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Purpose: To determine characteristics and factors associated with no vision survival (included no light perception, enucleation, and
evisceration) following open globe injury (OGI) and to correlate the proportion of final vision to predictive values of ocular trauma
score (OTS).

Patients and Methods: The medical records of consecutive patients diagnosed as OGI between January 2015 and December 2020
were retrospectively reviewed. Data collected included demographics, mechanisms and modes of injuries, ophthalmic presentations,
managements, and visual outcomes at the final visit.

Results: Three hundred and seventy-one patients with a mean (standard deviation, SD) age of 44.0 (17.4) years were included. Male
with workplace injury was the most frequent scenario. High-velocity metallic objects were the predominant causative materials.
Following treatments, fifty-six eyes (14.9%) obtained no vision survival. Factors associated with no vision survival following OGI
were low presenting vision, globe perforation, larger wound, presence of relative afferent pupillary defect, retinal detachment, and
vitreous hemorrhage. Compared to OTS predictive values, eyes in OTS categories 1 and 2 had a lower proportion of no vision
survival.

Conclusion: This study identified the importance of workplace injuries. Overall, there were comparable final visions between OTS
and this study. However, a reduced proportion of no vision survival among severely injured eyes signifies the challenges of OGI
management.
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Introduction
Globally, eye injury remains a major etiology of acquired visual impairments.' ™ As a consequence, its magnitude and
trend have been evaluated over time in numerous publications.” '* Based on a recent meta-analysis that combined
information from 20 population-based studies, an annual prevalence of 7.5 per 100 persons for eye injury and 4.5 per
1000 persons for eye injury-related visual impairment were shown.'> Furthermore, in a recent analysis using the Korean
National Health Insurance claims database, an annual incidence of 1.99 per 100,000 persons for primary closure of
cornea or sclera and 0.39 per 100,000 persons for intraocular foreign body (IOFB) removal were noted.'®

Following management, a number of open globe injury (OGI) patients attain unfavorable vision or no vision survival.
These impairments not only lead to limitations in visual tasks but also impact other aspects of their lives, including
quality of life, psychological distress, and mental health.'”'® Therefore, several studies have been performed to

determine factors and/or models for predicting eye injury-related visual outcomes.”*** Given the changing trends of
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daily life behaviors, information regarding the pattern, characteristics, and visual outcomes following OGI in each
geographic location should be updated.

This study aimed to explore the characteristics and related factors for having no vision survival following OGI in
a tertiary referral center located within a non-industrial area. The data would be valuable for determining, counselling,
and decision-making for OGI management and prevention.

Materials and Methods

This retrospective medical chart review was conducted in accordance with the tenets of the Declaration of Helsinki. The
protocol was approved by Chiang Mai University Hospital ethics committee, Faculty of Medicine, Thailand (Study code:
OPT 2564-07933). Due to anonymized data collection, the need for informed consent was waived. The data accessed
complied with all relevant data protection and data privacy regulations.

Consecutive OGI patients who presented and were managed at this hospital between January 2015 and
December 2020 identified from the operation lists. The retrieved data included demographics, circumstances causing
injury, presenting ophthalmic findings, management, and visual status at the most recent visits. Patients who had follow-
up visits less than 3 months (except those who underwent eye removal procedures or had no indication for further visits)
and had pre-existing ophthalmic diseases precluding OGl-related visual impairment estimation were excluded. All
datasets were de-identified and gathered in Microsoft Excel Spreadsheet.

Mechanisms of OGI were classified according to a Standardized Classification of Ocular Trauma as rupture (caused by
a blunt-object injury) and penetration, perforation and retained IOFB (caused by a sharp-object injury).** Locations of
injury were defined by the most posterior part of the eye wall with a full-thickness opening into 3 zones according to
a System for Classifying Mechanical Injuries of the Eye (zone I: wound involving cornea and limbus, zone II: wound
involving anterior 5 mm of sclera from the limbus, and zone III: wound involving sclera beyond 5 mm from the limbus).?

During the study period, 376 OGI patients were identified; however, 5 patients did not return at their follow-up visits
and were excluded. Demographics and presenting ophthalmic characteristics of the excluded patients were similar to the
study group, except for smaller wound sizes and more anterior wound locations.

