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INTRODUCTION. Neovascular glaucoma (NVG) 
is a form of secondary glaucoma in with pathologic fi-
brovascular tissue grows on the iris and angle structures 
including the trabecular meshwork. Contraction of this 
leads to progressive angle closure, elevation of intra-
ocular pressure (IOP) eventually leading to a glaucoma 
which is poorly responsive to conventional treatment 
and as poor visual prognosis [1]. Ischemic retinal disor-
ders are the most prevalent conditions leading to Neo-
vascular Glaucoma, however, other pathophysiologic 
mechanisms such as inflammation, retinal detachment, 
tumors, and irradiation may also leas to this condition 
[2]. Currently, management of NVG is directed toward 
the underlying disease process, mostly by some form of 
retinal ablation to reduce the neovascular stimuli, and 
IOP reduction by means of various forms of medical 
and surgical therapy [1, 2]. It is now evident that several 
mediators are involved in the process of neovasculariza-
tion, the most important and well studied of which is the 
vascular endothelial growth factor type A (VEGF-A) 
[1, 3]. Regarding the pivotal role of VEGF-A in ocular 
neovascularization, inhibition of this mediator seems to 
have a strong biologic basis for treatment of NVG [1, 3]. 
The aim of this study is to assess the efficacy of Avastin 
as an adjunct to Diode Laser cyclophutocoagulation in 
the treatment of Neovascular Glaucoma. 

PATIENTS AND METHODS. Prospective, compar-
ative interventional case series. Sixteen eyes of sixteen patients 
were included in the study. All cases had Neovascular glauco-
ma. The etiology of which is variable, eleven eyes were caused 
by proliferative diabetic retinopathy (68.75%), four eyes were 
secondary to ischemic central retinal vein occlusion (25%) and 

one eye had iris neovascularization secondary to carotid isch-
emia (6.25%). Patients were randomly assigned into either of 
2 groups. Group A consists of 6 eyes of six patients (3 males 
and 3 females) three eyes were pseudophakic, they underwent 
diode laser cyclophotocoagulation. Group B consists of 10 eyes 
of 10 patients (6 females and 4 males) five eyes were pseudopha-
kic, underwent diode laser cyclophotocoagulation in conjunction 
with intravitreal Bevacizumab (Avastin, Genentech) injection. 
Our routine workup involved visual acuity testing, measuring the 
IOP, documenting anterior chamber reaction if any. We also ex-
amined the iris under the high magnification of the slitlamp. We 
noted the extent of neovascularization as the number of clock 
hours involved. If the media clarity allowed; gonioscopy was 
performed to assess the state of the angle. Status of the cornea 
was documented pre and post operative as regards corneal ede-
ma and presence of bullous keratopathy or presence of corneal 
ulcers secondary to ruptured bullae. Fundus examination was 
performed to note the cause of neovascularization. All patients 
has undergone heavy pan retinal photocoagulation as a primary 
management for their retinal condition. The patients were all 
seeking a method to relieve their pain. Their pain was assessed 
pre and post operative, and it was graded according to the fol-
lowing scoring system (0 = no pain. 1 = mild discomfort and or 
foreign body sensation, 2 = pain that is not present all time and 
is tolerable and responds to analgesics (NSAID) 3 = severe pain 
not responding to analgesics and affecting patients’ sleep). 

The operative procedure involved retro-bulbar anesthesia, 
draping the patient in an aseptic manner, introduction of an eye 
speculum, 30 laser shots over 270 degrees of the circumference 
of the limbus. For our study we used the Iris Diode laser ma-
chine, the G-probe and we adjusted the settings for 2500 mil-
lisecond duration and the 3000 milli-joule and reduced the power 
progressively until just below the energy level that produced a 
pop. We gave an intravenous non steroidal anti inflammatory 
(NSAID) to reduce postoperative pain. 

ÓÄÊ 617.7-007.681-021.5-085.849.19-036.8 

COMPARISON OF THE EFFICACY OF DIODE LASER CYCLOPHOTOCOAGULATION, ALONE OR IN 
CONJUNCTION WITH AVASTIN IN THE TREATMENT OF NEOVASCULAR GLAUCOMA 

Ahmed M. Emarah, MD, Mostafa A El-Helw, MD, Mohammed A Hassaballa MD, 

Heba A ElGuindy, MD, Mohammed A Fakery, MD 

Purpose: To assess the efficacy of Avastin as an adjunct to Diode Laser cyclophotocoagulation in the treat-
ment of Neovascular Glaucoma. 

