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Ââåäåíèå. Íàðóøåíèå öåëîñòíîñòè è ôóíêöèè 
ýíäîòåëèÿ ðåòèíàëüíûõ ñîñóäîâ è ïèãìåíòíîãî ýïè-
òåëèÿ ñåò÷àòêè (ÏÝÑ) — îñíîâíûõ ñòðóêòóð ãåìàòî-
ðåòèíàëüíîãî áàðüåðà (ÃÐÁ), ëåæèò â îñíîâå ðàííèõ 
ïðîÿâëåíèé äèàáåòè÷åñêîé ðåòèíîïàòèè (ÄÐÏ) è 
ÿâëÿåòñÿ âàæíûì çâåíîì åå ïàòîãåíåçà [1-3]. 

Âèòðåàëüíàÿ ôëþîðîìåòðèÿ (ÂÔÌ) — åäèí-
ñòâåííûé êîëè÷åñòâåííûé ìåòîä îöåíêè ñîñòîÿíèÿ 
ÃÐÁ ïóòåì èçìåðåíèÿ êîëè÷åñòâà ôëþîðåñöåèíà 
â ñòåêëîâèäíîì òåëå ïîñðåäñòâîì ðåãèñòðàöèè åãî 
ôëþîðåñöåíöèè. Ôëþîðîìåòðè÷åñêàÿ õàðàêòåðè-
ñòèêà ñîñòîÿíèÿ ÃÐÁ ïîçâîëÿåò âûÿâèòü ðàííèå ïðè-
çíàêè íàðóøåíèÿ áàðüåðíûõ ôóíêöèé ïðè ÄÐÏ [4]. 

Òàêèì îáðàçîì, äàííûå ôëþîðîìåòðè÷åñêîãî 
èññëåäîâàíèÿ ñîñòîÿíèÿ ÃÐÁ ìîãóò ïîìî÷ü â ðàí-
íåì âûÿâëåíèè äèàáåòè÷åñêîé ðåòèíîïàòèè ïðè 
ñàõàðíîì äèàáåòå. 

Öåëü ðàáîòû. Ïîâûñèòü ýôôåêòèâíîñòü ðàííåé 
äèàãíîñòèêè äèàáåòè÷åñêîé ðåòèíîïàòèè ïóòåì 
èçó÷åíèÿ ñîñòîÿíèÿ ãåìàòîðåòèíàëüíîãî áàðüåðà ñ 
ïîìîùüþ âèòðåàëüíîé ôëþîðîìåòðèè. 

ÌÀÒÅÐÈÀË È ÌÅÒÎÄÛ. Äëÿ èçó÷åíèÿ âîçìîæ-
íîñòè èñïîëüçîâàíèÿ ÂÔÌ â ðàííåé äèàãíîñòèêå íà÷àëüíîé 
ñòàäèè íåïðîëèôåðàòèâíîé ÄÐÏ èññëåäîâàíû 10 äîáðî-
âîëüöåâ (7 ìóæ÷èí è 3 æåíùèíû) áåç ïðèçíàêîâ ãëàçíûõ 
çàáîëåâàíèé — 1-ÿ ãðóïïà (êîíòðîëüíàÿ), è 15 áîëüíûõ ÑÄ 
(4 ìóæ÷èíû è 11 æåíùèí) ñ íà÷àëüíîé íåïðîëèôåðàòèâ-
íîé ÄÐÏ — 2-ÿ ãðóïïà (îñíîâíàÿ). Âîçðàñò áîëüíûõ ÑÄ â 
ñðåäíåì ñîñòàâèë (64,0 ± 7,0) ãîäà, â êîíòðîëüíîé ãðóïïå — 
(52,0 ± 4,0) ãîäà. 

