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Ãîñóäàðñòâåííîå ó÷ðåæäåíèå íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò êàðäèîëîãèè Òîìñêîãî íàó÷íîãî öåíòðà

ÑÎ ÐÀÌÍ

Ðàññìàòðèâàþòñÿ âîïðîñû îäíîãî èç ïàòîãåíåòè÷åñêèõ çâåíüåâ ñåðäå÷íîé íåäîñòàòî÷íîñòè -
ýëåêòðîìåõàíè÷åñêîé àñèíõðîííîñòè ñåðäöà; ïðèâåäåíû îñíîâíûå ìåòîäû è êðèòåðèè îöåíêè
ýëåêòðîìåõàíè÷åñêîãî àñèíõðîíèçìà ïðè ëå÷åíèè ñåðäå÷íîé íåäîñòàòî÷íîñòè ñ èñïîëüçîâàíèåì ñîâðåìåííûõ
ñòèìóëÿöèîííûõ òåõíîëîãèé.

Êëþ÷åâûå ñëîâà: ñåðäå÷íàÿ íåäîñòàòî÷íîñòü, ýëåêòðîìåõàíè÷åñêàÿ àñèíõðîííîñòü ñåðäöà, òêàíåâîå
äîïïëåðîâñêîå èññëåäîâàíèå, ëåâûé æåëóäî÷åê, ôðàêöèÿ âûáðîñà, ðåñèíõðîíèçàöèîííàÿ òåðàïèÿ.

The problem of electromechanical cardiac asynchrony, a pathogenic link of the heart failure, is considered. The
basic techniques and criteria of evaluation of electromechanical asynchrony in treatment with use of current pacing
technologies are given.

Key words: heart failure, electromechanical cardiac asynchrony, tissue Doppler study, left ventricle, ejection fraction,
resynchronizing treatment

ñòèê ñòèìóëÿöèè, ó÷èòûâàþùèõ êàê âðåìÿ ïðåäñåðäíî-
æåëóäî÷êîâîãî ïðîâåäåíèÿ, òàê è ìåñòà íàíåñåíèÿ ñòè-
ìóëîâ [9, 16]. Ïðè èçìåíåíèè ïîëîæåíèÿ ýëåêòðîäà â
ïðàâîì æåëóäî÷êå (ÏÆ) ñèëîñêîðîñòíûå ñâîéñòâà ËÆ,
îöåíèâàåìûå ïî èçìåíåíèþ dP/dTmax è äèíàìèêå êî-
íå÷íîãî ñèñòîëè÷åñêîãî îáúåìà, ñóùåñòâåííî íå èç-
ìåíÿëèñü. Â òî âðåìÿ êàê ïðè íàõîæäåíèè ýëåêòðîäà â
ËÆ, íàèáîëåå âûðàæåííûé åãî ìåõàíè÷åñêèé îòâåò
ðåãèñòðèðóåòñÿ ïðè ñòèìóëÿöèè ñâîáîäíîé ñòåíêè è ÀÂ
çàäåðæêå 145 ìñ [3, 7, 23].

Ïîñëåäîâàòåëüíîñòü ýëåêòðè÷åñêîé è ìåõàíè÷åñêîé
àêòèâàöèè ïðè íàòèâíûõ è ýêòîïè÷åñêèõ ñîêðàùåíèÿõ
õîðîøî èçó÷åíà â ýêñïåðèìåíòå. Ýëåêòðîìåõàíè÷åñêèé
èíòåðâàë áûë äîñòîâåðíî áîëåå êîðîòêèì â ó÷àñòêàõ íà-
÷èíàþùèõ ðàííåå âîçáóæäåíèå. Äàííûå äîêàçûâàþò
ýëåêòðîìåõàíè÷åñêóþ ãåòåðîãåííîñòü æåëóäî÷êîâ. Îñ-
íîâîé îöåíêè ýëåêòðîìåõàíè÷åñêîãî ñîïðÿæåíèÿ â ðà-
áîòàþùåì ñåðäöå ÿâëÿþòñÿ ñëîæíûå ýêñïåðèìåíòàëü-
íûå òåõíîëîãèè. Êëàññè÷åñêèìè ìîæíî íàçâàòü èññëå-
äîâàíèÿ T.Delhaas, âûïîëíåííûå åùå â 1993 ãîäó.

Îöåíêà ýëåêòðîìåõàíè÷åñêèõ ñâîéñòâ ñåðäöà è ýëåê-
òðîôèçèîëîãè÷åñêîå êàðòèðîâàíèå îáåñïå÷èâàëèñü íà-
ëîæåíèåì íà ìèîêàðä 192 ýëåêòðîäîâ, îäíîâðåìåííî
èçó÷àëàñü äåôîðìàöèÿ ìèîêàðäà (ñòðåéí) â 16 ðåãèîíàõ
ñ èñïîëüçîâàíèåì îïòè÷åñêèõ ìàðêåðîâ. Ïðè âûïîëíå-
íèè ñòèìóëÿöèè èç ðàçíûõ ó÷àñòêîâ ñåðäöà èçìåðÿëè ýëåê-
òðîìåõàíè÷åñêèå èíòåðâàëû. Ýëåêòðîìåõàíè÷åñêèì èí-
òåðâàëîì ñ÷èòàëè âðåìÿ îò íà÷àëà ýëåêòðè÷åñêîãî âîç-
áóæäåíèÿ (çóáåö Q ýëåêòðîêàðäèîãðàììû) äî ìîìåíòà
ðåãèñòðàöèè ìåõàíè÷åñêîãî äâèæåíèÿ ìèîêàðäà â çîíå
èíòåðåñà. Â íîðìàëüíîì ñåðäöå ìàêñèìàëüíûå çíà÷å-
íèÿ äàííîãî ïîêàçàòåëÿ äëÿ ðàçíûõ ó÷àñòêîâ ËÆ íå ïðå-
âûøàëè 48 ìñ. Ïðè ïîâûøåíèè äàâëåíèÿ íàïîëíåíèÿ
æåëóäî÷êà âàðèàáåëüíîñòü ýëåêòðîìåõàíè÷åñêîãî èíòåð-
âàëà óìåíüøàëàñü [19]. Ýòî ñâèäåòåëüñòâîâàëî î òîì, ÷òî
ýëåêòðîìåõàíè÷åñêèé àñèíõðîíèçì â íîðìàëüíîì ñåðä-

