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Abstract

Purpose: To quantify the impact of the COVID-19 pandemic on surgical volumes performed by 

fellowship-trained glaucoma subspecialists.

Methods: This retrospective cohort analysis of the CMS Medicare Public Use File extracted 

all glaucoma surgeries including micro-invasive glaucoma surgeries, trabeculectomy, goniotomy, 

lasers, and cataract surgery performed by fellowship-trained glaucoma surgeons in rural and urban 

areas between 2016 and 2020. Predicted estimates of 2020 surgical volumes were created utilizing 

linear squares regression. Percent change between predicted and observed 2020 surgical volume 

estimates was analyzed. Statistical significance was achieved at p<0.05.

Results: In 2020, fellowship trained glaucoma surgeons operated mostly in urban areas (N=810, 

95%). A 29% and 31% decrease in predicted cataract surgery volumes in urban and rural 

areas was observed. Glaucoma surgeries experienced a 36% decrease from predicted estimates 

(N=56,781). MIGS experienced a 86% and 75% decrease in rural and urban areas respectively. 

Trabeculectomy in rural areas experienced a 16% increase relative to predicted estimates while 

urban areas experienced a decrease of 3% (p>0.05). The number of goniotomies decreased by 

10% more in rural areas than in urban areas (−22% and −12%, respectively). Laser procedures 

decreased by 8% more in urban areas than in rural areas (−18% and −10%, respectively).

Conclusions: Among glaucoma-trained surgeons, glaucoma surgeries experienced a greater 

volume loss than cataract surgeries. In urban US areas, relative reductions in MIGS and goniotomy 

volumes in urban areas may have been compensated by greater laser and trabeculectomy volumes. 

Trabeculectomies in rural areas was the only group exceeding predicted estimates. Glaucoma 
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subspecialists may utilize these findings when planning for future events and in overcoming any 

remaining unmet need in terms of glaucoma care.

Précis

The change in glaucoma surgical volumes due to the COVID-19 pandemic was not uniform across 

procedure types and unequal between rural and urban practice locations.
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Introduction

The COVID-19 pandemic challenged existing models of ophthalmic care delivery.1 A recent 

review demonstrated the field of ophthalmology experienced the greatest loss of clinical 

volume early in the pandemic relative to all medical specialties.1 Ophthalmic clinical 

volumes declined 81% during March and April of 2020 compared to the corresponding 

months in 2019.2 Surgical volumes also experienced a substantial decline of 97% and 88% 

for cataract and glaucoma surgeries, respectively.2

A plethora of surgical and non-surgical medical specialties report similar findings. 

Radiologic imaging volumes for PET/CT in low-surge academic medical systems 

decreased relative to screening modalities including breast screening and DEXA scanning.3 

Approximately 526,000 to 538,000 cases of total knee and hip arthroplasties were 

performed nationally in 2020, representing a 47% decrease relative to the prior 3-year 

average.4 Elective cases of adult cardiac surgery experienced a greater reduction in volume 

relative to non-elective cases (66% versus 53%); the Mid-Atlantic and New England 

regions experienced greater volume loss and mortality during the first COVID-19 surge.5 

Otolaryngologists also experienced significant volume losses for a variety of ear, nose, and 

throat procedures, including flexible nasendoscopy.6,7

Urban-rural designations are characterized as important determinants of healthcare 

utilization during the pandemic.1 Specifically, Medicare Advantage beneficiaries residing in 

rural isolated, small rural, and large rural areas utilized telemedicine visits significantly less 

than beneficiaries residing in urban areas (adjusted incidence rate ratio (IRR) 0.822, 0.754, 

0.711, all p<0.05).1 Preclusion of use of important diagnostic tools, reduced follow-up 

for disease monitoring, and a substantial reduction in performance of glaucoma surgery 

occurred.8 US counties with high-poverty indices were disproportionately influenced by 

less utilization of telehealth services.1 Importantly, these studies also directly comment 

on an expected ophthalmologic challenge of delayed patient care secondary to the 

pandemic for ophthalmic diseases, including retinal disease and glaucoma.1 While prior 

Medicare analyses have highlighted geographical variation in glaucoma subtype diagnoses 

and utilization for various glaucoma surgeries , analyses centered on exposing nuances 

associated with the Rural Urban Community Areas (RUCA) classification system are limited 

in number and can theoretically provide expiation for ecological biases likely present in 

prior studies.9,10
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While prior studies provide evidence of how the COVID-19 pandemic has affected other 

medical specialties,3–6 additional granularity within the scope of ophthalmic practice 

remains an area of unresolved uncertainty.1 In the context of a dynamic clinical practice 

landscape during the COVID-19 pandemic, the subsequent reduction in clinical and surgical 

volumes relative to most other medical specialties,2 and a further unmet impetus to identify 

at-risk regions subsequent to the pandemic, we performed an analysis of Centers for 

Medicare and Medicaid Services (CMS) physician payment data. This analysis aims to 

characterize the influence of the COVID-19 pandemic on glaucoma surgery volumes among 

presumed fellowship-trained glaucoma surgeons in rural and urban US areas.

