World Journal of Surgery and Surgical Research

Research Article
Published: 09 Aug, 2021

A Comparison of Two Treatments for Neovascular
Glaucoma: Anterior Chamber Ahmed Valve with
Panretinal Photocoagulation vs. Pars Plana Ahmed Valve
with Vitrectomy and Endolaser
Bailey M Harrison1#, Mohammad Yazdanie2#, Sai Nimmagadda1, Hamza Sadhra1,
Donald Harrington3, Brent Johnson3, Sana Idrees2 and David A DiLoreto Jr2,4*
1University

of Rochester School of Medicine and Dentistry, USA

2Department

of Ophthalmology, Flaum Eye Institute, University of Rochester Medical Center, USA

3Department

of Biostatistics, University of Rochester, USA

4Center
#Co-first

for Visual Sciences, University of Rochester, USA
authors Contributed

Abstract
Purpose: To compare the effect of two types of treatment for Neovascular Glaucoma (NVG):
Anteriorly placed Ahmed Glaucoma Valve (aAGV) and Panretinal Photocoagulation (PRP)
performed in the clinic to posteriorly placed Ahmed Glaucoma Valve (pAGV) with pars plana
vitrectomy and panretinal photocoagulation performed via Endolaser (PPV/EL).
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Methods: A retrospective chart review was performed for the diagnosis of neovascular glaucoma.
Treatment types were reviewed and divided into two groups: Group 1 (aAGV/PRP) and group
2 (pAGV/PPV/EL). The outcome measures evaluated were Visual Acuity (VA, LogMAR) and
intraocular pressure (IOP, mmHg) at 6 month and 1 year intervals post-treatment using the analysis
of variance. Secondary outcomes included complications and number of procedures required postoperatively.
Results: Both groups consisted of 15 eyes in 15 patients. The adjusted change in VA between groups
1 and 2 was not statistically significant at 6 months (-0.28 ± 0.66 vs. -0.04 ± 0.60 logMAR, p=0.32)
nor at 1 year (-0.40 + 0.72 vs. 0.12 + 0.68 vs. logMAR, p=0.10). The mean baseline IOP (43.0 ±
8.9 vs. 38.6 ± 6.6 mmHg) and VA (1.3 ± 0.8 vs. 1.4 ± 0.7 logMAR) were similar between groups
1 and 2. The adjusted change in IOP between groups 1 and 2 was not statistically significant at 6
months (-25.6 ± 9.5 vs. -20.5 ± 6.1 mmHg, p=0.11) nor at1 year (-27.9 ± 11.0 vs. -23.8 ± 10.3
mmHg, p=0.38). Complications and post-operative procedures were minimal and similar between
the two groups except for the number of post-operative anti-VEGF injections required: 31
injections were required in group 1 post-operatively, and 16 injections were required in group 2
post-operatively (p=0.001).
Conclusion: aAGV/PRP and pAGV/PPV/EL were both effective in preserving vision and lowering
IOP with no significant difference detected in VA or IOP outcomes between the two groups at the
6 months and 1 year follow-up intervals. There were no increased risks attributed to one treatment
type vs. another. However, those undergoing aAGV/PRP required more post-operative anti-VEGF
injections. While this is a small study, it does not support one treatment modality over another.
Decision for neovascular glaucoma treatment type should continue to be based on the patient’s
condition, access to care, and type of subspecialty care available.

Introduction
Neovascular Glaucoma (NVG) is an aggressive form of glaucoma in which elevated Intraocular
Pressure (IOP) develops secondary to neovascularization and fibrovascular tissue that blocks the
trabecular meshwork due to posterior retinal hypoxia [1]. This can be caused by any disease process
leading to retinal ischemia and hypoxia, including, but not limited to, diabetic retinopathy, Central
Retinal Vein Occlusion (CRVO), Central Retinal Artery Occlusion (CRAO), and Ocular Ischemic
Syndrome (OIS). The treatment of NVG involves treating the underlying cause of ischemia and
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controlling the IOP, as well as disruption of neovascularization
[2]. Control of IOP can be achieved either with medical therapy
or with surgical procedures that increase the outflow of aqueous
humor. Treating the underlying condition involves laser ablation of
the ischemic retinal tissue producing Vascular Endothelial Growth
Factor (VEGF) or decreasing the concentration of VEGF with antiVEGF intravitreal injections [1].

charts and surgical reports from one institution (Department of
Ophthalmology, Flaum Eye Institute, and University of Rochester
Medical Center). Data was collected between January 01st, 2010 and
December 31st, 2020. ICD-9 and ICD-10 diagnosis codes were used
to identify all patients with neovascular glaucoma in both paper
charts and the electronic medical record. CPT codes were used to
identify all patients (all ages and sexes) with neovascular glaucoma
who underwent surgeries/procedures, including PRP, PPV, and AGV
placement.

