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Objective: To study the visual outcomes and identify the predictive factors for visual
outcomes in patients with eye injuries and retained intraocular foreign bodies (IOFBs).
Patients and Methods: The medical records of 359 consecutive patients with eye injuries
and retained IOFBs were retrospectively reviewed during 2009-2018. Demographic data,
clinical findings, treatment and visual outcomes were studied. Univariate and multivariate
analyses were used to identify the predictive factors.

Results: Most of the patients were male and the average age was 36.4 years old. The three
most common causes of eye injuries were grass trimming (25.07%), chiseling (23.12%) and
hammering (13.93%). Most of the patients (79.39%) presented with poor initial best-
corrected visual acuity (BCVA) (<3/60). Pars plana vitrectomy with IOFB removal was
done in 273 eyes (76.04%). After treatment, eyes with poor BCVA (<3/60) decreased from
79.39% to 62.95% and eyes with good BCVA (=3/60) increased from 20.61% to 37.05%.
Poor initial best-corrected visual acuity (odds ratio 23.39, P<0.001), rhegmatogenous retinal
detachment (odds ratio 9.91, P<0.001) and the presence of infectious endophthalmitis (odds
ratio 2.06, P=0.02) were statistically significant predictive factors for poor visual outcome.
Conclusion: Most patients with eye injuries and IOFBs usually have poor final BCVA. Poor
presenting BCVA, retinal detachment and endophthalmitis are significant predictive factors
for poor visual outcomes. These factors can be used to inform the visual prognosis and plan
prompt surgical intervention for the patients. Causes of IOFBs were mostly work-related and
could be preventable. Education and activation of using appropriate protective safety glasses
during work are necessary to avoid serious eye injuries and blindness.
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Introduction

Intraocular foreign bodies (IOFBs) have been reported in 17-41% of penetrating
ocular injuries and frequently cause severe visual loss in the patients with ocular
trauma.' Previous studies have reported that the majority of IOFBs are work-
related,* and the most common cause is hammering.>* Ocular damage may be
caused by initial direct impact of the injuries and IOFBs such as wound laceration
and intraocular hemorrhages, and consequences such as retinal detachment and
endophthalmitis. Various factors have been shown to be associated with a final
visual outcome following management of ocular injuries with IOFBs. These factors
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included presenting visual acuity,
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hemorrhage, retinal detachment and endophthalmitis.

Some studies revealed that size and location of wound entry affected a final visual
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acuity, whereas other studies showed that presence of relative afferent
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pupillary defect (RAPD) was related to the final visual
outcome.>%1© However, there was no consensus on these
predictive factors in patients with IOFBs and most studies
had a too limited sample size to draw a definite conclu-
sion. Therefore, this study was intended to determine pre-
dictive factors for final visual outcomes in a larger series
of patients with eye injuries and retained IOFBs.

Patients and Methods

This study follows the tenets of the Declaration of Helsinki,
the ICH Good Clinical Practice Guidelines and was
approved by the Khon Kaen University Ethics Committee
for Human Research (HE591020). The medical records of
consecutive patients with ocular injuries and IOFBs at KKU
Eye Center during 10 years (2009-2018) were retrospec-
tively reviewed. Although patient consent to review their
medical records was not required by the ethics committee,
the data in case report forms nevertheless had no linkage to
the patient identities and the patient data confidentiality was
protected. Data on demographic characteristics, clinical
findings and the treatment outcomes were collected. The
demographic data included patient’s age, gender, mechan-
ism of injury and whether the patient was wearing an eye
protective device at the time of injury. The clinical findings
consisted of initial examination, site of eye injury, initial
best-corrected visual acuity (BCVA), the time from injury
to IOFB removal, location of the wound entrance, types of
IOFB (metallic or non-metallic), relative afferent pupillary
defect (RAPD) and other complications of ocular injuries.
The treatment outcome data included final BCVA at
a follow-up period of 6 months, and whether the patient
had evisceration or enucleation or not. Patients who had
a follow-up period of less than 6 months were excluded
from the study. These data were collected and a crosscheck
for errors was conducted by double data entry. If a variable
could not be identified or was missing in the record, the data
were also excluded from this study.

Statistical Analyses

All input data were analyzed using SPSS software version
17.0 (SPSS, Inc, Chicago, Illinois, USA). Categorical vari-
ables were analyzed using the chi-square test. Continuous
variables were evaluated for normality, and means were
compared using #-test. Univariate and multivariate ana-
lyses were conducted by logistic regression to evaluate
the predictive factors. A P value of less than 0.05 was
considered statistically significant for all tests.