Ïðîáëåìà ëå÷åíèÿ õðîíè÷åñêîé ñåðäå÷íîé íåäî-
ñòàòî÷íîñòè (ÑÍ) îñòàåòñÿ îäíîé èç àêòóàëüíûõ çàäà÷ ñî-
âðåìåííîé êàðäèîëîãèè. Ìíîãèå ñåðäå÷íî-ñîñóäèñòûå
çàáîëåâàíèÿ êëèíè÷åñêè ðàñïîçíàþòñÿ ëèøü ïðè ïðîÿâ-
ëåíèÿõ íàñîñíîé íåäîñòàòî÷íîñòè ñåðäöà, â òî âðåìÿ êàê
ñëîæíûå ìåõàíèçìû êîìïåíñàöèè, ñâÿçàííûå ñ ïåðå-
ñòðîéêîé âíóòðèñåðäå÷íîé ãåìîäèíàìèêè, îïðåäåëÿþò-
ñÿ ãîðàçäî ðàíüøå. Äàííûå ïðîöåññû ìîãóò áûòü äîñòà-
òî÷íî ëåãêî îáíàðóæåíû íà ðàííèõ ýòàïàõ ðàçâèòèÿ ÑÍ ñ
èñïîëüçîâàíèåì ñîâðåìåííûõ èíñòðóìåíòàëüíûõ ìåòî-
äîâ èññëåäîâàíèÿ. Àäàïòàöèîííûå (êîìïåíñàòîðíûå) ìå-
õàíèçìû îáåñïå÷èâàþòñÿ øèðîêèì ðåãóëÿòîðíûì äèà-
ïàçîíîì ýëåêòðè÷åñêèõ, ýëåêòðîìåõàíè÷åñêèõ è ìåõàíè-
÷åñêèõ (íàñîñíûõ) ïàðàìåòðîâ ñåðäöà. [1]. Â íàñòîÿùåå
âðåìÿ ðàçðàáîòàíû ìíîãî÷èñëåííûå è äîñòàòî÷íî ýô-
ôåêòèâíûå ñõåìû ìåäèêàìåíòîçíîé êîððåêöèè íàñîñíîé
íåñîñòîÿòåëüíîñòè ñåðäöà, áàçèðóþùèåñÿ íà èñïîëüçî-
âàíèè ñîâðåìåííûõ ïðåïàðàòîâ. Â ðÿäå ñëó÷àåâ ñòàíäàð-
òíûå ïîäõîäû ê òåðàïèè ÑÍ îêàçûâàþòñÿ íå ýôôåêòèâ-
íûìè, ÷òî ÿâëÿåòñÿ îñíîâàíèåì äëÿ ðàçðàáîòêè íîâûõ
ìåòîäîâ ëå÷åíèÿ. Âíåäðåíèå â êëèíè÷åñêóþ ïðàêòèêó
íîâûõ ìåòîäîâ ëå÷åíèÿ ÑÍ ïðåäïîëàãàåò àäåêâàòíûå
ìåòîäû êîíòðîëÿ èõ ýôôåêòèâíîñòè [10, 40].

Îäíèì èç ïåðñïåêòèâíûõ íàïðàâëåíèé ëå÷åíèÿ ÑÍ
ÿâëÿþòñÿ ñòèìóëÿöèîííûå òåõíîëîãèè [4, 26, 44]. Ïîëî-
æèòåëüíûé ýôôåêò íà ãåìîäèíàìèêó ðàçëè÷íûõ âèäîâ
ñòèìóëÿöèè èçâåñòåí, îäíàêî åãî ìåõàíèçìû ÿñíû íå
ïîëíîñòüþ. Ñóùåñòâóþò äâå îñíîâíûå äåòåðìèíàíòû,
îïðåäåëÿþùèå èíîòðîïíîå âîçäåéñòâèå ïðåäñåðäíîæå-
ëóäî÷êîâîé ñòèìóëÿöèè, ýòî âðåìÿ àòðèîâåíòðèêóëÿð-
íîé (ÀÂ) çàäåðæêè è ìåñòî æåëóäî÷êîâîé ñòèìóëÿöèè.
Ïî ìíåíèþ áîëüøèíñòâà èññëåäîâàòåëåé íàèáîëåå îï-
òèìàëüíîå âðåìÿ ÀÂ çàäåðæêè ñîñòàâëÿåò 90-145 ìñ. Ìå-
ñòî ñòèìóëÿöèè âëèÿåò íà íàñîñíóþ ôóíêöèþ ËÆ â
áîëüøåé ìåðå, ÷åì âðåìÿ ÀÂ çàäåðæêè. Â ñâÿçè ñ ýòèì,
ïðîäîëæàåòñÿ ïîèñê íàèáîëåå îïòèìàëüíûõ õàðàêòåðè-
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öå ìåíåå âûðàæåí, ÷åì ýëåêòðè÷åñêèé. Ôèçèîëîãè÷åñ-
êàÿ ýëåêòðîìåõàíè÷åñêàÿ àñèíõðîííîñòü êàê áû íèâåëè-
ðóåò îñîáåííîñòè ðàñïðîñòðàíåíèÿ ýëåêòðè÷åñêîé àêòè-
âàöèè êàìåð ñåðäöà, îáåñïå÷èâàÿ êîíêîðäàíòíîå ñîêðà-
ùåíèå ìèîêàðäà è èçãíàíèå êðîâè èç æåëóäî÷êîâ. Ïðè
íîðìàëüíîì ñèíóñîâîì ðèòìå ÏÆ íà÷èíàåò ñîêðàùàòü-
ñÿ íà 20 ìñ ðàíüøå ëåâîãî, à ïèêè ìàêñèìàëüíîãî íàðàñ-
òàíèÿ âíóòðèæåëóäî÷êîâîãî äàâëåíèÿ (dP/dTmax) ñîâïà-
äàþò, òî åñòü èìååòñÿ «âûðàâíèâàíèå» ìåææåëóäî÷êî-
âîé ýëåêòðîìåõàíè÷åñêîé àñèíõðîíèè [20].

Íàðÿäó ñ «àñèíõðîíèåé» âïîëíå óìåñòíûì ÿâëÿåò-
ñÿ èñïîëüçîâàíèå òåðìèíà ìèîêàðäèàëüíàÿ «ãåòåðîãåí-
íîñòü», ïî ôèçèîëîãè÷åñêîìó è ïàòîôèçèîëîãè÷åñêîìó
ñìûñëó îíè òåñíî ñâÿçàíû ìåæäó ñîáîé. Ñ÷èòàåòñÿ, ÷òî
ãåòåðîãåííîñòü - òåðìèí îòðàæàþùèé ðàçëè÷èå â ìåõà-
íè÷åñêèõ àìïëèòóäíûõ ïàðàìåòðàõ, à àñèíõðîíèçì - ðàç-
ëè÷èÿ âî âðåìåííûõ ïîêàçàòåëÿõ. Èíäåêñ ãåòåðîãåííîñ-
òè ìîæåò áûòü îïðåäåëåí ñ èñïîëüçîâàíèåì òêàíåâîãî
äîïïëåðîâñêîãî (ÒÄ) èññëåäîâàíèÿ (ÒÄÈ), ïîêàçàòåëü ÿâ-
ëÿåòñÿ âûñîêîèíôîðìàòèâíûì êðèòåðèåì âíóòðèæåëó-
äî÷êîâîé àñèíõðîííîñòè [14, 23].

Íàèáîëåå ïåðñïåêòèâíûì íàïðàâëåíèåì â îöåíêå
âíóòðè è ìåææåëóäî÷êîâîé àñèíõðîíèè ìîæíî ñ÷èòàòü
èñïîëüçîâàíèå ìàòåìàòè÷åñêèõ ìîäåëåé, îáúåäèíÿþùèõ
ðàñïðîñòðàíåíèå âîëíû ýëåêòðè÷åñêîãî âîçáóæäåíèÿ è
ìåõàíèêó äâèæåíèÿ ñòåíîê ñåðäöà. Ýòî îáåñïå÷èâàåò
íîâîå ïîíèìàíèå â èíòåðïðåòàöèè ñåðäå÷íîé äåôîðìà-
öèè ïðè ðàçëè÷íûõ ôîðìàõ ñåðäå÷íîé ïàòîëîãèè. Â ïî-
äîáíûõ èññëåäîâàíèÿõ óäàåòñÿ ïîêàçàòü êàê àñèíõðîííîå
âîçáóæäåíèå è äåïîëÿðèçàöèÿ, à òàêæå ãåòåðîãåííîå ýëåê-
òðîìåõàíè÷åñêîå ñîïðÿæåíèå îáåñïå÷èâàþò âïîëíå ñèí-
õðîííûé ãåìîäèíàìè÷åñêèé ýôôåêò. Ýëåêòðîìåõàíè÷åñ-
êàÿ çàäåðæêà è ôèçèîëîãè÷åñêàÿ ìåõàíè÷åñêàÿ àñèíõðîí-
íîñòü âûðàâíèâàþò àñèíõðîííîñòü ýëåêòðè÷åñêóþ [25].

