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Abstract

Purpose To describe the epidemiology and clinical outcomes of open globe injuries (OGIs) in Japan over 10 years, and
examine preoperative factors influencing the visual prognosis after surgery.

Study Design Retrospective, observational, multicenter case-series study.

Methods Patients’ data were entered into a computerized database for review and statistical analyses. The following param-
eters were assessed; age, gender, initial and final visual acuity, duration between onset and surgery, presence of lens in the
eye, characteristics of injury, presence of ocular complications, and number of surgeries.

Results The records of 374 eyes with OGI were enrolled. The average age of the patients was 56.8 + 22.1 years, and the
majority of patients were men (73.5%). Compared to the overall cohort, work-related OGI was the most common, associated
with significantly better final visual acuity, whereas patients with fall-down OGI showed significantly worse final visual
acuity (P < 0.05). Among the types of injury, both the initial and final visual acuity were significantly worse in the rupture
group than in the laceration group. Multiple liner regression analyses revealed that the final visual acuity was significantly
associated with initial visual acuity, type of injury (rupture), retinal detachment, and proliferative vitreoretinopathy.
Conclusion To predict the visual outcome in patients with OGI, ophthalmologists need to pay attention not only to the initial
visual acuity but also to initial ocular conditions, such as the presence of ocular complications.

Keywords Endophthalmitis - Laceration - Open globe injury - Rupture

Introduction

Ocular trauma is a major cause of blindness in developing
countries, whereas in developed countries it is comparably
rare and preventable [1-8]. According to the classification
The members of the Japan-Clinical Research of Study (J-CREST) of ocular traumas outlined in the Birmingham Eye Trauma
Group are listed in Acknowledgements section. Terminology System, open globe injury (OGI) is the most
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vision-threatening condition [9]. Many reports describe the
epidemiology and clinical outcomes in patients with OGI
from different countries [1-8]. Moreover, in Japan, some
studies have evaluated the prognostic factors in patients with
OGI [10, 11]. However, these were single-center studies, and
thus, their results might not reflect epidemiological trends
because of the small number of cases.

The purpose of this retrospective study was to evaluate
the epidemiology and clinical outcomes of patients with
OGI treated at multiple centers in Japan.

Patients and methods

This study was a retrospective chart review of 374 eyes of
373 patients who had been diagnosed as open globe eye
injury and had surgery performed at nine hospitals (Univer-
sity of Tsukuba, Tokushima University Graduate School,
Hyogo College of Medicine, Nara Medical University,
Kagoshima University Graduate School of Medical and
Dental Sciences, Nagoya City University Graduate School
of Medical Sciences, Shiga University of Medical Science,
Sapporo City General Hospital, and Faculty of Medical Sci-
ences University of Fukui) all involved in the Japan Clini-
cal Retina Study (J-CREST) between January 1, 2005, to
January 31, 2015. The J-CREST group was formed for the
purpose of analyzing disease statistics and pathological con-
ditions by accumulating and sharing data among multiple
centers in Japan. This study was approved by the Institu-
tional Review Boards at all institutions involved and adhered
to the tenets of the Declaration of Helsinki,.

All surgery involved pars plana vitrectomy, using con-
tact lenses or a wide-angle viewing system to facilitate
posterior visualization. Various vitrectomy system gauges
(i-e., 20, 23, and 25 gauge vitrectomy) were selected due to
this being a multicenter study and the long-term period of
observation. Exclusion criteria were patients who received
enucleation or suturing without vitreous surgery. For fur-
ther analysis, the obtained data were classified into two
categories based on the type of OGI (rupture and lacer-
ation) and the initial visual acuity [no light perception
(NLP) at presentation and over light perception (LP) at
presentation]. Additionally, OGI was classified into four
groups according to the causes of injury, and the charac-
teristics of each of the four groups were compared with
those of the overall cohort. Data obtained from the medi-
cal records included age, gender, type of injury (rupture
or laceration), best-corrected visual acuity (BCVA) at the
initial and final presentation, duration between onset of
injury and operation, presence of lens, wound length, zone
of injury, number of surgical procedures, presence of ocu-
lar complications (i.e., iridodialysis, vitreous hemorrhage,
retinal detachment, choroidal hemorrhage, proliferative
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vitreoretinopathy, and endophthalmitis), follow-up period,
and causes of injury. The presence of ocular complications
was determined at initial presentation or intraoperatively.
Wound length was measured using graduated spatula
intraoperatively.

