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Ââåäåíèå. Ñî âðåìåíè âûõîäà íà ìèðîâîé ðû-
íîê Ocular Response Analyzer (ORA) (Reichert, Inc.) 
èçìåðåíèå ðîãîâè÷íîãî ãèñòåðåçèñà (ÐÃ) ñ èñïîëü-
çîâàíèåì ýòîãî ïðèáîðà ñòàëî ìèðîâûì ñòàíäàðòîì 
ïðè îöåíêå áèîìåõàíè÷åñêèõ ñâîéñòâ ðîãîâîé îáî-
ëî÷êè. Ýòî äàëî íàäåæäó íà ðåøåíèå ñëîæíûõ çàäà÷ 
â òàêèõ îáëàñòÿõ êàê ðàííÿÿ äèàãíîñòèêà ãëàóêîìû, 
ðàííåå âûÿâëåíèå êåðàòîêîíóñà è ïðåäîòâðàùå-
íèå ðîãîâè÷íîé ýêòàçèè ïîñëå ýêñèìåð-ëàçåðíîé 
õèðóðãèè [1–7]. Ìåæäó òåì, â õîäå íàøåé ðàáîòû ñ 
ORA ìû îáíàðóæèëè íåïðåäñêàçóåìîå èçìåíåíèå 
ïàðàìåòðîâ ÐÃ â ñâÿçè ñ óâåëè÷åíèåì âíóòðèãëàç-
íîãî äàâëåíèÿ [8]. 

Öåëü: èññëåäîâàòü âëèÿíèå âíóòðèãëàçíîãî 
äàâëåíèÿ (ÂÃÄ) íà ðåçóëüòàòû îöåíêè áèîìåõàíè-
÷åñêèõ ñâîéñòâ ðîãîâèöû ñ èñïîëüçîâàíèåì Ocular 
Response Analyzer (ORA). 

ÌÀÒÅÐÈÀË È ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈß. 
Îáñëåäîâàíû 10 ïàöèåíòîâ (10 ãëàç) ñ ïåðâè÷íîé îòêðû-
òîóãîëüíîé ãëàóêîìîé (ÏÎÓÃ), êîòîðûå íàõîäèëèñü íà 
àìáóëàòîðíîì ëå÷åíèè â Êèåâñêîé ãîðîäñêîé êëèíè÷åñêîé 
îôòàëüìîëîãè÷åñêîé áîëüíèöå «Öåíòð ìèêðîõèðóðãèè ãëà-
çà». Ñðåäíèé âîçðàñò ïàöèåíòîâ ñîñòàâëÿë 47 ëåò. Áîëüíûå 
ñ êàêèìè-ëèáî çàáîëåâàíèÿìè ðîãîâèöû, àñòèãìàòèçìîì 
áîëåå ÷åì â 1.5 Äïòð, ìèêðîôòàëüìîì, áóôòàëüìîì, ñó-
õèì ãëàçîì, íèñòàãìîì è ïàöèåíòû, êîòîðûå èñïîëüçîâàëè 
êîíòàêòíûå ëèíçû, èñêëþ÷àëèñü èç èññëåäîâàíèÿ. Âñå ïà-
öèåíòû áûëè îñâåäîìëåíû î õàðàêòåðå èññëåäîâàíèÿ. Èñ-
õîäíûå èçìåðåíèÿ âûïîëíÿëèñü îôòàëüìîëîãîì, èìåâøèì 
ñóùåñòâåííûé îïûò ðàáîòû ñ ORA. Ïîä ýïèáóëüáàðíîé 
àíåñòåçèåé äâóêðàòíî ïðîâîäèëèñü èçìåðåíèÿ â óñëîâèÿõ 
èñêóññòâåííîãî ïîâûøåíèÿ àññèñòåíòîì íà 10 è 30 ãð. ÂÃÄ 

ïðè ïîìîùè ñòàíäàðòíîãî îôòàëüìîäèíàìîìåòðà. Òåõíèêà 
èññëåäîâàíèÿ ñõåìàòè÷åñêè ïðåäñòàâëåíà íà ðèñ. 1. 

Ðèñ. 1. Ñõåìà èññëåäîâàíèÿ ñ èñïîëüçîâàíèåì ñòàíäàðòíîãî 
îôòàëüìîäèíàìîìåòðà. 

