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Abstract
Purpose—To compare the intraocular pressure (IOP) outcomes of Ahmed glaucoma valve (AGV) surgery
alone versus AGV with fluocinolone implant in uveitic glaucoma patients.

Methods—We identified uveitic glaucoma patients with AGV surgery alone and AGV surgery combined
with fluocinolone implant from the Massachusetts Eye and Ear Ocular Inflammation Database. Demo-
graphic information, visual acuity, and IOP were recorded at preoperative visits and 1, 6, and 12 months
after surgery. Incidence of hypertensive phase, defined as an IOP of >21 mm Hg or use of additional treat-
ment to lower IOP occurring any time between 7 days to 6 months postoperatively, was investigated. Multi-
level mixed effects models were performed to compare the outcomes between groups.

Results—Eighteen eyes of 13 uveitic glaucoma patients with 1-year follow-up data were included. There
were 11 eyes of 9 patients (mean age, 56.5 years; 63.6% male) in the AGV group and 7 eyes of 4 patients
(mean age, 61.3 years; 71.4% male) in the AGV + fluocinolone group. There was no significant difference
in visual acuity change at 1 year after surgery between groups (P = 0.25), although visual acuity improve-
ment was significant in the AGV group (P = 0.01). The hypertensive phase occurred in 91% of AGV
patients and 43% of AGV + fluocinolone patients (P = 0.30), with onset of 8-40 days (mean, 18 days) after
surgery. IOP and number of glaucoma medications decreased at the 1-year postoperative visits in both the
AGV group (P < 0.0001, P < 0.0001) and the AGV + fluocinolone group (P = 0.001, P < 0.0001). Com-
pared to the AGV group, the AGV + fluocinolone group used fewer glaucoma medications (0.28 vs 1.30 [P
= 0.01]) and had better inflammation control (P = 0.02). The surgical complication rates were similar
between groups.

Conclusions—In uveitic glaucoma, AGV with fluocinolone achieves a similar, desired IOP control but
with fewer glaucoma medications than AGV alone.

 
Introduction
Elevated intraocular pressure (IOP), a significant risk
factor for glaucoma, may be present in up to 46% of
patients with uveitis, caused directly and indirectly by

ocular inflammation.1 Because IOP is uncontrolled on
maximally tolerated medical therapy in 30% of uveitic
glaucoma patients, surgical treatments are commonly
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employed, particularly trabeculectomy and placement of
glaucoma drainage devices (GDDs).2 The success rate
of trabeculectomy ranges between 62% and 81% in this
patient population. The Ahmed glaucoma valve (AGV;
New World Medical, Rancho Cucamonga, CA), a com-
monly used GDD, has been shown to achieve adequate
IOP control at 1 year in only 40.4% of uveitis
patients.3,4

AGV surgery in nonuveitic glaucoma patients has been
associated with hypotony in the first 10 or so postopera-
tive days followed by a hypertensive phase (HP), which
is characterized by a significant rise in IOP in the first 3
postoperative months.5 It has been theorized that HP
develops in the setting of postoperative inflammation,
leading to congestion and fibrosis of the conjunctiva
around the AGV plate, restricting aqueous flow.6 It is
particularly important to control IOP elevation in HP in
patients with severe glaucomatous optic nerve dam-
age.5,6 Although no studies have specifically examined
the prevalence of HP in uveitic glaucoma patients after
AGV implantation, it has been observed frequently, pre-
sumably from persistent inflammation.

In nonuveitic patients, different approaches have been
tried to minimize inflammation associated with AGV
surgery to achieve better postoperative IOP control.
Antimetabolites, such as 5-fluorouracil, mitomycin C,
indomethacin, and colchicine have been associated with
a lower incidence of HP.7,8 Prolonged use of topical ste-
roids, however, was associated with higher incidence of
HP than use of topical NSAIDs.9) Use of sub-Tenon’s
triamcinolone acetonide injection during AGV surgery
was shown to lower incidence of HP, but it did not
improve long-term IOP control; additionally, it may be
associated with more complications.10

The fluocinolone acetonide intravitreal implant (Reti-
sert; Bausch & Lomb, Bridgewater, NJ) enables sus-
tained corticosteroid release over approximately 3 years
into the vitreous cavity.11 It is approved for intraocular
inflammation control in chronic, noninfectious inter-
mediate, posterior, and panuveitis.12,13 However, its use
has been associated with corticosteroid-induced eleva-
tion of IOP in 75% of patients, with at least 37%–40%
requiring surgery.14–16

