
The Ahmed Versus Baerveldt Study
Three-Year Treatment Outcomes

Panos G. Christakis, MD,1,2 James C. Tsai, MD,2 Jeffrey W. Kalenak, MD,3 David Zurakowski, PhD,4

Louis B. Cantor, MD,5 Jeffrey A. Kammer, MD,6 Iqbal I. K. Ahmed, MD1

Objective: To compare 2 commonly used aqueous drainage devices for the treatment of refractory
glaucoma.

Design: International, multicenter, randomized trial.
Participants: Patients aged 18 years or older with uncontrolled or high-risk glaucoma refractory to maximum

medical therapy, many of whom had failed trabeculoplasty and trabeculectomy.
Methods: Eligible patients were randomized to an Ahmed-FP7 valve implant (New World Medical, Inc.,

Rancho Cucamonga, CA) or a Baerveldt-350 implant (Abbott Medical Optics, Inc., Santa Ana, CA) using
a standardized surgical technique.

Main Outcome Measures: The primary outcome was failure, defined as intraocular pressure (IOP) outside of
the target range (5e18 mmHg, with �20% reduction from baseline) for 2 consecutive visits after 3 months, vision-
threatening complications, de novo glaucoma procedures, or loss of light perception. Secondary outcome
measures include IOP, medication use, visual acuity, complications, and interventions.

Results: A total of 238 patients were enrolled and randomized; 124 received the Ahmed implant and 114
received the Baerveldt implant. Baseline characteristics were similar in both groups. Half the study group had
secondary glaucoma, and 37% had previously failed trabeculectomy. The mean preoperative IOP was 31.4�10.8
mmHg on 3.1�1.0 glaucoma medications. Median baseline Snellen visual acuity was 20/100. At 3 years, the
cumulative probability of failure was 51% in the Ahmed group and 34% in the Baerveldt group (P¼ 0.03). Mean IOP
was 15.7�4.8 mmHg in the Ahmed group (49% reduction) and 14.4�5.1 mmHg in the Baerveldt group (55%
reduction;P¼ 0.09). Mean number of glaucomamedications was 1.8�1.4 in the Ahmed group (42% reduction) and
1.1�1.3 in the Baerveldt group (65% reduction; P ¼ 0.002). There was a moderate but similar decrease in visual
acuity in both groups (P< 0.001). The 2 groups had similar complication rates (52% Ahmed, 62% Baerveldt; P ¼
0.12); however, the Baerveldt group had a higher rate of hypotony-related vision-threatening complications (0%
Ahmed, 6%Baerveldt; P¼ 0.005). More interventions were required in the Baerveldt group, although the difference
did not reach statistical significance (38% Ahmed, 50% Baerveldt; P ¼ 0.07). Most complications were transient,
and most interventions were slit-lamp procedures.

Conclusions: Both devices were effective in reducing IOP and glaucoma medications. The Baerveldt group
had a lower failure rate and required fewer medications than the Ahmed group after 3 years, but it experienced
more hypotony-related vision-threatening complications.

Financial Disclosure(s): The author(s) have no proprietary or commercial interest in any materials discussed
in this article. Ophthalmology 2013;120:2232-2240 ª 2013 by the American Academy of Ophthalmology.
Glaucoma refractory to maximum tolerated medical therapy
and laser trabeculoplasty often requires surgery to lower
intraocular pressure (IOP) and prevent vision loss. The most
common procedure is trabeculectomy, which removes a block
of limbal tissue to establish a fistula leading to a bleb that
facilitates aqueous outflow. However, high rates of complica-
tions have been reported in trabeculectomy, and 5-year failure
rates approach 50%.1e3 Patients who fail trabeculectomy or
who have high-risk disease (e.g., neovascular or uveitic glau-
coma) may benefit from aqueous drainage devices, which are
being used more frequently.4e7 A Cochrane review in 2006
comparing trabeculectomy with various aqueous drainage
devices found no evidence of superiority of one procedure
over another.8 More recently, however, the Tube Versus
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Trabeculectomy Study found the Baerveldt implant to have
a higher success rate than trabeculectomy with mitomycin C
at 5 years, with fewer early postoperative complications.1,3

This has initiated discussion as to the role of aqueous
drainage devices as a first-line surgical treatment for glaucoma,
and the Primary Tube Versus Trabeculectomy Study is under
way to explore this question.9

