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ŶěƿƵŶ��ƽ���ř�ƶŝ�ƪưŰţ�ƿưĪƀƾ�Ťſř��Ű���Ƴƺºų�Ŷſ�ƭŚĪƾ��żºƜƯƽ���ƭŵř�ƹ�
żƜƯƽů�ƩŶƯ�Źŵ�ǀƳřƺƾƶŤĪſ��ƽżƜƯ�ƽŢſř�����
��

ƾſŹźŝ�ƁƹŹ��
�����æ��Ŷºººƴŝ�Ƶƹźºººĭƽů�ºººǀŚƯŻō�ƱřƺºººƿƷŚĮƄƾ��šŹ�ŚºººƷƽ� �
Ĝſřǀƫřŵƺĭřźƾ��çêå���Śţ�èíå�ƭźĭ������ƟŵŚƈºţ�ŹƺºƏ�ƶºŝƾ��ƶºŝ��ŹŚºƸģ�

ƵƹźººĭƬººƇř�ƾƹŚººů�ƽ�çæů�ººǀƀººƤţ�Ʊřƺǀ�Ʈ�ŶƳŶººƃ��Ʃƹř�Ƶƹźººĭ� �
ººě�ƩŶººƯ�ƱřƺººƴƗ�ƶººŝǀƏźººƃ�ƂƾŻŚººſ�ƽř�ººƿưĪƀƾ�Źŵ�Ʃƹř�ŻƹŹ�� �

�ř�ƉźƘƯƿưĪƀƾ�ŚƷƽ�řŹŸĭ�ƽ�æå�ƣŵ�ǀ�ƶºƤ�řƽ���źºƃ�Źŵ�ƿ��żºĩźƯ�ƱŚƽ�
�Źřźººƣ��ŢººƟźĭ�tMCAO���Żř�ŶººƘŝ�ƹçéŢƗŚººſ��ř�ººƿưĪƀƾ� �

ëå�ƣŵ�ǀƶƤ�řƽ�Źŵ�ƿ��ŢƟŚ�ŵźĩ�����������Źŵ�ƩźºŤƴĩ�Ƶƹźºĭ�ƱřƺƴƗ�ƶŝ�ƭƹŵ�Ƶƹźĭ
��ţ�ƭƹŵ�ŻƹŹ�ř�ŚƸƴƿưĪƀƾ�ëå�ƣŵ�ǀ���źºƃ�ƶºƤƿ��żºĩźƯ�ƱŚƽ��Źŵ�řŹ�ƿ��ŢºƟŚ

�ŵźĩ��������ůřźū�Ʈƃ�Ƶƹźĭ�ƱřƺƴƗ�ƶŝ�ƭƺſ�Ƶƹźĭƾ���ř�ŚºƸƴţ��ºƿưĪƀƾ�æå�
ƣŵǀƶƤ�řƽ������Źŵ�Ʃƹř�ŻƹŹ�Źŵ�řŹ�řŹŸĭ�ƿ��ŢƟŚ�ŵźĩ������ƱƹŶºŝ�ƭŹŚƸģ�Ƶƹźĭ
ƷǀĢ��ůřźū�ƶƳƺĭƾ����ƟźěŹ�ŶƣŚƟ�Ƶƹźĭ�ƱřƺƴƗ�ƶŝ��ºǀ��śŚºŴŤƳř�Ʊĥƺ���Ŷºƃ

�Ʒ�ƶĩǀ��ůřźū�Żř�ƭřŶĩ�Ģƾ��ŚºƷƽ�Źŵ�řŹ�ơƺºƟ�ƿ��ŵźºĪƳ�ŢºƟŚ��ƹŹ�Źŵ�Ż
���ƬƇř�Ƶƹźĭ�źƷ��ƭƺſƾ���ŻŹř�ŹƺƔƴƯ�ƶŝ�ƿŝŚƾ����ºſō�ƮºŬů�ǀ��żºƜƯ�Ŝƽ��
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ŶưŰƯ�źŤƧŵ��ŚưƴƷŹ�ƽŶƸƯ�źŤƧŵ�ƹ�ƾƫŶĮǀŝ�ŚƋŹ��
� 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽæîƵŹŚưƃ����ƽìë���żǀƿŚěîå 

