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Introduction

Glaucoma is an irreversible blinding disease which affects 
more than 70 and 100 million people in the world by year 
2020 and 2040 respectively (1). The reduction of intraocular 
pressure (IOP) remains the mainstay of glaucoma 
management. Surgical intervention is indicated for patients 
who cannot reach their target IOP even on maximum 
tolerable medical therapy. Despite the emergence of 
minimally invasive glaucoma surgery, the more conventional 
aqueous drainage shunts and trabeculectomy are still the 
first choices for eyes with moderate to severe glaucoma.

In the tube versus trabeculectomy (TVT) study, a 
significant proportion of the participants had prior cataract 
surgery or failed trabeculectomy. The trabeculectomy 
group had close to 2 mmHg lower IOP than the Baerveldt 
implant group but this is not statistically significant (P=0.12). 
However, the cumulative failure rate (defined as IOP 
between 5 and 21 mmHg) was significantly lower in the 
tube group (29.8%) compared to the trabeculectomy group 
(46.9%) (P=0.002). The risk of trabeculectomy failure is 
twice as high compared to tube surgery. In addition, the 
rate of re-operation for high IOP was also higher in the 
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trabeculectomy group (29%) compared to the tube group 
(9%) (P=0.025) (2). Early complications were more frequent 
in the trabeculectomy group (37%) than in the tube group 
(21%) (P=0.012) but late complications were similar for 
both groups—one-third developed late complications 
(P=0.81) (3). The TVT study has showed us that tube 
surgery is both efficacious and safe when it comes to 
reducing IOP. One can argue that the superior safety profile 
of tubes makes it a more attractive “one-stop” solution for 
IOP control. The results of the TVT study had influenced 
clinical practice and an American Glaucoma Society survey 
showed that between 1996 and 2008, there is a 3-fold increase 
in the use of tubes and a corresponding nearly 50% reduction 
in trabeculectomy being performed (4). The authors believe 
that this trend will persist in future and strengthen the need 
for long-term data for tube shunt surgery to justify its use. 

The Ahmed Versus Baerveldt (AVB) study reporting 
the 5-year outcomes is timely and shed light on the two 
most important questions about long-term outcomes of 
aqueous shunt surgery—efficacy and safety. In brief, the 
AVB was a multi-centre randomized trial comparing the 
Ahmed Valve (New World Medical Inc., CA, USA) and 
the Baerveldt implant (Abbott Medical Optics, CA, USA) 
in eyes with previous failed trabeculectomy or at high risk 
of trabeculectomy failure. The 3-year results showed that 
the Baerveldt tube surgery achieved a lower post-operative 
IOP but are at higher risk of hypotony and re-operations. 
Although significantly different, the IOP-lowering effect 
of both surgeries were clinically comparable but one can 
argue that the Ahmed valve implant’s better safety profile 
potentially makes it a better option for high-risk eyes.

Population characteristics

The mean age of participants was 66±16 years and equal 
distribution of gender (55% female). The majority was 
white ethnicity (71%) and half had primary open angle 
glaucoma. The mean pre-operative IOP was 31.4±10.8 mmHg 
and mean number of IOP medications was 3.1±1.0. This 
indicated that the participants’ IOP were severely sub-
optimal despite on nearly maximum medical therapy. It 
is also interesting to note that one-third of the eyes had 
neovascular glaucoma or uveitis and more than one-third 
had previous trabeculectomy. As such, the participants 
included in the AVB study were prone to conjunctival 
scarring and inflammation which typically cause glaucoma 
filtration surgery to fail in the long-term. 

Efficacy

At 5 years, the cumulative probability of failure (standard 
error) was 53.2% (4.7%) in the Ahmed group and 40.0% 
(5.0%) in the Baerveldt group (P=0.039). The rate for 
complete and qualified successes were very low for both 
groups—<5% and <20% respectively. The most common 
reason for failure in both groups was high IOP (IOP above 
18 mmHg or less than 20% reduction from baseline IOP 
for two consecutive visits occurring at least 3 months after 
surgery). This accounted for 45% and 23% of the failures 
in the Ahmed and Baerveldt groups respectively. Although 
the rate of failure for high IOP seem to be lower for the 
Baerveldt group, this was counter-balanced by higher rates 
of hypotony in the Baerveldt group (4%) compared to none 
in the Ahmed group. In addition, when the upper limit 
of IOP was more stringent (<14 mmHg), the cumulative 
probability of failure was as high as 83.5% (3.5%) and 
72.2% (4.5%) for the Ahmed valve and Baerveldt group 
respectively. 

