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Abstract

Purpose To detail the methodology for a novel ocular trauma registry and utilize the registry to determine the demographics,
nature of injury, and associations of severe visual loss for open globe injuries (OGI).

Methods Thirteen hospitals in 7 countries used International Globe and Adnexal Trauma Epidemiology Study (IGATES)
platform. Patients presenting between April 2009 and 2020 with OGI (with or without) adnexal involvement or intraocular
foreign body (IOFB) were included.

Results Analyses of presenting and final VA, using “severe vision loss” (VA <6/60) and “no severe loss” (VA > 6/60), were
performed. Four hundred fifty-four (64%) patients had VA < 6/60 at presentation and 327 (44.8%) at final follow-up, with a
highly significant association between presenting and final VA (p <0.0001). From the cohort of 746 patients, 37 were missing
VA at presentation and 16 at follow-up and complete clinical data was available for 354 patients. The male to female ratio is 6:1,
and mean age 36.0+20.0 years old. Relative afferent pupillary defect (RAPD), zone III injury, IOFB, and eyelid injury at
presentation were recorded in 50 (6.7%), 55 (7.8%), 97 (13%), and 87 (11.7%) patients, respectively, and were significantly
associated with VA < 6/60 at follow-up. Older age, > 61 years, was associated with 3.39 times (95% CI: 1.95-5.89) higher risk
than <20-year-old patients (p < 0.0001) and males 0.424 times (95% CI: 0.27-0.70) lower risk than female (p = 0.0001) of severe
vision loss (SVL).

Conclusion In OGlIs from 13 hospitals, female gender, older age, zone I1I injury, eyelid injury, and IOFB were associated with
higher risk of visual outcome of SVL.
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Key messages

® What is known:

® Open globe injuries are significant contributor to vision loss and data related to their epidemiology is key for

development of successful prevention strategies.

® New information:

o IGATES is a secure on-line registry available internationally for the collection of ocular trauma data.

e Female gender, older age, Zone III, eyelid and IOFB injuries are associated with increased risk of severe vision loss.

Introduction

Ocular trauma is the leading cause of monocular vision loss
internationally [1]; there are significant social and economic
costs associated with its treatment and management [2, 3]. The
lifetime prevalence of ocular injuries has been estimated at
between 13.5 [4] and 22.5 in 1000 people [5]. Risk factors
for ocular trauma include younger age [6, 7], male gender [8,
9], and lower socioeconomic status [10]. Improved knowl-
edge of the circumstances of an injury and factors associated
with poor clinical outcomes may aid the development of
evidence-based prevention programs. Clinical prognostication
for patients presenting with ocular trauma is needed for appro-
priate counseling and management. The Ocular Trauma Score
(OTY) is currently accepted as the gold standard for prognos-
tication [11] but has a number of limitations [12]. Limitations
include the lack of information about the mechanism of injury
and adnexal injuries, limited application in children due to
difficulties in VA assessment in these patients, and limited
clinical relevance of the zone demarcations [12] [13].

In order to address these uncertainties, robust data are re-
quired. Randomized control trials (RCTs) in the context of
OGls are difficult because of the variety of injuries, making
multicenter cohort studies essential. The lack of data on ocular
trauma is compounded by the absence of standardized method
for data collection. The United States Eye Injury Registry
(USEIR) was the most successful registry for classification, anal-
ysis, and reporting of ocular trauma [14], including in Cuba [15]
and Hungary [9], but no internationally accepted format exists.

Registries have been effectively used in ophthalmology
[16] [17]. Injury registries with clearly defined data points,
determined by expert consensus, may be a useful tool to gath-
er robust data from a geographically dispersed patient base
[14]. To our knowledge, the International Globe and
Adnexal Trauma Epidemiology Study (IGATES) is the first
multinational collaboration to establish a digital registry for
ocular trauma. IGATES was created to collect robust data to
refine a methodology for prognostication and management of
ocular trauma.

@ Springer

The objective of this study was to report on the demo-
graphics and nature of the injury and associations of SVL
for OGI’s utilizing data from IGATES.

Materials and methods
Development of software platform

A data entry platform was developed to address the broad
ranging epidemiology and treatment of ophthalmic (ocular
and adnexal) trauma. A steering committee, which was com-
posed of A.H, R.A, F.W, and A.R, performed a review of the
literature to identify data collection points and a process for
data. The steering committee, through consensus, then deter-
mined the target population and methods for data collection,
quality review, and management of data.

The secure encrypted platform was programmed in
Amazon Cognito® by D.V.G and R.A and maintained and
stored on servers at the Tan Tock Seng Hospital, Singapore.
The full data set was only available to the core research team,
through a unique individual password. Only de-identified data
was able to be downloaded or stored outside the server. This
web-based form provided users with explanations and
prompts to facilitate accurate data collection [18].

Data collection

The sites contributing data were invited to participate through
the ocular trauma societies in India (Indian Society of Ocular
Trauma) and the Asia Pacific (Asia Pacific Ophthalmic
Trauma Society). These societies contacted sites from their
respective memberships, including India, Nepal, Singapore,
Australia, Argentina, Malaysia, China, Indonesia, and the
United States of America (USA). Participation was voluntary.
Data was collected from a total of 13 hospitals in India,
Singapore, Australia, Pakistan, Malaysia and the USA (see
IGATES 1 Study Group). The collaborating principal investi-
gator (PI) from each center provided copies of Institutional
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Review Board (IRB)/Ethics committee approval. Patient iden-
tifiers were omitted to ensure patient anonymity and privacy.

