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The efficiency of the intravitreous gas injection (pneumatic retinopexy — PR) as a method of idiopathic macu-
lar hole (IMH) treatment of 41 patients (44 eyes) with a single intravitreous injection of perfluoropropane (C
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) 

was evaluated. IMH was at the 2nd stage in 28 eyes and at the 3rd and 4th stages in 16 eyes. We have used longer period 
of face down position (the minimum period of such position is 4 weeks) and the volume of the injected gas in its ex-
panded state was up to 50 % of the vitreous cavity. The overall rate of the macular hole closure after 4–6 weeks after 
gas injection was 56.8 % in cases with the 2nd -4th stage of the macular hole. IMH was closed in 82.2 % of cases of the 
2nd stage of the macular hole and only in 12.5 % of the 3rd-4th stages of IMH. The attachment of the macular hole 
edges was achieved in 31.2 % of cases. The improvement of visual acuity (VA) was achieved in all cases. VA > 3/10 
after surgery was in 64 % eyes with the 2nd stage of IMH and 19 % in eyes with the 3rd-4th stages. 
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Ââåäåíèå. Íîðìàëüíîå ôóíêöèîíèðîâàíèå ñåò-
÷àòêè â çíà÷èòåëüíîé ñòåïåíè îáåñïå÷èâàåòñÿ ïîëíî-
öåííîñòüþ ãåìàòîðåòèíàëüíîãî áàðüåðà (ÃÐÁ), êîòî-
ðûé ñîñòîèò èç ÷åòêî îïðåäåëåííûõ êëåòî÷íûõ ñëîåâ: 
ïèãìåíòíûé ýïèòåëèé ñåò÷àòêè — íàðóæíûé áàðüåð, 

îáåñïå÷èâàþùèé àêòèâíûé òðàíñïîðò è ýíäîòåëèé 
ñîñóäîâ ñåò÷àòêè — âíóòðåííèé áàðüåð, ÷åðåç êîòî-
ðûé ïðîèñõîäèò ïàññèâíûé òðàíñïîðò [1–4]. 
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Ïàòîôèçèîëîãè÷åñêèå íàðóøåíèÿ ïðè ñà-
õàðíîì äèàáåòå ÿâëÿþòñÿ ïðè÷èíîé ñòðóêòóðíûõ 
èçìåíåíèé è ýíäîòåëèÿ ñîñóäîâ, è ïåðèöèòîâ, è 
ãëàäêîìûøå÷íûõ êëåòîê ñòåíêè ñîñóäîâ ñåò÷àò-
êè, êîòîðûå îáåñïå÷èâàþò íîðìàëüíîå ôóíêöèî-
íèðîâàíèå âíóòðåííåãî ÃÐÁ. Ìåòàáîëè÷åñêèå 
íàðóøåíèÿ ïðèâîäÿò ê ðàçâèòèþ îðãàíè÷åñêèõ 
èçìåíåíèé ÃÐÁ — ôîðìèðîâàíèþ ìèêðîàíåâ-
ðèçì [5–9]. 

Íàðóøåíèå ÃÐÁ ïðè äèàáåòè÷åñêîé ðåòèíî-
ïàòèè (ÄÐÏ) õàðàêòåðèçóåòñÿ ïðîòåêàíèåì ÷åðåç 
ñîñóäèñòóþ ñòåíêó, îáúåì êîòîðîãî ìîæíî èç-
ìåðèòü ñ ïîìîùüþ âèòðåàëüíîé ôëþîðîìåòðèè 
[10,11]. 

Öåëü: Èçó÷èòü âîçìîæíîñòè âèòðåàëüíîé ôëþ-
îðîìåòðèè â îïðåäåëåíèè ôóíêöèîíàëüíûõ è îðãà-
íè÷åñêèõ èçìåíåíèé ÃÐÁ ó áîëüíûõ äèàáåòè÷åñêîé 
ðåòèíîïàòèåé. 

ÌÀÒÅÐÈÀË È ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈß. 
Ñîñòîÿíèå ÃÐÁ èçó÷åíî ó 108 ïàöèåíòîâ (120 ãëàç), ñòðà-
äàþùèõ êîìïåíñèðîâàííûì ñàõàðíûì äèàáåòîì ²² òèïà â 
ñòàäèè êîìïåíñàöèè, êîòîðûå ðàçäåëåíû íà ïÿòü ãðóïï â çà-
âèñèìîñòè îò ñòàäèè è ñòåïåíè òÿæåñòè ÄÐÏ. 

Ïåðâàÿ ãðóïïà — 15 ïàöèåíòîâ ñ íåïðîëèôåðàòèâíîé 
ñòàäèåé ÄÐÏ ëåãêîé ñòåïåíè — 4 ìóæ÷èíû (26,7 %) è 11 
æåíùèí (73,3 %). Ñðåäíèé âîçðàñò ïàöèåíòîâ (63,9±7,7) 
ãîäà (îò 45 äî 77 ëåò). Äëèòåëüíîñòü ÑÄ îò 2 äî 15 ëåò 
(5,8±3,8) ãîäà. 

Âòîðàÿ ãðóïïà — 24 ïàöèåíòà ñ íåïðîëèôåðàòèâíîé 
ñòàäèåé ÄÐÏ (ýêññóäàòèâíî-ãåìîððàãè÷åñêàÿ ôîðìà, ñðåä-
íåé ñòåïåíè) — 8 ìóæ÷èí (33,3 %) è 16 æåíùèí (66,7 %). 
Ñðåäíèé âîçðàñò ïàöèåíòîâ (64,1±7,0) ëåò. Äëèòåëüíîñòü 
ÑÄ îò 2 äî 10 ëåò (5,7±2,3) ãîäà. 

Òðåòüÿ ãðóïïà — 35 ïàöèåíòîâ ñ íåïðîëèôåðàòèâíîé 
ñòàäèåé ÄÐÏ (ýêññóäàòèâíî-ãåìîððàãè÷åñêàÿ ôîðìà òÿæå-
ëîé ñòåïåíè) — 16 ìóæ÷èí (45,7 %) è 19 æåíùèí (54,3 %). 
Ñðåäíèé âîçðàñò ïàöèåíòîâ (64,3±7,8) ãîäà (îò 52 äî 85ëåò). 
Äëèòåëüíîñòü ÑÄ îò 2 äî 15 ëåò (8,1±3,9) ãîäà. 

