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Abstract

Objective: To describe the demo-
graphics and outcomes of sports-
related ocular injuries in an Australian
tertiary eye hospital setting.

Methods: Retrospective descriptive
study from the Royal Victorian Eye
and Ear Hospital from 2015 to
2020. Patient demographics, diagno-
sis and injury causation were
recorded from baseline and follow-
up. Outcomes included visual acuity
(VA), intraocular pressure (IOP),
ocular injury diagnosis, investiga-
tions and management performed.
Results: A total of 1793 individuals
(mean  age  28.67 + 15.65 years;
80.42% males and 19.58% females)
presented with sports-related ocular
trauma. The top three injury-causing
sports were soccer (n = 327, 18.24%),
Australian  rules football (AFL)
(m =306, 17.07%) and basketball
(n =215, 11.99%). The top injury
mechanisms were projectile (7 = 976,
54.43%) and incidental body contact
(n =506, 28.22%). The most frequent
diagnosis was traumatic hyphaema
(n = 725). Best documented VA was
>6/12 at baseline in 84.8% and at
follow-up in 95.0% of cases.

The greatest risk of globe rupture/
penetration was associated with mar-
tial arts (odds ratio [OR] 16.22);
orbital blow-out fracture with skiing
(OR 14.42); and hyphaema with
squash (OR 4.18): P <0.05 for all.
Topical steroids were the most com-
mon treatment (7 = 693, 38.7%).
Computed tomography orbits/facial
bones were the most common investi-
gation (n = 184, 10.3%). The mean
IOP was 16.1 mmHg; 103 (5.7%)
cases required topical anti-ocular
hypertensives. Twenty-six individuals
(1.45%) required surgery with AFL
contributing the most surgical cases
(n=35,19.23%).

Conclusion: The top three ocular
injury causing sports were soccer, AFL
and basketball. The most frequent
injury was traumatic hyphaema. Pro-
jectiles posed the greatest risk.
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Introduction

Sport-related injuries contribute a
large number of healthcare presenta-
tions each year." Although musculo-
skeletal injuries are a common

Correspondence: Dr Rahul Chakrabarti, Department of Ophthalmology, The Royal
Victorian Eye and Ear Hospital, 32 Gisborne Street, East Melbourne, VIC 3002,
Australia. Email: rahul.chakrabarti@eyeandear.org.au

Gizem Ashraf, BMedSc, MD, MPhil, Hospital Medical Officer; Janan Arslan, MSc,
MBiostat, PhD, Post-doctoral Fellow; Carmel Crock, BM, Emergency Physician,
Director of Emergency, Associate Professor; Rahul Chakrabarti, MD, FRANZCO,
Consultant Ophthalmologist, Director of Training.

This is an open access article under the terms of the Creative Commons Attribution-
NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial

purposes.

Accepted 28 March 2022

Key findings

e The most frequent sports asso-
ciated with ocular trauma over
a S-year period in a tertiary eye
hospital in Melbourne were
soccer, Australian rules foot-
ball, and basketball. With the
most common injuries
sustained to the eye in sports-
related trauma are traumatic
hyphaema and uveitis, com-
motio retinae, and superficial
injury to the cornea and con-
junctiva. Projectile was the
most common causative mech-
anism contributing to 54.43%
of injuries.

® Mean patient age was 28.67
years and there was a down-
ward trend in number of cases
in each age group above the age
of 30. The percentage of paedi-
atric patients was 30.56%. The
study identified that paediatric
age patients were more likely to
have retinal tears.

e The study observed that only
1.45% of patients require sur-
gical management to the eye.
However, a large number of
patients required anti-ocular
hypertensive, anti-inflammatory
and cycloplegic drops to treat
the immediate consequences of
blunt trauma. This suggests
that while majority of patients
had excellent VA upon presen-
tation, this does not necessarily
exclude the potential for signifi-
cant ocular injuries and the
imperative upon timely review.
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Figure 1. Rates of injury by age.

presentation of these injuries, studies
have also explored the incidence of
sport-related ocular trauma.>* Ocu-
lar injuries are an important cause of
visual morbidity and loss of quality
of life.* The Australian Institute of
Health and Welfare reported that
among 52 000 admissions of eye inju-
ries to hospitals, sports-related eye
injuries accounted for 3886 presenta-
tions (7.5%).”> This compares to 3.3%
of all ocular trauma presenting to the
ED in the United States,® and 12.5%
of all ocular trauma requiring inpatient
care in Scotland.” Sports-related ocular
trauma has shown a predilection for
young people, particularly those aged
25-44 years, with a strong prevalence
among males.

