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* PURPOSE: To analyze vision outcomes after open globe
injury and propose modifications to the ocular trauma
score to offer more specific vision prognoses.

e DESIGN: Validity and reliability analysis.

e METHODS: Patients presenting to the University of
Florida with a new open globe injury from October
2015 to January 2021 with subsequent follow-up were
included in the study. Demographics, ophthalmic his-
tory, trauma details, timeline, imaging, operative findings,
and ocular examinations were collected from the medical
record. Z tests, x? test, Fisher exact test, receiver oper-
ating characteristic curve, and ordinal correlation were
used. A weighted logistic model was optimized to predict
vision outcomes. Measured outcomes included the best-
corrected visual acuity, Ocular Trauma Score category,
and performance of vision prognosis scores.

* RESULTS: A total of 162 eyes were identified from chart
review. Eighty percent of the Ocular Trauma Score cat-
egories were accurate. Only the absence of orbital frac-
tures was associated with a significant weight in the lo-
gistic model, which produced more accurate prognoses for
59 patients, and less accurate prognoses for 30 patients
compared to the Ocular Trauma Score. Kendall Tau-B
was 0.639 for the logistic model and 0.582 for the Oc-
ular Trauma Score.

e CONCLUSIONS: The Ocular Trauma Score accurately
estimates vision prognosis after open globe injury. We
propose inclusion of orbital fracture status in our Mod-
ified Florida Ocular Trauma Score. This addended score
is more correlated with final vision outcome and provides
more specific prognoses for severe open globe injuries.
Prospective, multicenter validation is needed to refine and
confirm the use of this new scoring system. (Am ] Oph-
thalmol 2022;244: 152-165. © 2022 Elsevier Inc. All

rights reserved.)
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ULL-THICKNESS WOUNDS THROUGH THE CORNEA OR

sclera are called open globe injuries (OGls) accord-

ing to the widely accepted Birmingham Eye Trauma
Terminology (BETT) devised by Kuhn and associates.'*?
OGls are typically traumatic, but nontraumatic injuries are
also possible.’” These injuries and their sequelae are major
causes of vision impairment and ocular morbidity world-
wide, estimated by Négrel and associates in 1998 at an
global annual incidence of 3.5 per 100 000 persons.® Vision-
limiting sequelae include traumatic cataract, corneal scar-
ring, retinal detachment, endophthalmitis, and phthisis.”®

Severe sequelae such as endophthalmitis may eventu-
ally require evisceration or enucleation resulting in no vi-
sion potential.” In a large cohort of 48 563 OGI patients
in the United States from 2003 to 2013, Ojuok and as-
sociates found that enucleation was performed in 6.2% of
all OGlIs.!? Despite potential for devastating complications,
most patients have an improvement in visual acuity fol-
lowing treatment.' !’ Several studies in multiple countries
demonstrate a vision outcome of 20/40 or better in more
than 30% of eyes following OGIL.'4!%

The wide range of vision outcome reveals that not all
OGiIs are created equal, influenced by several factors in-
cluding initial visual acuity, injury mechanism, wound ex-
tent, wound size, presence of relative afferent pupillary
defect (RAPD), concomitant adnexal injury, and associ-
ated sequelae.!””> Studies consistently demonstrate that
the strongest predictors are poor initial visual acuity, rup-
tured globe, posterior wound, RAPD, retinal detachment,
and endophthalmitis.!> 16262

The Ocular Trauma Score (OTS) was the first and most
widely used prognostic model, created by Kuhn and as-
sociates in 2002 using standardized nomenclature derived
from the BETT.””*° The OTS calculates a numerical score
based on initial visual acuity, RAPD, globe rupture, globe
perforation, endophthalmitis, and retinal detachment. It
then stratifies injuries into 5 categories correlating with
a probability distribution of visual outcomes after ocu-
lar trauma, including OGI. Since its inception and adop-
tion, the OTS has been shown to provide reliable prognos-
tic information for OGIs across a variety of demographic
groups.26:31-36

Despite its simplicity and utility, the OTS has been crit-
icized for its retrospective design, statistical methods, and
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narrow scope. In 2008, Schmidt and associates’’ created
an alternative prognostic model, the Classification and
Regression Tree (CART), to predict vision outcomes after
OGI using a prospectively validated data-driven approach
in 51 patients, which showed an 85.7% sensitivity for no-
vision outcomes and a 91.9% specificity for vision survival.
A retrospective comparison of the OTS and CART in
100 patients, however, revealed that the OTS was slightly
more accurate.'* The OTS also includes only 6 parameters,
excluding factors such as adnexal injury and visual acuity
in preverbal children. Therefore, broader classification sys-
tems like the Pediatric Ocular Trauma Score (POTS) were
devised.’®*” Considering these limitations, we therefore
conducted a retrospective review of OGI patients at our
institution and propose modifications to the OTS.

