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Purpose: To assess practice patterns and opinions of glaucoma specialists regarding glaucoma drainage device tube shunt placement and 
post-operative anti-inflammatory medication use. We also assess the perceived need for a randomized control trial to compare them.
Patients and Methods: An online survey was distributed to a group of glaucoma specialists from the American Glaucoma Society 
via the American Glaucoma Society forum from April to August 2021.
Results: One hundred and twenty-eight responses were included. Ninety percent placed tubes in the anterior chamber. Sixty-one 
percent reported that evidence suggested the superiority of sulcus tube placement over the anterior chamber, whereas 34% reported 
there was not enough evidence to suggest superiority of either in preventing endothelial cell loss. Comparing these techniques for 
intraocular pressure control, 49% reported evidence suggested sulcus tube placement superiority whereas 46% reported there was 
not enough evidence. Over 40% of respondents reported that they were either unfamiliar with literature or that there was not 
enough evidence to support the superiority of difluprednate 0.05% over prednisolone 1% for post-operative use in preventing 
endothelial cell loss and for intraocular pressure control. Ninety percent and 81% of respondents respectively would benefit from 
randomized control trials comparing outcomes of anterior chamber vs sulcus tube placement and post-operative corticosteroid 
usage.
Conclusion: Most glaucoma specialists surveyed place glaucoma drainage device tube in the anterior chamber over the sulcus. 
A randomized control trial to determine optimal tube placement and post-operative anti-inflammatory medication use for preventing 
endothelial cell loss would change current glaucoma drainage device practice patterns.
Keywords: endothelial cell loss, sulcus, glaucoma drainage device

Introduction
Glaucoma is the leading cause of irreversible blindness in the world and continues to be a major public health issue.1 

Glaucoma drainage device (GDD) surgery is one of the most commonly performed surgeries to treat glaucoma due to its 
excellent success rate and safety profile.2–5

One of the principal long-term complications of GDD surgery is progressive corneal endothelial cell loss (ECL) 
leading to corneal decompensation.6 Normal age-related ECL has been estimated to be approximately 0.6% per year on 
average.7 Studies have shown that GDD implantation with tube placement in the anterior chamber (AC) was associated 
with ECL of 6.4–15.2% in 1 year8–10 and 11.5–18.6% by 2 years.8,10,11
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One potential mechanism for ECL after GDD surgery is direct mechanical damage from the silicone tube in the AC, 
the most common site of tube placement. To address this concern, the tube can be inserted into the ciliary sulcus, 
increasing the distance between the tube and the corneal. There are studies suggesting that sulcus tube placement may 
lead to a slower rate of ECL12 while providing equivalent intraocular pressure (IOP) control to AC tube placement.12–16 

Despite this, most glaucoma specialists still place tubes in the AC. Sulcus tube placement is technically more challenging 
and may be associated with and increased risk of complications, such as intraocular bleeding and tube obstruction.

Another potential mechanism for increased ECL after GDD surgery is low grade, chronic inflammation and changes 
to the AC microenvironment. Better anti-inflammatory therapy may thus provide an opportunity to prevent ECL. 
Although topical steroids are routinely used, there may be a role for a stronger anti-inflammatory agent, such as 
difluprednate, in inflammation control and slowing ECL after GDD implantation. However, this has not been adequately 
studied.

There is little information about the current opinions of glaucoma specialists on the benefits of GDD tube placement 
in the AC versus the ciliary sulcus, and their opinion on postoperative corticosteroid use after GDD implantation. In this 
study, we conducted a survey to assess glaucoma specialists’ practice patterns and their opinions on variations of GDD 
placement and GDD post-operative care.

Materials and Methods
An email containing a Qualtrics electronic survey link was sent to approximately 1500 American Glaucoma Society 
(AGS) members subscribed to the AGS forum from April 2021 to August 2021. Members of the AGS must be glaucoma 
fellowship-trained ophthalmologists, current glaucoma fellows, or otherwise have a primary research interest in the study 
of glaucoma. The study was sent once with a reminder sent during the survey collection period. Participation was 
voluntary and no personal information or identifiers were collected. There was no incentive for participating in the study. 
Informed consent was not needed for this study because no personal identification information was collected and the data 
from all participants were pooled together for analysis and publication. This has been confirmed with the Institutional 
Review Board at University of California, San Francisco. The participants were notified that the survey results are subject 
to be published. The survey was created on April, 21 2021 using Qualtrics (Version April 2021), an online survey 
software.

