÑÃÚ� ��¬��� Ã� �ÇÀËÃÅ»ÈÌÅ»Í»�
»ÌÉÑÃ»ÑÃÚ�ÊÉ�ÃÈÌÎÆÍ�

£ÌÐÀÇÃÒÈÉ�ËÀÊÀËÏÎÂÃÉÈÀÈ�ÌÃÈ¿ËÉÇ�ÌÆÀ¿�
¬�� �£«¬���­ÉÄ� À� ËÀÂÎÆÍ»Í� ÉÍ� ½ÕÂÌÍ»ÈÉ½Ú½»ÈÀ�

YLFHV�HWF����7KH�PRVW�W\SLFDO�FOLQLFDO�PDQLIHVWDWLRQ�
RI� 6&'� LV�� VXGGHQ� ORVV� RI� FRQVFLRXVQHVV��
PLVVLQJ� SHUFHSWLEOH� SXOVH� LQ� DXVFXOWDWLRQ�� QR�
SXOVDWLRQV�RI�ODUJH�DUWHULHV�DQG�QR�EUHDWKLQJ��7KH�
FRQGLWLRQ�LV�LUUHYHUVLEOH�LI�&35�LV�QRW�DGPLQLVWHUHG�
DQG�UHVXOWV�LQ�ELRORJLFDO�GHDWK��6LQFH�6&'�LV�D�
VXGGHQ�FRQGLWLRQ�WKH�FDUGLDF�GLVHDVHV�LQ�WHUPLQDO�
VWDJH�RI� KHDUW� IDLOXUH� DQG� WUDXPDWLF� HYHQWV�DUH�
H[FOXGHG��

&DUGLRSXOPRQDU\� 5HVXVFLWDWLRQ� LV� D� FRP-
SOH[� RI� GLDJQRVWLF� DQG� WKHUDSHXWLF� SURFHGXUHV�
LQ� HPHUJHQF\� VHWWLQJ� DIWHU� &$� IRU� UHVWRULQJ� RI�
FLUFXODWLRQ�DQG�SURYLGLQJ�RI�R[\JHQDWHG�EORRG�WR�
EUDLQ��:HLVIHOGW�HW�DO��GHILQHG� WKUHH�FRQVHFXWLYH�
SKDVHV� DIWHU� ¬�� DFFRUGLQJ� WR� LVFKHPLD�
SURJUHVVLRQ��HOHFWULFDO�SKDVH������PLQ��IROORZLQJ�
E\� FLUFXODWRU\� SKDVH� ������ PLQ�� DQG� PHWDEROLF�
SKDVH��PRUH�WKDQ����PLQ��>��@�

7KH� HOHFWULFDO� SKDVH� LV� PDQLIHVWHG� E\�
DUUK\WKPLDV��WKH�SURFHVV�LV�UHYHUVLEOH�DQG�LPPH�
GLDWH� GHILEULOODWLRQ� LV� VLJQLILFDQWO\� VXFFHVVIXO�
HVSHFLDOO\� LI� LW� VWDUWV� LQ� �� PLQXWHV�� ,VFKHPLF�
PHWD���EROLWHV�DUH�DFFXPXODWHG�LQ�WKH�P\RFDUGLXP�
GXULQJ� WKH�FLUFXODWRU\�SKDVH� OHDGLQJ� WR�9)��7KH�
GHILEULOODWLRQ�PLJKW�QRW�EH�VXFFHVVIXO�ZLWKRXW�SULRU�
&35��9HQWULFXODU� ILEULOODWLRQ� IHDWXUHV�ZLWK� ODFN�RI�
RXW�RI�UHIUDFWRU\�SHULRG��fIUHH�RI�H[FLWDWLRQr��WKXV�
WKH� GHILEULOODWLRQ� FRXOG� QRW� FHDVH� WKH� UH�HQWU\�
PHFKDQLVP��7KHUH�LV�QR�SRVVLELOLW\�IRU�UHFRYHULQJ�
RI�FDUGLDF�UK\WKP�VXSSRUWLQJ�WKH�DFWLYH�FLUFXODWLRQ�
GXULQJ� WKH� PHWDEROLF� SKDVH�� %LRORJLF� GHDWK�
RFFXUV�LQ���PLQXWHV�DIWHU�WKH�&$��7KH�WLPHIUDPHV�
FRXOG�EH� H[WHQGHG�FRQVLGHUDEO\�ZKHQ�DSSO\LQJ�
DQ�DGHTXDWH�&35�

7KH� ,QWHUQDWLRQDO�*XLGHOLQHV� IRU�&35� ODVWO\�
XSGDWHG� LQ� ����� UHPDLQHG� DOPRVW� XQFKDQJHG�
FRPSDUHG� WR� WKRVH� IURP� ����� GXH� WR� ODFN� RI�
FRQVLGHUDEO\� VLJQLILFDQW� QHZ� HYLGHQFH� GDWD��
'XULQJ� WKH� ODVW� \HDUV� D�PXOWLGLVFLSOLQDU\� DSS�
URDFK�IRU�&35�KDV�EHHQ�HVWDEOLVKHG��7KH�$PHU-
LFDQ� +HDUW� $VVRFLDWLRQ� �$+$�� DQG� $PHULFDQ�
6WURNH�$VVRFLDWLRQ��$6$��*XLGHOLQHV�DUH�XQLILHG�
LQ������

,VFKHPLD�5HSHUIXVLRQ� 6\QGURPH� DIWHU� ¬��
�,56��SRVW�DUUHVW�V\QGURPH���,W�LV�D�UHVXOW�RI�WKH�
5HWXUQ�RI�6SRQWDQHRXV�&LUFXODWLRQ��526&��GXULQJ�
GHYHORSPHQW�RI�LVFKHPLD�RI�WLVVXHV�>�@��&OLQLFDOO\�
WKH�FRQGLWLRQ�PDQLIHVWV�ZLWK�>��@�
t� 0\RFDUGLDO�'\VIXQFWLRQ��0'��ZLWK�K\SRWHQVLRQ��

ORZ�FDUGLDF�LQGH[�DQG�DUUK\WKPLD��&RQWUROOLQJ�
RI�PHDQ�EORRG�SUHVVXUH�LV�FULWLFDO�IRU�SURYLGLQJ�
RI�DQ�DGHTXDWH�XULQH�RXWSXW�DQG�QRUPDOL]LQJ�
RI�ODFWDWH�SODVPD�OHYHOV�

t� &16�V\PSWRPV�u�FRPD��VHL]XUHV��P\RFORQXV��
FRJQLWLYH� G\VIXQFWLRQ� DQG� EUDLQ� GHDWK�� 6HL-
]XUHV� DIWHU�526&�DUH� REVHUYHG� LQ� ������RI�
DGXOWV�DQG�LQ�XS�WR�����RI�SDWLHQWV�LQ�FRPD�
�JHQHUDOL]HG�� QRQ�JHQHUDOL]HG�� P\RFORQXVHV��
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È»�ÌÊÉÈÍ»ÈÈ»Í»�ÑÃËÅÎÆ»ÑÃÚ���¬±��È»�ÏÉÈ»�È»�
½ÀÒÀ�Ë»Â½Ã½»Ô»�ÌÀ�ÃÌÐÀÇÃÚ�È»� ÍÕÅ»ÈÃÍÀ� >�@��
¥ÆÃÈÃÒÈÉ�ÌÀ�ÃÂÚ½Ú½»�Ì�>��@�
t� §ÃÉÅ»Ë¿È»�¿ÃÌÏÎÈÅÑÃÚ��§���u�ÐÃÊÉÍÉÈÃÚ��

ÈÃÌÕÅ� ÌÕË¿ÀÒÀÈ� ÃÈ¿ÀÅÌ� Ã� »ËÃÍÇÃÚ�� ¥ÉÈ-
ÍËÉÆÕÍ� È»� ÌËÀ¿ÈÉÍÉ� »ËÍÀËÃ»ÆÈÉ� ÅËÕ½ÈÉ�
È»ÆÚ¾»ÈÀ��¬Ë�¨��À�ÅÆÙÒÉ½�Â»�»¿ÀÅ½»ÍÈÉÍÉ�
ÉÍ¿ÀÆÚÈÀ�È»�ÎËÃÈ»�Ã�ÈÉËÇ»ÆÃÂÃË»ÈÀ�ÌÍÉÄ-
ÈÉÌÍÃÍÀ�È»�Æ»ÅÍ»Í»�½�ÊÆ»ÂÇ»Í»�

t� ªËÉÚ½Ã�ÉÍ�±¨¬�u�ÅÉÇ»�� ¾ÕËÒÉ½À��ÇÃÉÅÆÉ-
ÈÎÌ�� ÅÉ¾ÈÃÍÃ½È»� ¿ÃÌÏÎÈÅÑÃÚ� Ã� ÇÉÂÕÒÈ»�
ÌÇÕËÍ��ªËÃ��������ÉÍ�½ÕÂË»ÌÍÈÃÍÀ�Ê»ÑÃÀÈÍÃ�
Ì��¬±�Ã�¿É�����ÉÍ�Ê»ÑÃÀÈÍÃÍÀ�½�ÅÉÇ»�ÌÀ�
È»¼ÆÙ¿»½»Í� ¾ÕËÒÉ½À� �¾ÀÈÀË»ÆÃÂÃË»ÈÃ�� ÈÀ-
¾ÀÈÀË»ÆÃÂÃË»ÈÃ��ÇÃÉÅÆÉÈÎÌÃ�Ã�¿Ë����­À�ÊÉ-
½ÃÓ»½»Í�ÍËÃÅË»ÍÈÉ�ÇÉÂÕÒÈÃÚ�ÇÀÍ»¼ÉÆÃÂÕÇ�
Ã�½É¿ÚÍ�¿É�¿ÉÊÕÆÈÃÍÀÆÈ»�ÇÉÂÕÒÈ»�Î½ËÀ¿»�

t� ªÉÆÃÉË¾»ÈÈ»� ÈÀ¿ÉÌÍ»ÍÕÒÈÉÌÍ� ÊÉË»¿Ã� È»-
Ç»ÆÀÈ�½ÕÍËÀÌÕ¿É½�É¼ÀÇ��½»ÂÉ¿ÃÆ»Í»ÑÃÚ�Ã�
Î½ÀÆÃÒÀÈ� ËÃÌÅ� ÉÍ� ÃÈÏÀÅÑÃÃ� �ËÀÂÎÆÍ»Í� È»�
»ÅÍÃ½ÃË»ÈÀ� È»� ÃÇÎÈÉÆÉ¾ÃÒÈÃ� Ã� ÅÉ»¾ÎÆ»-
ÑÃÉÈÈÃ�ÇÀÐ»ÈÃÂÇÃ��

t� ªÀËÃÌÍÃË»Ô»�Ê»ÍÉÆÉ¾ÃÚ��ÉÌÍÕË�ÅÉËÉÈ»ËÀÈ�
ÌÃÈ¿ËÉÇ�� Å»Ë¿ÃÉÇÃÉÊ»ÍÃÃ�� °©���� ÍÉÅÌÃ-
ÅÉÆÉ¾ÃÒÈÃ�ÍËÉÇ¼ÉÀÇ¼ÉÆÃÒÈÃ�ÃÈÏÀÅÑÃÉÂÈÃ�
Â»¼ÉÆÚ½»ÈÃÚ�Ã�ÐÃÊÉ½ÉÆÀÇÃÚ��>��@�
­ÀÁÀÌÍÍ»�È»�£«¬�½»ËÃË»�½�Â»½ÃÌÃÇÉÌÍ�ÉÍ�

ÊËÉ¿ÕÆÁÃÍÀÆÈÉÌÍÍ»� Ã� ÊËÃÒÃÈ»Í»� Â»� ÌÊÃË»ÈÀ�
È»� ÌÕË¿ÀÒÈ»Í»� ¿ÀÄÈÉÌÍ�� �� ÌÆÎÒ»Ã�� ÅÉ¾»ÍÉ� ¬��
À�ÇÈÉ¾É�ÅË»ÍÕÅ��£«¬�ÇÉÁÀ�Ã�¿»�ÈÀ�ÌÀ�ÊËÉÚ-
½Ã��¬ÃÇÊÍÉÇÃÍÀ�È»�ÇÉÂÕÒÈ»�Î½ËÀ¿»�ÇÉÁÀ�¿»�
ÌÀ�Â»¿ÕÆ¼ÉÒ»Í�ÉÍ�È»ËÎÓÀÈÚ�½�ÇÃÅËÉÑÃËÅÎÆ»-
ÑÃÚÍ»��È»ËÎÓÀÈ»�»½ÍÉËÀ¾ÎÆ»ÑÃÚ��ÐÃÊÀËÅ»ÊÈÃÚ��
ÐÃÊÀËÉÅÌÃÚ��ÊÃËÀÅÌÃÚ��ÐÃÊÀË¾ÆÃÅÀÇÃÚ�Ã�¾ÕËÒÉ-
½À��¢È»ÒÃÇ»�§��ÌÀ�ÌËÀÔ»�ÒÀÌÍÉ�ÌÆÀ¿�¬��Å»ÍÉ�
É¼ÃÅÈÉ½ÀÈÉ�ÌÀ�½ÕÂÌÍ»ÈÉ½Ú½»�½�Ë»ÇÅÃÍÀ�È»�����
¿ÈÃ��¨À½ËÉÆÉ¾ÃÒÈÃÍÀ�ÎÌÆÉÁÈÀÈÃÚ�Ì»�ÊËÃÒÃÈ»�
Â»�ÌÇÕËÍ�È»�����ÉÍ�Ê»ÑÃÀÈÍÃÍÀ�ÌÕÌ�¬��ÊËÀ¿Ã�
ÊËÃÀÇ»�½�£ÈÍÀÈÂÃ½ÈÉ�ÉÍ¿ÀÆÀÈÃÀ�Ã�È»�����ÉÍ�
ÐÉÌÊÃÍ»ÆÃÂÃË»ÈÃÍÀ�Ê»ÑÃÀÈÍÃ�>��@��

­ÀËÇÃÈ»ÆÈÃÍÀ� ÌÕÌÍÉÚÈÃÚ� ÌÀ� ÅÆ»ÌÃÏÃÑÃ-
Ë»Í� ÌÊÉËÀ¿� ½ËÀÇÀÍÉ� ÌÆÀ¿� È»Ò»ÆÉÍÉ� È»� ¬�� Ã�
ÈÀÎÌÊÀÓÈ»� ¥ª«�� È»Ä�É¼ÔÉ� Å»ÅÍÉ� ÌÆÀ¿½»�� ����
ÇÃÈÎÍÃ�u�ÅÆÃÈÃÒÈ»�ÌÇÕËÍ��¥¬��������ÇÃÈÎÍÃ�u�
¥¬� ¼ÀÂ� ÈÀ½ËÉÆÉ¾ÃÒÀÈ� ¿ÀÏÃÑÃÍ�� ������ ÇÃÈÎÍÃ�
u�¥¬�Ì�ÈÀ½ËÉÆÉ¾ÃÒÀÈ�¿ÀÏÃÑÃÍ��������ÇÃÈÎÍÃ���
ÅÉËÍÃÅ»ÆÈ»�ÌÇÕËÍ��È»¿����ÇÃÈÎÍÃ�u�ÇÉÂÕÒÈ»�Ã�
¼ÃÉÆÉ¾ÃÒÈ»�ÌÇÕËÍ�

¥ÆÃÈÃÒÈ»Í»�ÌÇÕËÍ�À�ËÀÂÎÆÍ»Í�È»�ÊËÀÅÕÌ-
½»ÈÀ� È»� ÀÏÀÅÍÃ½ÈÉÍÉ� ÇÉÂÕÒÈÉ� ÅËÕ½ÉÉ¼Ë»ÔÀ-
ÈÃÀ�Ì�ÊËÉÚ½»�È»�É¼Ë»ÍÃÇÉ�Ã�½ËÀÇÀÈÈÉ�ÉÍÊ»¿»-
ÈÀ�È»�ÇÉÂÕÒÈÃÍÀ�ÏÎÈÅÑÃÃ��¬��ÌÀ�ÉÍÕÁ¿ÀÌÍ½Ú½»�
Ì�¥¬���Æ½ÀÉÆ»ËÈ»Í»�»ÈÉÅÌÃÚ�½É¿Ã�¿É�ÅÆÃÈÃÒÈ»�
ÌÇÕËÍ�ÌÆÀ¿�����ÇÃÈÎÍÃ��ÊÉË»¿Ã�ÃÂÒÀËÊ½»ÈÀ�È»�
ÅÃÌÆÉËÉ¿ÈÃÍÀ� ËÀÂÀË½Ã� È»� ÉË¾»ÈÃÂÇ»� >��@��­Ú�
ÇÉÁÀ�¿»�À�ËÀÂÎÆÍ»Í�È»�ÊËÀÇ»Ð½»ÈÀÍÉ�È»�»Ê»-
Ë»ÍÈ»Í»� ÊÉ¿¿ËÕÁÅ»� È»� ÅËÕ½ÉÉ¼Ë»ÔÀÈÃÀÍÉ� Ã�
¿ÃÓ»ÈÀÍÉ�

HWF����7KH\�LQFUHDVH�WKH�EUDLQ�PHWDEROLVP�WKUHH�
WLPHV�OHDGLQJ�WR�DGGLWLRQDO�EUDLQ�GDPDJH��

t� 3RO\RUJDQ� LQVXIILFLHQF\� DV� D� UHVXOW� RI� GH-
FUHDVHG� LQWUDYDVFXODU� YROXPH�� YDVRGLODWLRQ�
DQG�LQFUHDVHG�ULVN�RI�LQIHFWLRQV��UHVXOW�RI�DFWL�
YDWLRQ�RI�LPPXQRORJLF�DQG�FRDJXORJLF�SDWK�
ZD\V��

t� 3UHFLSLWDWLQJ�SDWKRORJ\� �DFXWH�FRURQDU\�V\Q-
GURPH��FDUGLRP\RSDWKLHV��&23'�� WR[LFRORJL-
FDO�WKURPERHPEROLF�LQIHFWLRXV�GLVHDVHV�DQG�
K\SRYROHPLD��>��@�
7KH�VHYHULW\�RI�,56�YDULHV�GHSHQGLQJ�RQ�WKH�

FRQWLQXDWLRQ�DQG�WKH�FDXVH�RI�WKH�FDUGLDF�DUUHVW��
,Q�FDVH�RI�VKRUW�WHUP�&$��WKH�,56�PLJKW�QRW�EH�
GLVSOD\HG�� 6\PSWRPV� RI� EUDLQ� GDPDJH� PLJKW�
GHHSHQ� E\� LPSDLUHG� PLFURFLUFXODWLRQ�� LPSDLUHG�
DXWRUHJXODWLRQ�� K\SHUFDUELD�� K\SHUR[LD�� S\UH[LD��
K\SHUJO\FHPLD� DQG� VHL]XUHV�� 6LJQLILFDQW� 0'� LV�
RIWHQ�REVHUYHG�DIWHU�¬��DQG�XVXDOO\�UHFRYHUV�LQ�
����GD\V��1HXURORJLF�FRPSOLFDWLRQV�DUH�D�FDXVH�
RI�GHDWK�LQ�����RI�SDWLHQWV�DIWHU�¬��EHIRUH�EHLQJ�
DGPLWWHG�WR�DQ�,QWHQVLYH�&DUH�8QLW�DQG�LQ�����RI�
KRVSLWDOL]HG�SDWLHQWV�>��@��

7HUPLQDO�&RQGLWLRQV�DUH�FODVVLILHG�EDVHG�RQ�
WKH�WLPH�DIWHU�WKH�EHJLQLQJ�RI�&$�DQG�XQVXFFHVVIXO�
&35��DV� IROORZV������PLQ�u�FOLQLFDO�GHDWK� �&'���
����� PLQ� u� &'�ZLWKRXW� QHXURORJLFDO� GHILFLHQF\��
������PLQ�u�&'�ZLWK�QHXURORJLFDO�GHILFLHQF\�����
���PLQ�u�FRUWLFDO�GHDWK��DQG�RYHU����PLQ�u�EUDLQ�
DQG�ELRORJLF�GHDWK�

&OLQLFDO�'HDWK� LV�D� UHVXOW�RI�GLVFRQWLQXDWLRQ�
RI� WKH� HIIHFWLYH� EUDLQ� FLUFXODWLRQ� GHPRQVWUDWHG�
ZLWK� UHYHUVLEOH� DQG� WHPSRUDU\� IDLOXUH� RI� EUDLQ�
IXQFWLRQV��¬��LV�LGHQWLILHG�ZLWK�WKH�FOLQLFDO�GHDWK��
$IWHU� ���� PLQXWHV� WKH� DOYHRODU� DQR[LD� OHDGV� WR�
FOLQLFDO�GHDWK�GXH� WR�R[\JHQ�GHSOHWLRQ�RI�ERG\�
UHVHUYHV�>��@��,W�PLJKW�EH�D�UHVXOW�RI�UHPRYDO�RI�WKH�
WHFKQLFDO�VXSSRUW�RI�FLUFXODWLRQ�DQG�UHVSLUDWLRQ�

&RUWLFDO�'HDWK�LV�D�UHVXOW�RI�VHYHUH�GHVWUXFWLRQ�
RI� WKH�EUDLQ�FRUWH[�DQG�D� ORVV�RI� LWV� IXQFWLRQDO�
FRQQHFWLRQV� ZLWK� WKH� RWKHU� EUDLQ� VWUXFWXUHV�
�DSDOOLF�V\QGURPH��FKURQLF�YHJHWDWLYH�VWDWXV���7KH�
SDWLHQW� LV� LQ� EHG� DQG� DOO� OLYLQJ� V\VWHPV� PLJKW�
RSHUDWH�IRU�D�ORQJ�SHULRG�RI�WLPH�>��@�

%LRORJLF�'HDWK�LV�WKH�GHDWK�RI�DOO�FHOOV�RI�WKH�
KXPDQ�ERG\��FHOO�DQG�RUJDQ�GHDWK��

%UDLQ�'HDWK�LV�D�UHVXOW�RI�VWRSSLQJ�RI�EUDLQ�
FLUFXODWLRQ� DQG� LUUHYHUVLEOH� FKDQJHV� RI� EUDLQ�
IXQFWLRQV� DQG� EUDLQ� VWHP� SUHVHQWLQJ�ZLWK� WKUHH�
PDLQ� HYHQWV�� FRPD�� DEVHQFH� RI� VWHP� UHIOH[HV�
DQG�DSQHD�>���������@��$V�RI�WKH�FXUUHQW�PRPHQW�LQ�
PHGLFDO�UHJXODWLRQ��5HJXODWLRQ�1R�����������������
DQG�LQ�WHUP�RI�WUDQVSODQWDWLRQ��WKH�ORFDOO\�DFFHSWHG�
GHILQLWLRQ� RI� WKLV� FRQGLWLRQ� LV�� rLUUHYHUVLEOH� DQG�
SHUPDQHQW�FHVVDWLRQ�RI�DOO�IXQFWLRQV�RI�WKH�EUDLQ�
LQ�WKH�SUHVHQFH�RI�KHDUWEHDWs��

&KDLQ�RI�6XUYLYDO�u�WKLV�WHUPLQRORJ\�LV�XVHG�
IRU�WKH�DFWLYLWLHV�DIWHU�WKH�¬��XQWLO�SDWLHQWqV�VXUYLYDO�
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¥ÉËÍÃÅ»ÆÈ»Í»�ÌÇÕËÍ� À� ËÀÂÎÆÍ»Í� È»� ÍÀÁ-
Å»�¿ÀÌÍËÎÅÑÃÚ�È»�ÅÉË»Í»�È»�¾Æ»½ÈÃÚ�ÇÉÂÕÅ�Ã�
Â»¾Î¼»�È»�ÏÎÈÅÑÃÉÈ»ÆÈÃÍÀ�ÃÇ�½ËÕÂÅÃ�Ì�ÉÌÍ»-
È»ÆÃÍÀ�ÇÉÂÕÒÈÃ�ÌÍËÎÅÍÎËÃ��»Ê»ÆÃÀÈ�ÌÃÈ¿ËÉÇ��
ÐËÉÈÃÒÈÉ�½À¾ÀÍ»ÍÃ½ÈÉ�ÌÕÌÍÉÚÈÃÀ���ª»ÑÃÀÈÍÕÍ�
À�È»�ÆÀ¾ÆÉ��ÈÉ�½ÌÃÒÅÃÍÀ�ÁÃÂÈÀÈÃ�ÌÃÌÍÀÇÃ�ÇÉ-
¾»Í�¿»�ÏÎÈÅÑÃÉÈÃË»Í�Â»�¿ÕÆÕ¾�ÊÀËÃÉ¿�ÉÍ�½ËÀ-
ÇÀ�>��@�

�ÃÉÆÉ¾ÃÒÈ»Í»�ÌÇÕËÍ�À�Â»¾Ã½»ÈÀ�È»�½ÌÃÒ-
ÅÃ�ÅÆÀÍÅÃ�È»�ÒÉ½ÀÓÅÃÚ�ÉË¾»ÈÃÂÕÇ��ÅÆÀÍÕÒÈ»�Ã�
ÉË¾»ÈÈ»�ÌÇÕËÍ��

§ÉÂÕÒÈ»Í»�ÌÇÕËÍ� À�ËÀÂÎÆÍ»Í�È»�ÌÊÃË»ÈÀ�
È»�ÇÉÂÕÒÈÉÍÉ�ÅËÕ½ÉÉ¼ËÕÔÀÈÃÀ�Ã�ÈÀÉ¼Ë»ÍÃÇÃ�
ÊËÉÇÀÈÃ� È»� ÇÉÂÕÒÈÃÍÀ� ÏÎÈÅÑÃÃ� Ã� ÇÉÂÕÒÈÃÚ�
ÌÍ½ÉÆ�Ì�ÍËÃ�ÉÌÈÉ½ÈÃ�ÊËÉÚ½Ã��ÅÉÇ»��ÆÃÊÌ»�È»�
ÌÍ½ÉÆÉ½Ã� ËÀÏÆÀÅÌÃ� Ã� »ÊÈÀÚ� >��� ���� ��@�� ¥ÕÇ�
È»ÌÍÉÚÔÃÚ� ÇÉÇÀÈÍ� ½� ÇÀ¿ÃÑÃÈÌÅÉÍÉ� ÊË»½É�
�¨»ËÀ¿¼»������ÉÍ������������¾����Â»�ÑÀÆÃÍÀ�È»�
ÍË»ÈÌÊÆ»ÈÍ»ÑÃÚÍ»��Î�È»Ì�ÊÉÈÚÍÃÀÍÉ�À�¿ÀÏÃÈÃ-
Ë»ÈÉ�Å»ÍÉ��rÈÀÉ¼Ë»ÍÃÇÉ�Ã�ÍË»ÄÈÉ�ÌÊÃË»ÈÀ�È»�
½ÌÃÒÅÃ�ÏÎÈÅÑÃÃ�È»�¾Æ»½ÈÃÚ�ÇÉÂÕÅ�ÊËÃ�È»ÆÃÒÈ»�
ÌÕË¿ÀÒÈ»�¿ÀÄÈÉÌÍs��

¬Ê»ÌÃÍÀÆÈ»� ½ÀËÃ¾»� �&KDLQ� RI� 6XUYLYDO�� u�
Ì�ÍÉÂÃ�ÍÀËÇÃÈ�ÌÀ�É¼ÉÂÈ»Ò»½»Í�¿ÀÄÌÍ½ÃÚÍ»�ÉÍ�
½ÕÂÈÃÅ½»ÈÀÍÉ�È»�¬��¿É�ÊËÀÁÃ½Ú½»ÈÀÍÉ�È»�Ê»-
ÑÃÀÈÍ»��ÅÉÃÍÉ�ÑÀÆÚÍ�
t� «»ÈÈÉ�¿ÃÏÀËÀÈÑÃË»ÈÀ�È»�ÊËÉ¼ÆÀÇ»�Ã�ÇÀË-

ÅÃ�Â»�ÊËÀ½ÀÈÑÃÚ�È»�ÌÕË¿ÀÒÀÈ�»ËÀÌÍ�
t� «»ÈÈ»�¥ª«�Ì�ÑÀÆ�¿»�ÌÀ�Î¿ÕÆÁÃ�½ËÀÇÀÍÉ�È»�

É¼Ë»ÍÃÇ»Í»�Ï»Â»�È»�¬��
t� «»ÈÈ»� ¿ÀÏÃ¼ËÃÆ»ÑÃÚ� Â»� ½ÕÂÌÍ»ÈÉ½Ú½»ÈÀ�

È»�ÌÕË¿ÀÒÈ»Í»�¿ÀÄÈÉÌÍ�
t� ªÉÌÍ�ËÀ»ÈÃÇ»ÑÃÉÈÈÃ�¾ËÃÁÃ�Â»�½ÕÂÌÍ»ÈÉ½Ú-

½»ÈÀ�È»�Å»ÒÀÌÍ½ÉÍÉ�È»�ÁÃ½ÉÍ�È»�Ê»ÑÃÀÈÍ»�

¬Õ½ËÀÇÀÈÈÃ� ÅÉÈÑÀÊÑÃÃ� Â»� ÉÑÀÈÅ»� È»�
ÊËÀÁÃ½ÚÀÇÉÌÍÍ»�ÌÆÀ¿�ÌÕË¿ÀÒÈÃÚ�»ËÀÌÍ

�
¬ÕË¿ÀÒÈÃÚÍ� »ËÀÌÍ� À� ¾ÆÉ¼»ÆÀÈ� ÌÉÑÃ»ÆÈÉ�

ÂÈ»ÒÃÇ� ÇÀ¿ÃÑÃÈÌÅÃ� ÊËÉ¼ÆÀÇ�� Ì½ÕËÂ»È� Ì� ½Ã-
ÌÉÅ»� ÌÇÕËÍÈÉÌÍ� Ã� ÍÀÁÅ»� ÃÈ½»ÆÃ¿ÃÂ»ÑÃÚ�� °»-
Ë»ÅÍÀËÃÂÃË»�ÌÀ�Ì�Ë»ÂÈÉÉ¼Ë»ÂÃÀ�ÉÍ�ÀÍÃÉÆÉ¾ÃÒ-
ÈÃ�Ï»ÅÍÉËÃ�Ã�Ê»ÍÉ¾ÀÈÀÂ»�È»�ÊËÉÍÃÒ»ÈÀ��ÅÉÃÍÉ�
ÉÊËÀ¿ÀÆÚÍ� ½ÕÂÇÉÁÈÉÌÍÍ»� Â»� ½ÕÂÌÍ»ÈÉ½Ú½»ÈÀ�
ÌÆÀ¿�¥ª«��®ÌÃÆÃÚÍ»�Â»�ÊÉÌÍÃ¾»ÈÀ�È»�ÊÉ�¿É¼ËÃ�
ÍÀË»ÊÀ½ÍÃÒÈÃ�ËÀÂÎÆÍ»ÍÃ�Ì»�È»ÌÉÒÀÈÃ�½�¿½À�ÉÌ-
ÈÉ½ÈÃ�È»ÊË»½ÆÀÈÃÚ�
t� ÊËÀ¿ÃÅÍÉËÃ�Â»�ÃÂÐÉ¿�ÉÍ�¥ª«�
t� ÉÊËÀ¿ÀÆÚÈÀ�È»�ËÃÌÅÉ½ÃÍÀ�Ï»ÅÍÉËÃ��¿É½ÀÆÃ�

¿É�¬��� ÒËÀÂ� ËÀÍËÉÌÊÀÅÍÃ½ÈÃ� »È»ÆÃÂÃ�� ÇÀ-
Í»»È»ÆÃÂÃ� Ã� ÊËÉÌÊÀÅÍÃ½ÈÃ� ÊËÉÎÒ½»ÈÃÚ� Ì»�
ÌÕ¼Ë»ÈÃ�¾ÉÆÚÇÉ�ÅÉÆÃÒÀÌÍ½É�¿»ÈÈÃ��ÅÉÃÍÉ�ÌÀ�
¾ËÎÊÃË»Í�ÊÉ�Ë»ÂÆÃÒÈÃ�ÊÉÅ»Â»ÍÀÆÃ��ªË»½Ã�ÌÀ�
ÉÑÀÈÅ»�È»�ÊËÀÁÃ½ÚÀÇÉÌÍÍ»�ÌÆÀ¿�¬��ÊÉ��½ËÀ-
ÇÀ��¿ÀÇÉ¾Ë»ÏÌÅÃ�¿»ÈÈÃ��ÏÉËÇÃ�È»�¬���ËÃ-
ÌÅÉ½Ã�Ï»ÅÍÉËÃ�Ã�ÉÑÀÈÅ»�È»�ÃÂÐÉ¿»�ÉÍ�¥ª«�
�ÅÉÆÃÒÀÌÍ½ÀÈÃ�Ã�Å»ÒÀÌÍ½ÀÈÃ�ÊÉÅ»Â»ÍÀÆÃ���
��»È»ÆÃÂ»�È»�ÊËÀÁÃ½ÚÀÇÉÌÍÍ»�ÊËÃ�ÊÉ½À-

ZLWK�WKH�DLP�RI�
t� (DUO\� UHFRJQLWLRQ� RI� WKH� HYHQW� DQG� WDNLQJ�

PHDVXUHV�IRU�SUHYHQWLQJ�&$�
t� (DUO\� &35� LQ� WHUP� WR� SURORQJ� WKH� WLPH� RI�

UHYHUVLEOH�SKDVH�RI�&$�
t� (DUO\� GHILEULOODWLRQ� IRU� UHFRYHULQJ� RI� FDUGLDF�

UK\WKP�
t� 3RVW�UHVXVFLWDWLRQ� FDUH� IRU� UHVWRULQJ� WKH�

TXDOLW\�RI�OLIH�RI�WKH�SDWLHQW�

0RGHUQ� FRQFHSWV� IRU� VXUYLYDO� HYDOXDWLRQ� DIWHU�
FDUGLDF�DUUHVW
�
7KH�FDUGLDF�DUUHVW�LV�D�JOREDO��VRFLDOO\�VLJQLILFDQW�
PHGLFDO�FRQGLWLRQ�DVVRFLDWHG�ZLWK�KLJK�PRUWDOLW\�
UDWH� DQG� VHYHUH� GLVDELOLW\�� ,W� LV� FKDUDFWHUL]HG�
ZLWK� D� KLJK� YDULHW\� RI� HWLRORJLFDO� IDFWRUV� DQG�
SDWKRJHQHVLV� ZKLFK� GHILQH� WKH� SRVVLELOLW\� IRU�
UHFRYHULQJ� DIWHU� &35��7KH� HIIRUWV� IRU� DFKLHYLQJ�
EHWWHU� WKHUDSHXWLF� UHVXOWV�KDYH�EHHQ� IRFXVHG� LQ�
WZR�GLUHFWLRQV�
t� 3UHGLFWRUV�RI�&35�RXWFRPHV�
t� 'HILQLQJ�RI�ULVN�IDFWRUV�FDXVLQJ�¬��

)RU� WKDW� SXUSRVH� UHWURVSHFWLYH� DQDO\VHV��
PHWD�DQDO\VHV� DQG� SURVSHFWLYH� VWXGLHV� KDYH�
EHHQ� SHUIRUPHG� DQG� D� ORW� RI� GDWD� KDG� EHHQ�
FROOHFWHG��JURXSHG�E\�GLIIHUHQW�SDUDPHWHUV��7KH�
VXUYLYDO� UDWH� DIWHU� &$� LV� DVVHVVHG� LQ� DQDO\VHV�
FRQVLGHULQJ�� WLPH�� GHPRJUDSKLF� GDWD�� W\SHV� RI�
&$��ULVN�IDFWRUV�DQG�DVVHVVPHQW�RI�&35�RXWFRPH�
�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�SDUDPHWHUV���

$� VLPLODU� DSSURDFK� LV� REVHUYHG� LQ� PRVW�
VXUYLYDO� DQDO\VHV� u� JURXSLQJ� RI� UHVXOWV� E\�
DEVROXWH� YDOXH� DQG� E\� SHUFHQW�� 7KH� ODUJHVW�
REVHUYDWLRQDO� VWXG\� LV� SXEOLVKHG� LQ� ������ �����
SDWLHQWV�KDYH�EHHQ�REVHUYHG�IRU����\HDUV�DQDO\]LQJ�
WKH� VXUYLYDO� DIWHU� &$� LQ� D� 0XOWLSURILOH� +RVSLWDO�
H[FOXGLQJ� &RURQDU\� DQG� ,QWHQVLYH� &DUH� 8QLWV��
7KH�UHSRUWHG�UHVXOWV�DIWHU�&35�ZHUH��DV�IROORZV��
GLHG� DIWHU� XQVXFFHVVIXO� &35� ������� GLHG� ODWHU�
LQ�KRVSLWDO� ������DQG�GLVFKDUJHG�DOLYH� ����>����
��@��,Q�DQ�REVHUYDWLRQDO�VWXG\�SXEOLVKHG�LQ�������
����SDWLHQWV�DUH�DQDO\]HG�IRU�D���\HDU�SHULRG�LQ�
&DUGLRORJ\�+RVSLWDO�DQG�WKH�VXUYLYDO�E\�WLPH�DIWHU�
&$�KDV�EHHQ� DVVHVVHG� LQ� GHWDLOV��7KH�SDWLHQWV�
DIWHU� &35� KDYH� EHHQ� GLYLGHG� LQ� WKH� IROORZLQJ�
JURXSV��LQ�DEVROXWH�YDOXH�DQG�LQ�����LPPHGLDWH�
GHDWK����������GHDWK�LQ����KRXUV��������VXUYLYDO�
PRUH�WKDQ����KRXUV���������u�GHDWK�LQ���PRQWK�
��������DQG�VXUYLYDO�DIWHU���PRQWK��������� LQFO��
GHDWK�XS�WR�DQG�DERYH���\HDU�>��@��,Q�(QJODQG��
����� WKH� ODUJHVW� XS� WLOO� QRZ� VLQJOH� VLWH� VWXG\�
KDV�EHHQ�FRPSOHWHG�LQ������SDWLHQWV�DIWHU�&35�
SHUIRUPHG�RXW�RI�KRVSLWDO�E\�DQ�HPHUJHQF\�WHDP��
7KH�VXUYLYDO�KDV�EHHQ�DVVHVVHG�LQ�WKUHH�JURXSV��
XQWLO�KRVSLWDOL]DWLRQ��������XS�WR����KRXUV�������
DQG�XQWLO�GLVFKDUJH�������>�@��&RPSOHWHG�VWXGLHV�
GHPRQVWUDWH� D� KLJK� OHYHO� RI� LPPHGLDWH� GHDWK�
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ÒÀÍÉ� ÊËÉÎÒ½»ÈÃÚ� ÌÀ� È»¼ÆÙ¿»½»� É¼Ô� ÊÉ¿ÐÉ¿�
È»� ¾ËÎÊÃË»ÈÀ� È»� ËÀÂÎÆÍ»ÍÃÍÀ� ÊÉ� »¼ÌÉÆÙÍÈ»�
ÌÍÉÄÈÉÌÍ� Ã� ½� ÊËÉÑÀÈÍÃ�� ¨»Ä�Ç»Ô»¼ÈÉÍÉ� È»-
¼ÆÙ¿ÀÈÃÀ� À� ÊÎ¼ÆÃÅÎ½»ÈÉ� ÊËÀÂ� ����� ¾��� ÊËÃ�
ÅÉÀÍÉ�Ì»�ÉÊÃÌ»ÈÃ������Ê»ÑÃÀÈÍ»�Â»����¾É¿ÃÈÃ�
Ì�»È»ÆÃÂ�È»�ÉÑÀÆÀÆÃÍÀ�ÌÆÀ¿�ÌÕË¿ÀÒÀÈ�»ËÀÌÍ�
½� ÇÈÉ¾ÉÊËÉÏÃÆÈ»� ¼ÉÆÈÃÑ»�� ¼ÀÂ� ÅÉËÉÈ»ËÈÉ� Ã�
ÃÈÍÀÈÂÃ½ÈÉ� ÉÍ¿ÀÆÀÈÃÀ�� ªËÃ� ÍÉ½»� ÊËÉÎÒ½»ÈÀ��
ÈÀÊÉÌËÀ¿ÌÍ½ÀÈÉ� ÌÆÀ¿� ¥ª«� Ì»� ÊÉÒÃÈ»ÆÃ� ����
ÉÍ�Ê»ÑÃÀÈÍÃÍÀ��ÉÍ�¼ÉÆÈÃÒÈÃÍÀ�u������»�ÊËÀÁÃ-
½ÀÆÃ�Ã�ÃÂÊÃÌ»ÈÃ�Ì»����>������@����ÊÎ¼ÆÃÅÎ½»ÈÉ�
�����¾É¿ÃÈ»�È»¼ÆÙ¿ÀÈÃÀ�Â»���¾É¿ÃÓÀÈ�ÊÀËÃÉ¿�
È»�����Ê»ÑÃÀÈÍ»�½�Å»Ë¿ÃÉÆÉ¾ÃÒÈ»�¼ÉÆÈÃÑ»�ÌÀ�
ÊË»½Ã� »È»ÆÃÂ� Ì� ¿ÀÍ»ÄÆÈÉ� Ë»Â¿ÀÆÚÈÀ� È»� ÊËÀ-
ÁÃ½ÚÀÇÉÌÍÍ»�ÊÉ� ½ËÀÇÀ� ÌÆÀ¿�¬���ª»ÑÃÀÈÍÃÍÀ�
ÌÆÀ¿� ¥ª«� ÌÀ� Ë»Â¿ÀÆÚÍ� È»� ÌÆÀ¿ÈÃÍÀ� ¾ËÎÊÃ� �½�
»¼ÌÉÆÙÍÈ»� ÌÍÉÄÈÉÌÍ� Ã� ���� ÈÀÂ»¼»½È»� ÌÇÕËÍ�
��������� ÌÇÕËÍ� ¿É� ��� Ò»Ì»� ������� ÊËÀÁÃ½ÚÆÃ�
ÊÉ½ÀÒÀ�ÉÍ����Ò»Ì»���������u�ÌÇÕËÍ�¿É���ÇÀÌÀÑ�
��������Ã�ÊËÀÁÃ½ÚÆÃ�ÌÆÀ¿���ÇÀÌÀÑ���������½ÅÆ��
ÌÇÕËÍ�¿É�Ã�ÌÆÀ¿���¾É¿ÃÈ»�>��@��ªËÀÂ������¾��½�
�È¾ÆÃÚ� À� ÊËÃÅÆÙÒÃÆÉ� È»Ä�¾ÉÆÚÇÉÍÉ� À¿ÈÉÑÀÈ-
ÍËÉ½É�ÊËÉÎÒ½»ÈÀ�u�ÊËÃ������Ê»ÑÃÀÈÍÃ��È»�ÅÉÃ-
ÍÉ� À� È»ÊË»½ÀÈÉ�¥ª«�ÃÂ½ÕÈ� ¼ÉÆÈÃÑ»� ÉÍ� ÀÅÃÊ�
È»�ÌÊÀÓÈ»�ÊÉÇÉÔ��ªË»½Ã�ÌÀ�ÉÑÀÈÅ»�È»�ÊËÀ-
ÁÃ½ÚÀÇÉÌÍ»� ½� ÍËÃ� ¾ËÎÊÃ�� ¿É� ÐÉÌÊÃÍ»ÆÃÂ»ÑÃÚ�
�������¿É����Ò»Ì»�������Ã�¿É�¿ÀÐÉÌÊÃÍ»ÆÃÂ»ÑÃÚ�
������ >�@�� ¨»¼ÆÙ¿ÀÈÃÚÍ»� ÊÉÅ»Â½»Í� È»Ä�½ÃÌÉÅ�
ÊËÉÑÀÈÍ�È»�ÈÀÂ»¼»½È»Í»�ÌÇÕËÍ�ÌÆÀ¿�¥ª«��©Ì-
Í»È»ÆÃÍÀ� ÊÉÅ»Â»ÍÀÆÃ� ÈÀ� ÇÉ¾»Í� ¿»� ÌÀ� »È»ÆÃ-
ÂÃË»Í� ÊÉË»¿Ã� ÌÆÀ¿ÈÃÍÀ� ÊËÃÒÃÈÃ�� »È»ÆÃÂÃË»Í�
ÌÀ� ¿»ÈÈÃ� ÉÍ� ¥ª«�� È»ÊË»½ÀÈ»� ÊËÃ� Ë»ÂÆÃÒÈÃ�
ÎÌÆÉ½ÃÚ�� ½ÅÆÙÒÀÈÃ� Ì»� Ê»ÑÃÀÈÍÃ� Ì� Ë»ÂÆÃÒÈÃ�
Ð»Ë»ÅÍÀËÃÌÍÃÅÃ�� ÊËÃ� ÌÐÉ¿ÈÃ� ÊÉÅ»Â»ÍÀÆÃ� ÃÇ»�
ÌÍ»ÍÃÌÍÃÒÀÌÅÃ�ÂÈ»ÒÃÇ»�Ë»ÂÆÃÅ»�½�ËÀÂÎÆÍ»ÍÃÍÀ�
Ã�È»ÆÃÒÃÀ�È»�Ë»ÂÈÉËÉ¿ÈÃ��ÈÀÌË»½ÈÃÇÃ�ÊÉÇÀÁ-
¿Î�ÌÃ�ÊÉÅ»Â»ÍÀÆÃ���

�È»ÆÃÂÕÍ�È»�ÊËÀÁÃ½ÚÀÇÉÌÍÍ»�ÊÉ�¿ÀÇÉ¾Ë»Ï-
ÌÅÃ�¿»ÈÈÃ�ÊÉÅ»Â½»��ÒÀ�Ê»ÑÃÀÈÍÃÍÀ�ÌÀ�Ë»ÂÊËÀ¿À-
ÆÚÍ�ÊÉ�ÊÉÆ�Ã�ÊÉ�½ÕÂË»ÌÍÉ½Ã�¾ËÎÊÃ�������¾É¿ÃÈÃ��
������¾É¿ÃÈÃ�Ã�È»¿����¾É¿ÃÈÃ���Å»ÍÉ�ÌÀ�ÉÍÒÃÍ»�Ã�
ÌËÀ¿È»Í»�½ÕÂË»ÌÍ�������¾É¿ÃÈÃ��È»�Ê»ÑÃÀÈÍÃÍÀ�
ÌÕÌ�¬���¨»Ä�½ÃÌÉÅ»�ÌÇÕËÍÈÉÌÍ�ÌÀ�È»¼ÆÙ¿»½»�
½� ÅË»ÄÈÃÍÀ� ½ÕÂË»ÌÍÉ½Ã� ¾ËÎÊÃ� ������ ¾É¿ÃÈÃ� u�
ÈÚÇ»�ÉÑÀÆÀÆÃ��������¾É¿ÃÈÃ�u�������Ã�È»¿����
u��������¨À�À�ÎÌÍ»ÈÉ½ÀÈ»�ÂÈ»ÒÃÇ»�Ë»ÂÆÃÅ»�½�
ÌÇÕËÍÈÉÌÍÍ»�ÊÉ�ÊÉÆ�>��@��«ÀÍËÉÌÊÀÅÍÃ½ÈÉ�ÊËÉ-
ÎÒ½»ÈÀ�½ÕËÐÎ�ÊËÀÁÃ½ÚÀÇÉÌÍ»�Ã�¿ÀÇÉ¾Ë»ÏÌÅÃ-
ÍÀ�Ï»ÅÍÉËÃ�ÎÌÍ»ÈÉ½Ú½»��ÒÀ�½ÕÂË»ÌÍÍ»��ÊÉÆ»�Ã�
Ë»Ì»Í»�ÈÀ�Ì»�ÊËÀ¿ÃÅÍÉËÃ�È»�ÊËÀÁÃ½ÚÀÇÉÌÍÍ»�
Ã�ÈÀ�Ì»�ÅËÃÍÃÒÈÃ�Â»�ÀÏÀÅÍÃ½ÈÉÌÍÍ»�È»�ËÀ»ÈÃ-
Ç»ÑÃÚÍ»�>��@�

¬ÊÉËÀ¿�ÏÉËÇÃÍÀ�È»�¬��Ã�ÊËÀÁÃ½ÚÀÇÉÌÍ-
Í»�¿É�ÇÀÌÀÑ�ÌÀ�ÎÌÍ»ÈÉ½Ú½»��ÒÀ�ÊËÃ�½ÕÂË»ÌÍÈÃ�
Ê»ÑÃÀÈÍÃ��È»¿����¾É¿ÃÈÃ��Ì�ÊÉ�¿É¼Ë»�ÊËÉ¾ÈÉ-
Â»�Ì»�¼ÃÆÃ�ÍÀÂÃ�Ì�»ÌÃÌÍÉÆÃÚ�ÌÆÀ¿½»È»�ÉÍ�¥§��
ªËÃ� ÉÑÀÆÀÆÃÍÀ� È»¿� �� ÇÀÌÀÑ� ÌÀ� È»¼ÆÙ¿»½»�
É¼Ë»ÍÈ»Í»�Â»½ÃÌÃÇÉÌÍ�u�ÊÉ�¿É¼Ë»Í»�ÊËÉ¾ÈÉ-

DIWHU�&35��7KH�UHVW�RI�WKH�SDUDPHWHUV�FRXOG�QRW�
EH� DQDO\]HG� GXH� WR� WKH� IROORZLQJ� UHDVRQV�� WKH�
DQDO\]HG�GDWD�DUH�IURP�&35�ZKLFK�LV�SHUIRUPHG�
LQ�GLIIHUHQW�FLUFXPVWDQFHV��WKH�LQFOXGHG�SDWLHQWV�
KDYH� GLIIHUHQW� FKDUDFWHULVWLFV�� VWDWLVWLFDOO\�
VLJQLILFDQW� GLIIHUHQFHV� DUH� REVHUYHG� LQ� UHVXOWV�
IURP�VLPLODU�SDUDPHWHUV�DV�ZHOO�DV�WKH�H[LVWHQFH�
RI�KHWHURJHQHRXV��LQFRPSDUDEOH�SDUDPHWHUV���

'XULQJ� D� VXUYLYDO� DQDO\VLV� E\� GHPRJUDSKLF�
GDWD� WKH�SDWLHQWV�KDYH�EHHQ�GLYLGHG�E\�JHQGHU�
DQG�E\�DJH�������\�D��������\�D��DQG�DERYH����
\�D��DQG�WKH�PHDQ�DJH�RI�SDWLHQWV�DIWHU�&$�������
\HDUV�� KDV� EHHQ� UHSRUWHG��7KH� KLJKHVW� OHYHO� RI�
PRUWDOLW\�KDV�EHHQ�REVHUYHG�LQ�WKH�H[WUHPH�DJH�
JURXSV�������\�D�u�QR�VXUYLYDO��������\�D�u�������
DQG�DERYH����u��������1R�VWDWLVWLFDOO\�VLJQLILFDQW�
GLIIHUHQFH� LQ�PRUWDOLW\� UDWH�E\�JHQGHU�KDV�EHHQ�
REVHUYHG�>��@��,Q�D�UHWURVSHFWLYH�DQDO\VLV�RI�WKH�
LQIOXHQFH� RI� GHPRJUDSKLF� IDFWRUV� RQ� VXUYLYDO�
LW� ZDV� LGHQWLILHG� WKDW� WKH� DJH�� WKH� JHQGHU� DQG�
WKH� UDFH� ZHUH� QRW� SUHGLFWRUV� RI� VXUYLYDO� DQG�
WKRVH�IDFWRUV�ZHUH�QRW�FULWLFDO�IRU�WKH�HIILFDF\�RI�
UHDQLPDWLRQ�>��@�

,Q� VXUYLYDO� DQDO\VLV� ZLWKLQ� D� PRQWK� E\� &$�
IRUPV� LW� LV� LGHQWLILHG� WKDW� WKH� HOGHUO\� SDWLHQWV�
�RYHU� ��� \HDUV�� WKH� EHWWHU� SURJQRVLV� LV� IRU�
SDWLHQWV�ZLWK�DV\VWROH�IROORZHG�E\�WKRVH�ZLWK�9)��
$Q� LQYHUVH� FRUUHODWLRQ� KDV� EHHQ� REVHUYHG� IRU�
SDWLHQWV�VXUYLYHG�PRUH�WKDQ�D�PRQWK�DQG�EHWWHU�
SURJQRVLV� LV� IRU�9)� FRPSDUHG� WR� DV\VWROH�� 1R�
SDWLHQW� ZLWK� 3($� VXUYLYHG� PRUH� WKDQ� D� PRQWK�
>��@�� ,Q� ����� DQ� DQDO\VLV�ZDV� SXEOLVKHG� EDVHG�
RQ�REVHUYDWLRQ�RI��������DGXOWV�DQG�����FKLOGUHQ�
H[SHULHQFHG�SXOVHOHVV�¬���XVLQJ�GDWD� IURP� WKH�
1DWLRQDO� 5HJLVWU\� RI� &35� �15&35��� 86$�� )LUVW�
GRFXPHQWHG� DUUK\WKPLDV� LQ� ERWK� DJH� JURXSV�
KDYH�EHHQ�DV\VWROH�RU�3($�ZKHUHDV�WKH�FKLOGUHQ�
KDG�EHWWHU�VXUYLYDO�WKDQ�DGXOWV��5HVSLUDWRU\�IDLOXUH�
ZLWK� SURJUHVVLQJ� WLVVXH� K\SR[LD� DQG� DFLGRVLV�
OHDGLQJ�WR�FLUFXODWRU\�VKRFN�LV�WKH�W\SLFDO�FDXVH�
RI�3&$�LQ�FKLOGUHQ�UDWKHU�WKDQ�D�FRURQDU\�GLVHDVH��
7KH� UK\WKP�RI� SXOVHOHVV�&$� LQ� FKLOGUHQ� XVXDOO\�
SURJUHVVHV� IURP�EUDG\DUUK\WKPLD� WR�DV\VWROH�RU�
3($�DQG�UDUHO\�WR�9)�>��@��7KH�ILUVW�GRFXPHQWHG�
UK\WKP�RI�&$�LQ�WKH�DJH�JURXS�DERYH����\�D�LV�
9)� RU� 397� LQ� ���� RI� KRVSLWDOL]HG� DQG� LQ� ����
RI� DPEXODWRU\� SDWLHQWV��9)�RU�397� LV� UHJLVWHUHG�
LQ� ���� GXULQJ� WKH� UHDQLPDWLRQ� VWDJHV� RU� DIWHU�
WKH�ILUVW�GRFXPHQWHG�UK\WKP�RI�DV\VWROH�RU�3($�
>��@��5HODWLRQ� LV�REVHUYHG�EHWZHHQ�9)�DQG�397�
DV�ZHOO� DV� EHWZHHQ� 3 �� DQG� DV\VWROH� LQ� FDVH�
LGHQWLFDO� ULVN� IDFWRUV� DUH� SUHVHQW�� )RU� H[DPSOH��
DFXWH� P\RFDUGLDO� LQIDUFWLRQ� LV� DVVRFLDWHG�
ZLWK� ILUVWO\� GRFXPHQWHG� 9)� RU� 397�� WKH� DFXWH�
UHVSLUDWRU\� IDLOXUH� DQG� K\SRWHQVLRQ� FRUUHODWH�
ZLWK� 3 �� DQG� DV\VWROH� >��@�� 0LOG� WKHUDSHXWLF�
K\SRWKHUPLD�LPSURYHV�VXUYLYDO�DIWHU�&$�SURYLGLQJ�
EUDLQ�QHXURSURWHFWLRQ��7KH�XS�WR�GDWH�JXLGHOLQHV�
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Â»�À�¼ÃÆ»�ÊËÃ�¥§�ÌÊËÚÇÉ�»ÌÃÌÍÉÆÃÚ��¨ÃÅÉÄ�
ÉÍ�Ê»ÑÃÀÈÍÃÍÀ�Ì�� ��ÈÀ�À�ÉÑÀÆÚÆ�ÊÉ½ÀÒÀ�ÉÍ���
ÇÀÌÀÑ�>��@��ªËÀÂ������¾��À�ÊÎ¼ÆÃÅÎ½»È�»È»ÆÃÂ�
È»��������½ÕÂË»ÌÍÈÃ�Ã�����¿ÀÑ»�ÌÆÀ¿��¬��Å»ÍÉ�
Ì»�ÊÉÆÂ½»ÈÃ�¿»ÈÈÃ�ÉÍ�¨»ÑÃÉÈ»ÆÈÃÚ�ËÀ¾ÃÌÍÕË�
Â»� ¥ª«� �15&35� u�¬�´��� £� ÊËÃ� ¿½ÀÍÀ� ½ÕÂ-
Ë»ÌÍÉ½Ã� ¾ËÎÊÃ� È»Ä�Ë»ÈÈÉ� ¿ÉÅÎÇÀÈÍÃË»ÈÃÍÀ�
ËÃÍÕÇÈÃ�È»ËÎÓÀÈÃÚ�Ì»�»ÌÃÌÍÉÆÃÚÍ»�ÃÆÃ�� ���
Å»ÍÉ�¿ÀÑ»Í»�ÃÇ»Í�ÊÉ�¿É¼Ë»�ÊËÀÁÃ½ÚÀÇÉÌÍ�ÉÍ�
½ÕÂË»ÌÍÈÃÍÀ��°»Ë»ÅÍÀËÈÉ�Â»�¿ÀÑ»Í»�À��ÒÀ�ÉÌ-
ÈÉ½È»Í»�ÊËÃÒÃÈ»�Â»��¬��À�¿ÃÐ»ÍÀÆÈ»�ÈÀ¿ÉÌ-
Í»ÍÕÒÈÉÌÍ�Ì�ÊËÉ¾ËÀÌÃË»Ô»�ÍÕÅ»ÈÈ»�ÐÃÊÉÅÌÃÚ�
Ã� »ÑÃ¿ÉÂ»�� ½É¿ÀÔ»� ¿É� ÑÃËÅÎÆ»ÍÉËÀÈ�ÓÉÅ� Ã�
ËÚ¿ÅÉ� À� ËÀÂÎÆÍ»Í� È»� ÅÉËÉÈ»ËÈÉ� Â»¼ÉÆÚ½»-
ÈÀ��ªËÃ�¿ÀÑ»Í»�Ì��¬��ËÃÍÕÇÕÍ�É¼ÃÅÈÉ½ÀÈÈÉ�
ÊËÉ¾ËÀÌÃË»�ÉÍ�¼Ë»¿Ã»ËÃÍÇÃÚ�ÅÕÇ�»ÌÃÌÍÉÆÃÚ-
Í»�ÃÆÃ�� ���ËÚ¿ÅÉ�ÅÕÇ�¥§�>��@��ªËÃ�½ÕÂË»ÌÍ�
È»¿���� ¾É¿ÃÈÃ�ÊÕË½ÃÚÍ�¿ÉÅÎÇÀÈÍÃË»È�ËÃÍÕÇ�
È»�¬��À�¥§�ÃÆÃ�¥­�½�����ÉÍ�ÐÉÌÊÃÍ»ÆÃÂÃË»-
ÈÃÍÀ�Ã�½�����ÊËÃ�ÃÂ½ÕÈ¼ÉÆÈÃÒÈÃÍÀ�Ê»ÑÃÀÈÍÃ��
¥§�ÃÆÃ�¥­�ÌÀ�ÊÉÚ½Ú½»�ÉÅÉÆÉ�����Ã�ÊËÃ�ÈÚÅÉÃ�
ÉÍ�ÀÍ»ÊÃÍÀ�È»�ËÀ»ÈÃÇ»ÑÃÚ�ÃÆÃ�ÌÆÀ¿�ÊÕË½ÉÈ»-
Ò»ÆÈÉ�¿ÉÅÎÇÀÈÍÃË»È�ËÃÍÕÇ�È»�»ÌÃÌÍÉÆÃÚ�ÃÆÃ�
�($�>��@��®ÌÍ»ÈÉ½Ú½»�ÌÀ�ÌÐÉ¿ÌÍ½É�È»�ÃÂÚ½»Í»�
È»�¥§�Ã�¥­��Å»ÅÍÉ�Ã�ÇÀÁ¿Î�� ��Ã��ÌÃÌÍÉÆÃÚ�
ÊËÃ� Ã¿ÀÈÍÃÒÀÈ� ËÃÌÅÉ½� Ï»ÅÍÉË��­»Å»� È»ÊËÃ-
ÇÀË��ÉÌÍÕË�ÇÃÉÅ»Ë¿ÀÈ�ÃÈÏ»ËÅÍ�ÌÀ�»ÌÉÑÃÃË»�
Ì�ÃÂÚ½»Í»�È»�ÊÕË½É�¿ÉÅÎÇÀÈÍÃË»ÈÃ�¥§�Ã�¥­��
»�ÉÌÍËÃÍÀ�ËÀÌÊÃË»ÍÉËÈÃ�È»ËÎÓÀÈÃÚ�Ã�ÐÃÊÉ-
ÍÀÈÂÃÚÍ»�u�Ì�� ��Ã�»ÌÃÌÍÉÆÃÚ�>��@��®ÇÀËÀÈ»Í»�
ÍÀË»ÊÀ½ÍÃÒÈ»�ÐÃÊÉÍÀËÇÃÚ�ÊÉ¿É¼ËÚ½»�ÊËÀÁÃ-
½ÚÀÇÉÌÍÍ»�ÌÆÀ¿�¬��Å»ÍÉ�ÉÌÃ¾ÎËÚ½»�ÇÉÂÕÒÈ»�
ÈÀ½ËÉÊËÉÍÀÅÑÃÚ�� ¬Õ½ËÀÇÀÈÈÃÍÀ� ÊËÀÊÉËÕÅÃ�
È»� �¬�� Ã� §ÀÁ¿ÎÈ»ËÉ¿ÈÃÚ� ÅÉÉË¿ÃÈ»ÑÃÉÈÀÈ�
ÅÉÇÃÍÀÍ� ÊÉ� ËÀ»ÈÃÇ»ÑÃÚ� �,/&25�� Ì»� Â»� ÌÆÎ-
Ò»ÃÍÀ� È»� ÊÕË½ÉÈ»Ò»ÆÈÉ� ËÀ¾ÃÌÍËÃË»È� ËÃÍÕÇ�
È»�¥§��Å»ÍÉ�ÈÚÅÉÄ�ÊËÉÎÒ½»ÈÃÚ�ÊÉÅ»Â½»Í�ÊÉ�
ÆÉÓÃ�ËÀÂÎÆÍ»ÍÃ�Â»�¿ËÎ¾ÃÍÀ�½Ã¿É½À�ËÃÍÕÇÈÃ�
È»ËÎÓÀÈÃÚ�>�@�

¥ÉÆÃÒÀÌÍ½ÀÈ»�ÉÑÀÈÅ»�È»�ÃÂÐÉ¿»�ÉÍ�¥ª«�ÌÀ�
ÏÉËÇÃË»�È»�¼»Â»�È»�Ì»ÇÉÌÍÉÚÍÀÆÈÃ�ËÃÌÅÉ½Ã�
Ï»ÅÍÉËÃ��¯»ÅÍÉËÃ�È»�Â»¼ÉÆÀ½»ÀÇÉÌÍÍ»�ÊËÀ¿Ã�
¬��� ÅÉÃÍÉ� Ì»� ÊÉÅ»Â»ÆÃ� ÉÍËÃÑ»ÍÀÆÈÉ� ÊÉ½ÆÃ-
Ú½»ÈÀ� È»� ÃÂÐÉ¿»� ÉÍ�¥ª«�� Ì»� Â»ÍÆÕÌÍÚ½»ÈÀÍÉ��
ÌÕË¿ÀÒÈÉ�ÌÕ¿É½ÃÍÀ� Â»¼ÉÆÚ½»ÈÃÚ� ½� ÊÉ�¾ÉÆÚÇ»�
ÌÍÀÊÀÈ�½�ÌË»½ÈÀÈÃÀ�Ì�ÐÃËÎË¾ÃÒÈÃÍÀ�Ã�ÍÀÂÃ�Ì�
¿ÃÐ»ÍÀÆÈ»� ÀÍÃÉÆÉ¾ÃÚ�� ¨À½ËÉÆÉ¾ÃÒÈÉ� Â»¼ÉÆÚ-
½»ÈÀ�� ÍË»½Ç»� Ã� ÀÆÀÅÍËÉÆÃÍÀÈ� ¿ÃÌ¼»Æ»ÈÌ� Ì»�
ÊÉÅ»Â»ÆÃ�ÊÉ�¿É¼Ë»�ÊËÀÁÃ½ÚÀÇÉÌÍ�>��@��¨ÚÅÉÃ�
»½ÍÉËÃ�ÉÊËÀ¿ÀÆÚÍ��ÒÀ�Ï»ÅÍÉËÃÍÀ�ÊÉ�½ËÀÇÀ�È»�
ËÀ»ÈÃÇ»ÑÃÚ� ½ÆÃÚÚÍ� ½� ÊÉ�¾ÉÆÚÇ»� ÌÍÀÊÀÈ� È»�
ÃÂÐÉ¿»� ÉÍ� ¥ª«� ½� ÌË»½ÈÀÈÃÀ� Ì�Ï»ÅÍÉËÃÍÀ� È»�
Â»¼ÉÆÀ½»ÀÇÉÌÍ� ÊËÀ¿Ã� ¬�� >�@� «ÃÌÅÉ½Ã� Ï»ÅÍÉ-
ËÃ�ÊÉ�½ËÀÇÀ�È»�ËÀ»ÈÃÇ»ÑÃÚ�Â»�ÆÉÓ�ÃÂÐÉ¿�ÉÍ�
¥ª«�Ì»��È»Ò»ÆÉ�È»�¥ª«�È»¿���ÇÃÈÎÍÃ�ÉÍ�¬���
ÊËÉ¿ÕÆÁÃÍÀÆÈÉÌÍ�È»�¥ª«�È»¿����ÇÃÈÎÍÃ��¬��Ì�
»ÌÃÌÍÉÆÃÚ�Ã�� ��ÊËÃ�½ÕÂË»ÌÍ�È»¿����¾É¿ÃÈÃ�Ã�
¬��¼ÀÂ�Ì½Ã¿ÀÍÀÆ� >��@��¨»¼ÆÙ¿»½»�ÌÀ�Â»½ÃÌÃ-