METHODS

This retrospective study was conducted at the University
of Florida (UF) Shands teaching hospital and approved
under UF IRB 202200727, exempt from individual con-
sent requirements. Patients were identified by querying the
UF Health Integrated Data Repository (IDR), a large-scale
database of electronic medical records across UF hospitals
and clinics supported by the UF Clinical and Translational
Science Institute.

The cohort included UF patients of all ages who pre-
sented with a new OGI from October 2015 to January
2021 and subsequently returned to UF for ophthalmologic
follow-up, as determined by International Classification of
Diseases, Tenth Revision, codes. The timing of OGI events
was determined by review of surgeon, emergency depart-
ment, and paramedic notes. Time to treatment was defined
as hours between initial injury to start of primary repair or
first ophthalmology evaluation if no surgery was indicated.

Final best-corrected visual acuity (BCVA) was deter-
mined at the first patient encounter after 6 months (180
days) following OGI or at the last patient encounter prior
to 6 months if visual acuity had been stable for 2 encounters
and no more follow-up was indicated. Patients who were
deceased before completing ophthalmic treatment, lost to
follow-up, had left against medical advice, or were found to
have no OGI were excluded. Patients were considered lost
to follow-up if they could perceive light in the injured eye
and missed all encounters after initial evaluation.

Individual chart review was conducted for each patient
in compliance with the Health Insurance Portability and
Accountability Act. Recorded data included patient demo-
graphics, insurance status, ophthalmic history, mode and
agent of trauma, timeline from injury to follow-up, imag-
ing diagnoses, operative findings, and ophthalmic exami-
nations from the initial and final encounter. For bilateral
OGls, one eye was randomly chosen for analysis by coinflip

(ie, heads = OD, tails = OS) to reduce bias from double-
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counting paired eyes in our cohort. BCVA was recorded
as Snellen chart equivalents and categorized into grades 1
(>20/40) to 5 (no light perception [NLP]). For pediatric
patients unable to test visual acuity by chart, no blink to
light (NBTL), blink to light (BTL), and central-steady-
maintained (CSM) were coded as grades 5, 3, and 1, re-
spectively. Eviscerated or enucleated eyes were considered
NLP.

Ophthalmic surgical history included any full-thickness
surgeries such as cataract extraction and corneal transplant.
OGIs were classified according to the BETTS terminol-
ogy and visual outcome prognosis was determined using the
OTS. Penetrating injuries refer entry wounds without an
exit wound, while perforating injuries refer pairs of entry
and exit wounds caused by a single trauma. Rupture injuries
refer to breaks in the globe caused by high momentary in-
traocular pressure from blunt trauma.

Data entry and statistical analyses were completed us-
ing SPSS, version 28, and Microsoft Excel 2016. Z tests
of proportion were used to compare final BCVA distribu-
tions between the UF cohort and the reference OTS co-
hort. McNemar x? test and Monte Carlo simulations of
Fisher exact test was used to test for associations between
final BCVA and patient variables. Significantly associated
variables were included in a weighted scoring model. OTS
categories, arbitrary score units (ASU), and score ranges
were used for the scoring model. The nonlinear general-
ized reduced gradient method*’ in the Excel Solver add-in
was used to solve for variable weights by minimizing sum
of residuals between predicted final BCVA grade and ac-
tual final BCVA grade for each patient. Variables with low
weights (<5 ASU) or negligible impact (<5 net residuals)
were removed from the final model,*' termed the Modified
Florida Ocular Trauma Score (MFOTS).

Goodman and Kruskal’s Gamma was used to test for
monotonic relationships between final BCVA grade and
predictions from the OTS and MFOTS. Nonparametric
correlation was calculated between final BCVA grade and
predictions from both prognostic models using Kendall Tau-
B. Receiver operating characteristic (ROC) curve analysis
for OTS and MFOTS prediction of good visual outcomes
(BCVA grade 1) and total vision loss (BCVA grade 5) were
conducted. Areas under the curve (AUCs) were compared
by Z test. Monte Carlo simulations of Fisher exact test was
used to test for association between final BCVA and orbital
fracture type.

RESULTS

The IDR cohort query identified 216 patients with a sus-
pected OGI between October 2015 and January 2021.
Within this cohort, 44 patients (21.3%) had no OGI on
ophthalmic examination or surgical exploration and were
excluded. Eight patients (3.7%) with a confirmed OGI were
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TABLE 1. Cohort Demographic Profile

Parameter Frequency (%) Male Female
Age,y

0-9 15 (9.3) 12 3
10-19 13 (8) 9 4
20-29 29 (17.9) 26 3
30-39 28 (17.3) 24 4
40-49 25 (15.4) 23 2
50-59 19 (11.7) 14 5
60-69 12 (74) 10 2
70-79 16 (9.9) 8 8
80-89 4 (2.5) 1 3
90-99 1(0.6) 1 0
Racef/ethnicity

