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Purpose: To evaluate trends in fellow exposure to trabeculectomy, tube shunt, and minimally invasive glaucoma surgery (MIGS) 
procedures during glaucoma fellowship training.
Methods: We analyzed fellowship surgical logs from 2013 to 2024 from the Association of University Professors of Ophthalmology 
(AUPO) Fellowship Compliance Committee to determine the frequency of trabeculectomy, tube shunt, and MIGS procedures within 
glaucoma fellowship programs.
Results: Our analysis revealed a 55.9% decrease with significant correlative decline (r = −0.89, p = 0.0002) over the 11-year study 
period in total trabeculectomy exposure (primary and assistant surgeon), while total tube shunt surgeries underwent a modest 7.3% 
decrease with significant correlative decline (r = −0.80, p = 0.003) over the 11-year study period, and MIGS procedures showed 
a marked 128.6% increase with significant correlative increase (r = +0.72, p = 0.02) from 2016 to 2024.
Conclusion: The declining exposure to trabeculectomy surgery, both as primary and assistant surgeon raises concerns about glaucoma 
fellowship graduate proficiency with this fundamental procedure. This may limit access to qualified care for specific glaucoma 
populations that may benefit most from this intervention, and for the continued care of patients that have previously undergone 
trabeculectomy surgery. These findings highlight the need to maintain proficiency in trabeculectomy to ensure optimal care for diverse 
glaucoma patient populations.
Keywords: glaucoma, trabeculectomy, glaucoma drainage implant, minimally invasive glaucoma surgery, MIGS, fellowship training, 
surgical trends, ophthalmology

Introduction
Glaucoma, a leading cause of irreversible blindness worldwide, has seen significant advancements in surgical manage
ment over the past few decades.1 While medical and laser therapy is frequently the foundation of treatment, surgery is 
often required in refractory cases. The major categories of surgical interventions currently employed to control IOP in 
refractory or advanced cases are traditional glaucoma surgeries, such as trabeculectomy and aqueous tube shunt surgery, 
as well as emerging minimally invasive glaucoma surgery (MIGS) or minimally invasive bleb surgery (MIBS). Along 
with these advancements come shifts in clinical practices with recent years demonstrating an overall decline in traditional 
glaucoma surgeries performed and an overall increase in MIGS/MIBS performed.2 According to Medicare and Medicaid 
Services Part B Database, there has been an overall 176.66% increase in glaucoma surgeries performed nationally from 
2011 to 2021.3 However, despite this increase, there was an overall 58.5% decline in trabeculectomies performed and 
a fluctuating but eventual 18.69% decline in glaucoma tube shunt surgeries during this time. In contrast, MIGS and MIBS 
demonstrated an overall 513.4% increase with the iStent MIGS alone accounting for 46.8% of all glaucoma surgeries by 
2011. This trend is also reflected in the AAO Ophthalmology Intelligent Research in Sight (IRIS) registry, which reported 
a 422.92% increase in MIGS and MIBS performed and a 15.5% decline in traditional glaucoma surgeries.4 This trend 
may be explained by the technical difficulty of traditional glaucoma surgeries, the comparatively lower risk profile of 
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MIGS and MIBS surgeries, and the reimbursement policies of the United States healthcare system which discourage 
interventions that have an involved postoperative period.

Prior studies on glaucoma fellowship training have taken note of this trend but found trabeculectomy and glaucoma 
tube shunt surgery exposure to remain fairly stable in training despite an increase in MIGS/ MIBS exposure. However, 
our study provides an important update on the surgical trends in fellowship training utilizing the most recent data from 
the Association of University Professors of Ophthalmology (AUPO) Fellowship Compliance Committee (aupofcc.org), 
which demonstrates a notable decline in overall exposure to trabeculectomy (as primary and assistant surgeon) and 
a clear increase in MIGS/ MIBS performed by glaucoma fellows nationally. This trend in fellowship is concerning as the 
lack of exposure in training as both primary and assistant surgeon perpetuates a cycle of underutilization in subsequent 
practice and even less exposure for future trainees. Our study brings to light these findings in order to reinforce the 
importance of maintaining proficiency in traditional glaucoma surgeries in fellowship, ultimately to ensure optimal care 
of our diverse glaucoma patient populations.