Two of the most commonly implanted aqueous drainage
devices are the Ahmed valve and the Baerveldt implant.
These devices shunt aqueous humor via a long tube to an
equatorial subconjunctival end plate. The Ahmed implant
features a Venturi-based flow restrictor designed to reduce
postoperative hypotony and its complications.10 However, it
has been associated with high rates of encapsulation and
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inadequate IOP reduction, often requiring postoperative
glaucoma medications.10e14 The Baerveldt implant is
a nonvalved device that requires intraoperative mechanical
flow restriction to allow adequate time for a bleb to form at
the end plate. This has been reported to cause early post-
operative IOP volatility, including both ocular hypertension
and hypotony-related complications.15,16 However, once the
end plate is functional, the Baerveldt implant has been
associated with better IOP control, fewer glaucoma medi-
cations, and less encapsulation in the long term.12,13,17 This
may be a result of its larger end plate (350 vs. 184 mm2) and
lack of valve-induced resistance.5,17e19 There have been 4
retrospective studies to compare the Ahmed valve with the
Baerveldt implant; however, they have been small-scale,
nonrandomized, and compared different device models
and patient populations, which made drawing conclusions
difficult.12,13,17,20,21

Currently, selecting an aqueous drainage device currently
is largely driven by surgeonpreference,which is influencedby
personal experience and clinical center precedent. TheAhmed
Versus Baerveldt (AVB) Study is a prospective, international,
multicenter, randomized trial designed to compare the long-
term efficacy of the Ahmed valve with the Baerveldt
implant in patients with refractory or high-risk glaucoma.

Methods

The AVB Study design and baseline data have been reported in
detail elsewhere22 and will be briefly summarized here. Patients
were recruited from 6 international clinical centers and operated
on by 9 surgeons (Appendix 1; available at http://aaojournal.org).
Institutional review board approval was obtained at each clinical
center, and the study protocol was in accordance with the
principles of the Declaration of Helsinki. Eligibility required
patients to be older than 18 years of age; to have inadequately
controlled glaucoma refractory to maximum medical therapy; and
Table 2. Baseline Demographic

Overall (n[238)

Age, mean � SD 66�16
Sex: female 132 (55)
Ethnicity: white 170 (71)
Glaucoma diagnosis
Open-angle 119 (50)
Neovascular 50 (21)
Uveitic 23 (10)
Other 46 (19)

IOP (mmHg), mean � SD 31.4�10.8
Glaucoma medications, mean � SD 3.1�1.0
Previous surgery, mean � SD 1.7�1.2
Cataract surgery 172 (72)
Trabeculectomy 89 (37)

Previous lasers, mean � SD 0.9�1.1
Trabeculoplasty 60 (25)

Visual acuity, median Snellen 20/100

Values are n (%) unless otherwise indicated.
IOP ¼ intraocular pressure; SD ¼ standard deviation.
*Student t test.
yPearson chi-square test.
zManneWhitney U test.
to be willing and able to provide informed consent and adhere to
the study requirements, including implant randomization and
follow-up. Patients who previously failed antimetabolite trabecu-
lectomy and patients at highrisk of failing trabeculectomy (e.g.,
neovascular glaucoma, conjunctival scarring) were included in the
study. One eye per patient was eligible for enrollment, and no
additional procedures (e.g., phacoemulsification) were performed at
the time of device implantation.

A total of 238 eligible patients were randomized to receive
an Ahmed-FP7 valve or a Baerveldt-350 implant using a stan-
dardized surgical technique.22 Baerveldt implants were ligated
intraoperatively using a releasable suture, and tube fenestrations
were placed in patients with glaucoma requiring an immediate
IOP reduction. Patients had regular scheduled study follow-up,
including 9 appointments in the first postoperative year, 2
appointments the second year, and annual appointments until 5
years. At each visit, IOP, visual acuity, glaucoma medications,
complications, and interventions related to the implant were
recorded, and a treatment outcome was assigned (complete
success, qualified success, or failure).

