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Purpose: Acute primary angle closure (APAC) is an ophthalmologic emergency. Nationwide data on the epidemiology and clinical
characteristics of APAC are lacking despite the associated visual morbidity.

Patients and Methods: A retrospective cross-sectional study using the Nationwide Emergency Department Sample (NEDS). The
NEDS was queried by ICD-9/10 code for cases of APAC presenting to the United States emergency departments over a ten-year period
from 2008 to 2017. All identified cases were included to produce nationally representative estimates. Linear regression and seasonality
tests were used to identify trends. Reported outcomes include the incidence, demographics, seasonality, and economic impact of APAC
regionally and nationwide.

Results: A total of 23,203 APAC-related ED visits were identified. The mean (SD) and median ages were 58.8 (16.2) and 60 years,
respectively. Females (59.4%, p < 0.01), those in the lowest income quartile (6983, 30.1%, p < 0.01), and those in the seventh decade
of life (5599, 24.1%) presented more frequently with APAC. The incidence of ED presentations within each age group rose with age
and increased significantly over the study period (p < 0.01). The Northeast region had the highest average incidence (0.93 per 100,000
population). Significant seasonal variation was seen regionally and nationally (p < 0.01), with the highest average incidence in
December and lowest in April. Median inflation adjusted charge per ED visit was $2496.10, and the total inflation adjusted charges
equaled $101.5 million.

Conclusion: The incidence of APAC-related ED visits continues to rise in the United States. High-risk groups include women,
individuals of low socioeconomic status, and those between ages 50 and 70. Significant seasonal and regional trends were observed in
ED presentations of APAC.
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Introduction

Acute primary angle closure (APAC) is an ophthalmic emergency and a major cause of blindness worldwide. Rapid and
extreme rise in intraocular pressure (IOP) can result in permanent vision impairment if glaucoma develops, so timely
diagnosis and management are important to minimize vision loss. A meta-analysis of global data by Tham et al showed
that primary angle-closure glaucoma is most prevalent in Asian populations (1.09% in 2013); however, prevalence in
North America (0.26% in 2013) is on the rise, with the same meta-analysis projecting a 12% increase in number of North
Americans affected between 2020 and 2040.' Despite this trend, nationwide data on the epidemiology and clinical
characteristics of APAC in the United States are lacking. Most population-based studies have been conducted in Asian
populations, which are socio-demographically different than that of the United States.” There is a need for ophthalmol-
ogists and public health researchers to better understand the epidemiology, clinical characteristics, and nationwide
economic burden of APAC in the United States.
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The purpose of our study was to fill this gap in knowledge. As symptomatic individuals with APAC are likely to
present to the emergency department (ED), we used the Nationwide Emergency Department Sample (NEDS) as
a national surveillance system for APAC to generate population-level characteristics. This approach has been previously
used to report epidemiological trends for ophthalmologic diagnoses, including for conjunctivitis, open-globe injuries, and
ocular burns.* > Using NEDS, we investigated 1) national and regional trends in the incidence of APAC-related ED visits
in the United States, 2) demographic factors of patients presenting with APAC, 3) seasonal variation in presentation,
and 4) the economic burden associated with APAC-related ED visits.

Materials and Methods

Data Source and Population

The Nationwide Emergency Department Sample (NEDS) is the largest all-payer emergency department database in the
United States and is part of the Healthcare Cost and Utilization Project (HCUP). The database aggregates records from
984 hospitals in 36 states to produce a 20% stratified sample of all United States EDs, representing approximately
30 million ED visits annually. The sampling strategy provides weights calculated by stratifying hospitals by geographic
region, trauma center designation, urban/rural location, teaching status, and ownership and then scaling each stratum to
match American Hospital Association (AHA) data; these weights are then used to generate nationally representative
estimates.

