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Ocular Injury in United States Emergency Departments:
Seasonality and Annual Trends Estimated from a Nationally
Representative Dataset
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1School of Medicine, University of California, San Francisco, San Francisco, CA

2Francis |. Proctor Foundation, San Francisco, CA
SDepartment of Ophthalmology, University of California, San Francisco, San Francisco, CA

4Department of Epidemiology and Biostatistics, University of California, San Francisco, San
Francisco, CA

Abstract
Purpose—To determine whether ocular trauma occurs more frequently in the summer months.
Design—Retrospective, cross-sectional study.

Methods—The Nationwide Emergency Department Sample (NEDS) is a large, publicly available
administrative database that provides nationally representative estimates of emergency department
(ED) visits in the United States. Billing codes from NEDS from 2006-2013 were used to identify
all cases of ocular trauma, and the United States decennial census was used to estimate the
population at risk for visiting an ED. The main outcome measures were the seasonal and annual
trends in the incidence of ED-diagnosed eye trauma.

Results—Eye trauma was the primary diagnosis for an estimated 5,615,532 ED encounters over
the eight-year study period. The most common ocular trauma presentations were superficial injury
of eye and adnexa (101 ED-diagnosed cases per 100,000 population), extraocular foreign body (54
per 100,000 population), contusion of eye and adnexa (27 per 100,000 population), and ocular
adnexal open wound (26 per 100,000 population). Each exhibited a statistically significant annual
cycle, with a mean annual peak between May and July (p<0.01 for each, Edwards test). Eye
trauma visits decreased by an average of 4% per year over the study period, with a similar pattern
of decline during each calendar month (IRR 0.96, 95% CI 0.94 to 0.98).

Conclusions—Eye trauma, although decreasing in incidence, is a seasonal condition. Prevention
efforts would likely be most effective if implemented in the spring or summer months and if
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targeted toward men and those under age 60. Further study to identify other individual-level or
regional-level factors that would most benefit from public health efforts is warranted.

Introduction

Methods

Ocular trauma accounts for approximately one-third of all eye-related emergency
department (ED) visits in the United States (US) each yearl. Visual outcomes, while
dependent on the type and severity of trauma, can be extremely poor following an injury to
the eye or ocular adnexa?. Fortunately, eye trauma is preventable, and several prevention
programs have reported success in reducing ocular trauma in multiple occupational
settings34. Public health programs addressing eye trauma must decide on a population to
target and the most appropriate time to promote prevention campaigns. While previous
studies have assessed risk factors for eye trauma, the seasonality of ocular injuries has not
been well characterized®®. Based on clinical experience, we hypothesized that eye trauma
was more likely to occur in the summer. In this report, we analyze 8 years of data from a
nationally representative sample of ED visits to investigate seasonal patterns of eye trauma.

Data Sources

This was a cross-sectional study examining ED visits for ocular trauma from 2006 to 2013
using discharge data from the Nationwide Emergency Department Sample (NEDS), a
publically available data source developed by the Agency for Healthcare Research and
Quality as part of the Healthcare Cost and Utilization Project (HCUP). Analysis of this
dataset was granted exempt status by the institutional review board at University of
California, San Francisco as this data is publicly available and does not include information,
such as patient identifiers, that would allow subject identification. All research activities
were conducted in adherence to the Declaration of Helsinki and federal and state law.

The NEDS is the largest all-payer, publicly available ED database in the US, containing
approximately 30 million records per year from about 1,000 EDs. The NEDS is designed as
a nationally representative dataset, comprised of a stratified probability sample of
administrative billing records for approximately 20% of US hospital-based EDs.”
Stratification is based on geographic region, trauma center designation, urban or rural
location of the hospital, teaching status, and hospital ownership. Post-stratification weights
are provided, and when applied allow extrapolation to the roughly 130 million ED visits
nationwide that occur each year. The NEDS includes a variety of patient-level and hospital-
level variables such as age, sex, insurance status, primary diagnosis code, etc. Further
information on sampling methodology is available from HCUP.” We defined the population
at risk for an ED eye trauma visit as the entire US population, and thus used data from the
US Census to approximate monthly and annual population totals®.