Statistical Analysis

Descriptive analyses were expressed as mean (SD) for continuous data and percentage for categorical data. Visual acuity (VA)
at the final visit was categorized as vision survival (eyes having Snellen VA from 20/20 to the light perception (LP)), and no
vision survival (eyes having no light perception (NLP) or eyes that were removed). The associations between final vision
status and predictors including demographics (gender, age) and ophthalmic presentations (presenting VA, wound location and
extent, lens injury, presence of relative afferent pupillary defect (RAPD), retinal detachment (RD), vitreous hemorrhage (VH),
IOFB, endophthalmitis, and eyelid laceration) were explored using multivariable logistic regression. Generalized estimating
equations were performed to correct the correlation between two eyes. Snellen VA was converted to the Logarithm of the
Minimum Angle of Resolution (LogMAR) VA for an analysis. Based on the OTS scoring system, the actual and predicted
final VA in each category was assessed by testing for equality of proportion. Statistical analysis was calculated using the
STATA program and a P value less than 0.05 was considered significant.

Results

Overall, three hundred and seventy-one patients (377 eyes) with a mean (SD) age of 44.0 (17.4) years (ranged 4 to 81
years) and a median (interquartile range, IQR) follow-up of 8 (4 to 13) months were included in the study. Three hundred
and thirty-five (90.3%) patients were males and six (1.6%) had bilateral eye injuries (three related to fireworks, two
related to traffic accidents, and one related to a blasting injury). The majority of the patients (257 patients, 69.3%) were
injured at their workplaces, and most injuries were associated with agricultural activities (135 patients (36.4%) related to
lawn mowing and 55 patients (14.8%) related to gardening/farming). A high-velocity metallic object (133 patients,
35.9%) represented the most frequent causative material. In each year, there were no differences in the number of injuries
by month (p = 0.148) as shown in Figure 1. The median (IQR) time interval from injury to the hospital was 48 (9 to 96)
hours. Table 1 summarizes demographics and details of circumstances causing OGI.
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Figure | Distribution of open globe injury by month and year.

Regarding presenting ocular characteristics, most injuries were confined within zone I (249 eyes, 66.1%) and IOFB
(162 eyes, 43.0%) was the most prevalent mechanism of injury. A mean (SD) presenting VA was 2.2 (0.7) LogMAR
(Snellen equivalent of 20/3170) with 253 eyes (67.1%) had VA of HM and better, and 23 eyes (6.1%) had NLP. Other

Table | Patients’ Demographics and Circumstances Causing Open Globe Injury by Final Vision Status

Patients’ Characteristics (n = 371) Final Vision P value
No Vision Survival Vision Survival
(n =56) (n =315)

Age group (year), n (%) 0418

Less than 20 3(54 34 (10.8)
20 to <40 19 (33.9) 86 (27.3)
40 to <60 20 (35.7) 129 (41.0)

Older than 60 14 (25.0) 66 (21.0)

Male, n (%) 51 (91.1) 284 (90.3) 0.834

Setting/place, n (%) 0.090
Workplace setting 34 (60.7) 223 (70.8)

Outdoor setting 6 (10.7) 24 (7.6)
Recreational setting 9 (l6.1) 20 (6.4)
Traffic/transportation setting 4(7.2) 13 (4.1)
Home setting 2 (3.6) 13 (4.1)
Assault 0 (0) 14 (4.4)
Educational setting 0 (0) 6 (1.9)
Others 1 (1.8) 2 (0.6)

Activity, n (%) 0.007
Mowing/bystander 10 (17.9) 125 (39.7)
Gardening/farming/cutting wood I (19.6) 44 (14.0)
Constructing/chiseling/repairing 12 (21.4) 62 (19.7)

Playing/sporting 4 (7.1) 22 (7.0)
Striking by blunt object 8 (14.3) 14 (4.4)
Exposing to gun/grenade/firework 5 (8.9) 13 (4.1)
Striking by sharp object 0 (0.0) 13 (4.1)
Fall 3(54) 8 (2.5)
Others 3(54) 14 (4.4)
(Continued)
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Table | (Continued).

