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ABSTRACT 
Purpose: To evaluate the results of Ahmed glaucoma valve surgery in neovascular glaucoma and control patients. 
Methods: In this retrospective comparative study, we reviewed 76 eyes of 76 patients, comparing the surgical outcomes in control 
patients (N=38) to matched neovascular glaucoma patients (N=38). Success was defined as intraocular pressure (IOP) ≥6 mm Hg and 
≤21 mm Hg, without further glaucoma surgery, and without loss of light perception.  
Results: Average follow-up for control and neovascular glaucoma patients was 18.4 and 17.4 months, respectively (P = .550). At last 
follow-up, mean IOP was 16.2 ± 5.2 mm Hg and 15.5 ± 12.5 mm Hg (P = .115) in control and neovascular glaucoma patients, 
respectively. Life-table analysis showed a significantly lower success for neovascular glaucoma patients compared with controls (P = 
.0096), with success at 1 year of 89.2% and 73.1%, at 2 years of 81.8% and 61.9%, and at 5 years of 81.8% and 20.6% for control and 
neovascular glaucoma eyes, respectively. Cox proportional hazards regression analysis showed neovascular glaucoma as a risk factor 
for surgical failure (odds ratio, 5.384, 95% CI, 1.22-23.84, P = .027). Although IOP control and complications were comparable 
between the two groups, visual outcomes were worse in neovascular glaucoma patients, with 9 eyes (23.7%) with neovascular 
glaucoma compared with no controls losing light perception vision (P = .002). The majority with loss of vision (5 of 9) had successful 
control of IOP during the postoperative period. 
Conclusion: Neovascular glaucoma patients have greater risk of surgical failure after Ahmed glaucoma valve surgery compared with 
controls. Despite improved mean IOP with drainage implants, visual outcomes may be poor, possibly due to progression of underlying 
disease. 
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INTRODUCTION 

Outcomes of treatment of neovascular glaucoma were poor in the past,1,2 but understanding of the mechanisms of the disease and the 
prognosis for treatment have improved in recent years.3,4 Neovascular glaucoma has been reported to occur in over 40 ocular 
diseases,4 including, most commonly, diabetes mellitus, central retinal vein occlusion, and ocular ischemic syndrome. Most of these 
diseases are associated with retinal ischemia, with approximately 3% of cases of neovascular glaucoma associated with inflammation 
without retinal ischemia.5 Ischemia triggers the release of vascular endothelial growth factor (VEGF), interleukin, and other 
angiogenic factors that can diffuse into the anterior segment, causing neovascularization of the iris and anterior chamber angle.6-8 
Lensectomy, Nd:YAG laser capsulotomy, or other reductions of barriers to diffusion of these angiogenic factors may be associated 
with a high incidence of rubeosis iridis.9-11 Fibrovascular proliferation in the anterior segment may obstruct the trabecular meshwork 
and cause peripheral anterior synechiae formation, progressively closing the anterior chamber angle and causing an intractable 
elevation of the intraocular pressure (IOP).  

One important goal in management of neovascular glaucoma is treatment of retinal ischemia, reducing the stimulus for 
angiogenesis associated with the disorder. Panretinal photocoagulation (PRP) is an effective treatment for retinal ischemia and 
neovascularization of the anterior segment.12-18 When media clarity is poor, other treatments may be effective, including retinal 
cryotherapy,19-21 transscleral diode laser treatment,22,23 or endolaser.24,25 Treatment of underlying disease may improve 
neovascularization of the iris, as is the case with endarterectomy for carotid occlusive disease and ocular ischemia.26 Eyes with 
proliferative diabetic retinopathy treated with PRP are less likely to develop rubeosis iridis after cataract surgery.9 Rubeosis iridis may 
regress and IOP may improve after treatment with PRP.27 However, despite retinal ablative therapy, the IOP may remain elevated, 
most frequently in eyes with extensive synechial angle closure.28  

Another goal in management of neovascular glaucoma is control of IOP. If treatment of retinal ischemia alone is not effective, 
other treatments may be required to lower the IOP. When the anterior chamber angle is open, aqueous suppressants, topical 
corticosteroids, and cycloplegic drugs may be useful.29  Cholinergic drugs are often ineffective and have been considered relatively 
contraindicated because they may increase inflammation. Similarly, because of concerns about hyperemia and inflammation, 
prostaglandin-related drugs should be used with caution. In eyes with neovascular glaucoma, use of antiangiogenesis drugs such as 
bevacizumab may enhance neovascular regression and reduce IOP.30,31 In patients with extensive synechial angle closure and marked 
elevation of the IOP, anti-vascular endothelial growth factor (anti-VEGF) drugs, aqueous suppressants and osmotic drugs (avoiding 
glycerol in diabetic patients), topical cycloplegic drugs, and corticosteroids may help prepare the eye for definitive surgical treatment. 

High failure rates ranging up to 80% have been reported following trabeculectomy without antimetabolites for surgical treatment 
of neovascular glaucoma,32,33 presumably due to stimulus of angiogenesis and fibrovascular proliferation in the area around the bleb.34 
Adjunctive treatment with antifibrosis drugs such as mitomycin C and 5-fluorouracil have been associated with modest improvement 
of success,35-40 but neovascular glaucoma is still associated with declining success rates to as low as 28% at 5 years after surgery35 and 
increased incidence of encapsulated bleb formation in treated eyes.36 In comparison with other glaucoma diagnoses, neovascular 
glaucoma has been identified as a risk factor for failure of trabeculectomy.33,41 Glaucoma drainage implants are indicated when other 
surgical treatments have a poor prognosis for success, when prior conventional surgery has failed, or when significant conjunctival 
scarring precludes filtration surgery. Primarily because of the poor prognosis for success of trabeculectomy, glaucoma drainage 
implants have been used in the treatment of intractable elevation of IOP in neovascular glaucoma 
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SUCCESS AND FAILURE OF GLAUCOMA DRAINAGE IMPLANT SURGERY 
Various risk factors for failure of trabeculectomy have been identified,41,42 which have clarified the role of trabeculectomy in the 
clinical management of glaucoma patients and prompted modifications of the procedure to improve clinical outcomes. In contrast with 
trabeculectomy, the variables that influence the prognosis for success of glaucoma drainage implant surgery are less well understood. 
The commonly used criteria for success for glaucoma drainage implant surgery include postoperative IOP (often greater than 5 mm 
Hg and less than 22 mm Hg) that is within a range close to the population-based normal range, without loss of vision, and without 
need for reoperation for glaucoma.43 

Current glaucoma drainage devices can be classified into two broad categories: flow-restrictive or non-flow-restrictive implants. 
Flow-restrictive, or valved, implants provide resistance to aqueous flow, which is intended to reduce the risk of hypotony during the 
early postoperative period. Non-flow-restrictive, or open tube drainage, implants provide little resistance to aqueous flow during the 
early postoperative period until a fibrous capsule forms around the plate. Various techniques have been devised for use during the 
early postoperative period to prevent hypotony associated with open tube implants. The Ahmed glaucoma valve and the Eagle Vision 
implant with a modified Krupin slit-valve are examples of flow-restrictive drainage devices. The non-flow-restrictive, or open tube 
drainage, implants include the Baerveldt glaucoma implant and the Molteno implant.  

Increasing surface area for filtration by increasing plate size has been a strategy that has influenced designs of commercially 
available glaucoma drainage implants. In a study comparing different-sized Molteno implants, Heuer and colleagues44 found 
significantly lower postoperative mean IOP and increased surgical success with the double-plate (270 mm2) compared with the single-
plate (135 mm2) model. Similarly, the postoperative mean IOP was lower after double-plate compared with single-plate Molteno 
device implantation.45 However, additional surface area does not considerably improve the results with larger implants, such as the 
Ahmed (184 mm2) and Baerveldt (250 mm2 or 350 mm2) implants.46-49 These findings suggest a benefit of increasing surface area of 
the plate up to a point, beyond which there is little additional improvement of mean IOP or surgical success. 