Measures to maintain data quality included clear inclusion
and exclusion criteria, as noted in the definitions below. Any
patients with missing data were identified during initial quality
assessment, and collaborators were prompted to cross-check
data with clinical notes.

The retrospective cohort study of patients with ocular trau-
ma was conducted using IGATES registry. The study was
conducted in accordance with the tenets of the Declaration
of Helsinki. Data included from Australia were approved for
inclusion by the South Eastern Sydney Local District Human
Research Ethics Committee (HREC reference number 15/
018).

The details of the participating centers and parameters col-
lected are provided in Appendices 1 and 2, respectively.

Definitions

The diagnostic criteria for ocular trauma used in IGATES
were patients with an OGI with or without adnexal involve-
ment. Patients who satisfied the diagnostic criteria and re-
ceived treatment as an inpatient or outpatient with the follow-
ing inclusion criteria between April 2009 and April 2020 were
included in the study: (1) availability of patient’s medical re-
cords with details of their ophthalmic examination and (2)
completion of a minimum of 2 weeks’ follow-up. Patients
who presented for a pre-existing injury were excluded.

Follow-up data were recorded when the patient re-attended,
with periods for follow-up recorded at 1-2 weeks, 1 month,
3 months, and 6 months, 12 months, 18 months, and
24 months, when available. The final outcome was deter-
mined at the last visit, and the reason for conclusion of treat-
ment or non-attendance noted if known OGIs were classified
according to Birmingham Eye Trauma Terminology System
(BETTS) [19]. Zone III injuries were defined as those injuries
extending into the sclera more than 5 mm posterior to the
corneoscleral limbus. For bilateral eye injuries, data were col-
lected for the more severely injured eye, defined as the eye
with the worse visual acuity (VA) at presentation, and if both
eyes had a similar vision, the right eye was chosen.

VA was recorded at each visit and last follow-up appoint-
ment. Time to presentation was defined as the time from in-
jury occurring to first presentation. Visual impairment was
classified using the World Health Organization criteria, [20]
as mild visual loss (< 6/12), moderate (< 6/18), severe (<
6/60), or blindness (<3/60). Delay in presentation was defined
as presentation >24 h following injury.

The steering committee reviewed and agreed on the cate-
gories for the location, object, and mechanism of injury,
which were grouped further for analysis. Locations of injury
were classified as “industrial” for all work-related injuries;
“home” for when an injury occurred at their place of

residence; “outdoors/public area” which included schools,
sporting venues, and shops; and “other” for remaining loca-
tions. Objects associated with the trauma were classified as
sharp metal, blunt (which included metal, rubber, stone, and
wood), other sharps (which included wood and tiles or ce-
ramics), and other (which included consumer products such
as pens and knives, falls onto surfaces, body parts, thermal
including fireworks, animal related, glass, chemicals, and
sports equipment). The mechanism of injury was classified
as blunt, road traffic accident, projectile, unknown, or other
(which included fall, burn thermal, burn chemical, assault,
animal/insect bight or sting).

Statistical analysis

Descriptive statistics, frequencies and percentage, mean, and
standard deviation were reported for “all included patients.”
For the cohort with complete data, “complete data patients”,
the effect of demographic and clinical variables, mechanism
of injury, and object causing injury were assessed on the di-
chotomous visual status at presentation as well as following
treatment, using univariate analysis. Patient visual outcomes
were further stratified into a binomial outcome variable of
either “SVL” (VA <6/60) or “no SVL” (VA > 6/60) [20].
Variables with p < 0.20 were considered for multiple logistic
regression (MLR) analysis and removed in stepwise back-
wards elimination. Statistically significant variables from uni-
variate analysis were incorporated into the MLR model. The
outcome variables used were vision at presentation and final
VA. Model fit was evaluated with Hosmer-Lemeshow test
and area under curve (AUC) for MLR to ascertain the predic-
tive value of the model. All analyses were performed using
SPSS version 20.0 (IBM Corp, USA), and the statistical sig-
nificance was 5%.

Results
Demographic characteristics

Seven hundred forty-six patients (746 eyes) with OGIs from 7
countries were included (Fig. 1). The median age of included
patients was 35.9 +20.0 years with most patients in the 21- to
40-year-old age group (47.9%), and 640 (85.8%) males. The
majority of injuries were unilateral; with 414 (52.7%) left eye,
345 (44.0%) right eye, and 13 (1.7%) bilateral injuries.
Patient follow-up data was recorded at 1-2 weeks (287),
1 month (89), 3 months (93), and 6 months (146), 12 months
(74), 18 months (18), and 24 months (29) with average
follow-up period 4.67 months and a total of 89 patients
(11.9%) lost to follow-up. Complete data were available for
354 patients, and this group had a median age of 35.7+
20.1 years. Males 21- to 40 years old accounted for 56.1%
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Fig. 1 Patient distribution for
analysis

Total patients in the study: 850

A

Patients excluded due to none or
missing data on Type of injury: 104
All included patients: Number of
patients with open globe injury: 746

|

Patients excluded due to missing data on
visual acuity at presentation: 37

)

Unadjusted risk estimation for
‘blindness at presentation’ based on

l

Patients excluded due to missing data on
visual acuity at final follow up: 16

)

Unadjusted risk estimation for
‘blindness at final follow up’ based on

709 patients

730 patients

(183/326) and females younger than 40 years old 32.1%
(9/28, 32.1% each); this was significantly more than in the
other age groups (p =0.0381).