̂̋

��Ƴƺų�Ŷſ�ƭŚĪŰŤſřƾ�żƜƯ�ƽ���żƜƯ�ƭŵř�ƹ��ƽŝ�Ż�ƶſ�ƶƿ��Ƶƹźºĭ�ź�Śºŝ�ì�
ůǀ��Ʊřƺ���Ƶƹźĭ�źƿŻ�źƷ�ŹŵƀƤţǀ�ŶƳŶƃ�Ʈ���ƕƺºưŬƯ�Źŵçæ�Ʊřƺºǀů���

�ƆƤƳ�Śţ�ŚƷƽ�ĥƺƫƹŹƺƳ�ƿ��ſō�ƮŬů��Ĩǀ��ŤƟŚºŝ�Ŝƾ�����Ŷºſ�ƭŚĪŰŤºſř��
ƳƺųƾżƜƯ�ƽżƜƯ�ƭŵř�ƹ��ƽŻŹř�ƿŝŚƾŶƳƺƃ����
ç��řƿ��ſ�ƩŶƯ�ŵŚŬƶŤĪ��ƽ�żƜƯ�ƽ���źƃ�ŵřŶƀƳřƿ��żºĩźƯ�ƱŚƽ��żºƜƯ����

šŹ����Żƺţ�Żř�ŶƘŝ�ŚƷƿ��ƹŹřŵ�Śŝ�Ʋƽ��Ʒ�šřźƬĩ�ǀ��šřŹŶ���ƱŚºưƫō��ħźºƯ��
�éååƯ�ǀººƬƾ�ĩ�Źŵ�ƭźººĭǀƱŶººŝ�ƱŻƹ�ƭźĭƺººƬ��źŞººƃƺƷƽ��ŶƳŶººƃ��

ůřźūƾ��ŻŚſ�ƩŶƯ�ƽ�tMCAO��������ƹ�ŚºĮƳƺƫ�ƪưƘƫřŹƺŤºſŵ�ƢŝŚºƐƯ�
���ƭŚŬƳř�ƂƳřŹŚĪưƷ�Ŷƃ��çæ����������ºůřźū�ŢºŰţ��ƶºƇǈų�ŹƺƏ�ƶŝƾ�

ƯǀěƺĪſƹźĪƾ���ƿ��Ŵŝ�ŲƳ�Ĩǀƶ��ƽ��ŚºƳ�ƿ��źƏ�Żř�ƱƺƬ�ºƿ��ƶºƴţ�Ƣ��ƽ�ECA�
�īŹ�ŵŹřƹ��ººſŹ�Śººţ�ƹ�Ŷººƃǀ�ƶººŝ�ƱŶACAƯ�Żř�ººǀ�ƱŚICA�Śººŝ�

źŤěƿţǇŚěƺĮǀ�Ƶŵřŵ�ƶƯřŵř�ƶŤƀŝ�Ʋ�Ŷƃ����Ŵŝ�ŲºƳ�ŽŚºưţ�źŧř�Źŵ�ºǀƹ�ƶ 

ACA�źū�ƿ��������ƶºŝ�ƝźƏ�źƷ�Żř�Ʊƺų�ƱŚMCA����Ŷºƃ�ƶŤƀºŝ���ř�ºƿ�Ʋ
���źƏ�Żř�ƱŶƃ�ƶŤƀŝ�ºƿ�������ě�Źŵ�ƹ�ŢºƯƹŚƤƯ�ŽŚƀºůř�Ƣ�ºǀƹźƄƽ����ƹ�ŲºƳ�

���ŵƹŶů�ŵƹŹƹçå�Ư�ǀƬƾ����ƶºƴţ�Żř�ŲºƳ�ƩƺºƏ�źŤƯ�ƽ�ECA��ƆŴƄºƯ�
Ŷƃ�����Żř�ŶƘŝëå�ƣŵ�ǀ�ř�ƶƤƿưĪƀƾ�Źřźƣźŝ��ƽ���źū�ŵŶºŬƯ��ºƿ���Ʊƺºų�ƱŚ

�ŢƟźĭ�šŹƺƇ��ŚƯŵƽ���źƏ�Żř�ƱŶŝ�ƿ��ƵŻřŶƳř�ƭƺŤĩŹ�Ƣ�ĭ�ºǀźƽ����ƹ�Ŷºƃ�
ƯǀŚƯŵ�Ʊřżƽƫřƺů�Źŵ�ƾ�èì�ƒƠů�ƶūŹŵ�ƿŵźĭŶ���
è��ŻŹřƿŝŚƾ�ŹŚŤƟŹ�ƽ���ƶŤĪſ�Żř�ƪƇŚů���ŚƘƯƿƶƴ��ŚºƷƽ�ĥƺƫƹŹƺƳ��ºƿ�Ĩ

���Żř�ŶƘŝçé��Ŷƃ�ƭŚŬƳř�ŢƗŚſ����ƩƺƏ�Źŵçé�ƹźºƃ�Żř�ŶƘŝ�ŢƗŚſ��ƕ
��ƳŚŝźƣ�Śţ�ŵřŶƀƳřƾ���ŢŞƣřźƯ�Ʊřƺǀů�ƱŶƃ��ŚƷƽ�ƹ�ƿ����ƭŚºŬƳř�ƵĦ�ºƿŵźĭŶ��

ƿƶŤƟŚ�ŚƷƽ�ĥƺƫƹŹƺƳ�ƿĪƾ���Źŵ�ê�ƤƯ�ǀ�ƶŤſŵ�ŽŚ�Ŷƴŝƽ��ƃŶŶƳ��ƵŹŚưƃ��ƽ�
źƠƇ��å��ƷǀĢ��ƶƋŹŚƗ�ƶƳƺĭ��ƽ�ĥƺƫƹŹƺƳ�ƿ��ŵřŶƳ�ƱŚƄƳ�Ĩ���ƵŹŚưºƃ���ƽ�

ƿ��Ĩ�ŚſŹŚƳƾƿ���ŚƸŤƳř�Źŵ�ƪƯŚĩ�ƽ��ƶºŬƴě���ŚºƷƽ��ƺºƬū�ƾƿ�����ƶºĩ���ºƿ�Ĩ
�ĥƺƫƹŹƺƳ�ƆƤƳƿ�ƳƺƳŚĩ�Ĩƾ�Ơų�ǀ�����ºŤƟźĭ�źºƔƳ�Źŵ�ƞ��ºƯ�ƶƾ��ŵƺºƃ�řŹ��

�ŵřŵ�Żƹźŝ��ƵŹŚưƃ��ƽ���ƹŵ����ųźģ�Ěģ�ƶŝǀƱŶ����ĥƺƫƹŹƺƳ�ƆºƤƳ�ºƿ�Ĩ
ƳƺƳŚĩƾ�ƎſƺŤƯ����ƵŹŚưºƃ���ƽ�è�������Ěºģ�Ţưºſ�ƶºŝ�ƱŵŚºŤƟř����ƆºƤƳ
ƳƺƳŚĩƾ�Ŷƃ�ƿ��Ŷ��ŵřŵ�ƱŚƄƳ�řŹ�šŹ��ŚƷƽƵŹŚưƃ��ƽ�é����ŵƺºų�ŹƺºƏ�ƶºŝ�

�ƳřƺŤƳ�ƽŵƺŴŝŤƀ������ºƃƺƷ�ŮƐſ�ƹ�ŶƳƹźŝ�ƵřŹ�ŶƴǀŹŚƽ��Śºě�ǀƿ�řŵ�Ʋ�ŤºƃŶƴ�
�çç��� �
é��ŻŹřƿŝŚƾ��ƶŤĪſ�ƮŬů���ƽ�żƜƯ�ƽ���Żř�ŶƘŝ�ƳŚŝźƣ�ƾ��šŹ�Ʊŵźĩ����ŚºƷ� �

��Ʒ�ƩřźƬĩ�Śŝǀ��šřŹŶ�íåå�Ư�ǀƬƾ���ĩ�Źŵ�ƭźĭǀ���ƱŶºŝ�ƱŻƹ�ƭźĭƺƬ����źºſ��
Ʊō�������żƜƯ�ŢƗźſ�ƶŝ�ƹ�Ŷƃ�řŶū�ŚƷ������ũŹŚºų�ŚºƷ�����ƫŚºſ�Źŵ�ƹ�Ŷºƃǀ�Ʋé�

����šŶƯ�ƶŝ�ƶūŹŵæê�ƣŵ�ǀ��ŹřŶºƸĮƳ�ƶƤƽ��ºƿŵźĭŶ��������ƶºŝ�Ɓźºŝ�ŢƄºƷ
��ŢƯŚŴƋç�Ư�ǀƬƾ���������ƶƐºſřƹ�ƶºŝ�ƩŚºƳƹźĩ�šŹƺƇ�ƶŝ�źŤƯ��ƽ��ƵŚĮŤºſŵ�

źţŚƯƿ��Ƹţ�żƜƯ�žĪǀ��ƶ�����Ʊō�ƕƹźºƃ�ƶĩ�Ŷƃ��ºƷ��ě�Żř�Ś�ºǀ�ƺŝ�ŻŚ�ºƿŚƾƿ��ŵƺºŝ���
Ɓźŝ�����šŶƯ�ƶŝ�ŚƷæê�ƣŵ�ǀ��ŚƯŵ�Źŵ�ƶƤƽ�èì�ƶūŹŵ��ƾŤƳŚſ�ƽ��ŵřźºĭ�Źŵ�

ƩƺƬŰƯ�ç���ŶƇŹŵ�ç�èƹê�źţ�ƽ�ƴƟ�ǀ�ƫƹŻřźŤţ�ƪǀ�řźƬĩ�ƭƺƿ�ŹřŶºƸĮƳ�Ŷƽ�
ŶƳŶƃ����ŝŹƹŵ�Śŝ�žĜſǀ�ŵ�ƲƿŬǀ��ƩŚŤ�ĩƺƳǀ��Śëëèå������ƩŚƈºţř�ƪŝŚƣ�ƶĩ
�ĜƯŚĩ�ƶŝǀ�ŵƺŝ�źţƺ��ƺƈţ�ƿź�Źřŵźŝƽ��ŶƳŶƃ�����ƹŚƈţ�ƩŚƤŤƳř�Żř�ŶƘŝƿ��ƶŝ�ź
�ĜƯŚºĩǀ�źţƺ�ƶƐºſřƹ�ƶººŝ�ƽƭźººƳ���ŹřżºƟř�Image Tools��ŢůŚƀººƯ
ůřƺƳƾ�Ơſ�ǀ����ţźţ�ƶŝ�żƯźƣ�ƹ�Ŷǀ���ůřƺƳ�ƱřƺƴƗ�ƶŝ�Ŝƾ�ſō�ǀ�ŵ�Ŝ�ºƿ��ƹ�ƵŶ

�ƵŻřŶƳř�ƮƫŚſ�ĭǀźƽ��ŶƳŶƃ�����ůřƺºƳ�ƮºŬůƾ��ºſō�ǀ�ŵ�Ŝ�ºƿ����ƮƫŚºſ�ƹ�ƵŶ
ŝƁź����źƏ�Żř�ŚºƷ�ºƿ��ƶŞºſŚŰƯ�Ƣ��ƽ����ƀºƯ�śźƌºƬƇŚů�Ś��ůřƺºƳ�Ţůƾ�

�Ɓźŝ�ŹƺĩŸƯ�����ŢƯŚŴƋ�Źŵ�ŚƷç�Ư�ǀƬƾ�����Ư�Ţſŵ�ƶŝ�Ɓźŝ�źŤƯƾ���ƹ�ŶƯō
��ƶƐſřƹ�ƶŝ�žĜſ��ƽ��Ż�ƶƫŵŚƘƯƿ������ƵŶºƃ�ŭǈºƇř�ƮºŬů�ź��ƽ�ůŚƳ��ºǀƶ��ƽ�

ſōǀŵ�Ŝƿ�ƶŞſŚŰƯ�ƵŶŶƿŵźĭ��çè����
��

�ůŚƳ�ƮŬůǀſō�ƶǀŵ�Ŝƿ�ƵŶ�Ƴ�ƮŬů�ǀŢſřŹ�ƵźĪư��Ƴ�ƮŬů�ǀ�Ěģ�ƵźĪư� ůŚƳ�ƵŶƃ�ŭǈƇř�ƮŬůǀſō�ƶǀŵ�ŜƿƵŶ��
��

ê�����żƜƯ�ƭŵř�ƂŬƴſ�ƁƹŹƽ����ŶƘŝ��Żř�ŻŚºſřŶūƽ���ů�źºſ��ºǀ��Ʊřƺ� �
��Ŷƃ�ũŹŚų�żƜƯ�������żºƜƯ�ƪºě��ƶºĤŴƯƽ��ě�ƹ�ǀ�ŚºƷŻŚƽ�ƺŝ��ºƿŚƾƿ���řŶºū�

Ŷƿŵźĭ�ƹ��������żºƜƯ�ƆƫŚºų�ƱŻƹ��WW���ƵŻřŶºƳř�ĭ�ºǀźƽ���Ŷºƃ��æî���
����ĨƄų�ƱŻƹ�žĜſ�DW�����Żř�ŶƘŝçé�ŢƗŚſ�����ƲŤƟźºĭ�Źřźºƣ��Źŵ�

���ŚƯŵ�Śŝ�ĨƄų�ƹǈĩƺţřƽ�æçå�ƶūŹŵ����ƾŤƳŚſ�ƽ��ŵřźĭ��ƵŻřŶºƳř��ĭ�ºǀźƽ�
�Ŷººƃ��ŚƸƳ�ŹŵººƿƺººŤŰƯ��Ţƽ���ƩƺººƯźƟ�ŽŚººſř�źººŝ�żººƜƯ�śō�� �
��[(WW-DW)/WW)]×100�ƵŻřŶƳř��ĭǀźƽŶƃ�����
ë��ƵŻřŶƳř�ĭǀźƽ��Ÿě�ŷƺƠƳ�ƿźƽ��Ƴƺų�Ŷſ�ƾ�ƯżƜƽ������Ŷºſ�ƭŚĪŰŤºſř

Ƴƺųƾ�żƜƯ�ƽ���ƵŻřŶºƳř�Ǝſƺţ��ĭ�ºǀźƽ�Ư��ºǀ������ºŝō�žºƳřƹř�ũƹźºų�Ʊřżƾ�
�EB��ŻŹřƿŝŚƾ�Ŷƃ������źƏ�Żř�šŹ��ŢƀŴƳ�ºƿ�Źƹ�Ƣ�ºƿ�ƭŵ�Ŷ����ƩƺºƬŰƯ�

�ŝō�žƳřƹřƾ�ç����ƵŻřŶƳř�ƶŝ�řŹ�ŶƇŹŵ��ƽ�é�Ư�ǀƬƾ�ƫǀ��ĩ�Źŵ�źŤǀ��ƱŻƹ�ƭźĭƺƬ
����Żř�ŶƘŝ�ƱŶŝèå�ƣŵ�ǀ�ř�ƶƤƿưĪƀƾ��Źŵ�ƿ�ŵźĩ�ŢƟŚ��çè����Żř�ŶƘŝ�ŢƗŚſ�

źūƿ���šŹ��Ʊƺų�ŵŶŬƯ�ƱŚ���ŝ�ŢŰţ�ŚƷƾ�ƃƺƷƾ�ůŚƳ�Żř�ǀƶ�ƽ�ƶƀºƠƣ��ƽ�
ſǀ������Śŝ�ƹ�ŶƳŶƃ�ŻŚŝ�ƶƴçêå�Ư�ǀƬƾ�ƫǀ�ƫŚſ�źŤǀźƏ�Żř�Ʋƿ��Żř�Ěºģ�ƲƐŝ�Ƣ
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řŹŸĭ�ŵřŶƀƳř�źŧř�ƽ�ƽżƜƯ�ƭŵř�źŝ�żƜƯ�ƽżĩźƯ�ƱŚƿźƃ���� 

ƶƬŬƯ�ŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹ��ƽæîƵŹŚưƃ����ƽìë���żǀƿŚěîå 

̂̌

��ŝō�žƳřƹř�ŵƺūƹƾ��ĭŹ�ƪųřŵ�ƾ�������ƳŚºƯŻ�Śºţ�ŶƳŶºƃ�ħŚě�ƾ��ŚºƯ�ƶºĩ�ƿ�Ɩ
Ɵźěǀ�ŝ�Żƺƾ���ƬƷŵ�Żř�ĬƳŹǀ���ŵƺƃ�ũŹŚų�ŢſřŹ�ż������ũŹŚºų�żƜƯ��žĜſ
Ŷƃ��Ƴ�ƹ�ǀƵźĪư�����ƱŻƹ�ƶƳŚĭřŶū�ŚƷŶƳŶƃ��řźŝƽ�ƵŻřŶƳř��ĭ�ºǀźƽ�Ư��ºǀ�Ʊřż

��ũƹźųEB����żƜƯ�ŢƟŚŝ����Źŵê�ç�ƯǀƬƾ�ƫǀ������ƱĥƺºưƷ�šŚƠƀºƟ�źƟŚŝ�źŤ
ƃ��řźŝ�ƹ�ƵŶƽ��Řţƹźě�śƺſŹ�ǀ��Ʊō�ƶºŝ�Ʋ�ê�ç�Ưǀ�ºƬƾ�ƫǀ��ºſř�źºŤǀŶ��źºţƽ�

ŤſřƹźƬĩǀ��Ĩëå�ŶƇŹŵ����ƶƟŚƋř�ĭŵźƿŶ����žĜſè�ƣŵ�ǀ���žĪţŹƹ�Śŝ�ƶƤ
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å æ ç è é 

ƪĩ�ŵřŶƘţ��ƶƳŚǀƯ��ƽŹŚƯō�źǀƀƠţ��

�ƩźŤƴĩ���å��ë��æå��é��æ��çæ��ç��åæ.å P< 

ƽżĩźƯ�ƱŚƿźƃ�ƽřŹŸĭ�ŵřŶƀƳř�
�tMCAO���

î í é å å��çæ æ  

�Ʈƃ��çæ��å��å��å��å çæ å  

�ƱƺǀƟźěŹ�ƱƹŶŝ�Ţſŵ�ƵŵŹƺŴƳ���çæ��å��å��å��å çæ å  

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


ŶưŰƯ�źŤƧŵ��ŚưƴƷŹ�ƽŶƸƯ�źŤƧŵ�ƹ�ƾƫŶĮǀŝ�ŚƋŹ��
� 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽæîƵŹŚưƃ����ƽìë���żǀƿŚěîå 

̂̀

ŶěƿŶƵ��ƽ���ř�ƶŝ�ƪưŰţ�ƿưĪƀƾ����Żř�ƪƇŚů�řƿưĪƀƾ��řŹŸºĭ�����šŚºŞŧř�řŹ�
Ưƾ��Ŷºƴĩ���ŹřŵƺºưƳ�æ�����Ƶƹźºĭ�Źŵ��ŚºƷƽ��ř�ƶºĩ�Ʈºƃ��ºƿưĪƀƾ��řŹŸºĭ�

Źŵƿ��Ƶŵźºĩ�ŢƟŚ��������ƟźěŹ�ŶºƣŚƟ�Ƶƹźºĭ�ƹ�ŶºƳř�ºǀ��ºƷ�ƱĥƺǀĢ���Ɯţ�ƶºƳƺĭ�ºǀǀ�ź
ƴƘƯƾ�Źřŵƽſō�Źŵ�ǀŤƟŚŝ�ŜƾŶƄƳ�ƶƔůǈƯ����

��

0

50

100

150

200

250

Control-tMCAO tMCAO Sham intact

*
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řżƟřƿ�ŵ�ƂŵřƵ�ƺŝ�ŵ���ƫŚů�Źŵ�ƾ��ƺŤŰƯ�ƶĩ�ƽ��żƜƯ�śō�ƽ��Ƴ�Źŵ�ǀ�ƵźºĪư��ƽ�

��������ŚƤƯ�Źŵ�Ʈºƃ�Ƶƹźĭ�Źŵ�Ěģ�ƹ�ŢſřŹ�ºƿ����ŶºưƷ�Śºŝ�ƶƀƿ��ƹŚºƠţ�źĮ�š
řŶƳŢƃ���řŹŸĭ�ŵřŶƀƳřƽ��źºƃ�ƿ��żºĩźƯ�ƱŚƽ��řżºƟřƿ��ƺºŤŰƯ�Ƃƽ��śō�
żƜƯƽ��Ƴ�Źŵ�ǀ��������������Ƹūƺºţ�ƪºŝŚƣ�ŹřŶºƤƯ�ƶºŝ�řŹ�ƶŤĪºſ�ƶºŝ�ǈŤŞƯ�ƵźĪưƾ�

�ŵ�ƂƷŚĩřŵ��ŹřŵƺưƳ�ç����Ƶƹźĭ�Źŵ�ŚƷƽ�����ř�ƶºĩ�Ʈºƃ��ºƿưĪƀƾ���řŹŸºĭ�
Źŵƿ���Ƶŵźĩ�ŢƟŚŵƺŝ����ƟźěŹ�ŶƣŚƟ�Ƶƹźĭ�ƹ�ŶƳǀ�Ʒ�ƱĥƺǀĢ����řżºƟř�ƶºƳƺĭƿ�Ƃ
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�Ζγέ�ϩήϜϤϴϧ ̠̩�ϩήϜϤϴϧ
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Background and Objective: Recent studies suggest that sub-lethal ischemia protect the brain from 

subsequent ischemic injuries. This study was an effort to identify and shed light on the nature of changes in 

the blood brain barrier permeability and brain edema.  
Materials and Methods: Rats were divided into four main experimental groups, each of 21 animals. The first 

group acted as a model of ischemic preconditioning which was subjected to 10 minutes of temporary middle 

cerebral artery occlusion in the first day (tMCAO) and in the second day, was subjected to 60 min middle 

cerebral artery occlusion (MCAO). The second group acted as a control group and did not receive any 

surgery except 60 min middle cerebral artery occlusion in the second day. The third group served as a sham 

group, and was subjected to surgery with 10 min of temporary middle cerebral artery occlusion (tMCAO) in 

the first day. The fourth group remained intact and was not subjected to any surgery. Each main group 

subdivided into three subgroups (n=7) for infarct volume (n=21), blood brain barrier permeability, and brain 

edema. After 24 hours, each main group was subjected to 60min of right MCAO occlusion. Then, neurologic 

deficit score (NDS), infarct volume, blood brain barrier permeability, and brain edema were assessed in the 

subgroups.  

Results: Preconditioning with tMCAO decreased NDS and infarct volume, brain barrier permeability, and 

brain edema.  

Conclusion: Temporary middle cerebral artery occlusion (tMCAO) is associated with neurologic deficit 

scores, infarct, blood brain barrier permeability, and brain edema consistent with an active role in the genesis 

of ischemic protection.  
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