Patients’ Characteristics (n = 371) Final Vision P value
No Vision Survival Vision Survival
(n=56) (n=315)
Causative object, n (%) <0.001
Floor 2 (3.6) 722
High velocity metal 6 (10.7) 127 (40.3)
High velocity object 2 (3.6) 19 (6.0)
Metallic object 9 (le.l) 36 (11.4)
Wood/wood branch 7 (12.5) 33 (10.5)
Wood stick 4(7.1) 15 (4.8)
Glass 0 (0.0 17 (5.4)
Elastic objects 6 (10.7) 3 (1.0)
Explosive objects 8 (14.3) 18 (5.7)
Stone 8 (14.3) 23 (7.3)
Others 4(7.1) 17 (5.4)

presenting ocular characteristics are described in Table 2. Of note, RAPD could not be determined in 4 cases (8 eyes)

with bilateral involvement (2 eyes with no vision survival and 6 eyes with vision survival).

Regarding surgical interventions, with a mean (SD) of 2.1 (0.9) operations per eye, 289 (76.7%) eyes required pars

plana vitrectomy (PPV). Due to severe structural damage, 10 eyes (10/377, 2.7%) that had presenting vision of NLP

could not be successfully repaired and underwent primary enucleation/evisceration. Following treatments, due to pain

and/or severe infection, subsequent enucleations/eviscerations were also performed in 22/377 (5.8%) eyes with NLP

vision (7 with presenting NLP, 12 worsening from LP, and 3 worsening from HM). The final vision of the study

Table 2 Characteristics of Eyes Sustaining Open Globe Injury by Final Vision Status

Eye Characteristics (n = 377) Number of Final Vision P value
Eyes, (%) - . .
No Vision Survival Vision
(n =56) (n =321)

Mean (SD) presenting VA, (LogMAR) 2.2 (0.7) 2.8 (0.3) 2.1 (0.7) <0.001
Mechanism of injury

IOFB 162 (43.0) 14 (25.0) 148 (46.1) Reference

Rupture 88 (23.3) 27 (48.2) 6l (19.0) <0.001

Penetration 115 (30.5) 9 (l6.1) 106 (33.0) 0.763

Perforation 12 (3.2) 6 (10.7) 6 (1.9) <0.001
Wound location

Zone | 249 (66.1) 19 (33.9) 230 (71.7) Reference

Zone Il 52 (13.8) 6 (10.7) 46 (14.3) 0.346

Zone lll 76 (20.2) 31 (55.4) 45 (14.0) <0.001
Wound extent 210 mm 24 (6.4) 17 (30.4) 7122 <0.001
Lens injury 293 (77.7) 39 (69.6) 254 (79.1) 0.118
RAPD (n= 369) 103 (27.3) 42 (75.0) 6l (19.0) <0.001
Retinal detachment 138 (36.6) 50 (89.3) 88 (27.4) <0.001
Vitreous hemorrhage 97 (25.7) 16 (28.6) 81 (25.2) 0.620
Endophthalmitis 74 (19.6) 12 (21.4) 62 (19.3) 0.717
Eyelid laceration 34 (9.0) Il (19.6) 23 (7.2) 0.005

Abbreviations: VA, visual acuity; LogMAR, Logarithm of the Minimum Angle of Resolution; IOFB, intraocular foreign body; RAPD,

relative afferent pupillary defect.
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Figure 2 Distribution of presenting and final vision of eyes with open globe injury. The final vision of NLP includes eyes having no light perception and eyes that were
removed.
Abbreviations: VA, visual acuity; HM, hand movement; LP, light perception, NPL, no light perception.

population improved to a mean (SD) of 1.4 (1.1) LogMAR (Snellen equivalent of 20/500). Three hundred and two eyes
(80.1%) achieved final vision of HM and better, whereas 56 (14.9%) eyes had no vision survival (32 eyes were removed,
20 worsened to NLP, and 4 remained NLP despite treatments). The distribution of presenting and final vision is
illustrated in Figure 2. During follow-up, none developed sympathetic ophthalmia.