×åòâåðòàÿ ãðóïïà — 26 ïàöèåíòîâ ñ ïðåïðîëèôåðà-
òèâíîé ñòàäèåé ÄÐÏ (ýêññóäàòèâíî-ãåìîððàãè÷åñêàÿ ôîð-
ìà) — 7 ìóæ÷èí 26,9 % è 19 æåíùèí (73 %). Ñðåäíèé âîç-
ðàñò ïàöèåíòîâ (63±7) ëåò (îò 48 äî 76 ëåò). Äëèòåëüíîñòü 
ÑÄ îò 4 äî 14 ëåò (8,6±3,4) ãîäà. 

Ïÿòàÿ ãðóïïà — 20 ïàöèåíòîâ ñ ïðîëèôåðàòèâíîé ñòà-
äèåé ÄÐÏ (íåîâàñêóëÿðíàÿ ôîðìà, ²-²² ñòåïåíè òÿæåñòè) — 
8 ìóæ÷èí (40 %) è 12 æåíùèí (60 %). Ñðåäíèé âîçðàñò ïà-
öèåíòîâ (60,3±5,1) ãîäà (îò 54 äî 76 ëåò). Äëèòåëüíîñòü ÑÄ 
îò 6 äî 15 ëåò (10,2±3,3) ãîäà. 

Êðîìå ýòîãî âèòðåàëüíàÿ ôëþîðîìåòðèÿ âûïîëíåíà ó 
10 çäîðîâûõ äîáðîâîëüöåâ, ñîñòàâèâøèõ êîíòðîëüíóþ ãðóï-
ïó — 7 ìóæ÷èí (70 %) è 3 æåíùèíû (30 %). Ñðåäíèé âîçðàñò 
â ãðóïïå (51,6±4,1) ãîäà (îò 46 äî 58 ëåò). 

Ñòàäèÿ ðåòèíîïàòèè îïåäåëÿëàñü â ñîîòâåòñòâèè ñ 
êëàññèôèêàöèåé ÄÐÏ, óòâåðæäåííîé ðåøåíèåì Õ²² ñúåçäà 
îôòàëüìîëîãîâ Óêðàèíû. 

Ôëþîðîìåòðè÷åñêèå èññëåäîâàíèÿ ïðîâåäåíû ñ èñ-
ïîëüçîâàíèåì ïðèáîðà Fluorotron(TM) Master (Coherent). 
Óðîâåíü âèòðåàëüíîé ôëþîðåñöåíöèè (ÂÔ) îïðåäåëÿëñÿ â 3 
ìì îò ñåò÷àòêè ÷åðåç 5 è 30 ìèíóò ïîñëå â/â ââåäåíèÿ ôëþî-
ðåñöåèíà (14 ìã/êã ìàññû òåëà). 

Ñòàòèñòè÷åñêàÿ îáðàáîòêà ïîëó÷åííûõ äàííûõ âûïîë-
íÿëàñü ñ èñïîëüçîâàíèåì Statistiña 7.0. 

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ. Ïðîâå-
äÿ èññëåäîâàíèå, ìû îáíàðóæèëè, ÷òî óðîâåíü ÂÔ 
ó áîëüíûõ ñ ÄÐÏ, íåçàâèñèìî îò ñòàäèè çàáîëåâà-
íèÿ, äîñòîâåðíî îòëè÷àåòñÿ îò çíà÷åíèé âèòðåàëü-
íîé ôëþîðîìåòðèè ó çäîðîâûõ âîëîíòåðîâ íà 5-é 
ìèíóòå èññëåäîâàíèÿ. Òàê, âûñîêèé óðîâåíü ñòàòè-
ñòè÷åñêèõ îòëè÷èé ïîêàçàòåëåé âèòðåàëüíîé ôëþ-
îðîìåòðèè íàáëþäàåòñÿ óæå ïðè ñðàâíåíèè ãðóïïû 
çäîðîâûõ ëèö è ïàöèåíòîâ ñ íåïðîëèôåðàòèâíîé 
ñòàäèåé ÄÐÏ ëåãêîé ñòåïåíè (0,87±0,29 è 1,26±0,23 
íã/ìë ñîîòâåòñòâåííî, ð=0,00001). 

Ïðè àíàëèçå çíà÷åíèé âèòðåàëüíîé ôëþî-
ðîìåòðèè íà 5-é ìèíóòå â ãðóïïàõ ïàöèåíòîâ ñ 
ÄÐÏ âûÿâëåíà òåíäåíöèÿ ê óâåëè÷åíèþ óðîâíÿ 
ÂÔ îò (1,26±0,23) íã/ìë ó ïàöèåíòîâ ñ íåïðî-
ëèôåðàòèâíîé ñòàäèåé ÄÐÏ ëåãêîé ñòåïåíè äî 
(1,93±0,32) íã/ìë ó áîëüíûõ ñ ïðîëèôåðàòèâíîé 
ñòàäèåé ÄÐÏ. Òàê, çíà÷åíèå ÂÔ â ãðóïïå áîëü-
íûõ ñ íåïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ ñðåäíåé 
ñòåïåíè ïðåâûøàåò óðîâåíü ÂÔ ó ïàöèåíòîâ ñ 
íåïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ ëåãêîé ñòåïå-
íè — (1,30±0,21) íã/ìë è (1,26±0,23) íã/ìë ñî-
îòâåòñòâåííî (ð=0,61). Åùå âûøå óðîâåíü ÂÔ ó 
ïàöèåíòîâ ñ íåïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ òÿ-
æåëîé ñòåïåíè — (1,46±0,17) íã/ìë ïî ñðàâíåíèþ ñ 
(1,30±0,21) íã/ìë ó áîëüíûõ ñ íåïðîëèôåðàòèâíîé 
ñòàäèåé ÄÐÏ ñðåäíåé ñòåïåíè (ð=0,05). Íàèáîëåå 
âûñîêèé óðîâåíü ÂÔ â ãðóïïå áîëüíûõ ñ ïðåïðî-
ëèôåðàòèâíîé ñòàäèåé ÄÐÏ — (1,57±0,30) íã/ìë, 
ïî ñðàâíåíèþ ñ (1,46±0,17) íã/ìë ó ïàöèåíòîâ ñ 
íåïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ òÿæåëîé ñòåïå-
íè (ð=0,2) (òàáë. 1). 