Based on discussion with a focus group of glaucoma specialists, the authors of this study devised the survey 
questions. The survey consisted of 15 questions (Supplemental Figure 1). Physicians were asked to weigh the current 
level of evidence for tube placement locations and different corticosteroid usage in preventing ECL and for IOP control. 
They were also asked to evaluate the benefit of a randomized clinical trial (RCT) comparing post-operative ECL and 
IOP control in different tube placement locations and with different corticosteroid regimens, and if the results from an 
RCT would change their practice. Finally, survey respondents were asked to provide their location and practice 
characteristics.

All descriptive statistical analyses were performed using Python version 3.7 (Python Software Foundation, 
Fredericksburg, VA, USA). The study was approved by the Institutional Review Board of the University of California, 
San Francisco (Study Number: 21-33707).

Results
We received a total of 128 completed responses to the survey (Supplemental Figure 1). Respondents were primarily from 
the USA (n = 118) with remaining respondents from Canada (n = 6), Switzerland (n = 1), Turkey (n = 1), Israel (n = 1), 
and Columbia (n = 1). All had done a glaucoma fellowship with a median of 14 years in practice (interquartile range 
(IQR) 5, 26) and median of 15 years performing GDD (IQR 7, 25). Survey respondents performed a median of 4 GDD 
surgeries per month (IQR 2, 6), with 90% (IQR 50%, 95%) of tubes placed in the AC for pseudophakic patients.

Study respondents were asked to weigh the current level of evidence for AC versus sulcus for tube placement in 
different parameters after GDD implantation. While over half of study respondents (n = 78, 60.9%) reported that the 
current evidence suggests tube placement in sulcus is superior to tube placement in the AC for preventing ECL, one-third 
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reported that there was not enough evidence to support the superiority of one tube location versus the other for preventing 
ECL (n = 43, 33.6%) (Table 1).

There was less consensus when asked about the current level of evidence for tube placement in controlling IOP after 
GDD implantation. Approximately half of respondents (n = 63, 49.2%) reported that the evidence suggests that sulcus 
tube placement was either equivalent or inferior to AC tube placement in controlling IOP. Almost an equal number of 
respondents reported there was not enough evidence to support the superiority of one tube location versus the other for 
IOP control (n = 59, 46.1%) (Table 1).

When asked if a RCT comparing ECL and IOP after GDD implantation with tube placement in the AC versus in the 
ciliary sulcus would be beneficial, 115 (89.8%) reported that it would be beneficial, and only 24 (10.2%) reported it 
would not be beneficial (Table 2). When asked if they would change their GDD tube placement if an RCT showed that 
placement in sulcus tube was superior placement in the AC in preventing ECL, the majority (n = 98, 76.5%) reported that 
they were likely to change their practice (Table 3).

Study respondents were also asked their opinion on the current evidence for stronger postoperative corticosteroids for 
preventing ECL after GDD implantation. Forty-nine percent (n = 63) of respondents reported they were not familiar with 
the literature, while 47.7% (n = 61) reported that there was not enough evidence to support the superiority of 
difluprednate 0.05% over prednisolone 1% for prevention of ECL. The minority reported that current evidence suggests 
that difluprednate 0.05% was not superior to prednisolone in preventing ECL (n = 4, 3.1%) (Table 1).