Ñëîæíîñòü ãåîìåòðèè è ñòðóêòóðû ñåðäöà ïðåïÿò-
ñòâóåò ëåãêîìó ìîäåëèðîâàíèþ ñåðäå÷íîé ìåõàíèêè.
Îíî ìîæåò áûòü íåñêîëüêî óïðîùåíî, åñëè ñ÷èòàòü, ÷òî
â íîðìàëüíîì ñåðäöå ñòðóêòóðà è ïðîñòðàíñòâåííàÿ
ãåîìåòðèÿ ìèîôèáðèëë èçìåíÿþòñÿ â ïðîöåññå ðàâíî-
ìåðíîãî ðàñïðåäåëåíèÿ íàãðóçêè äàâëåíèåì. Îäíèì èç
íàèáîëåå âàæíûõ ôóíêöèîíàëüíûõ ïàðàìåòðîâ ÿâëÿåò-
ñÿ âçàèìîîòíîøåíèå îáúåìà èçãíàíèÿ è ëîêàëüíîé ñè-
ñòîëè÷åñêîé ôóíêöèè, èíà÷å ãîâîðÿ - áàëàíñ îáùåé è
ëîêàëüíîé ñîêðàòèìîñòè, à òàêæå íàñîñíîé ôóíêöèè
ñåðäöà. Îñîáîå çíà÷åíèå èìååò ïðàâèëüíàÿ îöåíêà âçà-
èìîäåéñòâèÿ, àäàïòèðóþùèõñÿ ê èçìåíÿþùåéñÿ ãåìî-
äèíàìè÷åñêîé ñèòóàöèè, ïðîäîëüíûõ è öèðêóëÿðíûõ ñî-
êðàòèòåëüíûõ âîëîêîí ìèîêàðäà, èõ êîíêîðäàíòíîñòü
îáåñïå÷èâàåò ñïèðàëåâèäíîå ïîñòóïàòåëüíîå äâèæåíèå
êðîâè â àîðòó. Âçàèìîäåéñòâèå ïðîäîëüíûõ è öèðêó-
ëÿðíûõ êîìïîíåíòîâ ñîêðàùåíèÿ â ôèçèîëîãè÷åñêèõ
óñëîâèÿõ â çíà÷èòåëüíîé ìåðå îïðåäåëÿåòñÿ ïîñòíàãðóç-
êîé. [2, 8]. Â íîðìàëüíîì è ïàòîëîãè÷åñêîì ñåðäöå ðàç-
ëè÷àþò êàê âíóòðèêàìåðíóþ, òàê è ìåæêàìåðíóþ àñèí-
õðîíèþ [41, 43].

ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈß ÑÅÐÄÅ×ÍÎÃÎ
ÀÑÈÍÕÐÎÍÈÇÌÀ

Âûáîð ìåòîäîâ îöåíêè ñåðäå÷íîãî àñèíõðîíèçìà
îïðåäåëÿåòñÿ êîíêðåòíîé çàäà÷åé. Ýêñïåðèìåíòàëüíûå
èññëåäîâàíèÿ ÿâëÿþòñÿ áàçèñîì äëÿ ðåøåíèÿ ôóíäàìåí-

òàëüíûõ ïðîáëåì îöåíêè ëîêàëüíûõ ýëåêòðîìåõàíè÷åñ-
êèõ ñâîéñòâ ìèîêàðäà. Íàðÿäó ñ íèìè ïîñòåïåííî íàõî-
äÿò ñâîå ìåñòî ñîâðåìåííûå ìåòîäû ëó÷åâîé äèàãíîñòè-
êè, êîòîðûå âñå øèðå èñïîëüçóþòñÿ êàê â ýêñïåðèìåí-
òàëüíûõ èññëåäîâàíèÿõ, òàê è â êëèíèêå. Ê íèì îòíîñÿòñÿ:
ìàãíèòîðåçîíàíñíàÿ òîìîãðàôèÿ, ãðàôè÷åñêàÿ ñèíåâåí-
òðèêóëîãðàôèÿ, ðàäèîíóêëèäíûå è ýõîêàðäèîãðàôè÷åñ-
êèå ìåòîäèêè [1, 9, 12, 13, 42]. Ðàçâèòèå ñîâðåìåííûõ óëü-
òðàçâóêîâûõ òåõíîëîãèé ïîñëóæèëî íîâûì ñòèìóëîì
èçó÷åíèÿ âíóòðèñåðäå÷íîãî àñèíõðîíèçìà â êëèíè÷åñ-
êîé ïðàêòèêå. Ìåòîä ÒÄÈ, îäèí èç íàèáîëåå ïåðñïåêòèâ-
íûõ èíñòðóìåíòîâ â èçó÷åíèè âíóòðè- è ìåæêàìåðíîé
àñèíõðîíèè [28, 29, 30, 31]. ÒÄÈ äàåò âîçìîæíîñòü íåèí-
âàçèâíî îöåíèâàòü ñèñòîëè÷åñêèé, äèàñòîëè÷åñêèé àñèí-
õðîíèçì ñåðäöà â çîíàõ èíòåðåñà.

Îñíîâíûìè ïðèíöèïàìè îïðåäåëåíèÿ âûðàæåííî-
ñòè âíóòðèæåëóäî÷êîâîé àñèíõðîíèè ÿâëÿþòñÿ èçìåðå-
íèÿ àìïëèòóäíûõ è âðåìåííûõ õàðàêòåðèñòèê äâèæåíèÿ
ñåãìåíòîâ ËÆ. Çíàÿ ñðåäíèå çíà÷åíèÿ ïîêàçàòåëåé è ñðåä-
íåå êâàäðàòè÷íîå îòêëîíåíèå, îïðåäåëÿþò ñòåïåíü àñèí-
õðîíèçìà êàæäîãî èç ñåãìåíòîâ ïî åãî îòëè÷èþ îò ñèã-
ìàëüíîãî óðîâíÿ. Àñèíõðîííîñòü, îïðåäåëÿåìàÿ íà îñ-
íîâàíèè îöåíêè ðàçáðîñà âåëè÷èí ëîêàëüíûõ ñèñòîëè-
÷åñêèõ è äèàñòîëè÷åñêèõ ñêîðîñòåé äâèæåíèÿ ñåãìåíòîâ
ËÆ (àìïëèòóäíûå ïîêàçàòåëè) äàåò âîçìîæíîñòü èçó÷àòü
êàê íàðóøåíèÿ â êàæäîé èç ñòåíîê ËÆ (áîêîâàÿ, ñåïòàëü-
íàÿ, íèæíÿÿ è ïåðåäíÿÿ), òàê è ãëîáàëüíóþ ñèñòîëè÷åñ-
êóþ è äèàñòîëè÷åñêóþ ôóíêöèè. Îäíàêî âîñïðîèçâîäè-
ìîñòü àìïëèòóäíûõ ïîêàçàòåëåé äîñòàòî÷íî íåâûñîêà,
ïîýòîìó áîëåå ïåðñïåêòèâíûìè ÿâëÿþòñÿ èçìåðåíèÿ
âðåìåííûõ èíòåðâàëîâ. Îïîðíîé òî÷êîé äëÿ èçìåðåíèÿ
âðåìåííîãî àñèíõðîíèçìà îáû÷íî ÿâëÿåòñÿ çóáåö Q (R)
ýëåêòðîêàðäèîãðàììû. Ëîêàëüíóþ äèàñòîëè÷åñêóþ
àñèíõðîíèþ îïðåäåëÿþò íà îñíîâàíèè ñåãìåíòàðíîé
äèñïåðñèè èíòåðâàëîâ QE (îò íà÷àëà Q äî ìîìåíòà ðåãè-
ñòðàöèè ïèêà äèàñòîëè÷åñêîé âîëíû, ñîîòâåòñòâóþùåé
ôàçå áûñòðîãî íàïîëíåíèÿ ËÆ).