The effect of a fluocinolone implant on IOP outcomes in
uveitic patients undergoing glaucoma valve surgery has
been examined in different studies. Three noncompara-
tive case series, each no more than 15 patients, demon-
strated the effectiveness of combined AGV and fluoci-
nolone implant surgery for IOP and inflammation con-
trol.17–19 One recent study compared combined AGV

and fluocinolone implant surgery in uveitic glaucoma
(22 eyes) to two other groups: AGV surgery alone in
uveitic glaucoma (16 eyes) and AGV surgery alone in
primary open-angle glaucoma (22 eyes).20 The results
were significant for longer successful IOP control in
eyes that received the fluocinolone implant. Another
recent study compared 17 uveitic glaucoma cases that
received AGV + fluocinolone implant with 55 nonu-
veitic glaucoma controls that only received AGV.21 The
uveitic glaucoma group required fewer glaucoma medi-
cations and had lower IOPs compared to the nonuveitic
glaucoma group.

None of these previous studies have examined the devel-
opment of HP in detail. We hypothesize that the fluoci-
nolone implant may be associated with lower incidence
of HP in uveitic patients undergoing AGV surgery by
minimizing intraocular inflammation in the immediate
postoperative period after AGV surgery. The primary
aim of the current study was to compare IOP outcomes
of AGV alone and AGV combined with fluocinolone
implant in uveitic glaucoma patients with a particular
focus on the effect of the fluocinolone implant on the
HP after AGV. We also aimed to examine secondary
outcomes, including the use of glaucoma medications
and inflammation control.

Subjects and Methods
This study was approved by the Massachusetts Eye and
Ear Institutional Review Board, and all study procedures
adhered to the Declaration of Helsinki. Medical records
of patients with uveitis who underwent AGV surgery at
the Massachusetts Eye and Ear between 2008 and 2013
were retrospectively reviewed. Inclusion criteria for the
study were as follows: (1) diagnosis of uveitis by a fel-
lowship-trained uveitis specialist; (2) diagnosis of glau-
coma resulting directly or indirectly from uveitis by a
fellowship-trained glaucoma specialist; (3) AGV sur-
gery; and (4) postoperative follow-up of at least 1 year.
All AGV surgeries were performed by glaucoma spe-
cialists using very similar techniques.22 If both eyes met
inclusion criteria, both were included.

Data Collection
From the preoperative visit for AGV surgery as well as
post–AGV surgery visits at 1, 6, and 12 months, the fol-
lowing data were collected: demographic information,
visual acuity, IOP, number of IOP-lowering medications,
postoperative complications, etiology and duration of
uveitis, medications used to control inflammation, and
inflammation status. Snellen visual acuity measurements
were converted to the logMAR scale. For visual acuity

64

digital journal of ophthalm
ology, vol. 23

digital journal of ophthalm
ology, vol. 23



worse than 20/400, logMAR equivalencies were as fol-
lows: counting fingers, 1.98; hand motions, 2.28; light
perception, 2.80.23 All IOPs were measured by Gold-
mann applanation tonometry. Presence of inflammation
was defined as anterior chamber cell of ≥1+, vitreous
haze of ≥1, retinal vascular leakage on angiography,
active chorioretinal lesions, or cystoid macular edema.24

Comparison Groups, Outcome Variables, and
Covariates
Comparisons were made between eyes that had both
AGV and fluocinolone implant placement (AGV + fluo-
cinolone group) and those with AGV placement alone
(AGV only). The primary outcome was the development
of HP after AGV surgery. HP was defined as IOP of >21
mm Hg, use of additional glaucoma drops, or surgery to
treat IOP between postoperative day 7 and the end of
postoperative month 6. IOP was also examined as a con-
tinuous variable for maximal power. We also describe
success of surgery as complete, qualified, and failure in
each group. Surgery was considered a complete success
when IOP of ≤21mm Hg was achieved without addi-
tional therapy. A qualified success was defined as IOP
of ≤21 mm Hg achieved with a single topical medica-
tion. Failure was defined as IOP of >21 mm Hg, IOP of
≤21 mm Hg achieved with more than a single topical
medication, and need for further surgery because of
glaucoma. Other secondary outcomes included visual
acuity, number of glaucoma medications, presence of
inflammation, and complications at 1 year after AGV
surgery. Covariate data, such as age, sex, number of
antiglaucoma medications during the postoperative
phase, and anti-inflammatory medications, were collec-
ted by uniform methods at each study visit. Continuous
variables are reported as mean with standard deviation.