Study Population

We identified cases with a primary diagnosis code corresponding to ocular trauma according
to the International Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM). The implementation of ICD-10-CM was not mandatory until an effective date

Am J Ophthalmol. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ramirez et al.

Page 3

of October 2015, which is outside of the study period. Trauma-related eye diagnoses were
grouped into 8 categories as outlined in the Table.

Statistical Analyses

Results

We performed all statistics with R version 3.3.1 for Macintosh (R Foundation for Statistical
Computing, Vienna, Austria, 2016). The most granular calendar time in NEDS was the
month and year of the ED visit; we estimated nationwide monthly frequencies of each
category of eye trauma using sample weights provided by NEDS (survey package). We
calculated the monthly incidence of eye trauma treated at US EDs using monthly population
figures provided by the US census as the denominator, or if these were unavailable then
performed cubic spline interpolation of the annual census population figures to derive
monthly estimates (Zoo package). We assessed for seasonal trends in the monthly incidence
figures with the Edwards test, which tests the null hypothesis of a uniform distribution of
events within a year.? We used Poisson regression to test for yearly trends, with the annual
estimate of the US population as the offset and a time series bootstrap to account for
potential autocorrelation (#sboot package; 10,000 repetitions, fixed width of 2 years). Given
the numerous statistical tests performed in the study, we conservatively set a significance
level of 0.001.

Eye trauma diagnoses accounted for an estimated 5,615,532 ED visits in the US from
2006-2013 (estimated incidence based on US census: 228 per 100,000 person-years).
Demographic characteristics for those presenting with eye trauma were similar to previous
reports from the same database: 66.1% (66.0%-66.3%, 95% confidence) were male. 28%
(27.2%-29.0%) were aged 0-19 years, 62.7% (62.0%—63%) were aged 20-59 years, and
9.3% (9.1%-10.0%) were aged 60 years or older. The Table lists the diagnostic groupings
from most to least common.

As shown in Figure 1, ocular trauma visits demonstrated a statistically significant seasonal
pattern (P<0.001 for annual cycle, Edwards test), with a peak in July (mean 19.2 visits per
100,000 person-months) and nadir in February (mean 12.5 visits per 100,000 person-
months). This pattern did not differ when normalizing by number of ED visits instead of the
US population (Supplemental Figure 1). In contrast, total ED visits— regardless of diagnosis
—did not display significant seasonality (P=0.24, Edwards test).

The downward trending lines in Figure 1 indicate a reduction in the number of eye trauma
visits for a particular month over each year of the study period. We observed an average of
4% fewer ED visits each year (IRR 0.96, 95% CI 0.94 to 0.98, P<0.001; Poisson regression),
with a remarkably consistent pattern of reduction during each calendar month. The 7 most
common diagnostic groups exhibited similar seasonal patterns (P<0.001 for each) and
annual patterns (P<0.001 for each diagnosis except orbital floor fractures, which exhibited a
non-significant increase over the study period, P=0.06; Figure 2). To determine whether
seasonality was more pronounced in certain populations, we performed the same analyses
stratified by age and sex. These analyses did not show marked differences in the seasonal
patterns of ocular trauma (Figure 3).
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The proportion of patients with eye trauma utilizing private insurance as the primary
payment method decreased over the study period (Figure 4). In 2006, roughly 44% of those
presenting to the ED for ocular trauma used private insurance, which declined to 39% by
2013. Over the same period, Medicaid coverage among these patients increased from 15% to
23%, and Medicare coverage from 7% to 10%. Insurance patterns for patients with eye
trauma were similar when assessed as incident ED encounters among the entire US
population (Supplemental Figure 2). Similar trends in insurance coverage were also
observed among all-comers to the ED (Figure 4).

Discussion

Two of every 1000 Americans visited an ED for eye trauma each year from 2006 to 2013,
although the rate steadily decreased throughout the study period. During this time, ED visits
for eye trauma exhibited a strong seasonal pattern, with more visits occurring in the late
spring and summer months and fewer in the winter months. A similar pattern was observed
for the majority of individual diagnostic groupings for eye trauma, but not for ED visits as a
whole. Stratified analyses failed to detect specific populations driving the seasonal effect.