Çíà÷èìîé âíóòðèêàìåðíîé äèàñòîëè÷åñêîé àñèíõ-
ðîíèåé ñ÷èòàþò òàêóþ, ïðè êîòîðîé îïðåäåëÿþòñÿ ñåã-
ìåíòû, îòëè÷àþùèåñÿ äëèòåëüíîñòüþ èíòåðâàëà QE îò
ñðåäíåêâàäðàòè÷íîãî çíà÷åíèÿ áîëåå, ÷åì íà 100 ìñ. Ëî-
êàëüíûé ñèñòîëè÷åñêèé àñèíõðîíèçì - òàêîå æå ïî âåëè-
÷èíå (100 ìñ) îòëè÷èå ìåæäó ñèãìàëüíûì çíà÷åíèåì ïî-
êàçàòåëÿ è ëîêàëüíûì ýëåêòðîìåõàíè÷åñêèì èíòåðâàëîì
QS (âðåìÿ îò çóáöà Q ýëåêòðîêàðäèîãðàììû äî ïèêà âîë-
íû S òêàíåâîé äîïïëåðîãðàììû) [36]. Áîëåå ïðîñòîé ðàñ-
÷åò èíäåêñà ãåòåðîãåííîñòè ìîæåò áûòü âûïîëíåí ïî
ôîðìóëå (HI= Σ [x-m]*8), ãäå õ- ñêîðîñòü äâèæåíèÿ ìèî-
êàðäà â êàæäîì ñåãìåíòå èç 8, m-ñðåäíÿÿ ñêîðîñòü, äàí-
íûé ñïîñîá ðàñ÷åòà ìîæåò áûòü èñïîëüçîâàí è äëÿ âðå-
ìåííûõ èíòåðâàëîâ [5, 15]. Ïî ìíåíèþ íåêîòîðûõ èññëå-
äîâàòåëåé, ôèçèîëîãè÷åñêàÿ ìåææåëóäî÷êîâàÿ è âíóò-
ðèêàìåðíàÿ àñèíõðîíèÿ ìîæåò áûòü îäèíàêîâî óñïåø-
íî îöåíåíà êàê ÒÄ, òàê è ñ ïîìîùüþ ýõîêàðäèîãðàôè-
÷åñêîãî Ì-ìîäàëüíîãî èññëåäîâàíèÿ.[4, 22].

ÂÍÓÒÐÈÆÅËÓÄÎ×ÊÎÂÛÉ
È ÌÅÆÆÅËÓÄÎ×ÊÎÂÛÉ ÔÈÇÈÎËÎÃÈ×ÅÑÊÈÉ

È ÏÀÒÎËÎÃÈ×ÅÑÊÈÉ ÀÑÈÍÕÐÎÍÈÇÌ

Âíóòðèæåëóäî÷êîâàÿ àñèíõðîíèÿ ñîêðàùåíèÿ è
ðåëàêñàöèè - ôåíîìåí ðàííåå îïðåäåëÿåìûé ïàòîôèçè-
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îëîãàìè â íàñòîÿùåå âðåìÿ ìîæåò áûòü îöåíåí êëèíè-
÷åñêè. Ó çäîðîâûõ ëèö èìååòñÿ ôèçèîëîãè÷åñêàÿ âíóò-
ðèæåëóäî÷êîâàÿ àñèíõðîíèÿ. Àìïëèòóäíûå õàðàêòåðèñ-
òèêè è âðåìåííûå èíòåðâàëû äâèæåíèÿ ÷åòûðåõ ñòåíîê
ËÆ, îïðåäåëåííûå ñ èñïîëüçîâàíèåì ÒÄ, ñóùåñòâåííî
ðàçëè÷àþòñÿ. Àíàòîìè÷åñêèå îñîáåííîñòè ñòðîåíèÿ
æåëóäî÷êîâ îáóñëàâëèâàþò èõ îòëè÷èòåëüíûå äðóã îò
äðóãà ìåõàíè÷åñêèå è íàñîñíûå ñâîéñòâà. Â íîðìå ïðî-
äîëüíûå äâèæåíèÿ ÏÆ áîëåå âûðàæåíû (áîëåå âûñîêèå
ñêîðîñòè ïî äàííûì ÒÄÈ) ÷åì ó ëåâîãî, íî çàòî áîëåå
îãðàíè÷åíû öèðêóëÿòîðíûå ñîêðàùåíèÿ. Âåðîÿòíî, ýòî
ñâÿçàíî ñ îñîáûì ãåîìåòðè÷åñêèì ñòðîåíèåì ÏÆ è ðàñ-
ïîëîæåíèåì åãî âîëîêîí [17, 27, 36, 37, 40].

Ìåææåëóäî÷êîâîå âçàèìîäåéñòâèå è âçàèìîâëèÿ-
íèå, à òàêæå ìåææåëóäî÷êîâûé àñèíõðîíèçì îäèí èç êëþ-
÷åâûõ ìîìåíòîâ ôîðìèðîâàíèÿ íàñîñíîé è ñîêðàòèòåëü-
íîé äèñôóíêöèè ìèîêàðäà ïðàêòè÷åñêè ïðè âñåõ ñåðäå÷-
íî-ñîñóäèñòûõ çàáîëåâàíèÿõ. Ïîíèìàíèå ìåõàíèçìîâ
ôîðìèðîâàíèÿ è èçìåíåíèÿ ìåæêàìåðíûõ âçàèìîäåé-
ñòâèé ÿâëÿåòñÿ âàæíîé çàäà÷åé îöåíêè ïðîöåññîâ ðàçâè-
òèÿ ÑÍ.

Ìåææåëóäî÷êîâîå âçàèìíîå âëèÿíèå ÷àñòî îïðå-
äåëÿåòñÿ â áîëüøèíñòâå êëèíè÷åñêèõ ñèòóàöèé. Íîðìàëü-
íûé ôèçèîëîãè÷åñêèé àñèíõðîíèçì ìåæäó ìåææåëóäî÷-
êîâîé ïåðåãîðîäêîé è çàäíåé ñòåíêîé ËÆ (îêîëî 60 ìñ)
ïðè ãèïåðòðîôèè íàðàñòàåò. Ñðåäíÿÿ è ñóáàîðòàëüíàÿ
÷àñòè ÌÆÏ çíà÷èòåëüíî îïåðåæàþò çàäíþþ ñòåíêó
(ÌÆÏ íà÷èíàåò ñâîå äâèæåíèå ðàíåå, è áûñòðåå äîñòè-
ãàåò ïèêà), òàêîé àñèíõðîíèçì óâåëè÷èâàåòñÿ ïî ìåðå
äëèòåëüíîñòè ñèñòîëè÷åñêîãî äâèæåíèÿ [33, 34, 35].

Áîëüøèíñòâî ñîâðåìåííûõ èññëåäîâàòåëåé ñ÷èòà-
åò, ÷òî ðåãèîíàëüíûå íàðóøåíèÿ ñèñòîëè÷åñêîé è äèàñ-
òîëè÷åñêîé ôóíêöèè ËÆ (â íàøåì ñëó÷àå àñèíõðîíèè)
ìîãóò îêàçàòüñÿ íàèáîëåå ðàííèì ïðèçíàêîì ìàíèôåñ-
òàöèè ÑÍ, íàðóøåíèå ïðîäîëüíîé ôóíêöèè ïî ìíåíèþ
ýòèõ àâòîðîâ ðåãèñòðèðóåòñÿ ðàíüøå, ÷åì íàðóøåíèå
öèðêóëÿðíîãî ñîêðàùåíèÿ.