In the clinical setting, it is more useful to look at 
the cumulative failure rate as compared to the absolute 
reduction in IOP after surgery. Target IOP has to be 
individualized based on the severity of glaucoma, presenting 
IOP and age/life expectancy of each glaucoma patient. As 
such, although the world glaucoma association’s definition 
of surgical failure or success has its inherent limitations, it 
is also the most clinically applicable standardized definition. 
The guidelines also encourage authors to report success 
rates based on three different upper limit cut-offs for IOP—
<15, 18 and 21 mmHg so that the results can be generalized 
to different target post-operative IOP. In the AVB study, 
at 5 years, the mean reduction in IOP was 47% and 57% 
for the Ahmed and Baerveldt groups respectively (P=0.02). 
This may sound promising but using mean reduction in 
IOP was a misrepresentation of the complete picture. 
When interpreted together with the high cumulative 
failure rates of both groups, this suggested that there was 
a huge variation in the post-operative IOP outcomes using 
current aqueous shunt techniques. In the long-term, the 
low complete success rates or high cumulative failure rates 
for both Ahmed valve and Baerveldt tube surgeries showed 
that current commercially-available aqueous shunts have 
considerable deficiencies in achieving long-term visual 
preservation.

The AVB 3-year study showed that the cumulative 
probability of failure was 51% for the Ahmed group and 
34% for the Baerveldt group. This suggested that most of 
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the failure occurred within the first 3 years after the surgery 
which is consistent with the duration for bleb remodeling 
and wound healing to occur after surgery. Once the bleb 
has matured, the risk of failure from either high IOP or 
hypotony becomes much less. Despite this, the overall low 
success rates throughout the post-operative period leaves 
the authors to conclude that aqueous shunt techniques are 
not effective in both short-term and long-term IOP control. 
From the patients’ perspective, they will probably require 
adjunctive medications or additional surgeries in the long 
run, not unlike trabeculectomy surgery. 

The other aspect of efficacy involves the change in 
dependency on IOP-lowering medications and the need 
for additional glaucoma procedures. Both groups of eyes 
had a mean of about three medications before surgery and 
the mean number of IOP medications reduced significantly 
to less than two even after 5 years after surgery. However, 
the Baerveldt group required a median of just one 
medication compared to two medications in the Ahmed 
group (P=0.038). This seemed to suggest that the Baerveldt 
tube could be the preferred choice in patients who are 
highly intolerant to their eye drops, not compliant to eye 
drops or in eyes with IOP that are difficult to control with 
medications. The most common procedure performed is 
cyclodestructive procedure followed by additional aqueous 
shunt procedures. In addition, the associated complications 
and the interventions should also be considered (see below). 
This may have implications when the glaucoma patient is 
counseled on the long-term prognosis and treatment plan. 
In a sub-analysis, the authors also reported that amongst 
eyes with previous failed trabeculectomy, the 5-year success 
rate was 71% which suggested that tube surgery is effective 
option although the authors did not specify if this was 
complete or qualified success. 

Safety

The safety of a procedure is based on the post-operative 
visual outcomes and complications. For the latter, one has 
to consider the frequency, severity and the subsequent re-
operations required to treat the complications. In this 
study, both groups of eyes had a similar reduction in visual 
acuity. It is important to note that the baseline mean 
visual acuity was already very poor (Snellen equivalent of 
approximately 20/400) which deteriorated moderately over 
5 years (Snellen equivalent of approximately 10/800). This 
could be attributed to natural progression of glaucoma, 
cataract formation or maculopathy. Progression to no light 

perception occurred in 6% of the participants at 5 years. 
For complications, both groups reported similar rates of 