Additional IOP reduction and long-term success after glaucoma drainage implant surgery may be related to the degree of 
encapsulation around the implant plate, which provides resistance to aqueous flow.43 In experimental studies, different plate materials 
may affect capsule formation and the results of glaucoma drainage implants.50-52 In a prospective, randomized trial of 132 patients, the 
silicone (model FP7) compared with the polypropylene (model S2) Ahmed glaucoma valve showed differences in mean IOP, success 
rate, and complications, suggesting that plate material may influence clinical outcome.53 In retrospective, comparative studies, similar 
differences have been found by some,54,55 but not all,56,57 investigators. 

Very little information is available to allow direct comparisons of different glaucoma drainage implant plate designs. Retrospective 
studies of the Baerveldt and Ahmed glaucoma valve in similar patient populations found similar postoperative mean IOPs, number of 
medications, and surgical success rates.47,58 In a retrospective study,46 the 350 mm2 Baerveldt implant was compared to the double-
plate Molteno implant, with similar mean IOP in short-term follow-up. The double-plate Molteno implant and the Ahmed glaucoma 
valve were retrospectively compared, with similar failure rates in the two groups.59 In other retrospective studies, the Ahmed 
glaucoma valve was compared to the Baerveldt implant, with similar survival rates and IOP profiles in two studies60,61 and better 
survival and mean IOP after the Baerveldt 250 mm2 compared with the Ahmed glaucoma valve in another study.62 In a systematic 
review of the literature,43 no statistically significant differences were found in the postoperative mean IOP and success rate in 
comparing the Molteno implant, Baerveldt implant, Ahmed glaucoma valve, and Krupin valve. It is difficult to determine, at this time, 
whether there are differences in success rates with different implant designs, pending future direct comparisons of the implants. 

Molteno and colleagues63 suggested that a systemic antifibrosis regimen consisting of oral prednisone and flufenamic acid could 
improve the outcome of Molteno implants, but this was associated with systemic complications. In a prospective randomized trial 
evaluating the use of mitomycin C during Ahmed glaucoma valve implantation, Costa and colleagues64 randomized 60 eyes of 60 
patients to receive intraoperative mitomycin C or balanced salt solution, finding no difference in the success rates for both mitomycin 
C−treated eyes and controls. A prospective randomized trial of the Molteno implant found no difference in outcomes between 12 eyes 
treated with mitomycin C and 13 control eyes.65 In retrospective comparative studies using the Molteno implant, one investigator 
found better IOP control in eyes that received intraoperative mitomycin C,66 while another found no significant difference in outcomes 
between eyes treated with mitomycin C and controls.67 In a retrospective study of eyes treated with the Baerveldt implant, there was 
no benefit of the intraoperative use of 5-fluorouracil or mitomycin C.68 Intensive antifibrosis regimens of 5-fluorouracil and 
mitomycin C may improve the success rates of Ahmed glaucoma valve implantation.69 However, standard doses used for adjunctive 
treatment of trabeculectomy appear to have little or no effect on the outcomes of glaucoma drainage implant surgery.70 

In addition to properties of the implant itself, patient-related variables could influence the outcomes of glaucoma drainage implant 
surgery. In a retrospective, comparative, case-control study of 86 eyes of 86 patients, Ishida and Netland71 found a greater risk of 
surgical failure after Ahmed glaucoma valve implantation in African American compared with Caucasian patients. In this study, Cox 
proportional hazards regression analysis detected African American race as a risk factor for failure of Ahmed glaucoma valve surgery. 
A noncomparative retrospective case series described results after single-plate Molteno implantation in black patients, reporting a 72% 
success rate, complicated by Tenon’s cyst over the acrylic reservoir of single-plate Molteno device, which developed in 14 (88%) of 
16 black patients without tenonectomy and 2 (3%) of 64 black patients with tenonectomy.72 Risk factors for failure have included 
African American descent and nonwhite race in retrospective studies of the Ahmed glaucoma valve and the Baerveldt implant.62,73,74 

The success of trabeculectomy is known to vary depending on the type of glaucoma,41,42 but there is less available information 
about the influence of glaucoma diagnosis on the outcomes of glaucoma drainage implant surgery. Glaucoma drainage implants may 
be used to treat intractable elevation of IOP in eyes with silicone oil tamponade, with implants placed in one of the inferior quadrants 
(inferior temporal or inferior nasal) to minimize loss of silicone oil through the tube or tube blockage.75 In a retrospective comparative 
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study of 94 eyes in 94 patients, the Ahmed glaucoma valve controlled the IOP in the majority of eyes after pars plana vitrectomy and 
silicone oil injection.76 However, the presence of silicone oil was associated with increased risk of surgical failure in eyes treated with 
the Ahmed glaucoma valve, with an odds ratio of 3.43.76 Uveitic glaucoma has not been associated with increased risk of surgical 
failure after glaucoma drainage implant, particularly when uveitis is controlled through preoperative and long-term postoperative 
immunomodulatory therapy.77,78 Patients with severe ocular surface disease, who are often not candidates for trabeculectomy due to 
conjunctival scarring, may be successfully treated for elevated IOP with glaucoma drainage implant surgery.79  

In contrast with trabeculectomy, the location of the implant (superior vs inferior quadrant) does not affect the mean IOP or success 
rate after Ahmed glaucoma valve implantation.80 Glaucoma drainage implants are used in patients at all stages of life, including 
pediatric patients.81 Unlike trabeculectomy, age has not been found to be a risk factor for failure of drainage implant surgery, except 
for one retrospective study of the Baerveldt and Molteno implants in pediatric patients,82 and another retrospective study of the 
Baerveldt implant in mixed ages.83 Previous surgery has rarely been identified as a risk factor for failure of glaucoma drainage implant 
surgery,83,84 probably because a high proportion of patients in glaucoma drainage implant studies have had prior surgery or risk factors 
for failure of trabeculectomy. Implant-related and patient-related variables that may affect the success and failure risk profile of 
glaucoma drainage implant surgery are summarized in Table 1.  

 
 

TABLE 1. VARIABLES INFLUENCING SUCCESS OF GLAUCOMA DRAINAGE IMPLANT 
SURGERY 

VARIABLE INFLUENCE SUCCESS OR 
FAILURE 

LITTLE OR NO EFFECT ON 
SUCCESS OR FAILURE 

Implant-related Implant plate size 
Implant plate material 

Adjunctive antifibrosis drugs 
Location of implant 
   Superior vs inferior 

Patient-related Race 
Diagnosis 
   Silicone oil endotamponade 
   Neovascular glaucoma* 

Age 
Previous surgery 
Diagnosis 
   Controlled uveitis 
   Severe ocular surface disease 

* Present study. 

 
 

PRESENT STUDY 
The initial description of the use of glaucoma drainage implants in neovascular glaucoma was by Molteno and colleagues,85 who 
described the technique for implantation and IOP results in 12 patients with an average of 13 months follow-up. Noncomparative 
retrospective studies have described results in patients with neovascular glaucoma after the Molteno implant,86,87 the Krupin 
implant,88,89 and the Baerveldt implant,74,90 with no control group for comparison. Previous studies have not used the Ahmed glaucoma 
valve and have not determined whether neovascular glaucoma patients have a poor prognosis for successful glaucoma drainage 
implant surgery compared with controls. The purpose of this study was to compare the outcomes of glaucoma drainage implant 
surgery using the Ahmed glaucoma valve in controls and in patients with neovascular glaucoma. 

