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ABSTRACT

Objective: To evaluate the accuracy and validity of ocular trauma scores (OTS) among patients with open globe
injury (OGI) in rural hospital settings and to identify the determinants predicting poor visual outcomes.
Materials and Methods: A single-center retrospective cohort study was conducted through a chart review of OGI
patients between July 2018 and June 2023 at Bueng Kan Hospital. Demographic and preoperative factors affecting
the final visual outcome were evaluated. OTS score for each patient was calculated and categorized. Final visual
acuity (VA) after 6 months was compared to the predicted VA from OTS study. Poor visual outcome was defined
as legal blindness after 6 months of treatment.

Results: Thirty-nine eyes from patients with a mean age of 44.05 years were evaluated. Most subjects were male
(94.87%), and workplace injuries were the most common (78.38%). Compared to the OTS study, patients in OTS
category 2 achieved a significantly higher percentage of better final VA, while categories 3 and 4 showed similar
outcomes. OTS category 1 patients had a lower proportion of no light perception (NLP) outcomes, though the
difference was not significant. Poor visual outcomes were predicted by initial VA (OR=4.64), wound extension =10
mm (OR=20.66), and lens injury (OR=7.44).

Conclusion: OTS is beneficial for predicting final vision in patients with OGI, particularly with less severe trauma.
Severe cases can sometimes result in better-than-expected visual outcomes, emphasizing the need for cautious
management and counseling by ophthalmologists. Factors that estimate poor visual outcomes involve poor initial
VA, wound extension >10 mm, and lens damage.

Keywords: Eye injury; prognosis; ocular trauma score; rural area; resource-limited setting (Siriraj Med J 2024; 76:
696-704)

INTRODUCTION
Open globe injury (OGI) is a serious but preventable
eye condition and remains a national public health

injuries.” Based on recent reports, a global incidence of
OGI ranging between 3.40 and 12 per 100,000 population
was noted."””

concern. OGI can lead to permanent visual loss, resulting
in limitation of daily life activities as well as psychiatric
issues.! Previous studies have shown more incidences in
young adults and high etiology in occupational-related

Not only are treatment and visual rehabilitation
crucial processes to achieve favorable outcomes, but
the management of a patient’s vision expectation is also
a challenging topic. To date, a significant amount of
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research has been conducted to find the determinants of
visual outcomes after OGIL.***'"'* Ocular trauma score
(OTS) is a simplified categorical system commonly used
to assess visual acuity after treatment by using simple six
parameters from an initial eye examination."”"* Validation
of OTS in OGl is also widely studied, mostly at tertiary eye
centers, and the results tend to be useful for counseling
impacted patients and their families.”'*'* Although OTS
is reliable and reproducible to estimate the best corrected
visual acuity (BCVA) after treatment,” '’ some studies
found patients with OGI have the actual BCVA better
than BCVA predicted by OTS especially in more severe
injuries (categories 1 and 2).'”'* Recent publications
about the validation of OTS found that the effectiveness
of OTS to estimate BCVA for overall categories is still
inconclusive. Further research is necessary to develop
an optimized ocular trauma prognosticating system."’

In resource-limited settings, cost-effectiveness is
frequently concerned, and treatment options are often
restricted so these can influent final visual outcome.
Moreover, there is limited literature on the validation
of OTS at hospitals with limited resources, especially
those available only to general ophthalmologists.

This study aims to evaluate the accuracy and validity
of OTS in patients with OGI in resource-limited hospital
settings and to identify the factors predicting poor visual
outcomes.