We queried the NEDS to identify all patients with a primary diagnosis of APAC over a 10-year study period between
January 1, 2008, to December 31, 2017. Patients with a primary diagnosis of acute primary angle closure were identified
by International Classification of Disease codes (ICD-9365.22 and ICD-10 H40.21, H40.211, H40.212, H40.213,
H40.219). Patients with ICD codes indicating intermittent, chronic, and residual angle closure were not included. No
explicit patient identifiable information is contained in the database, and our study was prospectively exempted by the
Yale Institutional Review Board and was conducted in adherence to the Declaration of Helsinki and all federal and state
laws.

Statistical Analysis

In order to report nationally representative estimates, all data points were weighted prior to statistical analysis using
methodology specified in the NEDS documentation.® Descriptive statistics were presented as frequencies (percentages)
for categorical variables and means (SDs) for continuous variables. Chi-squared tests were used to identify significant
trends in categorical data. National and regional population estimates obtained from the US Census Bureau were used to
calculate annual incidence. Linear regression analysis was used to identify trends in incidence. Edwards' test for
seasonality was used to test for uniformity of monthly incidences.” A generalization of Hewitt’s test for seasonality
was used to test for 3- and 6-month periods of raised incidence.® Total annual charges and median charges per encounter
were calculated and adjusted for inflation to USD 2020 using the Consumer Price Index from the US Bureau of Labor
Statistics.” Significance was set at 0=0.05. Data handling and statistical analyses were performed using Pandas (version
1.03) and SPSS (version 26, IBM, Armonk, New York).

Results

Sociodemographic and Baseline Characteristics

A total of 23,203 APAC-related ED visits were identified over a 10-year study period from 2008 to 2017 (Table 1). The
mean age of the study participants was 58.8 = 16.2 years, and the median age was 60 years. Patients presenting to the ED
were most commonly in the seventh decade (age 60—69) of life (5599, 24.1%); however, incidence within each group
increased across sequentially older age groups. Incidence was lowest among individuals <40 years of age (0.17 per
100,000 population) and highest in individuals >80 years (2.0 per 100,000 population) (Figure 1). Females were more
likely to present to the ED with APAC compared to males (59.4% vs 40.6%, p<0.01). By US census region, 34.1% of
individuals included were from the South, followed by West (25.8%), Northeast (22.3%), and Midwest (17.8%).
Medicare was the primary payer in over a third of presentations (36.2%), followed by private insurance (6.5%),
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Table | Demographic and Baseline Characteristics
n?
National estimate of ED presentations of 23203 (100%)
APAC, total 2008-2017
Median age (years) 60
Mean age (SD) (years) 58.76 (16.15)
Year
2008 1777 (7.7%)
2009 1762 (7.6%)
2010 1860 (8%)
2011 2375 (10.2%)
2012 2195 (9.5%)
2013 2521 (10.9%)
2014 2351 (10.1%)
2015 2575 (11.1%)
2016 3006 (13%)
2017 2781 (12%)
Age groups
<40 2843 (12.3%)
40-49 3278 (14.1%)
50-59 5485 (23.6%)
60-69 5599 (24.1%)
70-79 3656 (15.8%)
80+ 2341 (10.1%)
Sex
Male 9417 (40.6%)
Female 13786 (59.4%)
Region
Northeast 5166 (22.3%)
Midwest 4141 (17.8%)
South 7910 (34.1%)
West 5985 (25.8%)
Insurance type
Medicare 8398 (36.2%)
Medicaid 3999 (17.2%)
Private 6148 (26.5%)
Self-pay 3532 (15.2%)
Other or no charge 1126 (4.9%)
Median annual household income quartile
0-25th percentile 6983 (30.1%)
26-50th percentile 5518 (23.8%)
51-75th percentile 5433 (23.4%)
76—100th percentile 4708 (20.3%)
No data 561 (2.4%)
Hospital teaching status
Metropolitan non-teaching 6747 (29.1%)
Metropolitan teaching 14482 (62.4%)
Nonmetropolitan hospital 1974 (8.5%)
Trauma level designation
Not a trauma center 9995 (43.1%)
Level | 5922 (25.5%)
Level Il 2300 (9.9%)
Level lll 1720 (7.4%)
No data 3265 (14.1%)
(Continued)
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Table | (Continued).

n?
Patient disposition
Treated and released 18077 (77.9%)
Transferred to short-term hospital 2137 (9.2%)
Transferred to non-hospital facility 770 (3.3%)
Admitted to same hospital 1635 (7.0%)
Other/no data 584 (2.6%)
Had inpatient stay 1462 (6.3%)
Median length of stay if admitted (days) 2
Weekend ED admission 7633 (32.9%)

Note: *All values are weighted to create a nationally representative estimate
and rounded to the nearest whole number.