This study addressed the following questions:  
1. Is the Ahmed glaucoma valve effective for lowering IOP in patients with neovascular glaucoma? If so, is it more or less 

effective compared with patients with other diagnoses treated with the Ahmed glaucoma valve?  
2. Is the implant safe, and are there complications uniquely occurring in eyes with neovascular glaucoma?  
3. Is there an increased risk of surgical failure in eyes with neovascular glaucoma compared with eyes with other diagnoses 

treated with the Ahmed glaucoma valve? How does this assessment contribute to our understanding of the risk profile of 
glaucoma drainage implant surgery?  

4. In patients who lose vision, does IOP account for the vision loss? 

METHODS AND PATIENTS 

This was a single-center, retrospective comparative case series. The study was approved by the Institutional Review Board, consent 
was obtained prior to surgery in all patients, and the study was in accordance with Health Insurance Portability and Accountability Act 
(HIPAA) regulations. We reviewed the consecutive records of patients with neovascular glaucoma and control patients who were 
treated with the Ahmed glaucoma valve (New World Medical Inc, Rancho Cucamonga, California). All implantations were performed 
by one surgeon (P.A.N.) for increased IOP that was not responsive to medical therapy, laser treatment, or previous glaucoma surgery. 
Neovascular glaucoma, diagnosed by a glaucoma subspecialist (P.A.N.), was defined as neovascularization of the iris and/or anterior 
chamber angle with elevated IOP. Glaucomatous optic nerve cupping was not required for diagnosis.  

Exclusion criteria included patient age less than 18 years old, previous cyclodestructive treatment, and previous glaucoma drainage 
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device implantation. Patients with less than 3 months follow-up were excluded from the analysis to allow evaluation of the results 
after the immediate postoperative period. Cases were matched to controls by age and sex, with both cases and controls chosen from 
the same time period. In patients with bilateral implantation, data analysis was performed for the first eye that had received surgery. 

A total of 226 consecutive charts of patients treated with the Ahmed glaucoma valve were reviewed from a 6-year period. In 51 
eyes with neovascular glaucoma treated with the Ahmed glaucoma valve, 7 eyes with less than 3 months follow-up were excluded 
from the analysis. In 6 patients with bilateral implantation, data analysis was performed for the first eye treated with the Ahmed 
glaucoma valve. Control eyes were not diagnosed with neovascularization of the anterior segment or neovascular glaucoma, did not 
meet exclusion criteria, and were age- and sex-matched to eyes with neovascular glaucoma. Thus, a total of 76 eyes of 76 patients 
were included in the analysis (38 eyes with neovascular glaucoma and 38 control eyes). 

In eyes with neovascular glaucoma, all eyes had rubeosis iridis, and 89% of these eyes had closed angles by gonioscopy prior to 
glaucoma drainage implant surgery. All eyes with neovascular glaucoma had treatment with PRP or endolaser immediately before or 
after surgery. No eyes were treated with antiangiogenic drugs. Six eyes with neovascular glaucoma had been treated previously with 
pars plana vitrectomy and silicone oil injection. Three control eyes had a history of retinal detachment, requiring scleral buckling in 2 
eyes. The majority of eyes (97%) received single-plate implants, with one eye in the controls and one eye in the neovascular glaucoma 
group treated with the double-plate Ahmed glaucoma valve. The majority of eyes in both groups (70 of 76 eyes, 92%) had been 
treated with the polypropylene plate (model S-2), while 6 of 76 (8%) had been treated with the silicone plate (model FP-7). 

Preoperative information included gender, ethnicity, age, history of laser and surgical treatments, glaucoma diagnosis, lens status, 
glaucoma medications, IOP measured by Goldmann applanation tonometry, and visual acuity. Postoperative data regarding IOP, 
number of glaucoma medicines, visual acuity, and complications were obtained at 1 day, 1 week, 2 weeks, 1, 2, 3, 6, 12 months, and 
every 6 months thereafter. After the first month, visits within 2 weeks of the scheduled time point were included in the analysis. 
Results of the most recent examination were for analysis of IOP, visual acuity, and success at the last follow-up examination. 

Criteria for success were defined before reviewing the data. Surgical success was defined as IOP of 6 mm Hg or greater and 21 
mm Hg or less, with or without the use of additional glaucoma medicines, without further glaucoma surgery including 
cyclophotocoagulation or devastating complications that required removal of the implant, and without loss of light perception. No 
causes of vision loss were excluded, regardless of the etiology of decreased vision. The definition of hypotony was IOP of 5 mm Hg 
or less on two consecutive visits. A hypertensive phase was defined as IOP greater than 21 mm Hg during the first 3 to 6 months after 
surgery. 

For Ahmed glaucoma valve implantation, a fornix-based conjunctival flap was created between the superior and lateral or the 
superior and medial rectus muscles. The tube of the Ahmed glaucoma valve was irrigated with balanced saline solution to prime the 
valve. The plate was secured 8 to 9 mm posterior to the surgical limbus with interrupted 9-0 nylon sutures. The tube was trimmed to 
extend approximately 3 mm beyond the surgical limbus with the bevel facing up and inserted in the anterior chamber through a 23-
gauge needle track. The tube was anchored to the sclera using 9-0 nylon suture and covered with a rectangular piece of pericardium 
patch graft (IOP Inc, Costa Mesa, California, and New World Medical Inc, Rancho Cucamonga, California). The conjunctiva was 
closed with 9-0 polyglactin sutures, and subconjunctival injection of antibiotic and steroid was administered away from the surgical 
site. 

Demographic and preoperative and postoperative data were compared between the control patients and patients with neovascular 
glaucoma. Mann-Whitney U tests were used to compare continuous parameters between the two groups. Wilcoxon signed rank test 
was used to compare continuous parameters within groups. Chi-square and Fisher exact tests were used for categoric variables. The 
cumulative probability of success was analyzed by the Kaplan-Meier life-table method. The log-rank test was used to compare the 
success rates calculated by life-table analysis. Cox proportional hazards regression models were performed to assess the relationship 
between survival outcomes and multiple predictors, including age, ethnicity, gender, diabetes mellitus, hypertension, preoperative 
IOP, glaucoma medications, preoperative number of surgeries, and preoperative visual acuity. Types of complications were compared 
using the comparison of proportions (z) test. P values of less than .05 were considered statistically significant. 

 

RESULTS 

A total of 76 eyes of 76 patients were analyzed in the study, including 38 eyes with neovascular glaucoma compared with 38 control 
eyes. In 6 patients with bilateral implantation, chart analysis was performed of the first eye that had received surgery. Seven eyes with 
less than 3 months follow-up were excluded from the analysis. Demographics and preoperative data are summarized in Table 2. The 
two groups were statistically comparable with respect to age, gender, race, presence of hypertension, lens status, and preoperative IOP 
(P > .05). Patients with neovascular glaucoma were significantly more likely than controls to have diabetes mellitus and to have a past 
history of surgery and laser treatment (P < .05). Patients with neovascular glaucoma were also more likely to use fewer glaucoma 
medications and have worse visual acuity compared with control patients (P < .05). The mean follow-up period was 18.4 ± 14.0 
months (range, 3 to 60 months) in control eyes and 17.4 ± 15.1 months (range, 3 to 60 months) in neovascular glaucoma eyes (P = 
.550).  
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TABLE 2. AHMED GLAUCOMA VALVE IN NEOVASCULAR GLAUCOMA: PATIENT CHARACTERISTICS 

CHARACTERISTIC CONTROL 
N = 38 (100%) 

NEOVASCULAR 
GLAUCOMA 
N = 38 (100%) 

P 
VALUE 

Age, yr (mean ± SD) 
Range, yr 

59.8 ± 17.5 
18-90 

54.2 ± 18.3 
18-89 

.271 

Gender, male/female, N (%) 19 (50.0)/19 (50.0) 19 (50.0)/19 (50.0) >.999 

Race, African American/Caucasian, N (%) 23 (60.5)/15 (39.5) 23 (60.5)/15 (39.5) >.999 