Patients <20 years old were highly represented in India
(41.1%, n=97/236) and Pakistan (49.1%, n=27/55) and
21- to 40-year-olds in Australia (37.4%, n="77/206),
Malaysia (80.0%, 24/30), and Singapore (74.4%, n= 152/
207). Patient demographics stratified by country are detailed
in Tables 1 and 2.

One hundred seventy-three (23.2%) patients had delayed
presentation with patients from Pakistan (50.9%) and India
(36.9%) representing the highest proportion.

Mechanism, location, and object of injury

A wide range of objects were associated with an OGI with
sharp metal (n =235); blunt metal (n = 76); sharp glass (n =
35); body part, e.g., finger (n =35); sharp wood (n = 32); and
blunt wood (n=27) the largest contributors. Other items re-
sponsible included stationeries—pens and pencils (n =11),
scissors (n =2), book (n =2), and eraser (n = 1)—and animals:
cow/bullock horns (n = 6), insects (n = 10), birds (n =4), dog
(n=1), and cat (n=1). Sports-related activities were respon-
sible for 38 OGIs with soccer, badminton, and cricket the most
common Sports.

Overall, the main mechanism of injury was via a projectile,
in 292 (39.14%), followed by blunt trauma (19.2%), road
traffic related (3.0%), and others (13.9%) (see Table 1).

The leading location where the injuries occurred was an
industrial setting in 41.4%, at home in 26.3%, or outdoor

@ Springer

)

Complete data cohort:
Adjusted risk estimation for ‘blindness at
final follow up’ considering patients with
complete data on demography and clinical

parameters: 354

setting in 19.7%, n=147/746. When examining object re-
sponsible by location, the largest contributors to industrial
injuries were sharp objects (51.7%) including those composed
of metal, plastic, tiles, and/or wood. While in the home, blunt
and sharp metal objects represented the largest contributors
(19% and 18%, respectively). Injuries in the home associated
with OGIs included falls, fireworks, body parts, glass, and
wood objects. Outdoor contributors to OGI were blunt
(13%) and sharp (14%) objects including wood, glass, and
stone, with cow horns and tails and fishing hooks and sinkers
also identified.

By geography, industrial injuries were responsible for the
largest proportion of injuries in Singapore (74.9%, n =155/
207) and home-related injuries the largest proportion in
India (41.1%, 97/236). Sharp metal objects were responsible
for the highest proportion of injuries in Australia (31.1%, n =
64/206), Malaysia (66.7%, n=20/30), Pakistan (56.4%, n=
31/55), and Singapore (42.5%, n = 88/207) (see Table 2).

Clinical features

VA at presentation was recorded in 709 patients, with the
majority of patients (64.0%) (n=454/709) being blind with
normal VA in 17.2% (n=122/709), mild (2.7%, n=19/709),
moderate (11.7%, n=283/709), or severe visual loss (4.4%,
n=31/709).

Patient follow-up data was recorded at 1-2 weeks (n =
287), 1 month (n =89), 3 months (# =93), and 6 months
(n =146), 12 months (n =74), 18 months (n =18), and
24 months (n =29). The average follow-up period was
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Table 1 Demographic and clinical profile of patients included in the Table 1 (continued)
study (n=746)

Variables Findings

Variables Findings

Moderate 83 (11.1)

Age (in years) [no. (%)] Severe 314.2)
<20 152 (20.4) Blindness 454 (60.9)
21-40 357 (47.9) Unknown 37 (5.0)
41-60 140 (18.8) Relative afferent pupillary defect (RAPD) [no. (%)]
>61 97 (13) No 370 (49.6)

Gender [no. (%)] Yes 50 (6.7)
Male 640 (85.8) Unable to asses 46 (6.2)
Female 106 (14.2) Unknown 280 (37.5)
Race [no. (%)] Zone III injury [no. (%)]

African/Black 4(0.5) No 447 (59.9)
Asian 528 (70.8) Yes 55(7.4)
European/White 6 (0.8) Unknown 244 (32.7)
Other/absent 10 (1.3) Intraocular foreign body (IOFB) [no. (%)]

Unknown 198 (26.5) Absent 424 (56.8)

Country/region [no. (%)] Present 97 (13.0)
Australia 206 (27.6) Unable to asses 14 (1.9)
India 236 (31.6) Unknown 211 (28.3)
Malaysia 30 (4.0) Eye lid injury [no. (%)]

Pakistan 55(74) Absent 449 (60.2)
Singapore 207 (27.8) Present 87 (11.7)
USA 12 (1.6) Unknown 210 (28.2)