Íàèáîëåå ÿðêîé èëëþñòðàöèåé êàðäèàëüíîãî àñèí-
õðîíèçìà ÿâëÿþòñÿ êëèíè÷åñêèå ñèòóàöèè, ñâÿçàííûå ñ
àíîìàëèåé âíóòðèñåðäå÷íîãî ïðîâåäåíèÿ è ñ èñïîëüçî-
âàíèåì èñêóññòâåííûõ âîäèòåëåé ðèòìà. Â ïîñëåäíåå
âðåìÿ ïðèìåíåíèå âûñîêîòåõíîëîãè÷íûõ ìåòîäîâ ïîçâî-
ëèëî âûÿâèòü ñóùåñòâåííûå îñîáåííîñòè ìåõàíè÷åñêîé
àñèíõðîííîñòè ñåðäöà ïðè ðàçëè÷íûõ âèäàõ ñòèìóëÿöèè.
Èññëåäîâàíèÿ âûïîëíåíû â ýêñïåðèìåíòå ñ èñïîëüçîâà-
íèåì ìàãíèòíî-ðåçîíàíñíîé òîìîãðàôèè.

Ïðîâåäåííîå èññëåäîâàíèå èëëþñòðèðóåò íàëè÷èå
ìèíèìàëüíîãî ôèçèîëîãè÷åñêîãî àñèíõðîíèçìà â ËÆ
ïðè ñòèìóëÿöèè èç ïðàâîãî ïðåäñåðäèÿ (ÏÏ), ñîîòâåò-
ñòâóþùåé ôèçèîëîãè÷åñêîìó õîäó ýëåêòðè÷åñêîãî âîç-
áóæäåíèÿ â ñåðäöå. Àñèíõðîíèçì â äàííîé ñèòóàöèè íà-
áëþäàåòñÿ òîëüêî â îáëàñòè ìåææåëóäî÷êîâîé ïåðåãî-
ðîäêè è çàäíåé ñòåíêè ËÆ. Ðèòì, íàâÿçàííûé èç ðàçíûõ
îòäåëîâ ñåðäöà, ñîïðîâîæäàåòñÿ íàðàñòàþùèì ìåõàíè-
÷åñêèì âíóòðèæåëóäî÷êîâûì àñèíõðîíèçìîì, áîëåå
âûðàæåííûì ïðè àïèêàëüíîé ïðàâîæåëóäî÷êîâîé ñòè-
ìóëÿöèè, êîòîðàÿ íàèìåíåå ôèçèîëîãè÷íà ïî êîëè÷åñòâó
àñèíõðîííûõ ñåãìåíòîâ [9].

Èìåííî íàðàñòàþùàÿ âðåìåííàÿ àñèíõðîíèÿ ìåæ-
äó æåëóäî÷êàìè ÷àùå âñåãî ïðèâîäèò ê äèñôóíêöèè ËÆ
(ôðàêöèÿ âûáðîñà ñíèæàåòñÿ, ïàäàåò óäàðíûé îáúåì),

ïðè äèñôóíêöèè ÏÆ ýòîò êàñêàä ìåíåå âûðàæåí. Ýëåêò-
ðè÷åñêàÿ è ýëåêòðîìåõàíè÷åñêàÿ âíóòðè è ìåææåëóäî÷-
êîâàÿ àñèíõðîííîñòü - àòðèáóò ÑÍ, îáà ýòèõ êîìïîíåíòà
ñâîéñòâåííû òàêèì áîëüíûì è ëîêàëüíûå íàðóøåíèÿ
âíóòðèæåëóäî÷êîâîé ñèíõðîííîñòè ÿâëÿþòñÿ ðàííèìè
ìàðêåðàìè ÑÍ [6, 14, 17, 18, 46].

Íà íîðìàëèçàöèè ñèíõðîííîñòè ñîêðàùåíèÿ æåëó-
äî÷êîâ îñíîâàíà êàðäèîñèíõðîíèçàöèîííàÿ òåðàïèÿ (èëè
ðåñèíõðîíèçàöèîííàÿ), â áîëüøèíñòâå ñâîåì - ýòî áè-
âåíòðèêóëÿðíàÿ ñòèìóëÿöèÿ [22]. Ñåðäå÷íàÿ ðåñèíõðîíè-
çàöèîííàÿ òåðàïèÿ - ñòèìóëÿöèîííàÿ òåõíîëîãèÿ, ïîçâî-
ëÿþùàÿ èçìåíèòü ñòåïåíü ýëåêòðîìåõàíè÷åñêîé àñèíõ-
ðîíèè ïðåäñåðäèé è æåëóäî÷êîâ. Èçìåíåíèå õàðàêòåðà
ýëåêòðè÷åñêîé àêòèâàöèè íå èìååò ïîçèòèâíîãî èíîòðîï-
íîãî ýôôåêòà êàê òàêîâîãî, ëèøü óëó÷øàåòñÿ êîîðäèíà-
öèÿ ìåõàíè÷åñêîãî ñîêðàùåíèÿ ËÆ. Íåäàâíèå ðåçóëüòà-
òû äîëãîâðåìåííûõ ðàíäîìèçèðîâàííûõ èññëåäîâàíèé
ïîêàçàëè ïîëîæèòåëüíûé ýôôåêò ðåñèíõðîíèçàöèè ó
áîëüøèíñòâà ïàöèåíòîâ õðîíè÷åñêîé ÑÍ [4, 32, 44]. Ïî
äàííûì W.Grimm è ñîàâò., 2003, èç 566 áîëüíûõ ñ äèëàòà-
öèîííîé êàðäèîìèîïàòèåé (ÊÌÏ) ñ ôðàêöèåé âûáðîñà
ËÆ ìåíåå 30% îò 7 äî 14% ìîãóò áûòü äîñòàòî÷íî óñ-
ïåøíî ïîäâåðãíóòû êàðäèîñèíõðîíèçàöèîííîé òåðàïèè
[21, 38]

Ó áîëüíûõ ñ ÑÍ, íà ôîíå óâåëè÷åíèÿ êàìåð íàðàñ-
òàþò íàðóøåíèÿ âíóòðèêàìåðíîé è ìåæêàìåðíîé ïðî-
âîäèìîñòè (áëîêàäû ïðàâîé è ëåâîé íîæåê), ÷òî âåäåò ê
íàðóøåíèþ ñèñòîëè÷åñêîé è äèàñòîëè÷åñêîé ôóíêöèè
ËÆ, ÷òî ÿâëÿåòñÿ íåçàâèñèìûìè ïðåäèêòîðàìè ñìåðò-
íîñòè. Îáû÷íàÿ äâóõêàìåðíàÿ ñòèìóëÿöèÿ ÏÏ-ÏÆ ñ êî-
ðîòêîé ÀÂ çàäåðæêîé ïåðâîíà÷àëüíî ïðåäñòàâëÿëàñü
ýôôåêòèâíîé ìåðîé ëå÷åíèÿ ÑÍ è óìåíüøåíèÿ ìèòðàëü-
íîé ðåãóðãèòàöèè. Ïîëîæèòåëüíûå ðåçóëüòàòû íå áûëè
ïîäòâåðæäåíû â äîëãîâðåìåííûõ êîíòðîëèðóåìûõ èññëå-
äîâàíèÿõ (MIRACLE) [45]. Åäèíîãî ìíåíèÿ ïî ñïîñîáàì
îöåíêè ýôôåêòèâíîñòè êàðäèîñèíõðîíèçàöèîííîé òåðà-
ïèè íåò, èñïîëüçóþòñÿ ðàçëè÷íûå èíñòðóìåíòàëüíûå
ìåòîäû. Â íàñòîÿùåå âðåìÿ ïðîäîëæàåòñÿ îöåíêà èçâåñò-
íûõ ïîêàçàòåëåé è ðàçðàáîòêà íîâûõ. Ýôôåêòèâíîñòü
ðåñèíõðîíèçàöèîííîé òåðàïèè ìîæåò áûòü îöåíåíà êàê
ïî äèíàìèêå ìèíóòíîãî îáúåìà êðîâîîáðàùåíèÿ, òàê è
ñ èñïîëüçîâàíèåì íåêîòîðûõ óëüòðàçâóêîâûõ ïîêàçàòå-
ëåé (Tei-, Z-èíäåêñû) [22, 33].