Ñîãëàñíî èñõîäíîìó óðîâíþ ÂÃÄ âñå ïàöèåíòû áûëè 
ðàçäåëåíû íà äâå ïîäãðóïïû: ó ïàöèåíòîâ ² ïîäãðóïïû (5 
ãëàç) óðîâåíü ÂÃÄ ïðåâûøàë 20 mmHg, ïàöèåíòû ²² ïîä-
ãðóïïû (5 ãëàç) èìåëè íîðìàëüíûé óðîâåíü ÂÃÄ (ó÷èòûâà-
ëèñü äàííûå ÂÃÄ, ïîëó÷åííûå íà ORA). 

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ. Äàííûå, 
ïîëó÷åííûå ïðè îáñëåäîâàíèè âñåõ ïàöèåíòîâ è äå-
ìîíñòðèðóþùèå IOPcc (ðîãîâè÷íî-êîìïåíñàòîðíîå 
âíóòðèãëàçíîå äàâëåíèå) è CH, ïðåäñòàâëåíû â òà-
áëèöå 1. Èñõîäíûé óðîâåíü ÐÃ ñîñòàâëÿë (8.51±0.4) 
mmHg. Âî âðåìÿ èñêóññòâåííîãî ïîâûøåíèÿ ÂÃÄ 
íà 10 è 30 mmHg èìåëî ìåñòî ñíèæåíèå ïàðàìå-
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Â ñòàòò³ íàâåäåíî äîñë³äæåííÿ âïëèâó âíóòð³øíüîî÷íîãî òèñêó (ÂÎÒ) íà ðåçóëüòàòè îö³íêè 
á³îìåõàí³÷íèõ âëàñòèâîñòåé ðîã³âêè ç âèêîðèñòàííÿì Ocular Response Analyzer (ORA). Îáñòåæåíî 10 
ïàö³ºíò³â ç ïåðâèííîþ â³äêðèòîêóòîâî¿ ãëàóêîìîþ. Êîæíå îêî áóëî îáñòåæåíî ç âèêîðèñòàííÿì ORA 
òðè÷³: ó âèõ³äíîìó ñòàí³ ³ äâ³÷³ äîñë³äæåííÿ ïðîâîäèëîñÿ â ñòàí³ êîðîòêîòðèâàëîãî øòó÷íîãî ï³äâè-
ùåííÿ ÂÎÒ íà 10 òà 20 mm Hg çà äîïîìîãîþ ñòàíäàðòíîãî îôòàëüìîäèíàìîìåòðó. Íå äèâëÿ÷èñü íà 
òå, ùî äîñë³äæåííÿ êîæíîãî îêà ïðîâîäèëîñÿ íà ïðîòÿç³ äåê³ëüêîõ õâèëèí, áóëè â³äì³÷åí³ ñóòòºâ³ çì³-
íè çíà÷åííÿ ðîã³âêîâîãî ã³ñòåðåçèñó (ÐÃ) ó âñ³õ ïàö³ºíò³â ïðè ð³çíèõ çíà÷åííÿõ ÂÎÒ. Âèõ³äíèé ð³âåíü ÐÃ 
ñêëàäàâ (8.51±0.4) mmHg. Ï³ä ÷àñ øòó÷íîãî ï³äâèùåííÿ ÂÎÒ íà 10 òà 30 mmHg ìàëî ì³ñöå çíèæåííÿ 
ïàðàìåòð³â ÐÃ äî 4.7±0.3 òà (0.67±0.3) mmHg â³äïîâ³äíî. Ó äåÿêèõ âèïàäêàõ ð³âí³ ÐÃ çíèæóâàëèñÿ äî 
íóëÿ. Ñë³ä ï³äêðåñëèòè, ùî íå ìåíø ÿê äâà ôàêòîðè âïëèâàþòü íà ðåçóëüòàòè çì³íè ÐÃ ç âèêîðèñòàí-
íÿì ORA: á³îìåõàí³÷í³ âëàñòèâîñò³ ðîã³âêè òà ÂÎÒ. Îáèäâà ôàêòîðè ïîâèíí³ áóòè ïðèéíÿò³ äî óâàãè 
äëÿ òîãî, ùîá îòðèìàòè çàêëþ÷íèé ðåçóëüòàò äëÿ êë³í³÷íîãî âèêîðèñòàííÿ. 
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òðîâ ÐÃ äî 4.7±0.3 è (0.67±0.3) mmHg ñîîòâåòñòâåí-
íî. Çíà÷åíèÿ IOPcc è ÐÃ â ïåðâîé ïîäãðóïïå áûëè 
24.2±0.5 è (6.32±0.6) mmHg. Òå æå ñàìûå ïàðàìå-
òðû âî âòîðîé ïîäãðóïïå áûëè 15.9±0.8 è (10.7±0.5) 
mmHg ñîîòâåòñòâåííî. 