White, non-Hispanic 111 (68.5) 88 23
African American 34 (21) 24 10
Hispanic 16 (9.9) 15 1
Asian 1(0.6) 1 0
Insurance

Medicare or Medicaid 77 (475) 55 22
Private 62 (38.3) 53 9
Uninsured 23 (14.2) 20 3
Ocular surgical history

Yes 28 (17.3) 13 15
No 134 (82.7) 115 19
Glasses or eye protection

Yes 156 (96.3) 122 34
No 6 (3.7) 6 0
Total 162 (100) 128 34

The UF cohort includes patients with diagnosed open globe
injuries between October 2015 and January 2021.

lost to follow-up and excluded. The final study cohort char-
acteristics of 162 patients are displayed in Table 1. There
were 4 bilateral injuries and 2 pediatric patients who could
not use the Snellen chart. Mean time of final BCVA as-
sessment was 169 days (median = 171, SD = 103.7, mini-
mum = 4, maximum = 580). Mean time to treatment was
30 hours (median = 11.5, minimum = 1, maximum = 984).
Ophthalmic injury characteristics and risk factors are given
in Table 2.

Most patients in the UF cohort were categorized as OTS
categories 1 and 2, which carry the most severe progno-
sis (Table 3). Eviscerations and enucleations were eventu-
ally performed in 5 (3.1%) and 21 (12.9%) UF patients,
respectively. Comparisons between the UF cohort vision
outcomes and the OTS showed significant differences in 5
of 25 prognosis-outcome pairs. OTS category 1 predictions
were more pessimistic than actual outcomes, and category
4 predictions were more optimistic than actual outcomes
(Figure 1).

Two-tailed Fisher exact tests found no significant associ-
ation (P > .05) between final BCVA grade and ethnicity,

suspected endophthalmitis, insurance status, surgical his-
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tory, eyewear, injury laterality, or time to treatment. En-
dophthalmitis was not significantly associated with final
BCVA grade but is considered in the OTS and therefore
included in subsequent analysis. Contingency tables for sig-
nificantly associated variables and suspected endophthalmi-
tis are given in Table 4.

The weighted scoring model solved for weights of all sig-
nificant factors not already included in the OTS. Only the
absence of orbital fractures was associated with a significant
weight (+19 ASU) in the MFOTS. The MFOTS produced
more accurate prognoses for 59 patients and less accurate
prognoses for 30 patients than the OTS did. Classification
of OGIs by OTS (Figure 2, A) and MFOTS (Figure 2, B)
shows that the MFOTS predicted more optimistic visual
acuity outcomes than the OTS, and that both prognostic
models were associated with final BCVAs. Ordinal corre-
lation results are shown in Table 5. The MFOTS had su-
perior performance for predicting vision loss compared to
the OTS (Figure 3, A) but did not have significant differ-
ences in performance for predicting good visual outcomes
compared to the OTS (Figure 3, B). Fisher exact test found
no significant association between orbital fracture type and

final visual acuity (Table 7, P = .239).

DISCUSSION

The primary aim of this study was to compare OGIs and
their vision outcomes within the UF hospital system. Re-
sults indicate that patients presenting to UF with OGIs
(Table 1) have similar age and sex characteristics to other
populations in the United States.” A wide range of patient
ages from 2 to 92 years old were included, and most patients
were male. Cohort ethnicity was representative of the local
area, but White and Black patients were overrepresented
whereas Hispanics were underrepresented.*” Patients were
more likely to be publicly insured (Medicare and Medicaid)
or uninsured as opposed to privately insured.*’

Many patients had a history of penetrating ocular surgery,
which reflects the inclusion of older patients and preva-
lence of cataract surgery in this cohort. Mechanisms of
injury (Table 2) are similar to other reported popula-
tions, where most OGIs are penetrating or perforating in-
juries.*>*47 Few patients reported eyewear or eye protec-
tion, which may be a result of selection bias because eyewear
protects against OGIs. Both the left and right eyes were ap-
proximately equally represented in the UF cohort. Most pa-
tients were categorized as OTS 1 or 2, which may be a result
of referral patterns. UF is an academic institution and treats
more severe injuries that outside and community ophthal-
mologists may not feel comfortable managing.

Despite representative demographics and more severe
prognoses, the UF cohort generally had better vision out-
comes than predicted by the OTS (Table 3).”” Significantly

more UF patients with OTS category 4 injuries, however,
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TABLE 2. Cohort Injury and Risk Factor Profile

Parameter Frequency (%) Male Female
Eye injured?