Medicaid (17.2%), and self-pay (15.2%). Patients presenting to the ED with APAC most commonly belonged to the
lowest household income quartile (30.1%), and lower-income quartile was associated with increased cases (p<0.01).

Sixty-two percent of patients presented to metropolitan teaching hospitals, followed by metropolitan non-teaching
hospitals (29.1%), and nonmetropolitan hospitals (8.5%). Most patients were routinely discharged from the ED after treatment
(77.9%), while 9.2% were treated and transferred to a short-term care hospital, and 7.0% were admitted to the same hospital.
The median length of hospital stay was 2 days. Weekend admissions accounted for 32.9% of cases, which is significantly
greater than the expected ratio of 2/7 (28.6%) if presentation was constant across weekdays and weekends (p<0.01).

National and Regional Trends in Incidence

The average annual incidence of APAC-related ED visits in the United States was 0.73 per 100,000 population over the study
period. The incidence was the highest in 2016 (0.93 per 100,000 population) and was the lowest in 2009 (0.57 per 100,000
population) (Figure 2). The greatest year-to-year increase in incidence occurred between 2010 and 2011 (0.16 cases per
100,000 population), and the greatest year-to-year decrease in incidence occurred between 2011 and 2012 (0.06 cases per
100,000 population). A linear regression showed a significant increase in the national incidence of APAC-related ED visits
between 2008 and 2017 (p<0.01, R?>=0.83), with an annual increase of 0.04 cases per 100,000 population per year.
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Figure | Total ED Presentations and Incidences within Age Groups. Caption: The total number of ED presentations declined in the oldest age groups, but incidence
continued to increase.
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Figure 2 (A) National and (B) Regional Annual Incidence of APAC as Primary ED Diagnosis. Caption: The incidence of APAC in the United States increased in the years
from 2008 to 2017 (A). The dashed line represents a significant regression analysis (slope = 0.04 cases per 100,000 individuals per year, p<0.01). Additionally, variation in the
incidence of APAC was observed across the four geographic regions of the United States (B).

Variation in incidence was observed across the four geographic regions of the United States. Average incidence across
the 10-year period was highest in the Northeast (0.93 per 100,000 population), followed by the West (0.81 per 100,000
population), South (0.67 per 100,000 population), and Midwest (0.61 per 100,000 population). Year-to-year incidence for

each region is presented in Figure 2.
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Seasonal Variation
Seasonal trends in the incidence of ED presentations of APAC are presented at the national level and by region in

Figure 3. The highest average monthly incidence was in December (0.067 per 100,000 population), while the lowest was

in April (0.049 per 100,000 population). Analysis using the Edwards test identified significant seasonal variation

(p<0.01), and analysis using a generalized Hewitt’s test identified a 6-month period of increased incidence from

August to January (observed rank sum 55, maximum possible rank sum 57, p=0.049). Using the Edwards test, seasonal
variation was significant in the Northeast, Midwest, and South (all p<0.01), but not in the West (p=0.20).
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Figure 3 Seasonal Variation in the National Incidence of APAC as Primary ED Diagnosis. Caption: Significant seasonal variation exists in the national incidence of APAC
(p<0.01) at the National level (A) and regional levels (Northeast, South, Midwest, West, (B). The blue bars represent mean monthly incidence over the study period, while
the black dots and lines depict year-to-year variation from 2008 to 2017. Seasonal effects vary across geographic regions.
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Resource Utilization
The total inflation adjusted charges associated with APAC-related visits (ED visit and inpatient charges when admitted to