Statistical Analyses
We compared demographic and preoperative clinical
variables between the AGV only and the AGV + fluoci-
nolone groups. Categorical variables were compared
using the mixed effect logistic regression, and continu-
ous variables were compared with mixed effect linear
regression. Mixed models were used for the analyses
because we included both eyes for some patients and the
outcomes at multiple time points were evaluated. These
models are appropriate for research designs where data
for participants are organized at more than one level. In
this study, the units of analysis were the eyes (at a lower
level), which are nested within patients, and time (at a
higher level). Within each group, we also compared the
different outcomes at 1 year postoperatively to preopera-
tive values using mixed effect regression.

For the primary outcome of IOP after glaucoma surgery,
we evaluated IOP change at 1 year and incidence of HP.
Univariate and multivariate mixed effect linear regres-
sion were used to access percent change in IOP at 1
year, comparing the AGV only group and the AGV +
flucinolone group. Multivariate regression model inclu-
ded age, sex, and number of antiglaucoma medications
during the postoperative phase. A multivariate model
examined the outcome of HP incidence with the same
covariates.

To examine the secondary outcomes of visual acuity,
number of glaucoma medications, and presence of
inflammation, we also used mixed effect regression for
both the univariate and multivariate analyses to compare
the two groups. The multivariate regression models all
included age and sex. The multivariate model for
inflammation outcome also included the use of anti-
inflammatory medications in the postoperative period.

For all analyses we used the subset of participants with
complete information for the covariate of interest in that
particular analysis to maximize the generalizability and
power of the analysis. All analyses were performed
using Stata/IC 12.1 (College Station, TX).

Results
Eighteen eyes of 13 patients met inclusion criteria: 11
eyes of 9 patients (mean age, 56.5 years; 63.6% male) in
the AGV only group and 7 eyes of 4 patients (mean age,
61.3 years; 71.4% male) in the AGV + fluocinolone
group. A total of 22.2% of eyes (40.0% in the Ahmed
only group and 0.0% in the Ahmed + fluocinolone group
[P = 0.07]) had prior glaucoma surgery; 72.2% of eyes
(72.7% in the Ahmed only group and 71.4% in the
Ahmed + fluocinolone group [P = 0.9]) were pseudo-
phakic preoperatively. Seventeen AGV surgeries were
performed using the FP-7 model and 1 AGV surgery
using the S-2 (case 10, AGV + fluocinolone group). In
the AGV + fluocinolone group, fluocinolone implant
placement was concurrent with AGV surgery in 6 of 7
eyes. The remaining patient (case 10) in the group
underwent cataract extraction with intraocular lens
(IOL) implantation concurrently with fluocinolone
implantation 4 months prior to AGV surgery. In 1 case
(case 12) both eyes also had IOL implantation concur-
rently with fluocinolone implantation and AGV surgery
(Table 1). All eyes (100%) that received fluocinolone
implant were treated with systemic immunosuppressive
therapy preoperatively compared to 4 of 11 eyes
(36.4%) in the AGV only group (Table 1).

Table 2 shows the preoperative clinical characteristics of
the two groups. Presence of inflammation at the preoper-
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ative visit was more common in the AGV + fluocino-
lone group (100%) compared to AGV only group (23%
[P = 0.03]). Cup-to-disc ratio in the AGV only group
was significantly larger than in the AGV + fluocinolone
group (0.75 ± 0.19 vs 0.50 ± 0.23 [P = 0.03]). Other pre-
operative variables, including age, sex, visual acuity,
IOP and number of antiglaucoma medications were not
significantly different between the two groups.

Primary Outcome: IOP
Hypertensive phase at any time during the first 6 months
occurred more frequently in the AGV only group (91%)
compared to the AGV + fluocinolone group (43%),
although this difference was not statistically significant
in multilevel mixed analysis (P = 0.30). Mixed model
regression compared IOP between groups at each time

point after surgery and did not show a significant differ-
ence (Table 3). IOP was significantly decreased at the 1-
year postoperative visits in both the AGV only and
AGV + fluocinolone groups (P < 0.0001 and P = 0.001,
resp.; Figure 1). There was no significant difference in
the percent of IOP change between groups in the uni-
variate and multivariate analyses (Table 4).

At 1 month after surgery, there was 54.5% failure,
27.3% qualified success, and 18.2% complete success in
the AGV only group compared to 14.3% failure, 14.3%
qualified success, and 71.4% complete successes in the
AGV+ fluocinolone group (P = 0.11). At 6 months’ fol-
low-up, the AVG only group had 54.5% failure, 27.3%
qualified success, and 18.2% complete success com-
pared to 0% failure, 28.6% qualified success, and 71.4%

Table 1.  Clinical description of patients in the Ahmed and Ahmed + fluocinolone groups

Table 2.  Clinical description of patients in the Ahmed and Ahmed + fluocinolone groups
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complete success in the AGV+ fluocinolone group (P =
0.91). At 1 year, the failure rate was 63.6%, the qualified
success rate was 27.3%, and the complete success rate
was 9.1% in the AVG only group compared to 0% fail-
ure, 28.6% qualified success, and 71.4% complete suc-
cess in AGV+ fluocinolone group (P = 0.94).