Eye, OD/OS, N (%) 13 (34.2)/25 (65.8) 18 (47.4)/20 (52.6) .243 

Follow-up, months (mean ± SD) 
Range, months 

18.4 ± 14.0 
3-60 

    17.4 ± 15.1 
               3-60 

.550 

Diabetes mellitus, N (%) 8 (21.1) 34 (89.5) <.0001 

Hypertension, N (%) 20 (55.6) 24 (63.2) .353 

Lens status, N (%) 
Phakic 
Aphakic 
Pseudophakic 

 
11 (28.9) 
3 ( 7.9) 

24 (63.2) 

 
12 (31.6) 
9 (23.7) 

17 (44.7) 

.112 

Previous surgery, N (%) * 
Number of procedures (mean ± SD) 

Range 

38 (100) 
    1.9 ± 0.9 

1-5 

27 (71.1) 
   1.2 ± 1.0 

0-4 

.004 

.002 

Previous laser therapy, N (%) 14 (36.8) 38 (100) <.0001 
Glaucoma diagnosis, N (%) 

POAG 
Glaucoma associated with PK 
Traumatic glaucoma 
CACG 
CMG 
Uveitic glaucoma 
Aniridia 
COAG 
Epithelial downgrowth 
Neovascular glaucoma 

 
15 (39.5) 
7 (21.0) 
5 (14.0) 
3 ( 7.9) 
3 ( 7.9) 
2 ( 5.3) 
1 ( 2.6) 
1 ( 2.6) 
1 ( 2.6) 
0 ( 0) 

 
 
 
 
 
 
 
 
 
 

38 (100)† 

<.0001 

Preoperative IOP ( mean ± SD), mm Hg 
Range, mm Hg 

39.1 ± 11.2 
20-69 

    43.8 ± 11.0 
22-67 

.065 

Preoperative number medications (mean ± SD) 
Range 

4.0 ± 0.9 
1-5 

     3.3 ± 1.3 
3-5 

.013 

Preoperative visual acuity, N (%) 
≥20/80 
<20/80-20/200 
<20/200-20/400 
<20/400-CF 
≤HM 

 
9 (23.7) 
3 (  7.9) 
5 (13.1) 

10 (26.4) 
11 (28.9) 

 
  1 (2.6) 
2 (5.3) 
3 (7.9) 

  6 (15.8) 
26 (68.4) 

.007 

CACG, chronic angle-closure glaucoma; CF, count fingers; CMG, combined mechanism glaucoma; COAG, chronic 
open-angle glaucoma associated with multiple surgeries, including retinal detachment repair; HM, hand motion; IOP, 
intraocular pressure; PK, penetrating keratoplasty; POAG, primary open-angle glaucoma.  
*Includes cataract surgery. 
†Diagnoses in the neovascular glaucoma group included proliferative diabetic retinopathy (29 = 76%), central retinal 
vein occlusion (6 = 16%), central retinal artery occlusion (2 = 5%), and ocular ischemia (1 = 3%). 

 
As shown in Table 3, the mean preoperative IOPs were 39.1 ± 11.2 mm Hg on an average of 4.0 ± 0.9 glaucoma medications for 

controls and 43.8 ± 11.0 mm Hg (P = .065) on an average of 3.3 ± 1.3 glaucoma medications (P = .013) in neovascular glaucoma 
patients. The mean IOPs at last follow-up were 16.2 ± 5.2 mm Hg in controls and 15.5 ± 12.5 mm Hg in neovascular glaucoma eyes 
(P = .115). The mean number of glaucoma medications at most recent follow-up was 1.5 ± 1.4 in controls and 0.7 ± 1.1 in neovascular 
glaucoma eyes (P = .004). At the most recent visit, the visual acuity was improved or within 1 Snellen line in 33 control eyes (86.8%) 
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and in 23 neovascular glaucoma eyes (60.5%) (P = .018). The success at last follow-up examination was significantly lower (P = .032) 
in neovascular glaucoma patients (63.2%, 24 of 38 eyes) compared with controls (86.8%, 33 of 38 eyes). At the last follow-up 
examination, significantly more (P = .002) eyes with neovascular glaucoma had lost light perception (23.7%, 9 of 38 eyes) compared 
with control eyes (0%, 0 of 38 eyes). 

 
TABLE 3. AHMED GLAUCOMA VALVE IN NEOVASCULAR GLAUCOMA: PREOPERATIVE AND 

POSTOPERATIVE COMPARISONS 
VARIABLE CONTROL 

N = 38 (100%) 
NEOVASCULAR 

GLAUCOMA 
N = 38 (100%) 

P value 

IOP (mm Hg; mean ± SD) 
Preoperative 
Postoperative 

 
39.1 ± 11.2 

 16.2 ± 5.2 

 
43.8 ± 11.0 
15.5 ± 12.5 

 
.065 
.115 

Antiglaucoma medications (mm Hg; mean ± SD) 
Preoperative 
Postoperative 

 
4.0 ± 0.9 
1.5 ± 1.4 

 
3.3 ± 1.3 
0.7 ± 1.1 

 
.013 
.004 

Postoperative visual acuity 
Improved or within 1 Snellen line 
Worse by more than 1 Snellen line  

 
33 (86.8) 
  5 (15.2) 

 
23 (60.5) 
15 (39.5) 

.018 

Hypertensive phase 
Within 3 months 
Within 6 months 

 
17 (44.7) 
17 (44.7) 

 
13 (34.2) 
14 (36.8) 

 
.348 
.484 

Surgical outcome 
Success 

Failure 

 
33 (86.8) 
  5 (13.2) 

 
24 (63.2) 
14 (36.8) 

.032 

Loss of light perception 0 (0)   9 (23.7) .002 

IOP, intraocular pressure; SD, standard deviation. 
 
At the last follow-up examination, the mean IOP was decreased significantly (P < .001) after drainage implant surgery in both 

controls and eyes with neovascular glaucoma (Figure 1). The mean number of medications was decreased significantly 
postoperatively compared with preoperatively in both groups (P < .001). A transient elevation of IOP (hypertensive phase) occurred 
within the first 3 months after surgery in 44.7% of controls (17 of 38 eyes) and 34.2% of eyes with neovascular glaucoma (13 of 38), 
which was not significantly different between groups (P = .348). 

The mean preoperative IOP and the IOP at each of the postoperative time points are shown in Figure 2. The mean preoperative 
IOPs of 39.1 ± 11.2 mm Hg in control eyes and 43.8 ± 11.0 mm Hg in eyes with neovascular glaucoma (P = .065) were decreased to 
17.9 ± 8.4 mm Hg and 16.5 ± 15.8 mm Hg at 1 year (P = .150), and to 17.2 ± 4.1 mm Hg and 4.3 ± 5.1 mm Hg at 3 years (P = .028), 
in controls and eyes with neovascular glaucoma, respectively. Although the majority of time points (12 of 16) were similar, the 
average IOP differences between two groups were statistically significantly different at postoperative day 1 (P = .0007), week 1 (P = 
.038), month 1 (P = .007), and year 3 (P = .028). After the initial reduction of IOP at postoperative day 1, the mean IOP gradually 
increased to a peak from 1 to 3 months, then gradually decreased, with a trend toward lower mean IOP at the later time points in the 
neovascular glaucoma compared with the control group.  

Figure 3 shows the mean number of glaucoma medications preoperatively and at each of the postoperative time points. The mean 
preoperative number of medications of 4.0 ± 0.9 and 3.3 ± 1.3 (P = .013) was decreased to 1.7 ± 1.6 and 1.0 ± 1.3 at 1 year (P = .166), 
and 2.0 ± 1.7 and 0.7 ± 1.2 at 3 years (P = .221) in controls and eyes with neovascular glaucoma, respectively. In comparison to eyes 
with neovascular glaucoma, control eyes were using significantly more medications at 3 months after surgery (P = .019); however, 
this difference was not observed at subsequent time points. Both groups showed comparable trends, with a sharp reduction of the 
number of medications during the immediate postoperative period, a gradual increase during the first 2 to 3 years postoperatively, and 
a decreasing number of glaucoma medications thereafter. 