MATERIALS AND METHODS

This study was conducted with consideration for the
Declaration of Helsinki and Council for International
Organizations of Medical Sciences (CIOMS) guideline and
received approval from the research ethics committee at
Bueng Kan Hospital (research number: BRHEC2023-47).
The medical records of patients who were diagnosed with
OGI between July 2018 and June 2023 at Bueng Kan
Hospital were reviewed retrospectively. The definition
of OGI strictly followed based on the Birmingham Eye
Trauma Terminology (BETT)", including penetrating
ocular injury, perforating ocular injury, ruptured globe,
and intraocular foreign body (IOFB). Patients under
the age of 15 years old who could not be evaluated
for visual acuity or had concurrent ocular diseases or
loss to at least 6-months follow-up were excluded. The
collected data included age, gender, mechanism of injury,
causative objects, and time to hospital, as well as initial
eye examination, associated injury, and visual status at
the most recent visit. The location of injury was defined
by the most posterior point of the wound into 3 zones,
comprising zone 1 for an injury limited to the cornea
and limbus, zone 2 for an injury involving anterior 5 mm
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of sclera from the limbus, and zone 3 for an injury
involving beyond posterior 5 mm from the limbus.”!
The raw score of OTS was calculated from the initial eye
examination and classified into 5 categories. Final visual
outcome was evaluated by BCVA at least 6 months after
trauma and used for evaluating the accuracy of OTS.
Poor visual outcome was defined as legal blindness by
evaluate the BCV A < 3/60 (Snellen equivalent of 20/400)
or 1.3 LogMAR after 6 months of treatment.

Statistical analysis

For descriptive statistics, continuous data including
age, time to hospital, and visual acuity were analyzed
using mean and standard deviation (SD) or median and
interquartile range (IQR). Categorical data including
gender, activity, and mechanism of injury, as well as
causative objects, zone of injury, and other factors affecting
OGI, were analyzed by percentage.

The patients were grouped into poor visual outcome
group (legal blindness) and good visual outcome group
(non-legal blindness). The association between final
visual outcome and predictive determinants, including
demographic data, initial VA, mechanism of injury,
wound location, lens injury, relative afferent pupillary
defect (RAPD), retinal detachment, vitreous hemorrhage,
IOFB, endophthalmitis and eyelid injury were analyzed
using univariate and multivariate logistic regression.

Based on the OTS scoring system, the actual and
predicted final VA in each category were 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

Forty-five patients were diagnosed with OGI, all
with unilateral involvement. Six patients were excluded
with two subjects lost to follow-up, two were pediatric
patients, and two others had missing data. Remaining
39 patients were analyzed with a mean age (SD)
of 44.05 (16.57) years old. Most subjects were male
(n=37, 94.87%), and workplace (n=29, 78.38%) was
the most common setting for eye injury. In this study,
occupational-related activities including mowing (n=11,
28.21%) and agriculture (n=9, 23.08%) were found to be
frequent activities. For causative objects, high-velocity
objects (n=11, 28.21%) were more common than others,
followed by wood branches from agricultural activities.
The median (IQR) time to hospital was 3 (2,15) hours.
The demographic data and circumstances causing OGI
comparing between poor and good final visual outcome
are shown in Table 1.
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TABLE 1. Comparison of patients’ demographic data and circumstance causing Open Globe Injury (OGI) between

poor and good final visual outcome group.

Patient’s Characteristics

Age in years (SD)

Sex n,%
Male 17 (94.44)
Female 1 (5.56)
Setting n,%
Workplace 14 (77.78)
Home 4 (22.22)
Traffic 0 (0.00)
Outdoor 0 (0.00)
Recreation 0 (0.00)
Assault 0 (0.00)
Activity n,%
Mowing 6 (33.33)
Gardening 3 (16.67)
Repair 4 (22.22)
Sport 1 (5.56)
Blunt 3 (16.67)
Sharp 1 (5.56)
Firework 0 (0.00)
Causative object n,%
High-velocity metal 1 (5.56)
High-velocity object 8 (44.44)
Metallic 2 (11.11)
Wood 1 (5.56)
Glass 2 (11.11)
Elastic 3 (16.67)
Stone 1 (5.56)
Explosive 0 (0.00)
Time to hospital (hour), Median (IQR) 3(2,15)

Final Visual Outcome Group
Poor (n=18)

39.86 (17.56)

P-value
Good (n=21)

47.63 (15.16) p = 0.927

20 (95.24)
1 (4.46)

p=0911°

15 (71.43)
0 (0.00)

p=0.031°¢

p=0.567°

p=0.108°

p = 0.7950°

Note: NA, not applicable. Statistical test notations: 'a’ represents the independent t-test; 'b' denotes the Pearson chi-square; ‘c’ denotes

Fischer’s exact test; ‘d’ denotes the Mann-Whitney U test.