Íàøå èññëåäîâàíèå äåìîíñòðèðóåò ñóùåñòâåí-
íîå èçìåíåíèå çíà÷åíèÿ ÐÃ ó âñåõ ïàöèåíòîâ â óñëî-
âèÿõ ðàçëè÷íîãî óðîâíÿ ÂÃÄ. Èñõîäíûé óðîâåíü 
ðîãîâè÷íîãî ãèñòåðåçèñà — (8.51±0.4) mmHg — 
äîëæåí ðàññìàòðèâàòüñÿ êàê íîðìàëüíûé. Îäíàêî 
ïîñëå èñêóññòâåííîãî ïîâûøåíèÿ ÂÃÄ íà 10 è 30 
mmHg åãî çíà÷åíèå ðåçêî ñíèæàëîñü äî 4.7±0.3 è 
(0.67±0.3) mmHg ñîîòâåòñòâåííî (òàáëèöà 1). Â íå-
êîòîðûõ ñëó÷àÿõ óðîâíè ÐÃ ïàäàëè äî íóëÿ. Ïðè-
íèìàÿ âî âíèìàíèå, ÷òî èçìåðåíèå íà îäíîì ãëàçó 
ïðîâîäèëîñü â òå÷åíèå íåñêîëüêèõ ìèíóò, ýòî ÿâëå-
íèå íå ìîæåò áûòü îáúÿñíåíî èçìåíåíèåì áèîìåõà-
íè÷åñêèõ ñâîéñòâ ðîãîâîé îáîëî÷êè. Åäèíñòâåííîé 

ïåðåìåííîé âî âðåìÿ èçìåðåíèé áûëî ÂÃÄ. Òàêèì 
îáðàçîì, ìîæíî ñäåëàòü çàêëþ÷åíèå, ÷òî óðîâåíü 
ÂÃÄ îêàçûâàåò çíà÷èòåëüíîå âîçäåéñòâèå íà ðåçóëü-
òàòû îöåíêè áèîìåõàíè÷åñêèõ ñâîéñòâ ðîãîâèöû ñ 
èñïîëüçîâàíèåì ORA. 

Èìååòñÿ åùå îäèí äîïîëíèòåëüíûé àðãóìåíò. 
Ìåæëè÷íîñòíàÿ èçìåí÷èâîñòü èñõîäíîãî óðîâíÿ 
ÂÃÄ êîððåëèðóåò ñ óðîâíåì ÐÃ. Èñõîäíûé óðîâåíü 
ÂÃÄ ó ïàöèåíòîâ ïåðâîé ïîäãðóïïû (5 ãëàç) (òà-
áëèöà 1) áûë íåíîðìàëüíûì (áîëåå ÷åì 20 mmHg). 
Ñðåäíåå çíà÷åíèå óðîâíÿ IOPcc â ýòîé ïîäãðóïïå 
áûëî (24,2±0,5) mmHg. Ñðåäíåå çíà÷åíèå óðîâíÿ 
IOPcc âî âòîðîé ïîäãðóïïå áûëî (15,9±0,8) mmHg. 
Ñðåäíèå çíà÷åíèÿ CH äëÿ ýòèõ ïîäãðóïï áûëè 
6,32±0,6 è (10,7±0,5) mmHg ñîîòâåòñòâåííî. Ðàçëè-
÷èÿ ìåæäó ïîñëåäíèìè ñòàòèñòè÷åñêè äîñòîâåðíû 
(ð<0.05) (Microsoft Office Excel 2003; ñòàòèñòè÷åñêîå 
ïðîãðàììíîå îáåñïå÷åíèå SPSS). 