Sports-related ocular injuries have
generated considerable interest and
research. Although key papers were
published many years ago, as rules and
regulations in sport are frequently
updated, it is important for recommen-
dations to be guided by up-to-date
evidence.”'* Although there are more
recent papers, some of these have only
focused on single sports rather than
providing a broader overview of ocular
injuries in sport.'™'* Of the articles
that have investigated multiple sports,
some of these papers generated data
from statistical coding databases as
opposed to individually assessing case
presentations thereby being unable
to provide descriptive information
regarding characteristics and impact
of the injury.>'* Furthermore, not all
studies assessed long-term follow-up
of these injuries.”'*'® Therefore,
there is a paucity of understanding of

the nature and severity of specific ocu-
lar injuries, complications, treatments
and follow-up outcomes. This retro-
spective descriptive study sought to
characterise the nature, mechanisms,
severity, complications and visual out-
comes associated with sports-related
eye injuries in a tertiary eye hospital
across a 5-year period.

Methods

Patients presenting to or referred
with sports-related ocular injuries to
The Royal Victorian Eye and Ear
Hospital (RVEEH) ED, East Mel-
bourne, Victoria, Australia, were rec-
ruited based upon search terms
identified from medical record coding
(Appendix S1). The RVEEH is the
largest tertiary eye care hospital in
Australia with over 40 000 presenta-
tions to the ED annually."” To be
consistent with the published litera-
ture, ocular trauma was defined as a
‘diagnosis of either blow-out fracture
of the orbit, open wounds of the ocu-
lar adnexa or eye, superficial injury
or contusion to the eye and/or
adnexa, foreign body either intraocu-
lar or external to the eye, or injury to
the optic nerve or cranial nerves’
where the primary mechanism was in
the context of sports-related trauma.’
Terminology used for analysis was
based upon the Birmingham Eye
Trauma Terminology classification.'®
The search was performed for a
5-year period between 1 June 2015
and 31 May 2020. Inclusion criteria
encompassed ocular injury related to
sport and that this was the first

presentation for that injury. Vari-
ables were extracted from patient
records and included baseline as well
as most recent follow-up data.

The present study was approved
by the Human Research Ethics Com-
mittee of the RVEEH (Approval
number: 09/886H/14) and all patient
information was de-identified. The
study was conducted in accordance
with the International Conference on
Harmonization Guidelines for Good
Clinical Practice and tenets of the
Declaration of Helsinki.

Data examined included patient
demographics (age, sex), injury mecha-
nism (sport, mechanism, bilateral or
unilateral involvement), injury charac-
teristics (visual acuity [VA], intraocular
pressure [IOP], diagnosis), investiga-
tions (orbital imaging) and medical
and surgical management performed.
VA was recorded in both the affected
and unaffected eye at initial presenta-
tion and the latest follow-up appoint-
ment. Best corrected VA was measured
either with glasses or pinhole. Both
unaided and best corrected VA were
documented where possible. The better
of these two values was recorded as
best documented VA.

Statistical analyses were conducted
using  Stata/IC  16.0  software
(StataCorp, College Station, TX,
USA). Descriptive statistics included
measurements such as means with
standard deviations (SD), frequencies,
percentages and distributions plotted
using bar graphs. Multivariate logistic
regression was used to analyse the
sports and activities which had an
increased risk of leading to an ocular
injury that warrants a visit to the ED.
Australian rules football (AFL) was
used as the base reference. Statistical
significance threshold was P < 0.05.