Right eye 70 (43.2) 60 10
Left eye 92 (56.8) 68 24
Time to treatment, hr®

<12 93 (57.4) 70 23
13-24 39 (24.1) 30 9
>25 30 (18.5) 28 2
Iris involvement

Yes 117 (72.2) 90 27
No 45 (27.8) 38 7
Injury zone

| 37 (22.8) 29 8
Il 66 (40.7) 49 17
1 59 (36.4) 50 9
Computed tomography findings®

Yes 115 (71) 90 25
No 22 (13.6) 21 1
No imaging 25 (15.4) 17 8
Ultrasonographic findings®

Yes 16 (9.9) 1 5
No 12 (74) 8 4
No imaging 134 (82.7) 109 25
Orbital fracture

Yes 36 (22.2) 26 10
No 126 (77.8) 102 24
IOFB present

Yes 52 (32.1) 47 5
No 110 (67.9) 81 29
Choroidal hemorrhage

Yes 35 (21.6) 27 8
No 127 (78.4) 101 26
Injury mechanism

Penetration 91 (56.2) 76 15
Perforation 19 (11.7) 16 3
Rupture 52 (32.1) 36 16
RAPD present

Yes 66 (40.7) 47 19
No 96 (59.3) 81 15
Endophthalmitis

Yes 14 (8.6) 9 5
No 148 (91.4) 119 29
Retinal detachment

Yes 67 (41.4) 51 16
No 95 (58.6) 77 18
Initial best-corrected visual acuity (grade)

(5) NLP 37 (22.8) 24 13
(4) HM or LP 67 (41.4) 55 12
(3) 19/200 to 1/200 22 (13.6) 20 2
(2) 20/50 to 20/200 13 (8) 10 3
(1) > 20/40 23 (14.2) 19 4
Total 162 (100) 128 34

HM = hand motion, IOFB = intraocular foreign body, LP = light perception, NLP = no light perception, RAPD = relative afferent pupillary defect.
Injury profiles were determined during initial evaluation or during surgical exploration.

2Bilateral open globes were found in 4 patients and assigned as right eye (2 patients) or left eye (2 patients) by coinflip.

bSurgical intervention was not indicated for all patients.

¢lmaging was not performed for some patients at the discretion of the attending physician.
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FIGURE 1. Bar graphs of Ocular Trauma Score (OTS) predicted and final best-corrected visual acuity (BCVA) grade distributions.
Distributions of final BCVA grade for the OTS reference cohort are displayed on the left, and distributions of final BCVA for the
University of Florida (UF) cohort are displayed on the left. Bars marked with an asterisk in (B) and (H) are significantly different
from the OTS reference cohort at a 2-tailed 95% CI.
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TABLE 3. Comparison of OTS Predicted and Actual Final Visual

Acuity.
OTS Category Final BCVA (Grade) % OTS Cohort % UF Cohort P Value
1(n=59) (5) NLP 73 52.5 <.0012
(4) HM or LP 17 271 .0392
(3) 19/200 to 1/200 7 8.5 .652
(2) 20/50 to 20/200 2 6.8 .008%
(1) > 20/40 1 5.1 .0022
2(n=41) (5) NLP 28 19.5 .226
(4) HM or LP 26 317 405
(3) 19/200 to 1/200 18 171 .881
(2) 20/50 to 20/200 13 12.2 .879
(1) > 20/40 15 19.5 420
3(n=35) (5) NLP 2 29 .704
(4) HM or LP 1 5.7 .316
(3) 19/200 to 1/200 15 25.7 .076
(2) 20/50 t0 20/200 28 314 654
(1) > 20/40 44 34.3 .248
4(n=09) (5) NLP 1 111 .0024
(4) HM or LP 2 0 669
(3) 19/200 to 1/200 2 0 .669
(2) 20/50 to 20/200 21 33.3 .365
(1) = 20/40 74 55.6 .208
5(n=18) (5) NLP 0 0 >.999
(4) HM or LP 1 0 .670
(3) 19/200 to 1/200 2 5.6 .275
(2) 20/50 to 20/200 5 5.6 .907
(1) > 20/40 92 88.9 .628

BCVA = best-corrected visual acuity, HM = hand motion, LP = light per-
ception, NLP = no light perception, OTS = Ocular Trauma Score, UF = Uni-

versity of Florida.

Two-sided Z tests for proportion were used to determine P values.

aSignificant P values at a 95% CI.

had total vision loss of the affected eye. These results are
similar to those of other studies evaluating accuracy of the
OTS,* 144148 suggesting that the OTS may overestimate
visual outcomes for less severe injuries and underestimate
visual outcomes for the most severe injuries. Several factors
may explain this difference.

First, previously dire injuries may now be salvaged with
advances in technology and treatment, especially in vitre-
oretinal surgery.”’ Second, UF is an academic institution
with ophthalmology on call 24-7 to quickly triage and man-
age OGIs, which may be unavailable at community hospi-
tals where patients must be transferred, resulting in delayed
care. Third, surgeons at UF may be more experienced with
ocular trauma repair and better versed at repair techniques.

Overall, 20 of the 25 combinations of final BCVA and
OTS category were not significantly different from the OTS
distribution. Validation studies report a similar predictive
accuracy of around 80%.’° Discrepancies between visual
outcomes and prognoses for this study may be therefore ex-
pected from appropriate OTS interpretation.