Òàáëèöà 1 

Õàðàêòåðèñòèêà èçìåðåíèÿ ãèñòåðåçèñà ïðè íîðìàëüíîì è èñêóññòâåííî ïîâûøåííîì âíóòðèãëàçíîì äàâëåíèè 

Âåëè÷èíà èñõîäíîãî IOPcc 
è CH

Èñêóññòâåííî ïîâûøåííîå ÂÃÄ
Äàâëåíèå 10 ãð Äàâëåíèå 30 ãð

IOPcc 
(mmHg.) 
M + m

CH 
(mmHg.) 
M + m

IOPcc 
(mmHg.) 
M + m

CH 
(mmHg.) 
M + m

IOPcc 
(mmHg.) 
M + m

CH 
(mmHg.) 
M + m

Ïàöèåíò 1 27,2 5,9 50,2 4,1 73,3 0,0
Ïàöèåíò 2 22,3 6,4 49,6 4,3 72,7 0,0
Ïàöèåíò 3 21,2 7,8 49,4 4,7 72,4 1,2
Ïàöèåíò 4 25,6 5,4 49,3 3,9 70,3 0,0
Ïàöèåíò 5 24,7 6,1 52,5 4,1 72,9 0,0
Ïåðâàÿ ïîäãðóïïà 24,2+0,3 6,32+0,4 50,2+0,3 4,22+0,3 p<0,05 72,3+0,2 0,24+0,3 p<0,05
Ïàöèåíò 6 13,6 12,9 48,9 5,6 68,9 1,3
Ïàöèåíò 7 19,9 9,4 45,5 4,7 71,1 0,0
Ïàöèåíò 8 12,7 10,2 48,4 5,1 65,4 1,1
Ïàöèåíò 9 19,1 9,7 48,7 4,9 68,1 1,0
Ïàöèåíò 10 14,2 11,3 51,4 6,1 66,7 1,4
Âòîðàÿ ïîäãðóïïà 15,9+0,4 10,7+0,3 48,6+0,3 5,28+0,4 p<0,05 68,1+0,4 0,96+0,4 p<0,05
Âñåãî ïî ãðóïïå 20,1+0,3 8,51+0,4 49,4+0,3 4,75+0,3 p<0,05 70,2+0,3 0,60+0,4 p<0,05

Luce (2005) [1], èñïîëüçóÿ àïïàðàò ORA è ñòàí-
äàðòíûé îôòàëüìîäèíàìîìåòð äëÿ èñêóññòâåííî-
ãî ïîâûøåíèÿ ÂÃÄ, ïûòàëñÿ îòâåòèòü íà âàæíûé 
âîïðîñ: âëèÿåò ëè ÂÃÄ íà ðåçóëüòàòû èçìåðåíèé 
ÐÃ. Îí ïðèøåë ê âûâîäó, ÷òî çíà÷åíèå ÐÃ íå çàâè-
ñåëî îò ÂÃÄ. Ìû òàêæå èñïîëüçîâàëè ñòàíäàðòíûé 
îôòàëüìîäèíàìîìåòð äëÿ èñêóññòâåííîãî ïîâûøå-
íèÿ ÂÃÄ, è íàøå çàêëþ÷åíèå ïðîòèâîðå÷èò ñóùå-
ñòâóþùåìó: ÂÃÄ âûçûâàåò ñóùåñòâåííîå âîçäåé-
ñòâèå íà ðåçóëüòàòû èçìåðåíèÿ ÐÃ. 

Â íàøåì ïèñüìå [8] îòíîñèòåëüíî ñòàòüè 
Kukumen’s R. B. [6] ìû ñîîáùèëè î äâóõ ñëó÷àÿõ 
íåïðåäñêàçóåìîãî óìåíüøåíèÿ ïàðàìåòðîâ ÐÃ ó 
ãëàóêîìíûõ ïàöèåíòîâ. Â ñâîåì îòâåòå àâòîð íå 
òîëüêî íå äèñêóòèðóåò ïî äàííîìó âîïðîñó, à îò-
ìå÷àåò ïîäîáíûé îïûò â ñâîåé ñîáñòâåííûé ïðàê-
òèêå [6]. 