Ôëþîðîìåòðè÷åñêèå èññëåäîâàíèÿ ïðîâåäåíû ñ èñïîëü-
çîâàíèåì Fluorotron (TM) Master (Coherent). Êîìïüþòåðíûé 
àëãîðèòì ôëþîðîòðîíà äëÿ èññëåäîâàíèÿ ÃÐÁ èñêëþ÷à-
åò âíåâèòðåàëüíóþ ôëþîðåñöåíöèþ — âíóòðèêëåòî÷íóþ, 
âíóòðèñîñóäèñòóþ, âíåñîñóäèñòóþ â ñåò÷àòêå è ñîñóäèñòîé 
îáîëî÷êå — è ðåãèñòðèðóåò òîëüêî ïðîñà÷èâàþùèéñÿ â ñòå-
êëîâèäíîå òåëî ôëþîðåñöåèí, îòðàæàÿ ýòîò ïðîöåññ íà àêñè-
àëüíîì ãðàôèêå èçìåðåíèÿ âèòðåàëüíîé ôëþîðåñöåíöèè. 

Ïðîâåäåíî èçó÷åíèå óðîâíÿ âèòðåàëüíîé ôëþîðåñöåí-
öèè ïðè ÄÐ â 3 ìì ïåðåä ñåò÷àòêîé ÷åðåç 5 è 30 ìèíóò ïî-

ñëå â/â ââåäåíèÿ ôëþîðåñöåèíà. Ïðè îïðåäåëåíèè âðåìåí-
íûõ ïàðàìåòðîâ èññëåäîâàíèÿ ìû ïðèíÿëè âî âíèìàíèå òîò 
ôàêò, ÷òî â òå÷åíèå ïåðâîãî ÷àñà ïîñëå ââåäåíèÿ êîíòðàñòà 
ôëþîðîìåòðè÷åñêèå ïîêàçàòåëè õàðàêòåðèçóþò ïàññèâíóþ 
ïðîíèöàåìîñòü ÃÐÁ, êîòîðàÿ íàðóøàåòñÿ ïðè ÄÐ â ïåðâóþ 
î÷åðåäü. Âèòðåàëüíàÿ ôëþîðåñöåíöèÿ (ÂÔ), èçìåðÿåìàÿ 
ïðè ïîìîùè ôëþîðîòðîíà, ñîîòâåòñòâóåò îïðåäåëåííîé 
êîíöåíòðàöèè ôëþîðåñöåèíà â ñòåêëîâèäíîì òåëå è âûðà-
æàåòñÿ â íã/ìë. 

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ. Ïî-
ñêîëüêó ãðóïïû ñðàâíåíèÿ ðàçëè÷àþòñÿ ïî âîçðàñòó, 
òî íà ïåðâîì ýòàïå èññëåäîâàíèÿ áûëà ïðîàíàëè-
çèðîâàíà êîððåëÿöèÿ ïîêàçàòåëåé ÂÔ ñ âîçðàñòîì. 
Â êîíòðîëüíîé ãðóïïå êîýôôèöèåíò êîððåëÿöèè 
ìåæäó âîçðàñòîì è óðîâíåì ÂÔ íà 5 ìèíóòå ñîñòà-
âèë r = 0,20 (ð=0,56), à íà 30 ìèíóòå r = 0,05 (ð=0,88). 
Â îñíîâíîé ãðóïïå áîëüíûõ ÑÄ ñ íà÷àëüíûìè êëè-
íè÷åñêèìè ïðèçíàêàìè íåïðîëèôåðàòèâíîé äèà-
áåòè÷åñêîé ðåòèíîïàòèè (ÍÄÐÏ) òàêæå íå îáíà-
ðóæåíî ñòàòèñòè÷åñêè çíà÷èìîé êîððåëÿöèîííîé 
ñâÿçè ìåæäó âîçðàñòîì è óðîâíåì ÂÔ êàê íà 5 ìèíóòå 
r=0,14 (ð=0,62), òàê è íà 30 ìèíóòå r=0,25 (ð=0,37). 

Îòñóòñòâèå çíà÷èìîé êîððåëÿöèîííîé çàâè-
ñèìîñòè ìåæäó óðîâíåì ÂÔ è âîçðàñòîì â îáåèõ 
ãðóïïàõ áîëüíûõ ïîçâîëèëî ïðîâåñòè êàê â ãðóïïå 1 
òàê è â ãðóïïå 2, ñðàâíåíèå óðîâíÿ ÂÔ ó çäîðîâûõ 
ëèö è ïðè íà÷àëüíûõ ïðîÿâëåíèÿõ ÍÄÐÏ áåç ó÷åòà 
âëèÿíèÿ âîçðàñòà. Â òàáëèöå 1 ïðåäñòàâëåíû ñðåäíèå 
çíà÷åíèÿ è óðîâåíü çíà÷èìîñòè ðàçëè÷èé ìåæäó ïî-
êàçàòåëÿìè ÂÔ, õàðàêòåðèçóþùèìè ñîñòîÿíèå ÃÐÁ 
â èññëåäóåìûõ ãðóïïàõ. 