Íàèáîëåå ýôôåêòèâíà ðåñèíõðîíèçàöèîííàÿ òåðà-
ïèÿ ó áîëüíûõ ñ âûðàæåííîé âíóòðèæåëóäî÷êîâîé àñèí-
õðîíèåé, êîòîðóþ ÷àñòî îïðåäåëÿþò ïî ïðîäîëæèòåëü-
íîñòè êîìïëåêñà QRS. Äàííûé ôàêò áûë óñòàíîâëåí ïðè
ðàíäîìèçèðîâàííîì èññëåäîâàíèè 450 áîëüíûõ ñ õðî-
íè÷åñêîé ÑÍ. Êðèòåðèåì ïðîãíîçèðîâàíèÿ óñïåõà êàð-
äèîñèíõðîíèçàöèè áûëà èñõîäíàÿ ïðîëîíãàöèÿ êîìïëåê-
ñà QRS áîëåå 130 ìñ [3, 38, 44]. Âìåñòå ñ òåì, íåêîòîðûå
àâòîðû ñ÷èòàþò, ÷òî ïðîäîëæèòåëüíîñòü êîìïëåêñà QRS
íå âñåãäà ìîæåò ñëóæèòü äîñòîâåðíûì ïðèçíàêîì âíóò-
ðèæåëóäî÷êîâîãî àñèíõðîíèçìà. Íà ïðèìåðå èññëåäî-
âàíèÿ âíóòðè è ìåææåëóäî÷êîâîãî àñèíõðîíèçìà ó áîëü-
íûõ õðîíè÷åñêîé ÑÍ ïîêàçàíî, ÷òî íàèáîëåå èíôîðìà-
òèâíûì êðèòåðèåì ÿâëÿåòñÿ îöåíêà âíóòðèæåëóäî÷êîâîé
ìåõàíè÷åñêîé çàäåðæêè ñîêðàùåíèÿ ñ èñïîëüçîâàíèåì
ÒÄÈ. Ïðè ñðàâíåíèè äâóõ ãðóïï áîëüíûõ ñ ïðàâîïðåä-
ñåðäíîé ñòèìóëÿöèåé ïðîäåìîíñòðèðîâàíà çíà÷èìîñòü
îöåíêè àñèíõðîíèè. Îäíà ãðóïïà áîëüíûõ áûëà ñ íîð-
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ìàëüíîé ôðàêöèåé âûáðîñà ËÆ (73%), à äðóãàÿ ñ ÊÌÏ è
ôðàêöèåé âûáðîñà ìåíåå 37%. Âíóòðèæåëóäî÷êîâûé
àñèíõðîíèçì áûë áîëåå âûðàæåí ó ïàöèåíòîâ ñ íèçêîé
ôðàêöèåé âûáðîñà ËÆ. Êîððåëÿöèè ìåæäó ñòåïåíüþ
âíóòðèæåëóäî÷êîâîãî àñèíõðîíèçìà è ïðîäîëæèòåëüíî-
ñòüþ QRS ó áîëüíûõ ÊÌÏ íå áûëî, ñòåïåíü àñèíõðîíèç-
ìà äîñòîâåðíî êîððåëèðîâàëà ñ ôðàêöèåé âûáðîñà, ôè-
çè÷åñêîé òîëåðàíòíîñòüþ è ñ ýôôåêòèâíîñòüþ êàðäèî-
ñèíõðîíèçàöèîííîé òåðàïèè. Íàèáîëåå èíôîðìàòèâíûì
êðèòåðèåì ýôôåêòèâíîñòè êàðäèîñèíõðîíèçàöèîííîé
òåðàïèè áûëî óâåëè÷åíèå èñõîäíîãî âíóòðèæåëóäî÷êî-
âîãî èëè ìåææåëóäî÷êîâîãî ìåõàíè÷åñêîãî àñèíõðîíèç-
ìà áîëåå ÷åì íà 50 ìñ [7, 47, 48].

Äîñòàòî÷íî ÷àñòî â èññëåäîâàíèÿõ ñâÿçàííûõ ñ èçó-
÷åíèåì êàðäèîñèíõðîíèçàöèîííîé òåðàïèè, âíóòðèæå-
ëóäî÷êîâóþ àñèíõðîíèþ îïðåäåëÿþò êàê ðàçíèöó (çà-
äåðæêó) ìåæäó ñîêðàùåíèÿìè ñâîáîäíîé ñòåíêè ËÆ è
ìåææåëóäî÷êîâîé ïåðåãîðîäêè, îïðåäåëÿÿ ìåõàíè÷åñ-
êóþ çàäåðæêó êàê ðàäèàëüíóþ âíóòðèæåëóäî÷êîâóþ
àñèíõðîííîñòü. Íà îñíîâàíèè îöåíêè ñòåïåíè èñõîäíîé
àñèíõðîíèè ó áîëüíûõ ÑÍ îïðåäåëÿþò ýôôåêòèâíîñòü
êàðäèîñèíõðîíèçàöèîííîé òåðàïèè. ×åì áîëåå ïðîäîë-
æèòåëåí ýòîò èíòåðâàë, òåì áîëåå âûðàæåíà ðàññèíõðî-
íèçàöèÿ è áîëåå ñíèæåíà íàñîñíàÿ ôóíêöèÿ ËÆ, ÷òî â
öåëîì ÿâëÿåòñÿ ïðåäèêòîðîì ýôôåêòà êàðäèîñèíõðîíè-
çàöèîííîé òåðàïèè [11, 32]. Çíà÷åíèå îöåíêè àñèíõðîí-
íîñòè ËÆ îïðåäåëÿåòñÿ è òåì, ÷òî ïðè ñòèìóëÿöèè ñåðä-
öà èç ðàçëè÷íûõ îòäåëîâ îïðåäåëÿåòñÿ ðàçíèöà â ìåõàíè-
÷åñêîì îòâåòå ËÆ, îáóñëîâëåííàÿ äèñêîðäàíòíîñòüþ
âíóòðèêàìåðíîãî ñîêðàùåíèÿ [9, 34].

Òàêèì îáðàçîì, âíóòðèêàìåðíàÿ è ìåæêàìåðíàÿ
àñèíõðîíèÿ è ãåòåðîãåííîñòü îáíàðóæèâàþòñÿ êàê ïðè
íîðìàëüíîì ôóíêöèîíèðîâàíèè ñåðäöà, òàê è ïðè áîëü-
øèíñòâå ïàòîëîãè÷åñêèõ ñîñòîÿíèé, îáóñëîâëåííûõ èç-
ìåíåíèåì ïðåä- è ïîñòíàãðóçêè æåëóäî÷êîâ, íàðóøåíè-
åì ýëåêòðè÷åñêèõ è ìåõàíè÷åñêèõ ñâîéñòâ êàìåð. Ìåõà-

íè÷åñêàÿ è ýëåêòðè÷åñêàÿ àñèíõðîííîñòü è ãåòåðîãåí-
íîñòü ñåðäöà ÿâëÿþòñÿ íàèáîëåå ðàííèìè, äîêëèíè÷åñ-
êèìè ìàðêåðàìè íàðóøåíèÿ ñèñòîëîäèàñòîëè÷åñêèõ õà-
ðàêòåðèñòèê ìèîêàðäà. Â òîæå âðåìÿ, ïîêàçàòåëè ñåðäå÷-
íîãî àñèíõðîíèçìà, îáëàäàÿ äîñòàòî÷íî áîëüøèì äèà-
ïàçîíîì õàðàêòåðèñòèê ôóíêöèîíàëüíûõ ñâîéñòâ ñåðä-
öà, ìîãóò áûòü ÷ðåçâû÷àéíî èíôîðìàòèâíûìè â îöåíêå
ýôôåêòèâíîñòè ëå÷åáíûõ ìåðîïðèÿòèé, â ÷àñòíîñòè, è
ðåñèíõðîíèçàöèîííîé òåðàïèè, à òàêæå ëþáûõ ìåäèêà-
ìåíòîçíûõ, õèðóðãè÷åñêèõ ñòèìóëÿöèîííûõ òåõíîëîãèé,
ïðèâîäÿùèõ ê èçìåíåíèþ ñòåïåíè âíóòðèêàìåðíîé è
ìåæêàìåðíîé ðàññèíõðîíèçàöèè. Ñëåäóåò îòìåòèòü, ÷òî
â íàñòîÿùåå âðåìÿ íå ðàçðàáîòàíû óíèôèöèðîâàííûå
êðèòåðèè îöåíêè èíòðàâåíòðèêóëÿðíîé è ìåæâåíòðèêó-
ëÿðíîé àñèíõðîíèè.