Secondary Outcomes: Visual Acuity, Number of
Glaucoma Medications, and Inflammation
Visual acuity had improved in both groups at the 1-year
postoperative visit, but the improvement was only sig-
nificant in the AGV group (P = 0.01). Comparing the
groups to each other, there was no significant difference
in the visual acuity change at 1 year after surgery (P =
0.25, Table 4).

Figure 1.  Change in intraocular pressure (IOP) postoperatively.
Mean change in IOP was determined from the IOP at each postop-
erative time point divided by the preoperative IOP. The final
change in IOP at postoperative month 12 were 40% for the Ahmed
glaucoma valve (AGV) group and 52% for the AVG + fluocino-
lone group (P = 0.15). Error bars represent standard errors at each
point time.
 

The number of glaucoma medications was significantly
decreased at the 1-year postoperative visit in both
groups (P < 0.001 for both). The AGV + fluocinolone
group used fewer antiglaucoma medications at the 1-
year postoperative visit than the AGV only group (mean,
0.28 ± 0.48 vs 1.30 ± 1.01 [P = 0.01]; Table 3).

Compared to preoperative status, the presence of inflam-
mation was significantly less at one year in the AGV +
fluocinolone implant group (P = 0.006), but did not
change significantly in the AGV only group (P = 0.20).
The presence of inflammation at 1 year was more com-
mon in the AGV only group (27.3%) compared to the
AGV + fluocinolone implant group (9.1%). The odds of
having inflammation during the first postoperative year
was 0.49 (P = 0.02) in the AGV + fluocinolone group
compared to AGV only group in the multivariate model,
after controlling for age, sex, and use of anti-inflamma-
tory medications (Table 4, Figure 2).

Complications
Complications requiring additional surgery occurred in 3
eyes (1 in the AGV only group [9.1%] and 2 in the AGV
+ fluocinolone group [28.5%], P = 0.57). In the AGV
only group, 1 eye underwent a second AGV placement
approximately 1 year after the initial surgery for persis-
tently high IOP (28 mm Hg) despite maximal medical
treatment (case 6). In the AGV + fluocinolone group, 2
eyes of the same patient developed tube erosions with-
out infection or hypotony at 4 and 7 months postopera-
tively (case 12).

Discussion
Glaucoma is a known complication of uveitis, affecting
up to 46% of patients.1 AGV surgery is commonly per-

 

Table 3.  Comparing outcomes between groups at each time point
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formed when glaucoma cannot be controlled with medi-
cal management. Presence of inflammation and steroid
use in uveitic glaucoma patients may contribute to poor
outcomes following AGV surgery, such as HP, tube fail-
ure, and tube erosion. This study compared uveitis
patients who underwent AGV surgery alone to those
who had both AGV and fluocinolone implant surgery.
We found that both the AGV only and the AGV + fluo-
cinolone groups had significant IOP reduction at 1 year
after AGV surgery. The presence of a fluocinolone
implant did not lead to further decrease in the IOP at 1
year; nor did it diminish the risk of a hypertensive phase

Figure 2.  Percent of eyes with inflammation during 1-year follow-
up. The percent of eyes with inflammation was unchanged in the
AGV group (27% preoperatively, 9.1% at 12 months postopera-
tively 12 [P = 0.20]) and significantly improved in the AGV +
fluocinolone group (100% preoperatively, 0% at 12 postoperatively
12 [P = 0.006]).
 

in a multivariate model. However, the AGV + fluocino-
lone group used fewer glaucoma medications and had
less intraocular inflammation at 1 year. The complete
success was higher in the AGV + fluocinolone group
compared to the AGV only group at any of the postoper-
ative time points, although this difference did not reach
statistically significance.

Two studies have compared outcomes of AGV surgery
combined with fluocinolone implant and AGV only.21,20

As in the present study, Moore et al found no significant
difference between the average IOP and IOP changes
between groups.20 Contrary to our study, however, they
did not find a difference in the number of glaucoma
medications between groups at 12 months.20 Another
study compared the outcomes of AGV + fluocinolone
implant surgery in eyes with uveitic glaucoma to AGV
alone in eyes without uveitis and found lower mean IOP
and less glaucoma medication at 1 year in the AGV +
fluocinolone group.21 Our study is the first to show that
AGV + fluocinolone implant significantly reduced the
number of glaucoma medications used at 1 year com-
pared to AGV alone in patients with uveitic glaucoma.