The Kaplan-Meier survival analysis for success is shown in Figure 4. The cumulative probability of success for controls and eyes 
with neovascular glaucoma was 89.2% and 73.1% at 1 year, and 81.8% and 20.6% at 3 years, respectively. The difference of the 
survival curves between the two groups was statistically significant by log-rank test (P = .0096). The number of patients who had 
completed the follow-up period and were not classified as failures in the analysis of success in controls and eyes with neovascular 
glaucoma, respectively, was 31 and 26 at 1 year, 19 and 12 at 2 years, 11 and 7 at 3 years, and 6 and 5 at 4 years. 

According to the definition of surgical success, 5 control eyes (13.2%) and 14 eyes with neovascular glaucoma (36.8%) were 
considered surgical failures. The majority of control eyes failed due to increased IOP (Table 4). In contrast, approximately half of the 
eyes with neovascular glaucoma were considered surgical failures due to hypotony (IOP ≤6 mm Hg). Although none of the control 
eyes lost light perception during the follow-up period, 9 eyes with neovascular glaucoma (23.7%) developed loss of light perception, 
with 4 of these meeting no other criteria for surgical failure. The majority of eyes with neovascular glaucoma and loss of vision (5 of 
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9) had IOP measurements of ≥6 mm Hg and ≤21 mm Hg during the postoperative period.  
 

  
FIGURE 1 

Comparison of preoperative and postoperative intraocular 
pressure (IOP) in controls and eyes with neovascular 
glaucoma. The postoperative IOP was the mean IOP at the 
last follow-up examination (mean follow-up period was 
18.4 ± 14.0 months in controls and 17.4 ± 15.1 months in 
eyes with neovascular glaucoma). After Ahmed glaucoma 
valve surgery, the IOP was significantly lowered compared 
with the preoperative level (P < .001) for both control and 
neovascular glaucoma eyes. Asterisks indicate significant 
difference (P < .05) between the preoperative and 
postoperative IOP.  

FIGURE 2 
Mean intraocular pressure (IOP) after Ahmed glaucoma 
valve surgery in controls and eyes with neovascular 
glaucoma. The mean preoperative IOP of 39.1 ± 11.2 mm 
Hg and 43.8 ± 11.0 mm Hg (P = .065) was decreased to 
17.9 ± 8.4 mm Hg and 16.5 ± 15.8 mm Hg at 1 year (P = 
.150), and 17.2 ± 4.1 mm Hg and 4.3 ± 5.1 mm Hg at 3 
years (P = .028) in controls and eyes with neovascular 
glaucoma, respectively. Asterisks indicate significant 
differences (P < .05) between control and neovascular 
glaucoma eyes at individual time points. M, months; Pre, 
prior to surgery; W, week; Y, year(s). 

 

 
FIGURE 3 

Average number of glaucoma medications after Ahmed glaucoma valve surgery in controls and eyes with 
neovascular glaucoma. The mean preoperative number of medications of 4.0 ± 0.9 and 3.3 ± 1.3 (P = .013) 
was decreased to 1.7 ± 1.6 and 1.0 ± 1.3 at 1 year (P = .166), and 2.0 ± 1.7 and 0.7 ± 1.2 at 3 years (P = .221) 
in controls and eyes with neovascular glaucoma, respectively. Asterisks indicate P < .05 (preoperatively and 3 
months). M, months; Pre, prior to surgery; W, week; Y, year(s). 
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FIGURE 4 

Cumulative probability of success after Ahmed glaucoma valve surgery in controls and eyes with neovascular 
glaucoma. The percent success for control and neovascular glaucoma eyes was 89.2% and 73.1% at 1 year, 
and 81.8% and 20.6% at 3 years, respectively. The difference of the survival curves between two groups was 
statistically significant by log-rank test (P = .0096). NC, number of control eyes at time point; NNVG, number of 
eyes with neovascular glaucoma at time point. Failures (5 control eyes, 14 neovascular glaucoma eyes) were 
carried forward in life-table analysis. 

 
 

TABLE 4. AHMED GLAUCOMA VALVE IN NEOVASCULAR GLAUCOMA: REASONS FOR FAILURE OF 
GLAUCOMA DRAINAGE IMPLANT SURGERY* 

REASON CONTROL EYES 
N = 5 

NEOVASCULAR GLAUCOMA EYES 
N = 14 

IOP ≥ 21 mm Hg  4† 4 (1 lost LP) 
IOP ≤ 6 mm Hg 1 5 (3 lost LP) 
Further glaucoma surgery  1† 1 (1 lost LP) 
Loss of LP 0 9‡ 

IOP, intraocular pressure; LP, light perception. 
*Reasons for failure add up to more than the number of failed eyes because some eyes had more than one criterion for failure. 
†One of 4 eyes with IOP ≥21 mm Hg treated with double-plate Ahmed glaucoma valve implantation. 
‡Five of 9 eyes lost light perception with IOP ≥5 mm Hg and ≤21 mm Hg.  

 
The characteristics of eyes classified as surgical successes or failures after drainage implant surgery are shown in Table 5. Neither 

successes nor failures in both groups were more likely to have had postoperative complications. In eyes with neovascular glaucoma, 
postoperative visual acuity was significantly decreased in failures compared to eyes with successful surgical outcome (P = .035). In 
the control group, failures had significantly higher IOP compared with successes (P = .002), whereas the IOP was not significantly 
different in eyes with neovascular glaucoma classified as success or failure (P = .835). 

A Cox proportional hazards model was used to evaluate risk factors for surgical failure (Table 6). Factors analyzed included age, 
ethnicity, gender, neovascular glaucoma diagnosis, presence of diabetes mellitus or hypertension, preoperative IOP, number of 
preoperative glaucoma medications, preoperative visual acuity, and number of preoperative surgical treatments. Diagnosis of 
neovascular glaucoma was detected as a risk factor for surgical failure (odds ratio, 5.384; 95% CI, 1.22-23.84; P = .027), whereas 
other factors were not statistically significant risk factors for failure. 

As shown in Table 7, complications occurred in 19 (50.0%) of 38 eyes in controls and 14 (36.8%) of 38 eyes with neovascular 
glaucoma after Ahmed glaucoma valve surgery. No statistically significant differences were detected between controls and eyes with 
neovascular glaucoma in comparisons of the number of eyes with complications (P = .247) or the average number of complications (P 
= .135). The most common complication in the eyes with neovascular glaucoma was hyphema, which occurred in 6 eyes (15.8%), 
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whereas the most frequent complication in control eyes was choroidal effusion (6 eyes, 15.8%). Obstruction of the tube occurred in 5 
control eyes (13.2%) and 1 eye with neovascular glaucoma, most commonly due to fibrin during the immediate postoperative period. 
Other complications occurred infrequently, and implants were not removed in any of the patients. 

