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ABSTRACT

Introduction: To report the incidence, demo-
graphics, and cost of eyelid lacerations (ELs) in
the USA.
Methods: The Nationwide Emergency Depart-
ment Sample is the largest publicly available
emergency department database in the US. We
conducted a retrospective longitudinal analysis
to identify all emergency department (ED) visits
in the sample from 2006 to 2014 with a primary
or secondary diagnosis of EL. Descriptive
statistics were calculated for hospital character-
istics, patient demographics, and inflation-ad-
justed patient ED and in-patient (IP) charges.
Results: The incidence of primary and total ELs
from 2006 to 2014 decreased by 50 per million

and 7.1 per million, respectively. In the same
period, the total ED and average ED charge,
corrected for inflation, increased by almost $37
million and $1600 per person, respec-
tively.Motor vehicle accidents (MVAs) were the
mechanism of injury (MOI) associated with the
highest average ED and IP costs at $5391 and
$42,677, respectively. However, object- (42.2%)
and fall-related (28.8%) were the most reported
MOI overall. Peak months of EL presentations
were seen in May and July, and [ 90% of pri-
mary ELs were classified as periocular. Most ELs
occurred in men and children, representing
69% and 44% of all primary EL cases,
respectively.
Conclusion: The incidence of ELs declined
from 2006 to 2014. ELs occurred most fre-
quently in children and young adults. The high
proportion of object and fall-related injuries in
this population highlights an area to develop
strategies to reduce the frequency of pre-
ventable eye injuries.
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Key Summary Points

Why carry out this study?

Over 2 million eye injuries are presented
to emergency departments in the US every
year

Eyelid lacerations were amongst the top
three oculoplastic-related eye injuries that
presented to US emergency departments
from 2006 to 2015

This study analyzed the incidence,
characteristics, and costs associated with
eyelid lacerations in the US from 2006 to
2014

What was learned from the study?

The incidence of eyelid lacerations has
decreased, but the inflation-adjusted costs
associated with this injury have increased

While the incidence of eyelid lacerations
has declined, there is still a need for public
health initiatives which can help mitigate
the incidence of preventable ocular
trauma

INTRODUCTION

Eyelid lacerations (ELs) are a common form of
ocular trauma that can result in complications
of eyelid malposition and disruption to lacrimal
outflow [1]. Over 2 million eye-related injuries
are reported annually in the US, making trauma
the most common reason for ophthalmology
consultation in emergency department (EDs)
[2–5]. ELs were among the top three urgent
oculoplastics-related diagnoses presenting to US
EDs from 2006 to 2015, accounting for almost
10% of such diagnoses [6]. Most ELs will be
repaired surgically based on the anatomy
involved in the laceration [2, 7–9]. Limiting the
complications of ELs such as epiphora, ptosis,
corneal injury, and infections is a primary
concern for US ED physicians and

ophthalmologists [9–11].Although EL injuries
frequently present to EDs in the US, surgical
repair can be delayed until ophthalmic care is
available without increasing the risk of ocular
complications [8, 10].

The current literature on ELs and ocular
trauma focuses on cases of childhood trauma
and the surgical management of specific
trauma-related etiologies by institution
[2, 12–17]. There is no analysis of national-level
data focusing on EL incidence, demographics,
mechanism of injury (MOI), and costs in the US
population to our knowledge. We present data
from the Nationwide Emergency Department
Sample (NEDS) to determine the incidence,
demographics, MOI, and associated healthcare
costs of ELs that presented to US EDs from 2006
to 2014.

METHODS

Data Set

NEDS is the largest publicly available ED data-
base in the US, developed as part of the
Healthcare Cost and Utilization Project (HCUP).
NEDS contains data from billing records of 31
million annual ED visits from nearly 1000 hos-
pital-owned EDs in the US, accounting for
approximately 20% of all ED visits. The sample
is stratified based on geographic region, trauma
center designation, urban/rural location, and
teaching status. Patient characteristics (such as
age, sex, median income of household zip code,
and primary payment method) and Interna-
tional Classification of Diseases 9 (ICD-9) diag-
nosis codes are included in the database [18].
From 2006 to 2014, NEDS contained up to 15
diagnosis codes per patient entry and 4 causes
of injury (E-codes). The primary diagnosis for an
encounter is the diagnosis primarily responsible
for presentation to care, while secondary diag-
noses are any other diagnoses accompanying
the primary diagnosis for that encounter.
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Study Design

We conducted a retrospective longitudinal
study using NEDS to identify ED visits from
2006 to 2014 with a primary or secondary
diagnosis of EL (ICD-9 codes 870.0, 870.1, and
870.2) [18]. ELs were divided into three cate-
gories: full-thickness EL not involving lacrimal
passages, full-thickness EL involving lacrimal
passages, and EL involving periocular area.
Institutional Review Board approval was
obtained, and this study adheres to the tenets of
the Declaration of Helsinki. Informed consent
was not required because NEDS does not con-
tain direct patient identifiers. To maintain
adherence with the HCUP data user agreement
and maintain patient confidentiality, estimates
for any characteristics with B 10 patients are
not reported here.