Duration (hours from time of injury to time of presentation) [no. (%)] Visual acuity at final follow-up [no. (%)]
<24 517 (69.3) Normal 196 (26.3)
>24 173 (23.2) Mild 79 (10.6)
Unknown 56 (7.5) Moderate 96 (12.9)

Place/circumstances of injury [no. (%)] Severe 32 (4.3)
Home 196 (26.3) Blindness 327 (43.9)
Industrial 309 (41.4) Unknown 16 (2.2)
Outdoor/public area 147 (19.7)

Other 94 (12.6)

Object causing injury [no. (%)]

Blunt 76 (10.2) 4.7 months, and in total 89 patients (11.9%) were lost to fol-
Glass 7(09) low-up. VA at final follow-up was recorded in 730 patients.
Metal sharp 234314 The majority of the patients, 44.8% (n = 327/730), were blind,
Sharp (other than metal) 71(9:3) with normal VA in 26.8% (n=196/730), and mild (10.8%,
Wood 13 (1.7) n="79/730), moderate (13.2%, n = 96/730), and severe visual
Other 345 (46.3) loss (4.4%, n=32/730).

Mechanism of injury [no. (%)] The presence of RAPD, zone III injury, IOFB, and eyelid
Blunt 143 (19.2) injury were observed in 50 (6.7%), 55 (7.4%), 97 (13.0%),
Projectile 292 (39.1) and 87 (11.7%) of patients at presentation, respectively
Road traffic accidents 22 (3.0) (Table 1). The highest proportion of patients with zone III
Other 104 (13.9) injury, IOFB, and eyelid injury was found in India (13.3%,
Unknown 185 (24.8) 33.3%. 33.33%, respectively), and RAPD the highest in the

Visual acuity at presentation [no. (%)] USA (66.7%). Using Pearson’s chi-square test, females were
Normal 122 (16.4) significantly more likely to present with an RAPD than males
Mild 19 (2.6) (32.1%, 14.7%, p=0.0161).
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Table 2  Distribution of patients as per demography and clinical parameters (n = 746)

Variables Country/region

Australia (n=206 India (n=236 Malaysia (n=30 Pakistan (n=55 Singapore (n=207 USA (n=12