Ñðàâíåíèå ñðåäíèõ çíà÷åíèé óðîâíÿ ÂÔ ó 
áîëüíûõ ñ ÍÄÐÏ è çäîðîâûõ ëèö äåìîíñòðèðóåò 
âûñîêèé óðîâåíü ðàçëè÷èÿ ïî ïîêàçàòåëþ ÂÔ íà 
5-îé (íà 0,39 íã/ìë, ð = 0,001) è íà 30 ìèíóòå (íà 
2,76 íã/ìë, ð = 0,00004) èññëåäîâàíèÿ. Ñòîëü âûñî-
êèé óðîâåíü ðàçëè÷èé äåëàåò âîçìîæíûì èñïîëüçî-
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âàíèå ïîêàçàòåëÿ ÂÔ äëÿ ðàííåé äèàãíîñòèêè íà-
ðóøåíèÿ ÃÐÁ ïðè ÄÐÏ. 

Òàáëèöà 1 

Ïîêàçàòåëè óðîâíÿ âèòðåàëüíîé ôëþîðåñöåíöèè â íîðìå 
 (1 ãðóïïà) è ïðè íà÷àëüíîé ÍÄÐÏ (2 ãðóïïà).

Ïîêàçàòåëè ñîñòîÿíèÿ ÃÐÁ 1 ãðóïïà 2 ãðóïïà p
Óðîâåíü ÂÔ íà 5 
ìèíóòå

0,87±0,29 1,26±0,23 0,00108

Óðîâåíü ÂÔ íà 30 
ìèíóòå 

2,53±0,93 5,29±1,54 0,00004
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Ðèñ. 1. Çíà÷åíèÿ óðîâíÿ ÂÔ íà 5 ìèíóòå â ãðóïïå çäîðîâûõ 
ëèö (1) è â ãðóïïå áîëüíûõ ÑÄ ïðè íà÷àëüíîé ÍÄÐÏ (2). 

Íà ðèñóíêå 1 âèäíî, ÷òî ó áîëüøèíñòâà çäîðî-
âûõ âîëîíòåðîâ (6 ÷åëîâåê) óðîâåíü ÂÔ íà 5-é ìè-
íóòå èññëåäîâàíèÿ íå ïðåâûøàë 0,8 íã/ìë. Ó âñåõ 
áîëüíûõ ÑÄ ñ íà÷àëüíûìè ïðèçíàêàìè ÍÄÐÏ çíà-
÷åíèÿ óðîâíÿ ÂÔ íà 5-é ìèíóòå èññëåäîâàíèÿ áûëè 
âûøå 0,8 íã/ìë. 
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Ðèñ 2. Çíà÷åíèÿ óðîâíÿ ÂÔ íà 30 ìèíóòå â ãðóïïå çäîðîâûõ 
ëèö (1) è â ãðóïïå áîëüíûõ ÑÄ ïðè íà÷àëüíîé ÍÄÐÏ (2). 

Íà ðèñóíêå 2 âèäíî, ÷òî íà 30 ìèíóòå èññëå-
äîâàíèÿ çíà÷åíèÿ óðîâíÿ ÂÔ ó áîëüøèíñòâà çäî-
ðîâûõ ëèö (9 ÷åëîâåê) íå ïðåâûøàþò 3,4 íã/ìë, à 
ó áîëüøèíñòâà áîëüíûõ ÑÄ ñ íà÷àëüíûìè ïðèçíà-
êàìè ÍÄÐÏ (14 ïàöèåíòîâ) çíà÷åíèå óðîâíÿ ÂÔ íà 
30-é ìèíóòå ïðåâûøàåò 3,4 íã/ìë. 