Materials and Methods
To assess trends in surgical training, we analyzed AUPO’s database of all surgical case logs from 2013 to 2024 submitted 
by glaucoma fellowship programs. All AUPO FCC compliant glaucoma fellowship programs across the United States are 
included in this database and the total number of fellows included each academic year is noted in Tables 1–3. This dataset 
provided information on the number of cases and types of glaucoma surgeries performed by fellows (both as primary 
surgeon and as assistant surgeon) and is populated from surgical logs submitted by fellows during their exit questionnaire 
at the time of fellowship completion. We categorized the appropriate surgical procedures into three main groups: 
trabeculectomy, tube shunt surgery, and MIGS. Only primary trabeculectomies and tube shunt surgeries were included 
in this study, revisions were excluded. Tube shunt surgeries were not further specified by the type of glaucoma drainage 
implant device in the database, so this information was not available for review. For the purposes of this study, MIGS 
includes MIBS and will not be further delineated. The type of MIGS specified in this database included Gonioscopy 
Assisted Transluminal Trabeculotomy (GATT), Hydrus (Alcon), Istent (Glaukos), Xen Gel Stent (AbbVie), PreserFlo 
(Santen), Suprachoroidal Stents, Canaloplasty, and Endocyclophotocoagulation (ECP). Of note, consistent formal 
reporting of MIGS was not recorded by the AUPO until the 2016–2017 fellowship year. Surgeries that were not pertinent 
to a glaucoma fellowship training specifically (eg cataract surgery, globe repair, exam under anesthesia)) and in-office 
procedures (transscleral cyclophotocoagulation, laser iridotomy, laser capsulotomy) were excluded from the analysis. 
Mean annual totals for each procedure type were calculated, both as primary surgeon and as assisting surgeon, and trends 
were analyzed over the 2013–2024 period. Statistical analysis and linear regression were done by computing a Pearson 
correlation coefficient (r) to assess the relationship between fellowship year and mean glaucoma surgery cases per fellow 

Table 1 AUPO Case Log: Average Number of Trabeculectomy Surgeries per Glaucoma Fellow Annually from 
2013 - 2024

Academic Year Number of Glaucoma  
Fellows

Cases as Primary  
Surgeon

Cases as Secondary  
Surgeon

Total Cases

2013-2014 63 20.5 22.1 42.6

2014-2015 70 18.8 21.8 40.6

2015-2016 69 19.6 19.3 38.9

2016-2017 75 13.3 12.8 26.1

2017-2018 78 12.6 9.4 22

2018-2019 77 12.4 10 22.4

2019-2020 83 11.1 7.6 18.7

2020-2021 88 12 8.1 20.1

2021-2022 91 11.2 7.6 18.8

2022-2023 84 11.6 6 17.6

2023-2024 84 12.4 6.4 18.8
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with p < 0.05 considered statistically significant. The proposed study was submitted to UCI IRB for review but was found 
to meet the criteria for Non-Human Subjects Research (NHSR) and approved for IRB exemption.

Results
Our analysis revealed significant shifts in surgical experience by glaucoma fellows from 2013 to 2024. Total trabecu
lectomy exposure in fellowship training (sum of primary and assist cases) showed a significant correlative decline over 
this 11-year period (r = −0.89, p = 0.0002, Figure 1) with a 55.9% decrease in cases between 2013 and 2024 (Table 1). 
Total tube shunt exposure in fellowship training (sum of primary and assist cases) showed a significant correlative 
decline over this 11-year period (r = −0.80, p = 0.003, Figure 2) with 7.3% decrease in cases between 2013 and 2024 
(Table 2). Total MIGS exposure in fellowship training (sum of primary and assist cases) showed a significant correlative 
increase over this 11-year period (r = +0.72, p = 0.02, Figure 3) with a marked 128.6% increase in cases between 2013 
and 2024 (Table 2). These results indicate a clear shift in glaucoma fellow surgical exposure, with a significant decrease 
in trabeculectomy experience paired with a concurrent rise in MIGS procedures.