the same hospital) were $101.5 million during the study period. Inflation adjusted annual charges were highest in 2016
($16.6 million) and lowest in 2008 ($6.7 million) (Figure 4). A linear regression model showed a significant trend of
increasing annual charges (p<0.01), with an increase of $1.09 million per year. Median charge per encounter was
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Figure 4 Trends in inflation-adjusted total annual charges and median charges per encounter for ED Visits with APAC as primary diagnosis, inflation adjusted total annual
charges (A) and inflation adjusted median charge (B).
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$2496.10 (IQR $1173.30-5271.40) over the study period; it was highest in 2017 ($3076.10, IQR $1443.70-6319.70) and
lowest in 2010 ($1823.10, IQR $1031.70-4702.90) (Figure 4).

Discussion

We present the largest nationwide study on the epidemiology, clinical characteristics, and healthcare utilization related to
APAC in the United States. The incidence of APAC-related ED visits increased in the United States during the study
period from 2008 to 2017, posing a risk of greater visual morbidity and healthcare costs.

The average age at presentation was 58.8 + 16.2 years, with a median age of 60 years, with the highest proportion of
patients in the sixth and seventh decades of life. This is similar to what has been previously reported in other populations.
A 2009 study conducted in Singapore by Tan et al on acute primary angle closure reported a mean presenting age of 59.6
years; 93% of individuals included were of Chinese ethnicity.'® A 2020 study conducted in Southern China by Zhong
et al reported a mean presenting age of 64.7 years.'' Sihota and Agarwal conducted a study in India and found that the
highest proportion of APAC presentations was in the 50—59-year age range.'? Despite the number of ED presentations
peaking in the 60—69-year age group in our study, the incidence within each age group continued to rise at older ages,
with an incidence of 2.0 per 100,000 population in individuals >80 years. The strong association between advanced age
and APAC is thought to be due to the continual expansion of the lens during aging."?

Our analysis found that females in the United States were 1.46 times more likely to present with APAC, confirming
the often-reported association between female gender and angle closure.'® Nationwide studies in Korea and Scotland
reported females comprising 72.6% and 64% of acute angle closure presentations.'>'® A smaller anterior chamber is
a risk factor for APAC, and the higher prevalence of this ocular characteristic in females likely contributes to the higher
incidence.'”'® Furthermore, female life expectancy is higher than that of males in the United States and worldwide, and
the shift towards a female-predominant population in older age groups may be contributory.'**°

The increasing incidence of APAC seen in this study may be due to shifting demographics in the United States as well
as improvements in ED diagnostics and reporting. An aging population likely results in increased incidence of APAC and
other age-related diseases; one projection estimates that overall hospital utilization will expand 22% faster than
population growth due to aging.?' Another possible demographic contributor is an increasingly diverse US population
inclusive of ethnic groups with higher rates of APAC.** Improvements in diagnostic technology, such as portable and
easy-to-use tonometers,”> may allow for accurate measurement of elevated intraocular pressure by the ED providers,
leading to a timely diagnosis of APAC, and improved documentation using electronic medical records may contribute to
increased reporting of APAC.

Medicare was the primary payer in over a third of presentations, which is expected given the higher incidence of
APAC in older individuals. Among adults younger than 65 (who generally do not qualify for Medicare), CDC data show
that 69.6% were privately insured in 2017.>**> Among patients in our cohort who were under 65 years and not utilizing
Medicare, only 45% used private insurance, and 55% used Medicaid or self-pay. This suggests that patients under 65
presenting to the ED for APAC have lower private insurance coverage compared to the general population and are more
likely to rely on Medicaid or self-pay. One explanation is that patients with private insurance may be more likely to visit
an outpatient clinic rather than the ED due to differences in co-pays and deductibles; our study does not capture
outpatient clinic presentations of APAC.

