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Abstract

Purpose: To detect the factors affecting the final visual acuity
in open globe injuries.

Material And Methods: Fifty eight eyes of 58 patients who
were treated for open globe injuries were analysed prospec-
tively. Factors which are deemed to have effect on visual prog-
nosis were examined statistically.

Results: Forty five patients (%77.6) were male, with a mean
age of 29.6 £19.4. Final visual acuity was 0.1 and lower in 28
(%48.3) cases. The prognostic factors predicting the final vi-
sual acuity were initial visual acuity, wound size, mechanism
of the injury, presence of relative afferent pupillary defect
(RAPD), zone of the injury, anterior chamber finding, lens inju-
ry, posterior segment finding, uveal injury and Ocular Trauma
Score . According to multiple retrospective logistic regression
analysis, those factors having the highest effect on final visual
acuity were found to be presence of an RAPD, female gender,
old age and large laceration respectively.

Conclusion: Initial examination findings are helpful for pre-
dicting the visual outcome in open globe injuries. Therefore,
standardization in classification of the initial examination
findings is compulsory.

Keywords: open globe injury, ocular trauma, penetrating eye
injury, visual outcome

Introduction

Eye injuries are one of the leading reasons of low vision
and blindness all over the world (1).

The aim of treatment in cases with open globe inju-
ry is both to provide the integrity of the globe and to
reach the best possible final visual acuity (VA). In these
cases, knowing the factors which may affect the final vi-
sual acuity will provide an insight for ophthalmologists
during surgical intervention as well as clarifying patient
and his/her family in pre-operative period regarding vi-
sual prognosis. Also, it will reveal the parameters to be
valued during the follow-up period of cases post-oper-
atively.

In this study, it was aimed to search the factors having
effect on final visual acuity in open globe injuries.

Material And Methods

After obtaining approval of Clinical Research Ethics
Committee of our institution, 58 eyes of 58 patients
treated for open globe injury in Unversity of Medical
Science Ankara Training and Research Hospital Ophthal-
mology Clinics between October 2007 - October 2008
were examined in terms of final visual acuity and factors
affecting it prospectively.

While final visual acuity was evaluated, legal blindness
limit (0.1 with Snellen’s chart) and below was accepted

Corresponding author: Dr. Selda Koyuncu, MD; Alsancak Nevvar Salih isgéren Devlet Hastanesi,
Ali Cetinkaya Bulvari, No: 6 Konak, izmir, TURKEY e-mail: seldakoyuncu@gmail.com Tel: +90 505 272 00 36




Koyuncu et al.

as unsuccessful outcome. Effects of pre-operative vari-
ables on unsuccessful outcome was searched. Uncon-
scious patients and children who could not cooperate for
detecting visual acuity and patients who had a history of
previous vision lowering eye condition in the injured eye
were excluded. Cases whose follow-up period was less
than 6 months were excluded, however, cases who were
eviscerated not later than 6 months were included.
Open globe injury was defined as a full thickness (sclera
and/or cornea) injury of the eye wall as determined in
Birmingham Eye Trauma Terminology (2). Cases were
classified according to ocular trauma classification sys-
tem defined by Ocular Trauma Classification Group (3).
Accordingly, type of injury was described as [1] rupture ;
[2] penetrating; [3] intra-ocular foreign body (IOFB); [4]
perforating or [5] mixed , degree of injury was described
according to initial best corrected visual acuity (BCVA)
as; 1st degree: 0.5 and better, 2nd degree: visual acuity
less than 0.5, including 0.2, 3rd degree: less than 0.2, in-
cluding 0.1, 4th degree: less than 0.1, including light per-
ception (LP) and 5th degree: no light perception (NLP),
presence of relative afferent pupillary defect; as positive
or negative in the affected eye, zone of injury was de-
fined as zone |, Il and Ill. Zones are described as follows;
Zone 1: Limited to cornea or limbus, Zone 2: Limbus and
up to 5mm of sclera, Zone 3: full thickness scleral injuries
more than 5mm from limbus.

In addition to prognostic variables in ocular trauma
classification system, other variables which were stated
to have prognostic value in open globe injuries in the
previous series were examined. Thus; type of injury, de-
gree of injury, injury zone, presence of relative afferent
pupilla defect (RAPD), wound size, time passed up to
primary repair, surgical procedures apart from primary
repair, accompanying anterior and posterior segment
findings (hyphema, cell or fibrin reaction, shallow an-
terior chamber, presence of foreign body, lens damage,
uveal damage, vitreous loss, vitreous hemorrhage, reti-
nal hemorrhage, retinal detachment, choroid rupture or
detachment, macular edema) were examined statistical-
ly in terms of effects on visual outcomes.