Results

Of the 359 patients recruited in this study, 335 were male
(93.31%) and 24 were female (6.69%). The age ranged
from 3 to 83 years with a mean of 36.4+15.9 years. There
were 173 right eyes (48.19%) and 186 left eyes (51.81%).
Almost all of them (349; 97.21%) did not wear eye pro-
tective devices. The hospital stay ranged from 1-26 days
with a mean of 5.843.8 days. The three most common
causes of eye injuries were grass trimming using
a handheld powered tool, which accounted for 25.07%,
followed by chiseling (23.12%) and hammering (13.93%).
Firecracker explosion was commonly noted in children.
Seventy-five bystanders (20.89%) who were present at the
incident had eye injuries though they did not take part.
Other demographic data of patients in the study are shown
in Table 1.

The wound entry sites for IOFBs were divided into three
zones, among which zone 1 was cornea, zone 2 was the area
surrounding the cornea extending from corneoscleral line to
5 mm from the limbus and zone 3 represented scleral wound
beyond 5 mm from the limbus. Corneal wound (zone 1) was
the most common site of entry for IOFB (276 eyes; 76.88%).
Scleral site of entry for IOFB (zones 2 and 3) was observed
in 83 eyes (23.12%). Most IOFBs (82.45%) were located in
the posterior segment (behind the lens equator). The three
most common sites of injuries were corneal injury (295
eyes; 82.17%), lens injury (252 eyes; 70.19%) and iris injury

Table | Demographic Data of Patients in the Study

Number Percent
Gender: Male 335 93.31
Affected eye: Left 186 51.81
Eye protection: No 349 97.21
Occupation
Agriculturist 134 37.33
Mechanic 101 28.13
Laborer 55 15.32
Student 43 11.98
Office worker 20 5.57
Carpenter 4 .11
Housewife 2 0.56
Causes of injury
Grass trimming 90 25.07
Chiseling 83 23.12
Hammering 50 13.93
Firecracker explosion 43 11.98
Others 18 5.01
Bystanders 75 20.89
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(226 eyes; 62.95%). Retinal injuries included retinal break
without detachment (162 eyes; 45.13%), rhegmatogenous
retinal detachment without macular involvement (88 eyes;
24.51%) and those with macular involvement (18 eyes;
5.01%). Endophthalmitis was noted in 135 eyes (37.60%).
Relative afferent pupillary defect was present in 170 eyes
(47.35%). Other clinical findings and complications are
shown in Table 2.

Of 359 patients, 4 patients refused to have surgical
interventions. Two patients had double perforation and for-
eign bodies in the orbit. Therefore, only 353 patients were
planned for IOFB removal. IOFBs were not removed in 6
eyes due to thick encapsulated fibrous tissue (3 eyes) and
unidentified IOFBs during surgery (3 eyes). Only 38 eyes
(10.76%) were operated on within 24 hours after the injury,
whereas delayed surgery after 24 hours was noted in 315
eyes (89.24%). Of 347 IOFBs removed, metallic IOFBs
were noted in 259 (74.64%) eyes, whereas non-metallic
IOFBs including glass or vegetative matters or firecracker
explosive chemicals were observed in 88 (25.36%) eyes.
IOFBs were located in the anterior segment (63 eyes) and
posterior segment (296 eyes). IOFBs were removed during
primary repair in 80 (22.28%) eyes. Pars plana vitrectomy

Table 2 Clinical Findings of Patients in the Study

Number Per Cent
Wound entry sites
Zone | 276 76.88
Zone 2 6l 16.99
Zone 3 22 6.13
Sites of injury
Corneal injury 295 82.17
Lens injury 252 70.19
Iris injury 226 62.95
Retinal break 162 45.13
Endophthalmitis 135 37.60
Vitreous hemorrhage 133 37.05
Retinal detachment 106 29.53
Scleral injury 88 2451
Hyphema 8l 22.56
Hypopyon 47 13.09
Eyelid injury 27 7.52
Choroidal detachment 15 4.18
Canalicular injury 2 0.56
Complications
Secondary glaucoma 38 10.58
Atrophic/phthisis bulbi 28 7.80
Siderosis bulbi 22 6.13
Sympathetic ophthalmia 2 0.56