The incidence of ED presentations of APAC also decreased as the income quartile increased. Prior studies have
demonstrated an association between angle-closure and social variables.*®*” In a Mongolian population, Yip et al*’ found
that 8 or more years of education was a protective factor, and in a Taiwanese population, Ko et al’® found that low
socioeconomic status was a risk factor. One plausible explanation is that individuals of low socioeconomic status have
less access to eye care, leading to delayed detection and treatment of predisposing risk factors (ie, anatomically narrow
angles treated with laser peripheral iridotomy or cataract surgery). Another explanation is that individuals in higher-
income quartiles are more likely to have private insurance and are more likely to present to an outpatient ophthalmologist
rather than the ED.

The Northeast region had the highest incidence of ED visits for APAC, followed by the West, South, and Midwest.
A portion of this effect may be explained by variations in demographics, as the Northeast and West have a far greater
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share of ethnically Asian residents compared to the South and Midwest.”> Another possible contributing factor is access
to emergency care, as residents of the Northeast are more likely to have an emergency department within 30 minutes
compared to residents of other regions.”® However, as associations between daily daylight hours, climate, and APAC
have been reported, it is likely that other geographic factors play a role in regional disparities.?*~°

Significant seasonal trends were observed in the national and regional incidence of ED visits for APAC. Nationally,
a significant period of increased incidence was observed between August and January, with December accounting for the
highest single monthly incidence, and April accounting for the lowest monthly incidence. Prior studies have reported
significant associations between APAC and days with less sunlight, days with high temperatures, and the summer and winter
months.>**>? As APAC is partly associated with pupillary dilation, these seasonal patterns are hypothesized to be due to an
increase in time spent in dimmer indoor areas on hot days, and a decrease in sunlight during the winter months.>* Extending
that hypothesis to this cohort, the highest incidence in December could be attributed to short daylight hours and increased time
spent indoors, and lesser seasonal variation in the West could be attributed to the more temperate climate of the region.
Economic and social factors influencing time spent in dim environments may differ across regions and contribute to variations
in effect of seasonality across regions. The impact of environmental factors on other physiological mechanisms thought to
cause APAC, such as choroidal expansion and iris volume retention, is currently unclear. However, further study of
predisposing environmental factors may help identify groups at exceptionally increased risk and inform preventative strategies
such as screening or lighting interventions.

Inflation adjusted total charges for APAC-related ED visits and associated hospitalizations averaged $10.2 million
annually during the study period. Given that not all cases present to the ED and that procedural management is often
performed in the outpatient settings by ophthalmologists, this figure likely underestimates the total charges associated
with APAC. However, the trend of increasing charges over the 10-year study period suggests greater healthcare resource
utilization associated with APAC presenting to the ED. The year 2014 was associated with a substantial increase in
median charges per encounter. As a federal mandate requiring the use of electronic medical records went into effect
that year, the rise in charges per encounter may be due to hospital billing departments having improved access to
documentation and utilizing automated coding.

The strengths of this study include its large sample size and utilization of the NEDS sampling strategy that allows for
national level estimates to be generated. As the database is representative of all ED visits in the United States, it is an
ideal database to investigate the incidence of APAC, as these patients often present to the ED. The study has several
limitations, most of which are common to studies conducted using large administrative databases. The NEDS lacks data
on outpatient ophthalmologic visits, patient follow-up, and repeat ED visits, and thus, this information was not included
in this study. Race or ethnicity data are not available in NEDS, and location data is limited to US census region;
therefore, further study is needed to characterize the contribution of shifting racial demographics towards trends in APAC
presentations. This study only captures patients who presented to the ED with APAC. Because coding was reliant
primarily on ED providers who may not be trained in identifying and managing the full range of ophthalmologic
diagnoses, limited data were available on ophthalmologic comorbidities and procedures.

Conclusion

ED presentations of APAC in the United States are on the rise. Gender and socioeconomic disparities exist, dispropor-
tionately affecting women, individuals in their 50s-70s, and individuals of low socioeconomic status. Preventive
strategies should be targeted towards these high-risk groups. Ophthalmologists should also be aware of the significant
regional and seasonal trends in the presentation of APAC in the United States.
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