Seasonal trends have been observed previously for corneal infections. For example, fungal
keratitis has been found to be associated with hotter, more humid, and windier times of the
yearl0-12 often corresponding to the harvest season in agricultural communities’3.
Acanthamoeba keratitis is also thought to be more common in the warmer months due to
increased exposure to fresh water through recreational activities!®. We suspect that a
considerable proportion of the increase in infectious keratitis during the summer months is
due to traumatic injuries of the cornea that subsequently become infected, as corneal trauma
is one of the most important risk factors for corneal infections!®. Thus, our finding of an
increased incidence of superficial eye injuries presenting to United States EDs in the
summer months is consistent with these previous studies showing a similar seasonal timing
for infectious keratitis.

Other traumatic conditions have also been found to be subject to seasonal patterns. A recent
systematic review found that trauma was generally more likely to occur during warmer
periods of time, and that this effect was more pronounced for children than for adults?6.
Although we found no differences in the seasonal pattern by age, this study’s findings were
otherwise consistent with the general pattern of increased trauma in the summer months.
Other studies have found that crime and violence displays a strong seasonal pattern, with
more cases in the summerl’. We speculate that the warmer temperatures and longer daylight
hours of the summer months lead to more time outside performing potentially risky
activities.

We found a significant reduction in the annual incidence of eye trauma from 2006-2013,
with an average of 4% fewer ED visits due to eye trauma per year. The declining trend in
eye trauma ED presentations was observed for each individual diagnostic group except for
orbital floor fractures. This finding is consistent with most,>18.19 but not all,2% previous
reports from NEDS and other nationwide databases during the same time period.
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The underlying reason for a reduction in ED eye trauma encounters is unclear. We saw a
decrease in the number of eye trauma patients presenting to the ED with private insurance,
and an increase in those presenting with Medicaid or Medicare. This is consistent with
national trends, as those receiving health insurance through private means have been
gradually decreasing over time2l. The Affordable Care Act resulted in several states
expanding their Medicaid programs but this did not take effect until 2014, which is outside
the study period and thus unlikely to account for the increasing proportion of Medicaid
coverage observed here. It is possible that individuals with private insurance have been
preferentially seeking care in a primary care setting while those with public coverage have
been more frequently using the ED, thus accounting for the relative decline in private
insurance and rise in Medicaid and Medicare. Such a theory has been suggested by others
but remains nonetheless speculative22:23,

Looking at particular causes of eye injury, studies have shown that rates of certain causes,
such as motor vehicle collisions (MVCs), has been decreasing over the study period,
although in one study an injury to the eyeball was coded in less than 1% of MVC-related ED
visits1®19, While the evidence is not consistent, injuries from fireworks also seem to have
decreased over the study period.2425 However, the reduction in eye trauma observed in the
present study was not more pronounced in July, which is when most ocular firework injuries
occur?8, It is also possible that the observed reduction in eye trauma is simply a result of the
general aging of the American population, since eye trauma is more common among
younger people.

Prevention programs have had success in reducing work-related ocular trauma through the
introduction of ocular protection3#, although the uptake of such programs can be difficult.
Particularly in agricultural settings, which account for a large proportion of work-related
penetrating eye injury3:27, the uptake of safety goggle use even with the aid of community
health workers only approaches roughly 30%428. The results from the present study suggest
that for maximum public health impact, prevention programs would be wise to target the
early spring months for messages about eye trauma and the importance of eye protection
when performing potentially risky activities. Furthermore, specific targeting of any public
health campaign would likely be most effective for the high risk groups: men and those
under the age of 60.