Discussion
Trabeculectomy, first described by Cairns in 1968, has long been considered the gold standard in glaucoma filtration 
surgery.5,6 This procedure involves creating a partial-thickness scleral flap and a full-thickness sclerostomy to allow 

Table 2 AUPO Case Log: Average Number of Tube Shunt Surgeries per Glaucoma Fellow Annually from 
2013 - 2024

Academic Year Number of Glaucoma  
Fellows

Cases as Primary  
Surgeon

Cases as Secondary  
Surgeon

Total Cases

2013-2014 63 44.7 26.7 71.4

2014-2015 70 44 28.4 72.4

2015-2016 69 46.9 24.6 71.5

2016-2017 75 47.8 23.5 71.3

2017-2018 78 48.5 20.3 68.8

2018-2019 77 47.2 18.3 65.5

2019-2020 83 46.4 15.7 62.1

2020-2021 88 50 16.7 66.7

2021-2022 91 48.1 16.4 64.5

2022-2023 84 50.9 14.2 65.1

2023-2024 84 52.5 13.7 66.2

Table 3 AUPO Case Log: Average Number of Minimally Invasive Glaucoma Surgeries (MIGS) per 
Glaucoma Fellow Annually from 2013 - 2024

Academic Year Number of Glaucoma  
Fellows

Cases as Primary  
Surgeon

Cases as Secondary  
Surgeon

Total Cases

2013-2014 63 0 0 0

2014-2015 70 0 0 0

2015-2016 69 0 0 0

2016-2017 75 16.1 24.4 37.1

2017-2018 78 48 34.7 69.9

2018-2019 77 33.4 34.2 66.6

2019-2020 83 40 17.6 57.6

2020-2021 88 46.9 23 69.9

2021-2022 91 59.9 28.4 88.3

2022-2023 84 47.1 18.9 66

2023-2024 84 65.5 19.3 84.8
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aqueous humor to flow from the anterior chamber to the subconjunctival space, forming a filtering bleb. Over the years, 
modifications such as the use of antimetabolites (eg, mitomycin C and 5-fluorouracil) have improved its success rates and 
longevity.7–10 This procedure has several key steps, none of which are standardized, and are essentially up to the 
surgeon’s preference. These steps include the choice of anesthesia, conjunctival incision (fornix based or limbal based), 
the method and concentration of antimetabolite application (sponges v injected) the size and shape of the scleral flap, the 
size of the sclerostomy, the method of scleral flap closure (releasable v interrupted sutures), the preferred degree of flap 
closure (watertight v immediate filtration), and the method of conjunctival closure.11–18 This lack of standardization with 
a technically challenging surgery illustrates the need for repeated exposure with a skilled mentor to adequately hone the 
necessary surgical skills that cannot be otherwise easily replicated. A previous study analyzed the types of glaucoma 
surgeries performed by trainees from 2008 to 2016, which showed that trabeculectomy surgery among trainees fluctuated 
slightly from year to year but was largely stable at that time.7 A more recent 2023 study looking at cases performed by 
glaucoma trainees from 2013 to 2018 found that MIGS procedures (including trabectome, goniotomy, iStent, GATT, 
Trabeculotomy 360/OMNI and cypass) were increasing while tube shunt and trabeculectomy numbers were fairly 
stable.19 This study provides an important update on surgical trends to include more recent data, but importantly includes 
fellowship experience both as the primary and assisting surgeon, which is a more comprehensive view of overall 
trabeculectomy exposure during training.

Aqueous tube shunts, also known as glaucoma drainage devices, were developed to provide an alternative to 
trabeculectomy, especially in cases with a high risk of failure or in refractory glaucoma.7,20–22 The surgical technique 
for implanting aqueous shunts do allow for some minor variations, however the basic concept involves opening the 
conjunctiva, suturing the tubes with permanent sutures a minimum distance behind the limbus, entering the anterior 
chamber or scleral sulcus with a needle, and inserting the tube. This is then covered with a patch grafting material (sclera 
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Figure 1 Average number of trabeculectomy surgeries per fellow per year from 2013–2024 (triangle) with an overlaying trendline demonstrating a significant downward 
trend over the years (r = −0.89, p = 0.0002). Further stratified by the fellow’s role in the case as primary surgeon (diamond) or secondary surgeon (square).
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or corneal graft). While the surgical variations in tube shunt surgery mainly involve the choice of implant (valved v non- 
valved), the steps of the procedure are more uniform than trabeculectomy. To underscore the facility with which trainees 
can adopt this technique, a study by Thangamathesvaran et al showed no difference in outcomes of tube shunt surgery 
when performed by trainees as compared to attending surgeons.23

The results of numerous randomized controlled trials indicate that the IOP reductions seen following implantation of 
tube shunts are not superior to the trabeculectomy, and indeed more medications were required to achieve similar results 
to the trabeculectomy.24–27 However, many of these studies found that there were more complications seen after 
trabeculectomy, highlighting the fact that trabeculectomy outcomes are highly unpredictable, and that surgical technique 
may be particularly impactful on these outcomes.