BCVA was converted from decimal values to logarithm of
the minimum angle of resolution (logMAR) values for statis-
tical analysis. The BCVA of counting fingers, hand motion,
light perception, and no light perception were assigned log-
MAR values of 1.85, 2.3, 2.8, and 2.9, respectively [12, 13].

The mean scores and standard deviations were calculated
for patient’s age, logMAR visual acuity, duration between
onset of injury and operation, wound length, and follow-up
period. The Student’s t-test was performed to compare the
age, initial and final BCVA, duration between onset of injury
and surgery, wound length, and follow-up period between
the rupture vs. laceration group and NLP at presentation vs
over LP at presentation group. The chi-square test was per-
formed to compare gender, number of NLP at first and final
presentation, type of injury (rupture or laceration), presence
of lens, zone of injury, and presence of ocular complica-
tions between the two groups. Similarly, Dunnett’s test was
conducted to compare the parameters between the overall
cohort and the four groups classified based on the cause of
injury (work, falling-down, traffic accident, or sports-related
injury). The relationships between the final BCVA and
patient’s age, gender, initial BCVA, type of injury (rupture
or laceration), duration between onset of injury and opera-
tion, presence of lens, wound length, zone of injury, number
of surgical procedures (one/two or more), and ocular compli-
cations (iridodialysis, vitreous hemorrhage, retinal detach-
ment, choroidal hemorrhage, proliferative vitreoretinopathy
and endophthalmitis) were examined with simple linear
regression analysis. Also, multiple linear regression analysis
was used to compare final BCVA and all other parameters.

Classification of OGI

Kuhn et al. classified OGISs into rupture and laceration, using
the trauma classification of the Birmingham Eye Trauma
Terminology (BETT) [9]. A “rupture” type of injury was
defined as trauma caused by blunt objects, leading to a
full-thickness wound, with an “inside-out” mechanism of
injury. A transient elevation in intraocular pressure caused
the globe to rupture at a weak point. In contrast, a “lacera-
tion” type of injury was caused by sharp objects, leading to
a full-thickness wound with an “outside-in” type of injury.
For clarifying the issue, “laceration” included three types of
injuries which were penetrating (only the entrance wound
is present), perforating (both entrance and exit wounds are
present), and intraocular foreign body in the present study.
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Presence of lens

The state of lens was defined by two conditions— pres-
ence and absence. Presence indicated that the crystalline or
intraocular lens could be confirmed by slit-lamp examination
at presentation or by using a microscope intraoperatively in
the eye.

Zone of injury

Zone of injury was defined by the location of the full-thick-
ness wound and comprised three parts—zones I, II, and III).
Zone I was at the opening of the cornea or corneoscleral
limbus, zone II at the anterior 5 mm of the sclera (between
zones I and III), and zone III at more than 5 mm posterior to
the corneoscleral limbus.

Results

A total of 374 eyes of 373 patients with OGI were reviewed.
The average age of the patients was 56.8 + 22.1 years (range,
2-101 years), and they included 274 men (73.5%) and 99
women (26.5%). Table 1 shows the characteristics of the
patients with OGI, and the comparisons between the rup-
ture and laceration groups. The initial BCVA in patients

with OGI was 2.2 + 0.9 and the final BCVA was 1.3 +
1.2, indicating that the BCVA was significantly improved
by vitreoretinal surgery (P < 0.001). The number of NLP
was 81 eyes at initial presentation (21.7%) and 78 eyes at
final presentation (20.9%)—>53 of the 81 eyes with NLP at
initial presentation (65.4%) did not reacquire visual function
despite repeated vitreoretinal surgery. In 281 eyes (81.0%),
the crystalline or intraocular lens could be confirmed in the
eye, whereas in 66 eyes (19.0%), the lens was not confirmed.
Wound length was 7.4 + 6.1 mm. With regard to the zone of
injuries, 146 eyes (40.9%) were in zone I, 88 eyes (24.6%)
were in zone II, and the remaining 123 eyes (34.5%) were
in zone III. With regard to ocular complications at initial
presentation, iridodialysis was observed in 114 eyes (41.3%),
vitreous hemorrhage in 236 eyes (68.8%), retinal detach-
ment in 132 eyes (37.5%), choroidal hemorrhage in 52 eyes
(19.4%), proliferative vitreoretinopathy in 24 eyes (8.7%),
and endophthalmitis in 19 eyes (5.2%).