Òàáëèöà 1 

Çíà÷åíèÿ óðîâíÿ âèòðåàëüíîé ôëþîðåñöåíöèè íà 5-é ìèíóòå ó áîëüíûõ ñàõàðíûì äèàáåòîì â çàâèñèìîñòè îò ñòàäèè äèà-
áåòè÷åñêîé ðåòèíîïàòèè è â êîíòðîëüíîé ãðóïïå 

Ãðóïïû íàáëþäåíèÿ
Êîëè÷åñòâî 

ñëó÷àåâ
Âèòðåàëüíàÿ ôëþîðåñöåíöèÿ (íã/ìë)

ð 
M±SD Min Max

ê Êîíòðîëüíàÿ ãðóïïà 10 0,87±0,29 0,50 1,40
1 Íåïðîëèôåðàòèâíàÿ ñòàäèÿ ÄÐÏ ëåãêîé ñòåïåíè 15 1,26±0,23 0,90 1,70 ð

ê-1
=0,00001 

2 Íåïðîëèôåðàòèâíàÿ ñòàäèÿ ÄÐÏ ñðåäíåé ñòåïåíè 24 1,30±0,21 0,80 1,67 ð
1–2

=0,61 

3 Íåïðîëèôåðàòèâíàÿ ñòàäèÿ ÄÐÏ òÿæåëîé ñòåïåíè 35 1,46±0,17 1,14 1,9 ð
2–3

=0,05 

4 Ïðåïðîëèôåðàòèâíàÿ ñòàäèÿ ÄÐÏ 26 1,57±0,30 0,90 2,20 ð
3–4

=0,2 

5 Ïðîëèôåðàòèâíàÿ ñòàäèÿ ÄÐÏ 20 1,93±0,32 1,43 2,40 ð
4–5

=0,00002
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Êàê âèäíî èç ïðåäñòàâëåííûõ â òàáëèöå 1 äàí-
íûõ, îòëè÷èÿ çíà÷åíèé âèòðåàëüíîé ôëþîðîìå-
òðèè íà 5-é ìèíóòå ìåæäó ãðóïïàìè ïàöèåíòîâ ñ 
íåïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ ëåãêîé, ñðåäíåé 
è òÿæåëîé ñòåïåíåé ãðóïïîé áîëüíûõ ñ ïðåïðîëè-
ôåðàòèâíîé ñòàäèåé ÄÐÏ íå äîñòîâåðíû. Äîñòî-
âåðíûå îòëè÷èÿ êàñàþòñÿ ïîêàçàòåëåé âèòðåàëüíîé 
ôëþîðîìåòðèè íà 5-é ìèíóòå òîëüêî ïðè ñðàâíå-
íèè ïàöèåíòîâ ñ ïðåïðîëèôåðàòèâíîé è íà÷àëüíîé 
ïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ (1,57±0,30) íã/ìë è 
(1,93±0,32) íã/ìë, (ð=0,00002). 

Îäíàêî, êàê âèäíî íà ðèñóíêå 1, íåñìîòðÿ 
íà îòñóòñòâèå ñòàòèñòè÷åñêè çíà÷èìûõ ðàçëè÷èé 
ìåæäó ãðóïïàìè ïàöèåíòîâ ñ íåïðîëèôåðàòèâíîé 
ñòàäèè ÄÐÏ ëåãêîé, ñðåäíåé è òÿæåëîé ñòåïåíåé 
è ãðóïïîé áîëüíûõ ïðåïðîëèôåðàòèâíîé ñòàäèåé 
ÄÐÏ, èìååòñÿ îïðåäåëåííàÿ òåíäåíöèÿ ê óâåëè÷å-
íèþ óðîâíÿ ÂÔ ïî ìåðå íàðàñòàíèÿ ñòåïåíè òÿæå-
ñòè ÄÐÏ. 

Àíàëèç äàííûõ âèòðåàëüíîé ôëþîðîìåòðèè íà 
30-é ìèíóòå ïîêàçàë, ÷òî óðîâåíü ÂÔ ó áîëüíûõ ñ 
ÄÐÏ äîñòîâåðíî îòëè÷àåòñÿ îò çíà÷åíèé âèòðåàëü-
íîé ôëþîðîìåòðèè ó çäîðîâûõ âîëîíòåðîâ. Âûñî-
êèé óðîâåíü ñòàòèñòè÷åñêèõ îòëè÷èé ïîêàçàòåëåé 
âèòðåàëüíîé ôëþîðîìåòðèè íàáëþäàåòñÿ óæå ïðè 
ñðàâíåíèè ãðóïïû çäîðîâûõ ëèö è ïàöèåíòîâ ñ íå-
ïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ ëåãêîé ñòåïåíè 
(2,53±0,93) íã/ìë è (5,29±1,54) ñîîòâåòñòâåííî, 
(ð=0,00001). 

Ïðè àíàëèçå äàííûõ, ïîëó÷åííûõ â ãðóïïàõ 
ïàöèåíòîâ ñ ÄÐÏ, âûÿâëåíî ïîâûøåíèå óðîâíÿ ÂÔ 
íà 30-é ìèíóòå îò (5,29±1,54) íã/ìë ó ïàöèåíòîâ ñ 
íåïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ ëåãêîé ñòåïåíè 
äî (9,56±0,85) íã/ìë ó áîëüíûõ ñ ïðîëèôåðàòèâ-

íîé ñòàäèåé ÄÐÏ. Òàê, çíà÷åíèå ÂÔ â ãðóïïå áîëü-
íûõ ñ íåïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ ñðåäíåé 
ñòåïåíè ïðåâûøàåò óðîâåíü ÂÔ ó ïàöèåíòîâ ñ íå-
ïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ ëåãêîé ñòåïåíè — 
(7,01±0,99) íã/ìë è (5,29±1,54) íã/ìë ñîîòâåòñòâåí-
íî (ð=0,0001). Åùå âûøå óðîâåíü ÂÔ ó ïàöèåíòîâ 
ñ íåïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ òÿæåëîé ñòåïå-
íè — (8,83±1,19) íã/ìë ïî ñðàâíåíèþ ñ (7,01±0,99) 
íã/ìë ó áîëüíûõ ñ íåïðîëèôåðàòèâíîé ñòàäèåé 
ÄÐÏ ñðåäíåé ñòåïåíè (ð=0,00001). Íàèáîëåå âûñî-
êèé óðîâåíü ÂÔ îòìå÷åí â ãðóïïå áîëüíûõ ñ ïðå-
ïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ — (10,34±1,19) íã/
ìë, ïî ñðàâíåíèþ ñ (8,83±1,19) íã/ìë íã/ìë ó ïàöè-
åíòîâ ñ íåïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ òÿæåëîé 
ñòåïåíè (ð=0,017) (òàáë.2). 