Design: Prospective, comparative interventional case series. 
Method: The patients were randomly assigned into two groups: Group A was treated with Diode laser cy-

clophotocoagulation alone (30 laser shots over 270 degrees of the circumference of the limbus). For our study we 
used the Iris Diode laser machine, the G-probe and we adjusted the settings for 2500 millisecond duration and 
the 3000 milli-joule and reduced the power progressively until just below the energy level that produced a pop, 
whereas group B received intravitreal Avastin (One milligram = 0.04 mL of 25 mg/mL) in conjunction with the 
Diode Laser. The preoperative Data included Etiology, mean age; follow up period, and a full ophthalmological 
examination with emphasis on mean IOP, iris neovascularization, pain and corneal edema. 

Results: There was a significant IOP reduction in both groups p < 0,05, also there was significant reduc-
tion of pain in both groups with p = 0.023 and 0,004 respectively, group B showed significant reduction in iris 
neovascularization p = 0.001. There were no notable complications in our sample of patients. 

Conclusion: Avastin is a useful adjunct in the treatment of Neovascular Glaucoma, the use of which should 
be further evaluated. 

Key words: Neovascular glaucoma, diode laser, cyclophotocoagulation, intravitreal Avastin. 



Âîïðîñû êëèíè÷åñêîé îôòàëüìîëîãèè

  Îôòàëüìîëîãè÷åñêèé æóðíàë ¹ 3, 2009  21

In Group B patients, in whom we were going to inject Be-
vacizumab (Avastin, Genentech) we proceeded as above, then 
after applying the laser, we performed a paracentesis with a 27 
gauge needle to soften the globe, followed by intravitreal injec-
tion of the Avastin from a site 3.5 millimeter posterior to the lim-
bus. The dose we administered was one milligram of bevacizumab 
(0.04 mL of 25 mg/mL). 

We used topical Prednisolone acetate, tobramycin combi-
nation eye drops 3 times daily, combined with Atropine sulphate 
eye drops 3 times daily. 

We examined the patient one day, one week, one month 
and 3 and 6 month postoperatively. During each follow up visit 
the following was performed; IOP measurement, extent of iris 
neovascularization, corneal condition, and assessment of pain 
score. 

After the cornea cleared we performed gonoiscopy when 
possible. All of those patients showed synhecial angle closure. 

STATISTICAL ANALYSIS: Data were described as 
arithmetic mean ± SD or number and percentages when appro-
priate. Comparisons of quantitative variables were done using 
(Wilcoxon signed ranks test, Mann Whitney, Student t test, and 
paired sample t test). Comparison of categorical variable was 
done using the Fisher exact test. All test were two tailed a prob-
ability value (p. value) < 0.05 was considered statistically signifi-
cant. All statistical calculations were done using computer pro-
gram SPSS (Statistical Package for the Social Science: SPSS 
Inc, Chicago, IL, USA). 

RESULTS: Mean follow-up period for group A in 
13. 4 ± 1.8 month, and group B is 8.0 ± 3.7 months p = 
0.001 indicating significant statistical difference. Mean 
age for group A is 63.8 ± 6.4, and group B is 49.7 ± 14.9 
years (p = 0.047) which indicates significant statistical 
difference between the two groups. The difference in 
age between both groups, is perhaps skewed by the small 
sample size and the presence of a single 14 year old Type 
I diabetic with renal failure. Mean preoperative IOP in 
group A is 57.33 ± 3.93 mmHg, group B is 53.0 ± 9.14 
mmHg. There is no statistical difference between the 2 
groups. Mean post-operative IOP in group A is 24.50 
± 2.25 mmHg, group B is 21.9 ± 2.64 mmHg. There is 
no statistical difference between the 2 groups. However 
there was a statistically significant difference between 
pre and post operative IOP measurement in both groups 
p < 0.05. 