VoL. 244

THE MODIFIED FLORIDA OCULAR TRAUMA SCORE

Several factors known to affect BCVA outcome were
identified in the UF cohort (Table 4), including injury
mechanism, presence of RAPD, iris involvement, injury
zone, intraocular foreign bodies, orbital fractures, reti-
nal detachments, and choroidal hemorrhage.!>»!%%320,27
OGlIs visible on computed tomography and ultrasonog-
raphy were also associated with worse BCVA outcomes.
This finding may reflect that more severe injuries with
greater anatomical distortion are more readily apparent on
imaging, which may have implications for surgical out-
comes.’! Wound size was not measured for many patients
in this cohort, but larger wounds have been correlated
with worse BCVA outcomes despite its exclusion from this
analysis."’

Endophthalmitis and time to treatment, however, were
not significantly associated with BCVA outcome, contrary
to some previous studies.’” The UF cohort had 14 cases of
suspected endophthalmitis, all of which were immediately
treated with systemic and, in some cases, intravitreal an-
tibiotics. This small sample size may lack power to detect
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TABLE 4. Significant Comparisons of Final BCVA Grade With Injury Characteristics and Risk Factors

Parameter Final BCVA Grade, n (%) P Value

5 4 3 2 1
Sex?
Male 27 (21.1) 23 (18) 21(16.4) 21 (16.4) 36(28.1) .048-.050
Female 14 (41.2) 8 (23.5) 1(2.9) 3(8.8) 8 (23.5)
Iris involvement?®
Yes 36 (30.8) 27 (23.1) 14 (12) 14 (12) 26 (22.2) <.001
No 5(11.1) 4 (8.9) 8 (17.8) 10 (22.2) 18 (40)
Injury zone?®
| 3(8.1) 5(13.5) 4 (10.8) 10 (27) 15 (40.5) <.001
Il 9(13.6) 15(22.7) 11 (16.7) 8(12.1) 23 (34.8)
i 29 (49.2) 11 (18.6) 7 (11.9) 6 (10.2) 6 (10.2)
CT findings?®
Yes 37 (32.2) 28 (24.3) 16(13.9) 13(11.3) 21(18.3) <.001
No 1(4.5) 1(4.5) 3(13.6) 3(13.6) 14 (63.6)
US findings?®
Yes 5(31.3) 5(31.3) 3(18.8) 1(6.3) 2 (12.5) .086-.088
No 1(8.3) 1(8.3) 2 (16.7) 1(8.3) 7 (58.3)
Orbital fracture?
Yes 25 (69.4) 8 (22.2) 2 (5.6) 1(2.8) 0(0) <.001
No 16 (12.7) 23(18.3) 20(15.9) 23(18.3) 44 (34.9)
IOFB present?®
Yes 11 (21.2) 6 (11.5) 8 (15.4) 11 (21.2) 16 (30.8)  <.001
No 30 (27.3) 25(22.7) 14 (12.7) 13(11.8) 28 (25.5)
Choroidal hemorrhage®
Yes 20 (57.1) 6 (17.1) 3(8.6) 3(8.6) 3(8.6) <.001
No 21 (16.5) 25(19.7) 19 (15) 21(16.5) 41 (32.3)
Mechanism?
Penetration 11 (12.1) 13(14.3) 14 (15.4) 17(18.7) 36(39.6) <.001
Perforation 11 (57.9) 2 (10.5) 3(15.8) 0 (0) 3(15.8)
Rupture 19 (36.5) 16 (30.8) 5(9.6) 7 (13.5) 5(9.6)
RAPD?
Yes 33 (50) 19 (28.8) 4 (6.1) 5 (7.6) 5 (7.6) <.001
No 8(8.3) 12 (12.5) 18(18.8) 19(19.8) 39 (40.6)
Endophthalmitis®-°
Yes 4 (28.6) 2 (14.3) 2 (14.3) 0 (0) 6 (42.9) 422-.426
No 37 (25) 29 (19.6) 20(13.5) 24 (16.2) 38(25.7)
Retinal detachment?®
Yes 26 (38.8) 18 (26.9) 9(13.4) 8 (11.9) 6 (9) <.001
No 15 (15.8) 13(13.7) 13(13.7) 16(16.8) 38 (40)
Initial BCVA grade®
5 28 (75.7) 8 (21.6) 1(2.7) 0 (0) 0(0) <.001
4 10 (14.9) 19 (28.4) 17 (25.4) 11 (16.4) 10 (14.9)
3 1(4.5) 3(13.6) 2(9.1) 6 (27.3) 10 (45.5)
2 0 (0) 1(77) 1(7.7) 6 (46.2) 5 (38.5)
1 2(8.7) 0(0) 1(4.3) 1(4.3) 19 (82.6)
Total 41 (25.3) 31(19.1) 22 (13.6) 24 (14.8) 44 (272) —

BCVA= best-corrected visual acuity, CT = computed tomography, IOFB = intraocular foreign body, RAPD = rel-
ative afferent pupillary defect, US = ultrasonography.

