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Introduction
Geospatial analysis is a useful tool for understanding variations in the way healthcare is delivered. A study by Welch et al
showed over a two-fold difference in Medicare expenditures per beneficiary when comparing the highest spending
metropolitan area, Miami, to the lowest spending metropolitan area, San Francisco.1 Geospatial variations are observed
specifically in ophthalmology as well, as Kauh et al described with cataract surgery in 2016. This study demonstrated
a 5-fold difference in age-standardized cataract surgeries between the highest and lowest utilization communities.2

Variations in glaucoma procedures are of particular interest, given that Medicare spending on glaucoma surgeries has
increased from $52M in 2007 to $180M in 2017, which was driven mostly by increased utilization of iStent, a small
drainage device placed into the trabecular meshwork through direct visualization of the anterior chamber angle.3

Unsurprisingly, iStent adoption is not an exception to geospatial variability. Large regional differences have been
observed in the rate at which states incorporated iStent into clinical practice. These differences were associated with
demographic factors of the individual states, including differences in gender and age distribution.4

The COVID-19 pandemic changed the way ophthalmology is practiced in the United States. Even some emergent and
urgent ophthalmic procedures, such as retinal detachment repair, saw decreasing rates of utilization early in the
pandemic.5 In our work, we sought to better understand how the COVID-19 pandemic impacted rates of iStent use on
the national and state level by utilizing the 2015 to 2020 Medicare databases and geospatial mapping technology.

Materials and Methods
Data Source and Ethics
We used a Medicare ambulatory surgical claims limited dataset for 2015 through 2020 (January 1st, 2015, to
December 31st, 2020), which consists of records of procedures performed on the enrollees in each state based on the
Healthcare Common Procedure Coding System for each calendar year. This study was deemed exempt from requiring
IRB approval by Northwestern’s University’s IRB office (STU0007111), given the study was determined not to constitute
as human subjects research. Use of the Medicare data was approved by the Centers for Medicare and Medicaid Services
of the Department of Health and Human Services.

Analysis
Pivot tables were created to sum iStent procedures per year on the state and national levels. The percent change in iStent
procedures on a national level on a year-to-year basis between years of 2015 through 2019 was calculated, averaged, and
compared to the percent change in procedures from 2019 to 2020 using a t-test.

Additionally, the percent change in iStent procedures on the state level from 2019 to 2020 was calculated.
A geospatial map of the percent change in iStent procedures by state was created using ArcGIS and ArcMap version
10.3 software (Esri). SAS version 9.4 (SAS Institute Inc) was used for data calculations.
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Results
The total iStent procedures on a yearly basis from 2015 to 2020 in the United States can be seen in Figure 1. Most
notably, there were 37,114 iStent procedures performed in 2019 and 37,132 iStent procedures performed in 2020. The
average annual growth rate (percent change) from 2015 to 2019 was 43.1% and from 2019 to 2020 was 0.05% (P < 0.01).
The percent difference in iStent procedures from 2019 to 2020 varied widely between states, as seen in Figure 2. Notably,
Washington, South Carolina, and Montana saw over 100% increases in iStent procedure rates, whereas Connecticut,
Hawaii, and New Mexico saw decreases of over 25%.

Discussion
Previous research has demonstrated the rapid adoption of iStent, and our work similarly demonstrates iStent utilization
increased almost 6-fold from 2015 to 2019 with procedure rates consistently increasing each year.4 However, this trend
failed to be upheld from 2019 to 2020 when the number of iStent procedures performed essentially leveled off.
Coinciding with this shift was the onset of the COVID-19 pandemic. This trend is in congruence with previous survey
work in the UK that showed physicians altered their glaucoma surgery practice to reduce surgeries performed, especially
trabeculectomies.6 Another study in Brazil demonstrated similar trends of decreased utilization of glaucoma outpatient
clinical visits and visual field exams performed.7

While there was a leveling off of iStent procedures nationally, there was a large amount of variation on a state-by-
state basis, as displayed in Figure 2. While variation between states in iStent use has been observed in the past, our work
demonstrates patterns that are different than those observed by Lee et al for iStent uptake for the years 2012 to 2017. For
example, in Lee et al, it was observed that the three states with the highest uptake of iStent included New Jersey, South
Carolina, and Iowa, while our work showed Washington, South Carolina, and Montana were the three states with the
greatest growth in iStent procedures from 2019 to 2020.4

Figure 1 Total iStent procedures in the United States 2015–2020.
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Our work is limited by Medicare data only being available each calendar year level, which does not allow us to
explore on how the COVID-19 pandemic impacted surgery trends on a more specific monthly basis as the pandemic
expanded in the spring of 2020. Furthermore, our work does not control for other potential factors impacting the number
of iStent procedures performed, such as changes in surgeon preference for iStent and changes in cataract surgery levels,
as iStent implantation usually occurs in conjunction with cataract surgery.

Conclusion
Overall, the timing of the COVID-19 pandemic was correlated with a deviation from prior iStent trends, given that iStent
procedure utilization increased on a yearly basis prior to the COVID-19 pandemic but remained essentially unchanged
between 2019 and 2020. Our work also shows variation in utilization trends on a state-by-state basis. We hope that this
analysis provides a first step in understanding the factors that drive surgeon preference for iStent in the era of COVID-19 as
well as a template for better understanding how other ophthalmic procedures were affected by the COVID-19 pandemic.
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Figure 2 Heatmap of percent change in iStent procedure by state 2019 to 2020.
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