Data Analysis

National estimates were calculated using NEDS-
supplied sampling weights. Unless otherwise
stated, cases with primary ELs were analyzed. US
Census Bureau population and age data were
used to calculate total and age-specific inci-
dence of primary ELs. Age was grouped into the
following categories: children (10 years and
younger), adolescents (11–20 years), young
adults (21–44 years), adults (45–64 years), and
the elderly (C 65 years). Descriptive statistics
were calculated for hospital characteristics (re-
gion, teaching status, and trauma designation),
patient demographics (age, sex, primary payer,
and median household income quartile of
patient’s zip code), and patient ED and IP
charges. ED and IP charges were inflation-ad-
justed based on the January 2021 US dollar,
using the Consumer Price Index for Hospital
Services from the US Bureau of Labor Statistics.
ED cost was defined as the total charge to the
patient for the ED visit, whereas IP cost was
defined as the total of hospital charges for an
inpatient stay. Linear regression was used to
estimate trends in incidence, disposition,
demographics, total and mean ED/IP costs,
associated ocular diagnosis, and MOI. MOIs
studied include objects, falls, assault, MVAs,

and others. Associated ocular injuries include
contusion, superficial injury, nasal fracture,
open wound, maxillary fracture, low vision,
open fracture of the orbital floor, optic neu-
ropathy, diplopia, enophthalmos, orbital
edema, orbital hemorrhage, orbital cellulitis,
retinal tear, hyphema, vitreous hemorrhage,
and burn. E-codes for external causes of injury
and ICD-9 codes for associated ocular diagnoses
are displayed in Supplementary Tables S1 and
S2 [18]. Multivariate logistic regression was used
to assess factors associated with IP admission.
Sex, primary payer, median household income
of patient zip code, hospital region, hospital
teaching status, hospital trauma level designa-
tion, associated ocular injuries, and MOI were
included as covariates. Stata version 15 (Stata-
Corp LP) was used for all statistical analyses.

RESULTS

Incidence

The incidence of total ELs decreased from 243.2
per million (95% CI 219.6–266.8) in 2006 to
185.9 per million (95% CI 167.3–204.5,
p\0.001) in 2014 (Fig. 1A). Primary EL inci-
dence also decreased from 173.97 per million
(95% CI 156.8–191.1) in 2006 to 123.71 per
million (95% CI 111.2–136.3, p\ 0.001) in
2014 (Fig. 1A). Children had the highest EL
incidence in every year for the study period
(Fig. 1B). The incidence of ELs in children
decreased from 469.99 per million (95% CI
410.8–529.2) in 2006 to 356.48 per million
(95% CI 304.5–408.4) in 2014 (Fig. 1B). Chil-
dren represented 43.7% of primary ELs and
adolescents represented 19.5% of primary ELs
(Fig. 2).

The monthly variation of primary ELs for all
calendar months over our study period is pre-
sented in Fig. 3. The incidence of primary EL
presentations was highest in July and May rep-
resenting 3.53 per 10,000 cases (95% CI
3.33–3.74) and 3.34 per 10,000 cases (95% CI
3.15–3.53), respectively (Fig. 3). Presentations
to the ED were less frequent in February and
December, 2.67 per 10,000 (95% CI 2.51–2.82)
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and 2.89 per 10,000 (95% CI 2.73–3.05),
respectively (Fig. 3).

Types of EL

Periocular ELs represented[91% of primary ELs
reported from 2006 to 2014 (data not shown).
Full thickness ELs and ELs involving lacrimal
passages were less frequently reported in the US
at 6.5% and 2.6%, respectively (data not
shown). Periocular EL presentations showed a
downward trend from 48,129 (95% CI
43,390–52,867) cases in 2006 to 35,722 (95% CI
32,143–39,301, p\0.001) cases in 2014 (data
not shown). Figure 4 illustrates the type of EL by
age group. Periocular ELs represented over 90%
of primary ELs for almost all age groups except
for the young adult and adult populations. Full
thickness and lacrimal passage ELs were most
frequently seen in adults (Fig. 4).