Surgery for lowering intraocular pressure in generally indicated
if medications have failed or are likely to fail [3]. For open angle
glaucoma that fails medical management, surgeons perform
trabeculectomy (filtering surgery) before considering a tube shunt
[3]. Trabeculectomies have a better chance of maintaining lower
intraocular pressures but can take time to stabilize. However, in cases
of neovascular glaucoma, trabeculectomy has poor outcomes due to
surrounding neovascularization and inflammation leading to closure
of the trabeculectomy site [4]. Tube shunts are used to decrease
intraocular pressure by draining aqueous humor out of the eye into
an external reservoir. These procedures have a more immediate effect
than trabeculectomies and are less likely to fail from inflammation
[5]. Ahmed Glaucoma Valve (AGV), a type of tube shunt, can be
placed either in the anterior chamber or in the pars plana, with the
latter necessitating a vitrectomy to prevent vitreous from occluding
the tube of the AGV.

There were 48 AGV implants performed during this ten-year
period in the setting of neovascular glaucoma. Those 48 cases were
reviewed and divided into those that underwent aAGV/PRP (Group
1, n=17), those that underwent pAGV/PPV/EL (Group 2, n=20), and
those that were treated in other ways (n=11). Those in groups 1 and
2 with documented visual acuities, intraocular pressures, as well as
follow up intervals of at least at 6 ± 1 month were used in this study
11, leaving 15 patients in each group.
As part of the subject’s medical history the following were
obtained: Gender, age at time of surgery, and eye that surgery was
performed. Pre-operative data that was collected included: Intraocular
Pressure (IOP), number of glaucoma medications used, visual acuity
(VA in Snellen and LogMAR), lens status (phakic, pseudophakic),
etiology of neovascular glaucoma (diabetes, vein occlusion, ocular
ischemic syndrome), and previous treatments (e.g. anti-VEGF
injections, PRP, previous glaucoma surgery, previous vitrectomy).

AGV placement in conjunction with PRP in the clinic (+/- antiVEGF injections) is frequently used in the management of NVG. In
these cases, the tube of the AGV is placed in the anterior chamber
(aAGV). By using anti-VEGF injections to temporize the growth of
neovascularization, Panretinal Photocoagulation (PRP) can then be
performed before or after the placement of the AGV to permanently
prevent further neovascularization.

Operative data that was collected included: Date(s) of surgery/
procedures, surgeon specialty, position of the AGV tube (anterior or
posterior), type of laser (PRP in clinic vs. endolaser in the OR), and
PPV vs. no PPV. Post-operative outcomes included: VA (Snellen,
LogMAR) and IOP. Other secondary measures included number
of glaucoma drops used, number of anti-VEGF injections required,
and number of laser sessions required. Postoperative complication
data included: hypotony, hyphema, choroidal detachment, macular
edema, vitreous hemorrhage, retinal tear, retinal detachment,
endophthalmitis, and exposure of tube.

AGV tubes may be placed posteriorly through the pars plana
(pAGV) and are indicated in several settings over aAGV. In NVG,
pars plana shunts are appropriate for patients who require a
vitrectomy in addition to glaucoma surgery (e.g., limited view due
to non-clearing vitreous hemorrhage) [6,7] or other reasons such as
a limited view due to a small pupil, inability to return for frequent
anti-VEGF injections or multiple laser sessions, previous corneal
transplantation, or for avoiding the need to create an ostomy through
neovascular/fibrovascular tissue in the angle. In these cases, PPV with
endolaser and pars plana shunt may be performed.