Most patients (n=24, 61.54%) initially presented with
VA oflight perception (LP) and hand movement (HM)
followed by 1/200-19/200 (n=5, 12.82%), 20/200-20/50
(n=5, 12.82%). Four patients (n=4, 10.26%) presented
with NPL, and one patient (2.56%) had VA better than
20/40. At the 6 months follow-up, most eyes showed
improvement in visual acuity. Fig 1 shows the distribution
of initial VA and final VA at 6 months follow-up in
each OTS category. Patients presenting with VA of NLP
or LP/HM were often classified into OTS categories 1

and 2, indicating more severe injuries. No patients in
OTS category 1 attained a final VA better than PL/HM.
Conversely, patients in OTS category 2 exhibited a wider
range of final VA outcomes compared to other groups.

For assessing the accuracy of OTS, half of them (n=
20, 51.28%) were initially grouped in category 2 at the
first visit, while 10 eyes (25.64%) were in category 1, 8
eyes (20.51%) were in category 3, and one eye (2.56%)
was grouped in category 4. However, no eye in this study
was classified as category 5. The final VA of patients in
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Fig 1. Distribution of Initial VA and final VA classified into each OTS category.
Note: OTS1, OTS category 1. OTS2, OTS category 2. OTS3, OTS category 3. OTS4, OTS category 4. No patients in OTS category 5. Initial

VA, initial visual acuity. Final VA, visual acuity at 6 months follow-up.

each category were grouped into five final VA groups,
as shown in Table 2. There was no significant difference
in patients with OTS categories 3 and 4 between this
study and the OTS study. However, patients with OTS
category 2 had the significantly lower percentage of NLP
group than the OTS study. There were increase in the
proportion of LP/HM group and achieved significantly
higher percentage of 20/200 to 20/50 group than the OTS
study. In patients with OTS category 1, the majority of
final VA was still in NLP group like the OTS study even
though the insignificantly lower proportion of patients
with final VA of NLP than the OTS study was observed.
The percentage comparison of final visual acuity between
the OTS study and this study classified into each category
is shown in Table 2.

In this study, the average initial VA for overall
patients was 2.3 LogMAR (Snellen equivalent of 20/3990).
Rupture globe was found to be the major mechanism
of injury (n=20, 51.28%) followed by penetrating ocular
injury (n=16, 41.03%). Zone 1 injury was the most
common wound location (n=18, 46.15%). At the first
ophthalmic evaluation, 22 eyes (56.41%) were found to
have lens injury, while 18 eyes (46.51%) had a relative
afferent pupillary defect (RAPD). Retinal detachment
and vitreous hemorrhage were also found in 6 (15.38%)
and 8 (20.51%) eyes, respectively. Two eyes (5.13%)
showed evidence of endophthalmitis, and 2 other eyes
(5.13%) had concurrent eyelid laceration. For univariate
regression analysis, many factors predict poor visual
outcomes, including initial VA (p<0.001), penetrating
ocular injury (p=0.033), wound zone 3 (p=0.025), wound
extension greater than or equal to 10 mm (p<0.001), lens

injury (p<0.001) and RAPD (p<0.001). Comparisons
and differences between final visual outcome groups
are shown in Table 3.

For multivariate analysis, factors predicting poor final
visual acuity include initial VA (OR=4.64, 95%CI=1.33-
16.22), wound extension greater than or equal to 10
mm (OR=20.66, 95%CI=2.07-206.18) and lens injury
(OR=7.44, 95%CI=1.20-45.95). Other factors that did
not show significant differences are detailed in Table 4.