Results

The search yielded 3287 presentations,
of which 1494 were excluded as they
did not meet inclusion criteria. Thus,
1793 cases were included for analysis.
Of these, 878 (48.97%) cases were
followed up at the RVEEH. Given that
data from the latest follow-up appoint-
ment was included, this meant follow-
up period differed for each case based
on individual injury and severity.
Median follow-up period was 24 days
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Figure 2. Classification of injuries by causative sport.

TABLE 1. Classification of injuries by causative mechanism
Mechanism of injury Frequency Percentage (%) of total cases
Projectile 976 54.43
Incidental body contact 506 28.22
Sporting equipment 104 5.80
Foreign body 78 4.35
Unspecified 71 3.96
Natural element 33 1.84
Fall 14 0.78
Other 7 0.40
Protective clothing 4 0.22
Total 1793 100.00

(interquartile range 43 days). These
1793 patient presentations accounted
approximately 0.86%
208 000 patients presenting to the
RVEEH ED during the study period.

for

The majority of patients were male
with 1442 (80.42%) cases.

of all Mean patient age was
28.67 £ 15.65 years (95% confidence
interval 27.95-29.40). Age-specific

rates of injury are shown in Figure 1.
More than half of the patients
(59.56%) were below the age of
30, with the most common age groups
being 20-29 (27.11%), 10-19
(26.99%) and 30-39 (19.19%),
respectively. Above the age of 30, there
was a downward trend in number of
cases in each age group. Winter was
the most common season for injuries
with 516 (28.78%) cases followed by
spring, autumn and summer with
473 (26.38%), 440 (24.54%) and
364 (20.30%) cases, respectively.

The majority of injuries were unilat-
eral with 1779 (99.22%) cases and
14 (0.78%) cases with bilateral injury.
Of the unilateral cases, the distribution
between left and right eye was almost
symmetrical at 857 (48.17%) cases
and 922 (51.83%) cases, respectively.

Soccer was the leading sport to cause
injuries with 327 (18.24%) cases,
followed by AFL with 306 (17.07%),
basketball with 215 (11.99%), tennis
with 157 (8.76%) and cricket with
149 (8.31%) cases, respectively. All
sports causing ocular injury are classi-
fied in Figure 2. A detailed breakdown
of which sports is included in groups
such as ‘water sports’ and ‘unspecified’
can be found in Appendix S1.

There were 548 paediatric patients
(ages 0-18 years), contributing to
30.56% of the entire patient cohort.
The leading sports to cause injury
for paediatric patients were also soc-
cer, AFL and basketball.

As shown in Table 1, the most com-
mon mechanism of injury was projec-
tile with 976 (54.43%) cases, followed
by incidental body contact with
506 (28.22%) cases and sporting
equipment with 104 (5.80%) cases.

In relation to VA, data for the
14 cases where injury occurred to
both eyes were analysed separately.
For a further 25 cases, data were not
included as VA was unavailable, in
most cases because the patient did
not wait for completion of their
vision assessment.

Best corrected VA in the affected
eye at initial presentation was docu-
mented in only 793 (45.21%) cases.
Of the remaining 961 (54.79%)
cases, 899 (93.55%) had unaided
VA greater than 20/40, which might
explain why further efforts to docu-
ment subjective best corrected VA in

© 2022 The Authors. Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College

for Emergency Medicine.



SPORTS-RELATED EYE TRAUMA STUDY

797

TABLE 2. Type of injury requiring surgery

Percentage (%) of injuries

Injury Frequency requiring surgery
Globe rupture/penetration 10 25.64
Eyelid laceration 6 15.38
Traumatic hyphaemia 4 10.26
Retinal detachment 4 10.26
Facial (non-eyelid) laceration 4 10.26
Commotio retinae 3 7.70
Conjunctival laceration 2 5.13
Orbital blow out fracture 2 5.13
Subconjunctival haemorrhage 1 2.56
Traumatic mydriasis 1 2.56
Ptosis 1 2.56
Neuro-ophthalmology 1 2.56
Total 39 100.00

The 10 sports associated with globe rupture included two cases of golf, two

cases of football and one case each of badminton, hockey, crick, tennis, martial

arts and an unspecified case.

an emergency setting was not per-
formed. Only 62 (6.45%) cases had
VA less than 20/40 and no corrected
VA recorded.