Â öåëîì ïðèâåäåííûå âûøå äàííûå, ïî íàøåìó
ìíåíèþ, äåìîíñòðèðóþò âûñîêóþ çíà÷èìîñòü èçó÷åíèÿ
ýëåêòðîìåõàíè÷åñêîãî àñèíõðîíèçìà ó áîëüíûõ ñ ðàç-
ëè÷íîé êàðäèàëüíîé ïàòîëîãèåé è ñòåïåíüþ âûðàæåí-
íîñòè ñåðäå÷íîé íåäîñòàòî÷íîñòè. Èçó÷åíèå ýòîãî ôå-
íîìåíà ìîæåò èìåòü ñóùåñòâåííîå çíà÷åíèå â ïîíèìà-
íèè ìåõàíèçìîâ ôîðìèðîâàíèÿ íàñîñíîé è ñîêðàòèòåëü-
íîé äèñôóíêöèè ìèîêàðäà è â îöåíêå ýôôåêòèâíîñòè
íîâûõ ñòèìóëÿöèîííûõ òåõíîëîãèé.

Íàèáîëåå ýôôåêòèâíûì íåèíâàçèâíûì èíñòðóìåí-
òàëüíûì ìåòîäîì îöåíêè âûðàæåííîñòè ìåõàíè÷åñêîãî
àñèíõðîíèçìà ñåðäöà ÿâëÿåòñÿ ñïåêòðàëüíàÿ òêàíåâàÿ
äîïïëåðîãðàôèÿ. Äàëüíåéøèå óñèëèÿ èññëåäîâàòåëåé
äîëæíû áûòü íàïðàâëåíû íà ðàçðàáîòêó êðèòåðèåâ îöåí-
êè àñèíõðîííîñòè, ÷òî â ðÿäå ñëó÷àåâ ñìîæåò ñëóæèòü
àëüòåðíàòèâîé èíâàçèâíûì ìåòîäèêàì, è äàñò âîçìîæ-
íîñòü âûäåëèòü íåîáõîäèìûé èíñòðóìåíòàëüíî-ìåòîäè-
÷åñêèé è äèàãíîñòè÷åñêèé êîìïëåêñ, ñîîòâåòñòâóþùèé
êîíêðåòíûì êëèíè÷åñêèì ïîòðåáíîñòÿì è çàäà÷àì ñòè-
ìóëÿöèîííûõ ìåòîäîâ ëå÷åíèÿ ñåðäå÷íîé íåäîñòàòî÷-
íîñòè.

ËÈÒÅÐÀÒÓÐÀ

1. Aoyagi T, Pouleur H, Van Eyll C. et al. Wall motion asyn-
chrony is a major determinant of impaired left ventricular
filling in patients with healed myocardial infarction // Am J
Cardiol 1993 Aug 1; 72(3): 268-72
2. Arts T, Bovendeerd P, Delhaas T, Prinzen F. Modeling the
relation between cardiac pump function and myofiber
mechanics // J Biomech. 2003 May; 36(5): 731-6
3. Auricchio A, Ding J, Spinelli JC et al. Cardiac
resynchronization therapy restores optimal atrioventricular
mechanical timing in heart failure patients with ventricular
conduction delay // J Am Coll Cardiol. 2002 Apr 3; 39(7):
1163-9.
4. Barold SS What is cardiac resynchronization therapy? //
Am J Med. 2001 Aug 15; 111(3): 224-32
5. Bartel T, Muller S, Schurger D. et al. Quantitative tissue
Doppler echocardiography in comparison with M-mode
measurements in healthy probands // Z Kardiol. 1997 Feb;
86(2): 131-7)
6. Bordachar P, Garrigue S, Lafitte S et al. Interventricular
and intra-left ventricular electromechanical delays in right
ventricular paced patients with heart failure: implications for
upgrading to biventricular stimulation // Heart 2003; 89: 1401-
1405.

7. Bordachar S, Garrigue G Lafitte S et al. Interventricular
and intra-left ventricular electromechanical delays in right
ventricular paced patients with heart failure: implications for
upgrading to biventricular stimulation // Heart 2003;89:1401-
1405 %.
8. Bovendeerd PH, Arts T, Huyghe JM et al. Dependence of
local left ventricular wall mechanics on myocardial fiber
orientation: a model study // J Biomech. 1992 Oct; 25(10):
1129-40 41. P
9. Bradley T. Wyman, William C. et al. Mapping propagation
of mechanical activation in the paced heart with MRI tagging
// Am J Physiol Heart Circ Physiol . 1999 Vol. 276, Issue 3,
H881-H891, March 1999
10. Breithardt OA, Stellbrink C, Franke A, et al. Acute effects
of cardiac resynchronization therapy on left ventricular
Doppler indices in patients with congestive heart failure / /
Am Heart J. 2002 Jan; 143(1): 34-44
11. Breithardt OA, Stellbrink C, Kramer AP et al. Echocar-
diographic quantification of left ventricular asynchrony
predicts an acute hemodynamic benefit of cardiac resyn-
chronization therapy // J Am Coll Cardiol. 2002 Aug 7; 40(3):
536-45
12. Bruch C, Bartel T, Schmermund A, et al. Asynchrony of