Ðèñ. 1. Óðîâåíü âèòðåàëüíîé ôëþîðåñöåíöèè íà 5-é ìèíó-
òå â ãðóïïàõ íàáëþäåíèÿ â çàâèñèìîñòè îò ñòàäèè ÄÐÏ è â 

êîíòðîëüíîé ãðóïïå 
Òàáëèöà 2 

Çíà÷åíèÿ óðîâíÿ âèòðåàëüíîé ôëþîðåñöåíöèè íà 30-é ìèíóòå ó áîëüíûõ ñàõàðíûì äèàáåòîì â çàâèñèìîñòè îò ñòàäèè ÄÐÏ 
è â êîíòðîëüíîé ãðóïïå

Ãðóïïû íàáëþäåíèÿ
Êîëè÷åñòâî 

ñëó÷àåâ
Âèòðåàëüíàÿ ôëþîðåñöåíöèÿ (íã/ìë)

ð 
M±SD Min Max

ê Êîíòðîëüíàÿ ãðóïïà 10 2,53±0,93 1,50 4,40
1 Íåïðîëèôåðàòèâíàÿ ñòàäèÿ ÄÐÏ ëåãêîé ñòåïåíè 15 5,29±1,54 3,10 9,40 ð

ê-1
=0,00001 

2 Íåïðîëèôåðàòèâíàÿ ñòàäèÿ ÄÐÏ ñðåäíåé ñòåïåíè 24 7,01±0,99 4,20 9,60 ð
1–2

=0,0001 
3 Íåïðîëèôåðàòèâíàÿ ñòàäèÿ ÄÐÏ òÿæåëîé ñòåïåíè 35 8,83±1,19 6,41 10,9 ð

2–3
=0,00001 

4 Ïðåïðîëèôåðàòèâíàÿ ñòàäèÿ ÄÐÏ 26 10,34±1,19 6,80 13,67 ð
3–4

=0,017 
5 Ïðîëèôåðàòèâíàÿ ñòàäèÿ ÄÐÏ 20 9,56±0,85 8,01 12,2 ð

4–5
=0,07

Êàê âèäíî èç ïðåäñòàâëåííûõ â òàáëèöå 2 
äàííûõ, ãðóïïû ïàöèåíòîâ ñ íåïðîëèôåðàòèâíîé 
ñòàäèåé ÄÐÏ ëåãêîé, ñðåäíåé è òÿæåëîé ñòåïåíè 
è ãðóïïà áîëüíûõ ñ ïðåïðîëèôåðàòèâíîé ñòàäè-
åé ÄÐÏ ïî çíà÷åíèþ ÂÔ íà 30-é ìèíóòå ðàçëè-
÷àþòñÿ ñòàòèñòè÷åñêè çíà÷èìî. À ãðóïïû áîëü-
íûõ ñ ïðåïðîëèôåðàòèâíîé è ïðîëèôåðàòèâíîé 
ñòàäèÿìè ÄÐÏ ïî ïîêàçàòåëþ ÂÔ íà 30-é ìè-
íóòå èññëåäîâàíèÿ îòëè÷àþòñÿ íå äîñòîâåðíî — 
(10,34±1,19) íã/ìë è (9,56±0,85) ñîîòâåòñòâåííî 
(ð=0,07) . 

Íà ðèñóíêå 2 ïðîäåìîíñòðèðîâàíî ïðîãðåñ-
ñèâíîå óâåëè÷åíèå óðîâíÿ ÂÔ ïî ìåðå íàðàñòàíèÿ 
ñòåïåíè òÿæåñòè ÄÐÏ â ãðóïïàõ ïàöèåíòîâ ñ íå-
ïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ ëåãêîé, ñðåäíåé è 
òÿæåëîé ñòåïåíè è ãðóïïå áîëüíûõ ñ ïðåïðîëèôå-
ðàòèâíîé ñòàäèåé ÄÐÏ. Îáðàùàåò âíèìàíèå ñíèæå-
íèå óðîâíÿ ÂÔ íà 30-é ìèíóòå â ãðóïïå áîëüíûõ ñ 
ïðîëèôåðàòèâíîé ñòàäèåé ïî ñðàâíåíèþ ñ ãðóïïîé 
ïàöèåíòîâ ñ ïðåïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ. 

Òàêèì îáðàçîì, ïîêàçàòåëè âèòðåàëüíîé ôëþ-
îðîìåòðèè íà 5-é ìèíóòå ó ïàöèåíòîâ ñ íåïðîëèôå-
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ðàòèâíîé ñòàäèåé ÄÐÏ ëåãêîé, ñðåäíåé è òÿæåëîé 
ñòåïåíè, à òàêæå ó áîëüíûõ ñ ïðåïðîëèôåðàòèâíîé 
ñòàäèåé ÄÐÏ îòëè÷àþòñÿ íå äîñòîâåðíî. À ïî çíà-
÷åíèþ ÂÔ íà 30-é ìèíóòå ýòè ãðóïïû ïàöèåíòîâ 
îòëè÷àþòñÿ ñòàòèñòè÷åñêè çíà÷èìî. 