VA at latest follow-up appointment
was recorded in 836 (46.63%) cases.
In total, 558 (67.88%) cases had only
unaided VA without best corrected
VA documented. Of these, 534
(95.70%) cases had a VA greater
than or equal to 20/40, which might
explain why the clinician did not also
record best corrected vision. For the
remainder of cases where VA at latest
follow up was not recorded, 722
(40.27%) cases had no follow-up
appointment scheduled, either
because this was deemed unnecessary
or follow up was arranged at a differ-
ent setting. A total of 193 (10.76%)
patients did not attend the scheduled
appointment and 42 (2.34%) cases
had no recorded VA, mostly because
the appointment was conducted via
telehealth where VA assessment was
not possible.

The injuries were categorised by
their diagnosis based on anatomical
region, as shown in Figure 3, which
is similar to the Birmingham Eye
Trauma Terminology (BETT)

system.'® Hyphaema and traumatic
uveitis were grouped together as they
are often concomitantly present in
trauma. The most common pathol-
ogy observed was hyphaema and
traumatic uveitis with 725 cases,
followed by commotio retinae with
519 cases, corneal injuries (including
abrasion, erosion, laceration, dry
eye, blepharitis and microbial kerati-
tis) with 351 cases and conjunctival
injuries (including laceration, con-
junctivitis  and  subconjunctival
haemorrhage) with 224 cases.

The most common investigation
was computed tomography orbits
and facial bones with 184 (10.26%)
cases followed by ophthalmic ultra-
sound (B scan) with 52 (2.90%)
cases. The most common non-
surgical management was steroids
with 693 (38.65%) cases and
cycloplegics with 585 (32.63%)
cases, respectively.

The mean IOP in the injured eye at
presentation was 16.05 mmHg with
an SD of 7.1 mmHg. One hundred
and three (5.74%) cases required anti-
ocular hypertensive medications. The
mean [OP for these cases at initial pre-
sentation was 33.47 mmHg and

16.70 mmHg at follow up. For these
cases requiring anti-ocular hyperten-
sive medications, the most common
causative sports were soccer, AFL and
badminton with 35, 17 and 15 cases,
respectively.

Of the presenting cases, 27 (1.51%)
were recorded as being admitted from
the ED to hospital and 26 (1.45%)
cases required surgery. The most com-
mon sport contributing to surgical
cases was AFL with five cases (19.23%
of cases requiring surgery) followed by
basketball, cricket, golf and hockey all
with three cases (11.54% of cases
requiring surgery) each. As can be seen
in Table 2, the most common injury
requiring surgery was globe rupture/
penetration with 10 cases.

Using AFL as the base reference,
multivariate logistic regression showed
that the greatest risks of globe rupture
or penetration were associated with
martial arts (odds ratio [OR] 16.22)
and golf (OR 10.43); orbital blow-out
fracture with skiing (OR 14.42),
hockey (OR 4.39) and cricket
(OR 2.35); hyphaema with squash
(OR 4.18), badminton (OR 3.87) and
cricket (OR 2.39); and retinal tears
with foam dart projectiles (OR 5.59).
All associations were statistically signif-
icant (P < 0.05).

Discussion

Soccer, AFL and basketball were the
leading sports to cause injuries,
accounting for a total of 47.30% of
all cases. It is important to keep in
mind the relative popularity of these
sports in the study’s catchment area.
For example, AFL is a popular sport
in the state of Victoria, likely con-
tributing to the higher number of
cases. This is in keeping with a simi-
lar study performed by Fong at the
RVEEH between 1989 and 1991
which also found that football was
the most common sport contributing
to ocular trauma.® It is interesting to
note that the leading sports to cause
ocular injury in our study did not
necessarily align with sports consid-
ered high-risk for eye trauma by
Sports Medicine Australia.'”  For
example, soccer and AFL were the
most common sports to cause inju-
ries in our study; however, they are
only considered moderate risk for
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Figure 3. Classification of injuries by diagnosis.

eye trauma by Sports Medicine
Australia. Our study is the most
comprehensive in Australia to date
in this field, and its findings may
inform updated guidelines and policy
changes.