 
 

TABLE 5. AHMED GLAUCOMA VALVE IN NEOVASCULAR GLAUCOMA: 
 CHARACTERISTICS OF SUCCESSES AND FAILURES 

CONTROL 
N = 38 (100%) 

NEOVASCULAR GLAUCOMA 
N = 38 (100%) 

CHARACTERISTIC 
Success Failure P Value Success Failure P value 

Age, yr (mean ± SD) 59.5 ± 17.2 61.6 ± 17.5 .590 51.9 ± 16.8 58.0 ± 20.8 .164 

Gender, N (%) 
Male 
Female 

 
18 (47.4) 
16 (42.1) 

 
1 (2.6) 
3 (7.9) 

.597 
 

 14 (36.8) 
 10 (26.3) 

 
5 (13.2) 
9 (23.7) 

.313 

Lens status, N (%) 
Phakic 
Aphakic 
Pseudophakic 

 
10 (26.3) 
  2 (5.3) 
22 (57.9) 

 
1 (2.6) 
1 (2.6) 
2 (5.2) 

.406 

 
 9 (23.7) 
 4 (10.5) 
11 (28.9) 

 
3 (7.9) 
5 (13.2) 
6 (15.8) 

.112 

IOP ( mean ± SD), mm Hg 
Preoperative 
Postoperative 

 
38.8 ± 11.6 
15.5 ± 3.06 

 
41.0 ± 10.9 
21.6 ± 10.6 

 
.397 

  .002* 

 
 44.8 ± 9.8 
 15.2 ± 3.6 

 
42.3 ± 13.0 
15.9 ± 20.3 

 
.347 
.835 

Postoperative complications, N (%) 15 (39.5) 4 (10.5) .113 8 (21.1) 6 (15.8) .810 

Postoperative visual acuity, N (%) 
Improved or within 1 line 
Worse by more than 1 Snellen line 

 
22 (57.9) 
12 (31.5) 

 
2 (5.3) 
2 (5.3) 

.977 
 

15 (39.5) 
9 (23.7) 

 
3 (7.9) 

11 (28.9) 
.035* 

IOP, intraocular pressure. 
*P<.05. 

 
 

TABLE 6. AHMED GLAUCOMA VALVE IN NEOVASCULAR GLAUCOMA: OUTCOMES OF COX 
PROPORTIONAL HAZARDS REGRESSION MODEL FOR FAILURE OF DRAINAGE IMPLANT SURGERY 

VARIABLE ODDS RATIO 95% CONFIDENCE INTERVAL P VALUE 

Neovascular glaucoma 5.384   1.22-23.84 .027* 
African American race 2.669   0.79-9.00 .113 

Age 1.006 0.97-1.04 .723 

Male gender 0.662 0.19-2.31 .518 

Diabetes mellitus 1.975 0.50-7.84 .333 

Hypertension 1.355 0.45-4.06 .588 

Preoperative IOP 0.965 0.92-1.01 .162 

Preoperative medications 0.717 0.46-1.13 .152 

Preoperative surgery 0.774 0.13-4.68 .780 

Preoperative visual acuity 0.366 0.10-1.01 .136 

IOP, intraocular pressure. 
*P<.05. 
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TABLE 7. AHMED GLAUCOMA VALVE IN NEOVASCULAR GLAUCOMA: POSTOPERATIVE 
COMPLICATIONS 

VARIABLE 
CONTROL 

(N = 38 EYES) 
NEOVASCULAR 

GLAUCOMA 
(N = 38 EYES) 

P VALUE* 

Eyes with complications, N (%) 
Yes 
No 

 
19 (50) 
19 (50) 

 
14 (36.8) 
24 (63.2) 

.247 

Number complications, mean ± SD 1.08 ± 1.36 0.58 ± 0.89 .135 
Type of complications† 

Hyphema 
Choroidal effusion 
Choroidal hemorrhage 
Inflammation 
Pupillary block 
Obstruction of tube 

By fibrin 
By iris 
By vitreous 

Retraction of tube 
Erosion of tube 
Corneal edema 
Tube-cornea touch 
Malignant glaucoma 

 
1 (2.6) 
6 (15.8) 
2 (5.3) 
1 (2.6) 
2 (5.3) 
5 (13.2) 
3 (7.9) 
1 (2.6) 
1 (2.6) 
0 (0) 
2 (5.3) 
3 (7.9) 
1 (2.6) 
2 (5.3) 

 
6 (15.8) 
1 (2.6) 
3 (7.9) 
1 (2.6) 
1 (2.6) 
1 (2.6) 
1 (2.6) 
0 (0) 
0 (0) 
1 (2.6) 
1 (2.6) 
1 (2.6) 
1 (2.6) 
1 (2.6) 

 
.111 
.111 
.996 
.471 
.988 
.198 
.602 
.990 
.990 
.990 
.988 
.602 
.471 
.988 

*Number of eyes with complications compared with chi-square, number of complications compared with t test, and 
types of complications compared with comparison of proportions (z) test. 
†More than one complication may have occurred in one eye. 

 

DISCUSSION 

In addition to treatment of retinal ischemia, one of the therapeutic goals for neovascular glaucoma is reduction of IOP. Although 
neovascular glaucoma is a risk factor for failure of trabeculectomy,41,42 less is known about risk of failure after glaucoma drainage 
implant surgery. In this study, the success rate was significantly lower over time in eyes with neovascular glaucoma compared with 
controls, and neovascular glaucoma was a risk factor for failure of glaucoma drainage implant surgery. Despite significant 
improvement of IOP after Ahmed glaucoma valve surgery, visual outcomes were poor, with approximately one-quarter of patients 
losing vision. 

In this study, the success at last follow-up visit in eyes with neovascular glaucoma and controls was significantly different, life-
table analysis success rates were significantly different in the two groups, and Cox proportional hazards regression analysis identified 
neovascular glaucoma as a risk factor for failure of Ahmed glaucoma valve surgery. Results from the present study and 
noncomparative studies using other glaucoma drainage implants are summarized in Table 8.74,86-90 It is not possible to directly 
compare these other studies to the present study because of differences in implant types, patient populations, or other variables, and 
there was no control group for comparison. Nonetheless, the success rates reported in these studies are similar to the success rates 
reported in this study. The only study besides the present study with a comparison group was the study by WuDunn and colleagues,74 
in which a subgroup analysis of 34 eyes with neovascular glaucoma in a group of 108 eyes treated with the Baerveldt 250 mm2 
implant found neovascular glaucoma patients significantly more likely to fail due to elevated IOP. While a direct comparison of 
different implant types is not possible in this study, a retrospective review found no significant difference in mean IOP or cumulative 
probability of success after Ahmed glaucoma valve or Molteno implant in 65 eyes with neovascular glaucoma.91 The tabular summary 
(Table 8) does not include earlier published results from the same studies or preliminary results with implants that are no longer 
commercially available.92-94 

Despite improvement of IOP after surgery and mean IOP levels over time that were comparable to controls, visual outcomes were 
worse, with significantly more eyes with neovascular glaucoma (9 of 38) than controls (0 of 38) losing light perception vision in this 
study (P = .002). This may have been due to inadequate control of IOP in eyes with neovascular glaucoma compared to controls, 
progression of underlying disease, or other factors. However, 5 of 9 eyes (55.6%) lost light perception with postoperative IOP above 5 
mm Hg and less than 22 mm Hg, suggesting that progression of underlying disease is an important cause of vision loss in neovascular 
glaucoma. In previous studies (Table 8), the proportion of patients with neovascular glaucoma reported to lose vision has ranged from 
3% up to 48%, with variability in vision loss rates possibly due to changes in retinal therapy over the time period of these studies, 
differences in patient populations including preoperative stage of neovascular glaucoma, or other variables. In neovascular glaucoma 
patients, the problem of vision loss has been observed after trabeculectomy. Parrish and Herschler95 described 4 of 8 patients with 
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diabetic retinopathy or central retinal vein occlusion and neovascular glaucoma treated with a modified filtering procedure who lost 
ambulatory vision during the follow-up period, suggesting the importance of the underlying disease in preservation of visual function. 
Vision loss likely due to progression of underlying disease has also been observed following glaucoma drainage implant treatment for 
neovascular glaucoma patients.86,87,90  

 
TABLE 8. GLAUCOMA DRAINAGE IMPLANTS IN NEOVASCULAR GLAUCOMA: 

 SUMMARY OF LITERATURE 
STUDY IMPLANT N MEAN 

FOLLOW-
UP 

SUCCESS DEFINITION* PERCENT SUCCESS PERCENT 
NLP 

Present study 
NVG group 

 
 
 

Control group 
 
 

 
Ahmed 
 
 
 
Ahmed 
 
 

 
38 

 
 