patients) patients) patients) patients) patients) patients)
Age (in years) [no. (%)]
<20 21(10.2) 97 (41.1) 4(13.3) 27 (49.1) 2 (1.0) 1(8.3)
21-40 77 (37.4) 78 (33.1) 24 (80) 25 (45.5) 152 (73.4) 1(8.3)
41-60 56 (27.2) 44 (18.6) 2 (6.7) 3(5.5) 31 (15.0) 4(333)
>61 52(25.2) 17 (7.2) 0 (0) 0(0) 22 (10.6) 6 (50)
Mean age—years (range) 46.0 (19.0-90) 26.1(0.1-76) 37.2 (5-80) 20.4 (1-60) 37.4 (19-90) 60.8 (14-93)
Gender [no. (%)]
Male 163 (79.1) 198 (83.9) 28 (93.3) 39 (70.9) 204 (98.6) 8 (66.7)
Female 43 (20.9) 38 (16.1) 2 (6.7) 16 (29.1) 3(1.5) 4(33.3)
Duration (hours from time of injury to time of presentation) [no. (%)]
<24 171 (83.0) 144 (61.0) 0 (0) 25 (45.5) 172 (83.1) 5(41.7)
>24 29 (14.1) 87 (36.9) 0 (0) 28 (50.9) 28 (13.5) 1(8.3)
Unknown 6(2.9) 5@2.1) 30 (100) 2 (3.6) 7(3.4) 6 (50)
Place/circumstances of injury [no. (%)]
Home 47 (22.8) 97 (41.1) 4(133) 21(38.2) 27 (13.0) 0 (0)
Industrial 66 (32.0) 54 (22.9) 18 (60) 15 (27.3) 155 (74.9) 1(8.3)
Outdoor/public area 65 (31.6) 56 (23.7) 2(6.7) 7 (12.7) 15(7.3) 2 (16.7)
Other 28 (13.6) 29 (12.3) 6 (20) 12 (21.8) 10 (4.8) 9 (75
Object causing injury [no. (%)]
Blunt 18 (8.7) 27(11.4) 2 (6.7) 3(5.5) 26 (12.6) 0 (0)
Glass 0 (0) 7(3.0) 0 (0) 0 (0) 0 (0) 0 (0)
Metal sharp 64 (31.1) 31(13.1) 20 (66.7) 31 (56.4) 88 (42.5) 0 (0)
Sharp (other than metal) 15(7.3) 29 (12.3) 0(0) 9 (16.36) 18 (8.7) 0(0)
Wood 0 (0) 13 (5.5) 0 (0) 0 (0) 0 (0) 0 (0)
Other 109 (52.9) 129 (54.7) 8(26.7) 12 (21.8) 75 (36.2) 12 (100)
Mechanism of injury [no. (%)]
Blunt 524) 96 (40.7) 2(6.7) 2 (3.6) 36 (17.4) 2 (16.7)
Projectile 47 (22.8) 65 (27.5) 20 (66.7) 20 (36.4) 138 (66.7) 2 (16.7)
Road traffic accidents 1(0.5) 7 (3.0) 6 (20) 1(1.8) 6(2.9) 1(8.3)
Other 30 (14.6) 40 (17.0) 2 (6.7) 1(1.8) 27 (13.0) 4(33.3)
Unknown 123 (59.7) 28 (11.9) 0 (0) 31 (56.4) 0 (0) 325
Visual acuity at presentation [no. (%)]
Normal 37 (18.0) 22 (9.32) 2 (6.7) 3(5.5) 57 (27.5) 1(8.33)
Mild 8(3.9) 4(1.7) 0 (0) 0 (0) 7(3.4) 0 (0)
Moderate 22 (10.7) 25 (10.6) 0 (0) 1(1.8) 35(16.9) 0 (0)
Severe 524 12 (5.1) 4(133) 1(1.8) 8(3.9) 1(8.3)
Blindness 112 (54.4) 165 (69.9) 24 (80) 47 (85.5) 96 (46.4) 10 (83.3)
Unknown 22 (10.7) 8(3.4) 0 (0) 3(5.5) 4(1.9) 0 (0)
Relative afferent pupillary defect (RAPD) [no. (%)]
No 0 (0) 186 (78.8) 22 (73.3) 50.1) 154 (74.4) 3(25)
Yes 0 (0) 7(3.0) 8(26.7) 3(5.5) 24 (11.6) 8 (66.7)
Unable to assess 2 (1.0) 26 (11.0) 0 (0) 8 (14.6) 9(4.4) 1(8.3)
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Table 2 (continued)
Variables Country/region
Australia India Malaysia Pakistan Singapore USA (n=12
(n=206 (n=236 (n=30 (n=55 (n=207 patients)
patients) patients) patients) patients) patients)
Unknown 204 (99.0) 17 (7.2) 0 (0) 39 (70.9) 20 (9.7) 0 (0)
Zone III injury [no. (%)]
No 0 (0) 184 (78.0) 26 (86.67) 45 (81.82) 185 (89.37) 7 (58.33)
Yes 0 (0) 27 (11.4) 4(13.33) 6 (10.91) 17 (8.21) 1(8.33)
Unknown 206 (100) 25 (10.6) 0 (0) 4(7.27) 5(2.42) 4(33.33)
Intraocular foreign body (IOFB) [no. (%)]
Absent 0(0) 206 (87.3) 20 (66.7) 39 (70.9) 151 (73.0) 8 (66.7)
Present 1 (0.49) 24 (10.2) 10 (33.3) 16 (29.1) 46 (22.2) 0 (0)
Unable to asses 0 (0) 5@2.1) 0 (0) 0 (0) 7(3.4) 2 (16.7)
Unknown 205 (99.51) 1(0.4) 0 (0) 0 (0) 3(1.5) 2 (16.7)
Eye lid injury [no. (%)]
Absent 0 (0) 200 (84.8) 20 (66.7) 50 (90.9) 174 (84.0) 5(41.7)
Present 0 (0) 35(14.8) 10 (33.3) 4(7.3) 31 (15.0) 7 (58.3)
Unknown 206 (100) 1(0.4) 0 (0) 1(1.8) 2 (1.0) 0 (0)
Visual acuity at final stage [no. (%)]
Normal 27 (13.1) 66 (28.0) 10 (33.3) 6(10.9) 87 (42.0) 0 (0)
Mild 9(4.4) 32 (13.6) 2 (6.7) 0 (0) 34 (16.4) 2 (16.7)
Moderate 13 (6.3) 34 (14.4) 10 (33.3) 4(7.3) 33 (15.9) 2 (16.7)
Severe 12 (5.8) 11 (4.7) 0 (0) 2 (3.6) 6(2.9) 1(8.3)
Blindness 135 (65.5) 91 (38.6) 8(26.7) 41 (74.6) 45 (21.7) 7 (58.3)
Unknown 10 (4.9) 2(0.9) 0 (0) 2 (3.6) 2 (1.0) 0 (0)

Severe vision loss

Across the complete cohort, “all included patients,” the
proportion of patients with SVL at presentation was
64.0% (454/709) and 46.1% (327/709) at final follow-
up. For the cohort with VA data at presentation and final
follow-up, “complete data cohort,” a statistically signifi-
cant improvement in vision was observed (p value
<0.0001). Comparing presenting vision to final visual out-
comes for the complete data cohort, 127/354 (35.9%) pa-
tients had SVL at final follow-up (Table 3). However, at
final follow-up, 3 patients who had moderate vision loss
at presentation were blind and 2 patients with SVL at
presentation were blind. A delay in presentation was as-
sociated with a 1.60 times [95% CI: 1.09-2.34; p=0.02]
higher risk of SVL than those presenting within 24 h
(Table 4).

The risk of SVL at final follow-up was estimated for each
parameter through univariate analysis for the complete data
cohort (Table 5). The risk of SVL at final follow-up was found
to be significantly associated with age, gender, location of
injury and object of injury. Patients aged over 60 years were
at 3.39 times higher risk of blindness [95% CI: 1.953-5.887;
p<0.0001] compared to the teenage group. The risk associat-
ed with males was significantly lower at 0.42 [95% CI: 0.27—
0.66; p=0.0001] compared to females.