Factors significantly associated at a 2-tailed confidence level of 95% are displayed. Age category, ethnicity,
insurance status, surgical history, eyewear, laterality, and time to treatment were not significantly associated.

aFisher exact tests were used to estimate P values by the Monte Carlo method.

PEndophthalmitis was not significantly associated with final BCVA grade but is used for OTS calculation and
was therefore included in the table.

°McNemar x? test for paired comparisons was used to determine the P value.
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TABLE 5. The Modified Florida Ocular Trauma Score

Calculating OTS/MFOTS Preoperative Features Points
1. Calculate the OTS sum of points as determined by the BCVA = NLP +60
preoperative visual acuity and associated ocular injuries. Only
include 1 BCVA category.
BCVA = LP or HM +70
BCVA = 1/200 to 19/200  +80
BCVA = 20/200 to 20/50  +90
BCVA > 20/40 +100
Globe rupture -23
Endophthalmitis =17
Perforating injury -14
Retinal detachment -1
RAPD present -10
2. Calculate the MFOTS sum of points by adjusting for orbital ~ Orbital fractures absent +19
fracture or lack thereof.
3. Determine the OTS or MFOTS based on the sum of points ~ Sum of Points OTS/MFOTS
calculated from preoperative features. Category
0-44 1
45-65 2
66-80 3
81-91 4
92-100 5
4. Estimate probability of final vision acuities based on the OTS. OTS Category NLP,
% LP or HM,
% 1/200 to 19/200,
% 20/200 to 20/50,
% >20/40,
%
1 73 17 7 2 1
2 28 26 18 13 15
3 2 1 15 28 44
4 1 2 2 21 74
5 0 1 2 5 92
5. Estimate probability of final vision acuities based on the MFOTS Category NLP,
MFOTS. This distribution is only applicable for the MFOTS, and
not for the OTS
% LP or HM,
% 1/200 to 19/200,
% 20/200 to 20/50,
% >20/40,
O/O
1 71.05 1842 526 263 263
2 2727 42.42 1212 9.09 9.09
3 1.1 29.63 25.93 18,52 14.81
4 3.7 741 2593 2593 3704
5 2.7 0 5.41 2162 70.27

BCVA = best-corrected visual acuity, HM = hand motion, LP = light perception, MFOTS = Modified Florida Ocular Trauma Score, NLP = no
light perception, OTS = Ocular Trauma Score, RAPD = relative afferent pupillary defect.
The MFOTS is adapted from the Ocular Trauma Score based created by Kuhn and associates in 2002. The leftmost column describes steps
involved in estimating vision potential. The MFOTS stratifies injuries into 5 categories correlating with a probability distribution of likely visual

outcomes after open globe injury.
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FIGURE 2. Bar graph of final best-corrected visual acuity (BCVA) grade distributed by Ocular Trauma Score (OTS) and Modified
Florida Ocular Trauma Score (MFOTS). BCVA grades are displayed in colors and clustered by OTS and MFOTS categories. Red

bars indicate the worst vision outcomes, and blue bars indicate the best vision outcomes.

associations with BCVA, or it may reflect the efficacy of
improved antibiotic treatment of endophthalmitis.”
Whereas some studies showed evidence that final visual
outcome is affected by time to treatment,”’ other stud-
ies have also concluded that the time to treatment may
not considerably affect vision outcomes for most patients.’*
Times to treatment were also less precise for longer in-
tervals beyond 1 week, sometimes to the closest day or
week. Therefore, high-resolution comparisons that may
have identified worse outcomes for very long times to treat-
ment could not be performed with high statistical accuracy.
The secondary aim of this study was to propose improve-
ments to the OTS, if any were possible. Although vision
outcomes can be uncertain for months after OGI, patients
benefit from information regarding their projected vision
recovery or lack thereof.” These benefits may include anxi-
ety relief and better-informed decision making. Ambiguous,
overly optimistic, and overly pessimistic prognoses are not
effective or useful information to patients, who may be bet-
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ter served with objective and specific prognoses.’” Practical
aspects should also be taken into consideration, as OGls are
ocular emergencies and require a straightforward model us-
ing easily accessible information.

Early identification of poor prognosis may aid in the de-
cision to proceed with timely enucleation or evisceration
to minimize risk of sympathetic ophthalmia. The OTS has
remained the gold standard for OGI prognoses because of
its ease of use and general accuracy, but its prognoses are
somewhat biased, and its statistical methods are not doc-
umented.'**"* In addition, OTS categories 2-4 give am-
biguous prognoses. For example, OTS category 3 is more
likely to result in the best visual acuity grade than moderate
grades (Figure 1, E), and OTS category 2 is not predictive
of any specific final BCVA grade (Figure 1, C).