Of the 374 eyes with OGI, 205 eyes (54.8%) presented
with rupture and 169 eyes (45.2%) with laceration. Com-
pared to the laceration group, more women (P < 0.001)
and elderly patients (P < 0.001) constituted the rupture
group. Both initial (P < 0.001) and final BCVA (P < 0.001)
were significantly worse in the rupture group than in the
laceration group (Fig. 1), and both the number of NLPs at
the initial (P < 0.001) and final presentation (P < 0.001)

Table 1 Comparison of various parameters between the rupture and laceration groups

Parameters All (n=374) Rupture group (n =  Laceration group (n P value
205) =169)

Age (years) 56.8 +22.1 63.9 +21.3 48.3+£19.9 <0.001*
Gender (male/female) 275199 126/79 149/20 <0.001*
Initial visual acuity (logMAR) 22+09 26+0.6 1.7+1.1 <0.001*
Number of patients with NLP at presentation 81 69 12 <0.001*
Final visual acuity (logMAR) 13+12 19+ 1.1 07+1.1 <0.001*
Number of patients with NLP at final presentation 78 61 17 <0.001*
Duration between onset of injury and operation (days) 14 +6.0 1.7+73 1.1 +4.0 0.33
Presence of lens (+/—) 281/66 128/59 153/7 <0.001%*
Wound length (mm) 74 +6.1 103 +£6.2 39+35 <0.001%*
Zone of injury (I/II/IIT) 146/88/123 46/61/88 100/27/35 <0.001*
Number of surgical procedures (one/two or more) 240/120 131/71 109/53 0.63
Iridodialysis (+/—) 114/162 53/93 61/70 0.08
VH (+/-) 236/107 155/26 81/81 <0.001*
RD (+/-) 132/220 97/91 35/129 <0.001*
CH (+/-) 52/216 42/97 10/119 <0.001*
PVR (+/-) 24/252 17/131 8/121 0.13
EO (+/-) 19/349 2/198 17/151 <0.001*
Follow-up period (months) 17.3+332 17.8 +41.2 147+ 16.1 0.36

Values are presented as the mean + standard deviation. *Significant difference between the rupture and laceration groups (Student’s t-test and

chi-square test)

LogMAR: logarithm of the minimum angle of resolution; IOL: intraocular lens; VH: vitreous hemorrhage; RD: retinal detachment; CH: choroi-
dal hemorrhage; PVR: proliferative vitreoretinopathy; EO: endophthalmitis
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Fig. 1 Comparison of visual Initial Visit Final Visit
acuity based on type of injury. 3
The initial and final visual -
acuity is significantly worse in
the rupture group than in the
laceration group (P < 0.001).
LogMAR: logarithm of the
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were significantly higher in the rupture group. With regard
to the presence of lens, the patients in the rupture group
were significantly more likely to have an absent crystalline
or intraocular lens (P < 0.001). Wound length was signifi-
cantly larger in the rupture group, which had a tendency
to be located in zone III; in contrast, the wound in the lac-
eration group tended to be located in zone I (P < 0.001).
The incidence of vitreous hemorrhage (P < 0.001), retinal
detachment (P < 0.001), and choroidal hemorrhage (P <
0.001) were significantly higher in patients in the rupture
group than in the laceration group, whereas the incidence of
endophthalmitis was significantly lower in the rupture group
than in the laceration group (P < 0.001).

According to simple linear regression analyses, the final
BCVA was significantly correlated with age (coefficient
= 0.02, P < 0.001), initial BCVA (coefficient = 0.81, P <
0.001), wound length (coefficient = 0.10, P < 0.001). Fur-
thermore, the final BCVA was significantly different with
gender (coefficient = -0.64, P < 0.001), type of injury (coef-
ficient = 1.12, P < 0.001), presence of lens (coefficient =
-0.50, P < 0.001), zone of injury (coefficient = 0.47, P <
0.001), and presence of iridodialysis (coefficient = -0.32,
P = 0.03), vitreous hemorrhage (coefficient = 1.25, P <
0.001), retinal detachment (coefficient = 1.31, P < 0.001),
choroidal hemorrhage (coefficient = 1.01, P < 0.001), and
proliferative vitreoretinopathy (coefficient = 1.29, P <
0.001) (Table 2). According to multiple linear regression
analyses, the final BCVA was significantly correlated with
initial BCVA (coefficient = 0.32, P < 0.001), type of injury
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(coefficient = 0.47, P = 0.01), presence of retinal detachment
(coefficient = 0.55, P < 0.001), and presence of proliferative
vitreoretinopathy (coefficient = 0.76, P = 0.04), (Table 2).