between 60–70% within 5 years but most were self-limiting. 
Of these, half of the eyes required an intervention to treat 
the complication. The rate of bleb encapsulation was higher 
in the Ahmed group compared to Baerveldt group. This is 
probably due to the small base plate area of the FP7 Ahmed 
valve design, the use of a valve within the tube as well as 
the early conjunctival exposure to the pro-inflammatory 
mediators from the aqueous or the uneven surface texture 
of the Ahmed base plate (5-7). This could also explain the 
slightly inferior IOP-lowering effect of the Ahmed valve 
group. On the other hand, the Baerveldt group experienced 
a higher risk of refractory hypotony (5% vs. 1%, P=0.057). 
There is a significantly higher proportion of eyes requiring 
paracentesis in the Baerveldt group (14% vs. 4%, P=0.007) 
due to high IOP indicating that huge IOP fluctuations are 
more common in the Baerveldt group of eyes and the long-
term implications on glaucomatous damage and visual 
prognosis is uncertain. It is also interesting to note that 
among the phakic eyes, a significant proportion of patients 
develop cataracts requiring phacoemulsification within  
5 years (26% in the Ahmed group and 38% in the Baerveldt 
group, P=0.92). The rate of severe complications was 
relatively low. Explantation of tube was required for 4 (1.7%) 
patients for various reasons including malposition resulting 
in cornea decompensation, refractory hypotony and 
persistent motility disorder. Three patients had to undergo 
evisceration/enucleation due to serious complications—1 
for endophthalmitis and 2 for blind painful eye (all in 
the Ahmed valve group). The most common long-term 
complication was corneal edema for both groups (10%) and 
this could be due to anterior chamber depth fluctuation, 
inflammation, cornea-tube contact or pre-existing cornea 
endothelial compromise (8,9).

Discussion

It is important to consider the baseline characteristics 
of the participants to gain a fair perspective on the 
outcomes reported in this study. These patients had 
poor baseline visual acuity, very high IOP despite on 
maximum tolerable medical therapy, more than one third 
had a failed trabeculectomy, more than 2/3 had previous 
cataract surgeries and one-third had secondary glaucoma 
due to neovascular glaucoma or uveitis. Clinically, this 
group of patients are at a high risk of blindness or visual 
impairment over a short period of time without any surgical 
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intervention. This would also explain the relatively poor 
5-year success rates of aqueous shunt surgeries where only 
approximately half did not fail at 5 years. The most common 
cause of failure was uncontrolled high IOP. The Baerveldt 
group had a significantly lower failure rate compared to 
Ahmed. In general, compared to Ahmed valve group, the 
Baerveldt group provided a 3 mmHg lower post-op IOP at 
5 years and also a significantly lower dependence on IOP 
medications. However, this is at the expense of higher risk 
of hypotony in eyes with a Baerveldt tube implant. The 
most common procedure performed for high IOP after 
aqueous shunt surgery was cyclodestructive procedures such 
as TCP which also indicates the lack of options for these 
eyes with severe glaucoma.

Comparison with the Ahmed Baerveldt 
Comparison (ABC) study

The ABC study also showed that at 5 years, the Ahmed 
group has a 2 mmHg higher post-op IOP compared to the 
Baerveldt group [14.7±4.4 vs. 12.7±4.5 mmHg respectively 
(P=0.015)] (10). There was no difference in number of 
glaucoma medications or cumulative probability of failure 
(44.7% for Ahmed and 39.4% for Baerveldt). Most of the 
failures happened in the first 2 years after surgery. However, 
the reason for failure was different between the two groups. 
The cause of failure from high IOP is higher for the Ahmed 
valve group (80% of failure in this group) compared to 
Baerveldt group (53% of failure in this group) (P=0.003). 
However, the reverse is true as well and the Baerveldt group 
has a higher risk of persistent hypotony (47% of failures) 
compared to Ahmed group (20% of failures only). 