Furthermore, this is the first study to examine the effects
of fluocinolone implantation on the rate of HP after
AGV in uveitis patients. The definition of HP in this
study was not based on IOP parameter alone, because
glaucoma medications were started at lower IOP in an
effort to prevent significant IOP spikes.25 This is partic-
ularly true for patients who developed HP in the con-
tralateral eye (cases 1, 5, 11; Table 1). Although we did

 

Table 4.  Comparison of 1-year outcomes in the AGV + fluocinolone vs AGV only groups
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not detect a significant difference in HP between groups,
the AGV + fluocinolone group had a lower percentage
of HP and lower mean IOP at final follow-up than the
AGV only group. A limitation of this study, however, is
the small sample size, which may not be adequately
powered to detect this difference between the two
groups. The estimated sample size was 20 subjects in
each group to detect the difference by considering that
the type I error rate = 0.05, the mean and standard devia-
tion (SD) of IOP in each group after 12 months (mean, ±
6.6 in AGV only group; mean, 11.3 ± 4.7 in the AGV+
fluocinolone group) and a desired power of 80%. Fur-
thermore, all 7 eyes in the AGV + fluocinolone group,
despite being on systemic immunosuppression within 6
months preoperatively, had inflammation at baseline
compared to 3 of 11 eyes in AGV only group (P = 0.03).
This baseline difference is a poor prognostic factor for
AGV + fluocinolone, because inflammation is associ-
ated with worse IOP outcome and higher failure rates
after glaucoma drainage device surgeries.26,27 Hence,
the lack of difference in HP and IOP control postopera-
tively between groups is suggestive of a beneficial effect
of AVG + fluocinolone.

We did observe that the AGV + fluocinolone group used
significantly fewer glaucoma medications 1 year after
surgery than the AGV only group. Furthermore, none of
the eyes in the AGV + fluocinolone group required addi-
tional glaucoma surgery for IOP control, compared to 1
eye in the AGV group (9.1%). These findings suggest
that sustained inflammation control achieved with fluo-
cinolone implant improved the surgical outcome of
AGV surgery in patients with uveitic glaucoma.

At 1 year postoperatively, there was no significant dif-
ference in visual acuity between groups. The improve-
ment in visual acuity in the AGV only group may have
been influenced by other surgeries during the year,
including penetrating keratoplasty (case 4) and IOL
exchange (case 10, case 12 both eyes). The postopera-
tive visual acuity was not significantly different from
preoperative visual acuity in the AGV + fluocinolone
group. In this respect, our results differed from those of
Moore et al, which showed a significant improvement in
this group; however, this improvement in visual acuity
may be explained by the higher percent (59%) of simul-
taneous cataract extraction.(20) In the present study only
2 eyes (28%) had concurrent cataract extraction and IOL
implantation in the AGV + fluocinolone group (case
12).

It is important to note that 1 patient (case 12) in the
AGV + fluocinolone group developed tube erosion in
both eyes (28.5%). The surgeries were performed in a

similar manner to other eyes in the group, and the tube
was initially covered with Tutoplast pericardium
(Katena, Denville, NJ). It is possible, nevertheless, that
the fluocinolone implant caused impaired wound healing
leading to gradual conjunctiva breakdown. The rate of
tube erosion in our study is higher than has been previ-
ously reported (1.7%–13.3%).28,29 On the other hand,
given that tube erosions were only observed in the same
and only patient, it is also possible that the patient’s
underlying systemic disease (sarcoidosis with ocular
involvement) and/or dry eyes played a role in the ero-
sions.

This study has several limitations. It is retrospective,
nonrandomized, and has a relatively small sample size,
which may have resulted in large confidence intervals in
the multivariate analysis. The follow-up time was only 1
year. Because fluocinolone implant releases steroid for
approximately 30 months, longer follow-up times are
needed for a more comprehensive assessment. The deci-
sion to perform fluocinolone implantation surgery as
well as the addition of glaucoma medications were at the
discretion of the providers, which could be associated
with selection bias. In addition, the two groups were not
matched in preoperative inflammation status or glau-
coma status.

In conclusion, this study found that IOP control was
achieved with AGV and fluocinolone implants in uveitic
glaucoma. Although the incidence of hypertensive phase
was not significantly lowered, this surgery is associated
with fewer glaucoma medications postoperatively and
better inflammation control compared to AGV alone.
Further investigations are necessary to better assess the
effects of sustained inflammation control on the surgical
treatment of uveitic glaucoma.
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