Table 3 shows the clinical characteristics of various
parameters in patients with NLP at initial presentation. On
comparing the NLP and over LP groups, the clinical char-
acteristics in the NLP group were found to be significantly
female (P < 0.001) and elderly (P < 0.001) dominant. The
final BCVA was significantly worse in the NLP group than
in the over LP group (P < 0.001). With regard to the pres-
ence of lens, the patients in the NLP group were significantly
more likely to have an absent crystalline or intraocular lens
(P = 0.003). Wound length was significantly larger in the
NLP group, where the wound tended to be located in zone
IIT; in contrast, in the over LP group, the wound tended to
be located in zone I (P < 0.001). In the NLP group, ocular
complications such as vitreous hemorrhage (P < 0.001), reti-
nal detachment ((P < 0.001), choroidal hemorrhage ((P <
0.001), and proliferative vitreoretinopathy (P = 0.04) had a
significantly higher incidence in the NLP group than in the
over LP group.

Table 4 shows the comparison of various characteristics
between the overall cohort and the four groups classified
on the basis of the cause of injury. OGIs were work-related
in 170 patients (45.5%), the most frequent cause of injury.
OGIs were fall-down in 120 patients (32.1%), traffic acci-
dent-related in 14 patients (3.7%), and sports-related in
13 patients (3.5%). Patients in whom the OGIs were work
related were predominantly men and younger (P < 0.05)
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Table 2 Relationship between final visual acuity and preoperative parameters in open globe injuries

Preoperative parameters Final visual acuity

Simple liner regression analysis Multiple liner regression analysis

Coefficient P value Coefficient 95% CI P value
Age (years) 0.02 <0.001* 0.004 —0.003 to 0.01 0.30
Gender (male/female) —0.64 <0.001* 0.07 —0.27t0 0.41 0.70
Initial visual acuity (logMAR) 0.81 <0.001* 0.32 0.14 to 0.49 <0.001%%*
Type of injury (rupture or laceration) 1.12 <0.001* 0.47 0.10to 0.84 0.01%**
Duration between onset of injury and operation (days) 0.01 0.34 —0.003 —0.02 to 0.02 0.75
Presence of lens (+/-) -0.50 <0.001* —0.18 —0.37 to0 0.002 0.06
Wound length (mm) 0.10 <0.001* 0.01 —0.02 to 0.04 0.39
Zone of injury (I/II/IIT) 0.47 <0.001* 0.006 —0.15t0 0.17 0.94
Number of surgical procedures (one/two or more) 0.08 0.59 0.004 —0.26 to 0.27 0.98
Iridodialysis (+/—) -0.32 0.03* 0.10 —0.15t0 0.35 0.43
VH (+/-) 1.25 <0.001* 0.18 —0.15t0 0.50 0.28
RD (+/-) 1.31 <0.001* 0.55 0.25 t0 0.86 <0.001#*
CH (+/-) 1.01 <0.001* -0.16 —0.53t0 0.20 0.38
PVR (+/-) 1.29 <0.001* 0.76 0.02to 1.49 0.04%*
EO (+/-) -0.47 0.11 0.06 —0.53 t0 0.65 0.84

*Significant difference or correlation between the parameters (simple liner regression analysis)
**Significant correlation between the parameters (multiple liner regression analysis)

CI: confidence interval; LogMAR: logarithm of the minimum angle of resolution; IOL: intraocular lens; VH: vitreous hemorrhage; RD: retinal
detachment; CH: choroidal hemorrhage; PVR: proliferative vitreoretinopathy; EO: endophthalmitis

Table 3 Clinical characteristics of various parameters in patients with no light perception at initial presentation