RI�$+$�DQG� WKH� ,QWHUQDWLRQDO�/LDLVRQ�&RPPLWWHH�
RQ�5HVXVFLWDWLRQ��,/&25��UHIHU�WR�WKH�FDVHV�ZLWK�
LQLWLDOO\� UHJLVWHUHG� UK\WKP� RI� 9)�� VRPH� VWXGLHV�
HYHQ�GHPRQVWUDWH�ZRUVH�UHVXOWV�IRU�DQRWKHU�W\SHV�
RI�UK\WKP�>�@�

4XDQWLWDWLYH� DVVHVVPHQW� RI� &35� RXWFRPH�
LV� IRUPHG� EDVHG� RQ� LQGHSHQGHQW� ULVN� IDFWRUV��
0RUELGLW\�IDFWRUV�EHIRUH�&$�KDYLQJ�QHJDWLYH�LPSDFW�
RQ� &35� RXWFRPH� DUH�� REHVLW\�� FDUGLRYDVFXODU�
GLVHDVHV�PRUH�IUHTXHQWO\�WKDQ�WKRVH�ZLWK�VXUJLFDO�
RU� UHVSLUDWRU\� HWLRORJ\�� &RQFRPLWDQW� QHXURORJLF�
GLVHDVH�� WUDXPD� RU� HOHFWURO\WH� GLVEDODQFH� DUH�
DVVRFLDWHG�ZLWK�EHWWHU�VXUYLYDO�UDWH�>��@��$FFRUGLQJ�
WR�WKH�RSLQLRQ�RI�VRPH�DXWKRUV�WKH�IDFWRUV�GXULQJ�
WKH�UHDQLPDWLRQ�KDYH�JUHDWHU�LPSDFW�RQ�WKH�&35�
RXWFRPH�WKDQ�WKH�FRPRUELGLW\�IDFWRUV�EHIRUH�&$�
>�@��5LVN�IDFWRUV�GXULQJ�UHDQLPDWLRQ�SUHGLFWLQJ�WKH�
SRRU�RXWFRPH�RI�&35�DUH��LQLWLDWLRQ�RI�&35�ODWHU�
WKDQ���PLQ�DIWHU�¬���&35�GXUDWLRQ�RYHU����PLQ��
¬��ZLWK�DV\VWROH�RU�3($�LQ�DGXOWV�RYHU����\�D�DQG�
XQZLWQHVVHG� ¬�� >��@��$� FRUUHODWLRQ� LV� REVHUYHG�
EHWZHHQ� WKH� KLJK� OHYHOV� RI� EORRG� JOXFRVH� DIWHU�
UHDQLPDWLRQ� GXH� WR� FDUGLDF� DUUHVW� DQG� WKH�
VHYHULW\�RI�WKH�QHXURORJLFDO�GHILFLHQF\��,Q�D�ODUJH�
UDQGRPL]HG�WULDO�LQ�SDWLHQWV�DGPLWWHG�WR�D�JHQHUDO�
LQWHQVLYH�FDUH�XQLW�WKH�FRQYHQWLRQDO�JOXFRVH�FRQWURO�
�ä��PPRO�/��LV�FRPSDUHG�ZLWK�WKH�LQWHQVLYH�RQH�
����u����PPRO�/���7KH����GD\�PRUWDOLW\�LV�KLJKHU�LQ�
WKH�JURXS�RI�SDWLHQWV�ZLWK�LQWHQVLYH�JOXFRVH�FRQWURO�
>��@��$FFRUGLQJ�WR�WKH�UHFHQW�JXLGHOLQHV�IRU�DGXOW�
SDWLHQWV� DIWHU�526&� WKH� OHYHO� RI� EORRG�JOXFRVH�
VKRXOG� EH� NHSW� ä��PPRO�/� DQG� WKH� LQWHQVLYH�
JOXFRVH�FRQWURO�VKRXOG�EH�DYRLGHG�GXH�WR�WKH�ULVN�
RI�K\SRJO\FHPLD��+\SHUWKHUPLD�LV�FRPPRQ�GXULQJ�
WKH�ILUVW����KRXUV�RI�,56�DQG�DVVRFLDWHV�ZLWK�SRRU�
RXWFRPHV��8S�WR�QRZ�QR�UDQGRPL]HG��FRQWUROOHG�
WULDOV�KDYH�DVVHVVHG�WKH�HIIHFWLYHQHVV�RI�S\UH[LD�
FRQWURO��>��@�

)RU�WKH�SXUSRVH�RI�D�4XDQWLWDWLYH�DVVHVVPHQW�
RI� &35� RXWFRPH�� GLIIHUHQW� VFDOHV� DQG� LQGH[HV�
KDYH� EHHQ� GHYHORSHG� IRU� SUHGLFWLQJ� RI� VXUYLYDO�
DIWHU�&35��$OO�RI�WKHP�LQFOXGH�D�FRPSOH[�RI�ULVN�
IDFWRUV� UHVXOWLQJ� LQ� &$� DV� ZHOO� DV� LQIOXHQFLQJ�
IDFWRUV� GXULQJ� WKH� UHDQLPDWLRQ�� 0RVW� RI� WKH�
DWWHPSWV� IRU� GHYHORSLQJ� D� VFDOH� RU� LQGH[� IRU�
SUHGLFWLQJ� RI� VXUYLYDO� DIWHU� &$� KDYH� IDLOHG��
([DPSOHV� DUH�� 5HVXVFLWDWLRQ� 3UHGLFWRU� 6FRULQJ�
6FDOH� �536��� .DUQRIVN\� 3HUIRUPDQFH� 6WDWXV�
�.36��DQG�.HQWVFK�LQGH[�>����������������@��536�
VFDOH�KDV�QRW�EHHQ�ZLGHO\� LPSOHPHQWHG�GXH� WR�
WKH�IDFW�WKDW�HYHQ�D�VPDOO�SUHVHQW�SRVVLELOLW\�IRU�
VXUYLYDO�FRXOG�QRW� MXVWLI\�VWRSSLQJ�RI�&35��.36�
KDV�QRW�GHPRQVWUDWHG�DQ�DFFXUDWH�DVVHVVPHQW�
RI� WKH� SK\VLFDO� SHUIRUPDQFH� WKXV� LW� KDV� QRW�
EHHQ� LPSOHPHQWHG�� LQFOXGLQJ� LQ� SDWLHQWV� ZLWK�
RQFRORJ\� GLVHDVHV� >��� ��@�� 7KH� ORZ� VHQVLWLYLW\�
DQG�VSHFLILFLW\�RI� WKH�.HQWVFK� LQGH[�KDYH�EHHQ�
SURYHG�LQ�D�UHWURVSHFWLYH�DQDO\VLV�IRU�ERWK�u�LQ�
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ÇÉÌÍ�ÇÀÁ¿Î�½ÃÌÉÅÃÍÀ�ÈÃ½»�È»�ÅËÕ½»Í»�Â»Ð»Ë�
ÌÆÀ¿�¬��Ã�ËÀ»ÈÃÇ»ÑÃÚ�Ã�ÍÀÁÀÌÍÍ»�È»�ÈÀ½ËÉÆÉ-
¾ÃÒÈÃÚ�¿ÀÏÃÑÃÍ���ÉÆÚÇÉ�Ë»È¿ÉÇÃÂÃË»ÈÉ�ÊËÉÎÒ-
½»ÈÀ��ÊËÃ�Ê»ÑÃÀÈÍÃ�½�É¼Ô�ÃÈÍÀÈÂÃ½ÀÈ�ÌÀÅÍÉË�
ÌË»½ÈÚ½»�ÅÉÈ½ÀÈÑÃÉÈ»ÆÈÃÚ�¾ÆÙÅÉÂÀÈ�ÅÉÈÍËÉÆ�
�ä��PPRO�/�� Ì� ÃÈÍÀÈÂÃ½ÀÈ� ����u���� PPRO�/���
ª»ÑÃÀÈÍÃÍÀ� Ì� ÃÈÍÀÈÂÃ½ÀÈ� ¾ÆÙÅÉÂÀÈ� ÅÉÈÍËÉÆ�
�£�¥��ÃÇ»Í�Î½ÀÆÃÒÀÈ»�����¿ÈÀ½È»Í»�ÌÇÕËÍÈÉÌÍ�
>��@��¬Õ½ËÀÇÀÈÈÃÍÀ�ÊËÀÊÉËÕÅÃ�ÊËÃ�½ÕÂË»ÌÍÈÃ�
Ê»ÑÃÀÈÍÃ�ÌÆÀ¿��¬±�Ì»�Â»�ÊÉ¿¿ÕËÁ»ÈÀ�È»�ÈÃ½É�
È»�ÅËÕ½È»Í»�Â»Ð»Ë�ä��PPRO�/�Ã�ÃÂ¼Ú¾½»ÈÀ�È»�
ÃÈÍÀÈÂÃ½ÈÃÚ�¾ÆÙÅÉÂÀÈ�ÅÉÈÍËÉÆ��ÊÉË»¿Ã�ÊÉ½Ã-
ÓÀÈ�ËÃÌÅ�ÉÍ�ÐÃÊÉ¾ÆÃÅÀÇÃÚ��°ÃÊÀËÍÀËÇÃÚÍ»�ÌÀ�
È»¼ÆÙ¿»½»� ÒÀÌÍÉ� ½�ÊÕË½ÃÍÀ� ��� Ò»Ì»�È»�£«¬�
Ã�ÌÀ�Ì½ÕËÂ½»�Ì�ÆÉÓÃ�ÅË»ÄÈÃ�ËÀÂÎÆÍ»ÍÃ��¥ÕÇ�
ÇÉÇÀÈÍ»� ÈÚÇ»� Ë»È¿ÉÇÃÂÃË»ÈÃ� ÅÉÈÍËÉÆÃË»ÈÃ�
ÊËÉÎÒ½»ÈÃÚ��ÅÉÃÍÉ�¿»�ÉÑÀÈÚÍ�ÀÏÀÅÍÃ½ÈÉÌÍÍ»�ÉÍ�
ÅÉÈÍËÉÆ»�È»�ÊÃËÀÅÌÃÚÍ»�>��@�

¢»�ÅÉÆÃÒÀÌÍ½ÀÈ»�ÉÑÀÈÅ»�È»�ÃÂÐÉ¿»�ÉÍ�¥ª«�
Ì»� ÌÕÂ¿»¿ÀÈÃ� Ë»ÂÆÃÒÈÃ� ÌÅ»ÆÃ� Ã� ÃÈ¿ÀÅÌÃ� Â»�
ÊËÀ¿½ÃÁ¿»ÈÀ� È»� ÊËÀÁÃ½ÚÀÇÉÌÍÍ»� ÌÆÀ¿� ¬���
�ÌÃÒÅÃ�ÌÕ¿ÕËÁ»Í�ÅÉÇÊÆÀÅÌ�ÉÍ�ËÃÌÅÉ½Ã�Ï»Å-
ÍÉËÃ� ¿É½ÀÆÃ� ¿É� ¬�� Ã� Í»ÅÃ½»�� ÅÉÃÍÉ� ½ÆÃÚÚÍ�
ÊÉ� ½ËÀÇÀ� È»� ËÀ»ÈÃÇ»ÑÃÚÍ»�� �ÉÆÚÇ»� Ò»ÌÍ� ÉÍ�
ÉÊÃÍÃÍÀ�Â»�ÌÕÂ¿»½»ÈÀ�È»�ÌÅ»Æ»�ÃÆÃ�ÃÈ¿ÀÅÌ�Â»�
ÊËÀ¿½ÃÁ¿»ÈÀ�È»�ÊËÀÁÃ½ÚÀÇÉÌÍÍ»�ÌÆÀ¿�¬��Ì»�
ÌÀ�ÉÅ»Â»ÆÃ�ÈÀÎÌÊÀÓÈÃ��ªËÃÇÀËÃ�Â»�ÍÉ½»�Ì»�
¬Å»Æ»Í»�Â»�ÊËÀ¿½ÃÁ¿»ÈÀ�È»�ÃÂÐÉ¿»�ÉÍ�ËÀÌÎÌ-
ÑÃÍ»ÑÃÚ��5HVXVFLWDWLRQ�3UHGLFWRU�6FRULQJ�6FDOH�
u�536���ÃÈ¿ÀÅÌÕÍ�Â»�¯ÎÈÅÑÃÉÈ»ÆÈÉ�ÌÕÌÍÉÚÈÃÀ�
ÊÉ�.»ËÈÉ½ÌÅÃ��.DUQRIVN\�3HUIRUPDQFH�6WDWXV��
Ã� £È¿ÀÅÌÕÍ� È»� ¥ÀÈÒ� �.HQWVFK�� >��� ��� ���� ����
��@�� ¬Å»Æ»Í»� Â»� ÊËÀ¿½ÃÁ¿»ÈÀ� È»� ÃÂÐÉ¿»� ÉÍ�
ËÀÌÎÌÑÃÍ»ÑÃÚ�ÈÀ�È»ÇÃË»�ÓÃËÉÅÉ�ÊËÃÆÉÁÀÈÃÀ�
ÊÉË»¿Ã�Ï»ÅÍ»��ÒÀ�È»ÆÃÒÃÀÍÉ�¿ÉËÃ�È»�ÈÃÌÅÕÅ�
ÊËÉÑÀÈÍ�½ÀËÉÚÍÈÉÌÍ�Â»�ÊËÀÁÃ½Ú½»ÈÀ�ÈÀ�ÇÉÁÀ�
¿»�ÉÊË»½¿»À�ÌÊÃË»ÈÀÍÉ�È»�¥ª«��£È¿ÀÅÌÕÍ�È»�
.»ËÈÉ½ÌÅÃ�ÈÀ�ÉÍÒÃÍ»�¿ÉÌÍ»ÍÕÒÈÉ�ÍÉÒÈÉ�ÏÃÂÃ-
Å»ÆÈÉÍÉ�ÌÕÌÍÉÚÈÃÀ��ÊÉË»¿Ã�ÅÉÀÍÉ�ÈÀ�ÌÀ�ÊËÃ-
Æ»¾»��½ÅÆÙÒÃÍÀÆÈÉ�Ã�ÊËÃ�ÉÈÅÉÆÉ¾ÃÒÈÉ�¼ÉÆÈÃ�
>�����@��£È¿ÀÅÌÕÍ�È»�¥ÀÈÒ�À�¿ÉÅ»Â»Æ�ÈÃÌÅ»Í»�
ÌÃ� ÌÀÈÂÃÍÃ½ÈÉÌÍ� Ã� ÌÊÀÑÃÏÃÒÈÉÌÍ� ÒËÀÂ� ËÀ-
ÍËÉÌÊÀÅÍÃ½ÀÈ�»È»ÆÃÂ�ÊËÃ�¼ÉÆÈÃÒÈÃ�Ã�»Ç¼ÎÆ»-
ÍÉËÈÃ�Ê»ÑÃÀÈÍÃ��ÊÉË»¿Ã�ÅÉÀÍÉ�ÈÀ�ÌÀ�ÊËÃÆ»¾»�
½�ÅÆÃÈÃÒÈ»Í»�ÊË»ÅÍÃÅ»�>������@��£È¿ÀÅÌ�Â»�¢»-
¼ÉÆÀ½»ÀÇÉÌÍ�ÊËÀ¿Ã�»ËÀÌÍ��3UH�$UUHVW�0RUELGLW\�
u� «�§� LQGH[�� À� ÌÕÂ¿»¿ÀÈ� ����� ¾�� Ã� ½ÅÆÙÒ½»�
ÌÆÀ¿ÈÃÍÀ� ÊÉÅ»Â»ÍÀÆÃ�� Ì½ÕËÂ»ÈÃ� Ì� ÊÉ�½ÃÌÉÅ»�
½ÕÍËÀ¼ÉÆÈÃÒÈ»� ÌÇÕËÍÈÉÌÍ�� ÊÈÀ½ÇÉÈÃÚ�� ÐÃÊÉ-
ÍÉÈÃÚ��¼Õ¼ËÀÒÈ»�ÈÀ¿ÉÌÍ»ÍÕÒÈÉÌÍ��Å»ËÑÃÈÉÇ�Ã�
Â»ÌÀ¿È»Æ� È»ÒÃÈ� È»�ÁÃ½ÉÍ� Å»ÍÉ� ÃÇ»� ÉÍËÃÑ»-
ÍÀÆÈ»�½ËÕÂÅ»�Ì�ÊËÀÁÃ½ÚÀÇÉÌÍÍ»�¿É�¿ÀÐÉÌÊÃ-
Í»ÆÃÂ»ÑÃÚ��ªÉ�½ËÀÇÀ�È»�¼ÉÆÈÃÒÈÃÚ�ÊËÀÌÍÉÄ�Ã�
ÌÍÉÄÈÉÌÍ�È»�ÃÈ¿ÀÅÌ»����ÊËÀÁÃ½ÚÀÇÉÌÍÍ»�H�¿É�
�������»�ÊËÃ�ÌÍÉÄÈÉÌÍ�È»¿���Ê»ÑÃÀÈÍÃÍÀ�ÎÇÃ-
Ë»Í�>�����@��£È¿ÀÅÌ�Â»�ªËÉ¾ÈÉÂ»�ÌÆÀ¿�ËÀÌÎÌ-
ÑÃÍ»ÑÃÚ� �3URJQRVWLFV� $IWHU� 5HVXVFLWDWLRQ�3$5�
LQGH[��À�ÌÕÂ¿»¿ÀÈ������ ¾É¿ÃÈ»�Å»ÍÉ�ÇÉ¿ÃÏÃ-

KRVSLWDO�DQG�RXW��KRVSLWDO�SDWLHQWV�WKXV�LW�KDV�QRW�
EHHQ�LPSOHPHQWHG�LQ�WKH�FOLQLFDO�SUDFWLFH�>������@��
3UH�$UUHVW�0RUELGLW\��«�§��LQGH[�ZDV�GHYHORSHG�
LQ������LQFOXGLQJ�WKH�IROORZLQJ�SDUDPHWHUV�ZKLFK�
DUH� DVVRFLDWHG� ZLWK� KLJKHU� LQ�KRVSLWDO� PRUWDOLW\�
UDWH��SQHXPRQLD��K\SRWHQVLRQ��UHQDO�LQVXIILFLHQF\��
FDQFHU�DQG�VHGHQWDU\�OLIHVW\OH��LW�KDV�D�QHJDWLYH�
UHODWLRQ�ZLWK�VXUYLYDO�XQWLO�GLVFKDUJH��'XULQJ� WKH�
KRVSLWDOL]DWLRQ� DQG� �� VFRUH� RI� WKH� LQGH[�� WKH�
VXUYLYDO�UDWH�LV�XS�WR�������DQG�WKH�SDWLHQWV�GLH�
ZLWK� D� VFRUH�DERYH� �� >��� ��@�� 3URJQRVWLFV�$IWHU�
5HVXVFLWDWLRQ� �3$5� LQGH[�� LV�GHYHORSHG� LQ� �����
E\�PRGLILFDWLRQ�RI�3$0�LQGH[�EDVHG�RQ�D�PHWD�
DQDO\VLV�RI����VWXGLHV�������SDWLHQWV��DVVHVVLQJ�
WKH� LQ�KRVSLWDO� VXUYLYDO� DIWHU�&35��7KH�PRGLILHG�
LQGH[�LV�D�EHWWHU�SUHGLFWRU�RI�LQHIIHFWLYH�&35�>���
��@��7KH� UHOLDELOLW\� RI� 3$5� LQGH[� DV� D� SUHGLFWRU�
RI�&35�IDLOXUH�KDV�QRW�EHHQ�VXIILFLHQWO\�FOLQLFDOO\�
SURYHQ�DQG�VRPH�FRQWURYHUVLDO�UHVXOWV�KDYH�EHHQ�
UHSRUWHG�>����������@��1R�LQGH[�RU�VFDOH�LV�DYDLODEOH�
LQ�RUGHU�WR�EH�XVHG�LQ�WKH�SUDFWLFH�LQ�FRXQWULHV�
ZKHUH�D�GHFLVLRQ�IRU�rGRs�RU�rGR�QRWs�UHVXVFLWDWH�
LV�GHILQHG�E\�WKH�ORFDOO\�DFWLQJ�UHJXODWLRQ�ZKLFK�
UHTXLUHV�VHDUFKLQJ�IRU�PRUH�UHOLDEOH�SUHGLFWRUV�RI�
&35�RXWFRPH��

4XDOLWDWLYH� DVVHVVPHQW� RI� &35� RXWFRPH� DIWHU�
¬�� LV� D� FRPSOH[� RI� GLDJQRVWLF� PHWKRGV� IRU�
SURJQRVLV� RI� QHXURORJ\FDO� VWDWXV�� FDUGLRORJ\FDO�
VWDWXV� DQG� UHVSLUDWLRQ�� 3URJQRVWLF� IDFWRUV� IRU�
SRRU� QHXURORJLFDO� RXWFRPH� DUH� EDVHG� RQ��
HOHFWURHQFHSKDORJUDSKLF� GDWD�� VRPDWRVHQVRU\�
HYRNHG�SRWHQWLDOV��ELVSHFWUDO�LQGH[��%,6���LQFUHDVHG�
SUHVVXUH� RI� WKH� FHUHEURVSLQDO� IOXLG�� ELRFKHPLFDO�
PDUNHUV�� QHXURQ�VSHFLILF� HQRODVH� �16(�� DQG�
6����`��VRQRJUDSK\�IRU�FHUHEUDO�FLUFXODWRU\�DUUHVW��
&RPSXWHG�7RPRJUDSK\�� &7� DQJLRJUDSK\�� GLJLWDO�
VXEWUDFWLRQ�DQJLRJUDSK\��LVRWRSH�DQJLRJUDSK\�DQG�
LVRWRSH� VFDQQLQJ� RI� EUDLQ� >��� ���� ��@��$� UHOLDEOH�
SURJQRVLV�FRXOG�QRW�EH�GRQH�EDVHG�RQ�RQO\�FOLQLFDO�
VLJQV��HOHFWURSK\VLRORJLFDO� WHVWV�DQG�ELRPDUNHUV��
&HUHEUDO� 3HUIRUPDQFH� &DWHJRULHV� DQG� *ODVJRZ�
2XWFRPH�6FRULQJ� 6\VWHP� DUH� VFDOHV� GHYHORSHG�
IRU�DVVHVVPHQW�RI�QHXURORJ\FDO�IXQFWLRQV�DIWHU�&$��
KRZHYHU�WKH\�DUH�QRW�DSSOLFDEOH�LQ�WKH�ILUVW�KRXUV�
GD\V�DIWHU�6&$�>������@��

Summary

2YHU�WKH�SDVW�\HDUV�SDWLHQWVq�WUHDWPHQW�DIWHU�&$�
KDV� FRQVLGHUDEO\� SURJUHVVHG� GXH� WR� LPSURYHG�
RUJDQL]DWLRQ� DQG� GHYHORSPHQW� RI� WKH� &35�
SURFHGXUH�� ,QGHSHQGHQWO\� RI� WKH� UHJLVWHUHG�
SURJUHVV�� WKH� PRUWDOLW\� UDWH� UHPDLQV� KLJK��
UHDFKLQJ� ���� LQ� GHYHORSHG� FRXQWULHV� >��@��7KH�
IRFXV� LV�GLUHFWHG�RQ� LGHQWLI\LQJ�WKH�UHOLDEOH�DQG�
FOHDU� SUHGLFWRUV� RI� VXUYLYDO� DIWHU� &$� DQG� HYHQ�
EHIRUH�WKH�&35��)RU�WKLV�SXUSRVH��LW�LV�QHFHVVDU\�
WR� JUDQW� FRQGLWLRQV� IRU� UHWURVSHFWLYH� DQG�PHWD�
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¢»� ÊÕË½Ã� ÊÕÍ� ½� ÃÌÍÉËÃÚÍ»� È»� ¼ÕÆ¾»ËÌÅ»Í»�
ÈÀ½ËÉÆÉ¾ÃÚ�Î�È»Ì�ÌÀ�ÊËÉ½À¿À�Ì½ÀÍÉ½ÀÈ�È»ÎÒÀÈ�
ÏÉËÎÇ��ÒÃÄÍÉ�¿ÉÇ»ÅÃÈ�Ã�ÉË¾»ÈÃÂ»ÍÉË�¼À��ÕÆ¾»Ë-
ÌÅ»Í»�»ÌÉÑÃ»ÑÃÚ�ÊÉ�ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ�Ã�ÇÉÂÕÒÈ»�
ÐÀÇÉ¿ÃÈ»ÇÃÅ»�ÌÕ½ÇÀÌÍÈÉ�Ì�£ÂÌÆÀ¿É½»ÍÀÆÌÅ»Í»�
¾ËÎÊ»� ÊÉ� ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ� ÅÕÇ� ¬½ÀÍÉ½È»Í»� ÏÀ-
¿ÀË»ÑÃÚ� ÊÉ� ÈÀ½ËÉÆÉ¾ÃÚ�� ¨»ÎÒÈÃÚÍ� ÏÉËÎÇ� ¼À�
ÊÉ¿�À¾Ã¿»Í»�È»�ÅÇÀÍ»�È»�¬ÉÏÃÚ�¾�Á»�¤ÉË¿»ÈÅ»�
¯»È¿ÕÅÉ½»�Ã�ÊËÉÍÀÒÀ�ÊÉ¿�ÇÉÍÉÍÉ�f�»�È»ÊË»½ÃÇ�
ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚÍ»� ÊËÃÆÉÁÃÇ»� Â»� Ê»ÑÃÀÈÍ»r�� ��
ÈÀ¾É�ÌÀ�ËÀ¾ÃÌÍËÃË»Ð»�����¿ÀÆÀ¾»ÍÃ�ÉÍ����¿ÕËÁ»-
½Ã�ÉÍ� ½ËÉÊ»���ÂÃÚ���ÏËÃÅ»���½ÌÍË»ÆÃÚ��¬À½ÀË-
È»�Ã�¹ÁÈ»��ÇÀËÃÅ»��¨»¿�����ÎÒÀÈÃ�ÎÒ»ÌÍ½»Ð»�
Ì�ÊÆÀÈ»ËÈÃ�¿ÉÅÆ»¿Ã�ÃÆÃ�ÊÉÌÍÀËÃ���Õ½�ÏÉËÎÇ»�
ÎÒ»ÌÍ½»Ð»�����ÌÍÎ¿ÀÈÍÃ�ÉÍ�ÇÀ¿ÃÑÃÈÌÅÃÍÀ�ÎÈÃ½ÀË-
ÌÃÍÀÍÃ�u�ÊÉÅ»Â»ÍÀÆ�Â»�ÂÈ»ÒÃÇÉÌÍÍ»�È»�ÊËÉ¼ÆÀÇ»�
ÌËÀ¿�ÌÍÎ¿ÀÈÍÃÍÀ�Ã�ÇÆ»¿ÃÍÀ�ÇÀ¿ÃÑÃ����ÊÆÀÈ»ËÈ»-
Í»�ÊËÉ¾Ë»Ç»�È»�ÌËÀÔ»Í»�ÌÀ�¿ÃÌÅÎÍÃË»Ð»�ÅÆÙÒÉ-
½Ã�ÊËÉ¼ÆÀÇÃ��ÉÍÈ»ÌÚÔÃ�ÌÀ�¿É�ÊËÃÆÉÁÀÈÃÀÍÉ�È»�
¿Ã»¾ÈÉÌÍÃÒÈÃÚ� Ã� ÍÀË»ÊÀ½ÍÃÒÈÃÚ� ÎÆÍË»Â½ÎÅ� ÊËÃ�
ÌÕ¿É½Ã�Ã�ÈÀÌÕ¿É½Ã�¼ÉÆÀÌÍÈÃ�ÊËÉÑÀÌÃ��ÃÂ¾ÉÍ½Ú-
ÈÀÍÉ�È»�ÇÀÁ¿ÎÈ»ËÉ¿ÈÃ�ÌÍ»È¿»ËÍÃ�Ã�¿Ë�
¬½ÀÍÉ½È»Í»�ÌËÀÔ»�¼À�ÌÕÊÕÍÌÍ½»È»�ÉÍ�É¼Î-

ÒÃÍÀÆÀÈ� ÅÎËÌ� ÊÉ� ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ� È»� ¬½ÀÍÉ½-
È»Í»�ÏÀ¿ÀË»ÑÃÚ�ÊÉ�ÈÀ½ËÉÆÉ¾ÃÚ�Ì�ÊÉÆ»¾»ÈÀ�È»�

)RU�WKH�ILUVW�WLPH�LQ�WKH�KLVWRU\�RI�%XOJDULDQ�1HXURORJ\�
D�ZRUOG�VFLHQWLILF�IRUXP�ZDV�KHOG�LQ�RXU�FRXQWU\�
KRVWHG�DQG�RUJDQL]HG�E\� WKH�%XOJDULDQ�6RFLHW\�
RI�1HXURVRQRORJ\�DQG�&HUHEUDO�+HPRG\QDPLFV�
LQ�FRRSHUDWLRQ�ZLWK�WKH�1HXURVRQRORJ\�5HVHDUFK�
*URXS� RI� WKH� :RUOG� )HGHUDWLRQ� RI� 1HXURORJ\��
7KLV�VFLHQWLILF�)RUXP�ZDV�XQGHU�WKH�DHJLV�RI�WKH�
0D\RU� RI� 6RILD� 0UV��<RUGDQND� )DQGDNRYD� DQG�
ZHQW� XQGHU� WKH� PRWWR� r0DNLQJ� 1HXURVRQRORJ\�
DSSOLFDEOH� WR� WKH� SDWLHQW�s� 'HOHJDWHV� IURP� ���
FRXQWULHV� IURP� (XURSH�� $VLD�� $IULFD�� $XVWUDOLD��
1RUWK�DQG�6RXWK�$PHULFD�ZHUH�UHJLVWHUHG��2YHU�
���� VFLHQWLVWV� WRRN� SDUW�ZLWK� SOHQDU\� UHSRUWV� RU�
SRVWHUV��7KH�IRUXP�ZDV�DWWHQGHG�E\�����VWXGHQWV�
IURP�PHGLFDO�XQLYHUVLWLHV�u�LQGLFDWLQJ�WKH�LQWHUHVW�
RI�VWXGHQWV�DQG�\RXQJ�GRFWRUV�WR�WKLV�WRSLF��7KH�
SOHQDU\� SURJUDP�RI� WKH�PHHWLQJ�GLVFXVVHG� NH\�
LVVXHV� UHODWHG� WR� WKH� DSSOLFDWLRQ� RI� GLDJQRVWLF�
DQG�WKHUDSHXWLF�XOWUDVRXQG�LQ�GLDJQRVLQJ�YDVFXODU�
DQG� QRQ�YDVFXODU� SDWKRORJLFDO� SURFHVVHV�� WKH�
GHYHORSPHQW�RI�LQWHUQDWLRQDO�VWDQGDUGV��HWF��
7KH�:RUOG�0HHWLQJ�ZDV�DFFRPSDQLHG�E\�D�

1HXURVRQRORJ\� 7UDLQLQJ� &RXUVH� RI� WKH� :RUOG�
)HGHUDWLRQ� RI� 1HXURORJ\� ZLWK� D� WKHRUHWLFDO�
DQG� SUDFWLFDO� H[DPLQDWLRQ�� 2QO\� IRXU� RI� DOO�

The Neurosonology Research Group 
of the World Federation of Neurology
www.nsrg.net

Bulgarian Society of Neurosonology 
and Cerebral Hemodynamics
www.neurosonology-bg.com

World Federation of Neurology 
16th WORLD NEUROSONOLOGY MEETING
October 18–20, 2013 | Sofia, Bulgaria

©Ë¾»ÈÃÂ»ÍÉËÃÍÀ�È»�¬½ÀÍÉ½È»Í»�ÌËÀÔ»�ÊÉ�ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ��ÉÍ�ÆÚ½É�È»�¿ÚÌÈÉ��
¤��¯»È¿ÕÅÉ½»��»Å»¿��ÊËÉÏ�� ��­ÃÍÚÈÉ½»�Ã�ÊËÉÏ��§��¥»ÊÌ�

7KH�RUJDQL]HUV�RI�WKH�:RUOG�1HXURVRQRORJ\�0HHWLQJ��OHIW�WR�ULJKW����
0UV��<��)DQGDNRYD��$FDG��(��7LWLDQRYD�DQG�3URI��.DSV�
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¯9��Ë¼¿ÌÈ¼¿Ç�ÎÈÊÍÆ�ÉÈ�Ç¿¼ÊÈËÈÇÈÅÈ½ÂÙ

ÍÀÉËÀÍÃÒÀÈ� Ã� ÊË»ÅÍÃÒÀÌÅÃ� ÃÂÊÃÍ��©Í� Ú½ÃÆÃÍÀ�
ÌÀ����Å»È¿Ã¿»ÍÃ�Ì»ÇÉ�ÒÀÍÃËÃÇ»�ÊÉÆÎÒÃÐ»�Ì½À-
ÍÉ½ÀÈ�ÌÀËÍÃÏÃÅ»Í��ÅÉÀÍÉ�¾Ã�ÊË»½Ã�fÊÉÌÆ»ÈÃÑÃr�
È»�Ì½ÀÍÉ½È»Í»�ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ�½�ÍÀÐÈÃÍÀ�ÌÍË»-
ÈÃ��¬ËÀ¿�ÍÚÐ�À�ÃÇÀÍÉ�È»�¼ÕÆ¾»ËÌÅÃÚ�ÌÉÈÉÆÉ¾�
¿�Ë�§»ËÅÉ�¥ÆÃÌÎËÌÅÃ�
ªÉ� ½ËÀÇÀ� È»�ÏÉËÎÇ»� ÌÀ� ÊËÉ½À¿À� ÈÉ½� ÃÂ-

¼ÉË�È»�®ÊË»½ÃÍÀÆÀÈ�ÌÕ½ÀÍ�Ã�ÊËÀ¿ÌÀ¿»ÍÀÆ�È»�
�ËÎÊ»Í»� ÊÉ� ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ� ÅÕÇ� ¬½ÀÍÉ½È»Í»�
ÏÀ¿ÀË»ÑÃÚ�ÊÉ�ÈÀ½ËÉÆÉ¾ÃÚ��¢»�ÊËÀ¿ÌÀ¿»ÍÀÆ�È»�
¾ËÎÊ»Í»�¼À�ÃÂ¼Ë»È�ÊËÉÏ��§»ÌÃÇÉ�¿ÀÆ�¬ÀÍÍÀ�u�
ÊËÀ¿ÌÀ¿»ÍÀÆ� È»� £Í»ÆÃ»ÈÌÅÉÍÉ� ¿ËÎÁÀÌÍ½É� ÊÉ�
ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ� Ã� ÇÉÂÕÒÈ»� ÐÀÇÉ¿ÃÈ»ÇÃÅ»�� ��
®ÊË»½ÃÍÀÆÈÃÚ�ÌÕ½ÀÍ�¼À�ÊËÀÃÂ¼Ë»È»�Ì�ÈÉ½�Ç»È-
¿»Í�»Å»¿��ÊËÉÏ�� Å»ÍÀËÃÈ»�­ÃÍÚÈÉ½»�u�ÊËÀ¿ÌÀ-
¿»ÍÀÆ�È»��ÕÆ¾»ËÌÅ»Í»�»ÌÉÑÃ»ÑÃÚ�ÊÉ�ÈÀ½ËÉÌÉ-
ÈÉÆÉ¾ÃÚ� Ã� ÇÉÂÕÒÈ»� ÐÀÇÉ¿ÃÈ»ÇÃÅ»��©ÌÈÉ½»È»�
¼À�¦»ÍÃÈÉ»ÇÀËÃÅ»ÈÌÅ»�ÌÀÅÑÃÚ�ÊÉ�ÈÀ½ËÉÌÉÈÉ-
ÆÉ¾ÃÚ�ÅÕÇ�¬½ÀÍÉ½È»Í»�ÏÀ¿ÀË»ÑÃÚ�ÊÉ�ÈÀ½ËÉÆÉ-
¾ÃÚ��½ÀÒÀ�ÃÇ»� ½ËÉÊÀÄÌÅ»�Ã��ÂÃ»ÍÌÅ»�ÌÀÅÑÃÚ��
²ÆÀÈÉ½ÀÍÀ�È»���¨§°�½ÂÀÐ»�»ÅÍÃ½ÈÉ�ÎÒ»Ì-

ÍÃÀ� ½Õ½� ½ÌÃÒÅÃ� ÇÀÁ¿ÎÈ»ËÉ¿ÈÃ� ÊËÉÚ½Ã� Å»ÍÉ�
ÊÕÆÈÉÊË»½ÈÃ� ¿ÀÆÀ¾»ÍÃ�� ÅÉÀÍÉ� ¿ÉÊËÃÈÀÌÀ� Â»�

�Äº¾�����¬ÂÌÙÇÈ¼º�Â�ÉÊÈÎ��¦��¤ºÉË�ÈÌÄÊÂ¼ºÌ�ÂÁÅÈÀ»ºÌº�Çº�ºÉºÊºÌÍÊº�ÉÈ�¼Ê¿Æ¿�Çº�«¼¿ÌÈ¼ÇºÌº�ËÊ¿Óº�ÉÈ�Ç¿¼ÊÈËÈÇÈÅÈ½ÂÙ���
ÄÈÙÌÈ�Ë¿�ËÔËÌÈÙ�¼�§�¤�Çº����ÈÄÌÈÆ¼ÊÂ������½��¨ÌÄÊÂ¼ºÇ¿ÌÈ�»¿�ÉÈËÅ¿¾¼ºÇÈ�ÈÌ�»È½ºÌº�ÎÈÅÄÅÈÊÇº�ÉÊÈ½ÊºÆº�

$FDGHPLFLDQ�(��7LWLDQRYD�DQG�3URI��0��.DSV�RSHQ�WKH�H[KLELWLRQ�RI�PHGLFDO�HTXLSPHQW�GXULQJ�WKH�:RUOG�1HXURVRQRORJ\�0HHWLQJ��
LQ�6RILD�RQ�2FWREHU�����������7KH�RSHQLQJ�FHUHPRQ\�ZDV�IROORZHG�E\�D�IRONORUH�SURJUDP�

§º¾�����Å¿ÄºÊÂ�Â�ËÌÍ¾¿ÇÌÂ�ÍÑºËÌ¼ºÏº�¼�«¼¿ÌÈ¼ÇÂÙ�È»ÍÑÂÌ¿Å¿Ç�ÄÍÊË�ÉÈ�Ç¿¼ÊÈËÈÇÈÅÈ½ÂÙ��
ÄÈÃÌÈ�Ë¿�ÉÊÈ¼¿¾¿�¼�ÁºÅº���Çº�§�¤�

2YHU�����GRFWRUV�DQG�VWXGHQWV�SDUWLFLSDWHG�LQ�WKH�:RUOG�1HXURVRQRORJ\�7UDLQLQJ�&RXUVH�
KHOG�LQ�+DOO���RI�WKH�1DWLRQDO�3DODFH�RI�&XOWXUH�

��� FDQGLGDWHV� UHFHLYHG� D� ZRUOG� FHUWLILFDWH��
ZKLFK�PDGH�WKHP�rDPEDVVDGRUVs�RI�WKH�ZRUOG�
1HXURVRQRORJ\� LQ� WKHLU� FRXQWULHV�� $PRQJ�
WKHP�ZDV� WKH�%XOJDULDQ� VRQRORJLVW�'U��0DUFR�
.OLVXUVNL�
$�QHZ�HOHFWLRQ�IRU�%RDUG�DQG�&KDLUPDQ�RI�WKH�

1HXURVRQRORJ\� *URXS� RI� WKH�:RUOG� )HGHUDWLRQ�
RI� 1HXURORJ\� ZDV� KHOG� GXULQJ� WKH� 0HHWLQJ��
3URI�� 0DVVLPR� 'HO� 6HWWH� u� 3UHVLGHQW� RI� WKH�
,WDOLDQ� 6RFLHW\� RI� 1HXURVRQRORJ\� DQG� &HUHEUDO�
+HPRG\QDPLFV� ZDV� HOHFWHG� IRU� &KDLUPDQ�
RI� WKH� *URXS�� $FDGHPLFLDQ� 3URI�� (NDWHULQD�
7LWLDQRYD� u� 3UHVLGHQW� RI� WKH� %XOJDULDQ� 6RFLHW\�
RI�1HXURVRQRORJ\�DQG�&HUHEUDO�+HPRG\QDPLFV�
ZDV�UHHOHFWHG�IRU�DQRWKHU�WHUP��$�/DWLQ�$PHULFDQ�
VHFWLRQ�RI�1HXURVRQRORJ\�RI�WKH�:RUOG�)HGHUDWLRQ�
RI� 1HXURORJ\� �(XURSHDQ� DQG� $VLDQ� VHFWLRQV�
DOUHDG\�H[LVWHG��ZDV�IRXQGHG�
7KH�PHPEHUV�RI�%61&+�SDUWLFLSDWHG�DFWLYHO\�

LQ� DOO� LQWHUQDWLRQDO� HYHQWV� DV� GHOHJDWHV�� ZKLFK�
FRQWULEXWHG�WR�LQFUHDVH�WKHLU�VNLOOV�DQG�WR�SURPRWH�
QDWLRQDO� DQG� LQWHUQDWLRQDO� SUHVWLJH� RI� %XOJDULDQ�
1HXURVRQRORJ\�
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¦ÀÅÍÉËÃ�ÊÉ�ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ��ÉÍ�ÆÚ½É�È»�¿ÚÌÈÉ��
ÊËÉÏ��¢Ã¼ÆÀË��ÊËÉÏ��¨Ã¿ÀËÅÉËÈ��ÊËÉÏ��ÏÉÈ�«ÉÄÍÀË��ÊËÉÏ��¥»ÊÌ��ÊËÉÏ��°ÀÍÑÀÆ�Ã�»Å»¿��ÊËÉÏ��­ÃÍÚÈÉ½»�

/HFWXUHUV�LQ�1HXURVRQRORJ\��OHIW�WR�ULJKW���
3URI��6LHEOHU��3URI��1LHGHUNRUQ��3URI��YRQ�5HXWHU��3URI��.DSV��3URI��+HW]HO�DQG�$FDG��7LWLDQRYD�

The World Meeting was widely presented 
in different Bulgarian media with numerous 
publications and interviews for the Bulgarian 
National Television and bTV. 

Prof. Manfred Kaps directed a Thank you 
Letter to the members of the World Federation 
of Neurology. He expressed his gratitude 
to the Organizing Committee, the patron of 
the forum Mrs. Fandakova, the professional 
congress organizer – AIM International Bulgaria, 
the co-organizers – Atlas Consulting Ltd and 
MediaCross and the sponsors. The programme 
and pictures from different events are published 
in the Journal “Neurosonology and Cerebral 
Hemodynamics”, on the website of the Society 
www.neurosonology-bg.com and on the site 
of the XVI World Neurosonology Meeting  
www.nsrg2013.net.