Íà îñíîâàíèè ïîëó÷åííûõ äàííûõ áûëè ïî-
ñòðîåíû õàðàêòåðèñòè÷åñêèå êðèâûå (ðèñ.3) çíà-
÷åíèé óðîâíÿ ÂÔ íà 5 è 30 ìèíóòàõ èññëåäîâàíèÿ 
â ãðóïïå áîëüíûõ ÍÄÐÏ, ïîçâîëÿþùèå èñïîëüçî-
âàòü èõ â êà÷åñòâå äèàãíîñòè÷åñêîãî òåñòà ñîñòîÿ-
íèÿ ÃÐÁ. Çíà÷åíèå ïëîùàäè ïîä õàðàêòåðèñòè÷å-
ñêîé êðèâîé ñîñòàâëÿåò íà 5 ìèíóòå — ROC = 0,86 
(p = 0,0001), íà 30 ìèíóòå — ROC = 0,96 (p = 0,0001) 
è îòðàæàåò âûñîêóþ ÷óâñòâèòåëüíîñòü è ñïåöèôè÷-
íîñòü äèàãíîñòè÷åñêîãî òåñòà. 

 

Ðèñ. 3. Õàðàêòåðèñòè÷åñêèå êðèâûå äëÿ äèàãíîñòèêè ÍÄÐÏ 
ïî äàííûì ÂÔ íà 5-é è íà 30-é ìèíóòàõ. 

Ïðè çíà÷åíèè óðîâíÿ ÂÔ íà 5-é ìèíóòå âûøå 0,8 
íã/ìë âåðîÿòíîñòü íàëè÷èÿ íà÷àëüíûõ ïðîÿâëåíèé 
ÍÄÐÏ ñîñòàâëÿåò 100 % (÷óâñòâèòåëüíîñòü òåñòà), ïðè 
çíà÷åíèè ìåíüøå èëè ðàâíîì 0,8 íã/ìë âåðîÿòíîñòü 
îòñóòñòâèÿ ÍÄÐÏ ñîñòàâëÿåò 60% (ñïåöèôè÷íîñòü 
òåñòà). Ïðè çíà÷åíèè ïîêàçàòåëÿ ÂÔ íà 30-é ìèíóòå 
âûøå 3,4 íã/ìë âåðîÿòíîñòü íàëè÷èÿ íà÷àëüíûõ ïðî-
ÿâëåíèé ÍÄÐÏ ñîñòàâëÿåò 86,7 % (÷óâñòâèòåëüíîñòü 
òåñòà), ñî ñïåöèôè÷íîñòüþ 90,0 %. 

Ïîñêîëüêó â äèàãíîñòèêå ñîñòîÿíèÿ ãåìàòîðåòè-
íàëüíîãî áàðüåðà èìååò çíà÷åíèå ñòåïåíü íàðàñòàíèÿ 
ïðîíèöàåìîñòè, ò.å. õàðàêòåð èçìåíåíèÿ ÂÔ íà 5-é è 
30-é ìèíóòàõ, íåîáõîäèìî îöåíèâàòü ýòè ïîêàçàòåëè 
êîìïëåêñíî, ñ ó÷åòîì èçìåíåíèÿ êàæäîãî èç íèõ. 

Íà îñíîâå îáîèõ ïîêàçàòåëåé ÂÔ áûëà ðàçðà-
áîòàíà ìàòåìàòè÷åñêàÿ ìîäåëü äèôôåðåíöèàëüíîé 
äèàãíîñòèêè äâóõ ñîñòîÿíèé ÃÐÁ: èìåþòñÿ (F2) 
èëè îòñóòñòâóþò (F1) íà÷àëüíûå èçìåíåíèÿ ïðî-
íèöàåìîñòè ÃÐÁ. Äëÿ ýòîãî áûë èñïîëüçîâàí ìà-
òåìàòè÷åñêèé ìåòîä äèñêðèìèíàíòíîãî àíàëèçà. 
Â ðåçóëüòàòå ïðîâåäåííîãî àíàëèçà áûëè ïîëó÷åíû 
êîýôôèöèåíòû äëÿ ðàñ÷åòà äèñêðèìèíèðóþùèõ 
ôóíêöèé Ôèøåðà, ñ ïîìîùüþ êîòîðûõ äëÿ êàæäîãî 
ïàöèåíòà ðàññ÷èòûâàþòñÿ F1 (îòñóòñòâèå) è F2 (íà-
ëè÷èå) íà÷àëüíîé íåïðîëèôåðàòèâíîé ÄÐÏ. 
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F1=-6,78265+14,05448*ÂÔ5-0,19553*ÂÔ30 
 (ÍÄÐÏ îòñóòñòâóåò) 
F2=-13,5001+15,7357*ÂÔ5+1,1682*ÂÔ30 
 (íà÷àëüíûå ïðèçíàêè ÍÄÐÏ) 
ÂÔ5 è ÂÔ30 — çíà÷åíèÿ âèòðåàëüíîé ôëþî-