Fig. 1 A Incidence of emergency department visits with eyelid laceration diagnoses (total and primary) from 2006 to 2014.
Error bars indicate a 95% confidence interval. B Age-specific incidence of primary EL visits to the ED from 2006 to 2014

Fig. 2 Percent listed age-distribution of primary eyelid
laceration cases in the US from 2006 to 2014

Fig. 3 Monthly variation of primary eyelid laceration cases in the US from 2006 to 2014. Error bars report 95% confidence
intervals
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Demographics

Most primary ELs occurred in males (69%)
(Table 1). Private insurance was the primary
payer for health services for all age groups
except the elderly, where the primary payer was
Medicare (Table 1). Almost 38% of children
with primary EL were covered with Medicaid
(Table 1). The young adult group had the
highest percentage of self-pay patients at 29.3%
(Table 1). Households in the southern region of
the US had the highest incidence of primary EL
for all age groups (Table 1). Almost 62% of
patients with primary EL presented to a non-
trauma metropolitan teaching hospital
(Table 1). Primary EL incidence was highest for
the fourth median household income for
almost all age-specific groups (Table 1).

MOI

The MOI for primary ELs observed during the
study period is presented in Fig. 5. Object-re-
lated injuries were the most common MOI
overall as well as among all age groups, except

for the elderly, accounting for 42.2% of primary
ELs (Fig. 5). Fall-related injuries represented
almost 30% of primary ELs and were signifi-
cantly higher for elderly patients (74.2%)
(Fig. 5). Falls were the second most common
MOI for children (40.6%) and adults (29.6%)
(Fig. 5). Assault was responsible for 9.2% of
primary ELs and was the second-highest MOI
for adolescents and young adults (Fig. 5).

Associated Ocular Injuries

Contusions were the most common associated
ocular injury for all age groups. Associated con-
tusions were highest in young adults (6.3%),
adults (5.9%), and the elderly (5.8%) (Table 2).
Superficial injuries were the second most com-
mon associated ocular injury formost age groups
and were highest for adults (3.4%) and young
adults (3.2%) (Table 2). Associated superficial
injurieswere reported in\3%of primary ELs and
associated wounds \ 2% (Table 2). Nasal frac-
tures, open globe injuries, and maxillary frac-
tures associated with ELs represented less than
1% of primary ELs (Table 2).

Fig. 4 Age-specific breakdown of periocular, full thickness, and lacrimal passage eyelid lacerations reported from 2006 to
2014
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Table 1 Patient and hospital characteristics

Demographic
characteristic

Children
(£ 10)
(n = 174,033)
n (%)a

Adolescent
(11–20)
(n = 77,572)
n (%)a

Young adult
(21–44)
(n = 104,560)
n (%)a

Adult
(45–64)
(n = 42,438)
n (%)a

Elderly
(‡ 65)
(n = 26,600)
n (%)a

Total
(n = 425,203)
n (%)b

Sex

Female 58,743 (33.8) 17,112 (22.1) 26,956 (25.8) 14,803 (34.9) 14,139 (53.2) 131,753 (31.0)

Male 115,290 (66.2) 60,460 (77.9) 77,604 (74.2) 27,635 (65.1) 12,461 (46.8) 293,450 (69.0)

Primary expected payer

Medicare 648 (0.4) 227 (0.3) 2589 (2.5) 4239 (10.0) 22,390 (84.3) 30,093 (7.10)

Medicaid 65,770 (37.9) 17,814 (23.1) 11,172 (10.8) 3810 (9.0) 204 (0.8) 98,770 (23.3)

Private

insurance

88,957 (51.3) 45,411 (58.8) 46,587 (44.8) 21,783 (51.6) 2897 (10.9) 205,635 (48.6)

Self-pay 10,779 (6.2) 9379 (12.1) 30,458 (29.3) 7124 (16.9) 485 (1.8) 58,226 (13.8)

No charge 244 (0.1) 309 (0.4) 785 (0.8) 282 (0.7) –a 1627 (0.4)

Other 7106 (4.1) 4126 (5.3) 12,300 (11.8) 4970 (11.8) 570 (2.1) 29,072 (6.9)

Household income quartile

First 39,535 (23.1) 18,014 (23.7) 28,477 (28.0) 10,399 (25.3) 5639 (21.6) 102,063 (24.5)