By an exploratory multivariable analysis (Table 3), presenting VA worse than HM, perforation, wound extent >10 mm,
presence of RAPD, RD, and VH were significant factors related to no vision survival following OGI. Following OTS categories,
the distribution of visual outcomes for patients in this study compared to those in the OTS study is demonstrated in Table 4. Of
note, the lower proportion of no vision survival for eyes having OTS categories 1 and 2 and a concordance in proportion for eyes
having OTS categories 3 and 4 to predictive values of OTS were observed.

Table 3 Multivariable Exploratory Analysis for Factors Associated with No Vision
Survival Following Open Globe Injury

Characteristics Odds Ratio 95% CI P value
Age 1.01 0.98 to 1.03 0.525
Male 0.39 0.10 to 1.45 0.158
Presenting VA worse than HM 5.77 2.29 to 14.55 <0.001
Mechanism of injury
IOFB Reference - -
Rupture 1.72 0.53 to 5.55 0.366
Penetration 1.51 0.4 to 5.58 0.539
Perforation 7.85 1.31 to 47.03 0.024
Wound location
Zone | Reference - -
Zone Il 0.75 0.20 to 2.83 0.669
Zone lll 1.87 0.69 to 5.05 0.215
Wound extent 210 mm 6.64 1.98 to 22.22 0.002
Lens injury 0.76 0.30 to 1.91 0.559
RAPD (n= 369) 3.67 1.30 to 10.39 0.014
Retinal detachment 6.20 1.85 to 20.75 0.003
Vitreous hemorrhage 0.30 0.11 to 0.8 0.017
Endophthalmitis 241 0.73 to 7.94 0.148
Eyelid laceration 1.07 0.34 to 3.34 0.908

Abbreviations: Cl, confidence interval; VA, visual acuity; HM, hand movement; IOFB, intraocular foreign
body; RAPD, relative afferent pupillary defect.
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Table 4 Distribution of Eyes with No Vision Survival at Final Follow Up Compared Between Ocular Trauma Score Study and This Study

OTS Category

Data Set (N)

Final Visual Acuity Group

NLP LP/HM 11200 to 19/200 20/200 to 20/50 20/40 and Better
% (95% CI) P value | % (95% CI) P value | % (95% CI) P value | % (95% CI) P value | % (95% CI) P value
| OTS (215) 73 <0.001 17 <0001 |7 0.489 2 0.001 [ 0.051
This Study (103) | 41.8 (32.1-51.9) 39.8 (30.3-49.9) 8.7 (4.1-15.9) 6.8 (2.8-13.5) 2.9 (0.6-8.3)
2 OTS (374) 28 <0001 | 26 0.026 18 0.487 13 <0.001 5 0.124
This Study (104) | 12.5 (6.8-20.4) 35.5 (26.4-45.6) 154 (9.1-23.8) 26.9 (18.7-36.5) 9.62 (4.7-16.9)
3 OTS (808) 2 0.113 I 0.465 5 0.004 28 0.003 44 0733
This Study (123) | 0 (0-3) 8.9 (4.5-15.4) 5.7 23-11.4) 39.8 (31.1-49.1) 455 (36.5-54.8)
4 OTS (378) [ 0.546 2 0391 2 0.391 21 0318 74 0.808
This Study (36) | 0 (0, 9.7) 0(0,9.7) 0(0,9.7) 27.8 (142, 45.2) 72.2 (54.8, 85.8)
5 OTS (376) 0 NA [ 0.739 2 0.636 5 0.534 92 0.894
This Study (11) | 0 (0-28.5) 0 (0-28.5) 0 (0-28.5) 9.1 (0.2-41.3) 90.9 (58.7-99.7)

Abbreviations: OTS, ocular trauma score; NLP, no light perception; LP, light perception; HM, hand movement.
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Discussion

This study, consistent with others, described that male and workplace settings were the major risks for the occurrence of
OGI in a tertiary hospital-based setting. Interestingly, the main circumstances of injury in this study population were
exposed to activities involving projectile metallic objects, particularly lawn mowing. For visual consequences, approxi-
mately one-fifth of injured eyes had no vision survival. In addition, a reduction in the proportion of no vision survival for
eyes having OTS categories 1 and 2 was observed. This information supports the practical importance for clinicians and
patients to carefully assess and determine the management for severe eye injuries.