Ðèñ. 2. Óðîâåíü âèòðåàëüíîé ôëþîðåñöåíöèè íà 30-é ìèíó-
òå â ãðóïïàõ íàáëþäåíèÿ â çàâèñèìîñòè îò ñòàäèè ÄÐÏ è â 

êîíòðîëüíîé ãðóïïå 

Â òî æå âðåìÿ, îòëè÷èÿ çíà÷åíèé ÂÔ íà 5-é 
ìèíóòå ìåæäó ãðóïïàìè ïàöèåíòîâ ñ ïðåïðîëèôå-
ðàòèâíîé è ïðîëèôåðàòèâíîé ñòàäèÿìè ÄÐÏ ñòà-
òèñòè÷åñêè çíà÷èìû, à îòëè÷èÿ ïîêàçàòåëåé âèòðå-
àëüíîé ôëþîðîìåòðèè íà 30-é ìèíóòå ìåæäó ýòèìè 
ãðóïïàìè íàáëþäåíèÿ íå äîñòîâåðíû. Âûÿâëåííàÿ 
çàêîíîìåðíîñòü ÿâèëàñü îñíîâàíèåì äëÿ ïðîâåäå-
íèÿ àíàëèçà êîððåëÿöèîííîé ñâÿçè ïîêàçàòåëåé 
ÂÔ íà 5-é è 30-é ìèíóòàõ èññëåäîâàíèÿ. 

Ïðè íîðìàëüíîì ñîñòîÿíèè ÃÐÁ ôëþîðåñöå-
èí íå ïðîíèêàåò ÷åðåç ïëîòíûå êîíòàêòû ìåæäó 
ýíäîòåëèàëüíûìè êëåòêàìè ðåòèíàëüíûõ ñîñóäîâ 
(âíóòðåííèé ÃÐÁ). Â íåçíà÷èòåëüíîì êîëè÷åñòâå 
ôëþîðåñöåèí ïðîñà÷èâàåòñÿ âî âëàãó ïåðåäíåé êà-
ìåðû è ñòåêëîâèäíîå òåëî èç ñîñóäîâ öèëèàðíîãî 
òåëà. Ó çäîðîâûõ ëèö (â êîíòðîëüíîé ãðóïïå) îòìå-
÷àåòñÿ âûñîêàÿ êîððåëÿöèîííàÿ ñâÿçü ìåæäó çíà-
÷åíèÿìè ÂÔ íà 5-é è 30-é ìèíóòàõ ïîñëå ââåäåíèÿ 
ôëþîðåñöåèíà. Êîýôôèöèåíò êîððåëÿöèè ñîñòàâ-
ëÿåò 0,97 (ð=0,00001), ÷òî ñâèäåòåëüñòâóåò î ïðÿìîé 
ëèíåéíîé çàâèñèìîñòè ïîâûøåíèÿ êîíöåíòðàöèè 
ôëþîðåñöåèíà â ñòåêëîâèäíîì òåëå ñ òå÷åíèåì âðå-
ìåíè ïðè íîðìàëüíîì ñîñòîÿíèè ñåò÷àòêè. Òî åñòü, 
îïðåäåëåííîìó çíà÷åíèþ ÂÔ íà 5-é ìèíóòå ñîîò-
âåòñòâóåò îïðåäåëåííîå çíà÷åíèå ÂÔ íà 30-é ìèíó-
òå èññëåäîâàíèÿ (òàáë. 3). 

Àíàëèç êîððåëÿöèîííîé ñâÿçè ìåæäó çíà-
÷åíèÿìè ÂÔ íà 5-é è 30-é ìèíóòàõ ó ïàöèåíòîâ ñ 
ÄÐÏ ïîêàçàë, ÷òî ó áîëüíûõ ñ íåïðîëèôåðàòèâíîé 
ñòàäèåé êîýôôèöèåíò êîððåëÿöèè ñíèæàåòñÿ ïðè 
ïîâûøåíèè ñòåïåíè òÿæåñòè ðåòèíîïàòèè îò 0,48 
(ð=0,07) â ãðóïïå ïàöèåíòîâ ñ íåïðîëèôåðàòèâ-
íîé ñòàäèåé ÄÐÏ ëåãêîé ñòåïåíè äî 0,39 (ð=0,006) 

â ãðóïïå ïàöèåíòîâ ñ íåïðîëèôåðàòèâíîé ñòàäèåé 
ÄÐÏ ñðåäíåé ñòåïåíè, è ïðîäîëæàåò ñíèæàòüñÿ â 
ãðóïïå áîëüíûõ ñ íåïðîëèôåðàòèâíîé ñòàäèåé ÄÐÏ 
òÿæåëîé ñòåïåíè (r=0,34; ð=0,04). Êîððåëÿöèîííàÿ 
ñâÿçü ìåæäó ïîêàçàòåëÿìè ÂÔ â ãðóïïå áîëüíûõ ñ 
ïðåïðîëèôåðàòèâíîé ÄÐÏ íåñêîëüêî ïîâûøàåòñÿ  
(r=0,45; ð=0,02), îäíàêî âîîáùå îòñóòñòâóåò â ãðóï-
ïå ïàöèåíòîâ ñ ïðîëèôåðàòèâíîé ÄÐÏ (r=-0,06; 
ð=0,8). 

Òàáëèöà 3 

Õàðàêòåðèñòèêà êîððåëÿöèîííîé ñâÿçè ìåæäó ïîêàçàòå-
ëÿìè âèòðåàëüíîé ôëþîðåñöåíöèè íà 5-é è 30-é ìèíóòàõ 
ó áîëüíûõ ñàõàðíûì äèàáåòîì â çàâèñèìîñòè îò ñòàäèè 

äèàáåòè÷åñêîé ðåòèíîïàòèè è â êîíòðîëüíîé ãðóïïå 

Ãðóïïû íàáëþäåíèÿ
Êîýôôèöèåíò 

êîððåëëÿöèè (r)
ð

Ê Êîíòðîëüíàÿ ãðóïïà 0,97 0,00001

1
Íåïðîëèôåðàòèâíàÿ 
ÄÐÏ ëåãêîé ñòåïåíè

0,48 0,07

2
Íåïðîëèôåðàòèâíàÿ 
ÄÐÏ ñðåäíåé ñòåïåíè

0,39 0,006

3
Íåïðîëèôåðàòèâíàÿ 
ÄÐÏ òÿæåëîé ñòåïåíè

0,34 0,04

4
Ïðåïðîëèôåðàòèâíàÿ 
ÄÐÏ

0,45 0,02

5 Ïðîëèôåðàòèâíàÿ ÄÐÏ - 0,06 0,8

Ñíèæåíèå êîýôôèöèåíòà êîððåëÿöèè ìåæäó 
ïîêàçàòåëÿìè ÂÔ íà 5-é è 30-é ìèíóòàõ ïîñëå ââå-
äåíèÿ ôëþîðåñöåèíà áîëåå ÷åì â äâà ðàçà ó áîëüíûõ 
ñ ÄÐÏ ïî ñðàâíåíèþ ñî çäîðîâûìè ëèöàìè, ñâèäå-
òåëüñòâóåò î ïðîãðåññèðóþùåì íàðóøåíèè ñîñòîÿ-
íèÿ ÃÐÁ. 