MIGS procedures represent the latest evolution in glaucoma surgery, aiming to provide a safer, less invasive approach 
with faster recovery times.28 The current literature indicates that IOP outcomes following these procedures are modest, 
with typical post-operative IOP in the mid teens.29–32 Patients often need topical glaucoma medications to achieve these 
results, and MIGS procedures are typically performed on patients with only mild to moderate disease, often in 
combination with phacoemulsification. There is a paucity of data regarding the use of MIGS in advanced disease. 
While there is a learning curve for MIGS, many surgeons have adopted MIGS surgery into their practice without 
a glaucoma fellowship, and indeed a large proportion of MIGS procedures in the US are not performed by sub- 
specialists.33 A recent study by Smith et al showed no difference in ab-interno canaloplasty and trabeculotomy outcomes 
in cases performed by trainees as compared to seasoned glaucoma specialists.34 These findings confirm that the learning 
curve for MIGS is manageable by most trainees and non-glaucoma trained ophthalmologists without the need for 
extensive mentorship.
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Figure 2 Average number of tube shunt surgeries per fellow per year from 2013–2024 (triangle) with an overlaying trendline demonstrating a significant downward trend 
over the years (r = −0.80, p = 0.003). Further stratified by the fellow’s role in the case as primary surgeon (diamond) or secondary surgeon (square).
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There are numerous options for ophthalmologists learning to perform MIGS procedures and aqueous tube shunt 
surgery outside of institutional training. Nearly every manufacturer of MIGS devices and instruments has developed 
surgical simulation models for training surgeons on their novel technique. Industry leaders have been quite successful in 
developing anatomically similar representations of the angle, particularly the trabecular meshwork and Schlemm’s canal, 
where the majority of MIGS procedures are focused. For aqueous tube shunt surgery, surgeons have long used porcine 
models to successfully mirror the in vivo anatomical behavior of the human eye for the relevant portions of the 
procedure. Conversely, no such model has yet to be devised for surgical training of the trabeculectomy. Without the 
ability to adequately hone the surgical skills necessary for trabeculectomy outside of the operating room, there is 
currently no viable alternative to fellowship training to learn trabeculectomy surgery. Trabeculectomy skill is solely 
acquired through observation of a skilled mentor, repetition of the key elements of surgery on a variety of eyes with 
inherently differing conjunctival and scleral anatomy, and intensive post-operative exposure to the myriad ways in which 
trabeculectomy outcomes present in the early and late-post operative period.35

There are numerous potential contributing factors for the observed decline in trabeculectomy utilization. First, the 
development of MIGS devices has provided surgeons with less invasive options that offer quicker recovery times and 
potentially fewer short-term complications. The perceived lower risk profile of MIGS procedures may make them more 
appealing to patients and their surgeons. This may compel surgeons to favor MIGS over trabeculectomy even when the 
treatment may be suboptimal and may have a higher risk of long-term treatment failure due to insufficient IOP lowering. 
Second, the decrease in trabeculectomy procedures during fellowship training may perpetuate a cycle of reduced 
utilization in subsequent practice. If trainees receive inadequate or limited experience with trabeculectomy during 
training, they may be less likely to routinely employ the procedure in practice. This carries forward when these newly- 

Figure 3 Average number of minimally invasive glaucoma surgeries (MIGS) per fellow per year from 2013–2024 (triangle) with an overlaying trendline demonstrating 
a significant upward trend over the years (r = +0.72, p = 0.02). Further stratified by the fellow’s role in the case as primary surgeon (diamond) or secondary surgeon 
(square).
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trained glaucoma specialists pursue careers in academia, and very well may already be a factor contributing to declining 
trabeculectomy numbers in fellowship programs that include junior faculty members. Lastly, the reimbursement policies 
of the healthcare system in the United States financially discourage interventions that require intensive care during the 
90-day global postoperative period, as none of these visits are compensated. Trabeculectomy, even with impeccable 
surgeon performance, requires frequent and time-intensive clinic visits during this period.36 These visits are crucial to the 
long-term success of the surgery, and often require injection of antimetabolite into the surgical site to prevent fibrosis and 
encapsulation of the filtering bleb, and laser/mechanical suture lysis to titrate proper flow through the scleral flap.37 