Results
Demographic and pre-operative data among Groups 1 and 2 were
recorded (Table 1). Both groups consisted of 15 eyes of 15 patients.
Only patients who had at least 6 months follow-up after surgery were
included in the analysis. Eleven of 15 patients in group 1 and 11 of 15
patients in group 2 had documented 1 year follow-up. Three of 15 eyes
were pseudophakic in group 1 and 11 of 15 eyes were pseudophakic
in group 2. The mean baseline IOP (43.0 + 8.9 mmHg vs. 38.6 + 6.6)

aAGV and pAGV have been evaluated previously and both have
been shown to effectively reduce IOP in a small retrospective analysis
of glaucoma patients [8-11]. To our knowledge, comparison of the
two IOP lowering procedures in management of NVG specifically
has not been studied previously. Currently, the treatment choice for
NVG is dictated by the patient’s condition, access to care, and type
of subspecialty care available at the time. We wondered if pAGV/
PPV/EL might be a more effective treatment option since it treats
the NVG in one session and there is the ability to provide a more
comprehensive laser fill in the Operating Room (OR) than in the
clinic. We were also interested to know if VA or IOP control was
affected by the anterior of posterior placement of the tube of the
AGV. This study retrospectively compared aAGV/PRP to pAGV/
PPV/EL using two main outcome measures: VA and reduction in
IOP. Secondary outcomes such as procedural complications and
number of post-operative procedures required were also evaluated.

Table 1: Demographic and preoperative data for both study groups.
Group 1: aAGV/
Group 2: pAGV/
PRP
PPV/EL
Age (yrs, mean ± SD)
Sex (female, male)
Eye (right, left)

Methods
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5, 10

10, 5

7, 8

43.0 ± 8.9

38.6 ± 6.6

Snellen VA (logMAR, mean ± SD)

1.3 ± 0.8

1.4± 0.7

Previous PRP

10

3

Previous Vitrectomy

3

2

12, 3

4, 11

11, 1, 2, 1, 0

9, 5, 0, 0, 1

Etiology of NVG (PDR, CRVO,
CRAO, OIS)

2

67.0 ± 10.6

9, 6

IOP (mmHg, mean ± SD)

Lens Status (phakic, IOL)

This study consisted of a retrospective review of clinical

52.4 ± 11.2
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Figure 1: Intraocular pressure differences at follow-up compared to pre-operative baseline.

Figure 2: Differences in Visual Acuity at follow-up compared to pre-operative baseline.

and VA (1.3 + 0.8 vs. 1.4 + 0.7 LogMar) were similar between groups
1 and 2.

p=0.10). The adjusted change in IOP between groups 1 and 2 (Figure
2) was not statistically significant at 6 months (-20.5 + 6.1 vs. -25.6 +
9.5 mmHg, p=0.11) nor at 1 year (-23.8 + 10.3 vs. -27.9 + 11.0 mmHg,
p=0.38).

Operative data included type of tube shunt placed. All but one
patient (who had an M4) in group 1 had FP7 AGVs placed and all
patients in group 2 had FP7 AGVs placed.

Complications following surgery were recorded in both groups
(Table 2). Overall, there were no significant differences between the
groups and the complications were minimal.

The adjusted change in VA between groups 1 and 2 (Figure 1) was
not statistically significant at 6 months (-0.04 + 0.60 vs. -0.28 + 0.66
LogMar, p=0.32) nor at 1 year (0.12 + 0.68 vs. -0.40 + 0.72 LogMar,
Remedy Publications LLC., | http://surgeryresearchjournal.com
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Table 2: Postoperative complications in both groups.
Group 1: aAGV/
Post-operative Complications
PRP
Foveal macular edema

0

2

Retinal detachment

0

1

Cataract surgery within 1 yr

2

1

Hyphema after tube placement

1

0

Transscleral diode for IOP control

1

0

Tube revision

1

0

9, 29

5, 16

0

0

Anti-VEGF injection (patients, total #
of injections)
Endophthalmitis

whether outcomes are different across these different etiologies may
guide treatment decision making in a more patient-specific manner.