Ïðè ïðîâåäåíèè âèòðåàëüíîé ôëþîðîìåòðèè 
ó ïàöèåíòîâ ñ ÄÐÏ êðàñèòåëü ïðîòåêàåò èç ñîñóäè-
ñòîãî ðóñëà ñåò÷àòêè â ñòåêëîâèäíîå òåëî ÷åðåç ìè-
êðîàíåâðèçìû. Â îáëàñòè ñôîðìèðîâàííîé ìèêðî-
àíåâðèçìû ñòðóêòóðà âíóòðåííåãî ÃÐÁ íàðóøåíà.
×åì áîëåå âûðàæåí îðãàíè÷åñêèé äåôåêò ÃÐÁ, òåì 
áîëüøèé îáúåì êîíòðàñòíîãî âåùåñòâà ïðîñà÷èâà-
åòñÿ â ñòåêëîâèäíîå òåëî íåïîñðåäñòâåííî ïîñëå 
ïîïàäàíèÿ â ñîñóäû ñåò÷àòêè. Òàêèì îáðàçîì, îáú-
åì ïðîòåêàíèÿ ôëþîðåñöåèíà â ñòåêëîâèäíîå òåëî 
â ðàííèå ñðîêè ïîñëå åãî ââåäåíèÿ çàâèñèò îò ñòå-
ïåíè âûðàæåííîñòè ñòðóêòóðíûõ èëè îðãàíè÷åñêèõ 
èçìåíåíèé ñîñóäèñòîé ñòåíêè. 

Íåçíà÷èìûå îòëè÷èÿ çíà÷åíèé ÂÔ â ðàííèå 
ñðîêè ïîñëå ââåäåíèÿ ôëþîðåñöåèíà ó ïàöèåíòîâ 
c íà÷àëüíûìè ïðîÿâëåíèÿìè ÄÐÏ îðàæàþò íà-
÷àëüíûå ñòðóêòóðíûå èçìåíåíèÿ ñòåíêè ñîñóäîâ 
ñåò÷àòêè. Ïîâûøåíèå óðîâíÿ ÂÔ íà 5-é ìèíóòå 
èññëåäîâàíèÿ â ãðóïïàõ ñ áîëåå âûðàæåííûìè ïðî-
ÿâëåíèÿìè ÄÐÏ ñâèäåòåëüñòâóþò î ïðîãðåññèðî-
âàíèè îðãàíè÷åñêèõ èçìåíåíèé ÃÐÁ. Äîñòîâåðíîå 
ïîâûøåíèå óðîâíÿ ÂÔ íà 5-é ìèíóòå ïðè ïðîëè-
ôåðàòèâíîé ñòàäèè ïî ñðàâíåíèþ ñ ïðåïðîëèôåðà-
òèâíîé ñòàäèåé ÄÐÏ, îáóñëîâëåíî íàëè÷èåì âûðà-
æåííûõ îðãàíè÷åñêèõ èçìåíåíèé ÃÐÁ. 
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Òàêèì îáðàçîì, óðîâåíü ÂÔ íà 5-é ìèíóòå èñ-
ñëåäîâàíèÿ îòðàæàåò çàâèñèìîñòü ïðîòåêàíèÿ êðà-
ñèòåëÿ ÷åðåç ÃÐÁ â ñòåêëîâèäíîå òåëî îò ñòåïåíè 
âûðàæåííîñòè îðãàíè÷åñêèõ èçìåíåíèé ñîñóäè-
ñòîé ñòåíêè. 

Äàæå ïðè íà÷àëüíûõ èçìåíåíèÿõ ñòðóêòóðû 
ÃÐÁ ñ òå÷åíèåì âðåìåíè ïðîèñõîäèò íàêîïëåíèå 
ôëþîðåñöåèíà â ñòåêëîâèäíîì òåëå. Çà 30 ìèíóò ïî-
ñëå âíóòðèâåííîãî ââåäåíèÿ ôëþîðåñöåèíà ïðîèñ-
õîäèò ðåöèðêóëÿöèÿ è ìàêñèìàëüíàÿ ýëèìèíàöèÿ 
êðàñèòåëÿ èç ñîñóäèñòîãî ðóñëà ãëàçà, â òîì ÷èñëå è 
ñ ó÷àñòèåì àêòèâíîãî òðàíñïîðòà, êîòîðûé îáåñïå-
÷èâàåò ïèãìåíòíûé ýïèòåëèé ñåò÷àòêè — íàðóæíûé 
ÃÐÁ. Òàêèì îáðàçîì, êîíöåíòðàöèÿ ôëþîðåñöåèíà 
â ñòåêëîâèäíîì òåëå íà 30-é ìèíóòå â áîëüøåé ñòå-
ïåíè çàâèñèò îò ýôôåêòèâíîñòè ôóíêöèîíèðîâà-
íèÿ ÃÐÁ çà ýòîò âðåìåííîé ïðîìåæóòîê. 