Materials and Methods

Given the use of publicly available data, this analysis does not constitute human-subjects 

research and was exempt from IRB review. The CMS Physician and Other Supplier Public 

Use File (PUF) is a nationally representative compendium containing geography- and 

National Provider Identification-associated claims data for all services, procedures, and 

surgeries performed for Medicare Part B beneficiaries.11 Data suppression is used to protect 

patient confidentiality by excluding services rendered to fewer than 10 beneficiaries for any 

year by a given provider. Ophthalmologists were identified using the Provider type field in 

the PUF data. Between 2016 and 2020, the PUF data was queried using Current Procedural 

Terminology (CPT) codes associated with micro-invasive glaucoma surgery (MIGS) (CPT 

Codes 65820, 66174, 66711, 0191T, 0449T, 0474T, 0253T), trabeculectomy (CPT codes 

66170, 66172, 0192T/, glaucoma drainage implant (66180, 66185, 66179), office-based 

laser procedures (65855, 66761, 66762), and cataract surgery (66982, 66984). CPT code 

66183 was not considered trabeculectomy nor MIGS due to confounding caused by cross-

billing for both surgical types under one CPT code; however, 66183 was included in total 

surgery counts. The decision to include cataract surgery for overall surgical volume was 

made because it is the most performed surgery in ophthalmology.

Fellowship-trained glaucoma surgeons were identified via a manual review of National 

Provider Identification (NPI) numbers. After confirmation of ophthalmology as the specialty 

of training, each NPI was manually searched within publicly available data, including 

physician profiles, hospital/private practice websites, etc., to determine fellowship training 

in glaucoma (as of September 2022). Only glaucoma surgeons performing at least 11 

traditional, incisional glaucoma procedures (trabeculectomy, glaucoma drainage implant, 

and office-based laser procedures) for Medicare beneficiaries within any given year during 

our study time interval were included within our analysis. Based on this criteria, glaucoma 

surgeons newly entering practice, retiring, or re-locating practice from urban to rural or 

vice-versa, were accounted for in our analysis on a year-to-year basis.

The US Health Resources and Services Administration – Federal Office of Rural Health 

Policy and the US Department of Agriculture Economic Research Service (FORHP) 

designed the RUCA classification system to organize the US into 10 primary and 

21 secondary sub-county classes based on population density, urbanization, and daily 

commute.12 Areas designated as metropolitan or secondary flow to a larger urbanized area 

of at least 50,000 residents were deemed as Urban. Micropolitan areas, small town cores, 
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rural areas were designated as rural.6,7 The RUCA system allows for comparisons between 

rural and urban US areas at the subcounty level. Precise provider practice locations were 

extracted from the CMS PUF and, like prior studies, categorized as either urban or rural.13 

Among fellowship-trained glaucoma surgeons, cumulative volumes per procedural category 

per year were determined after stratification by RUCA-designated urban or rural area of 

surgical practice. Categorization of RUCA codes and number of glaucoma surgeons enlisted 

in each category are provided in Table 1.

Using procedural volumes from Calendar year (CY) 2016 to CY2019, univariate ordinary 

least squares regression was used to predict volume for those procedures in CY2020. 

Figure 1 demonstrates relative volume trends across our 5-year time frame for urban 

and rural areas, separately; the right y-axis corresponds to rural volumes, and the left 

y-axis corresponds to urban volumes. The percent change between observed and predicted 

estimates was used as a metric of the pandemic’s influence on surgical volumes in CY2020. 

If the observed estimate was not within the 95% confidence interval for the predicted 

estimate, statistical significance was achieved at p<0.05. Statistical analyses were performed 

using IBM SPSS Version 29 (Armonk, NY).