Group 2: pAGV/
PPV/EL

There were differences in groups that may have contributed
to significance of results. Most of the patients in group 1 were
pseudophakic, compared to most of group 2 patients being phakic.
Lens status was controlled for in analysis of post-operative outcomes.
Pre-operative IOP was overall higher in group 2 than in group 1,
reflecting again those patients in group 2 may have had increased
baseline severity of disease than those in group 1. Further studies
using prospective analysis and selection of cases that are more closely
matched may improve this and allow for more accurate and precise
determination of IOP changes.
Both groups had cases in which complications were seen in
follow-up. In group 1, there were two cases of foveal macular edema,
one case of retinal detachment, and one case of rapid progressive
cataract. These are all known complications of vitreoretinal surgery
and photocoagulation procedures, though it is unclear whether
underlying disease contributed to these complications in these
patients. Further analysis of severity of disease in relation to risk of
operative complications may be helpful. In group 2, complications
included tube revision, further transscleral laser therapy, development
of retinal arteritis, and two patients that subsequently underwent
cataract surgery. As with group one, these post-operative events are
not uncommon in anterior chamber Ahmed valve surgery, though
analysis of a larger cohort to determine the comparative number of
complications in the two groups would assist in determining risk
differences across surgical approaches. Complications may have
had effects on visual acuity measurements during follow-up period.
Vision worsened from 20/70 to 20/400 from six months to one year
after surgery in one particular group 1 patient with subsequent Foveal
Macular Edema (FME), though another patient with FME in group
1 did not have worsening vision. Another patient in group 1 with
retinal detachment had worsening vision of CF at 3’ to HM from six
months to one year. Vision worsened to HM from six months to one
year in the patient with subsequent retinal arteritis in group 2.

after completion of the aAGV/PRP and a total of 31 injections were
given to those patients. In group 2, only 4 patients required antiVEGF injections after the pAGV/PPV/EL and a total of 16 injections
were given to those patients. There was a significant difference in the
number of injections required post-operatively (p=0.001) but there
was no significant difference in number of patients requiring postoperative injections (p=0.14).
Two patients in group 1 had cataract surgery within the postoperative period. One patient underwent cataract surgery at one
month following tube placement and the other at two months.

Discussion
This was a retrospective analysis comparing outcomes of pars
plana Ahmed glaucoma valve with Pars Plana Vitrectomy/Endolaser
(pAGV/PPV/EL) and anterior chamber Ahmed Glaucoma Valve
with Panretinal Photocoagulation (aAGV/PRP). Primary outcomes
studied included IOP (mmHg) and BCVA (Snellen/LogMar). Results
showed that both procedures were effective in lowering IOP with no
significant between groups. This has previously been demonstrated in
comparative studies of both types of procedures, though has not yet
been demonstrated to our knowledge in NVG patients specifically.
There was no significant difference in visual acuity when
comparing pre-operative BCVA to post-operative BCVA. However,
there was a non-statistically significant trend toward better visual
acuity in group 2 at one-year follow-up. When analyzing visual acuity
across the two groups, it should be noted that overall, visual acuity was
worse pre-operatively in patients in group 2 than patients in group
1, which may account for the trend towards greater improvement in
group 2 at one year. A larger sample size in future studies may be
useful in determining if this trend correlates to surgical approach vs.
pre-operative sampling error in severity of cases.

Limitations to this study included a small sample size and
retrospective chart review study design. Improvements to this study in
the future will include prospective data collection on a larger sample
size to improve statistical power of results as well as randomization
to treatment type. This will also allow for more accurate follow-up of
patients involved in the study. Another limitation of this study is the
subjective nature of visual acuity measurements amongst different
technicians and providers. A more controlled study environment
with standardized visual acuity measurement would provide more
accurate outcomes in the future. Also, three subjects in group 1 and
ten subjects in group 2 that had undergone PRP prior to surgery
were included, which may have altered study preoperative data and
outcomes. Standardization of timing of procedures using prospective
study would ameliorate these differences.

Secondary outcomes following surgery for each group included
number of anti-VEGF injections by one year of follow-up. Differences
in number of injections between the two groups were statistically
significant, with more patients requiring injections in group 2 than
in group 1. This may be explained by vitrectomy allowing for more
thorough laser application and control of neovascularization and
edema, though further analysis of the differences in procedures is
needed to establish this.

Conclusion
pAGV/PPV/EL and aAGV/PRP were both effective in lowering
IOP, and there was no significant difference between the two
approaches. There was a trend toward better visual acuity outcomes
at 1 year in group 2, but this was not statistically significant. There
were also significantly less anti-VEGF injections required in group 2
following surgery. A prospective study and larger sample size will be
needed to answer this question and further evaluate the outcomes of

Most patients in this study had Proliferative Diabetic Retinopathy
(PDR) as the primary disease and etiology of NVG. Other etiologies
included Central Retinal Vein Occlusion (CRVO) and Central
Retinal Artery Occlusion (CRAO). A larger sample size in future
studies would allow for stratification of data to determine whether
etiology of NVG affects the outcomes of surgery. Determination of
Remedy Publications LLC., | http://surgeryresearchjournal.com
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both treatment modalities.
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