ðåñöåíöèè íà 5-é è 30-é ìèíóòàõ ñîîòâåòñòâåííî. 
Äèàãíîñòè÷åñêîå ðåøåíèå ïðèíèìàåòñÿ â 

ïîëüçó òîãî ñîñòîÿíèÿ, äëÿ êîòîðîãî çíà÷åíèå F 
âûøå. Ò.å., åñëè èìååòñÿ áîëüíîé ÑÄ, ó êîòîðîãî 
íåò îôòàëüìîñêîïè÷åñêèõ ïðèçíàêîâ äèàáåòè÷å-
ñêîé ðåòèíîïàòèè, à ïðè èññëåäîâàíèè âèòðåàëü-
íîé ôëþîðîìåòðèè âûÿâëÿþòñÿ èçìåíåíèÿ ãåìàòî-
ðåòèíàëüíîãî áàðüåðà, ñîîòâåòñòâóþùèå íà÷àëüíîé 
ñòàäèè íåïðîëèôåðàòèâíîé ÄÐÏ, òî, ïðîâåäÿ âû-
øåóêàçàííûå ðàñ÷åòû, ìîæíî óñòàíîâèòü íàëè÷èå 
íà÷àëüíîé íåïðîëèôåðàòèâíîé ÄÐÏ. Òàêèì îá-
ðàçîì, äàííàÿ ìåòîäèêà ïîçâîëÿåò óñòàíîâèòü íà-
ëè÷èå íåïðîëèôåðàòèâíîé ÄÐÏ íà ðàííèõ ñòàäèÿõ 
ïàòîëîãè÷åñêîãî ïðîöåññà, äî ïîÿâëåíèÿ ìèêðî-
àíåâðèçì, êðîâîèçëèÿíèé, «ìÿãêèõ» è «òâåðäûõ» 
ýêññóäàòîâ íà ãëàçíîì äíå. 

Ïðèìåð 1. Ó ïàöèåíòà íà 5-é ìèíóòå çíà÷åíèå 
ÂÔ = 0,8 íã/ìë, íà 30-é ìèíóòå — 2,4 íã/ìë, òîãäà: 

F1=-6,78265+14,05448*0,8-0,19553*2,4=4,0 
F2=-13,5001+15,7357*0,8+1,1682*2,4=1,9 
Ïîñêîëüêó F1>F2, òî ïðèíèìàåòñÿ ðåøåíèå îá 

îòñóòñòâèè ó ýòîãî ïàöèåíòà íà÷àëüíûõ ïðèçíàêîâ 
ÍÄÐÏ. 

Ïðèìåð 2. Ó ïàöèåíòà íà 5 ìèíóòå çíà÷åíèå ÂÔ 
ñîñòàâèëî 1,4 íã/ìë è íà 30 ìèíóòå 5,4 íã/ìë. 

F1=-6,78265+14,05448*1,40-0,19553*5,40=11,8 
F2=-13,5001+15,7357*1,40+1,1682*5,40=14,8 
Â äàííîì ïðèìåðå F2>F1, ïîýòîìó ïðèíèìàåò-

ñÿ ðåøåíèå î íàëè÷èè ó ïàöèåíòà íà÷àëüíûõ ïðè-
çíàêîâ ÍÄÐÏ. 