Ocular Trauma Scores (OTS) of cases were noted.

Statistical Analysis

Analysis of data was conducted in SPSS for Windows
11.5. While descriptive statistics were shown as mean
+ standard deviation for continuous variables, nominal
variables were shown as number of case and (%). Wheth-
er risk factors which may have effect on final visual acu-
ity are statistically significant or not was evaluated with
Single Variable Logistic Regression Analysis. Co-effects
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of risk factors which affect or are considered to affect
the final visual acuity in single-variable statistical anal-
yses result were evaluated with Multiple Variables Lo-
gistic Regression Analysis. In single-variable analyses,
variables for which p<0.25 was found were included into
multiple-variable model as candidate risk factor. Odds
ratio and 95% confidence intervals belonging to each
variable were calculated. Results for p<0.05 were accept-
ed as statistically significant.

Results

Forty five (77.6%) of cases were male, 13 (22.4%) were
female. Mean age was 29.6 £19.4 (3-78) (Table 1). Time
of admittance for medical care after the injury was 14.6
+ 20.8 (0.5 - 96) hours, period between injury and repa-
ration was 23.2 + 24.9 (1-120) hours.

Table 1. Demographical Features

Variables N (58)

29.6119.4 (3-78 years)

Age

Gender
Male 45 (%77,6)

Female 13 (%22,4)

Injury Mechanism
Penetrating 37 (63.8%)
11(19.0%)

10 (17.2%)

Rupture
I0FB
Zone

Zone 1 34 (58.6%)
Zone 2 11 (19.0%)
Zone 3 13 (22.4%)
RAFD positivity 21 (36.2%)
Final Visual Acuity
<0,1

202

28 (48.3%)
30 (51.7%)

IOFB: Intraocular foreign body

RAPD: Relative afferent pupillary defect

Table 2. Distribution of Cases by Degree of injury

Initial Visual Acuity Degree of injury Number of Cases (%)

NLP 5th degree 5(8.6%)
<0.1,zLP 4th degree 44 (76%)
<0.2, 20.1 3rd degree 1(1.7%)
<0.5,20.2 2nd degree 3(5.1%)
0.5 and above 1st degree 5 (8.6%)

NLP: No light perception

Final visual acuity of 0.1 and lower was found in twenty
eight (48.3%) cases. Degree of injury was determined by
initial BCVA and graded from 1 to 5 (Table 2.3). Each one
degree of decrease in initial BCVA resulted in a 3.68 folds
risk of attaining a final visual acuity of 0.1 or worse (95%
confidence interval: 1.14-11.90) (Table 4).

Injury zones of the cases are showed in Table 1. There
was no significant difference between Zone 1 and Zone
2 in terms of final visual acuity, however when Zone 3
injuries were compared with Zone 1 injuries, Zone 3
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Table 3. Final Visual Acuity by Degree of Injury, Mechanism of
Injury, Zone, RAPD and Distribution of OTS

Final Visual Acuity (FVA)

Eviscerated NLP LP sFVAs0.1 0.1<FVA<0.5 FVAz05
(n=5) (n=7) (n=16) (n=3) (n=27)
Degree of
Injury
5th Degree 2(3.4%) 3 (5.2%) - - -
4th Degree 3(5.2%) 4(8.9%) 15(25.9%) 3(5.2%) 19 (32.8%)
3rd Degree - - - - 1(1.7%)
2nd Degree - - 1(1.7%) - 2 (3,4%)
1st Degree - - - - 5 (8.6%)
Mechanism of
Injury
Rupture 1(1.7%) 6(10.3%) 3(65.2%) - 1(1.7%)
Penetrating 4(6.9%) 1(1.7%) 11(19.0%) 3 (5.2%) 18 (31.0%)
IOFB - - 2(3.4%) - 8 (13.8%)
Zone
Zone 1 2 (3.4%) - 10 (17.2%) 3(5.2%) 19 (32.8%)
Zone 2 1(1.7%) 2 (3.4%) 2(3.4%) - 6 (10.3%)
Zone 3 2(3.4%) 5(8.6%) 4 (6.9%) - 2(3.4%)
RAPD
Positive 5(8.6%) 6(10.3%) 8 (13.8%) - 2(3.4%)
Negative - 1(1.7%) 8(13.8%) 3(5.2%) 25(43.1%)
oTsS
1 3(6.2%)  6(10.3%) 2(3.4%) - -
2 2 (3.4%) - 6 (10.3%) - 2(3.4%)
3 - 1(1.7%) 7 (12.1%) 3 (5.2%) 15 (25.9%)
4 - 1(1.7%) - 5(8.6%)
5 - - - 5 (8.6%)