Industrial-related ocular trauma had a lower rate of
SVL than that of home related at final follow-up, OR
0.48 [95% CI: 0.328-0.687; p=0.0007]. The observation
was similar for sharp metallic objects. The presence of a
RAPD had significantly higher odds of SVL with OR of
7.49 [95% CI: 4.55-12.33; p<0.0001] as compared to the
absence of RAPD. Similarly, for zone III injury, the odds
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Table 3 Multivariable analysis of

risk of blindness at presentation
associated with different
parameters (n =709)

@ Springer

Variables

No. of cases blind/total

Crude
OR [95% C.I]; P value

Age (in years) (n=709 patients)
<20

21-40

41-60

>0l

Gender (n=709 patients)
Female
Male

Duration (hours from time of injury to time of presentation) (n=657 patients)

<24
>24

106/144 (73.6)
199/343 (58.0)
81/135 (60)
68/87 (78.2)

68/93 (73.1)
386/616 (62.7)

301/491 (61.3)
119/166 (71.7)

Place/circumstances of injury (n=709 patients)

Home

Industrial
Outdoor/public area
Other

Object causing injury (n=709 patients)

Blunt

Glass

Metal sharp

Sharp (other than metal)
Wood

Other

Mechanism of injury (n=548 patients)

Blunt

Projectile

Road traffic accidents
Other

Relative afferent pupillary defect (RAPD) (n=461 patients)
206/367 (56.13)

No

Yes/unable to assess

Zone III injury (n=490 patients)
No

Yes

132/183 (72.1)
151/297 (50.8)
99/142 (69.7)
72/87 (82.8)

53/75 (70.7)
3/7 (42.9)
125/226 (55.3)
42/66 (63.6)
8/13 (61.6)
223/322 (69.3)

97/141 (68.8)
155/281 (55.1)
21/22 (95.5)
76/104 (73.08)

84/94 (89.36)

277/435 (63.68)

44/55 (80)

Intraocular foreign body (IOFB) (n=>520 patients)

Absent
Present/unable to assess

Eye lid injury (n=521 patients)
Absent
Present

270/412 (65.5)
70/108 (64.8)

267/435 (61.4)
73/36 (34.9)

1.000

0.495 [0.323-0.760]; 0.0013
0.538 [0.324-0.892]; 0.0162
1.283 [0.684-2.407]; 0.4376

1.000
0.617 [0.379-1.004]; 0.0517

1.000
1.598 [1.089-2.345]; 0.0165

1.000
0.400 [0.269-0.593]; < 0.0001
0.890 [0.549-1.441]; 0.6343
1.855 [0.975-3.529]; 0.0599

1.000

0.311 [0.064-1.507]; 0.1471
0.514 [0.293-0.901]; 0.0202
0.726 [0.359-1.472]; 0.3750
0.664 [0.196-2.256]; 0.5119
0.935 [0.539-1.622]; 0.8109

1.000

0.558 [0.364-0.855]; 0.0074
9.526 [1.242-73.074]; 0.0301
1.231 [0.703-2.157]; 0.4673

1.000
6.565 [3.302-13.054]; < 0.0001

1.000
2282 [1.146-4.544]; 0.0189

1.000
0.969 [0.621-1.511]; 0.8887

1.000
3.533 [1.899-6.573]; < 0.0001

P values indicated in bold shows statistical significance
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Table 4 Multivariate analysis of
risk of blindness at final stage
(post-treatment) associated with
different parameters (n = 730)

Variables Visual acuity at final stage

No. of cases blind/total

OR [95% C.I]; P value

Age (in years) (n=730 patients)

<20 60/149 (40.3)
21-40 138/351 (39.3)
41-60 65/138 (47.1)
>61 64/92 (69.6)

Gender (n=730 patients)
Female 63/100 (63.0)
Male 264/630 (41.9)

Duration (hours from time of injury to time of presentation) (n=678 patients)

<24 233/507 (46.0)
>24 81/171 (47.4)

Place/Circumstances of injury (n=730 patients)

Home 101/191 (52.9)
Industrial 106/305 (34.8)
Outdoor/public area 72/144 (50)
Other 48/90 (53.3)

Object causing injury (n=730 patients)

Blunt 76 (57.9)
Glass 7(14.3)
Metal sharp 232 (40.5)
Sharp (other than metal) 67 (43.3)
Wood 13 (53.9)
Other 335 (45.4)

Mechanism of injury (n=557 patients)

Blunt 54/143 (37.8)
Projectile 86/288 (29.9)
Road traffic accidents 13/22 (59.1)

Other 63/104 (60.6)

Relative afferent pupillary defect (RAPD) (n=464 patients)

No 86/369 (23.3)
Yes/unable to assess 66/95 (69.5)

Zone 111 injury (n=497 patients)
No 139/442 (31.5)
Yes 36/55 (65.5)

Intraocular foreign body (IOFB) (n=529 patients)
Absent 142/419 (33.9)
Present/unable to assess 50/110 (45.5)

Eye lid injury (n=530 patients)
Absent 135/443 (30.5)
Present 55/87 (63.2)

1.000

0.961 [0.650-1.421]; 0.8422
1.321 [0.827-2.109]; 0.2438
3.390 [1.953-5.887]; < 0.0001