Results

In 2020, fellowship-trained glaucoma surgeons were predominantly practicing in US urban 

areas (N=810, 95%) compared to rural areas (Table 1). In 2020, cataract surgery accounted 

for the majority of total surgical volume (N=142,836, 71%) among glaucoma surgeons. The 

predicted number of all surgeries, including cataract removal, in 2020 in urban and rural 

areas was 265,107 and 20,151, respectively. However, only 185,222 and 14,395 surgeries 

were performed in 2020; this represents a 29% and 31% decrease from predicted volumes in 

urban and rural areas, respectively (p<0.05, p<0.05). A total of 88,311 glaucoma surgeries 

were predicted to be performed in 2020; however, only 56,781 glaucoma surgeries were 

observed (−36%, p<0.05). MIGS suffered the greatest loss relative to all other surgeries; 

relative to urban areas, rural areas experienced an additional 11% decrease in MIGS volume 

(−75%, p<0.05; −86%, p=0.05, respectively). Trabeculectomy in rural areas was the only 

procedure exceeding predicted 2020 estimates and did so by 16% (p>0.05); urban revealed 

a decrease by 3% (p>0.05). Volumes of goniotomy decreased by 10% more in rural areas 

relative to urban areas (−22%, p<0.05; −12%, p<0.05, respectively). Lasers decreased by 

8% more in urban areas relative to rural areas (18%, p<0.05; 10%, p>0.05, respectively). 

Additional outcomes are included in Table 2.

Discussion

In 2020, a total of 199,617 glaucoma surgeries were performed, including cataract removal, 

among fellowship-trained glaucoma subspecialists for Medicare Fee-for-Service Part B 

beneficiaries; this represents a 31% decrease in surgical volume relative to the mean 

of the prior 4 years (mean 261,911, 2016–2019). In 2020, the percent change in total 

surgical volume between predicted and observed estimates in rural versus urban US areas 

for Medicare beneficiaries was −31% and −29%, respectively (p<0.05, p<0.05). MIGS 

experienced the greatest loss in volume in 2020; however, rural areas (−86%, p<0.05) 
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were impacted more than urban areas (−75%, p<0.05). Goniotomy volumes portrayed 

similar findings with rural areas (−22%, p<0.05) experiencing a greater deficit relative to 

urban areas (−12%, p<0.05). Laser procedures were the only glaucoma surgery observed to 

decrease in urban areas (−18%, p<0.05) relative to rural areas (−10%, p>0.05). Interestingly, 

trabeculectomy performed in rural areas was the only surgical category exceeding predicted 

estimates (16%, p>0.05). Collectively, our findings demonstrate substantial variation in 

glaucoma surgical volumes during the COVID-19 pandemic. Identifying at-risk regions, 

such as RUCA-defined rural US regions, may aid glaucoma surgeons in alleviating disease 

burden secondary to the COVID-19 pandemic.1,14 The broad implication regarding the 

independent influence of geographical region on surgical volumes due to heightened 

prevalence of ophthalmic disease in rural or otherwise disadvantaged areas is a documented 

area of uncertainty.14,15 Prior studies determined that the lesser density of ophthalmologists 

in rural areas is not necessarily associated with greater surgical volumes.15 While many 

mechanisms exist to explain geographical variations, identifying specific areas with an 

unmet burden to “bridge the divide” remains an evolving, important area of medical 

practice.

The COVID-19 pandemic highlighted substantial challenges for the field of ophthalmology 

in terms of deferred care.1 Relative to most other medical specialties, such as psychiatry, 

neurology, and endocrinology, utilization of telemedicine, clinical volumes, and delivery of 

surgical care in ophthalmology declined significantly during 2020.1 While attempts were 

made to reduce this burden subsequent to COVID-19, it is imperative to further discriminate 

which US areas are preferentially impacted to aid in clinical efforts and policy advocacy. 

Within our analysis, RUCA-defined rural areas, relative to urban areas, experienced an 

additional 11% decrease in MIGS volume based on predicted estimates (rural −86%, 

p<0.05; urban −75%, p<0.05). Similarly, a 10% additional decrease in receipt of goniotomy 

was noted for rural areas versus urban areas (−22%, p<0.05; −12%, p<0.05). Laser volumes 

dropped more in urban areas than rural areas (percent change difference 8%). In contrast, 

trabeculectomies exceeded predicted estimates by 16% in rural areas. Paradoxically, the 

number of trabeculectomies performed in rural areas during the first year of the pandemic 

was greater than the prior year (2019). Collectivity, these findings indicate that while 

substantial reductions in nearly every surgical category occurred, glaucoma subspecialists 

demonstrated a relative preference for trabeculectomy in rural areas during the pandemic. 

This important observation is likely a compensatory approach to feasibly continue providing 

glaucoma care in the context of the COVID-19 pandemic.