Second 43,816 (25.6) 18,754 (24.6) 26,086 (25.7) 9719 (23.7) 6993 (26.8) 105,369 (25.3)

Third 40,247 (23.5) 17,757 (23.3) 23,978 (23.6) 9661 (23.5) 6313 (24.2) 97,956 (23.5)

Fourth 47,767 (27.9) 21,641 (28.4) 23,078 (22.7) 11,315 (27.5) 7111 (27.3) 110,912 (26.6)

Household region

Northeast 7752 (20.1) 3991 (23.0) 4802 (20.3) 2259 (23.4) 989 (17.3) 19,792 (20.9)

Midwest 9808 (25.5) 4784 (27.6) 5776 (24.4) 2184 (22.7) 1337 (23.4) 23,889 (25.2)

South 12,091 (31.4) 5326 (30.7) 7662 (32.4) 3191 (33.1) 2019 (35.3) 30,289 (31.9)

West 8835 (23.0) 3244 (18.7) 5398 (22.8) 2002 (20.8) 1374 (24.0) 20,853 (22.0)

Hospital teaching status

Metropolitan

non-teaching

72,533 (41.7) 33,306 (42.9) 42,947 (41.1) 17,847 (42.0) 12,492 (47.0) 179,125 (42.1)

Metropolitan

teaching

76,410 (43.9) 31,641 (40.8) 45,908 (43.9) 17,950 (42.3) 9331 (35.1) 181,240 (42.6)

Non-

metropolitan

25,113 (14.4) 12,640 (16.3) 15,713 (15.0) 6646 (15.7) 4777 (18.0) 64,889 (15.3)
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Disposition and Factors Associated
with Admissions

Almost 95% of all primary ELs that presented to
EDs had routine disposition, with [ 90% of
patients in most age groups being discharged
directly from the ED after routine care. Notably,

only 1.7% of all EL presentations were admitted
to the hospital to which they presented and
5.3% of elderly patients were transferred (data
not shown). Elderly (2.9%) and young adults
(2.4%) had the highest rate of being admitted
for inpatient service (data not shown).

Most patients admitted were young adults
(33.7%) followed by children at (23.9%)

Table 1 continued

Demographic
characteristic

Children
(£ 10)
(n = 174,033)
n (%)a

Adolescent
(11–20)
(n = 77,572)
n (%)a

Young adult
(21–44)
(n = 104,560)
n (%)a

Adult
(45–64)
(n = 42,438)
n (%)a

Elderly
(‡ 65)
(n = 26,600)
n (%)a

Total
(n = 425,203)
n (%)b

Trauma level designation

Non-trauma 88,303 (61.2) 41,541 (64.4) 53,769 (62.4) 22,257 (63.4) 15,081 (69.9) 220,950 (62.8)

1 24,680 (17.1) 9876 (15.3) 15,306 (17.8) 5906 (16.8) 2164 (10.0) 57,932 (16.5)

2 18,944 (13.1) 7516 (11.7) 9307 (10.8) 3642 (10.4) 2098 (9.7) 41,507 (11.8)

3 12,365 (8.6) 5571 (8.6) 7842 (9.1) 3277 (9.3) 2246 (10.4) 31,301 (8.9)

This table presents the demographic information, sorted by age, of all primary eyelid lacerations that presented to emergency
departments in the US from 2006 to 2014
aPercentage of this age group in each demographic subcategory
bPercentage of all sampled patients in this demographic subcategory

Fig. 5 Age-specific incidence for multiple mechanisms of injury leading to primary eyelid laceration (EL) from 2006 to
2014
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(Table 3). Patients admitted to the hospital were
mostly male (68.6%), had private insurance
(33.1%), were from the lowest income quartile
(33.8%), lived in southern states (31.2%), and
presented to metropolitan teaching hospitals

(76.5%) (Table 3). Patients who presented to a
Level I trauma center had an increased likeli-
hood of admission (OR: 3.77, 95% CI 1.96–7.27,
p\0.001). A MVA was the only MOI associated
with a higher risk of being admitted (OR: 7.80,

Table 2 Associated ocular injuries

Associated
ocular
injuriesa

Children (£ 10)
(n = 174,033)
n (%)b

Adolescent
(11–20)
(n = 77,572)
n (%)b

Young Adult
(21–44)
(n = 104,560)
n (%)b

Adult
(45–64)
(n = 42,438)
n (%)b

Elderly
(‡ 65)
(n = 26,600)
n (%)b

Total
(n = 425,203)
n (%)c

Contusion 3555 (2.0) 3675 (4.7) 6588 (6.3) 2503 (5.9) 1531 (5.8) 17,853 (4.2)