As regards pain, pain scoring in group A had a 
preoperative median of 3 (minimum = 2, maximum = 
3) and post operative of 0.5 (minimum = 0, maximum 
= 1), this was a significant difference with p = 0.023, 
group B had a preoperative median of 3 (minimum = 
2, maximum = 3) and post operative of 1 (minimum = 
0, maximum = 2), this was a significant difference with 
p = 0.004, however there were no difference between 
group A and B as regards the post-operative pain relief 
as p > 0.05. Regarding the regression of the iris neoves-
sels, group B showed significant association with the 
use of intravitreal injection of Avastin (bevacizumab), p 
= 0.001. Corneal epithelial edema and bullae improved 
in all cases of both groups this may add to the relief 
of their ocular discomfort. There were no significant 
difference between pre and post operative visual acuity 

in either of the two groups or between the two groups 
p > 0.05. 

No cases were complicated by hyphema or he-
mophthalmia. There were no systemic complications 
related to the use of Avastin in our series. All patients 
stopped using systemic carbonic anhydrase inhibitors 
(CAI). In Group A and B all patient continued on topi-
cal beta blockers, steroids and atropine eye drops. 

DISCUSSION. Vascular endothelial growth factor 
(VEGF) is recognized to be a key regulator of pathologi-
cal ocular neovascularization. Significantly raised lev-
els of VEGF have been demonstrated in patients with 
rubeosis and neovascular glaucoma as well as the other 
ocular neovascular diseases [4]. Recently preparations 
that inhibit the effects of VEGF have become available. 
Bevacizumab (Avastin, Genentech) is a recombinant, 
full-length, anti-VEGF monoclonal antibody that binds 
to all forms of VEGF-A, is Food and Drug Administra-
tion-approved for the treatment of colorectal cancer 
[5]. Recently, several case series have been published 
regarding the off-label use of intravitreal bevacizumab 
(IVB) for the treatment of cystoid macular edema [6], 
neovascular age-related macular degeneration [7, 8], 
and two single cases of neovascular glaucoma (NVG) [9, 
10]. These studies suggest that IVB effectively reduces 
neovascular activity and vascular permeability in ocular 
tissues. 

The mechanism by which IOP may be reduced by 
bevacizumab or any other anti-VEGF-A agent is a mat-
ter of speculation. In eyes with partially open drainage 
angles one may explain this effect by improvement in fil-
tration; however, in eyes with extensive peripheral anteri-
or synechiae formation this pressure reducing effect may 
be more difficult to explain. One possibility includes a 
reversible anatomic closure in angles not yet completely 
and permanently compromised by the abnormal tissue; 
with regression of the neovascular membrane the angle 
may be partially relieved from the pretrabecular obstruc-
tion. On the other hand, what we observe and report as 
«synechial closure» may be a gross view of the drainage 
angle; functional trabecular tissue may exist at a micro-
scopic level the performance of which improves after re-
gression of new vessels [11]. Safety remains an important 
consideration in the use of VEGF inhibitors. Although 
VEGF plays a role in pathological neovascularization, it 
is also involved in a number of homeostatic mechanisms 
including normal wound healing [12]. In a study by Chi-
lov et al. [13] one of their patients developed infectious 
keratitis 2 weeks after administration of bevacizumab. 
Although his compromised cornea placed him at an 
increased risk of infection, potential interference with 
the neurotrophic actions of VEGF and inhibition of its 
wound healing role may have been a contributory factor 
[14]. Breakdown of the blood ocular barrier is common 
in the ocular neovascular diseases. Animal studies have 
demonstrated the intravitreal administration of VEGF 
inhibitors results in systemic exposure [12]. Systemic 
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administration of bevacizumab has been associated with 
an excess of thromboembolic arterial events [15]. The 
largest study of intravitreal bevacizumab (266 eyes), for 
age-related macular degeneration, which was prospec-
tive but non-randomized, did not demonstrate an excess 
of arterial thromboembolic events at 3 months [16]. 