With these scoring characteristics in mind, we created
the MFOTS (Table 5) as a simple and accessible modifica-
tion to the OTS that improves prognostic accuracy, espe-
cially for OTS category 1 injuries. Its statistical methods are
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FIGURE 3. Receiver operating characteristic (ROC) curves of
best-corrected visual acuity (BCVA) grade 5 and 1 by Ocu-
lar Trauma Score (OTS) and Modified Florida Ocular Trauma
Score (MFOTS). ROC curves for MFOTS and OTS are dis-
played in blue and green, respectively. A red line with area un-
der the curve (AUC) = 0.5 representing the null hypothesis
(Hp) is displayed in both graphs. A. MFOTS (AUC = 0.865)
outperforms OTS (AUC = 0.805) for BCVA grade 5 prognoses
(Z =3.636, P < .001). B. MFOTS (AUC = 0.847) and OTS
(AUC = 0.831) have similar performance for BCVA grade 1
prognoses (Z = 1.060, P = .289).

also well documented and accessible for future validation
or modification.”® Predictions were optimized by assigning
positive or negative weighted scores to associated factors in
Table 4, but several with low impact and negligible weights
were excluded from the MFOTS by model regularization.*!

Exclusion of known associated factors may be explained
by signal redundancy, wherein one factor may be excluded
if another more impactful factor provided similar informa-
tion.”’ For example, zone III and retinal detachment both
indicate posterior globe injury, but retinal detachment is
more indicative of vision loss. Other examples, age and

VoL. 244

sex, were also significantly associated with final BCVA, but
are confounded with more definitive factors such as injury
mechanism and subsequently excluded from the MFOTS.>®

The weights used in the original OTS were also retained
instead of recalculated, since the OTS had a substantial
sample size and has been proven to be an overall accu-
rate model. Within this cohort, perforations appeared to be
more associated with poor prognosis than rupture (Table 4),
but the OTS (Table 5) gives more weight to globe ruptures
(=23 ASU) than to perforations (14 ASU). This apparent
discrepancy may be caused by redundant associations with
other considered parameters such as retinal detachments.
Ruptures are often anterior, such as in ruptured corneal
grafts, or at rectus muscle insertions, where the sclera is
thin. Perforations, however, often create exit wounds in the
posterior pole where vision is difficult to rescue. As a result,
our model and the OTS may have attributed the poor vi-
sion outcome to corresponding retinal injury instead of the
perforation itself Table 6.

These results also may be compatible with the OTS
weights, because results of Fisher exact tests (Table 4) only
detect presence of association, not strength of association or
effect size. The OTS weights for endophthalmitis are simi-
larly high (-17 ASU) but was not shown to affect outcomes
in this cohort (Table 4), which may be a result of high rates
of topical, systemic, and intravitreal antibiotic use for most
OGls at UE

Although the MFOTS was more accurate overall than
the OTS and increased prognostic accuracy in 59 patients,
it decreased prognosis accuracy in 30 patients. This is an
expected result of appropriate model optimization for real-
world data, as decreasing total error may increase error for
individual outliers. Excessive interpolation to reduce error
for all outliers may incorporate statistical noise and result
in poor extrapolation and model generalizability.”” In the
setting of this cohort, superior MFOTS performance for all
patients may be achieved by including all factor weights re-
gardless of impact but would risk model overfitting.*! Such
a model may be poorly generalizable for individuals outside
this sample and be cumbersome for clinical use.

These model design choices aim to balance prognostic
performance within the cohort and generalizability for all
OGlIs. Therefore, decreased accuracy for some patients is
an expected tradeoff for more general accuracy. Similarly,
recalculating the weights for initial BCVA, RAPD, perfo-
ration, rupture, endophthalmitis, and retinal detachment
may improve the performance of the MFOTS for the UF
cohort but not for all OGIs. The OTS parameters derive
from a larger sample size than the MFOTS and were thus
retained to improve MFOTS generalizability.

Comparing the OTS and MFOTS, both prognostic mod-
els have a monotonic relationship with better BCVA
outcomes (ie, as one increases, so does the other). The
MEFOTS, however, has a slightly higher correlation with fi-
nal BCVA than does the OTS. ROC analysis comparing
the OTS and MFOTS also shows that the MFOTS has su-
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TABLE 6. Comparison of OTS and MFOTS Prognostic Performance

Scoring System Statistic Value Error? P Value
oTS Gamma 0.723 0.050 <.001
Kendall Tau-B 0.582 0.045 <.001
BCVA grade 1 AUCP 0.831 0.036 <.001
BCVA grade 5 AUCP 0.805 0.033 <.001
MFOTS Gamma 0.759 0.044 <.001
Kendall Tau-B 0.639 0.042 <.001
BCVA grade 1 AUCP 0.847 0.033 <.001
BCVA grade 5 AUC 0.865 0.032 <.001

AUC = area under the curve, MFOTS = Modified Florida Ocular Trauma Score, OTS = Oc-

ular Trauma Score.