Parameters All (n =374) NLP at presentation Over LP at presentation P value
group (n = 81) group (n = 293)
Age (years) 56.8 +22.1 66.4 +31.6 542 +21.2 <0.001*
Gender (male/female) 275/99 45/36 229/63 <0.001*
Initial visual acuity (logMAR) 22+09 29 1.9+1.0 -
Type of injury (rupture or laceration) 205/169 69/12 136/157 <0.001*
Final visual acuity (logMAR) 13+12 27+12 1.0+1.1 <0.001*
Duration between onset of injury and operation (days) 14 +6.0 0.7+42 1.6 +6.6 0.25
Presence of lens (+/—) 281/66 51/23 230/43 0.003*
Wound length (mm) 7.4 +6.1 11.8 +4.7 6.5+5.6 <0.001*
Zone of injury (I/II/IIT) 146/88/123 18/23/37 128/65/86 0.04*
Number of surgical procedures (one/two or more) 240/120 61/17 179/103 0.01%*
Iridodialysis (+/—) 114/162 22/24 89/138 0.28
VH (+/-) 236/107 68/6 182/101 <0.001*
RD (+/-) 132/220 48/23 84/197 <0.001*
CH (+/-) 52/216 2120 31/196 <0.001*
PVR (+/-) 24/252 7/34 17/218 0.04*
EO (+/-) 19/349 2/76 17/273 0.24
Follow-up period (months) 173 +33.2 22.1 +22.8 16.2 +19.7 0.02*

Values are presented as the mean =+ standard deviation. *Significant difference between NLP at presentation group and over LP at presentation
group (Student’s t-test and chi-square test)

NLP: no light perception; LP: light perception; LogMAR: logarithm of the minimum angle of resolution; IOL: intraocular lens; VH: vitreous
hemorrhage; RD: retinal detachment; CH: choroidal hemorrhage; PVR: proliferative vitreoretinopathy; EO: endophthalmitis
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Table 4 Comparison of various parameters among the groups with cause of injury

Parameters All (n=374) Work-related Fall-down Traffic accident- Sports-related

group (n = 170) group (n = related group (n group (n = 13)
120) =14)

Age (years) 56.8 +22.1 49.9 + 17.2% 73.7+159*% 504 +254 442+ 175

Gender (male/female) 275199 161/9* 53/67* 11/3 13/0

Initial visual acuity (logMAR) 22+09 1.8+ 1.1% 2.6 +0.6% 26+0.5 25+0.5

Type of injury (rupture or laceration) 205/169 46/124* 109/11%* 9/5 6/7

Number of patients with NLP at presentation 81 12 51 2 1

Final visual acuity (logMAR) 13+1.2 0.8+ 1.1% 2.2+ 1.0% 09+12 12+12

Number of patients with NLP at final presentation 78 18 46 1 2

Duration between onset of injury and operation (days) 1.4 +6.0 1.6 + 8.1 14+38 06=+1.7 06+12

Presence of lens (+/—) 281/66 150/11%* 73/43%* 112 9/1

Wound length (mm) 74 +6.1 4.9 + 4.6 10.3 +5.9% 82+7.1 85+6.0

Zone of injury (I/II/III) 146/88/123 93/37/35% 20/36/61* 3/4/6 51272

Number of surgical procedures (one/two or more) 240/120 105/58 89/29 9/5 517

Iridodialysis (+/—) 114/162 61/73 27/54 4/8 4/5

VH (+/-) 236/107 93/69* 103/8* 6/7 1/6*

RD (+/-) 132/220 39/127 59/47 4/9 716

CH (+/-) 52/216 13/115 27/49% 2/11 1/10

PVR (+/-) 24/252 11/121 6/70 1/12 2/11

EO (+/-) 19/349 12/158 1/115 0/14 3/10%*

Follow-up period (months) 17.3 +33.2 20.2 +43.6 11.8 +16.3 17.4 +£253 2377154

Values are presented as the mean + standard deviation. *Statistically significant difference compared with the overall cohort

LogMAR: logarithm of the minimum angle of resolution; IOL: intraocular lens; VH: vitreous hemorrhage; RD: retinal detachment; CH: choroi-
dal hemorrhage; PVR: proliferative vitreoretinopathy; EO: endophthalmitis