Eight patients (20.51%) were referred to a tertiary eye
center due to IOFB, retinal detachment, and endophthalmitis,
while the remaining 31 eyes (79.49%) could be treated
at rural hospitals. Consequently, twenty-two eyes were
found to have traumatic cataracts. The median (IQR)
initial VA of patients with traumatic cataracts was 2.5
(2.3-2.7) LogMAR. Nine of them underwent cataract
surgery with or without intraocular lens implantation.
The median final VA of patients who underwent cataract
surgery was 1.51 LogMAR. As the baseline initial VA of
patients with lens injuries differed significantly between
those who underwent cataract surgery and those who did
not (p = 0.02), linear regression was employed to adjust
for baseline differences in presenting VA. The results
indicate that patients with lens injuries who received
cataract surgery exhibited a significantly better final VA
compared to those who did not undergo surgery, with
a difference of 0.78 LogMAR (p = 0.016).

DISCUSSION

Among ocular injuries overall, OGI ranks as a high-
risk problem in terms of visually-threatening conditions.
Worldwide incidence varies and runs to 12 per 100,000
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TABLE 2. Distribution of Final Visual Outcome for Patients at Final Follow-up Compared Between Ocular Trauma Score Study and This Study

Final Visual Acuity Group

oTs
Category  DataSet(N) NLP LP/HM 1/200 to 19/200 20/200 to 20/50 20/40 and better
% (95%Cl)  Pvalue % (95%CI) P value % (95%Cl) P value % (95%Cl) P value % (95%Cl) P value
1 OTS (215) 73 17 7 2 1
60.0 0.3545 40.0 0.0528 0.0 0.3856 0.0 0.6514 0.0 0.7506
This study (10) (29.3-90.4) (9.6-70.4) (0.0-0.0) (0.0-0.0) (0.0-0.0)
2 OTS (374) 28 26 18 13 15
i () 5.0 0.0220 45 0.0527 5 0.1302 35 0.0034 10 0.5312
(4.6-14.6) (23.2-66.8) (4.6-14.6) (14.1-55.9) (3.1-23.1)
3 OTS (808) 2 11 15 28 44
This study (8) 0.0 0.6862 0.0 0.3200 375 0.0747 25 0.8501 375 0.7111
(0.0-0.0) (0.0-0.0) (4.0-71.0) (5.0-55.0) (4.0-71.0)
4 OTS (378) 1 2 2 21 74
. 0.0 0.9199 0.0 0.8864 0.0 0.8864 100 0.0524 0.0 0.0916
This study (1)
(0.0-0.0) (0.0-0.0) (0.0-0.0) (0.0-0.0)
5 OTS (376) 0 N/A L N/A 2 N/A 5 N/A 92 N/A
This study (0) N/A N/A N/A N/A N/A

Note: NA, not applicable. The p-value was calculated by comparing independent proportions.
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TABLE 3. Characteristics of eyes sustaining open globe injury by final vision status.

Eye Characteristics Number of eyes, % Final Visual Outcome Group P-value
Good (n=18) Poor (n=21)

Presenting VA, (LogMAR)

Median (IQR) 2.3(1.9,2.7) 2.1(1,2.3) 2.7 (2.3,2.7) p<0.0012

Mechanism of injury

1 rupture 20 (51.28) 7 (38.89) 13 (91.90) Reference

2 penetrate 16 (41.03) 11 (61.11) 5(23.81) p=0.033

3 perforate 0 (0.00) 0 (0.00) 0 (0.00) N/A

4 I0FB 3 (7.69) 0 (0.00) 3(14.29) p=0.230

Wound Zone

Zone 1 18 (46.15) 9 (50.00) 9 (42.86) Reference

Zone 2 15 (38.46) 9 (50.00) 6 (28.57) p=0.546

Zone 3 6 (15.38) 0 (0.00) 6 (28.57) p=0.025

Wound extension

Extent <10 mm 26 (66.67) 17 (94.44) 9 (42.86) Reference

Extent 210 mm 13 (33.33) 1 (5.56) 12 (57.14) p<0.001

Lens injury 22 (56.41) 5(27.78) 17 (80.95) p<0.001

RAPD 18 (46.51) 1 (5.56) 17 (80.95) p=0.001

Retinal detachment 6 (15.38) 1 (5.56) 5(23.81) p=0.113

Vitreous hemorrhage 8 (20.51) 3 (16.67) 5(23.81) p=0.590

Endophthalmitis 2(5.13) 0 (00.00) 2 (5.13) p=0.180

Eyelid laceration 2 (5.13) 1 (5.56) 1 (4.76) p=0.913

Note: NA, not applicable. Statistical test notation: ‘a’ denotes the Wilcoxon Test.