Superficial

injury

1951 (1.1) 1661 (2.1) 3387 (3.2) 1424 (3.4) 300 (1.1) 8724 (2.1)

Nasal fracture 181 (0.1) 863 (1.1) 2811 (2.7) 1248 (2.9) 482 (1.8) 5585 (1.3)

Wound 956 (0.5) 373 (0.5) 925 (0.9) 420 (1.0) 108 (0.4) 2781 (0.7)

Open globe 321 (0.2) 266 (0.3) 619 (0.6) 355 (0.8) 125 (0.5) 1687 (0.4)

Maxillary

fracture

35 (0.0) 199 (0.3) 562 (0.5) 280 (0.7) 109 (0.4) 1185 (0.3)

Low vision 30 (0.0) 65 (0.1) 264 (0.3) 156 (0.4) 212 (0.8) 727 (0.2)

Vitreous

hemorrhage

–d 16 (0.0) 110 (0.0) 68 (0.1) 53 (0.2) 208 (0.0)

Diplopia 16 (0.0) –d 76 (0.1) 58 (0.1) 29 (0.1) 188 (0.0)

Orbital

edema

20 (0.0) 43 (0.1) 66 (0.1) 14 (0.0) 12 (0.0) 156 (0.0)

Hyphema 13 (0.0) 27 (0.0) 59 (0.1) 32 (0.1) 14 (0.1) 144 (0.0)

Orbital

hemorrhage

–d –d 38 (0.0) 23 (0.1) 13 (0.0) 82 (0.0)

Orbital

cellulitis

–d –d 13 (0.0) 15 (0.0) –d 45 (0.0)

Optic

neuropathy

–d –d 32 (0.0) –d –d 42 (0.0)

Retinal tear –d 11 (0.0) 14 (0.0) –d –d 25 (0.0)

Burn –d 13 (0.0) –d –d –d 17 (0.0)

This table presents the number (and percentage) of associated ocular injuries, categorized by age, of patients who presented
to the emergency department with a diagnosis of primary eyelid laceration from 2006 to 2014
aEnophthalmos and open fracture were excluded from table as\ 10 patients overall were found to have these associated
injuries
bPercentage of patients in this age category with the given injury
cPercentage of all patients in the sample with the given injury
dTen or fewer patients reported in this category, number excluded to preserve anonymity of data
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Table 3 Factors associated with inpatient admission

Characteristic Patients admitteda

n (%)
Multivariate regression

Odds ratio (95% CI) p

Age

Children 1748 (23.9) Reference –

Adolescent 1021 (14.0) 0.61 (0.32–1.16) 0.132

Young adult 2467 (33.7) 1.03 (0.64–1.65) 0.917

Adult 1306 (17.9) 1.49 (0.91–2.45) 0.114

Elderly 771 (10.5) 2.01 (1.00–4.02) 0.049

Sex

Male 5020 (68.6) Reference –

Female 2293 (31.4) 0.69 (0.49–0.98) 0.036

Primary expected payer

Medicare 883 (12.1) Reference –

Medicaid 1776 (24.3) 0.31 (0.15–0.65) \ 0.005

Private insurance 2417 (33.1) 0.24 (0.13–0.44) \ 0.005

Self-pay 1309 (17.9) 0.44 (0.22–0.89) 0.022

No charge 52 (0.7) 0.16 (0.02–1.62) 0.120

Other 860 (11.8) 0.31 (0.13–0.74) 0.008

Household income quartile

First 2351 (33.8) Reference –

Second 1696 (24.4) 0.98 (0.66–1.46) 0.934

Third 1640 (23.6) 0.81 (0.51–1.27) 0.349

Fourth 1264 (18.2) 0.83 (0.50–1.38) 0.471

Hospital region

Northeast 333 (20.3) Reference –

Midwest 289 (17.6) 0.64 (0.38–1.11) 0.112

South 513 (31.2) 0.74 (0.44–1.26) 0.266

West 507 (30.9) 0.61 (0.28–1.31) 0.205

Hospital teaching status

Metropolitan non-teaching 1571 (21.5) Reference –

Metropolitan teaching 5593 (76.5) 1.81 (0.93–3.53) 0.079

Non-metropolitan 149 (2.0) 0.28 (0.13–0.61) \ 0.005

Trauma level designation

Non-trauma 1321 (23.6) Reference –
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95% CI 2.41–25.26, p\0.001). ELs associated
with hyphema (OR: 66.25, 95% CI 8.98–488.91,
p\0.001), diplopia (OR: 11.77, 95% CI
1.00–139.04, p = 0.05), open globe (OR: 11.07,
95% CI 3.89–31.55, p\ 0.001), and maxillary
fractures (OR: 9.94, 95% CI 3.89–31.55,
p\0.001) were linked to a higher chance of
being admitted (Table 3).