 

38 
 
 

 
17.4 mo 

 
 
 

18.4 mo 
 
 

6 mm Hg ≤ IOP ≤ 21 mm Hg 
Without additional surgery 
Without loss of vision 

 
73.1% at 1 yr 
61.9% at 2 yr 
20.6% at 5 yr 
 
89.2% at 1 yr 
81.8% at 2 yr 
81.8% at 5 yr 

 
23.7% 

 
 
 

 0% 
 
 

Mermoud et al86 Molteno 60 24.7 m 
IOP ≤ 21 mm Hg 
Without loss of vision 

62.1% at 1 yr 
52.9% at 2 yr 
10.3% at 5 yr 

     48% 

Every et al87 Molteno 145 39.6 mo 
6 mm Hg ≤ IOP ≤ 21 mm Hg 
Without loss of vision 

72% at 1 yr 
60% at 2 yrs 
40% at 5 yrs 

     32% 

Krupin et al88 Krupin 79 23.7 mo 
 
IOP ≤ 24 mm Hg  
 

67.1% at last follow-up 
19% of 
successes‡ 

Mastropasqua et al89 Krupin 28 58.4 mo 
6 mm Hg ≤ IOP ≤ 21 mm Hg 
Without additional surgery 
No devastating complication 

89% at 1 yr 
74% at 2 yr 
46% at 5 yrs 

Not 
specified 

Sidoti et al90 Baerveldt 36 15.7 mo 
6 mm Hg ≤ IOP ≤ 21 mm Hg 
Without additional surgery 
No devastating complication 

79% at 1 yr 
38% at 2 yr 

     31% 

WuDunn et al74 Baerveldt 34 14.1 mo† 
6 mm Hg ≤ IOP ≤ 21 mm Hg 
Without additional surgery 
Without loss of vision 

72% at 1.5 yr 
16% at 5 yr 

3% 

IOP, intraocular pressure; NLP, no light perception; NVG, neovascular glaucoma.  
*Loss of vision indicates loss of LP vision. 
†Subgroup analysis.  
‡Loss of vision data provided only for “successfully” treated eyes. Loss of LP in failures was not specified. 

 
 
All of the patients in this study had anterior chamber tube placement and perioperative laser retinal therapy. In a retrospective 

noncomparative series, pars plana vitrectomy and glaucoma drainage implant tube placement was performed in a group of 40 eyes 
with mixed diagnoses (14 eyes with neovascular glaucoma), with a success rate (with or without glaucoma medications) of 72.5% at 1 
year.96 Although there was no comparison group, pars plana Ahmed glaucoma valve tube insertion with vitrectomy was performed in 
18 eyes with neovascular glaucoma, with 72.2% overall success at an average 14.2 months follow-up.97 Pars plana placement of 
Baerveldt implant tubes was compared with Nd:YAG cyclophotocoagulation in the management of neovascular glaucoma, with better 
control of IOP and greater preservation of vision after glaucoma drainage implant surgery.98 Similar findings had been reported 
previously comparing anterior chamber placement of glaucoma drainage implant tubes with Nd:YAG cyclophotocoagulation.99  

In this study, the control group had a mean IOP of 16.2 mm Hg, 1.5 glaucoma medications, and 86.8% success rate at the last 
follow-up examination after Ahmed glaucoma valve surgery, with cumulative probability of success of 89.2% at 1 year and 81.8% at 
2 to 5 years. In a study of 159 eyes with mixed diagnoses treated with the Ahmed glaucoma valve, Huang and colleagues58 found a 
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mean IOP of 15.9 mm Hg, 1.1 glaucoma medications, and 84% success rate at the last follow-up examination. In a study that used a 
similar definition of success,73 in 60 eyes with mixed diagnoses treated with the Ahmed glaucoma valve, the cumulative probability of 
success was 87% at 1 year, 82% at 2 years, and 76% at 3 to 4 years. Thus, the outcomes of the control group in this study were 
comparable to other studies assessing the response of refractory glaucomas with mixed diagnoses to treatment with the Ahmed 
glaucoma valve implant. Because the neovascular glaucoma patients in this study had a high percentage of patients with proliferative 
diabetic retinopathy (29 of 38, 76%), control eyes were less likely to have diabetes and prior laser or surgery in preoperative 
comparisons. Eyes with neovascular glaucoma were more likely to have poor vision preoperatively, probably due to differences in the 
extent and severity of retinal disease in eyes with neovascular glaucoma compared with controls. A significant difference was 
observed in the number of preoperative glaucoma medications in eyes with neovascular glaucoma and controls (3.3 ± 1.3 and 4.0 ± 
0.9, respectively), but this finding is not likely clinically relevant.  

The mean postoperative IOP and number of medications during the follow-up period in this study were similar in controls and eyes 
with neovascular glaucoma, although a few individual time points were statistically significantly different. Nouri-Mandavi and 
Caprioli100 reported that a hypertensive phase was observed in 56% of patients who had been treated with the Ahmed glaucoma valve. 
Ayyala and colleagues59 noted that 84% of patients experienced a hypertensive phase after Ahmed glaucoma valve implantation. In 
this study, using a similar definition for hypertensive phase, 44.7% of controls and 34.3% of eyes with neovascular glaucoma 
developed a hypertensive phase within 3 months after Ahmed glaucoma valve implantation, which was not significantly different (P = 
.348). Neovascular glaucoma was identified as a risk factor for surgical failure by Cox proportional hazards regression analysis, while 
other variables did not achieve statistical significance. African American race, which has been identified as a risk factor for failure of 
Ahmed glaucoma valve surgery,71 was associated with an increased risk ratio that was not statistically significant in this study. This 
finding may have been due to lower statistical power (fewer African American patients) and a higher proportion of patients with 
neovascular glaucoma in this study compared with the previous study.71 

The number of eyes with complications and the average number of complications were not significantly different between eyes 
with neovascular glaucoma and controls in this study. The most common complication in the neovascular glaucoma groups was 
hyphema, which was observed in 6 eyes (15.8%). In comparing eyes with neovascular glaucoma to controls, however, the difference 
was not statistically significant, probably due to a low number of individual complications available for statistical analysis. After 
Molteno device implantation in eyes with neovascular glaucoma, up to 65% incidence of transient hyphema during the early 
postoperative period has been reported.87 The lower rate of hyphema in this study may have been due to differences of implant design 
(valved vs nonvalved), differences in the detection of hyphema, or differences in patient populations. In a retrospective 
noncomparative study of the Baerveldt implant in patients with mixed diagnoses, hyphema developed after implant surgery in 11of 34 
eyes (32%) with neovascular glaucoma.47 In a subgroup analysis of eyes treated with the Baerveldt implant, hyphema was 
significantly more common during the postoperative period in eyes with neovascular glaucoma compared to eyes without neovascular 
glaucoma (P = .02).74  

Although this study is strengthened by the comparison group and case-control analysis, the nonrandomized retrospective design of 
this study has limitations. The average follow-up period was 17.4 ± 15.1 months in eyes with neovascular glaucoma, which was 
relatively short, despite efforts to contact patients directly or through their referring physicians. Other studies have found that patients 
with neovascular glaucoma treated with glaucoma surgery may be lost to follow-up due to comorbid conditions or death. The life 
expectancy of patients with neovascular glaucoma treated with Molteno implants was reduced by 52%.101 Every and colleagues87 
reported the deaths of 101 of 130 neovascular glaucoma patients (78%) during the follow-up period after treatment with the Molteno 
implant. During the follow-up period after treatment with the Krupin implant, 17 of 79 patients (22%) died in one study,88 and 22 of 
28 patients (79%) died in another study.89 In this study, with the patients remaining in the analysis, valid life-table analysis was 
determined to 5 years. This study did not attempt to find the underlying cause for the differences in success observed in eyes with 
neovascular glaucoma and controls. However, this comparative study was able to identify significant differences in success rates over 
time in comparisons of controls and eyes with neovascular glaucoma.  