 

)URP�WKH�(GLWRULDO�%RDUG

ÊÉ½ÃÓ»½»ÈÀ� È»� ÍÚÐÈ»Í»� Å½»ÆÃÏÃÅ»ÑÃÚ� Ã� Â»�
ÎÍ½ÕËÁ¿»½»ÈÀ�È»�È»ÑÃÉÈ»ÆÈÃÚ�Ã�ÇÀÁ¿ÎÈ»ËÉ¿-
ÈÃÚ�ÊËÀÌÍÃÁ�È»�ËÉ¿È»Í»�ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ�
¬½ÀÍÉ½ÈÃÚÍ�ÏÉËÎÇ�¼ÀÓÀ�ÓÃËÉÅÉ�ÉÍË»ÂÀÈ� ½�

¼ÕÆ¾»ËÌÅÃÍÀ�ÇÀ¿ÃÃ�Ì�ÇÈÉ¾É¼ËÉÄÈÃ�ÊÎ¼ÆÃÅ»ÑÃÃ�Ã�
ÃÈÍÀË½ÙÍ»�½��ÕÆ¾»ËÌÅ»Í»�È»ÑÃÉÈ»ÆÈ»�ÍÀÆÀ½ÃÂÃÚ�
Ã��­���ªËÉÏ��§»ÈÏËÀ¿�¥»ÊÌ�ÉÍÊË»½Ã�¼Æ»¾É¿»Ë-
ÌÍ½ÀÈÉ�ÊÃÌÇÉ�¿É�ÒÆÀÈÉ½ÀÍÀ�È»�¬½ÀÍÉ½È»Í»�ÏÀ-
¿ÀË»ÑÃÚ�ÊÉ�ÈÀ½ËÉÆÉ¾ÃÚ��½�ÅÉÀÍÉ�ÃÂÅ»Â½»�¼Æ»¾É-
¿»ËÈÉÌÍ�È»�ÉË¾»ÈÃÂ»ÍÉËÃÍÀ��Ê»ÍËÉÈ»�È»�ÏÉËÎÇ»�
¾�Á»�¯»È¿ÕÅÉ½»��ÊËÉÏÀÌÃÉÈ»ÆÈÃÚ�ÅÉÈ¾ËÀÌÀÈ�ÉË-
¾»ÈÃÂ»ÍÉË�u�$,0�,QWHUQDWLRQDO�%XOJDULD��ÌÕÉË¾»ÈÃ-
Â»ÍÉËÃÍÀ�È»�ÏÉËÎÇ»�u�ÏÃËÇÃÍÀ�$WODV�&RQVXOWLQJ�
/WG�Ã�0HGLD&URVV�Ã�ÌÊÉÈÌÉËÃÍÀ�È»�ÏÉËÎÇ»�
ªËÉ¾Ë»Ç»Í»�È»�ÏÉËÎÇ»�Ã�ÌÈÃÇÅÉ½�Ç»ÍÀËÃ-

»Æ� ÉÍ� ÊËÉ½À¿ÀÈÃÍÀ� ÇÀËÉÊËÃÚÍÃÚ� Ì»� ÊÎ¼ÆÃÅÎ-
½»ÈÃ� ½� È»ÎÒÈÉÍÉ� ÌÊÃÌ»ÈÃÀ� f¨À½ËÉÌÉÈÉÆÉ¾ÃÚ�
Ã�ÇÉÂÕÒÈ»� ÐÀÇÉ¿ÃÈ»ÇÃÅ»r�� ½� Ì»ÄÍ»� È»�¬¿ËÎ-
ÁÀÈÃÀÍÉ�ZZZ�QHXURVRQRORJ\�EJ�FRP�Ã�½�Ì»ÄÍ»�
È»� ;9,� Ì½ÀÍÉ½ÀÈ� ÏÉËÎÇ� ÊÉ� ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ� 
www.nsrg2013.net.

©Í�«À¿»ÅÑÃÉÈÈ»Í»�ÅÉÆÀ¾ÃÚ

¬ÊÂÆºÌº�ÍÑ¿ÇÂ��ÉÈÅÍÑÂÅÂ�Çº½Êº¾º�Áº�ÇºÃ�¾È»ÔÊ�ÉÈËÌ¿Ê�ÈÌ�«¼¿ÌÈ¼ÇÂÙ�ÎÈÊÍÆ�ÉÈ�Ç¿¼ÊÈËÈÇÈÅÈ½ÂÙ���
¾�Ê��ÂÄÌÈÊ�¨ÅÂ¼¿ÃÊº�ÈÌ��ÊºÁÂÅÂÙ���ÆÂÌÊÂÃ�ª¿ÁÇÂÄÈ¼�ÈÌ�ªÍËÂÙ�Â�¾�Ê�«ÌÈÃÄÈ�§ÂÄÈÅÈ¼�ÈÌ��ÔÅ½ºÊÂÙ��

7KH�WKUHH�VFLHQWLVWV�ZKR�UHFHLYHG�WKH�DZDUG�IRU�%HVW�3RVWHU�RI�WKH�:RUOG�1HXURVRQRORJ\�0HHWLQJ���
'U��9LFWRU�2OLYHLUD�IURP�%UD]LO��'PLWULL�5H]QLNRY�IURP�5XVVLD�DQG�'U��6WR\NR�1LNRORY�IURP�%XOJDULD�
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��u���ÉÅÍÉÇ½ËÃ������¾�
¬ÉÏÃÚ���ÕÆ¾»ËÃÚ

2FWREHU���u��������
6RILD��%XOJDULD

�ÕÆ¾»ËÌÅ»Í»� »ÌÉÑÃ»ÑÃÚ�ÊÉ�ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ�
Ã�ÇÉÂÕÒÈ»�ÐÀÇÉ¿ÃÈ»ÇÃÅ»����¨§°��¼À�¿ÉÇ»ÅÃÈ�
È»� É¼ÎÒÃÍÀÆÀÈ� ÌÀÇÃÈ»Ë� È»� ÍÀÇ»�� f®ÆÍË»Â½Î-
ÅÉ½ÃÍÀ� ÍÀÐÈÉÆÉ¾ÃÃ� u� ÊËÀ¿ÃÂ½ÃÅ»ÍÀÆÌÍ½»� ÌËÀ¿�
ÇÆ»¿ÃÍÀ�ÇÀ¿ÃÑÃr��%*���$�����������5����ÏÃÈ»È-
ÌÃË»È� ÉÍ� ÊËÉ¾Ë»Ç»Í»� f§Æ»¿ÀÁÍ»� ½� ¿ÀÄÌÍ½ÃÀr�
È»� ½ËÉÊÀÄÌÅ»Í»�ÅÉÇÃÌÃÚ�Ã�»¿ÇÃÈÃÌÍËÃË»È�ÉÍ�
¨»ÑÃÉÈ»ÆÈÃÚ� ÑÀÈÍÕË� f ½ËÉÊÀÄÌÅÃ� ÇÆ»¿ÀÁÅÃ�
ÊËÉ¾Ë»ÇÃ�Ã�ÃÈÃÑÃ»ÍÃ½Ãr�½�¬ÉÏÃÚ����ÈÀ¾É�ÎÒ»ÌÍ-
½»Ð»���Ê»ËÍÈ×ÉËÌÅÃ�ÉË¾»ÈÃÂ»ÑÃÃ��§À¿ÃÑÃÈÌÅÃ�
ÎÈÃ½ÀËÌÃÍÀÍ� u� �Ë»Ñ� ��½ÌÍËÃÚ����ÕÆ¾»ËÌÅ»�»ÌÉ-
ÑÃ»ÑÃÚ� ÊÉ� ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ� Ã� ÇÉÂÕÒÈ»� ÐÀÇÉ-
¿ÃÈ»ÇÃÅ»���ÕÆ¾»ËÃÚ����ËÎÂÃÈÌÅ»�»ÌÉÑÃ»ÑÃÚ�ÊÉ�
ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ�Ã�ÇÉÂÕÒÈ»�ÐÀÇÉ¿ÃÈ»ÇÃÅ»���ËÎ-
ÂÃÚ��Ã�¬ËÕ¼ÌÅÉ�È»ÑÃÉÈ»ÆÈÉ�Ì¿ËÎÁÀÈÃÀ�ÊÉ�ÈÀ-
½ËÉ»È¾ÃÉÆÉ¾ÃÚ��¬ÕË¼ÃÚ��Ì�ÊÉ¿ÅËÀÊ»Í»�È»�½É¿À-

®Ò»ÌÍÈÃÑÃ�½�§Æ»¿ÀÁÅÃÚ�ÏÉËÎÇ�ÊÉ�ÊËÉ¾Ë»Ç»Í»�f§Æ»¿ÀÁÍ»�½�¿ÀÄÌÍ½ÃÀr�È»� ½ËÉÊÀÄÌÅ»Í»�ÅÉÇÃÌÃÚ��
f®ÆÍË»Â½ÎÅÉ½ÃÍÀ�ÍÀÐÈÉÆÉ¾ÃÃ�u�ÊËÀ¿ÃÂ½ÃÅ»ÍÀÆÌÍ½»�ÌËÀ¿�ÇÆ»¿ÃÍÀ�ÇÀ¿ÃÑÃr��%*���$�����������5��

7KH�SDUWLFLSDQWV�LQ�WKH�r<RXWK�LQ�$FWLRQ�3URJUDPPHs�RI�WKH�(XURSHDQ�&RPPLVVLRQ�u��
r8OWUDVRXQG�7HFKQRORJLHV�u�&KDOOHQJHV�%HIRUH�<RXQJ�'RFWRUVs��%*���$�����������5���

7KH�%XOJDULDQ�6RFLHW\�RI�1HXURVRQRORJ\�DQG�&H-
UHEUDO�+HPRG\QDPLFV��%61&+��KRVWHG�D�WUDLQLQJ�
VHPLQDU� r8OWUDVRXQG�7HFKQRORJLHV� u� &KDOOHQJHV�
%HIRUH� <RXQJ� 'RFWRUVs� �%*���$�����������5���
IXQGHG�E\�WKH�r<RXWK�LQ�$FWLRQ�3URJUDPPHs�RI�WKH�
(XURSHDQ�&RPPLVVLRQ�DQG�PDQDJHG�E\�WKH�r(X-
URSHDQ�<RXWK�3URJUDPPHV�DQG�,QLWLDWLYHVs�1DWLRQDO�
&HQWUH�LQ�6RILD��,W�ZDV�DWWHQGHG�E\�SDUWQHUV�IURP��
%XOJDULDQ�6RFLHW\�RI�1HXURVRQRORJ\�DQG�&HUHEUDO�
+HPRG\QDPLFV� �%XOJDULD��� 0HGLFDO� 8QLYHUVLW\� RI�
*UD]��$XVWULD���*HRUJLDQ�6RFLHW\�RI�1HXURVRQRORJ\�
DQG�&HUHEUDO�+HPRG\QDPLFV�u�*61&+��*HRUJLD��
DQG�6HUELDQ�1DWLRQDO�6RFLHW\�IRU�1HXURDQJLRORJ\�
�6HUELD��ZLWK�WKH�VXSSRUW�RI�OHDGLQJ�%XOJDULDQ�XQL-
YHUVLWLHV�� )DFXOW\� RI�0HGLFLQH�RI�6RILD�8QLYHUVLW\�
r6W��.O��2KULGVNLs��0HGLFDO�8QLYHUVLW\�RI�9DUQD�r3URI��
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®ÆÍË»Â½ÎÅÉ½ÃÍÀ�ÍÀÐÈÉÆÉ¾ÃÃ�u�ÊËÀ¿ÃÂ½ÃÅ»ÍÀÆÌÍ½»�ÌËÀ¿�ÇÆ»¿ÃÍÀ�ÇÀ¿ÃÑÃ�

ÔÃÍÀ�ÎÈÃ½ÀËÌÃÍÀÍÃ�Î�È»Ì��§À¿ÃÑÃÈÌÅÃ�Ï»ÅÎÆÍÀÍ�
È»�¬ÉÏÃÄÌÅÃÚ�ÎÈÃ½ÀËÌÃÍÀÍ�f¬½��¥Æ��©ÐËÃ¿ÌÅÃr��
§À¿ÃÑÃÈÌÅÃ� ÎÈÃ½ÀËÌÃÍÀÍ� fªËÉÏ�� ¿�Ë�ª��¬ÍÉÚ�
ÈÉ½r�u��»ËÈ»��§À¿ÃÑÃÈÌÅÃ�ÎÈÃ½ÀËÌÃÍÀÍ�u�ªÆÀ�
½ÀÈ��̈ »ÑÃÉÈ»ÆÈ»�ÌÊÉËÍÈ»�»Å»¿ÀÇÃÚ�f���¦À½ÌÅÃr�
Ã� �ÉÀÈÈÉÇÀ¿ÃÑÃÈÌÅ»� »Å»¿ÀÇÃÚ� u�¬ÉÏÃÚ��¨»¿�
���ÇÆ»¿Ã�ÆÀÅ»ËÃ�Ã�ÌÍÎ¿ÀÈÍÃ�ÊÉ�ÇÀ¿ÃÑÃÈ»�É¼�
ÇÀÈÃÐ»� ÉÊÃÍ� ÊÉ� ÊËÀ½ÀÈÑÃÚÍ»� È»� ÌÕË¿ÀÒÈÉÌÕ�
¿É½ÃÍÀ� Ã� ÇÉÂÕÒÈÉÌÕ¿É½ÃÍÀ� Â»¼ÉÆÚ½»ÈÃÚ� ÒËÀÂ�
ÃÂÊÉÆÂ½»ÈÀ�È»�ÎÆÍË»Â½ÎÅÉ½Ã�ÍÀÐÈÉÆÉ¾ÃÃ��²ËÀÂ�
É¼À¿ÃÈÚ½»ÈÀ�È»�ÊËÀ¿ÌÍ»½ÃÍÀÆÃÍÀ�ÉÍ�Ë»ÂÆÃÒÈÃ�
¿ÕËÁ»½Ã�È»� ½ËÉÊÀÄÌÅÃÚ�ÌÕÙÂ�Ã�¿ÕËÁ»½Ã��¾Ë»�
ÈÃÒÀÔÃ�ÌÕÌ�¬ÕÙÂ»��Â»�ËÀÓ»½»ÈÀÍÉ�È»�ÍÉÂÃ�É¼Ô�
ÌÉÑÃ»ÆÀÈ� ÊËÉ¼ÆÀÇ� ÎÒ»ÌÍÈÃÑÃÍÀ� ½� ÌÀÇÃÈ»Ë»�
ÊËÀÅË»ÒÃÐ»�¾Ë»ÈÃÑÃÍÀ�È»�ÅÎÆÍÎËÈÃÍÀ�Ã�È»ÑÃÉ�
È»ÆÈÃÍÀ�ÌÃ�Ë»ÂÆÃÒÃÚ�½�ÃÇÀÍÉ�È»�É¼Ô»Í»�ÐÎÇ»�
ÈÃÍ»ËÈ»�ÑÀÆ��ÊËÀ¿�Â»¼ÉÆÚ½»ÈÀÍÉ�½ÌÃÒÅÃ�ÐÉË»�Ì»�
Ë»½ÈÃ�¼ÀÂ�ÂÈ»ÒÀÈÃÀ�È»�ÍÀÐÈÃÍÀ�Ë»ÌÉ½Ã��ÊÉÆÉ½Ã�
Ã�ËÀÆÃ¾ÃÉÂÈÃ�Ë»ÂÆÃÒÃÚ�u�ÍÀ�ÃÇ»Í�ÈÎÁ¿»�ÉÍ�À¿-
È»Å½»�ÌÊÀÑÃ»ÆÃÂÃË»È»�ÊÉÇÉÔ��ÅÉÀÍÉ�À�ÇÃÌÃÚÍ»�
È»�ÇÆ»¿ÃÍÀ�ÆÀÅ»ËÃ��ªËÉÀÅÍÕÍ�Â»ÌÚ¾»�ÉÌÈÉ½ÉÊÉ�
Æ»¾»Ô�ÊËÃÈÑÃÊ�È»�¬ÕÙÂ»�u�ÊË»½ÉÍÉ�È»�¿ÉÌÍÕÊ�
¿É�Â¿Ë»½ÀÉÊ»Â½»ÈÀ�Ã�¾»Ë»ÈÍÃË»ÈÀÍÉ�È»�½ÃÌÉÅÉ�
Å»ÒÀÌÍ½É�È»�ÁÃ½ÉÍ��Ã�ÅÉËÀÌÊÉÈ¿ÃË»�ÃÂÑÚÆÉ�Ì�
 ½ËÉÊÀÄÌÅ»Í»�Ð»ËÍ»�Â»�ÌÕË¿ÀÒÈÉ�Â¿Ë»½À�
®Ò»ÌÍÈÃÑÃÍÀ� ½� ÌÀÇÃÈ»Ë»� ÊËÀ¿ÌÍ»½ÃÐ»� Â»�

¼ÉÆÀ½»ÀÇÉÌÍÍ»� Ã� ÌÇÕËÍÈÉÌÍÍ»� ÉÍ� ÃÈÌÎÆÍÃ� ½�
ÍÀÐÈÃÍÀ� ÌÍË»ÈÃ� Ã� ÌÊÉ¿ÀÆÃÐ»� ¿É¼ËÃ� ÊË»ÅÍÃÅÃ�
Â»�ÊËÀ½ÀÈÑÃÚ�È»�ÌÉÑÃ»ÆÈÉ�ÂÈ»ÒÃÇÃÍÀ�Â»¼ÉÆÚ�
½»ÈÃÚ��§É¿ÀË»ÍÉËÃ�È»�¿ÃÌÅÎÌÃÃÍÀ�¼ÚÐ»�ÊËÉÏ��
¥ÎËÍ�̈ Ã¿ÀËÅÉËÈ��ËÕÅÉ½É¿ÃÍÀÆ�È»�ÅÆÃÈÃÅ»Í»�ÊÉ�
ÈÀ½ËÉÆÉ¾ÃÚ� È»� ®ÈÃ½ÀËÌÃÍÀÍ»� ½� �Ë»Ñ�� �ËÎÂÃÚ��

'U�� 3�� 6WR\DQRYs�� 0HGLFDO� 8QLYHUVLW\� RI� 3OHYHQ��
1DWLRQDO�6SRUWV�$FDGHP\�r9��/HYVNLs�DQG�0LOLWDU\�
0HGLFDO�$FDGHP\� u� 6RILD�� 2YHU� ��� \RXQJ� GRF�
WRUV�DQG�PHGLFDO�VWXGHQWV�VKDUHG�WKHLU�H[SHULHQFH�
RQ�SUHYHQWLRQ�RI�FDUGLRYDVFXODU�DQG�FHUHEURYDV�
FXODU�GLVHDVHV�E\�XVLQJ�XOWUDVRXQG�WHFKQRORJLHV��
%\�EULQJLQJ�WRJHWKHU�UHSUHVHQWDWLYHV�IURP�GLIIHUHQW�
FRXQWULHV� RI� WKH� (XURSHDQ� 8QLRQ� DQG� FRXQWULHV�
QHLJKERULQJ� WKH�8QLRQ� WR� DGGUHVV� WKLV� FRPPRQ�
VRFLDO�SUREOHP��WKH�SDUWLFLSDQWV�RYHUVWHSSHG�WKHLU�
FXOWXUDO� DQG�QDWLRQDO�GLIIHUHQFHV� LQ� WKH�QDPH�RI�
WKLV�FRPPRQ�KXPDQLWDULDQ�JRDO��DOO�DUH�HTXDO�EH-
IRUH�WKH�GLVHDVH�UHJDUGOHVV�UDFLDO��JHQGHU�DQG�UHOL-
JLRXV�GLIIHUHQFHV�u�DOO� QHHG� WKH�VDPH�VSHFLDOL]HG�
FDUH��WKDWqV�WKH�\RXQJ�GRFWRUVq�PLVVLRQ��7KH�SURMHFW�
FRQFHUQV�WKH�IRXQGLQJ�SULQFLSOH�RI�WKH�8QLRQ�u�WKH�
ULJKW�RI�DFFHVV�WR�KHDOWK�FDUH�DQG�D�KLJK�TXDOLW\�RI�
OLIH��DQG�FRUUHVSRQGV�IXOO\�WR�WKH�(XURSHDQ�+HDUW�
+HDOWK�&KDUWHU��
6HPLQDU�SDUWLFLSDQWV�SUHVHQWHG�WKHLU�RZQ�SUH�

VHQWDWLRQV� RQ� VWURNH�PRUELGLW\� DQG�PRUWDOLW\� LQ�
WKHLU�FRXQWULHV�DQG�VKDUHG�EHVW�SUDFWLFHV�IRU�SUH�
YHQWLRQ�RI�VRFLDOO\�VLJQLILFDQW�GLVHDVHV��0RGHUD�
WRUV�ZHUH��3URI��.XUW�1LHGHUNRUQ��+HDG�RI�WKH�'H�
SDUWPHQW�RI�1HXURORJ\�DW�WKH�8QLYHUVLW\�RI�*UD]��
$VVRF�� 3URI�� 0DULQD� $OSDLG]H�� 3UHVLGHQW� RI� WKH�
*HRUJLDQ�6RFLHW\�RI�1HXURVRQRORJ\�DQG�&HUHEUDO�
+HPRG\QDPLFV��$VVLVW��3URI��0LOLMD�0LMDMORYLF��QD�
WLRQDO�H[SHUW�RQ�1HXURDQJLRORJ\��$FDG��3URI��(NDW-
HULQD�7LWLDQRYD��3URMHFW�0DQDJHU�DQG�&KDLUPDQ�RI�
%61&+��$VVRF��3URI��6LOYD�$QGRQRYD��+HDG�RI�WKH�
1HXURORJ\�&OLQLF�DW�WKH�0HGLFDO�8QLYHUVLW\�u�9DU�
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¿ÉÑ�� §»ËÃÈ»��ÆÊ»Ã¿ÂÀ�� ÊËÀÂÃ¿ÀÈÍ� È»� �ËÎÂÃÈ-
ÌÅÉÍÉ�¿ËÎÁÀÌÍ½É�ÊÉ�ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ�Ã�ÇÉÂÕÒ-
È»� ÐÀÇÉ¿ÃÈ»ÇÃÅ»�� ¾Æ�� »Ì�� ¿�Ë�§ÃÆÃÚ�§ÃÐ»ÄÆÉ�
½ÃÒ��È»ÑÃÉÈ»ÆÀÈ�ÀÅÌÊÀËÍ�ÊÉ�ÈÀ½ËÉ»È¾ÃÉÆÉ¾ÃÚ��
»Å»¿��ÊËÉÏ�� Å»ÍÀËÃÈ»�­ÃÍÚÈÉ½»��ËÕÅÉ½É¿ÃÍÀÆ�
È»� ÊËÉÀÅÍ»� Ã� ÊËÀ¿ÌÀ¿»ÍÀÆ� È»� ��¨§°�� ¿ÉÑ��
¬ÃÆ½»��È¿ÉÈÉ½»��ËÕÅÉ½É¿ÃÍÀÆ�È»�ÈÀ½ËÉÆÉ¾ÃÒÈ»�
ÅÆÃÈÃÅ»� ½�§®� u� �»ËÈ»�� ¿�Ë� ¬ÉÈÚ� ¥»Ë»ÅÕÈÀ½» 
u�È»Ò»ÆÈÃÅ�È»�ÌÉÈÉ¾Ë»ÏÌÅ»�Æ»¼ÉË»ÍÉËÃÚ�Ã�ÌÀ-
ÅËÀÍ»Ë�È»���¨§°��Ã�¾�È� ½¾ÀÈÃ�¥»Ë»Å»ÈÉ½ÌÅÃ�u�
Ç»ËÅÀÍÃÈ¾�¿ÃËÀÅÍÉË�È»�§�ÍÀÆ��ÅÉÄÍÉ�ÊËÀ¿ÌÍ»½Ã�
½ÕÂÇÉÁÈÉÌÍÃÍÀ�È»�ÍÀÆÀÇÀ¿ÃÑÃÈ»Í»�
®Ò»ÌÍÈÃÑÃÍÀ� ½Õ½� ÏÉËÎÇ»� ÊÉÌÀÍÃÐ»� §À¿Ã-