The most common mechanisms of
injury for the top three sports were
projectile and incidental body con-
tact. The use of protective eyewear is
not mandatory in any of these
sports, likely contributing to the high
number of presentations. In contrast,
paintball, where the use of a face
shield in Australia is mandatory, was
the sport to cause the least number
of injuries, contributing only 0.33%
of cases. This is despite its classifica-
tion as high risk by Sports Medicine
Australia, highlighting the positive
impact of protective eyewear in
decreasing ocular injuries.

The data also provided an insight
into eye injuries among a broad age
including  paediatric
Mean patient age was
28.67 years and there was a down-
ward trend in number of cases in
each age group above the age of 30.
accounted for
30.56% of eye injuries in this study
cohort. The study identified that pae-
diatric age patients were more likely
to have retinal tears. These were
most associated with foam dart pro-
jectiles which are popular among

demographic
patients.

Paediatric patients

younger age groups.

The mean age of 37.15 years for
the cases requiring surgery further
emphasises the implication of long-
term impact of serious injuries on
the younger population, with the
potential risk for long-term vision-
Further

related quality of life.

research is required to explore the
nature of this observation and may
target interventions for particular
high-risk sports among children par-
ticipating at school and community
level sport. For example, Hoskin
et al. explored the incidence of pae-
diatric ocular trauma at a tertiary
hospital in Western Australia, with
both studies including soccer, AFL
and tennis in their top four causative
sports — perhaps highlighting a pat-
tern of higher risk sports requiring
targeted intervention.”’ Such infor-
mation would be useful for
healthcare providers and patients to
improve awareness of high-risk
sports, and sequelae that can lead to
long-term ocular morbidity. This
might also facilitate greater aware-
ness and education among sporting
organisations in considering preven-
tative strategies to reduce the burden
of ocular injury.

The main ocular injuries were
traumatic hyphaema and traumatic
anterior uveitis. This in keeping with
Fong’s study who reported that
hyphaema was the most common
injury occurring in 46% of all presen-
tations.® Projectile was the most com-
mon causative mechanism
contributing to 54.43% of injuries.
The greatest risk of hyphaema was
associated with squash (OR 4.18),
badminton (OR 3.87) and cricket
(OR 2.39), all of which involve a pro-
jectile. This finding is relevant given
that these injuries can lead to ocular
hypertension, and later, sequelae of
chronic uveitis such as cataract, glau-
coma and macular oedema. Although
our study follow-up period was not
long enough to capture the longer term
outcomes of the aforementioned com-
plications, the potential development
of these complications following an
acute injury should not be ignored.

The greatest risk of globe rupture
or penetration in the present study
was associated with martial arts
(OR 16.22) and golf (OR 10.43).
Globe rupture or penetration is one
of the most serious ophthalmic inju-
ries, highlighted by the fact that of
the 13 cases presenting with globe
rupture, 10 required surgery. When
planning targeted prevention strate-
gies for specific sports, it is not only
important to consider the relative
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frequency of injuries caused by a
specific sport, but also the relative
severity of injuries caused by that
sport. For example, AFL was the
sport to contribute one of the highest
numbers of injuries, as well contrib-
uting the most surgical cases, there-
fore highlighting the potential
substantial impact of introducing
interventions such as mandatory
protective eyewear in AFL.

The study observed that most
patients required non-surgical manage-
ment. However, a large number of
patients required anti-ocular hyperten-
sive, anti-inflammatory and cycloplegic
drops to treat the immediate conse-
quences of blunt trauma. Among
patients with acute ocular hypertension
the mean IOP was 33.47 mmHg. This
suggests although 85% of patients had
excellent VA upon presentation, this
does not necessarily exclude the poten-
tial for significant ocular injuries and
the imperative upon timely review.