There were similar opinions on the current evidence for stronger postoperative corticosteroids for controlling IOP 
after GDD implantation. Forty-six percent of respondents (n = 60) reported that there was not enough evidence to support 
the superiority of difluprednate 0.05% over prednisolone 1% for better IOP control, and 42.2% reported they were 

Table 1 Evaluation of Current Level of Evidence on the Effect of Tube Locations and Postoperative Anti-Inflammatory Treatments on 
ECL and IOP

Sulcus Tube Superior to  
AC Tube

Sulcus Tube Not Superior to  
AC Tube

Not Enough 
Evidence

Unfamiliar with 
Literature

Effect on ECL 78 (60.9%) 3 (2.3%) 43 (33.6%) 4 (3.1%)
Effect on IOP 2 (1.6%) 63 (49.2%) 59 (49.2%) 4 (3.1%)

Difluprednate Superior to 
Prednisolone

Difluprednate Not Superior to 
Prednisolone

Not Enough 
Evidence

Unfamiliar with 
Literature

Effect on ECL 0 (0%) 4 (3.1%) 61 (47.7%) 63 (49.2%)
Effect on IOP 1 (0.8%) 13 (10.2%) 60 (46.9%) 54 (42.2%)

Abbreviations: AC, anterior chamber; ECL, endothelial cell loss; IOP, intraocular pressure.

Table 2 Opinion on Whether an RCT Comparing ECL & IOP After GDD in Different Tube Locations and Postoperative Anti- 
Inflammatory Treatments Be Beneficial

Yes No

Would a RCT comparing ECL & IOP for tube placed in sulcus vs AC be beneficial? 115 (89.8%) 13 (10.2%)
Would a RCT comparing ECL & IOP for postoperative use of Prednisolone vs Difluprednate be beneficial? 104 (81.2%) 24 (18.8%)

Abbreviations: AC, anterior chamber; ECL, endothelial cell loss; GDD, glaucoma drainage device; IOP, intraocular pressure; RCT, randomized clinical trial.

Table 3 Assessment of Whether Practice Patterns Will Change Based on the RCT Results

Yes No

Likelihood of changing to sulcus tube if the RCT shows sulcus tube is superior to AC tube 98 (76.5%) 30 (23.4%)
Likelihood of changing to difluprednate if the RCT shows difluprednate is superior to Prednisolone 115 (89.8%) 13 (10.2%)

Abbreviations: AC, anterior chamber; RCT, randomized clinical trial.
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unfamiliar with the literature. Approximately 9% of respondents (n = 11) reported that the current evidence suggests 
there was either no difference in IOP control between the two corticosteroids or that prednisolone was superior to 
difluprednate (Table 1).

Lastly, respondents reported their opinions on the benefits of a RCT comparing the postoperative IOP control of 
prednisolone 1% versus difluprednate 0.05%, and its potential impact on their practice. Most respondents reported a RCT 
comparing the two corticosteroids would be beneficial (n = 104, 81.2%) (Table 3). The majority of respondents (n = 115, 
89.8%) reported they would be at least somewhat likely to change their postoperative choice of corticosteroid after GDD 
if a RCT showed the superiority of difluprednate 0.05% to prednisolone for better IOP control (Table 3).

There was no significant difference in survey responses based upon years of clinical practice or years of GDD 
placement (10 years or less vs 11 or more years), amounts of GDD surgery (5 surgeries or less per month vs 6 surgeries 
or more per month), or preferred tube shunt placement (greater than 51% in the AC vs less than 50% in the AC) (all p > 
0.62, Supplemental Table 1A–D).

Discussion
In this study, we surveyed glaucoma specialists’ practice patterns and opinions regarding GDD surgery. Although 
retrospective studies have suggested a benefit of GDD placement in the sulcus tube for endothelial cells protection, 
we found the majority of glaucoma specialists still place the tube in the AC in their current practice. They felt strongly 
that there is a need for a well-designed RCT to provide convincing evidence regarding the optimal tube locations and 
postoperative use of anti-inflammatory medication for GDD surgery. More importantly, they are willing to change their 
current practice pattern based on the RCT results.