Outcome Measures

The primary outcome measure was failure, defined as any of the
following: IOP outside of the target range (5e18 mmHg, with
�20% reduction from baseline) for 2 consecutive visits after 3
months, vision-threatening complications, de novo glaucoma
procedures, or loss of light perception (Table 1, available at http://
aaojournal.org). Success was considered the absence of failure and
classified as complete or qualified. Complete success required
patients to have IOP within the target range at all visits after 3
months without the use of glaucoma medications and without
significant vision loss (>2 Snellen lines), vision-threatening
complications, or surgical interventions required. Qualified
success allowed nonconsecutive visits outside of the target IOP
range and allowed the use of medications and surgical interven-
tions provided that they were not for vision-threatening compli-
cations. Success was also analyzed using 2 alternative IOP criteria
(�14 and �21 mmHg), as recommended by the World Glaucoma
and Ocular Characteristics

Ahmed (n[124) Baerveldt (n[114) P Value

65�17 67�15 0.29*
59 (48) 73 (64) 0.011y

91 (73) 79 (69) 0.90y

0.82y

64 (52) 55 (48)
28 (23) 22 (19)
10 (8) 13 (11)
22 (18) 24 (21)

31.1�10.5 31.7�11.1 0.71*
3.1�1.0 3.1�1.1 0.60*
1.8�1.3 1.6�1.1 0.35*
90 (73) 82 (72) 0.91y

41 (33) 48 (42) 0.15y

0.8�1.1 1.0�1.1 0.17*
27 (22) 33 (29) 0.20y

20/100 20/100 0.67z
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Figure 1. Retention rates at 3 years.

Table 3. Reasons for Failure during Three Years of Follow-up

Ahmed
(n[124)

Baerveldt
(n[114)

Success 61 (49%) 75 (66%)
Complete* 5 (4%) 13 (11%)

Failurey 63 (51%) 39 (34%)
High IOP (>18 mmHg for consecutive visits) 50 (40%) 21 (18%)

Requiring additional glaucoma surgery 14 (11%) 7 (6%)
Volatile IOP or inadequate reductionz 9 (7%) 8 (7%)
Progression to NLP 2 (2%) 4 (4%)
Devastating complications 2 (2%) 6 (5%)

IOP ¼ intraocular pressure; NLP ¼ no light perception.
*P ¼ 0.047 (Fisher exact test).
yP ¼ 0.013 (Fisher exact test).
zConsecutive visits in which IOP >18 or <5 mmHg or <20% reduction
from baseline.
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Association.23 Secondary outcome analyses compared groups on
the basis of IOP, medication use, visual acuity, complications of
surgery, and interventions required.

Data Censoring

Patients meeting the criteria for failure are included in secondary
analyses, except those who underwent de novo glaucoma surgery
(e.g., cyclodestruction, second drainage device) or who experi-
enced vision-threatening complications that altered treatment goals
(e.g., progression to no light perception). In these cases, IOP and
medication use were censored to prevent confounding, but visual
outcomes and additional complications or interventions related to
the initial surgery were included. The relative rate of censoring and
status at the time of censoring was compared between groups.

Statistical Analysis

Statistical analysis was performed using SPSS 16.0 (SPSS Inc.,
Chicago, IL) using intention-to-treat analysis. All statistical tests
were 2-sided, and significance was defined as P� 0.05. Contin-
uous and quantitative variables were analyzed between groups
using the Student t test or ManneWhitney U test, and discrete and
qualitative variables were analyzed using a Pearson chi-square test
or Fisher exact test. Snellen visual acuity was converted to loga-
rithm of the minimum angle of resolution (logMAR) for analysis.
Analysis of variance was used to compare change in quantitative
variables from baseline over time. KaplaneMeier analysis was
used to compare failure rates between groups using the log-rank
test (Mantel-Cox).

Results

A total of 238 patients were randomized: 124 to the Ahmed-FP7
valve implant and 114 to the Baerveldt-350 implant. Baseline
2234
demographic and ocular characteristics were similar between
groups and are presented in Table 2. The study population was
predominately white and had an average age of 66 years, and
55% were female (greater proportion in the Baerveldt group).
Disease was refractory to maximum tolerated medical therapy,
with a mean IOP of 31.4�10.8 mmHg on 3.1�1.0 classes of
medications. Baseline vision was poor, with a median Snellen
acuity of 20/100. Half the study population had secondary
glaucoma; 21% had neovascular glaucoma, and 10% had uveitic
glaucoma. Many patients had failed laser and surgical therapy;
25% had previously undergone laser trabeculoplasty, and 37%
had failed trabeculectomy with antimetabolite.