TABLE 4. Multivariable exploratory analysis for factors associated with poor vision following open globe injury.

Eye Characteristics Odds Ratio 95% ClI P-value
Age 1.03 0.98-1.08 0.274
Female 1.04 0.043 -25.14 0.982
Presenting VA, (LogMAR) 4.64 1.33-16.22 0.016
Mechanism of injury
1 rupture Reference
2 penetrate 0.24 0.06 - 1.00 0.049
3 perforate N/A
4 10FB N/A
Wound Zone
Zone 1 Reference
Zone 2 0.45 0.08 - 2.57 0.371
Zone 3 N/A
Wound extension
Extent <10 mm Reference
Extent 210 mm 20.66 2.07 - 206.18 0.010
Lens injury 7.44 1.20 - 45.95 0.031
RAPD 4.05 0.23-72.17 0.341
Retinal detachment 1.18 0.03 - 49.69 0.930
Vitreous hemorrhage 1.56 0.32-7.70 0.550
Endophthalmitis N/A
Eyelid laceration 0.25 0.009 - 6.93 0.412

Note: NA, not applicable
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people per year based on the latest report in the US.”
In this study, young male adults with occupational-
related situations face a high risk of OGI. This finding
was correlated with agricultural activity in this area
and similar to prior reports at several tertiary centers
that showed most patients were young men with either
work-related or domestic injuries.
that workplace-related incidents are the leading cause of
OGls in this study advocates for stringent safety protocols
and the adoption of protective eyewear to mitigate risk.
The role of high-velocity objects and natural elements
like wood branches as prevalent causative agents further
underscores the need for targeted preventive strategies
in specific occupational and recreational settings.

Half of the patients in this study were classified by
OTS as category 2, followed by categories 1, 3, and 4,
respectively. Patients with high raw OTS scores represented
less severe OGI, which was graded in the higher category.
On the other hand, patients with lower raw OTS scores
had more severe injuries, which were graded in a lower
category. In less severe patients, there was no significant
difference between the percentage of predicted final
visual outcomes in the OTS group and this study group.
In OTS category 2, the significantly lower proportion
of final VA in NLP group was noted. Furthermore, the
proportion of patients in the LP/HM group increased,
and they achieved a significantly higher percentage in
the final VA of 20/200 to 20/50 compared to the OTS
study. For patients classified as OTS category 1, most
had final visual acuity (VA) in the NLP group, similar
to the OTS study, although there was a slightly lower
proportion of patients with final VA in the NLP group
compared to the OTS study, but this difference was not
statistically significant. These results may show a more
favorable final visual outcome in patients with more
severe OGI when predicting final VA by OTS. Similar
to other research in various tertiary centers, such as in
China, OTS prediction was not significantly different when
compared with actual visual outcomes postoperatively in
OTS categories 3,4, and 5 (P > 0.05), while the prognosis
of patients with OTS categories 1 and 2 was better than
OTS study (P=0.001, 0.007), respectively.”” In Korea,
final visual acuities assessed using OTS categories were
similar to those of OTS study in OTS categories 3, 4,
and 5, and more favorable in OTS categories 1 and
2."” Northern Thailand reported a lower proportion of
poor visual outcomes for eyes in OTS categories 1 and
2, while a concordance in proportions was observed in
eyes in OTS categories 3 and 4.” From this study, there
is agreement to be cautious in management, especially
in the case of severe OGI. The authors’ observation of

15,18,22

The revelation

better-than-anticipated visual outcomes in lower OTS
categories challenges the score’s predictive accuracy
in the unique settings of this study. This discrepancy
invites a critical evaluation of the applicability of OTS
beyond the original scoring system, suggesting that local
environmental, clinical, and possibly occupational factors
could influence injury outcomes. This finding aligns with
studies questioning the universal applicability of OTS,
advocating for context-specific adaptations to enhance
its prognostic relevance.