Òàêèì îáðàçîì, ïðîâåäåííîå èññëåäîâàíèå 
ñîñòîÿíèÿ ãåìàòîðåòèíàëüíîãî áàðüåðà ïî óðîâíþ 
âèòðåàëüíîé ôëþîðîìåòðèè ó áîëüíûõ ñàõàðíûì 
äèàáåòîì ñ íà÷àëüíîé íåïðîëèôåðàòèâíîé äèàáå-
òè÷åñêîé ðåòèíîïàòèåé â ñðàâíåíèè ñî çäîðîâûìè 
âîëîíòåðàìè ïîçâîëèëî ðàçðàáîòàòü äèàãíîñòè÷å-
ñêèé òåñò âûÿâëåíèÿ íà÷àëüíîé ñòàäèè ÍÄÐÏ ïðè 

îòñóòñòâèè îôòàëüìîñêîïè÷åñêèõ ïðèçíàêîâ çàáî-
ëåâàíèÿ ÄÐ. 

ÂÛÂÎÄÛ 

Óñòàíîâëåíî, ÷òî óðîâåíü âèòðåàëüíîé ôëþî-
ðåñöåíöèè ó áîëüíûõ ñ íà÷àëüíîé íåïðîëèôåðà-
òèâíîé ÄÐÏ íà 5-é è 30-é ìèíóòàõ èññëåäîâàíèÿ 
ñòàòèñòè÷åñêè äîñòîâåðíî âûøå íà 0,39 íã/ìë (ð = 
0,001) è íà 2,76 íã/ìë (ð = 0,00004) ñîîòâåòñòâåííî, 
÷åì ó çäîðîâûõ âîëîíòåðîâ. 

Ðàçðàáîòàí äèàãíîñòè÷åñêèé òåñò âûÿâëåíèÿ 
íà÷àëüíîé íåïðîëèôåðàòèâíîé ñòàäèè äèàáåòè÷å-
ñêîé ðåòèíîïàòèè ïî óðîâíþ âèòðåàëüíîé ôëþîðåñ-
öåíöèè íà 5-é ìèíóòå èññëåäîâàíèÿ áîëåå 0,8 íã/ìë 
(÷óâñòâèòåëüíîñòü òåñòà — 100 %, ñïåöèôè÷íîñòü — 
60 %), à íà 30-é ìèíóòå áîëåå 3,4 íã/ìë (÷óâñòâèòåëü-
íîñòü òåñòà — 86,7 %, ñïåöèôè÷íîñòü — 90 %). 

Ðàçðàáîòàíà ìàòåìàòè÷åñêàÿ ìîäåëü è êðèòå-
ðèé ðàííåé äèôôåðåíöèàëüíîé äèàãíîñòèêè íàëè-
÷èÿ èëè îòñóòñòâèÿ íà÷àëüíîé íåïðîëèôåðàòèâíîé 
ÄÐÏ ïî óðîâíþ âèòðåàëüíîé ôëþîðåñöåíöèè, îò-
ðàæàþùåé ñîñòîÿíèå ãåìàòîðåòèíàëüíîãî áàðüåðà 
ó áîëüíûõ ñàõàðíûì äèàáåòîì. 
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SIGNIFICANCE OF VITREOUS FLYUOREMETRI FOR EARLY DIAGNOSTIC OF NONPROLIFERA-
TIVE DIABETIC RETINOPATHY 

V. O. Naumenko 

Purpose. Improve early diagnostic of diabetic retinopathy (DRP) by studying the state of blood-retinal barrier 
with vitreous fluorometry. 

Materials and methods. To explore the possibility of vitreous fluorometry in the early diagnostic of initial stage 
of nonproliferative DRP studied volunteers with no signs of eye diseases and diabetes mellitus patients with early 
nonproliferative DRP. 

Results. Level vitreous fluorescence at the 5th and 30th minute significantly higher in patients with early nonpro-
liferative DRP than in healthy volunteers. Raising of vitreous fluorescence at 5th minute more than 0.8 ng/ml, and 
30th minute of a 3.4 ng/ml indicates the presence in patients with diabetes early nonproliferative stage of diabetic 
retinopathy. 

Conclusion. There was developed the mathematical model for the differential diagnosis of the presence or ab-
sence of nonproliferative DRP according to state of blood-retinal barrier. 