All patients received the implant to which they were random-
ized, and there were few intraoperative complications (4% in each



Figure 2. KaplaneMeier analysis using the primary outcome criteria
(5 mmHg � intraocular pressure � 18 mmHg). Censoring is denoted by
hash marks.
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group).22 Retention rates were high in both groups after 3 years
(Fig 1); only 16 patients (13%) in the Ahmed group and 9
patients (8%) in the Baerveldt group were lost to follow-up (P ¼
0.29, Fisher exact test).

Treatment Outcomes

After 3 years of follow-up, failure had occurred in 63 patients
(51%) in the Ahmed group and 39 patients (34%) in the Baerveldt
group (P ¼ 0.013). The most common reason for failure in both
groups was high IOP, and many of these patients required a de
Figure 3. Mean intraocular pressure (IOP) during the 3 years after surgery. Error
difference between groups.
novo glaucoma procedure (Table 3). Complete success required
patients to have IOP in range at all visits after 3 months without
any medications, significant loss of vision, or additional
procedures: only 5 patients (4%) in the Ahmed group and 13
patients (11%) in the Baerveldt group met these criteria (P ¼
0.047). KaplaneMeier analysis comparing the cumulative
probability of failure at 3 years showed that the Baerveldt group
had less failure than the Ahmed group (P ¼ 0.03) (Fig 2).
Alternative IOP criteria were analyzed to determine their effect
on failure. When a less rigid IOP target of �21 mmHg was
used, the 2 groups had similar failure rates (39% Ahmed, 29%
Baerveldt; P ¼ 0.16). When a strict IOP criteria of �14 mmHg
was used, failure rates were high in both groups (76% Ahmed,
66% Baerveldt; P ¼ 0.19).

Intraocular Pressure

The mean IOP at each postoperative visit is presented in Figure 3
and Table 4 (available at http://aaojournal.com). The Ahmed group
had a lower mean IOP at the 1-day (P< 0.001), 1-week
(P< 0.001), and 2-week (P ¼ 0.029) follow-up visits.24 Seven
patients (6%) in the Baerveldt group had vision-threatening
hypotony-related complications (3 developed suprachoroidal
hemorrhage, 3 had retinal/choroidal detachments, and 1 had
refractory hypotony requiring explantation) compared with zero
patients in the Ahmed group (P ¼ 0.005). From 1 month onward,
the Baerveldt group had a lower IOP than the Ahmed group, which
reached statistical significance at the 12-month and 18-month visits
(P< 0.001). The mean IOP at 3 years was 15.7�4.8 mmHg in the
Ahmed group (49% reduction from baseline, P< 0.001) and
14.4�5.1 mmHg in the Baerveldt group (55% reduction from
baseline, P< 0.001; comparison between groups, P ¼ 0.09).

Glaucoma Medication Use

The mean number of glaucoma medications required at each
postoperative visit is shown in Figure 4 and Table 4 (available at
http://aaojournal.com). The Ahmed group required fewer
glaucoma medications at the 1-day, 1-week, and 2-week follow-
up visits (P< 0.05).24 From 2 months onward, the Baerveldt
group required fewer glaucoma medications than the Ahmed
bars represent standard deviation. *Corresponds to a statistically significant
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Figure 4. Mean number of glaucoma medications during the 3 years after
surgery. Error bars represent standard deviation. *Corresponds to a statisti-
cally significant difference between the groups.
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group (P< 0.05). The mean number of glaucoma medications
required at 3 years was 1.8�1.4 in the Ahmed group (42%
reduction from baseline, P< 0.001) and 1.1�1.3 in the Baerveldt
group (65% reduction from baseline, P< 0.001; comparison
between groups, P ¼ 0.002). At the 3-year visit, 25% of the
Ahmed group and 50% of the Baerveldt group required no medi-
cations (P< 0.001).

Visual Outcomes

Change in visual acuity between preoperative values and those at
the 3-year visit are shown in Figure 5. The 2 devices had
comparable visual acuities at each postoperative visit. At the
3-year follow-up visit, the mean logMAR acuity was 1.6�1.2 in
both groups (P ¼ 0.79), corresponding to a median Snellen acuity
of 20/200. Comparison of the logMAR acuity of patients at their 3-
year visit with their preoperative value showed a moderate but
similar decrease in visual acuity in both groups (1.3�1.1 to
1.6�1.2; P< 0.001). Eleven patients (5%) progressed to no light
perception: 5 (4%) in the Ahmed group and 6 (5%) in the Baerveldt
group (P ¼ 0.76). Seven (64%) of these patients had neovascular
glaucoma.