For the predictive determinants of visual outcomes,
many other centers report that presenting VA is one of the
strong predictive factors affecting visual prognoses.
Furthermore, other factors include RAPD, posterior
involvement, length of wound, rupture mechanism, retinal
detachment, and endophthalmitis. Other studies found the
presence of adnexal injuries is another influential factor

26

9,15,17,22,24-29

affecting visual outcomes.
of secondary enucleation.” Moreover, traumatized eyes
with no light perception require vitreoretinal surgery. It
was also found that ciliary body damage, severe vitreous
hemorrhage, and closed funnel RD increase the risk
of no light perception after treatment. Analysis in this
study indicated that the factors predicting poor final
visual outcomes include poor initial VA (OR=4.64,
95%CI=1.33-16.22), wound extension more than 10
mm (OR=20.66, 95%CI=2.07-206.18), and lens injury
(OR=7.44, 95%CI=1.20-45.95). Penetrating ocular injury
may contribute to achieving more favorable vision than
other mechanisms of injury (OR=0.24, 95%CI=0.06-
1.00). The identification of initial VA, wound extension,
and lens injury as predictors of poor visual outcomes
is consistent with existing literature, emphasizing
their universal prognostic significance. These factors
underscore the complexity of OGI management, where a
multifaceted approach considering both clinical findings
and the mechanism of injury is pivotal. The variation of
influential factors between publications may be attributed
to the mode of injury, population, surgical instrument
technology, experience of surgeon, and cataract surgery
following primary surgical repair. Further study in a
larger population and subgroup analysis are needed to
clarify the associated predictive determinants.
Literature reports exist about the effect of time on
surgery and final visual outcomes. The time lag between
the injury and surgery was found to adversely affect the
final visual outcomes.” Another study by Blanch RJ et al.
found that time to primary repair is essential by a reduction
in predicted visual acuity of 0.37 LogMAR for every
24 hours of delay (95% CI 0.14 to 0.6).”” In contrast,
a report from Makhoul KG et al. found that the time

and a significant increase risk
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to repair OGI within 24 hours did not influence the
final VA.” Patients in rural areas also had significantly
worse final VA than city dwellers and had higher rates
of endophthalmitis and enucleation.” Rural patients
had a longer time elapsed from injury to presentation
(P = 0.023, average 12.04 hours vs 7.53 hours).” Due
to the long distance from a nearby tertiary care center,
the median time (IQR) to the hospital in this study was
3 (2,15) hours, and no significant difference was found
between the final visual outcome group (p=0.8). However,
the absence of a significant association between time to
hospital presentation and visual outcomes in this study
contrasts with existing evidence. This divergence could
reflect the unique aspects of the study settings, such
as variability in injury severity, access to care, or the
small number of patients for evaluation, thus warranting
further investigation.

The current study, while offering valuable insights,
is not without limitations. The retrospective design and
sample size may limit the generalizability of the findings
of this study. Additionally, the unique socioeconomic
and healthcare context of the settings in this study may
influence the applicability of the results of this study to
other regions. Future research should aim to validate
and refine prognostic tools like the OTS in diverse
settings, incorporating larger, multicentric cohorts to
capture the broad spectrum of factors influencing OGI
outcomes. Investigating the impact of timely intervention,
advanced surgical techniques, and rehabilitation services
in resource-limited settings will further elucidate pathways
to optimizing care for OGI patients.

CONCLUSION

In resource-limited settings, OTS is suitable for
predicting final vision in patients with OGI, especially in
less severe trauma. A more favorable final visual outcome
can be found in severely injured cases, highlighting the need
for ophthalmologists to be cautious in management and
counseling. The factors predicting poor visual outcomes
include poor initial VA, wound extension of more than
10 mm, and lens injury.
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