Anti-VEGF agents might be particularly suited to 
the management of neovascular glaucoma. Given the 
rapid reported resolution of the iris neovascularization, 
a single administration in conjunction with retinal ab-
lative procedures may be sufficient. Fewer administra-
tions might be anticipated to correlate with less poten-
tial for adverse outcomes, as opposed to neovascular 
age-related macular degeneration where more frequent 
administrations may be required. For the purposes of 
neovascular glaucoma where the role of the anti-VEGF 
agent is an a temporizing measure, to cause regression 
and prevent angle closure, the longer half life of bevaci-
zumab, as compared with ranibizumab, may prove ben-
eficial [13]. 

In our series, although we could not show a statis-
tical difference in the IOP reduction between the two 
groups, there was a statistical difference in the regression 
of the iris neovascularization, denoting a possibility of 
a more stable long term control of the IOP in patients 
treated with Avastin. Although there is a theoretical ad-
vantage for the use of Avastin, this was not evident in our 
series, perhaps due to the fact that our sample of patients 
included end stage pathology with established angle clo-
sure. However, we would expect that should the injection 
have been carried at an earlier stage, prior to the synchial 
angle closure set in, there would have been a window of 
opportunity for the effect of the Avastin. 
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Èìïëàíòàöèîííàÿ õèðóðãèÿ ãëàóêîìû çà ñâîþ 
ïî÷òè ïîëóâåêîâóþ èñòîðèþ ïðîøëà ïóòü îò ââå-
äåíèÿ â ïåðåäíþþ êàìåðó êàïèëëÿðíîé òðóáêè 
Epstein E. [15] äî ñîçäàíèÿ êëàïàííûõ äðåíàæåé [8, 
18], îäíàêî âîïðîñû ïðåäóïðåæäåíèÿ âîçìîæíûõ 
îñëîæíåíèé îñòàþòñÿ î÷åíü àêòóàëüíûìè è íà ñå-
ãîäíÿøíèé äåíü [1]. 

Îñëîæíåíèÿ, âîçíèêàþùèå ó ïàöèåíòîâ 
ïîñëå èìïëàíòàöèè ãëàóêîìíûõ äðåíàæíûõ óñò-
ðîéñòâ, ìîæíî óñëîâíî ðàçäåëèòü íà äâå ãðóïïû. Ê 
ïåðâîé ñëåäóåò îòíåñòè îñëîæíåíèÿ, îòíîñèòåëü-
íî «ñïåöèôè÷åñêèå» äëÿ èìïëàíòàöèè äðåíàæåé, 
êî âòîðîé — îáùèå äëÿ âñåõ àíòèãëàóêîìàòîçíûõ 
îïåðàöèé. 

Íàèáîëåå ÷àñòûìè îñëîæíåíèÿìè èìïëàíòà-
öèîííîé õèðóðãèè ãëàóêîìû ÿâëÿþòñÿ ãèïîòîíèÿ 

[5, 8, 13, 14, 17], öèëèîõîðèîèäàëüíàÿ îòñëîéêà [5, 
8, 13, 17], ãèôåìà [5], ïðîãðåññèðîâàíèå êàòàðàêòû 
[5], à òàêæå îñëîæíåíèÿ, ïðèâîäÿùèå ê «îòêàçó» â 
ðàáîòå äðåíàæíîãî óñòðîéñòâà — ôîðìèðîâàíèå 
ôèáðîçíîé êàïñóëû âîêðóã äðåíàæà [5, 8, 17, 22], 
áëîêàäà èëè çàêóïîðêà ñèëèêîíîâîé òðóáêè [5, 8]. 
Ê çíà÷èòåëüíî ìåíåå ÷àñòûì, íî î÷åíü ãðîçíûì, çà-
÷àñòóþ òðåáóþùèì ïîâòîðíûõ âìåøàòåëüñòâ, îòíî-
ñÿòñÿ òàêèå îñëîæíåíèÿ, êàê êîíòàêò ñèëèêîíîâîé 
òðóáêè ñ ðîãîâèöåé [8, 17], ñìåùåíèå äðåíàæíîãî 
óñòðîéñòâà [6, 17], âîñïàëèòåëüíûå è èíôåêöèîí-
íûå îñëîæíåíèÿ [4, 12]. 