Given the well-documented effects of reimbursement on surgeon choice of intervention in the glaucoma space, the 
United States’ financial reimbursement of trabeculectomy is a likely deterrent to its utilization.38

Implications of Decreased Trabeculectomy Utilization
The declining rates of trabeculectomy in fellowship training raise several concerns. Reduced exposure to trabeculectomy 
during training may lead to a phenomenon of skill erosion, where subsequent generations of surgeons are less adept with 
the technically demanding procedure of trabeculectomy. This, in turn, could potentially impact surgical outcomes if and 
when it is performed. Studies have previously shown increased rates of postoperative complications when trainees 
performed trabeculectomy surgery in comparison to attending physicians, highlighting the challenging learning curve and 
emphasizing the importance of intensive surgical training under expert supervision and guidance.39

As surgeons become less experienced with trabeculectomy, there may be a tendency to opt for alternative procedures 
due to unfamiliarity with the procedure. Even in cases where trabeculectomy would be the optimal choice, surgeon lack 
of experience with trabeculectomy may limit their surgical options for the comprehensive range of surgical cases. The 
trend towards MIGS procedures, which are often more expensive and may have more limited insurance coverage, could 
exacerbate existing health disparities in glaucoma care. In addition to the costs of the surgical devices used in most MIGS 
procedures, the increased need for long-term topical medications in patients treated with these less effective modalities 
results in considerable cost burden, perpetuating health disparities.40,41

The deferment of trabeculectomy in favor of MIGS, laser treatments, or tube shunts results in increased medication 
reliance.42 Increased topical medication necessity in turn leads to increased ocular surface inflammation and decreased 
conjunctival health, thusly increasing the risk of trabeculectomy failure if and when the patient ultimately is referred for 
trabeculectomy.43–45 Despite the recent trends in declining utilization of trabeculectomy for surgical treatment of 
glaucoma, there are hundreds of thousands of patients that have undergone trabeculectomy surgery in the United 
States that necessitate continued active management.46 These patients may transfer care to another ophthalmologist 
during their lifetime, and it is imperative that they are under the care of providers that are equipped to manage both 
routine care and management of late post-surgical complications of trabeculectomy. Long-term complications from 
trabeculectomy continue to arise even years following the procedure, and it is imperative that we train surgeons 
comfortable in this space in order to manage the complexities of these complications.47–49

Our results indicate a 55.9% decrease (p = 0.0002) in overall trabeculectomy exposure during fellowship training from 
2013 to 2024. With trainees performing 3–4 times as many tubes and MIGS, the current trajectory suggests that many 
trainees will not have sufficient exposure to the variations in trabeculectomy technique and post-operative manipulations to 
achieve good outcomes, and to feel comfortable continuing to offer this treatment through the trajectory of their careers.

There are two main limitations to the data in this study. First, fellowship surgical entry data is self-reported by 
outgoing glaucoma fellows. This inherently can lead to some level of inaccuracy if fellows have been cursory in their 
duties of surgical case logs, both in terms of overall case numbers, and in the proper classification of primary or assisting 
surgeon as defined by the AUPO. Second, the categories available for fellows to sort their surgical data into has been 
imperfect during the study period. The most notable of these imperfections was the lack of a clear classification for the 
Xen gel stent until recent years. Fellows may have logged these as trabeculectomy or MIGS prior to more recent AUPO 
updated surgical logsheets. Although this would indicate that the decline in trabeculectomy surgery is even more 
pronounced in reality than as observed in the data, it nevertheless may somewhat degrade the quality of the data from 
which the study derives its conclusions.
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Our findings confirm that overall trabeculectomy exposure during training has fallen to a critically low level, 
a concern shared by thought-leaders in the field, and active efforts need to be made to increase the trabeculectomy 
experience in fellowship training to ensure its survival.37,50 These concerns highlight the importance of maintaining 
proficiency in a full range of glaucoma surgical techniques, including trabeculectomy, to ensure that all patients have 
access to the most appropriate treatment for their specific needs.
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