De Novo Glaucoma Procedures

De novo glaucoma surgery was performed in patients in whom IOP
could not be adequately controlled with medications or in whom
there was progression of disease. Twenty-one patients (9%)
required additional glaucoma surgery: 14 patients (11%) in the
Figure 5. Distribution of change in visual acuity from baseline to 3 years.
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Ahmed group and 7 patients (6%) in the Baerveldt group (P ¼
0.25). The choice of glaucoma surgery was at the discretion of the
surgeon. Cyclodestruction was performed in 6 patients in the
Ahmed group and 2 patients in the Baerveldt group. A Gold Micro
Shunt (SOLX Ltd., Boston, MA) was placed in 1 patient in the
Ahmed group and 3 patients in the Baerveldt group. A Baerveldt
device was implanted in 5 patients in the Ahmed group and 1
patient in the Baerveldt group, and an Ahmed device was
implanted in 1 patient in the Baerveldt group. The average IOP at
the time of reoperation was 25.6�16.0 mmHg in the Ahmed group
and 24.5�14.5 mmHg in the Baerveldt group (P ¼ 0.86). Patients
who underwent de novo glaucoma procedures had their IOP and
medication data censored from secondary analyses at the time of
reoperation.

Postoperative Complications

In the first 3 years after surgery, 64 patients (52%) in the Ahmed
group and 71 patients (52%) in the Baerveldt group experienced
complications (P ¼ 0.12) (Table 5). The most common
complications were shallow anterior chamber (15% Ahmed, 17%
Baerveldt; P ¼ 0.72), choroidal effusion (13% Ahmed, 14%
Baerveldt; P ¼ 0.85), persistent corneal edema (7% Ahmed,
14% Baerveldt; P ¼ 0.09), persistent iritis (6% Ahmed, 10%
Baerveldt; P ¼ 0.33), encapsulated bleb (11% Ahmed, 3%
Baerveldt; P ¼ 0.01), and tube-related complications (15%
Ahmed, 16% Baerveldt; P ¼ 0.86).

Postoperative Interventions

In the first 3 years after surgery, 47 patients (38%) in the Ahmed
group and 57 patients (50%) in the Baerveldt group required
interventions (P ¼ 0.068) (Table 6). The most common
interventions were anterior chamber reformation (11% Ahmed,
13% Baerveldt P ¼ 0.35), paracentesis (4% Ahmed, 14%
Baerveldt, P ¼ 0.010), phacoemulsification (7% Ahmed, 10%
Baerveldt, P ¼ 0.45), tube-related interventions (6% Ahmed,
14% Baerveldt, P ¼ 0.046), bleb needling (4% in each group, P ¼
1.0), and pars plana vitrectomy (3% Ahmed, 4% Baerveldt, P ¼
1.0).

Discussion

The AVB Study randomized 238 patients with glaucoma
refractory to conventional treatment to receive an Ahmed-
FP7 valve or a Baerveldt-350 implant. Patients had uncon-
trolled IOP at the time of surgery despite maximum tolerated
medical therapy, and many had previously failed trabecu-
lectomy. There were high rates of secondary glaucoma, and
baseline vision was poor because of concomitant ocular
pathology. Given the advanced and refractory nature of
disease, we set our IOP target to �18 mmHg, which is more
stringent than previous studies comparing these devices.8

This was based on evidence that an IOP target of �21
mmHg may be insufficient to prevent disease progression
in patients with advanced glaucoma.25 Our patients
required on average a 40% reduction in IOP from baseline
to achieve their target pressure. We did not consider
interventions required to correct complications of surgery,
including operating room procedures, to constitute failure
unless the IOP or visual acuity criteria were not met.
However, patients who experienced vision-threatening
complications or who required de novo glaucoma



Table 5. Postoperative Complications during 3 Years of Follow-up

Ahmed
(n[124)