compared to the patients in whom the OGIs were fall-
down who were predominantly women and elderly (P <
0.05). Both the initial and final BCVA were significantly
better in the work-related group (P < 0.05) than in the
fall-down group (P < 0.05; Fig. 2). Furthermore, com-
pared to the overall cohort, the patients in the work-related
cause of injury group were significantly more likely to
have lacerations (P < 0.05) and presence of crystalline or
intraocular lens (P < 0.05), whereas the patients in the fall-
down group were significantly more likely to have rupture
(P < 0.05) and absence of crystalline lens or intraocular
lens (P < 0.05). The zone of injury was significantly dif-
ferent between patients in the work-related and fall-down
groups and the overall cohort; in addition, wound length
was shorter in the work-related (P < 0.05) and longer (P
< 0.05) in the fall-down injury groups. The incidence of
vitreous (P < 0.05) and choroidal hemorrhage (P < 0.05)
in patients in the fall-down injury group was significantly
higher. The incidence of vitreous hemorrhage in the work
and sports-related injury groups was significantly lower
than in the overall cohort (P < 0.05). Finally, the incidence
of endophthalmitis in the sports-related injury group was
significantly lower than that in the overall cohort (P <
0.05).
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Discussion

OGI is the most severe, albeit in a rare form, ocular injury,
and its incidence ranges from 1.6 to 4.5 per 100,000
[14-18]. We extracted a large number of OGI cases regis-
tered in the J-CREST database, and investigated the epide-
miology and clinical characteristics of these cases. In the
present study, men constituted 73.5% of the cohort. This
is consistent with the results of previous studies (73—80%)
[5, 7, 19-22]. The higher percentage of men in studies of
OGI might be related to their greater tendency to engage
in aggressive or high-risk behavior [23]. The average age
of the patients was 56.8 years, higher than in several pre-
vious epidemiologic reports of OGI (24—46 years) [7,
15, 22, 24]. In some countries, the major causes of OGI
were found to be in-home accidents in children and work-
related injuries [6, 22, 25, 26]. The increased average age
of the patients in this study could be attributed to the small
number of children and large number of elderly women
included. In addition, the increased average age of the
patients with OGI may be related to the geographic origin
of these patients, as Japan’s life expectancy has been on
the rise. The proportion of work-related OGIs in developed
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Fig.2 Comparison of final 3
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countries was less frequent than in developing countries
[8, 21, 26-29]. The proportion of work-related OGI in this
study was similar to that reported in a developed region
such as Hong Kong [5]. The work environment and demo-
graphic composition of developing countries differ from
that of developed countries. In developing countries, the
percentage of primary industry workers is high, and the
working conditions, including safety, are poor. In devel-
oped countries, there’s a decline in the working population
owing to aging of the society, which could be related to the
decrease in work-related OGI; consequently, in developed
countries, the majority of OGI in the elderly are falling-
down related [15].

The type of injury is directly linked to visual progno-
sis. In the present study, the visual prognosis for ruptures
is significantly poorer than for lacerations. This study
showed that patients with rupture were more likely to pre-
sent with NLP, prolapse of the lens, larger wounds, ZONE
III injuries, and ocular complications (i.e., vitreous hem-
orrhage, retinal detachment, and choroidal hemorrhage).
This is consistent with the findings of a previous report
[30]. Interestingly, endophthalmitis had a significantly low
rate of incidence, found only in two patients with rupture
(0.01%). The eyes in patients with rupture seem to be less
likely to be exposed to contamination risk, because rupture
is almost always caused by blunt trauma. In this study,
endophthalmitis was observed in 19 eyes (5.2%). Previ-
ous reports reveal that the probability of endophthalmitis
in OGI was 0.9-14.3% [31-33, 45]. Intraocular foreign
body which was included in the types of laceration had

higher prevalence rate, possibly because the foreign body
introduced the bacteria into the eye [33].

Many previous studies have attempted to identify the
prognostic factors of visual outcome in patients with OGIs
[34-36]. In the present study, simple linear regression analy-
ses showed that age, gender, initial BCVA, type of injury,
presence of lens, wound length, zone of injury, iridodialysis,
vitreous hemorrhage, retinal detachment, choroidal hemor-
rhage, and proliferative vitreoretinopathy were all associ-
ated with the final visual outcome, whereas multiple liner
regression analysis showed that initial BCVA, type of injury,
retinal detachment, and proliferative vitreoretinopahty were
associated with the final BCVA. In simple linear regression
analyses, the final BCVA was not significantly correlated
with the number of surgical procedures (coefficient = 0.08,
P = 0.59, Table 2). Some reports recommend early vitrec-
tomy which provides a better visual outcome, while others
recommend a two-stage approach [37—40]. Until now, there
was no unified opinion on the number of surgical opera-
tions. Since the parameters of OGI are highly interrelated,
multivariate analysis might be more suitable for identifying
prognostic factors than univariate analysis. However, none
of the previous study results are in agreement with all the
prognostic factors identified by multivariate analyses in this
study. The results of Lin et al. partially support this study in
that the initial BCVA and retinal detachment were strongly
correlated with final BCVA by multivariate analysis [36].