SURGICAL TREATMENT OF NEOVASCULAR GLAUCOMA 
Surgical treatment for neovascular glaucoma has evolved over time, from no treatment to cyclodestructive procedures, to full-
thickness filtration surgery, and, finally, to trabeculectomy with antifibrosis drugs or glaucoma drainage implant surgery.34 
Neovascular glaucoma is a secondary glaucoma, which has numerous causes, and is a progressive disease over time. Prior to the onset 
of glaucoma, there may be neovascularization of the iris or angle, with normal IOP. In early stages of glaucoma, there is 
neovascularization of the angle, with an open anterior chamber angle and elevated IOP. In late stages of glaucoma, there is 
neovascularization of the angle, with a closed anterior chamber angle and markedly elevated IOP. Also, neovascular glaucoma is an 
inflammatory glaucoma, characterized by increasing inflammation of the anterior segment of the eye with continued disease 
progression. In addition to treatment of the underlying cause and treatment of retinal ischemia, surgical treatment for lowering IOP is 
often required, especially when there is synechial closure of the anterior chamber angle.  

Several variables influence the choice of surgical treatment, which, most commonly, is a glaucoma drainage implant, a 
trabeculectomy with antifibrosis drug, or a cyclodestructive procedure. The stage of the disease may influence surgeons, with many 
favoring glaucoma drainage implants in more advanced disease. Similarly, the degree of inflammation may be a consideration, with 
glaucoma drainage implants preferred when severe inflammation is present, because of the poor prognosis of success of 
trabeculectomy with increased inflammation. The underlying etiology is relevant; for example, no surgical glaucoma therapy is 
indicated in an eye with neovascular glaucoma due to inadequately treated or untreated malignant ocular tumor. The vision or visual 
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potential is a consideration, with less invasive procedures such as cyclodestructive procedures preferred in eyes with limited or no 
visual potential. Moreover, comorbid conditions and life expectancy are influential, with less enthusiasm for surgical procedures in 
patients who have shortened life expectancy or severe comorbid medical conditions. 

In retrospective studies, cyclophotocoagulation has been compared with glaucoma drainage implants for treatment of neovascular 
glaucoma, with better control of IOP and greater preservation of vision after glaucoma drainage implant surgery.98,99 In contrast, no 
significant difference in success rates was found after endoscopic diode cyclophotocoagulation compared with Ahmed glaucoma valve 
implantation in eyes with refractory glaucoma.102 In another study, there was no significant difference in the success rates comparing 
transscleral diode cyclophotocoagulation and Ahmed glaucoma valve implantation in neovascular glaucoma treatment, although lack 
of follow-up in the patients treated with cyclophotocoagulation (8 of 33 patients) limited the interpretation of results of the study.103 In 
patients with uncontrolled IOP despite glaucoma drainage implant and glaucoma medical therapy, adjunctive diode 
cyclophotocoagulation significantly reduced mean IOP and the number of glaucoma medications in patients with refractory glaucoma, 
including neovascular glaucoma.104 

High failure rates ranging up to 80% have been reported following trabeculectomy without antimetabolites for surgical treatment 
of neovascular glaucoma,32,33 and neovascular glaucoma has been identified as a risk factor for failure of trabeculectomy.33,41 
Adjunctive treatment with antifibrosis drugs such as mitomycin C and 5-fluorouracil have been associated with modest improvement 
of success,35-40 but neovascular glaucoma is still associated with declining success rates to as low as 28% at 5 years after surgery and 
encapsulated bleb formation.35,36 Because of the lack of direct comparative evidence in the literature, the choice between 
trabeculectomy and drainage implants is surgeon preference at this time. Considering the poor prognosis for success of trabeculectomy 
in neovascular glaucoma, surgeons often prefer glaucoma drainage implants, especially when patients with refractory neovascular 
glaucoma have increased inflammation at the time of surgery. Thus, retrospective analyses and comparative studies of glaucoma 
drainage implants and trabeculectomy have possible bias, with the possibility that surgeons would choose glaucoma drainage implants 
for more advanced disease. 

Management of neovascular glaucoma varies and is individualized, depending on etiology, stage of disease, visual potential, and 
other variables. At the present time, glaucoma drainage implants are often used for lowering IOP in neovascular glaucoma patients. 
Results from this study support the role of drainage implants for lowering IOP in the treatment of neovascular glaucoma, although it is 
clear from the results of this study that patients may lose vision and may require adjunctive treatments. In addition to treatment of 
retinal ischemia and lowering of IOP, an additional goal of therapy of neovascular glaucoma worthy of consideration would be 
preservation of retinal and optic nerve function. 

ANTIANGIOGENESIS TREATMENT IN NEOVASCULAR GLAUCOMA 
Antiangiogenesis drugs have been swiftly incorporated into clinical management of neovascular glaucoma because they produce a 
rapid clinical response, reducing neovascularization of the anterior segment and decreasing anterior segment inflammation. Vascular 
endothelial growth factor is important in ocular abnormalities characterized by neovascularization, including neovascular 
glaucoma.105-107 Inhibiting angiogenesis by blocking VEGF activity is a promising strategy for the treatment of anterior segment 
neovascularization and neovascular glaucoma. One drug available for blocking VEGF is bevacizumab (Avastin, Genentech, Inc, San 
Francisco, California), which is a full-length humanized monoclonal antibody against VEGF type A.105-107  

Several case reports have described clinical improvement, iris neovascularization regression, and IOP control following intravitreal 
bevacizumab injection.108-117 In a noncomparative interventional case series study of 7 eyes in 5 patients, Oshima and colleagues118 
observed regression of iris neovascularization in all treated patients, stable or improved visual acuity, and controlled IOP in 6 eyes 
during the follow-up period. In advanced neovascular glaucoma patients (with closed anterior chamber angle), noncomparative case 
studies have reported that bevacizumab may not control IOP but can be used adjunctively to improve results of subsequent glaucoma 
surgery.30,119  

In a retrospective comparative study of intravitreal bevacizumab with PRP vs PRP alone, the bevacizumab with PRP group 
experienced more rapid regression of neovascularization and decrease of IOP.31 In another retrospective comparative study of 
bevacizumab with PRP vs PRP alone, the bevacizumab-treated group had significantly improved visual outcomes and required 
significantly less glaucoma surgery, although addition of bevacizumab treatment did not reduce the need for glaucoma surgery in 
patients with closed anterior chamber angle.120 

Further studies are needed to establish the efficacy, safety, and clinical role of antiangiogenesis therapy for neovascular glaucoma. 
Results from the present study provide a basis for future work and highlight the need for further clinical research in this area. It would 
be of interest to determine whether antiangiogenesis therapy improves the success and prevents vision loss in neovascular glaucoma 
patients treated with glaucoma drainage implants. 

CONCLUSION 

This comparative study has identified significant differences in success rates over time in eyes with neovascular glaucoma and 
controls, indicating that neovascular glaucoma patients have a greater risk of surgical failure after Ahmed glaucoma valve surgery 
compared with patients with other glaucoma diagnoses. The significant treatment outcome difference found in this study indicates that 
neovascular glaucoma is a risk factor for failure of glaucoma drainage implant surgery. Despite improved mean IOP with the Ahmed 
glaucoma valve, visual outcomes were poor, possibly due to progression of the underlying disease. These findings improve the 
understanding of the risk profile for glaucoma drainage implant surgery, which may clarify the role of glaucoma drainage implants in 
the clinical management of neovascular glaucoma patients and may help direct efforts to improve clinical outcomes. In particular, in 
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neovascular glaucoma patients, the loss of vision despite lowering of average IOP by drainage implant surgery suggests the need for 
improved therapy to preserve function of the retina and optic nerve in the underlying conditions that cause neovascular glaucoma.  
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