ÑÃÈÌÅÃÚ�Ï»ÅÎÆÍÀÍ�È»�¬ÉÏÃÄÌÅÃÚ�ÎÈÃ½ÀËÌÃÍÀÍ�Ã�
¼ÉÆÈÃÑ»�f¦ÉÂÀÈÀÑr��ÃÂÆÉÁ¼»Í»�È»�ÎÆÍË»Â½ÎÅÉ-
½»�»Ê»Ë»ÍÎË»�½�¨�¥�ÊÉ�½ËÀÇÀ�È»�;9,�Ì½ÀÍÉ½ÀÈ�
ÏÉËÎÇ�ÊÉ�ÈÀ½ËÉÌÉÈÉÆÉ¾ÃÚ�Ã�Ì½ÀÍÉ½ÈÃÚ�ÅÎËÌ�È»�
É¼ÎÒÀÈÃÀ�½�Í»ÂÃ�É¼Æ»ÌÍ�
¬ËÀÔ»Í»�Â»½ÕËÓÃ�Ì�ÊÉ¿ÊÃÌ½»ÈÀ�È»�ÇÀÇÉ-

Ë»È¿ÎÇ�ÉÍ�½ÌÃÒÅÃ�ÎÒ»ÌÍÈÃÑÃ��ÅÉÄÍÉ�À�»¿ËÀÌÃ-
Ë»È� ¿É� Â¿Ë»½ÈÃÍÀ� ÃÈÌÍÃÍÎÑÃÃ�� È»ÑÃÉÈ»ÆÈÃÍÀ�
Ã�  ½ËÉÊÀÄÌÅÃÚ� Ê»ËÆ»ÇÀÈÍÃ�� §ÀÇÉË»È¿ÎÇÕÍ�
È»ÌÕËÒ»½»� ÇÆ»¿ÃÍÀ� ÐÉË»� ½� ÒÎ½ÌÍ½É� Â»� À½ËÉ-
ÊÀÄÌÅÉ� ¾Ë»Á¿»ÈÌÍ½É� Ã� ÊËÃÈ»¿ÆÀÁÈÉÌÍ� ÊËÃ�
ÏÉËÇÃË»ÈÀ�È»�À½ËÉÊÀÄÌÅÃÍÀ�Â¿Ë»½ÈÃ�ÊÉÆÃÍÃ-
ÅÃ�� ²ËÀÂ� ÃÈÍÀËÈÀÍ� ¼»ÂÃË»È»Í»� ÇËÀÁ»�:LJJLR�
ÎÒ»ÌÍÈÃÑÃÍÀ�½� ½ËÉÊÀÄÌÅÃÚ�ÇÆ»¿ÀÁÅÃ�ÊËÉÀÅÍ�
ÃÇ»Í� ½ÕÂÇÉÁÈÉÌÍ� Â»� ÈÀÊËÀÅÕÌÈ»Í� É¼ÇÀÈ� È»�
ÃÈÏÉËÇ»ÑÃÚ�Ã�ÌÈÃÇÅÉ½�Ç»ÍÀËÃ»Æ�
ªÉ½ÀÒÀ�ÃÈÏÉËÇ»ÑÃÚ�ÇÉÁÀ�¿»�È»ÇÀËÃÍÀ�È»�

ZZZ�QHXURVRQRORJ\�EJ�FRP
©Í�«À¿»ÅÑÃÉÈÈ»Í»�ÅÉÆÀ¾ÃÚ

QD��'U��6RQLD�.DUDNDQHYD��0'�u�&KLHI�RI�6RQRORJ\�
/DERUDWRU\�DQG�%61&+�6HFUHWDU\�DQG�0U��(YJHQL�
.DUDNDQRYVNL� u�0DUNHWLQJ�'LUHFWRU� RI�0�WHO�ZKR�
SUHVHQWHG�WKH�SRVVLELOLWLHV�RI�WHOHPHGLFLQH�
3DUWLFLSDQWV�YLVLWHG�WKH�0HGLFDO�)DFXOW\�RI�6RILD�

8QLYHUVLW\�+RVSLWDO�r/R]HQHWVs��WKH�H[KLELWLRQ�RI�XO-
WUDVRXQG�HTXLSPHQW�LQ�WKH�1DWLRQDO�3DODFH�RI�&XO-
WXUH�GXULQJ�WKH�;9,�:RUOG�1HXURVRQRORJ\�0HHWLQJ�
DQG�WKH�DFFRPSDQ\LQJ�:RUOG�7HDFKLQJ�&RXUVH��
7KH� VHPLQDU� HQGHG� E\� VLJQLQJ� D�0HPRUDQ-

GXP�� DGGUHVVHG� WR� KHDOWK� LQVWLWXWLRQV�� QDWLRQDO�
DQG� (XURSHDQ� SDUOLDPHQWV�� 7KLV� 0HPRUDQGXP�
HQFRXUDJHV�\RXQJ�SHRSOH�WR�GHYHORS�D�VHQVH�RI�
(XURSHDQ�FLWL]HQVKLS�DQG� LGHQWLW\� LQ� IRUPXODWLQJ�
(XURSHDQ�KHDOWK�SROLFLHV��7KURXJK�,QWHUQHW�EDVHG�
QHWZRUN�:LJJLR�SDUWLFLSDQWV� LQ�WKH�\RXWK�SURMHFW�
KDYH� WKH� RSSRUWXQLW\� WR� FRQWLQXRXVO\� H[FKDQJH�
LQIRUPDWLRQ� DQG� SLFWXUHV�� )RU� PRUH� LQIRUPDWLRQ�
VHH�ZZZ�QHXURVRQRORJ\�EJ�FRP

       
� � )URP�(GLWRULDO�%RDUG
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¨�®²¨��¬« ´�

¥ÆÀÍÕÒÈÃ�ËÀÑÀÊÍÉËÃ�u
ÇÀÍÉ¿Ã�Â»�ÃÂÌÆÀ¿½»ÈÀ��
ÃÇÎÈÉ¼ÃÉÆÉ¾ÃÒÈÃ�Ð»Ë»ÅÍÀËÃÌÍÃÅÃ�
Ã�ÇÀ¿ÃÑÃÈÌÅÉ�ÂÈ»ÒÀÈÃÀ
ªÉÌ½ÀÍÀÈ»�È»�ÊËÉÏ��¿�Ë�«ÃÍ»�¦À½Ã�§ÉÈÍ»ÆÒÃÈÃ

6&,(17,),&�0((7,1*

&HOO�5HFHSWRUV�u�
5HVHDUFK�0HWKRGV��
,PPXQRELRORJLFDO�&KDUDFWHULVWLFV�
DQG�0HGLFDO�,PSRUWDQFH
'HGLFDWHG�WR�3URI��5LWD�/HYL�0RQWDOFLQL

�������������¾�
¬ÉÏÃÚ���ÕÆ¾»ËÃÚ

¨»����� ���� ����� ¾��½��ÎÆ»Í»�È»�§À¿ÃÑÃÈÌÅÃÚ�
Ï»ÅÎÆÍÀÍ� ÅÕÇ�¬ÉÏÃÄÌÅÃ� ÎÈÃ½ÀËÌÃÍÀÍ� f¬½��¥ÆÃ-
ÇÀÈÍ� ©ÐËÃ¿ÌÅÃr� ÌÀ� ÊËÉ½À¿À� È»ÎÒÈ»� ÌËÀÔ»� È»�
ÌÍÎ¿ÀÈÍÃÍÀ�ÊÉ�ÇÀ¿ÃÑÃÈ»�È»�ÍÀÇ»��f¥ÆÀÍÕÒÈÃ�ËÀ-
ÑÀÊÍÉËÃ�u�ÇÀÍÉ¿Ã�Â»�ÃÂÌÆÀ¿½»ÈÀ��ÃÇÎÈÉ¼ÃÉÆÉ-
¾ÃÒÈÃ�Ð»Ë»ÅÍÀËÃÌÍÃÅÃ�Ã�ÇÀ¿ÃÑÃÈÌÅÉ�ÂÈ»ÒÀÈÃÀr��
ÊÉÌ½ÀÍÀÈ»�È»�ÊËÉÏ��¿�Ë�«ÃÍ»�¦À½Ã�§ÉÈÍ»ÆÒÃÈÃ�
�¨É¼ÀÆÉ½� Æ»ÎËÀ»Í��� �ÚÐ»� ÊËÀ¿ÌÍ»½ÀÈÃ� É¼ÂÉËÈÃ�
Ã� ÉËÃ¾ÃÈ»ÆÈÃ� È»ÎÒÈÃ� ËÀÂÎÆÍ»ÍÃ� ½� É¼Æ»ÌÍÍ»� È»�
ÀÅÌÊÀËÃÇÀÈÍ»ÆÈ»Í»�Ã�ÅÆÃÈÃÒÈ»�ËÀÑÀÊÍÉËÉÆÉ¾ÃÚ��
¬Õ¼ÃÍÃÀÍÉ�¼À�ÉË¾»ÈÃÂÃË»ÈÉ�ÉÍ�¥ÉÇÃÍÀÍ»�ÊÉ�ÇÀ-
¿ÃÑÃÈÌÅÉ�É¼Ë»ÂÉ½»ÈÃÀ�ÅÕÇ��ÌÉÑÃ»ÑÃÚÍ»�È»�ÌÍÎ-
¿ÀÈÍÃÍÀ� ÊÉ� ÇÀ¿ÃÑÃÈ»� ½� �ÕÆ¾»ËÃÚ� u� ¬ÉÏÃÄÌÅÃ�
ÎÈÃ½ÀËÌÃÍÀÍ��Â»À¿ÈÉ�Ì�¥»ÍÀ¿Ë»Í»�f�ÃÉÆÉ¾ÃÚ��ÇÀ-
¿ÃÑÃÈÌÅ»�¾ÀÈÀÍÃÅ»�Ã�ÇÃÅËÉ¼ÃÉÆÉ¾ÃÚr�ÅÕÇ�§À¿Ã-
ÑÃÈÌÅÃ�Ï»ÅÎÆÍÀÍ�È»�¬®�f¬½��¥ÆÃÇÀÈÍ�©ÐËÃ¿ÌÅÃr�
¨»ÎÒÈ»Í»�ÌËÀÔ»�¼À�ÉÍÅËÃÍ»�ÉÍ�ÊËÀ¿ÌÀ¿»ÍÀÆÚ�

È»��¬§�� u�¬®�§ÀÍÉ¿ÃÚ�¬ÀÅÎÆÉ½ÌÅÃ�� »� ÊËÀÂÀÈ-
Í»ÍÉËÃÍÀ� ¼ÚÐ»� ÊËÀ¿ÌÍ»½ÚÈÃ� ÉÍ�­ÀÉ¿ÉË� �»ÌÃÆÀ½�
u�ÒÆÀÈ�È»�ÉË¾»ÈÃÂ»ÑÃÉÈÈÃÚ�ÀÅÃÊ����Ë»¼ÉÍ»Í»�Ä�
½ÂÀÐ»�ÎÒ»ÌÍÃÀ�È»¿����ÌÍÎ¿ÀÈÍÃ�Ã�ÊËÀÊÉ¿»½»ÍÀÆÃ��

$SULO���������
6RILD��%LOJDULD

2Q�$SULO����������LQ�WKH�0HGLFDO�)DFXOW\�RI�6R-
ILD�8QLYHUVLW\�r6W��.OLPHQW�2KULGVNLs�D�VFLHQWLILF�
PHHWLQJ�RI�PHGLFDO�VWXGHQWV�RQ�� r&HOO�5HFHS-
WRUV� u� 5HVHDUFK� 0HWKRGV�� ,PPXQRELRORJLFDO�
&KDUDFWHULVWLFV�DQG�0HGLFDO�,PSRUWDQFHs��GHGL-
FDWHG�WR�3URI��5LWD�/HYL�0RQWDOFLQL��1REHO�3UL]H�
LQ�0HGLFLQH��ZDV� KHOG�� 6FLHQWLILF� UHYLHZV� DQG�
RULJLQDO�UHVHDUFK�UHVXOWV� LQ�WKH�ILHOG�RI�H[SHUL-
PHQWDO�DQG�FOLQLFDO�5HFHSWRORJ\�ZHUH�SUHVHQW-
HG��7KH�HYHQW�ZDV�RUJDQL]HG�E\�WKH�&RPPLWWHH�
IRU�0HGLFDO�(GXFDWLRQ�RI�WKH�0HGLFDO�6WXGHQWV�
$VVRFLDWLRQ�LQ�%XOJDULD��06$%��u�6RILD�8QLYHU-
VLW\�� MRLQWO\�ZLWK� OHFWXUHUV� IURP�WKH�'HSDUWPHQW�
r%LRORJ\�� 0HGLFDO� *HQHWLFV� DQG� 0LFURELRORJ\s�
DW� WKH�0HGLFDO�)D�FXOW\�RI�6RILD�8QLYHUVLW\�r6W��
.OLPHQW�2KULGVNLs�
7KH�FRQIHUHQFH�ZDV�RSHQHG�E\�WKH�3UHVLGHQW�

RI�WKH�06$%�DW�6RILD�8QLYHUVLW\�0HWRGLD�6HNXORY�
VNL�ZLWK�7HRGRU�9DVLOHY��PHPEHU�RI�WKH�RUJDQL]LQJ�
WHDP�DV�D�PRGHUDWRU��0RUH�WKDQ����VWXGHQWV�DQG�
OHFWXUHUV�WRRN�SDUW�LQ�WKLV�PHHWLQJ��7KH�FRQIH�UHQFH�
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�ÉÌÍÃ�È»�ÏÉËÎÇ»�¼ÚÐ»��ÊËÉÏ��¿�Ë����­ÀËÂÃÃ½»ÈÉ½��
ÊËÉÏ��¿�Ë�����»ÈÀ½�Ã�ÊËÉÏ��¿�Ë�±��§»ËÃÈÉ½»�u�
Â»Ç��¿ÀÅ»ÈÃ�È»�§À¿ÃÑÃÈÌÅÃÚ�Ï»ÅÎÆÍÀÍ��ÊËÉÏ��¿�Ë�
 ��­ÃÍÚÈÉ½»��ÊËÉÏ��¿�Ë�°Ë��²ÎÒÅÉ½��ÊËÉÏ��¿�Ë�£��
�ÆÍÕÈÅÉ½»��¿ÉÑ��¿�Ë����¡ÀÆÀÂÉ½»��¿ÉÑ��¿�Ë�¦��£½»-
ÈÉ½»��¿ÉÑ��¿�Ë�£���Í»È»ÌÉ½»��»ÌÃÌÍÀÈÍÃ�ÊÉ�ÇÃÅËÉ-
¼ÃÉÆÉ¾ÃÚ��Ï»ËÇ»ÅÉÆÉ¾ÃÚ��ÏÃÂÃÉÆÉ¾ÃÚ��»È»ÍÉÇÃÚ��
¼ÃÉÏÃÂÃÅ»��¼ÃÉÆÉ¾ÃÚ�È»�ÒÉ½ÀÅ»��ÏÃÂÃÅ»�Ã�¿Ë�
¨»�È»ÎÒÈ»Í»�ÌËÀÔ»�¼ÚÐ»�ÊËÀ¿ÌÍ»½ÀÈÃ����È»-

ÎÒÈÃ�¿ÉÅÆ»¿»�½�É¼Æ»ÌÍÍ»�È»�ËÀÑÀÊÍÉËÉÆÉ¾ÃÚÍ»��
»�ÈÚÅÉÃ�ÉÍ�ÍÀÇÃÍÀ�¼ÚÐ»�ÉÈ»¾ÆÀ¿ÀÈÃ�Ì�ÊÉÌÍÀËÃ�
ªËÉÏ��§»ËÃÈÉ½»� ÃÂÈÀÌÀ� È»ÎÒÀÈ� ¿ÉÅÆ»¿� È»�

ÍÀÇ»� f ÅÌÊËÀÌÃÚ� Ã� ÎÆÍË»ÌÍËÎÅÍÎËÈ»� ÆÉÅ»ÆÃ-
Â»ÑÃÚ� È»�7UN$� Ã� Ë��� ËÀÑÀÊÍÉËÃ� Â»� ÈÀ½ËÉË»Ì-
ÍÀÁÀÈ� Ï»ÅÍÉË� �1*)�� ½� ÍÃÇÎÌ»� È»� Ê»ÑÃÀÈÍÃ� Ì�
0\DVWKHQLD�JUDYLVr��ªËÉÏ���ÆÍÕÈÅÉ½»�ÊËÀ¿ÌÍ»½Ã�
ÈÉ½Ã�¿»ÈÈÃ�Â»�f7ROO�/LNH�ËÀÑÀÊÍÉËÃ�Ã�»½ÍÉÃÇÎÈ-
ÈÃ�¼ÉÆÀÌÍÃr��»�»Ì��¦���ÀÆÀÈÌÅ»�u�f«ÉÆÚ�È»�¬�»�
ËÀÑÀÊÍÉË»�½�ËÀÇÉ¿ÀÆÃË»ÈÀÍÉ�È»�ÅÉÌÍÍ»�ÊËÃ�ÂÃ-
ÇÉÂ»È�ÃÈ¿ÎÑÃË»È�ËÀ½Ç»ÍÉÃ¿ÀÈ�»ËÍËÃÍr���
�� ÌËÀÔ»Í»� ÎÒ»ÌÍ½»Ð»� ÊË¿ÃÇÈÉ� ÌÍÎ¿ÀÈÍÃ� ÉÍ�

ÊÕË½Ã�Ã�½ÍÉËÃ�ÅÎËÌ�Ì�ÊËÀÂÀÈÍ»ÑÃÃ�È»�Ë»ÂÆÃÒÈÃ�
ÍÀÇÃ�u�f©ÊÃÉÃ¿ÈÃ�ËÀÑÀÊÍÉËÃr��«»¿ÉÌÍÃÈ»��Á»-
ÆÀ½»���f�ÆÎÍ»Ç»ÍÉ½Ã�ËÀÑÀÊÍÉËÃr���ÀÚÈ»�¡ÀÅÉ½»���
f1�ÇÀÍÃÆ�'�»ÌÊ»ËÍ»Í� ËÀÑÀÊÍÉËÃr� �¦ÃÆÃÚ� ªÀÍËÉ-
½»���f¥ÆÀÍÕÒÈÃ�ËÀÑÀÊÍÉËÃ�È»�ÍËÉÇ¼ÉÑÃÍÃÍÀ��3$5�
Ã�$'3� ËÀÑÀÊÍÉËÃr� �¡»ÈÀÍ� «»ÄÒÀ½»��� f�¿ËÀÈÀË-
¾ÃÒÈÃ� ËÀÑÀÊÍÉËÃr� ��ÁÀÇ� ¯ÕËÕÈ¿ÁÕ��� f£ÈÌÎÆÃ-
ÈÉ½Ã�ËÀÑÀÊÍÉËÃr�� ½ÀÆÃÈ�¬ÍÉÚÈÉ½»���f£Ç»ÍÃÈÃ¼�
u�½ÕÂÇÉÁÀÈ�ÃÈÐÃ¼ÃÍÉË�È»�%&5�$%/�ËÀÑÀÊÍÉË"r�
�¥ÆÃÇÀÈÍ�ª»ÌÅ»ÆÀ½���f°ÃÊÉÍÀÂÃ�Â»�ÏÎÈÅÑÃÉÈ»Æ-
ÈÉÍÉ�ÂÈ»ÒÀÈÃÀ�È»�ÆÃ¾»È¿�ËÀÑÀÊÍÉËÈÃÍÀ�½Â»ÃÇÉ-
¿ÀÄÌÍ½ÃÚ�ÊËÃ�ÏÉËÇÃË»ÈÀÍÉ�È»�ÊÉ½À¿ÀÈÃÀÍÉ�È»�
¼ÉÆÈÃ� ÉÍ�ÓÃÂÉÏËÀÈÃÚr� ��ÃÇÃÍËÃÈ»�¥»ÇÀÈÉ½»���
f�ÕÂÇÉÁÈÉÌÍÃ�Â»�ÇÉ¿ÎÆÃË»ÈÀ�È»�ÆÃ¾»È¿�ËÀÑÀÊ-
ÍÉËÈÉÍÉ�Ì½ÕËÂ½»ÈÀ�Ì�ÍÀË»ÊÀ½ÍÃÒÈÃ�ÑÀÆÃr���ÀÈÃ-
Ñ»�±»ÈÉ½»���f¬½ËÕÐÀÅÌÊËÀÌÃÚ�È»�ÅÆÀÍÕÒÈÃÍÀ�ËÀ-
ÑÀÊÍÉËÃr��£½ÀÆÃÈ»�¬ÉÍÃËÉ½»���f�ÃÉÆÉ¾ÃÒÈ»�ËÉÆÚ�
È»�*�ÊËÉÍÀÃÈ»� ½� ÊËÉÑÀÌ»� È»� ÆÃ¾»È¿�ËÀÑÀÊÍÉË-
ÈÉÍÉ�½Â»ÃÇÉ¿ÀÄÌÍ½ÃÀr��§»ËÃÚ�§»ËÃÈÉ½»��Ã�¿Ë�
¨»ÎÒÀÈ�¿ÉÅÆ»¿�È»�ÍÀÇ»�f�½»�ÀÅÊÀËÃÇÀÈÍ»ÆÈÃ�

ÊÉ¿ÐÉ¿»�Â»�ÃÂÎÒ»½»ÈÀ�È»�½ËÕÂÅ»Í»�È»�ÇÀÍ»¼ÉÆÃÍ-
ÈÃÚ�ÌÃÈ¿ËÉÇ�Ã�Ë»Å»�È»�ÊËÉÌÍ»Í»�u�½ÕÂÇÉÁÈ»�ËÉÆÚ�
È»� ËÀÑÀÊÍÉËÃÍÀ�� »ÅÍÃ½ÃËÎÀÇÃ� ÉÍ� ÊÀËÉÅÌÃÂÉÇÈÃ�
ÊËÉÆÃÏÀË»ÍÉËÃ� 33$5Vr� ÊËÀ¿ÌÍ»½Ã� ÌÍÎ¿ÀÈÍÕÍ� ÉÍ�
ÍËÀÍÃ�ÅÎËÌ�È»�§À¿ÃÑÃÈÌÅÃÚ�Ï»ÅÎÆÍÀÍ�u�§ÃÐ»ÃÆ�
§ÃÐ»ÄÆÉ½�� »� ¬ÍÉÄÅÉ� ¨ÃÅÉÆÉ½� �ÓÀÌÍÉÅÎËÌÈÃÅ���
ÎÒ»ÌÍ½»� Ì� ÊËÀÂÀÈÍ»ÑÃÚ� È»� ÍÀÇ»� r([SUHVVLRQ� RI�
3ODWHOHW�0HPEUDQH�5HFHSWRUV�DV�3KDUPDFRORORJLFDO�
7DUJHWVs��ÊËÀ¿ÌÍ»½ÀÈ»�È»�»È¾ÆÃÄÌÅÃ�ÀÂÃÅ��
¨»� ÌËÀÔ»Í»� ÌÀ� ÃÂÅ»Â»� ÊËÉÏ�� °Ë�� ²ÎÒÅÉ½��

ÅÉÄÍÉ� ÌÊÉ¿ÀÆÃ� ÆÃÒÈÃ� ½ÊÀÒ»ÍÆÀÈÃÚ� Â»� ÈÉ¼ÀÆÉ-
½ÃÚ� Æ»ÎËÀ»Í� ÊËÉÏ�� «ÃÍ»�¦À½Ã�§ÉÈÍ»ÆÒÃÈÃ�� �Æ��
»Ì������»Ë¿»ÈÉ½�ÃÂË»ÂÃ�Ì½ÉÃÍÀ�ÊÉÂÃÍÃ½ÈÃ�½ÊÀ-
Ò»ÍÆÀÈÃÚ�Ã�È»ÊË»½Ã�ÈÚÅÉÃ�ÊËÀ¿ÆÉÁÀÈÃÚ�ÉÍÈÉÌ-
ÈÉ�ÉË¾»ÈÃÂÃË»ÈÀÍÉ�Ã�ÊËÉ½ÀÁ¿»ÈÀÍÉ�È»�¼Õ¿ÀÔÃ�
ÌÍÎ¿ÀÈÍÌÅÃ�È»ÎÒÈÃ�ÌËÀÔÃ���ªËÉÏ��¿�Ë�­ÀËÂÃÃ½»-
ÈÉ½� ÌÊÉ¿ÀÆÃ� ½ÊÀÒ»ÍÆÀÈÃÚ� ÉÍ� Ë»¼ÉÍ»Í»� ÌÃ� ÌÕÌ�
ÌÕÍËÎ¿ÈÃÑÃ�È»�ÊËÉÏ��«ÃÍ»�¦À½Ã�§ÉÈÍ»ÆÒÃÈÃ�Ã�
Â»ÅËÃ�ÌÕ¼ÉÍÈ»Í»�ÊËÉÚ½»�Ì�ÊÉÂ¿Ë»½ÆÀÈÃÚ�Â»�Ë»-
¼ÉÍ»Í»�È»�ÎÒ»ÌÍÈÃÑÃÍÀ�Ã�ÉË¾»ÈÃÂ»ÑÃÉÈÈÃÚ�ÀÅÃÊ�

©Í�©Ë¾»ÈÃÂ»ÑÃÉÈÈÃÚ�ÅÉÇÃÍÀÍ

ZDV�DWWHQGHG�E\�3URI��'U��'��7HU]LLYDQRY��3URI��'U��
9��*DQHY�DQG�3URI��0DULQRY�u�9LFH�'HDQV�RI�WKH�
0HGLFDO�)DFXOW\��3URI��'U��(��7LWLDQRYD��3URI��'U��+U��
&KXFKNRY��3URI�� ,��$OWDQNRYD��$VVRF��3URI��'U��*��
=KHOH]RYD��$VVRF��3URI��'U��/��,YDQRYD��$VVRF��3URI��
'U�� ,��$WDQDVRYD� DQG� DVVLVWDQWV� LQ�0LFURELRORJ\��
3KDUPDFRORJ\�� 3K\VLRORJ\�� $QDWRP\�� %LRSK\VLFV��
+XPDQ�%LRORJ\�DQG�3K\VLFV�
(LJKWHHQ� VFLHQWLILF� UHSRUWV� RQ� 5HFHSWRORJ\�

ZHUH�SUHVHQWHG�DQG�VRPH�WRSLFV�ZHUH�LOOXVWUDWHG�
ZLWK�SRVWHUV��
3URIHVVRU�0DULQRYD�SUHVHQWHG�r([SUHVVLRQ�DQG�

8OWUDVWUXFWXUDO�/RFDOL]DWLRQ�RI�7UN$�DQG�S���5HFHS-
WRUV�IRU�1HUYH�*URZWK�)DFWRU��1*)��LQ�WKH�7K\PXV�
RI�3DWLHQWV�ZLWK�0\DVWKHQLD�*UDYLVs��3URIHVVRU�$O-
WDQNRYD�VKRZHG�QHZ�GDWD�DERXW�r7ROO�/LNH�5HFHS-
WRUV�DQG�$XWRLPPXQH�'LVHDVHVs�DQG�$VV��3URI��/��
%HOHQVND� u�DERXW� r5ROH�RI� WKH�&�D�5HFHSWRU� LQ�
%RQH�5HPRGHOLQJ� LQ� =\PRVDQ�LQGXFHG�5KHXPD-
WRLG�$UWKULWLVs��
7KH�PHHWLQJ�ZDV�DWWHQGHG�E\� ILUVW� DQG�VHF-

RQG�\HDU�HQWKXVLDVWLF�DQG�FXULRXV�VWXGHQWV��ZKR�
SUHVHQWHG�GLYHUVH�DQG�LPSRUWDQW�WRSLFV��r2SLRLG�
5HFHSWRUs��5DGRVWLQD�']KDOHYD���r*OXWDPDWH�5H-
FHSWRUVs��'HDQD�=KHNRYD���r1�PHWK\O�'�DVSDUWDWH�
5HFHSWRUVs� �/LOLD� 3HWURYD��� r&HOOXODU� 5HFHSWRUV�
RQ� 3ODWHOHWV�� 3$5� DQG� $'3� 5HFHSWRUVs� �-DQHW�
5DLFKHYD���r$GUHQHUJLF�5HFHSWRUs��-HP�)DUDQGMD���
r,QVXOLQ�5HFHSWRUVs��(YHO\Q�6WR\DQRYD���r,PDWLQLE�
u� D� 3RVVLEOH� ,QKLELWRU� RI� WKH� %&5�$%/� 5HFHS-
WRU"s��&OLPHQW�3DVNDOHY���r+\SRWKHVHV�DERXW�WKH�
)XQFWLRQDO�6LJQLILFDQFH�RI�/LJDQG�UHFHSWRU�,QWHU-
DFWLRQV�LQ�)RUPLQJ�WKH�%HKDYLRU�RI�3DWLHQWV�ZLWK�
6FKL]RSKUHQLDs� �'LPLWULQD�.DPHQRYD��� r3RVVLELOL-
WLHV� IRU� 0RGXODWLQJ� /LJDQG�UHFHSWRU� %LQGLQJ� IRU�
7KHUDSHXWLF� 3XUSRVHs� �'HQLW]D�7]DQRYD��� r2YHU-
H[SUHVVLRQ�RI�&HOO�5HFHSWRUVs� �,YHOLQD�6RWLURYD���
r%LRORJLFDO� 5ROH� RI�*�SURWHLQ� LQ� WKH� 3URFHVV� RI�
/LJDQG�UHFHSWRU� ,QWHUDFWLRQs� �0DULD� 0DULQRYD��
DQG�RWKHU�
0LKDLO� 0LKDLORY�� D� WKLUG� \HDU� VWXGHQW� RI� WKH�

)DFXOW\�RI�0HGLFLQH�SUHVHQWHG�DQ�LQWHUHVWLQJ�UH-
SRUW� HQWLWOHG� �7ZR� ([SHULPHQWDO� $SSURDFKHV� WR�
6WXG\� WKH� 5HODWLRQVKLS� RI� 0HWDEROLF� 6\QGURPH�
DQG�3URVWDWH�&DQFHU�u�D�3RVVLEOH�5ROH�RI�3HUR[L-
VRPH� 3UROLIHUDWRU�$FWLYDWHG� 5HFHSWRUV� �33$5V����
6WRMNR�1LNRORY� �JUDGXDWLQJ� VWXGHQW�� SDUWLFLSDWHG�
ZLWK� r([SUHVVLRQ� RI� 3ODWHOHW� 0HPEUDQH� 5HFHS-
WRUV�DV�3KDUPDFRORORJLFDO�7DUJHWVs�SUHVHQWHG� LQ�
(QJOLVK�
3URIHVVRU� +ULVWR� &KXFKNRY� VKDUHG� SHUVRQDO�

LPSUHVVLRQV�RI�WKH�1REHO�ODXUHDWH�3URI��5LWD�/HYL�
0RQWDOFLQL� WR�ZKRP�WKLV�PHHWLQJ�ZDV�GHGLFDWHG��
$VVLVWDQW�3URI��'��'DUGDQRY�H[SUHVVHG�KLV�SRVLWLYH�
LPSUHVVLRQV�DQG�PDGH�VRPH�VXJJHVWLRQV�DERXW�
WKH�RUJDQL]DWLRQ�RI�IXWXUH�VWXGHQW�VFLHQWLILF�PHHW-
LQJV�� 3URI��7HU]LLYDQRY� GHVFULEHG� KLV� H[SHULHQFH�
DERXW� ZRUNLQJ� WRJHWKHU� ZLWK� 3URI�� 0RQWDOFLQLqV�
FROODERUDWRUV�DQG�FORVHG�WKH�6DWXUGD\�HYHQW�ZLWK�
FRQJUDWXODWLRQV� IRU� WKH�ZRUN� RI� SDUWLFLSDQWV� DQG�
RUJDQL]LQJ�WHDP�

2Q�EHKDOI�RI�WKH�2UJDQL]LQJ�&RPPLWWHH
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BULGARIAN SOCIETY 
OF NEUROSONOLOGY 
AND CEREBRAL 
HEMODYNAMICS

EUROPEAN ACADEMY 
OF NEUROLOGY

Regional Teaching Course  
of the European Academy of Neurology

October 2-5, 2014 | Sofia, Bulgaria

WELCOME MESSAGE

Dear Colleagues and Friends,

On behalf of the European Academy of Neurology (the new unified organisation for Neurology in 
Europe formed by the EFNS and ENS) and the Bulgarian Society of Neurosonology and Cerebral 
Hemodynamics we are honored to invite you to the EAN  Regional Teaching Course in Sofia from 
October 2nd to 5th 2014. 

The course aims to provide a very high level of scientific and practical knowledge in the following 
scientific topics:

1. Aging brain, Stroke and Dementia
2. Modern Aspects of Neurorehabilitation
3. Advance of Neurosonology 

Leading experts are invited to present lectures and organize workshops. Their names and the final 
program are announced on the sites: www.neurosonology-bg.com and www.eaneurology.org.

All delegates will have the opportunity to enjoy the history and the beauty of Sofia – one of the oldest 
capitals in Europe.

We look forward to welcoming you in Sofia, 2014!

                                                   

Acad. Prof. Ekaterina Titianova
Chair of the Bulgarian Society 
of Neurosonology and Cerebral Hemodynamics
Academician of the Bulgarian 
Academy of Sciences and Arts
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�ËÎ¾Ã�È»ÎÒÈÃ�ÏÉËÎÇÃ
2WKHU�6FLHQWLILF�(YHQWV

2014

66th�$QQXDO�0HHWLQJ��
RI�WKH�$$1
28 April – 03 May, 2014 
Philadelphia, USA
www.aan.com/go/home  

(6&�u�(XURSHDQ�6WURNH��
&RQIHUHQFH�����
04 – 09 May, 2014 
London, UK
www.eurostroke.org

-RLQW�&RQJUHVV�RI�(XURSHDQ��
1HXURORJ\��()16�(16�
31 May – 03 June, 2014
Istanbul, Turkey 
www.efns2014.efns.org

1DWLRQDO�&RQIHUHQFH��
RI�WKH�%XOJDULDQ��
6RFLHW\�RI�1HXURORJ\
12 – 15 June, 2014
Golden Sands Resort, Bulgaria
www.nevrologiabg.com/events

9th�)(16�)RUXP��
RI�1HXURVFLHQFH
05 – 09 July, 2014 
Milan, Italy
www.fens2014.neurosciences.asso.fr

10th�$VLDQ�	�2FHDQLDQ��
(SLOHSV\�&RQJUHVV��
�$2(&�
24 – 27 August, 2014
Singapoure
www.epilepsysingapore2014.org 

:RUOG�&RQJUHVV�RQ�1HXUR7KHUDSHXWLFV��
'LOHPPDV��'HEDWHV�	�'LVFXVVLRQV��'''1�
4 – 7 September, 2014
Basel, Switzerland
www.congressmed.com/neurology/

9th�0HHWLQJ�RI�WKH�%61&+
2 October, 2014
Sofia, Bulgaria 
www.neurosonology-bg.com

5HJLRQDO�7HDFKLQJ�&RXUVH�LQ�6RILD
2 – 5 October, 2014
Sofia, Bulgaria 
www.efns.org/Regional-Teaching-Course- 
in-Sofia-Bulgaria.1246.0.html

10th�&ROOHJLXP�3UD[LV�1HXURORJLFDH
10 – 12 October, 2014
Shumen, Bulgaria 
www.nevrologiabg.com/events/bulgaria

9th�:RUOG�6WURNH�&RQJUHVV
22 – 25 October, 2014, Istanbul, Turkey 
www2.kenes.com/stroke2014/

2015

8th�:RUOG�&RQJUHVV�RI�WKH�,QWHUQDWLRQDO�6RFLHW\�
RI�3K\VLFDO�DQG�5HKDELOLWDWLRQ�0HGLFLQH
6 – 11 June, 2015
Berlin, Germany
www.isprm2015.org 

1VW�&RQJUHVV�RI�WKH�(XURSHDQ�$FDGHP\�
RI�1HXURORJ\��($1�
20 – 23 June, 2015 
Berlin, Germany
www.eaneurology.org/berlin2015
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�� ÉËÃ¾ÃÈ»ÆÈÃ�ÌÍ»ÍÃÃ�u�¿É��u��ÌÍË»ÈÃÑÃ��½ÅÆÙÒÃÍÀÆÈÉ�Í»¼ÆÃ-
ÑÃ��ÏÃ¾ÎËÃ��ÅÈÃ¾ÉÊÃÌ�

�� ÅË»ÍÅÃ�È»ÎÒÈÃ�ÌÕÉ¼ÔÀÈÃÚ�u�¿É���ÌÍË»ÈÃÑÃ�
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¬Í»ÍÃÃÍÀ��Ì�ÃÂÅÆÙÒÀÈÃÀ�È»�ËÀ¿»ÅÍÉËÌÅÃÍÀ��ÉÍ�¼ÕÆ¾»ËÌÅÃ�
»½ÍÉËÃ�ÍËÚ¼½»�¿»�¼Õ¿»Í�È»ÊÃÌ»ÈÃ�È»�¼ÕÆ¾»ËÌÅÃ�Ã�»È¾ÆÃÄÌÅÃ�
ÀÂÃÅ��­À�ÌÀ�»¿ËÀÌÃË»Í�¿É�¾Æ»½ÈÃÚ�ËÀ¿»ÅÍÉË�Ã�ÌÀ�ÃÂÊË»Ô»Í�ÊÉ�
H�PDLO�ÃÆÃ�È»�ÀÆÀÅÍËÉÈÀÈ�ÈÉÌÃÍÀÆ�È»�»¿ËÀÌ�
�Å»¿��ÊËÉÏ�� Å»ÍÀËÃÈ»�­ÃÍÚÈÉ½»��¿ÇÈ
¥ÆÃÈÃÅ»�f¯ÎÈÅÑÃÉÈ»ÆÈ»�¿Ã»¾ÈÉÌÍÃÅ»�È»�ÈÀË½È»Í»�ÌÃÌÍÀÇ»r
�ÉÀÈÈÉÇÀ¿ÃÑÃÈÌÅ»�»Å»¿ÀÇÃÚ��¼ÎÆ��r¬½���ÀÉË¾Ã�¬ÉÏÃÄÌÅÃs��
�����¬ÉÏÃÚ���ÕÆ¾»ËÃÚ��À�P»LO��WLWLDQRYD#\DKRR�FRP
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ÌÍÃÍÎÑÃÚ��¾Ë»¿��¿ÕËÁ»½»���©Í¼ÀÆÚÂ½»�ÌÀ�ÃÇÀÍÉ�Ã�ÍÉÒÀÈ�»¿ËÀÌ��
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����¿ÎÇÃ��ÊÉÌÆÀ¿½»ÈÉ�ÉÍ�Ç»ÅÌÃÇÎÇ���ÅÆÙÒÉ½Ã�¿ÎÇÃ��ÊÉ¿ËÀ¿À-
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©¼ÔÃ�ÎÌÆÉ½ÃÚ���ÌÃÒÅÃ�ËÕÅÉÊÃÌÃ�ÊÉ¿ÆÀÁ»Í�È»�ËÀÑÀÈÂÃË»-
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ÆÚÈÀ�È»�»½ÍÉËÌÅÉÍÉ�ÊË»½É�ÉÍ� »½ÍÉË»� ÅÕÇ�ÃÂ¿»ÍÀÆÚ��ªËÃÀÍÃÍÀ�
ÊÎ¼ÆÃÅ»ÑÃÃ�ÌÍ»½»Í�ÌÉ¼ÌÍ½ÀÈÉÌÍ�È»�ÌÊÃÌ»ÈÃÀÍÉ�f¨À½ËÉÌÉÈÉÆÉ¾ÃÚ�
Ã�ÇÉÂÕÒÈ»�ÐÀÇÉ¿ÃÈ»ÇÃÅ»s�Ã�ÈÀ�ÇÉ¾»Í�¿»�ÌÀ�ÊËÀÊÎ¼ÆÃÅÎ½»Í�ÃÂÑÚ-
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ÃÆÙÌÍË»ÑÃÃ��Í»¼ÆÃÑÃ�Ã�Í�È��ÉÍ�¿ËÎ¾Ã�ÊÎ¼ÆÃÅ»ÑÃÃ��

¥ÉÈÏÆÃÅÍ�È»�ÃÈÍÀËÀÌÃ���½ÍÉËÃÍÀ�Ì»�Â»¿ÕÆÁÀÈÃ�¿»�ÉÊÉ½À-
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¢»�ÌÊË»½ÅÃ��
��Ë�«���ÃÇÉ½»��H�PDLO��UGGLPRYD#DEY�EJ
¬ÊÃÌ»ÈÃÀÍÉ�À�¿ÉÌÍÕÊÈÉ�ÉÈÆ»ÄÈ�È»�ZZZ�QHXURVRQRORJ\�EJ�FRP

,QVWUXFWLRQV�IRU�DXWKRUV
r1HXURVRQRORJ\�DQG�&HUHEUDO�+HPRG\QDPLFVs� LV� WKH�RI-

ILFLDO�-RXUQDO�RI� WKH�%XOJDULDQ�6RFLHW\�RI�1HXURVRQRORJ\�DQG�
&HUHEUDO�+HPRG\QDPLFV��7KH�MRXUQDO�SXEOLVKHV�RULJLQDO�SDSHUV�
RQ�XOWUDVRXQG�GLDJQRVWLFV�LQ�QHXURORJ\��QHRQDWRORJ\�DQG�DQJL-
RORJ\��DV�ZHOO�DV�DUWLFOHV�RQ�WKH�FHUHEUDO�KHPRG\QDPLFV�DQG�
UHODWHG�SUREOHPV��,W�FRQWDLQV�WKH�IROORZLQJ�FDWHJRULHV�
�� HGLWRULDOV��DVVLJQHG�E\�WKH�(GLWRULDO�%RDUG�
�� RULJLQDO�SDSHUV�u�XS�WR��u��SDJHV��LQFOXGLQJ�WDEOHV��ILJXUHV�DQG�
UHIHUHQFHV�

�� VKRUW�UHSRUWV�u�XS�WR���SDJHV�
�� UHYLHZ�DUWLFOHV�u�XS�WR����SDJHV��LQFOXGLQJ�UHIHUHQFHV�
�� LQIRUPDWLRQ�IRU�GLIIHUHQW�VFLHQWLILF�IRUXPV�
�� QHZ�ERRNV�UHYLHZV�
�� ZKR�LV�ZKR�u�SUHVHQWDWLRQ�RI�RXWVWDQGLQJ�VFLHQWLVWV�DQG�RUJDQL-
]DWLRQV�
7KH�SDSHUV��ZLWK�H[FHSWLRQ�RI�HGLWRULDO��VKRXOG�EH�ZULWWHQ�LQ�

%XOJDULDQ�DQG�(QJOLVK� IRU�EXOJDULDQ�DXWKRUV��RU�(QJOLVK� IRU�DX-
WKRUV�IURP�RWKHU�FRXQWULHV��7KH\�VKRXOG�EH�VXEPLWWHG�E\�H�PDLO�RU�
RQ�HOHFWURQLF�FDUULHU�VHQW�WR�WKH�IROORZLQJ�DGGUHVV�

$FDG��3URI��(NDWHULQD�7LWLDQRYD��0'��3K'��'6F
&OLQLF�RI�)XQFWLRQDO�'LDJQRVWLFV�RI�1HUYRXV�6\VWHP
0LOLWDU\�0HGLFDO�$FDGHP\�����r6W��*HRUJL�6RILLVNLs�%OYG��
�����6RILD��%XOJDULD��À�PDLO��WLWLDQRYD#\DKRR�FRP
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