While MIGS volume dropped in both rural and urban environments during 2020, the 

relatively greater declivity in rural areas may be expiated by historical trends. Since the 

widespread adoption of MIGS, specific US areas were observed to favor MIGS relative to 

other US areas.10 Between 2002 and 2008, the Northeast had the highest glaucoma surgery 

rate at 36.9 surgeries per 10,000 individuals; this finding is in tandem with the Northeast 

also possessing the strongest predilection for traditional glaucoma surgeries compared to 

MIGS.10 Interestingly, the highest MIGS rates were observed in South Dakota (95%), 

Wyoming (94%), and Oklahoma (94%), which are states containing vast rural areas.10 

Indeed, our analysis supports this notion as rural areas, relative to urban areas, experienced 

a 24% greater increase in MIGS volume between 2016 and 2019. The “practice-style” 
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hypothesis postulates clinical and surgical decision-making is dependent on individualized 

physician experience and judgment and partially elucidates why geographical variation in 

diagnostic and service patterns exist.9 In this context, it is possible that surgeons servicing 

rural areas utilize MIGS more frequently for reasons related to the level of subspecialization 

and ease of performance. Interpretation of these findings with recent reimbursement 

decisions by CMS Medicare should be exercised with caution.16 These rural US areas 

were likely affected as part of the broader decline in glaucoma surgery volume during the 

pandemic. Consequently, greater pre-pandemic MIGS rates in rural versus urban areas may 

be the reason for the significantly greater reduction in rural MIGS volume observed in our 

analysis.

The pre-pandemic approach to ophthalmologic practice may be challenged by an evolved, 

more efficient strategy due to mandatory remote placement of non-clinical/surgical staff, 

telecommuting from less expensive facilities, and other relevant efforts to maximize 

capacity through learned efficiency.17,18 Understanding potential clinical volume decreases 

associated with future public health emergencies may optimize the next ophthalmologic 

response. For example, if glaucoma surgical volume is expected to decrease by 35% for a 

10-week stretch and glaucoma clinical volume by 50% for a 12-week stretch, then a tailored 

approach to anticipate and optimize this reduced demand can be considered.

By virtue of a 100% sample of Medicare Fee-for-Service Part B data, this analysis is 

strengthened via its reliance on a large sample that is otherwise representative of ophthalmic 

practice patterns in those aged 65 years and older. However, Medicare beneficiaries 

subscribed to Medicare Advantage Plans are not included in publicly available data and 

consist of approximately 46%of the entire Medicare population.19 The PUF does not 

contain individual patient demographic data nor clinical metrics of interest including 

intraocular pressures, prior surgical histories, nor medication/surgical outcomes. While 

Medicare payment data analyses are previously published,9,10ophthalmic analyses centered 

on exposing nuances associated with the RUCA classification system are limited in number. 

This analysis is also ecologically biased as nuanced service utilization patterns are likely 

revealed when exploring sub-RUCA schemas, including county level, zip-code level, state-

level, and region-level classification systems. Future analyses may focus on multi-level 

modeling to ascertain sub-regional nuances in the world of glaucoma surgery pre-, post-, 

and during the COVID-19 pandemic. Also, the data used within our analysis does not allow 

timewise discrimination on a smaller interval than by calendar year; future studies assessing 

the pandemic’s influence may utilize data allowing for more tailored time frames such as 

between March 2020 to March 2021, which may more accurately reflect the start and end 

of the pandemic. The challenge to this kind of work is the relatively small number of 

procedures performed in more rural settings.

In conclusion, this nationally representative CMS Medicare analysis demonstrates the 

influence of the COVID-19 pandemic on surgical volume in urban versus rural areas in 

a fellowship-trained glaucoma subspecialist only cohort. Rural US areas, relative to urban 

areas, suffered a greater loss of procedural volumes by falling significantly short of predicted 

surgical volume estimates during the first year of the pandemic. Glaucoma surgeons may 
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reconcile these findings with their surgical preferences in tandem with geographical locale 

of at-risk populations.
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Figure 1. 
Change in surgical volumes of fellowship-trained glaucoma surgeons between 2016 and 

2020, broken down by procedure type and by rural-urban practice location. Given large 

differences in the number of procedures by region, the right y-axis corresponds to rural 

volumes, and the left y-axis corresponds to urban volumes.
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Table 1.

The number of fellowship-trained glaucoma surgeons providing services to patients subscribed to fee-for-

service Medicare based on Rural-Urban Commuting Area (RUCA).

Number of Glaucoma Surgeons by RUCA Code in 2020

Urban 810

 Metropolitan area core: primary flow within an urbanized area of 50,000 and greater 802

 Metropolitan area high commuting: primary flow 30% or more to a urbanized area of 50,000 and greater 3

 Secondary flow 30% to <50% to a larger urbanized area of 50,000 and greater 5

Rural 42

 Micropolitan area core: primary flow within an urban cluster of 10,000 to 49,999 37

 Micropolitan high commuting: primary flow 30% or more to a urban cluster of 10,000 to 49,999 2

 Rural areas: primary flow to a tract outside a urbanized area of 50,000 and greater or UC 2

 Small town core: primary flow within an urban cluster of 2,500 to 9,999 1

Total 852
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