NLP: No light perception, IOFB: Intraocular foreign body, RAPD Relative afferent
pupillary defect, OTS, Ocular trauma score

Table 4. Effects of Degree of Injury, Mechanism of Injury, Zone
and RAPD on Final Visual Acuity

Final Visual Acuity

201 20.2

(n=28) (n=30) P value
Degree of Injury 0.005
1st Degree - 5(16.7%)
2ndDegree 1 (3.6 %) 2 (6.7%)
3rd Degree - 1(3.3%)
4th Degree 22 (78.6%) 22 (73.3%)
5th Degree 5 (17.9%) -
Mechanism of Injury 0.003
Penetrating 16 (57.1%) 21 (70.0%)
Rupture 10 (35.7%) 1(3.3%)
IOFB 2(7.1%) 8 (26.7%)
Zone <0.001
Zone 1 12 (42.9%) 22 (73.3%)
Zone 2 5(17.9%) 6 (20.0%)
Zone 3 11 (39.3%) 2 (6.7%)
RAPD <0.001
No 9 (32.1%) 28 (93.3%)
Yes 19 (67.9%) 2 (6.7%)

IOFB: Intraccular foreign body, RAPD Relative afferent pupillary defect

injuries resulted in 10.083 folds of attaining low final vi-
sual acuity (95% confidence interval:1.982-53.177).
Distribution of the cases according to the injury mecha-
nism are presented in Table 3. There wasn't any case with
perforating or mixed type injury. In cases having rupture,
the possibility of low final visual acuity was found 13.12
folds (95% confidence interval: 1.52-113.362) higher
compared with penetrating injury. It was seen that in-
tra-ocular foreign body did not affect final visual acuity
significantly compared with penetrating injury.

RAPD was positive in twenty-one cases (36.2%) and neg-
ative in 37 cases (63.8%). Presence of RAPD was increas-
ing the possibility of worse visual outcome by 29.556
folds (95% confidence interval: 5.738-152.240) (p<0.001)
(Table 4).

Wound size ranges between 0.5 mm and 40 mm with a
mean value of 9.61+£8.35 mm. Each 3mm of increase in
wound size increased the possibility of finding low final
visual acuity by 1.87 folds (95% confidence interval: 1.29-
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2.69) (p=0.001).

OTS score was 2 and below in 21 cases (%36.2), it was
3 and above in 37 cases (63.8%) The scorings were as
follows: OTS equaled 1 in 11 cases (% 19), 2 in 10 cases
(%17.3), 3'in 26 cases (% 44.8), 4 in 6 cases (%10.3) and 5
in 5 cases (%8,6).

Each one point decrease in OTS was increasing the dete-
rioration possibility of final visual acuity as much as 8.13
folds (95% confidence interval: 2.56-25.64 ) (p<0.001).
Mean follow-up period of patients was 10.88 + 5.3
months; they were followed at least T month, at most
24 months. Ones who had follow-up period less than
six months were those who were eviscerated before six
months of period.

In the initial examination, presence of an anterior cham-
ber finding such as hyphema, cell or fibrin reaction, shal-
low anterior chamber and presence of a foreign body

Table 5. Effect of Lens Damage, Uveal Damage , Vitreus Loss
and Posterior Segment Findings at the Initial Examination on
Final Visual Acuity

Final Visual Acuity
20.2

201

(n=28) (n=30) P value
Lens Damage 24 (85.7%) 13 (43.3%) 0.001
Uveal Damage 8 (28.6%) - 0.002
Vitreous Loss 18 (64.3%) 4 (13.3%) <0.001
Posterior Segment Finding 17 (60.7%) 7 (23.3%) 0.004

Table 6. Additional Surgical Interventions

Surgical Intervention n
Cataract Surgery * 18
Secondary IOL implantation 5
Evisceration 5
Penetrating Keratoplasty’? 1
Dura cover 1
Iris reposition 1
Suture revision 1
1 10L implantation in nina oyes in the same sessfon, hiotomy, pupiloplasty were perf fn2
aye

5,
": On the same session; synechiotomy, pupilloplasty and secondary IOL implantation were
performed.

was increasing the risk of decrease in final visual acuity
(p=0.026). When hyphema was examined alone, it was
seen that it affected final visual acuity negatively, how
ever this result was not statistically significant (p=0.069).
Lens damage, uveal damage and vitreous loss were de-
creasing the final visual acuity significantly (p<0.001,
p=0.002, p<0.001, respectively) (Table 5).