1.000
0.424 [0.274-0.655]; 0.0001

1.000
1.058 [0.748-1.498]; 0.7488

1.000

0.475 [0.328-0.687]; 0.0007
0.891 [0.578-1.374]; 0.6016
1.018 [0.616—-1.683]; 0.9433

1.000
0.121 [0.014-1.057]; 0.0561
0.495 [0.293-0.838]; 0.0088
0.555 [0.286-1.078]; 0.0822
0.848 [0.260-2.766]; 0.7852
0.604 [0.365-1.000]; 0.0498

1.000

0.702 [0.460-1.070]; 0.0998
2.381[0.954-5.942]; 0.0631
2.533 [1.508-4.254]; 0.0004

1.000
7.489 [4.547-12.334]; < 0.0001

1.000
4.130 [2.287-7.458]; < 0.0001

1.000
1.626 [1.061-2.490]; 0.0255

1.000
3.921 [2.425-6.340]; < 0.0001

P values indicated in bold shows statistical significance
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Table 5 Comparison of BCVA at presentation and final stage (n =354)
BCVA Final visual outcomes
Presenting vision | Normal | Mild (<6/12) | Moderate (<6/18) | Severe (<6/60) | Blindness (<3/60) Total
Normal 58 4 4 0 0 66
Mild (<6/12) 4 2 2 0 0 8
Moderate (<6/18) 24 14 6 0 3 47
Severe (<6/60) 10 1 0 1 2 14
Blindness (<3/60) 32 28 38 14 107 219
Total 128 49 50 15 112 354

P value <0.0001 (HS); obtained using marginal homogeneity test; S highly significant.

NB Shaded cells represent visual outcome worse than presenting vision.

were 4.13 times [95% CI: 2.29-7.46; p <0.0001] higher,
while those with IOFB had 1.63 times [95% CI: 0.06—
2.50; p =0.026] higher risk of SVL even after treatment.
Patients with eyelid injury had 3.92 [95% CI: 2.43-6.34;

p <0.0001] times higher risk of SVL.

The variables with significant relevance to SVL in uni-
variate analysis were entered in a MLR model to obtain
adjusted risk estimates using the 354 patients with com-
plete data (Table 6). Model fitness was evaluated using

Hosmer-Lemeshow test, which resulted in a p value of

Table 6 Adjusted risk of blindness associated with different parameters

Variables

At presentation

Adjusted OR [95% C.IJ; P value

At final stage
Adjusted OR [95% C.IJ; P value

Age (in years)
<20

21-40

41-60

>61

Gender
Female

Male

1.000

0.387 [0.204-0.734] 0.0036
0.311 [0.142-0.681] 0.0035
0.903 [0.274-2.974] 0.8663

1.000
0.536 [0.194-1.48] 0.2291

Duration (hours from time of injury to time of presentation)

<24
>24

Relative afferent pupillary defect (RAPD)

No
Yes/unable to assess

Zone III injury
No
Yes

Intraocular foreign body (IOFB)

Absent
Present/unable to assess

Eye lid injury
Absent
Present

1.000
1.823 [1.055-3.15] 0.0315

1.000
9.199 [3.105-27.25] 0.0001

1.000
1.543 [0.623-3.822] 0.3486

1.000
1.555[0.676-3.58] 0.2991

1.000

0.918 [0.461-1.829] 0.8087
1.124 [0.479-2.637] 0.7875
1.659 [0.543-5.067] 0.3744

1.000
0.334 [0.135-0.829] 0.0181

1.000
6.96 [3.332-14.538] <0.0001

1.000
2.25[0.959-5.278] 0.0622

1.000
1.375[0.705-2.682] 0.3495

1.000
3.614 [1.684-7.753] 0.001

P values indicated in bold shows statistical significance
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Fig. 2 a Receiver operating characteristics for BCVA parameter at presentation [NB (b) refers to the second figure below] b Receiver operating
characteristics for BCVA parameter at final stage
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0.49 indicating good fitness. Receiver operating charac-
teristic (ROC) analysis was performed on model scores
(predicted probabilities) to determine model strength
(Fig. 2a and b). AUC was 0.71 [95% CI: 0.66-0.76; p <
0.0001], which was acceptable and supported the model
fitness.

For SVL at presentation, age categories 21-40 and 41—
60 years showed significant reduction in adjusted risk with
ORs of 0.39 [95% CI: 0.20-0.73; p=0.0036] and 0.31
[95% CI: 0.14-0.68; p=0.004], respectively, compared to
the teenage group. Delayed presentation following an injury
had significantly increased adjusted risk of SVL with OR 1.82
[95% CI: 1.06-3.15; p=0.031]. Presence of RAPD had in-
creased adjusted risk of SVL with OR 0 9.20 [95% CI: 3.10—
27.25; p=0.0001].

The MLR was also carried out for “final” SVL (Table 6).
The Hosmer-Lemeshow test suggested a good model fit (p =
0.609). Moreover, the AUC was 0.76 [95% CI: 0.70-0.81; p
<0.0001], which was acceptable and supported the model
fitness. The adjusted risk associated with males was signifi-
cantly lower at 0.33 [95% CI: 0.140-0.83; p =0.018] as com-
pared to females. The adjusted risk for the presence of an
RAPD was significantly higher at 6.96 [95% CI: 3.33—
14.540; p<0.0001] compared to absence of RAPD. Eyelid
injury had 3.61 [95% CI: 1.68-7.75; p=0.001] increased ad-
justed risk of SVL.