It is important to note that the settings in clinical trials 
are usually not reproducible in the real-world clinical 
settings. In the clinical trials, only experienced surgeons 
performed the surgeries. The patients who are part of 
the study tend to be more motivated to return for the 
follow-up regularly. The high rates of failure and low 
rates of complete success at the end of 5 years suggested 
that current tube implants are still far from ideal. This is 
especially important when patients undergo surgery when 
they are young and the studies suggested that re-operations 
or returning back to medical therapy is expected. However, 
the AVB study still provided insights on how one should 
select the type of implant surgery to perform. For eyes 
which require much lower IOP such as advanced glaucoma 
or in younger patients, the Baerveldt tube seems to be more 
appropriate. However, the Ahmed tube would be more 

suitable for patients who are at risk of hypotony (such as 
uveitic glaucoma, neovascular glaucoma or highly-myopic 
eyes) and those who require immediate IOP lowering after 
surgery. 

In conclusion, the AVB study showed that, in general, 
both Ahmed and Baerveldt were effective in reducing IOP 
if one considers 50% reduction in mean IOP reduction 
at 5 years after surgery. However, the cumulative surgical 
failure was high for both groups and the minority can be 
considered as complete success. The long-term rates of 
complications were similar but the Baerveldt group has a 
higher risk of refractory hypotony which was not seen in 
the Ahmed group. 

Acknowledgments

Funding: None. 

Footnote

Provenance and Peer Review: This article was commissioned 
and reviewed by Section Editor Yi Sun, MD (Department 
of Ophthalmology, The Third Affiliated Hospital of Sun 
Yat-sen University, Guangzhou, China).

Conflicts of Interest: The authors have completed the 
ICMJE uniform disclosure form (available at http://
dx.doi.org/10.21037/aes.2017.02.07). The authors have no 
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. 

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Tham YC, Li X, Wong TY, et al. Global prevalence 

http://dx.doi.org/10.21037/aes.2017.02.07
http://dx.doi.org/10.21037/aes.2017.02.07


Annals of Eye Science, 2017 Page 5 of 5

© Annals of Eye Science. All rights reserved. Ann Eye Sci 2017;2:18aes.amegroups.com

of glaucoma and projections of glaucoma burden 
through 2040: a systematic review and meta-analysis. 
Ophthalmology 2014;121:2081-90. 

2. Gedde SJ, Schiffman JC, Feuer WJ, et al. Treatment 
outcomes in the Tube Versus Trabeculectomy (TVT) 
study after five years of follow-up. Am J Ophthalmol 
2012;153:789-803.e2. 

3. Gedde SJ, Herndon LW, Brandt JD, et al. Postoperative 
complications in the Tube Versus Trabeculectomy (TVT) 
study during five years of follow-up. Am J Ophthalmol 
2012;153:804-814.e1.

4. Desai MA, Gedde SJ, Feuer WJ, et al. Practice preferences 
for glaucoma surgery: a survey of the American Glaucoma 
Society in 2008. Ophthalmic Surg Lasers Imaging 
2011;42:202-8.

5. Molteno AC, Fucik M, Dempster AG, et al. 
Otago Glaucoma Surgery Outcome Study: factors 
controlling capsule fibrosis around Molteno implants 
with histopathological correlation. Ophthalmology 

2003;110:2198-206.
6. Choritz L, Koynov K, Renieri G, et al. Surface 

topographies of glaucoma drainage devices and their 
influence on human tenon fibroblast adhesion. Invest 
Ophthalmol Vis Sci 2010;51:4047-53.

7. Lloyd MA, Baerveldt G, Fellenbaum PS, et al. 
Intermediate-term results of a randomized clinical trial 
of the 350- versus the 500-mm2 Baerveldt implant. 
Ophthalmology 1994;101:1456-63; discussion 1463-4.

8. McDermott ML, Swendris RP, Shin DH, et al. Corneal 
endothelial cell counts after Molteno implantation. Am J 
Ophthalmol 1993;115:93-6.

9. Lee EK, Yun YJ, Lee JE, et al. Changes in corneal 
endothelial cells after Ahmed glaucoma valve implantation: 
2-year follow-up. Am J Ophthalmol 2009;148:361-7. 

10. Budenz DL, Barton K, Gedde SJ, et al. Five-year 
treatment outcomes in the Ahmed Baerveldt comparison 
study. Ophthalmology 2015;122:308-16.

doi: 10.21037/aes.2017.02.07
Cite this article as: Koh V, Aquino CM, Chew P. Review of 
the Ahmed versus Baerveldt study—5-year treatment outcomes. 
Ann Eye Sci 2017;2:18.