The major strength of this study is its use of a large nationally representative population-
based sample of ED visits. Although this is also a limitation, in that administrative datasets
can be prone to misclassification, eye trauma is fairly specific and may not be as affected by
this problem as some other diagnoses. A major limitation is that the NEDS does not include
any non-ED visits, and therefore any eye trauma presenting directly to an outpatient setting
or urgent care clinic was not included. Although this study design necessarily
underestimates the national incidence of eye trauma, it should not introduce bias into the
analyses unless individuals with eye trauma systematically visited outpatient clinics during
certain seasons or years and EDs during other seasons or years. We do not find such a
pattern likely, especially given that overall visits in outpatient clinics and ED do not seem to
exhibit seasonal variation2®,
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In summary, we found a significant reduction in the incidence of ED-diagnosed eye trauma
in the United States from 2006 to 2013, as well a seasonal pattern of eye trauma that peaked
in the summer months. The observation of seasonality is important for ED planning
purposes, especially at academic centers, since the peak of eye trauma coincides with the
start of the academic year. Both ED and ophthalmology residency programs would do well
to emphasize the diagnosis and management of eye trauma in early July. Moreover, these
results suggest that eye trauma prevention programs may have the most impact by focusing
their interventions in the spring and summer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Seasonal variation of eye trauma and overall emergency department visits, 2006-2013
Each shaded vertical panel displays a calendar month (January to December), with each

point representing the monthly incidence due to eye trauma during that month at each of the
8 years of the study period. The grey line is a loess curve depicting trends within a given
month over the study period, and the black horizontal line shows the mean number of visits
over the study period. The top part of the figure shows eye trauma visits and the bottom part
shows total emergency department visits, regardless of diagnosis.
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Figure 2. Seasonal variation of eye trauma diagnostic groups, 2006-2013
Each shaded vertical panel displays a calendar month (January to December), with each

point representing the monthly incidence due to eye trauma during that month at each of the
8 years of the study period. The grey line is a loess curve depicting trends within a given
month over the study period, and the black horizontal line shows the mean number of visits
over the study period. The eight parts of the figure each represent a different diagnostic
group, which is labeled at the top right.
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Insurance payer:
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No charge

Figure 4. Annual trends in insurance status for (A) all visits for ocular trauma and (B) all ED
visits

The left panel demonstrates annual trends for the corresponding primary payer, and the right
panel shows the relative proportion of visits for which each payer is responsible.
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Table

Frequency of ocular trauma by diagnosis code (national estimates)

Diagnosis (ICD-9-CM code)

Total number, 2006-2013

Annual incidence per 100,000 US population (95% CI)

Superficial injury of eye/adnexa
Corneal abrasion (918.1)

Other (918.0, 918.2-918.9)

Extraocular foreign body
Corneal foreign body (930.0)

Other (930.1-930.9)

Contusion of eye and adnexa (921.0-921.9)

Ocular adnexal open wound
Eyelid laceration (870.0-870.2)

Other (870.3-870.9)

Orbital floor fractures (802.6, 802.7)

Burn of eye and adnexa
Corneal/conjunctival sac burn (940.2-940.4)
Eyelid and periocular burn (940.0, 940.1)
Other (940.5-940.9)

Open wounds in the eyeball
Open globe (871.0-871.4, 871.7, 871.9)
Intraocular foreign body (871.5, 871.6)

Other
Optic nerve/pathway injury (950.0-950.9)

Oculomotor nerve injury (951.0)

2,481,084
2,151,019
330,065
1,320,196
684,969
635,227
672,221
646,959
383,602
263,357
217,929
161,051
99,750
25,848
35,453
112,233
93,641
18,592
3,859
3,702
157

100.7 (96.4-105.1)
87.3(83.4-91.3)
13.4 (12.9-13.9)
53.6 (50.7-56.5)
27.8 (25.9-29.7)
25.8 (24.5-27.1)
27.3 (25.7-28.9)
26.3 (25.3-27.3)
15.6 (14.9-16.3)
10.7 (10.2-11.2)

8.9 (8.4-9.3)
6.5 (6.2-6.9)
4.1 (3.9-4.2)
1.1(0.9-1.2)
1.4 (1.3-1.6)
46 (4.1-5.1)
3.8(3.343)
0.8 (0.7-0.8)
0.16 (0.14-0.17)
0.15 (0.13-0.17)
0.006 (0.004-0.009)
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