Ïðÿìàÿ ëèíåéíàÿ êîððåëÿöèîííàÿ ñâÿçü ìåæäó 
ïîêàçàòåëÿìè ÂÔ íàðóøàåòñÿ ïðè íà÷àëüíûõ ïðî-
ÿâëåíèÿõ ïàòîëîãè÷åñêîãî ïðîöåññà, êîãäà ïðåîá-
ëàäàþò ôóíêöèîíàëüíûå íàðóøåíèÿ ÃÐÁ — â ãðóï-
ïå ïàöèåíòîâ ñ íåïðîëèôåðàòèâíîé ÄÐÏ ëåãêîé 
ñòåïåíè. À ó ïàöèåíòîâ ñ ïðîëèôåðàòèâíîé ÄÐÏ, 
ó êîòîðûõ âûðàæåíû è îðãàíè÷åñêèå, è ôóíêöèî-
íàëüíûå èçìåíåíèÿ ÃÐÁ, ïðÿìàÿ çàâèñèìîñòü ìåæ-
äó çíà÷åíèÿìè ÂÔ íà 30-é è 5-é ìèíóòàõ âîîáùå 
îòñóòñòâóåò. 

Àíàëèç ðåçóëüòàòîâ âèòðåàëüíîé ôëþîðîìå-
òðèè ó áîëüíûõ ñ ÄÐÏ ïîêàçàë, ÷òî ïðè íà÷àëüíûõ 
ïðîÿâëåíèÿõ ÄÐÏ ïðåîáëàäàþò ôóíêöèîíàëüíûå 
èçìåíåíèÿ ÃÐÁ, à ÷åì áîëåå âûðàæåíû êëèíè÷å-
ñêèå ïðîÿâëåíèÿ ðåòèíîïàòèè, òåì â áîëüøåé ñòå-
ïåíè ïðîÿâëÿþòñÿ è ôóíêöèîíàëüíûå è îðãàíè÷å-
ñêèå èçìåíåíèÿ ÃÐÁ. Ïðåïðîëèôåðàòèâíàÿ ñòàäèÿ 
ÄÐÏ çíà÷èìî îòëè÷àåòñÿ ïî ñòåïåíè âûðàæåííîñòè 
îðãàíè÷åñêèõ èçìåíåíèé ÃÐÁ, à ôóíêöèîíàëüíûå 
íàðóøåíèÿ ÃÐÁ âûðàæåíû îäíîòèïíî. 

Çàêëþ÷åíèå. Ïîëó÷åíûå ðåçóëüòàòû ïðîäåìîí-
ñòðèðîâàëè, ÷òî ôóíêöèîíàëüíûå è îðãàíè÷åñêèå 
èçìåíåíèÿ ñîñòîÿíèÿ ÃÐÁ â çíà÷èòåëüíîé ñòåïåíè 
ïðîÿâëÿþòñÿ ñðàçó æå ïðè ïðîÿâëåíèè êëèíè÷å-
ñêèõ ïðèçíàêîâ ÄÐÏ. Òàê, óðîâåíü ÂÔ ó áîëüíûõ 
ñ ÄÐÏ äîñòîâåðíî âûøå ïîêàçàòåëåé âèòðåàëüíîé 
ôëþîðîìåòðèè ó çäîðîâûõ âîëîíòåðîâ êàê íà 5-é, 
òàê è íà 30-é ìèíóòàõ èññëåäîâàíèÿ. 

Ãðóïïû ïàöèåíòîâ ñ ðàçëè÷íîé ñòåïåíüþ òÿæå-
ñòè íåïðîëèôåðàòèâíîé ñòàäèè, à òàêæå ñ ïðåïðî-
ëèôåðàòèâíîé ñòàäèåé ÄÐÏ äîñòîâåðíî îòëè÷àþò-
ñÿ ïî çíà÷åíèþ ÂÔ íà 30-é ìèíóòå è ñòàòèñòè÷åñêè 
íåçíà÷èìî îòëè÷àþòñÿ ïî çíà÷åíèþ ÂÔ íà 5-é ìè-
íóòå. Èç ýòîãî ñëåäóåò, ÷òî âûðàæåííîñòü ôóíêöèî-
íàëüíûõ èçìåíåíèé ÃÐÁ ñîïîñòàâèìà ñî ñòåïåíüþ 
òÿæåñòè ðåòèíîïàòèè ïðè íåïðîëèôåðàòèâíîé è 
ïðåïðîëèôóðåòèâíîé ñòàäèÿõ ÄÐÏ. 

Ïðåïðîëèôåðàòèâíàÿ è ïðîëèôåðàòèâíàÿ 
ñòàäèè ÄÐÏ çíà÷èìî îòëè÷àþòñÿ ïî ñòåïåíè âû-
ðàæåííîñòè îðãàíè÷åñêèõ èçìåíåíèé ÃÐÁ, î ÷åì 
ñâèäåòåëüñòâóåò äîñòîâåðíàÿ ðàçíèöà â óðîâíå ÂÔ 
íà 5-é ìèíóòå èññëåäîâàíèÿ. Ôóíêöèîíàëüíûå íà-
ðóøåíèÿ ÃÐÁ ïðè ýòèõ ñòàäèÿõ âûðàæåíû ñõîäíûì 
îáðàçîì, òàê êàê ñòàòèñòè÷åñêè çíà÷èìûå îòëè÷èÿ 
ÂÔ íà 30-é ìèíóòå îòñóòñòâóþò. 

Âûñîêàÿ ïðÿìàÿ êîððåëÿöèÿ ñâÿçü ìåæäó çíà-
÷åíèÿìè ÂÔ íà 5-é è 30-é ìèíóòàõ èññëåäîâàíèÿ 
(r=0,97; ð=0,00001) ñíèæàåòñÿ áîëåå ÷åì â äâà ðàçà 
ó ïàöèåíòîâ ñ ÄÐÏ (r=0,34–0,48; ð=0,006–0,7). Ó 
áîëüíûõ ñ ïðîëèôåðàòèâíîé ÄÐÏ ïðÿìàÿ çàâèñè-
ìîñòü çíà÷åíèÿ ÂÔ íà 30-é ìèíóòå îò çíà÷åíèÿ ÂÔ 
íà 5-é ìèíóòå âîîáùå îòñóòñòâóåò (r=-0,06; ð=0,8). 
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DETERMINATION OF FUNCTIONAL AND ORGANIC CHANGES IN THE HEMATORETINAL BAR-
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There was revealed a direct dependence of the state of the hematoretinal barrier (HRB) on the stage of diabetic 
retinopathy (DRP) according to the data of vitreal fluorometry. The level of vitreal fluorescence (VF) on the 5th 
minute after introduction of fluorescein reflects the dependence of the dye flow through HRB in the vitreous body 
on the degree of the manifestation of organic changes in the vascular wall. The level of VF on the 30th minute of the 
experiment characterizes functional possibilities of HRB for this specific time. Increase in the level of VF both on 
the 5th and on the 30th minutes of the experiment in the developed stages of DRP is caused by the progression of both 
functional and organic changes of HRB. 
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Ââåäåíèå. Íà ñåãîäíÿ åäèíñòâåííûì ýôôåêòèâ-
íûì ìåòîäîì ëå÷åíèÿ áîëüíûõ ñ ïðåïðîëèôåðàòèâ-
íîé è ïðîëèôåðàòèâíîé ñòàäèÿìè äèàáåòè÷åñêîé 
ðåòèíîïàòèè (ÄÐÏ) ÿâëÿåòñÿ ëàçåðíàÿ êîàãóëÿöèÿ 
(ËÊ) ñåò÷àòêè [1]. 