The mechanism for the mechanical damage on endothelial cells may include: 1) direct physical contact between the 
silicone tube and corneal endothelium, 2) turbulence of aqueous fluid flow around the tube, 3) intermittent tube contact 
with endothelial cells when patients rub their eyes or blink or during different gazes, and/or 4) tube migration over 
time.7,17,18 One study showed that the distance of the tube tip to the corneal was negatively associated with ECL.19 It has 
thus been proposed that proximity to the corneal impacts endothelial cell density (ECD). ECL may be reduced or 
eliminated if the tube can be placed more posteriorly, such as in the vitreous cavity or ciliary sulcus behind the iris. ECL 
has been compared between tubes placed into the vitreous cavity versus into the AC in both retrospective and prospective 
comparative studies. Pars plana tube placement resulted in 0–3.5% of ECL at 1-year follow-up, which was significantly 
less than the 13.1% −14.1% ECL with AC tube during the same follow-up period.20,21 Recently, an interventional study 
of 211 eyes showed that the mean monthly ECD loss in the sulcus placement group was significantly lower than that in 
the AC placement group (15.3 cells/mm2 versus 29.3 cells/mm2, P < 0.001).12 There was no increased risk of tube- 
related postoperative complications when comparing patients who received tube placement in the sulcus (3.8%) versus 
the AC (4.7%). These complications included tube occlusion, persistent post-operative inflammation, and tube-related 
exposure/infection. In this and other studies, placement of the tube in the sulcus or vitreous cavity achieved comparable 
IOP lowering effect as tube placement in the AC.12–15,22

Despite these theoretical advantages and benefits demonstrated in previous clinical studies, sulcus tube placement is 
currently only chosen by one-third of glaucoma specialists in a published survey from December 2020 in New Zealand 
and Australia23 and only 10% in this current survey from the AGS. Some possible reasons for this include unfamiliarity 
with sulcus tube placement, technical difficulty, and concerns about potential complications including intraocular 
bleeding and tube occlusion with sulcus tube placement. The weight on benefit and risk of sulcus tube placement may 
explain the disparity between literature knowledge and practice preference. This also provides a possible explanation for 
about 90% of survey participants who were willing to change their practice if a well-conduct RCT provides solid 
evidence on tube placement superiority.

Tube placement compromises the blood-aqueous barrier and thus may change the anterior chamber microenviron-
ment. Few studies have been performed evaluating the use of difluprednate after GDD surgery, which theoretically would 
provide stronger anti-inflammatory control than the commonly used prednisolone acetate. We hypothesize that with the 
better postoperative inflammatory control, difluprednate may not only prevent ECL but also have the added benefit of 
less fibrous encapsulation of the GDD, leading to better IOP control. While a recent retrospective study found that 
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postoperative treatment with 0.05% difluprednate after AGV resulted in a similar IOP when difluprednate was used in 
less frequency than prednisolone 1%,24 a future RCT to evaluate the effect of difluprednate vs prednisolone acetate in 
GDD is still needed.

This study has several limitations inherent to survey-based research. Firstly, the survey had a low response rate of 
approximately 8.5%, which may have introduced selection bias. However, not all AGS members routinely access the 
forum. The non-responders may not have received the survey rather than having been unwilling to participate. Therefore, 
the reported response rate may underestimate the real rate of response. Because of the anonymous nature of the survey, 
we could not compare the characteristics of respondents and non-respondents. Secondly, the survey was distributed to 
AGS members, and the results may not be representative of the larger community of ophthalmologists. Thirdly, the 
survey relied on self-reported data and was subject to recall bias. Finally, the survey questionnaire used a 4-point scale 
with more positive response options. Although this enabled us to determine the degree of participants’ positive responses, 
it may potentially overestimate respondent opinions. Strengths of this survey include the fact that respondents are 
glaucoma experts who have extensive training and experience and who routinely perform GDD surgery.

Overall, this survey demonstrates that there is considerable interest in assessing outcomes for sulcus tube and AC tube 
placement as well as different postoperative steroid use, which provide strong support for RCTs assessing the afore-
mentioned techniques for ECL prevention and IOP control amongst glaucoma experts who regularly perform GDD 
surgery.

Conclusion
The survey results suggest that although protection of sulcus tube on endothelial cells has been suggested by previous 
retrospective studies, majority of glaucoma specialists continue to preferentially place the tube in the AC in their current 
practice. There is a strong desire for an RCT to provide convincing evidence regarding the optimal tube placement and 
post-operative

anti-inflammatory medication use in preventing ECL after GDD surgery. Most critically, this survey suggests that the 
results of a RCT would improve glaucoma specialists current practice patterns.
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