Discussion

IGATES is a secure online registry available internationally
for the collection of ocular trauma data. OGI occurred more
frequently in males in industrial settings and females at home.
Three hundred twenty-seven (48.8%) patients had SVL after
an OGI across 13 sites from 7 countries. Adjusted risk of post-
treatment SVL was significantly higher for females, and pres-
ence of an RAPD or eyelid injury was associated with in-
creased risk of SVL.

Patients 41-60 years (47.1%) and over 61 years
(69.6%) had the highest rate of final SVL. Eye injuries
in elderly patients have recently been identified as in-
creasing and frequently associated with falls [21, 22]
and a history of intraocular surgery [23]. In our study,
female gender and older age were significantly associated
with increased risk of SVL following OGI.

Delay in presentation has been associated with poorer
visual outcomes following treatment for ocular trauma. In
our study, a 24-h delay leads to increased risk of SVL at
presentation but there was no significant association with
SVL at final follow-up. This finding may be related to the
fact that the severe injuries were more likely to present
without delay enabling treatment to be instituted.

@ Springer

A male predominance was found consistent with pre-
vious studies [21, 22, 24, 25], with working-age males
most affected. Working with metal has been frequently
reported as a leading contributor to OGIs [23], and almost
1/3 of injuries in our study were due to sharp metal.
Ocular trauma occurred more commonly in the home in
India (41.1%) and Pakistan (38.3%) and in industrial lo-
cations in Australia (32.0%), Malaysia (60.0%), and
Singapore (74.9%). In Singapore children suffer eye inju-
ries commonly at home [26], whereas working-age adults
in Australia are commonly injured at work [23].

Females were more likely to be injured at home, be subject
to a blunt injury, and present with an RAPD. These findings,
to our knowledge, have not been reported by prior studies [21,
27, 28]. Due to the retrospective nature of our data collection,
the reasons for this finding are not clear. Females injured in
the home may be less likely to seek treatment unless the inju-
ries are severe; to investigate this and institute preventative
measures, prospective data is needed.

The participating centers varied in terms of social factors
and demographic. Gross domestic product (GDP), while only
one measure relating to standard of living, varied significant-
ly, from 1284 ($USD per capita) in Pakistan, $2099 India,
$11,414 in Malaysia to $55,060 in Australia, $65,233 in
Singapore, and $65,297 in the USA [29] Median age across
the included countries varied significantly with Pakistan
(22 years old), India (28.7 years old), and Malaysia
(29.2 years old) younger overall than the higher GDP coun-
tries of Australia, Singapore, and the USA (37.5, 35.6, and
38.5 years old, respectively). Factors such as GDP and pop-
ulation distribution by age and gender influence the distribu-
tion of OGIs and should be considered in the development of
prevention strategies. For example, the countries with lower
GDP may have less structured regulations and standards re-
lating to the use of eye protection in industrial environments.
The high rate of OGIs in industrial environments in
Singapore (74.9%) conflicts with this hypothesis, highlight-
ing the influence of other factors, e.g., potential lack of rein-
forcement of regulations.

A variety of objects were associated with OGIs with
the geography and location of the injury influencing the
type of object. Sharp metal was a significant contributor
in industrial locations, while stationery, animals, and
sporting equipment were reported with injuries at home
and outdoors. Future studies with more rigorous method-
ology and including a larger number of institutions inter-
nationally will enable trends associated with OGIs to be
identified to inform strategies for their prevention.

Retrospective data collection limitations included in-
completeness of data and variable time points for fol-
low-up, making it difficult to draw conclusions regarding
risk factors. In particular, 73 patients had no VA data
reported and no active follow-up was undertaken.
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Assault-related ocular trauma contributed to almost 25%
eye injuries in the USA in the period 2001 to 2014 [21].
In our study, assault was only reported in a small number
of patients (3.3%). Reporting of assault may have been
limited by the retrospective nature of our data collection.

Limited information relating to eye injury prevention
measures, such as eye protection, was reported. Only 39
patients were recorded as wearing eye protection, with 9
determined as “non-safety” glasses, e.g., sunglasses or
regular spectacles, indicating a lack of understanding of
the need for and what is safety eyewear. Education about
what constitutes eye protection, both for patients and
practitioners, may be needed. Countries in this study had
a diverse range of occupational health and safety laws and
their enforcement in regard to the use of eye protection in
the workplace and standards for eye protection. For ex-

Appendix

IGATES 1 Study Group

ample, employers have a duty of care to provide eye pro-
tection complying with standards in Australia [30] and the
USA [31]. Future studies could identify the impact of
regulations relating to eye protection to guide and support
evidence-based prevention strategy for ocular trauma.

Participant bias may also have been introduced as it is
difficult to know if all patients with trauma were entered
at each center. Furthermore, as we rely on patient’s self-
reported information relating to the circumstances of the
injury, this may have introduced reporting bias.

Utilizing IGATES registry, current trends in OGls and
the associated SVL have been highlighted. This data
could be used to develop preventative strategies.
Prospective and uniform data collection in future studies
could further inform such strategies.
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