Emergency Department and In-Patient
Costs

The total ED charges, corrected for inflation, for
primary EL presentations increased from $66.9
million (95% CI 58.0–76.0) to $103.8 million
(95% CI 89.2–118.4, p\0.001) from 2006 to

Table 3 continued

Characteristic Patients
admittedan (%)

Multivariate regression

Odds ratio (95% CI) p

1 3200 (57.2) 3.77 (1.96–7.27) \ 0.005

2 882 (15.8) 2.77 (1.45–5.30) \ 0.005

3 194 (3.5) 2.15 (0.76–6.09) 0.149

Mechanismsb

Motor vehicle accident 1982 (27.1) 7.80 (2.41–25.26) \ 0.005

Other 1578 (21.6) 2.76 (0.85–8.96) 0.091

Assault 1355 (18.5) 1.36 (0.40–4.66) 0.624

Fall 1281 (17.5) 0.59 (0.19–1.80) 0.353

Objects 899 (12.3) 0.34 (0.10–1.14) 0.080

Associated injuriesb

Hyphema 24 (0.3) 66.25 (8.98–488.91) \ 0.005

Diplopia 14 (0.2) 11.77 (1.00–139.04) 0.050

Open globe 340 (4.6) 11.07 (3.89–31.55) \ 0.005

Maxillary fracture 214 (2.9) 9.94 (3.42–28.90) \ 0.005

Wound 425 (5.8) 6.49 (3.29–12.83) \ 0.005

Low vision 66 (0.9) 6.32 (1.52–26.30) 0.011

Nasal fracture 677 (9.3) 3.50 (2.03–6.04) \ 0.005

Vitreous hemorrhage 36 (0.5) 2.77 (0.25–31.11) 0.408

Open fracture 44 (0.6) 1.71 (0.12–23.88) 0.691

Superficial injury 213 (2.9) 1.00 (0.37–2.70) 0.993

Contusion 448 (6.1) 0.97 (0.50–1.88) 0.927

This table presents the odds of inpatient admission sorted by patient characteristics and associated injuries; p values are
provided for the odds ratios
CI confidence interval
aNumbers and percentages in each category may not sum to the same total or to 100%, respectively, because of extrapolation
from a sample (NEDS) and rounding error
bReference is patients without this mechanism/associated injury/factor
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2014 (Fig. 6A). The average ED charge per
patient, corrected for inflation, also increased
from $1629 (95% CI 1513–1745) in 2006 to
$3195 (95% CI 2932–3458, p\0.001) in 2014
(Fig. 6B). The total charges for IP ELs did not
change significantly over the study period
(Fig. 6C). The average IP per visit increased from
$34,742 (95% CI 27,647–41,836) in 2006 to
$49,346 (95% CI 28,339–70,353) in 2014
(Fig. 6D). From 2006 to 2014, the total US ED
costs for children increased from $17.44 million
(95% CI 14.33–20.55) to $21.10 million (95% CI
17.16–24.96, p = 0.011) (data not shown).

The highest total costs were observed for
young adults with $226.6 million (95% CI
208.2–244.9) for ED costs and $87.7 million
(95% CI 67.6–107.7) for IP costs (Fig. 7A).
Elderly patients faced the highest average ED
cost per patient at $3703 (95% CI 3529–3877)
(p\ 0.0001) (Fig. 7B). Adults and young adults
had the highest IP charge per visit (Fig. 7C).

Total US ED costs for primary ELs were highest
for fall-related injuries at $193.6 million (95%
CI 179.6–207.7) and object-related injuries at
$192.9 million (95% CI 179.8–207.1) (Fig. 8A).
Total US IP costs of primary EL injuries were
highest for MVAs at $84.4 million (95% CI
64.8–104.0) (Fig. 8B). MVA was the MOI asso-
ciated with the highest average ED and IP costs
at $5391 (95% CI 5040–5742) and $42,677 (95%
CI 35,152–50,202), respectively (Fig. 8C, D).