Baerveldt
(n[114) P Value*

Shallow anterior chamber 18 (15%) 19 (17%) 0.72
Choroidal effusion 16 (13%) 16 (14%) 0.85
Persistent Iritis 7 (6%) 11 (10%) 0.33
Persistent corneal edema 9 (7%) 16 (14%) 0.095
Encapsulated bleb 14 (11%) 3 (3%) 0.011
Tube complicationsy 18 (15%) 18 (16%) 0.86
Cataract progressionz 7 (6%) 10 (9%) 0.45
Motility disorder 7 (6%) 3 (3%) 0.34
Persistent hyphema 4 (3%) 6 (5%) 0.53
No light perception 5 (4%) 6 (5%) 0.76
Malignant glaucoma 2 (2%) 2 (2%) 1.00
Suprachoroidal hemorrhage 0 (0%) 3 (3%) 0.11
Retinal/choroidal detachment 1 (1%) 3 (3%) 0.35
Endophthalmitis/episcleritis 2 (2%) 0 (0%) 0.50
Patients with complications 64 (52%) 71 (62%) 0.12

*Fisher exact test.
yIncludes tube obstruction, malposition, and erosion.
zCorrected for the number of phakic patients.
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procedures were considered failures and censored at the time
of reoperation to minimize confounding.

At 3 years, the failure rate was 51% in the Ahmed group
and 34% in the Baerveldt group (P ¼ 0.03). The main
reason for failure in both groups was high IOP (>18
mmHg), and the majority of failures occurred in the first
year after surgery. These rates of failure are higher than in
previous retrospective comparisons, in which Ahmed
implantation had a failure rate of 33% to 38% and Baerveldt
implantation had a failure rate of 15% to 36%.12,13,17,20,21

However, these studies used an IOP target of �21 mmHg
Table 6. Postoperative Interventions during 3 Years of Follow-up

Ahmed
(n[124)

Baerveldt
(n[114) P Value*

Anterior chamber reformation 13 (11%) 14 (13%) 0.35
Paracentesis 5 (4%) 16 (14%) 0.010
Phacoemulsificationy 7 (24%) 10 (34%) 0.45
Tube interventionsz 7 (6%) 16 (14%) 0.046
Bleb needling 5 (4%) 4 (4%) 1.00
Pars plana vitrectomy 4 (3%) 5 (4%) 0.74
Iris sweep 1 (1%) 4 (4%) 0.20
Laser peripheral iridotomy 2 (2%) 2 (2%) 1.00
DSEK/PKP 5 (4%) 5 (4%) 1.00
YAG capsulotomy 4 (3%) 3 (3%) 1.00
Drainage of SCH 0 (0%) 2 (2%) 0.23
Additional glaucoma surgery 14 (11%) 7 (6%) 0.25
Explant or enucleation 4 (3%) 3 (3%) 1.00
Patients requiring interventions 47 (38%) 57 (50%) 0.068

DSEK ¼ Descemet’s stripping endothelial keratoplasty; PKP ¼ penetrating
keratoplasty; SCH ¼ suprachoroidal hemorrhage; YAG ¼ yttrium
aluminum garnet.
*Fisher exact test.
yCorrected for number of phakic patients.
zIncludes tube irrigation, ligation, revision, reposition, or laser for
obstruction.
and patients had less severe disease at baseline. When we
used an IOP target of �21 mmHg, the failure rate was 39%
in the Ahmed group and 29% in the Baerveldt group
(P ¼ 0.20). Our results are comparable to the 10% failure
per year quoted by the American Academy of Ophthal-
mology report on aqueous drainage devices.5 In addition,
our failure rates are similar to those in the Ahmed
Baerveldt Comparison (ABC) Study, a concurrent
multicenter study that reported 30% failure rates in both
groups at 3 years (Budenz DL, Barton K, Feuer WJ, et al.
Invest Ophthalmol Vis Sci 2012;53:ARVO E-Abstract
6355). When we used an IOP target of �14 mmHg,
failure rates were exceptionally high in both groups.
Overall, the Baerveldt group had a lower failure rate
using all criteria, but statistical significance was reached
only when using the prospectively defined IOP target for
which our study was powered.22