Ïðèíöèï èçìåðåíèÿ ñ èñïîëüçîâàíèåì ORA 
äåòàëüíî îïèñàí: âîçäóøíûé óäàð âûçûâàåò äâè-
æåíèå òêàíè ðîãîâîé îáîëî÷êè, ïðèâîäÿùåå ê 
âíóòðåííåìó è íàðóæíîìó ðîãîâè÷íîìó èçãèáó. 
Â òå÷åíèå ìèëëèñåêóíä ëàçåðíûé äàò÷èê ðåãè-
ñòðèðóåò äâà ïèêà ðîãîâè÷íîãî óïëîùåíèÿ. Îò-
âåò ðîãîâîé îáîëî÷êè íà âîçäóøíûé óäàð çàâèñèò 
îò åå áèîìåõàíè÷åñêèõ ñâîéñòâ, êîòîðûå ñòàëè 
èñòî÷íèêîì äëÿ îïðåäåëåíèÿ ÐÃ. Îäíàêî íåâîç-
ìîæíî ñîãëàñèòüñÿ, ÷òî áèîìåõàíè÷åñêèå ñâîé-
ñòâà ðîãîâèöû — ýòî åäèíñòâåííûé ôàêòîð, êî-
òîðûé âëèÿåò íà ðåçóëüòàòû èçìåðåíèÿ. Ðîãîâàÿ 
îáîëî÷êà îïèðàåòñÿ íà áóôåð, ïðåäñòàâëåííûé 
æèäêîñòüþ ïåðåäíåé êàìåðû ãëàçà. Ëîãèêà äèêòó-
åò, ÷òî ñîñòîÿíèå ýòîãî âîäíîãî áóôåðà, ìÿãêîãî 
èëè íàïðÿæåííîãî, â çàâèñèìîñòè îò óðîâíÿ ÂÃÄ, 
íåèçáåæíî äîëæíî âëèÿòü íà ðîãîâè÷íûé îòâåò, 
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îáóñëîâëåííûé âîçäóøíûé óäàðîì. Íàøå èññëå-
äîâàíèå — ñâèäåòåëüñòâî î÷åâèäíîãî âîçäåéñòâèÿ 
ÂÃÄ íà çíà÷åíèå ÐÃ. Ïðè èñïîëüçîâàíèè ORA äëÿ 
îïðåäåëåíèÿ áèîìåõàíè÷åñêèõ ñâîéñòâ ðîãîâîé 
îáîëî÷êè, ôàêòîð ÂÃÄ äîëæåí áûòü ïðèíÿò âî 
âíèìàíèå. 

Çàêëþ÷åíèå. Â çàêëþ÷åíèå íåîáõîäèìî ïîä-
÷åðêíóòü, ÷òî ïî êðàéíåé ìåðå äâà ôàêòîðà âëèÿ-
þò íà ðåçóëüòàòû èçìåðåíèÿ ÐÃ ñ èñïîëüçîâàíèåì 
ORA: áèîìåõàíè÷åñêèå ñâîéñòâà ðîãîâîé îáîëî÷êè 
è óðîâåíü ÂÃÄ. Îáà ôàêòîðà äîëæíû áûòü ïðèíÿòû 
âî âíèìàíèå ïðè èñïîëüçîâàíèè äàííîãî ìåòîäà â 
êëèíè÷åñêîé ïðàêòèêå. 
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INTRAOCULAR PRESSURE AS A FACTOR AFFECTING CORNEAL HYSTERESIS MEASUREMENT 

N. M. Sergienko, I. V. Shargorodskaya 

Kiev, Ukraine 

The aim of the work was to investigate the influence of the intraocular pressure (IOP) on results of evaluation of 
the corneal biomechanical properties by the Ocular Response Analyzer (ORA). 

Ten eyes of 10 patients with open-angle glaucoma were included in the study. Every eye was examined by ORA 
3 times: after initial measurement 2 other measurements followed during artificially elevated IOP by ophthalmodi-
namometer at 10 and 30 mm Hg. Though the examination of one eye was made during several minutes, there were 
significant changes of corneal hysteresis (CH) values in all patients at different IOP levels. The mean CH value in 
initial measurement was 8.51 ±0.4, then under the condition of IOP elevation at 10 and 30 mm Hg decreased to 
4.7±0.3 and 0.67±0.3 respectively. In some eyes CH dropped to zero. At least, 2 causes influence the results of CH 
measurement by ORA: corneal biomechanical properties and IOP. Both factors should be taken into account for 
receiving the final result for clinical application. 