Several studies have evaluated the characteristics of OGI and similarly described a more likelihood of OGI in working
males.”***® Nevertheless, a wide range of injury settings and circumstances were observed across publications. In a study that
evaluated OGI in rural West India, the authors found the most prevalent injuries occurred in young workers who had been struck
by wooden sticks or flying stones during agricultural work, whereas a study from central India reported a predominant injury in
young workers who had been injured from industrial work.?®*” In a recent multicenter study, a distinct distribution of
mechanisms, locations, and objects causing OGI varied between different geographical centers.”” Similar to our study, Beshay
et al reported the majority of OGI occurred in middle-aged adults who were exposed to work involving high-velocity metallic
objects.*® The three main activities related to no vision survival in this study were construction, gardening/farming, and mowing.
This information is valuable to establish more effective educational and/or preventive strategies among this specific population.
Educational programs to increase an awareness of using safety eye protection in hazardous environments, as well as training
programs to improve compliance with using these protections during work at all times, are important issues to be emphasized.

Predictors for vision survival following OGI have been explored in previous studies.>' > Ocular trauma score (OTS),
proposed in 2002, is one of the most commonly used systems to estimate the probability of vision survival following closed
and open globe injuries. The influencing factors used to estimate OTS categories and the likelihood of vision are presenting
VA, mechanism of injury, endophthalmitis, RD, and presence of RAPD.** Additionally, Schmidt et al proposed that by using
the classification and regression tree analysis model, presenting VA, presence of RAPD, eyelid laceration, and wound location
were significant predictive factors for no vision survival following OGL*' Another study by Han et al found that presenting
VA, wound length, and RD were significant independent factors for no vision survival.*> Further exploration in a cohort of
severe OGI presenting with NLP vision provided evidence that choroidal and ciliary body damage, and close-funneled RD
were predictors for no vision survival.>® By an exploratory analysis, this study found that presenting VA, mechanism of injury,
larger wound size, RD, presence of RAPD, and VH were influencing factors associated with no vision survival. The diversities
of predictive factors between publications may be partly attributed to differences in the nature of injuries, study domains, and
duration of follow-up. In addition, the development of ophthalmic microsurgical instruments might lead to these variations.
Due to the retrospective design and the long period of this study, further prospective studies that collect data from similar time
points and surgical techniques may help clarify these associations.

More than half of OGI in this study were classified as having OTS categories 1 or 2 which carried worse visual prognoses.
The use of OTS for predicting visual outcomes has been reported in many OGI situations.”**”* Some studies described
similar proportions of no vision survival by each category to those in the OTS study.>***** However, some reports revealed
a lower proportion of no vision survival compared to OTS, particularly for eyes in the more severe OTS categories.>*' ™ In
agreement, this study noted a lower proportion of no vision survival for eyes in OTS categories 1 and 2, while a concordance in
proportions was observed in eyes in OTS categories 3 and 4. In a recent study, the authors proposed that by using a modified
OTS with the addition of orbital fracture as another predictive factor, the accuracy of visual prediction for eyes with OTS
category 1 improved.*’ Nevertheless, with a retrospective design and a small sample size, this modified OTS system requires
further validation. As there was a reduction in no vision survival for severe eye injuries, careful decision-making for the
management of OGI should be highlighted.

Limitations of this study included data extraction based on a tertiary center setting; therefore, it might not represent
OGTI in other settings. Furthermore, based on retrospective analysis, the bias of data incompleteness such as drug and/or
alcohol use and the use of eye protection could not be extracted in every case. In addition, a number of patients were sent
back to their primary physicians if no further eye injury-related interventions were required, which might affect the

estimation of long-term injury-related complications. The exploration using prospective data collection and/or
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standardized ocular trauma registry in further studies might overcome these limitations.** Nonetheless, information from
this study supports the evidence of no vision survival following OGI in agricultural settings and defines some potential
points that are essential for preventing eye injuries and their visual prognoses.

Conclusion

This study identifies that activities involving high-velocity objects remain a potential cause of OGI. Poor presenting
vision, perforation mechanism, larger wound size, presence of RAPD, RD, and VH were important for predicting no
vision survival following OGI. A reduction in the proportion of no vision survival in severely injured eyes after OGI
signifies the impact of OGI management on visual outcomes.
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