Treatment success was subdivided into complete and
qualified success. Complete success required IOP to be in
range at all visits after 3 months without the use of glaucoma
medications and without any significant loss of vision or
additional surgical procedures required. Although 49% of
the Ahmed group and 66% of the Baerveldt group were
considered successes at 3 years, only 4% of patients in the
Ahmed group and 11% of patients in the Baerveldt group
were complete successes (P ¼ 0.04). This reflects the
complicated postoperative course of aqueous drainage
devices, including IOP volatility, the need for glaucoma
medications, and complications requiring additional
surgeries. This is compounded by the poor baseline prog-
nosis of our study population because of the high rates of
neovascular and uveitic glaucoma. Retrospective studies of
patients with neovascular glaucoma undergoing aqueous
drainage device implantation report failure rates between
44% and 79%, with progression to no light perception
occurring in 24% to 31% of patients.26,27 Many of these
patients’ had disease progression despite their IOP being
within target range, suggesting that failure may reflect the
natural course of disease rather than device failure. This may
contribute to the high rates of failure observed in our study
population.

Despite high rates of failure in both groups, both devices
were effective in reducing IOP and the need for glaucoma
medications (P< 0.001). At the 3-year visit, the Ahmed
group had a mean IOP of 15.7�4.8 mmHg (49% reduction
from baseline) compared with 14.4�5.1 mmHg (55%
reduction) in the Baerveldt group (P ¼ 0.09). The Ahmed
group required an average of 1.8�1.4 medications (42%
reduction) compared with 1.1�1.3 medications (65%
reduction) in the Baerveldt group (P< 0.01). Twice as many
patients in the Baerveldt group required no medications
compared with patients in the Ahmed group (25% in the
Ahmed group, 50% in the Baerveldt group; P< 0.001).
Medication use may reflect device efficacy because it is
often used to titrate IOP to meet clinical targets. Our results
were again similar to those of the ABC Study, which re-
ported lower IOP in the Baerveldt group at 3 years (Ahmed
14.3�4.9 mmHg, Baerveldt 12.9�4.4 mmHg; P ¼ 0.049)
and fewer glaucoma medications (Ahmed 1.9�1.4, Baer-
veldt 1.5�1.4; P ¼ 0.048) (Budenz DL, Barton K, Feuer
2237
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WJ, et al. Invest Ophthalmol Vis Sci 2012;53:ARVO E-
Abstract 6355).

In the first month after surgery, the Baerveldt group
required a greater number of medications and interventions
such as paracentesis to treat volatile IOP. It has been
postulated that aggressive treatment of postoperative
elevated IOP in patients with severe glaucomatous disease is
necessary to prevent visual loss.28 For this reason, many
surgeons prefer flow-restrictive aqueous drainage devices
because they provide an immediate IOP reduction. In our
study, patients in the Baerveldt group requiring an early IOP
reduction had tube fenestrations placed anterior to the
ligature to provide some early aqueous outflow until the end
plate bleb was formed.

Transient postoperative hypotony was seen in both
groups, with 13% of the Ahmed group and 14% of the
Baerveldt group experiencing choroidal effusions. This is
similar to the ABC study, in which 15% of Ahmed valves
and 10% of Baerveldt implants experienced postoperative
choroidal effusions.29 Hypotony in Ahmed implants may
result from a defective valve, destruction during priming,
or excessive peritubular filtration at the anterior chamber
insertion site.30,31 In Baerveldt implants, the lack of flow
restriction predisposes to severe hypotony if there is ligature
malfunction or excessive filtration through the tube fenes-
trations.30,31 In our study, 7 patients (6%) in the Baerveldt
group experienced vision-threatening hypotony-related
complications compared with zero patients in the Ahmed
group (P ¼ 0.005).

The majority of complications and interventions occurred
in the first 3 months in both groups. Similar to previous
retrospective studies, our study found that the Ahmed valve
had a higher rate of encapsulation than the Baerveldt
implant (11% vs. 4%; P ¼ 0.01).12 Several theories have
been postulated to explain this finding, including
differences in early flow rates and exposure to
inflammatory mediators, as well as differences in end
plate materials and topography.13,32e34 Early exposure of
the Ahmed bleb to mechanical compression from aqueous
flow and exposure to surgery-induced inflammatory cyto-
kines may stimulate fibroproliferative encapsulation.32,33

Furthermore, electron microscopy comparing the Ahmed-
FP7 end plate with the Baerveldt-350 implant found that it
had a root-mean-square roughness 10-fold greater, resulting
in increased in vitro tenon fibroblast adhesion.34