DISCUSSION

ELs can lead to complications that decrease
visual acuity and require long-term manage-
ment. Our study analyzes data from NEDS to
examine the incidence, demographics, and
associated healthcare costs of ELs presenting to
US EDs from 2006 to 2014. We note a decline in
incidence in EL presentations alongside

Fig. 6 A Total inflation-adjusted emergency department
(ED) costs for visits with primary eyelid lacerations
diagnosis from 2006 to 2014 (with standard error).
B Mean inflation-adjusted ED cost per visit for primary
ELs from 2006 to 2014 (with standard error). C Total

inflation-adjusted in-patient (IP) costs for visits with
primary EL diagnosis from 2006 to 2014 (with standard
error). D Mean inflation-adjusted IP cost per visit for
primary EL diagnosis from 2006 to 2014 (with standard
error)
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increasing total and average ED costs. Over 70%
of ELs were due to object- and fall-related inju-
ries, with children and elderly patients repre-
senting the most at-risk population for
preventable eyelid injuries.

The incidence of total EL presentations
decreased from 243.23 per million in 2006 to
185.91 per million in 2014, with the steepest
decline noted from 2008 to 2009. A similar
downward trend of ocular injuries was observed
in US EDs from 1992 to 2001, where the inci-
dence declined at a rate of 4.2% per year [19].
McGwin and colleagues referenced the Occu-
pational Health and Safety Act (OHSA) of 1970
as a conceivable cause of the trend due to their
endorsement of the American National Stan-
dards Institute’s (ANSI) recommendation of
using certified protective eyewear in workplace
settings [19]. In addition to the policies and

legislation put forth by the US government,
there have been advances in the design and
functionality of protective eyewear for athletes
and Americans in the workplace [20]. Despite
the benefits reported, compliance remains an
issue often due to a perceivably weakened
appearance and altered field of view [20, 21].
Our observation of a steep decline in ELs
between 2008 and 2009 corresponds closely
with the end of the Great Recession in the US,
which began in 2007. This crisis devastated the
US workforce and led to almost 2 million jobs
being lost by the last third of 2008 [22]. The
sharp drop in the number of ELs may be
attributable to the recession as multiple studies
have reported work-related injuries compromise
up to 18–28% of total eye injuries that present
to US EDs [5, 23]. We also observe the greatest
number of ELs in July (3.53 per 10,000) and the

Fig. 7 A Age-specific breakdown of total inflation-
adjusted costs for primary eyelid lacerations in the US
between 2006 to 2014. B Mean inflation-adjusted cost per

visit for primary EL ED visits between 2006 and 2014.
C Mean inflation-adjusted cost per visit for IP primary EL
visits between 2006 and 2014
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lowest in February (2.67 per 10,000). These peak
and nadir months are consistent with the sea-
sonal distribution of traumatic and ocular
injuries reported in the literature [24–26].

We observe a decline in the incidence of
primary ELs, accompanied by an increase in
total and average US ED charges after correcting
for inflation. In 2021, Ahmad and colleagues
reported similar findings for oculoplastic-re-
lated ED visits in the US between 2006 and 2015
[6]. While the incidence of oculoplastic-related
diagnoses declined from 4.71 to 3.16 per
100,000 people, they report an almost twofold
increase in median inflation-adjusted cost per
visit from 2006 to 2015 [6]. Among children, we
also report a decrease in incidence along with
an increase in costs. The incidence of ELs for
children declined from 469.99 per million in
2006 to 356.48 per million in 2014, while the

total US ED charges for children increased from
$17.44 million in 2006 to $21.06 million in
2014. However, Luo and colleagues observed a
decline in incidence of eye injuries in children
in the US along with a significant decrease in
medical costs from 2002 to 2004 ($193 million)
to 2012–2014 ($66 million) [27]. This suggests
the cost of managing ELs in children has
increased while the cost of caring for pediatric
eye injuries overall has decreased [27].

Age-group demographics of ELs from our
analysis were consistent with the literature. In
our findings, the highest incidence of ELs was
noted in children and adolescents. This is con-
sistent with studies reporting a decline in inci-
dence of ocular injuries among children and
studies that still classify children and adoles-
cents as high-risk populations [4, 28–31]. Chil-
dren represent almost 47% of the primary ELs in

Fig. 8 A MOI specific breakdown of the mean emergency
department (ED) charge per visit for primary eyelid
lacerations in the US from 2006 to 2014. B Total ED
charge per visit for primary EL between 2006 and 2014.