62

ÂÅÑÒÍÈÊ ÀÐÈÒÌÎËÎÃÈÈ, ¹ 34, 2003

ventricular contraction and relaxation—
pathophysiologically recognized phenomenon, now can be
clinically assessed // Herz 1998 Dec; 23(8): 506-15
13. Bruch C, Schmermund A, Bartel T. et al. Tissue Doppler
imaging (TDI) for on-line detection of regional early diastolic
ventricular asynchrony in patients with coronary artery
disease // Int J Card Imaging 1999 Oct; 15(5): 379-90
14. Cardim N, Castela S, Cordeiro R. et al. Tissue Doppler
imaging assessment of long axis left ventricular function in
hypertrophic cardiomyopathy // Rev Port Cardiol 2002 Sep;
21(9): 953-85
15. Cardim N; Oliveira A, Longo S. et al. Regional myocardial
function in healthy adults. Assessment through tissue
Doppler echocardiography // Arq. Bras.
Cardiol. vol.80 no.5 São Paulo May 2003
16. Butter Ñ, Auricchio A, Stellbrink C. Effect of
Resynchronization Therapy Stimulation Site on the Systolic
Function of Heart Failure Patients // Circulation. 2001; 104:
3026
17. D’Andrea A, Ducceschi V, Caso P et al. Usefulness of
Doppler tissue imaging for the assessment of right and left
ventricular myocardial function in patients with dual-
chamber pacing // Int J Cardiol. 2001 Nov; 81(1): 75-83
18. Kass DA, Chen CH, Curry C et al. Improved Left
Ventricular Mechanics From Acute VDD Pacing in Patients
With Dilated Cardiomyopathy and Ventricular Conduction
Delay // Circulation. 1999; 99: 1567-1573
19. Delhaas T, Arts T, Prinzen FW, Reneman RS. Relation
between regional electrical activation time and subepicardial
fiber strain in the canine left ventricle // Pflugers Arch. 1993
Apr; 423(1-2): 78-87
20. Feneley MP, Gavaghan TP, Baron DW et al. Contribution
of left ventricular contraction to the generation of right
ventricular systolic pressure in the human heart //
Circulation. 1985 Mar; 71(3): 473-80)
21. Grimm W, Sharkova J, Funck R, Maisch B. How many
patients with dilated cardiomyopathy may potentially benefit
from cardiac resynchronization therapy? // Pacing Clin
Electrophysiol. 2003 Jan; 26(1 Pt 2): 155-7.
22. Izumi C, Kibira S, Watanabe H et al. Validity of the right
ventricular Doppler index for assessment of severity of
congestive heart failure in patients with dilated
cardiomyopathy // Heart Vessels. 1999; 14(5): 232-9)
23. Kanzaki H, Jacques D, Sade LE et al. Regional correlation
by color-coded tissue Doppler to quantify improvements in
mechanical left ventricular synchrony after biventricular
pacing therapy // Am J Cardiol. 2003 Sep 15; 92(6): 752-5
24. Kass DA, Chen CH, Curry C et al. Improved left
ventricular mechanics from acute VDD pacing in patients
with dilated cardiomyopathy and ventricular conduction
delay // Circulation. 1999 Mar 30; 99(12): 1567-73
25. Kerckhoffs RC, Bovendeerd PH, Kotte JC et al.
Homogeneity of cardiac contraction despite physiological
asynchrony of depolarization: a model study //Ann Biomed
Eng. 2003 May; 31(5): 536-
26. Kertesz NJ, Friedman RA, Colan SD et al Left Ventricular
Mechanics and Geometry in Patients With Congenital
Complete Atrioventricular Block // Circulation. 1997; 96: 3430-
3435
27. Oki T, Tabata T, Mishiro Y et al, Pulsed tissue Doppler
imaging of left ventricular systolic and diastolic wall motion

velocities to evaluate differences between long and short
axes in healthy subjects // J Am Soc Echocardiogr. 1999
May; 12(5): 308-13
28. Pai RG, Gill KS, Amplitudes, durations, and timings of
apically directed left ventricular myocardial velocities: II.
Systolic and diastolic asynchrony in patients with left
ventricular hypertrophy // J Am Soc Echocardiogr. 1998 Feb;
11(2): 112-8
29. Pellerin D ,Cohen L, Larrazet F. Et al. New insights into
septal anterior wall motion velocities at end-systole in normal
and hypertrophied left ventricles // Eur J Echocardiogr. 2003
Jun; 4(2): 108-18
30. Pellerin D, Berdeaux A, Cohen L et al, Pre-ejectional left
ventricular wall motions studied on conscious dogs using
Doppler myocardial imaging: relationships with indices of
left ventricular function // Ultrasound Med Biol. 1998 Nov;
24(9): 1271-83)
31. Pellerin D, Cohen L, Larrazet F et al, Preejectional left
ventricular wall motion in normal subjects using Doppler
tissue imaging and correlation with ejection fraction // Am J
Cardiol. 1997 Sep 1; 80(5): 601-7)
32. Pitzalis MV, Iacoviello M, Romito R, et al Cardiac
resynchronization therapy tailored by echocardiographic
evaluation of ventricular asynchrony // J Am Coll Cardiol.
2002 Nov 6; 40(9): 1615-22
33. Popovic ZB, Grimm RA, Perlic G. et al. Noninvasive
assessment of cardiac resynchronization therapy for
congestive heart failure using myocardial strain and left
ventricular peak power as parameters of myocardial
synchrony and function // J Cardiovasc Electrophysiol. 2002
Dec; 13 (12): 1203-8
34. Prinzen FW, Augustijn CH, Allessie MA et al. The time
sequence of electrical and mechanical activation during
spontaneous beating and ectopic stimulation // Eur Heart J.
1992 Apr; 13(4): 5-35
35. Prinzen FW, Peschar M. Relation between the pacing
induced sequence of activation and left ventricular pump
function in animals // Pacing Clin Electrophysiol. 2002 Apr;
25(4 Pt 1): 484-98
36. Selton-Suty C, Mock L, Piquemal R et al., Doppler tissue
imaging of the myocardium and right ventricle // Arch Mal
Coeur Vaiss. 2002 Oct; 95(10): 933-7
37. Severino S, Caso P, Cicala S. et al., Involvement of right
ventricle in left ventricular hypertrophic cardiomyopathy:
analysis by pulsed Doppler tissue imaging // Eur J
Echocardiogr. 2000 Dec; 1(4): 281-8)
38. Sogaard P, Kim WY, Jensen HK et al. Impact of acute
biventricular pacing on left ventricular performance and
volumes in patients with severe heart failure. A tissue doppler
and three-dimensional echocardiographic study //
Cardiology. 2001; 95(4): 173-82.
39. Stellbrink C, Breithardt OA, Franke A et. al. Impact of
cardiac resynchronization therapy using hemodynamically
optimized pacing on left ventricular remodeling in patients
with congestive heart failure and ventricular conduction
disturbances // J Am Coll Cardiol. 2001 Dec; 38(7): 1957-65
40. Takeuchi M, Fujitani K, Fukuzaki H. The relation between
left ventricular asynchrony, relaxation, outward wall motion
and filling characteristics during control period and pacing-
induced myocardial ischaemia in coronary artery disease //
Int J Cardiol. 1985 Sep; 9(1): 45-58



63

ÂÅÑÒÍÈÊ ÀÐÈÒÌÎËÎÃÈÈ, ¹ 34, 2003

41. Toussaint JF, Lavergne T, Kerrou K et al. Ventricular
coupling of electrical and mechanical dyssynchronization
in heart failure patients // Pacing Clin Electrophysiol. 2002
Feb; 25(2): 178-82)
42. Verbeek XA, Vernooy K, Peschar M et al. Quantification
of interventricular asynchrony during LBBB and ventricular
pacing // Am J Physiol Heart Circ Physiol. 2002 Oct; 283(4):
H1370-8
43. Veyrat C, Pellerin D, Cohen L, Larrazet F et al, Doppler
tissue imaging of pre-ejection left ventricular wall dynamics
in normal subjects // Arch Mal Coeur Vaiss. 1998 Jan; 91(1):
29-38
44. Abraham WT, Westby G. et al. Cardiac Resynchroni-
zation in Chronic Heart Failure // N Engl J Med 2002, Vol 346,
N 24 pp 1845-1853

45. Wong KL, Kocovic DZ, Loh E. Cardiac resynchroni-
zation: a novel therapy for heart failure // Congest Heart Fail.
2001 May-Jun; 7(3): 139-144
46. Yu CM, Lin H, Yang H, et al. Progression of systolic
abnormalities in patients with “isolated” diastolic heart failure
and diastolic dysfunction // Cirulation 2002; 105: 1195–201.
47. Yu CM, Lin H, Zhang Q, Sanderson JE. High prevalence
of left ventricular systolic and diastolic asynchrony in
patients with congestive heart heart failure and normal QRS
duration // Heart 2003 Jan; 89(1): 54-60
48. Yu CM, Lin H, Fung WH, Zhang Q et al. Comparison of
acute changes in left ventricular volume, systolic and
diastolic functions, and intraventricular synchronicity after
biventricular and right ventricular pacing for heart failure //
Am Heart J. 2003 May; 145(5): E18.