In cases who had posterior segment finding such as vit-
reous hemorrhage, retinal hemorrhage, retinal detach-
ment, choroid rupture or detachment and macular ede-
ma in the first examination, the possibility of having low
final visual acuity was found to be significantly higher
(p=0.004) (Table 5).

While thirty one cases did not require another surgical
intervention after primary reparation, one additional
surgical intervention was required for 18 cases (31%);
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more than one additional surgical interventions were
required for 9 cases (15.5%). Number of surgical opera-
tions applied had no significant effect on visual acuity
(p=0.118). Applied surgical interventions were listed in
Table 6.

Effect of initial visual acuity, wound size, mechanism of
injury, RAPD, zone, anterior chamber finding, lens dam-
age, posterior segment finding, vitreous loss and OTS on
unfavorable prognosis of final visual acuity was found
statistically significant according to single variable sta-
tistical analyses. Effects of candidate risk factors such as
age, gender, hyphema, presence of intra-ocular foreign
body which were anticipated to effect the final visual
acuity in multiple variable analysis were examined to-
gether with these factors. According to the Multiple Ret-
rospective Stepwise Logistics Regression analysis, those
factors having the highest effect on final visual acuity
were found to be presence of RAPD (p<0.001), female
gender (p=0.020), large laceration (p=0.029) and ad-
vanced age (p=0.032), respectively.

Discussion

In our study, demographical features and initial exam-
ination findings of cases who were treated for open
globe injury were determined and factors having effect
on final visual acuity were searched.

Features related with injury itself as well as numerous
anatomical and physiological features of the injured eye
were defined among factors determining the prognosis
in open globe injuries. There are initial visual acuity (4-
11) , wound localization and size (5,7,9-12) , presence
of RAPD (5,7,8) , injury mechanism (5,7-9), vitreous hem-
orrhage (5-7,13), lens damage (5-7), retinal detachment
(8,12,14), intra-ocular foreign body and endophthalmitis
(10) among these factors. Ocular Trauma Classification
Group examined these factors in order to standardize
the classification of eye injuries and selected four fea-
tures for using in the classification. These criteria are in-
jury type (mechanism), degree of injury, pupillary state
(whether there is RAPD or not) and wound localization
(zone) (3).

Factors having statistically significant effect on lowering
the final visual acuity according to single-variable statis-
tical analyses are initial visual acuity, incision size, injury
mechanism, presence of RAPD, zone, lens damage, an-
terior chamber finding, posterior segment finding, vitre-
ous loss and low OTS value.

The distribution of the cases by gender was similar to
the literature (1): 22.4% female and 77.6 % male. Male to
female ratio was 2/7. The reason why female cases had
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worse visual prognosis in our study may be because of
statistical bias due to the low number of female patients.
Strernberg et al. reported better visual results for cases
younger than 18 (4). For our cases, the older the patient,
the lower the final VA and this was statistically significant
(p=0.032). This may be because of poorer wound healing
and accompanying systemic conditions in older cases.
Another possible reason is that, older cases usually had
ruptures because of falls and antler hits whereas young-
er patients mostly had penetrating injuries.

Many studies showed that initial visual acuity is an im-
portant factor in prediction of visual outcome (4-6,12). In
the study where Sternberg et al. stated that initial visual
acuity is the most important factor; groups having initial
visual acuity of above and below 20/800 were compared
and the group with the higher initial visual acuity had
better final results (4). Pieramici et al. noted that in cas-
es whose initial visual acuity was 6/60 or above, enucle-
ation rate was decreasing significantly, and 34% of cases
with initial visual acuity of below 6/60 were enucleated
(5). In study of Groessl et al., initial visual acuity of at least
hand movements level achieved higher final visual acui-
ty (12). Barr stated that initial visual acuity is a prognosis
determinant in corneascleral laceration (6). In a similar
way, each one degree of decrease in initial visual acuity
in our cases was increasing the possibility of finding low
final visual acuity as much as 3.68 folds (95% confidence
interval:1.14-11.90).

Pieramici et al. noted that the best final visual acuity is in
penetrating injuries by injury mechanism and intra-ocu-
lar foreign body, globe rupture and perforating injuries
followed this respectively (16). Martin et al. stated that
perforating injuries have the worst prognosis (17). In our
study, there was not any perforating or mixed type inju-
ries. Final visual acuity was better in penetrating injuries
compared with rupture, a similar result with above men-
tioned series.