C Mean inpatient charge per visit for primary EL between
2006 and 2014. D Total inpatient charge per visit for
primary EL between 2006 and 2014
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our analysis. In an 11-year retrospective study of
222 patients of all age groups who underwent
surgical repair of canalicular lacerations at Wills
Eye Hospital, the majority of lacerations occur-
red in children and young adults, with a median
age of 20 years [16]. The most common MOI
overall was assault (23.4%), and the most fre-
quent MOI among children was dog bites and
scratches [16]. In our analysis of all ELs, object-
related injuries represented the most common
MOI overall, and the most common MOI for
children. Similarly, in a review of 258 pediatric
eye injuries leading to hospital admission in
Newark, NJ, object-related injuries were the
most common MOI among pediatric patients,
and sports-related injuries were most common
in children[10 years of age [17]. Other studies
have reported a high incidence of object and/or
sport-related eye injuries in children and ado-
lescents [4, 12, 14, 17, 30–33]. Children, ado-
lescents, and young adults have remained a
high-risk population for over a decade [28, 29].
In 2004, the American Academy of Pediatrics
and the American Academy of Ophthalmology
published a policy statement recommending
the use of protective eyewear in sports where
the risk of eye injury is present; most sport-re-
lated eye injuries have been documented in
basketball and baseball players for pediatrics
and young adults [26, 28]. ELs and abrasions
made up 50.9% of eye injuries over a 1-year
period among basketball players in the National
Basketball Association, most caused by fingers
or elbows [34]. The active lifestyles of children
and adolescents increase their risk for serious,
and potentially avoidable, eye-related injuries
[35].

We observe falls to be the most common
MOI for elderly patients, accounting for 74% of
primary ELs in this age population. Among the
age groups studied, elderly patients were more
likely to be admitted as IP (2.9%) or transferred
to a short-term hospital (2.1%). These findings
are consistent with other analyses of eye trauma
hospitalizations, which report an increasing
number of eye trauma cases in patients C 65
years due to falls [29, 36] and an increased
likelihood for elderly patients to be admitted for
eye-related trauma [37]. Interestingly, in 2021
Usmani et al. reported that the overall

incidence of elderly ED fall-related eye trauma
increased between 2006 to 2014, with a decline
seen in 2015 [37]. Of all the eye trauma reported
in this study, ELs were the second leading type
of eye trauma [37]. Another analysis of eye-re-
lated ED visits in the US from 2006 to 2011
reported ocular trauma in patients C 70 years
had a 5.15 times higher odds of being admitted
for in-patient care compared to younger
patients in the study [3]. Increases in fall-related
hospitalizations in the US have been observed
as early as 2001, with a study reporting a[50%
increase in fall-related hospitalizations in
patients C 65 years from 2001 to 2008 [38].
These alarming rates highlight the need for
focused interventions and policies to reduce
preventable falls in the elderly as the US popu-
lation continues to age.

In conclusion, we present the epidemiology
and cost of ELs in the US between 2006 and
2014. Strengths of our analysis include the focus
on primary ELs using a representative sample of
the US. Limitations of our study include the use
of a national database, which may contain
errors in data entry and diagnosis of primary
and/or secondary ELs and does not allow for
long-term outcome analysis. Additionally, with
use of the NEDS database, we were not able to
capture the ELs that present to private practice
or other settings outside of the ED. Our study
period from 2006 to 2014 was selected to
allow the ability to sub-categorize eyelid lacer-
ations. With the ICD-10 revision, it is no longer
possible to obtain specificity of coding for eyelid
lacerations from a national database such as
NEDS. However, detailed information of eyelid
lacerations can still be obtained, on a smaller
scale, from institutional chart reviews. Our
observation of a decreased incidence of ELs is
reflective of the successful US government
policies put in place to reduce the incidence of
preventable traumatic eye injuries.

Looking forward, a continued decline in EL
incidence, beyond our study period, may have
an impact on the management of such injuries.
This stresses the importance of maintaining
funding and the education and training of ED
staff on the management of ELs. We observe an
increase in the inflation-adjusted ED and IP
costs for the ELs that were reported in NEDS
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over our study period. Reporting cost-related
data from NEDS leaves out the costs associated
with the out-patient management of ELs.
Referrals to outpatient clinics for the manage-
ment of less severe ELs, upon arrival to the ED,
can be a potential way to decrease the total US
ED costs.

CONCLUSION

The incidence of ELs in the US declined from
2006 to 2014, while the inflation-adjusted costs
associated with this injury have increased.
Object- and fall-related injuries represent the
top MOI for ELs, notably in the children and
elderly populations. US policies focusing on
safety, in these two specific age groups, can
reduce the incidence of preventable eye
injuries.
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