ÑÐÀÂÍÅÍÈÅ ÝÔÔÅÊÒÈÂÍÎÑÒÈ ËÀÇÅÐÍÎÉ ÖÈÊËÎÔÎÒÎÊÎÀÃÓËßÖÈÈ Â ÑÎ×ÅÒÀÍÈÈ Ñ 
ÀÂÀÑÒÈÍÎÌ Â ËÅ×ÅÍÈÈ ÍÅÎÂÀÑÊÓËßÐÍÎÉ ÃËÀÓÊÎÌÛ 

Àõìåä Ì. Ýìàðàõ, Ìîñòàôà À. Ýëü-Õåëâ, Ìîõõàìåä À. Íàññàáàëëà, 
Õåâà À. Ýëü Ãóíäè, Ìîõàììåä À. Ôàêåðè 

Ñòàòüÿ ïîñâÿùåíà ëå÷åíèþ áîëüíûõ íåîâàñêóëÿðíîé ãëàóêîìîé. 
Ïðîàíàëèçèðîâàíû ðåçóëüòàòû ëå÷åíèÿ 16 áîëüíûõ (16 ãëàç). Ïàöèåíòàì ãðóïïû À (6 ÷åëîâåê, 6 ãëàç) 

ïðîâåäåíà ëàçåðíàÿ öèêëîôîòîêîàãóëÿöèÿ. 
Ïàöèåíòû ãðóïïû Á (10 ÷åëîâåê, 10 ãëàç) â äîïîëíåíèå ê ýòîìó ïîëó÷àëè ïðåïàðàò Àâàñòèí â âèäå 

èíòðàâèòðåàëüíûõ èíúåêöèé. 
Ðåçóëüòàòîì ëå÷åíèÿ â îáåèõ ãðóïïàõ áîëüíûõ ÿâèëîñü çíà÷èòåëüíîå ñíèæåíèå óðîâíÿ âíóòðèãëàçíîãî 

äàâëåíèÿ (ð < 0,05) è ñíèæåíèå áîëåâûõ îùóùåíèé (ð = 0,023 è 0,004 — ñîîòâåòñòâåííî). Îäíàêî ó ïàöè-
åíòîâ ãðóïïû Á íàáëþäàëîñü òàêæå çíà÷èòåëüíîå óìåíüøåíèå ñòåïåíè íåîâàñêóëÿðèçàöèè â ðàäóæêå (ð = 
0,001). Îñëîæíåíèé ëå÷åíèÿ íå îòìå÷åíî. 
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Ìîæëèâîñò³ óëüòðàñîíîãðàô³÷íîãî òà á³îì³êðîñêîï³÷íîãî äîñë³äæåííÿ ïîëîæåííÿ ãëàóêîìíî-
ãî êëàïàííîãî äðåíàæó âèâ÷àëèñÿ íà 8 î÷àõ (8 ïàö³ºíò³â) ï³ñëÿ ³ìïëàíòàö³¿ êëàïàíà çà äîïîìîãîþ 
àïàðàòó «Vu Max II» (Sonomed). Ïîêàçàíî, ùî çàñòîñóâàííÿ óëüòðàçâóêîâî¿ á³îì³êðîñêîï³¿ äîçâîëÿº 
âñòàíîâèòè ïîëîæåííÿ ñèë³êîíîâî¿ òðóáêè ï³ä ñêëåðàëüíèì êëàïòåì òà ó ïåðåäí³é êàìåð³, à òàêîæ 
ä³àãíîñòóâàòè ïîðóøåííÿ ¿¿ ïîçèö³¿ íàâ³òü â óìîâàõ íåäîñòàòíüî¿ ïðîçîðîñò³ ðîã³âêè òà ñóäèòè ïðî 
«ãåðìåòè÷í³ñòü» ¿¿ ³ìïëàíòàö³¿ â ïåðåäíþ êàìåðó. 

Ïðîâåäåííÿ óëüòðàñîíîãðàô³¿ â ðåæèì³ Â-ñêàíóâàííÿ äîçâîëÿº òàêîæ âñòàíîâèòè ïðè÷èíè ïî-
ðóøåííÿ ïîëîæåííÿ ³ìïëàíòàòó, ùî ñïðèÿº âèçíà÷åííþ òàêòèêè ë³êóâàííÿ òà çàïîá³ãàº ðîçâèòêó 
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