2Asymptotic standard error was estimated in SPSS.
b Areas under the curve were compared to a null hypothesis of 0.500.

TABLE 7. Contingency Table of Orbital Fracture Type and Final BCVA Grade

Final BCVA Grade Orbital Fracture Type

Floor, n (%) Lateral, n (%) Medial, n (%) Roof, n (%) All Fractures
5 3(18.8) 1(6.3) 9 (56.3) 3(18.8) 16
4 4 (50) 1(125 3 (375) 0(0) 8
3 0(0) 2 (40) 3 (60) 0(0) 5
2 0(0) 1(33. 1(33.3) 1(33.3) 3
1 2 (50) 0 (0) 1 (25) 1 (25) 4
Total 9 (25) 5(13.9 17 (47.2) 5(13.9) 36

BCVA = best-corrected visual acuity.

Fisher exact tests were used to estimate P values by the Monte Carlo method. No signifi-

cant association was found (P = .239).
RemoveHighlighting

perior performance when identifying total vision loss, al-
though its performance when identifying good visual out-
comes (BCVA grade 5) is not significantly different from
the OTS.

Distributions of vision outcomes within the MFOTS cat-
egories are centered closer to their predicted BCVA than for
the OTS, which has the potential to offer patients a more
specific prognosis (Figure 2). This aspect may be a conse-
quence of the difference in model design, as the OTS is in-
tended to produce distributions of BCVA for each prognosis
category, whereas the MFOTS also attempts to match prog-
nosis and BCVA outcomes in a 1:1 fashion.

The superior performance of the MFOTS is attributed
entirely to the inclusion of orbital fractures, a unique proxy
for impact force and energy.”’ Orbital fractures can also
complicate open globe surgery and may subsequently be as-
sociated with poor anatomical outcomes after primary re-
pair.’" As a result, the MFOTS provides increased prog-
nostic accuracy for the most severe injuries (Figure 3, A),
but not for less severe injuries with favorable prognoses
(Figure 3, B). The OTS may already be highly optimized

for less severe injuries, and inclusion of orbital fracture in
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the MFOTS is not expected to improve prognostic accu-
racy in these patients who are unlikely to have orbital frac-
tures. In essence, association of a positive weight with ab-
sence of orbital fracture (Table 5) screens out low-impact
OGlIs from the poorest prognosis categories predicted by the
OTS.

Previous studies have shown that roof-involving orbital
fractures may be associated with ocular injury incidence and
severity,’” but stratification of orbital fractures did not show
an association with final BCVA (Table 7). Although roof-
involving fractures may be associated with ocular injury, the
inverse is not necessarily true, and OGIs may not be more
associated with roof-involving fractures than other orbital
fractures. Finite element analysis has even suggested that
medial or floor fractures are more suggestive of direct ocu-
lar injury, as opposed to lateral wall and roof fractures that
may be suggestive of primary orbital fracture and secondary
ocular injury.®’

In conclusion, the aims of this study were to compare
OGI outcomes at UF to the OTS and to propose improve-
ments to the OTS. Patients treated for OGls at UF hospitals
were representative of patients with OGlIs in the United
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States, and their vision outcomes were generally well es-
timated by the OTS. Some severe OGIs had better prog-
noses than predicted by the OTS, but validation studies
from other trauma centers have demonstrated similar prog-
nostic error using the OTS. Given that OGIs and their out-
comes at UF are comparable with those at other trauma
centers,’ 47148 the MFOTS was derived from this cohort
to improve on the OTS with generalizability and statisti-
cal parsimony in mind. The MFOTS improved prognostic
accuracy for more severe OGls by identifying better vision
outcomes in some patients without orbital fractures. Clini-
cians should therefore be more hesitant to enucleate or evis-
cerate severe open globes in the absence of orbital fracture,
as prognoses are more optimistic than previously thought
according to the OTS. Another advantage of the MFOTS

over the OTS is a slightly greater monotonic relationship
between prognosis and outcome, although the OTS was not
explicitly designed for this purpose.

Therefore, we tentatively propose the use of the MFOTS
in addendum to the OTS for providing patients with a more
specific prognosis. Interpretation of this study should con-
sider its limited prognostic value due to its retrospective de-
sign, smaller sample size, and its origin in a single tertiary
trauma center. Prospective studies at UF and other sites are
needed to validate the accuracy of the MFOTS, which may
soon be possible with large ocular trauma databases such
as International Globe and Adnexal Trauma Epidemiology
Study (IGATES).** As treatments for OGI improve, it may
be necessary to reassess and recalculate parameter weights
for both the OTS and MFOTS to provide patients with ac-

curate prognoses that consider current best practices.
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