Initial BCVA is one of the most important prognostic fac-
tors in OGI [34-36]. However, patients with severe OGI and
NLP occasionally recover their LP or better vision [41, 42].
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In the present study, 53 of 81 eyes with NLP at initial pres-
entation (65.4%) could not reacquire visual function despite
several vitreoretinal surgeries, which indicates that 28 eyes
(35.6%) recovered visual function from NLP to LP or bet-
ter. The visual recovery rate from NLP to LP or better after
globe rupture was higher in our study than in those reported
previously (4-33%) [34, 41-50]. Eyes that underwent pars
plana vitrectomy were significantly more likely to achieve
LP or better final vision than those that did not (odds ratio:
257) [51]. Therefore, the high recovery rate observed in this
study may be related to the fact that all the patients in this
study received pars plana vitrectomy for OGI. Compared to
patients with over LP at presentation, patients with NLP at
presentation were significantly women and older, who exhib-
ited rupture, absence of lens, larger wounds, and tendency of
zone III injuries. These characteristics also apply to patients
with fall-down OGI; in fact, several patients with fall-down
OGI present with NLP at initial presentation in this study.
Moreover, all ocular complications except iridodialysis and
endophthalmitis (i.e., vitreous hemorrhage, retinal detach-
ment, choroidal hemorrhage, and proliferative vitreoretin-
opathy) were found in NLP patients at presentation. These
ocular complications are reported to exacerbate the visual
prognosis [34, 36].

Frequent causes of OGI include work-related accidents,
fall-down, traffic accidents, sports injuries, and assault [18,
21, 35, 52-55]. Similar to those reported in the literature,
this report shows that work-related accidents were the most
common cause of OGI followed by accidental fall-down
injuries [5]. Different causes of OGI lead to different char-
acteristics in patients with OGI. For example, work-related
OGI was prevalent in 72-98% of men aged between 34.5 and
35.8 years [21, 56, 57], which can be attributed to physical
work being more prevalent in men. Similar to the results of
this study, in a previous study, fall-down OGIs were found
to be more common in women and elderly subjects (58.8%
women; average, 65.8 years) [35], which may be related to
the prevalence of connective tissue disease and osteoporosis
in the elderly, increasing the risk of fall-down, and these
patients often have considerable medical comorbidities. In
another study, in patients with work-related OGIs, both the
preoperative and final best-corrected BCVA were better in
the non-work-related group [56]. Bauza et al. found a signifi-
cant difference in the type and zone of injury, as well as pres-
ence of ocular complications such as expulsive hemorrhage,
between work and non-work-related OGIs [21]. In contrast,
patients in the fall-down OGI group showed rupture, ten-
dency towards zone III injuries and larger wounds, which
indicates that the incidence of expected retinal and choroidal
damage will inevitably worsen the visual outcomes [35]. In
this study, work-related OGIs showed the best prognosis,
whereas fall-down OGIs showed the worst. Four of the five
(age, initial BCVA, type of injury, and presence of retinal
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detachment) poor prognostic factors determined by multi-
variate analysis tended to be related to fall-down OGI rather
than work-related OGI; furthermore, fall-down OGI was
characterized by older age, worse initial BCVA, rupture, and
increased retinal detachment compared to work-related OGI.

This study has several limitations. First, it was a retro-
spective study, some data were missing, and sample size
was relatively small. Future studies with larger sample sizes
are required to validate these results. Furthermore, in multi-
center studies like this one, differences in protocol exist
among facilities, such as surgical management methods and
follow-up intervals for each patient, which may have influ-
enced the final BCVA.

In conclusion, we retrospectively assessed OGIs in a
multicenter study in Japan. In patients with OGI, the initial
BCVA was poor, but it improved significantly after surgical
intervention. However, the improvement in BCVA was often
limited, and 78 of the 374 eyes (20.9%) showed NLP at final
presentation. Of the four major causes of OGI, work-related
OGI was the most common and was associated with the best
visual outcome, whereas fall-down OGI was associated with
the worst visual outcome. Poor initial BCVA, rupture, and
the presence of retinal detachment and proliferative vitreo-
retinopathy correlated strongly with poor final visual out-
come on multivariate analysis.
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