The study was also important in
highlighting  challenges  improving
awareness of sports-related eye
trauma. The frequency of the use of
protective eyewear was not calculated
in study participants as this informa-
tion was not documented in the major-
ity of cases. This is an important
observation and warrants ongoing
education of clinical staff with regards
to careful documentation in eye
trauma. It has been repeatedly demon-
strated that appropriate protective eye-
wear can reduce the incidence of
sports-related ocular injury. The Hel-
sinki University Eye Hospital, Helsinki,
Finland, showed that hockey-related
eye injuries declined by 90.91% in the
under-14 age group as a direct conse-
quence of the introduction of manda-
tory protective eyewear.'® Dain
published a recent review outlining
sports eyewear protective standards,
explaining that Australia has several
sports eyewear protective standards —
including for squash, tennis and cricket
— but there is no general sports eyewear
protective standard.”' A further three
standards for protective eyewear in
specific sports are currently being
reviewed for adoption in Australia.
These focus on eye protection in three
areas including skiing and snowboard-
ing, racquetball and squash, and swim-
ming.”*> An Australian standard for

general sports eye protection was
approved in 2014 by Standards
Australia but has not yet been publi-
shed."” It would be useful for a future
study to investigate the impact of this
standard on the incidence of sport
related eye injuries to guide further
standards and legislation.

The strength of the study is that data
were obtained from the ED of the larg-
est tertiary eye referral centre in
Australia and New Zealand, the catch-
ment population of which is approxi-
mately 5 million. Fong also explored
sports-related injury at the RVEEH;
however, the present study assessed
presentations between 1989 and 1991.
Since this date, Hoskin et al. also publi-
shed a study that focused on a paediat-
ric population in Western Australia. It
is important to acknowledge that our
retrospective study does not encom-
pass all patients with sports-related eye
trauma in Victoria during the study
period. Although many patients with
ocular injuries are referred from other
hospitals to RVEEH, this is not always
feasible. Furthermore, patients with
more extensive life-threatening injuries
are typically more suited for manage-
ment at other general metropolitan
hospitals with medical infrastructure
beyond that of a dedicated eye hospi-
tal. Second, follow-up data were only
included for patients with follow up at
RVEEH. Therefore, the study did not
include follow-up data for patients
who were examined in other local or
private healthcare settings. Further-
more, as this was a retrospective study
with study follow-up period was based
on latest follow-up data available, for
some cases which presented more
recently, latest follow-up appointment
available was not reflective of the final
follow-up appointment for the patient.

Further research is required to
expand on the present study and fur-
ther explore the prevalence and
impact of sports-related ocular inju-
ries. In particular, a subsequent
study examining longitudinal follow-
up data would provide information
on long-term ophthalmic complica-
tions. Furthermore, a multi-centre
dataset would provide a more com-
plete perspective of eye trauma pre-
sentations nation-wide. Given the
prevalence of sporting activities in
younger age groups, a separate

paediatric eye trauma study would
also be valuable. Most importantly,
the result of all further studies
should be aimed at advocating for
increased protective eyewear, espe-
cially at school and community level
sports.

Conclusion

Ocular injuries and their sequelae
can predispose patients to long-term
physical, psychosocial and health-
economic impacts. The present study
captured the demographic, nature
and extent of ocular injuries, treat-
ment and short-term follow up out-
comes of sports-related eye trauma.
In addition, it offers insight into
understanding the sports and mecha-
nisms associated with severe eye
injuries.

Sports-related trauma disproportion-
ately impacts younger individuals. The
most common sports linked to ocular
injury are popular sports that individ-
uals participate in at recreational, ama-
teur and professional levels. The most
common mechanisms of injury are
projectile and incidental physical con-
tact. Although the majority of injuries
result in blunt trauma with overall
good visual outcomes, there are still a
number of patients with blunt trauma
that have intraocular sequelae, which
require follow up and management.

The reduction of ocular injury
requires a coordinated effort from
the community including public
health professionals, policy makers
and role model athletes to encourage
a safer sporting culture. Although
elimination of hazards remains the
most effective way to prevent inju-
ries, for example prohibiting the use
of hockey sticks above shoulder-
height, it is also important to educate
children regarding hazard awareness
and safe play, as well as encouraging
the use of standardised protective
eyewear.”’ Not only is further
research required to identify areas
for intervention, but health profes-
sionals treating sports-related ocular
injuries should also be encouraged to
document whether there was use of
protective eyewear so that we are
able to examine the impact of the
changes we make.
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