Antimetabolites have been trialed in aqueous drainage
device implantation to prevent encapsulation but failed to
show improved IOP and had a higher incidence of
hypotony and graft melt.5,8,32 Bleb histology has been
cited as an important factor in the long-term success of
aqueous drainage devices, with encapsulation reducing
filtration and increasing the need for medications.12 In our
study, the medication requirement of the Ahmed group
increased steadily beginning at 4 weeks, in contrast to the
Baerveldt group, whose requirement for medications
decreased over time. Nine patients (4%) underwent bleb
needling, of whom 4 regained significant function of the
bleb. De novo glaucoma procedures were performed in
patients whose IOP could not be adequately controlled
with medications or device revision. Twenty-one patients
2238
(9%), including 14 patients (11%) in the Ahmed group and
7 patients (6%) in the Baerveldt group, underwent de novo
glaucoma procedures. Thirteen patients (5%) had a second
glaucoma device implanted, and 3% of patients underwent
a ciliary body destructive procedure. These rates are similar
to those in a large-scale retrospective case series that re-
ported a device revision rate of 4% and additional device
placement rate of 7%.35

The most common long-term complication was corneal
edema, which affected 7% of patients in the Ahmed group
and 14% of patients in the Baerveldt group at 3 years (P ¼
0.08). This is similar to the Tube Versus Trabeculectomy
Study, which reported a persistent corneal edema rate of
16% in the Baerveldt group at 5-years.3 Hypothesized
causes include accelerated damage to the endothelium as
a result of hypotony, postoperative IOP fluctuations, and
anterior chamber tube placement.3,5,36 This is compounded
by the poor preoperative corneal health of patients receiving
aqueous drainage devices as a result of long-term glaucoma
and multiple previous surgeries.32 The higher rate of corneal
edema in the Baerveldt group also was reported in the ABC
Study and may be a result of greater IOP volatility in the
early postoperative period.29

There was a moderate but similar worsening of visual
acuity in both groups. However, determining whether the
cause of vision loss was a result of glaucomatous progres-
sion, complications of the surgery, or concomitant ocular
pathology is difficult. Five patients (4%) in the Ahmed
group and 6 patients (5%) in the Baerveldt group progressed
to no light perception, the majority of whom had neo-
vascular glaucoma.

Study Limitations

The AVB Study has several limitations that should guide
how the results are interpreted. First, the patients recruited
had advanced glaucoma refractory to maximum tolerated
medical therapy and were at a high risk of surgical failure. In
recent years, aqueous drainage devices have become more
frequently used early in the course of disease, and our
results cannot be applied to this patient population. Second,
although preservation of visual function through the
prevention of optic nerve damage is the main goal in
glaucoma therapy, our study used IOP as a surrogate
measure of success. Glaucoma trials use IOP as the main
outcome measure because it is quantifiable, reproducible,
and the only clinically modifiable risk factor to prevent
disease progression. However, structural changes to the
optic nerve and visual field data may better assess disease
progression and functional outcomes. Unfortunately, the
poor baseline vision of our study population precluded
standard visual field testing, and ocular coherence tomog-
raphy was not readily available when the study commenced.
Thus, they were not formal outcome criteria but were used
to monitor disease progression and guide management.
Finally, our results may be influenced by our surgeon’s
relative skill and experience implanting each device. To
minimize this bias, only surgeons who had extensive
experience in implanting both devices participated in the
study, as determined by the senior author (I.I.K.A.).
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Intraoperative complication rates were low in both groups
and similar in number and severity.

In conclusion, the results of the AVB Study demonstrate
that both the Ahmed-FP7 valve implant and the Baerveldt-
350 implant were effective in lowering IOP and reducing
the need for glaucoma medications in a population of
patients with refractory glaucoma. When comparing the
devices, the Baerveldt group had a lower failure rate and
required fewer medications than the Ahmed group after 3
years of follow-up, but it experienced more hypotony-
related, vision-threatening complications. Other factors
must be considered when selecting a device, including
surgeon skill and experience with each operation, as well as
patient risk factors for failure, medication compliance, and
goals of therapy. Additional follow-up is required before
drawing conclusions about the relative efficacy of these
devices because studies that have followed patients with
aqueous drainage devices over the long term have reported
failure until 5 years after surgery.1,13
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