In our cases, intra-ocular foreign body did not affect the
final visual acuity. Pieramici et al. compared two wide
series, and reported similar prognosis for intra-ocular
foreign body and penetrating injuries (5). Brinton (13)
and Sternberg (4) stated that presence of intra-ocular
foreign body is associated with better visual outcome.
De Juan (7) and Esmaeli (9) noted that intra-ocular for-
eign body has no statistically significant effect on visual
outcomes. Nevertheless, Ahmedieh et al. noted that in-
tra-ocular foreign body is an important determinant of
poor vision prognosis (18).

The size, shape, structure (metal, organic, glass etc.) of
the IOFB, position and size of entry wound are the fac-
tors affecting prognosis in IOFB injuries. While final visu-
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al acuity was found better in intra-ocular foreign bodies
smaller than 3mm in various studies (19); final visual acu-
ity for intra-ocular foreign bodies which are not sharp
(20,21), non-metal (22), glass (23) or localized to posteri-
or segment was found to be poor.

Intra-ocular foreign bodies in our cases were mostly lo-
calized to anterior chamber, iris and lens. It was in retina
in one case and in pars plana in 2 cases, all of them were
smaller than 2mm. The relative anterior location, small
size and sharp nature is thought to be responsible for
the favorable visual outcome in our cases.

RAPD has been shown to be a significant risk factor (24-
26). Similarly,in our cases presence of RAPD increased
the possibility of low final visual acuity as much as 54,247
folds (95% confidence interval: 5.510-534.096) .

In the previous studies, it was stated that, the more pos-
terior the wound extended, the greater the probability
of poor visual outcome (4,5,7,8,12,13). In our cases there
was no significant difference between Zone 1 and Zone
2, however when Zone 3 injuries attained 10.083 folds
(95% confidence interval:1.982-53.177) risk for low visual
acuity compared with Zone 1 injuries.

Wound size was affecting visual outcome significantly
in our cases concurrent with the literature (5,7,8,13,27).
As OTS value of our cases decreased, final visual acuity
decreased and this result was found statistically signifi-
cant (p<0.01). Thus, importance of OTS in treatment plan
of physician is addressed once more.

There are different opinions regarding effect of repara-
tion time in open globe injuries on visual outcome. Ah-
madieh et al. reported 1.16 fold risk increase for each one
day of delay (18). On the other hand, Rofail et al. stated
that in the series where reparation was applied within
a mean of 35.8 hours, this period did not affect final
visual acuity (24). Barr also showed no relation between
period passed up to reparation and final visual acuity (6).
Similarly, in our cases, visual prognosis was not affected
by reparation time. It should be stated that, the elapsed
time between injury and surgery is not as much long as
the study of Ahmadieh et al. with an mean of 23.2 + 24.9
(1-120) hours in our cases.

Pieramici et al.(5) , Barr (6) and Cruvinel et al. (27) found
unfavorable visual results in presence of lens damage, in
the study of Brinton et al.(13) , lens damage did not af-
fect the visual prognosis. In our study, it was concluded
that uveal damage, vitreous loss and lens damage were
indicators of poor prognosis

Consistent with studies (7,13,25,27) which draw atten-
tion to the fact that posterior segment findings such as
vitreous loss, vitreous hemorrhage, retinal hemorrhage,
retinal detachment, choroid rupture or detachment and
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macular edema are correlated with poor visual outcome,
presence of posterior segment findings was increasing
the risk of poor visual prognosis.

In our study, need of additional surgical intervention did
not effect the final visual outcome. While this is compat-
ible with some studies (27,28), some series state that
surgical interventions required for treatment of compli-
cations particularly in pediatric cases affected the visu-
al prognosis negatively (29,30). Pieramici et al. (5) and
Groessl et al. (12) showed significant effect of number of
surgical interventions on the final visual acuity. It is not
surprising that final visual acuity was poor in cases who
required more surgical interventions for providing globe
integrity. For our cases, lens extraction and intra-ocular
lens implantation were left to the second session since
open globe injuries are treated as an emergency ap-
proach, this situation increased the number of mean sur-
gical procedures in our cases. Unlike in the literature, the
reason why the number of additional surgical interven-
tions did not negatively affect visual acuity in our study
might be based on that. Also by the advancement of mi-
crosurgical technology in recent years, better results can
be achieved in cases having serious injury and requiring
additional surgical intervention .

It was found out that initial examination findings of pa-
tient who applies with open globe injury have important
clues related with visual prognosis. Therefore, BCVA and
the other findings should be noted carefully in the man-
agement of all open globe injuries. Standardization is
compulsory in classification of injuries for evaluating the
cases properly and applying the results obtained from
previous studies on a given case. This will equip both the
doctor and the patient with realistic expectations about
the visual outcome.
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