Ïàíðåòèíàëüíàÿ ëàçåðíàÿ êîàãóëÿöèÿ ñåò÷àòêè 
(ÏÐËÊ) ñíèæàåò ðèñê òÿæåëîé ïîòåðè çðåíèÿ íà 
50- 70 % ó ïàöèåíòîâ ñ ÄÐÏ [1; 2]. 

Îäíèì èç ðàñïðîñòðàíåííûõ íåãàòèâíûõ ýô-
ôåêòîâ ËÊ ÿâëÿåòñÿ ñóæåíèå ïåðèôåðè÷åñêîãî 
ïîëÿ çðåíèÿ. Îáúåì ñóæåíèÿ çàâèñèò îò ðàñïðî-
ñòðàíåííîñòè, èíòåíñèâíîñòè è ïëîòíîñòè îæîãîâ 
[18]. Ïðè ýòîì ñòàòè÷åñêàÿ ïåðèìåòðèÿ âûÿâëÿåò 
ñíèæåíèå äèôôåðåíöèàëüíîé ñâåòîâîé ÷óâñòâè-
òåëüíîñòè â öåíòðàëüíîì ïîëå çðåíèÿ â òå÷åíèå 
îäíîé èëè íåñêîëüêèõ íåäåëü ïîñëå ËÊ íà óðîâíå 
1,5–4 äÁ. Îíî íîñèò âðåìåííûé õàðàêòåð è èñ÷åçà-
åò ê òðåòüåìó ìåñÿöó ïîñëå ïðîâåäåíèÿ êîàãóëÿöèè 
ó 90 % ïàöèåíòîâ [19]. 

Â çàâèñèìîñòè îò äîçû âîçäåéñòâèÿ ëàçåðíîãî 
èçëó÷åíèÿ äåñòðóêöèÿ òêàíåé ãëàçíîãî äíà ìîæåò 
îãðàíè÷èòüñÿ ðàçðóøåíèåì îòäåëüíûõ êëåòîê ïèã-
ìåíòíîãî ýïèòåëèÿ è êëåòî÷íûõ ýëåìåíòîâ íàðóæ-
íûõ ñëîåâ ñåò÷àòîé îáîëî÷êè (ïîðîãîâûå äîçû) 
[5]. Åñëè ìîùíîñòü ëàçåðíîãî èçëó÷åíèÿ ÿâëÿåòñÿ 
ñëèøêîì ñèëüíîé è ðàçðóøàåò âñå ñëîè ñåò÷àòêè, 
òî ýòî âïîñëåäñòâèè ìîæåò âûçâàòü óìåíüøåíèå 

òîëùèíû ïåðèïàïèëëÿðíîãî ñëîÿ íåðâíûõ âîëî-
êîí [6]. 

Â ïîñëåäíåå âðåìÿ ïîÿâèëèñü ðàáîòû, â êîòî-
ðûõ îïèñûâàþòñÿ ðàçíûå îáúåìû, èíòåíñèâíîñòü 
è ñðîêè ïðîâåäåíèÿ ëàçåðíûõ âìåøàòåëüñòâ ïðè 
ÄÐÏ. Ïðè ýòîì â îäíèõ ðàáîòàõ ãîâîðèòñÿ, ÷òî 
ïðîèñõîäèò óòîëùåíèå íåðâíûõ âîëîêîí, â äðó-
ãèõ ðàáîòàõ — èñòîí÷åíèå íåðâíûõ âîëîêîí ïîñëå 
ïðîâåäåíèÿ ëàçåðíîé êîàãóëÿöèè ñåò÷àòêè [8, 9, 
10, 11, 12]. 

Ñóùåñòâîâàíèå ðàçëè÷íûõ òî÷åê çðåíèÿ ñâè-
äåòåëüñòâóåò î öåëåñîîáðàçíîñòè äàëüíåéøåãî 
èçó÷åíèÿ õàðàêòåðà èçìåíåíèé ïåðèïàïèëëÿðíûõ 
íåðâíûõ âîëîêîí ó áîëüíûõ ÑÄ ïîñëå ëàçåðíîé êî-
àãóëÿöèè ñåò÷àòêè. 

Öåëü èññëåäîâàíèÿ — èçó÷èòü õàðàêòåð èçìåíå-
íèÿ ìîðôîìåòðè÷åñêèõ ïàðàìåòðîâ ïåðèïàïèëëÿð-
íûõ íåðâíûõ âîëîêîí ïîñëå ïðîâåäåíèÿ ïàíðåòè-
íàëüíîé ëàçåðíîé êîàãóëÿöèè ñåò÷àòêè ó áîëüíûõ, 
ñòðàäàþùèõ ÄÐÏ, ïðè ïîìîùè Heidelberg Retina 
Tomograph (HRT). 

ÌÀÒÅÐÈÀË È ÌÅÒÎÄÛ. Ïîä íàøèì íàáëþäåíè-
åì íàõîäèëèñü 13 ïàöèåíòîâ (21 ãëàç), â âîçðàñòå îò 49 äî 68 
ëåò, ñòðàäàþùèõ ÑÄ. Ñòàæ çàáîëåâàíèÿ âàðüèðîâàë îò 5 äî 
18 ëåò. Â èññëåäóåìîé ãðóïïå áûëî 5 ìóæ÷èí è 8 æåíùèí. 