Table 3 Initial and Final BCVA of Patients in the Study

Snellen Visual Acuity Initial BCVA Final BCVA
No. Percent No. Percent

26/18 34 9.47 75 20.89
<6/18-6/60 33 9.19 55 15.32
<6/60-3/60 7 1.95 3 0.84

<3/60-CF 46 12.81 39 10.86
CF-LP 191 53.21 8l 22.56
NLP 48 13.37 106 29.53

was performed in 273 (76.04%) eyes, with vitrectomy com-
bined with expansile gas tamponade in 48 eyes and com-
bined with silicone oil tamponade in 82 eyes. Retinal breaks
at the site of IOFBs were treated with endolaser photocoa-
gulation in 140 eyes, cryoretinopexy in 5 eyes and combined
treatment in 17 eyes. Lens removal was performed at the
time of vitrectomy in 209 eyes, of which 92 eyes had
primary intraocular lens implantation. For eyes complicated
by endophthalmitis, all 135 eyes (37.60%) were surgically
treated by vitrectomy and received intravitreal injection of
vancomycin and ceftazidime. Intracameral and subconjunc-
tival antibiotics were also administered. Seventy-seven eyes
(21.45%) were eviscerated. Of these 77 eyes, 17 eyes had
primary evisceration due to uncontrolled severe infection
and no light perception, whereas 60 eyes were eviscerated
as a second operation.

Initial and final BCVA of patients in the study are shown
in Table 3 and Figure 1. Two hundred and eighty-five eyes
(79.39%) presented with poor initial BCVA (<3/60). The

® Initial BCVA

= Final BCVA

Percentage of Eyes

20 —

26/18 <6/18-6/60  <6/60-3/60  <3/60-CF <CF-LP NLP

Snellen Visual Acuity

Figure | Initial and final best-corrected visual acuity (BCVA) of patients in the
study.
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most common initial BCVA was counting fingers to light
perception (CF-LP) (191 eyes; 53.21%), followed by no
light perception (NLP) (48 eyes; 13.37%) and <3/60 to
counting fingers (CF) (46 eyes; 12.81%). After treatment,
poor BCVA (<3/60) decreased from 285 eyes (79.39%) to
226 eyes (62.95%). After treatment, all 48 eyes with no
light perception and 58 eyes with light perception ended up
with no light perception (106 eyes; 29.53%). The number of
eyes with BCVA of >6/18 increased from 34 eyes (9.47%)
to 75 eyes (20.89%) whereas eyes with BCVA from <6/18
to 6/60 increased from 33 eyes (9.19%) to 55 eyes (15.32%)
(Table 3, Figure 1).

Using univariate regression analysis, the factors that were
significantly associated with poor visual outcome (VA<3/60)
included poor initial BCVA (P<0.001), scleral injury
(P=0.008), hyphema (P<0.001), presence of relative afferent
pupillary defect (RAPD) (P<0.001), rhegmatogenous retinal
detachment (RRD) without macular involvement (P<0.001),
RRD with macular involvement (P=0.028) and endophthal-
mitis (P=0.005) (Table 4). After adjusting with multivariate
analysis, poor initial BCVA, RRD and endophthalmitis were
found to be statistically significant predictors for poor visual
outcome after treatment (Table 5).

Discussion

In this study, we reviewed the demographic data and
clinical findings, final visual outcome and predictive fac-
tors for visual outcomes in patients with ocular injuries
and retained IOFBs. The results demonstrated that eye
injuries with IOFBs commonly occurred in agriculturists,
mechanics and laborers in the order of descending fre-
quency. The three most common causes of the injuries
were grass trimming, chiseling and hammering. These
findings were different from previous studies that revealed
mechanic as the most common occupation and hammering
as the most common cause of injuries.”* Thailand is an
agricultural country and the majority of the population are
agriculturists. After the harvest, many of them are
employed for a part-time job, commonly grass cutting.
A hand-held trimmer is commonly used for cutting grass
because it is more economical than a lawn mower. It is
a garden tool using a flexible monofilament line, a plastic
blade or a metal blade. It consists of a rotating spindle at
the end of a long shaft with a handle. The principle of
centrifugal force makes it spin fast enough to cut grass.
However, it can send debris or foreign bodies on the
ground flying at high velocity, and in random directions.
It is therefore recommended to wear safety glasses for

Table 4 Univariate Analysis of Predictors for Final Visual Outcome

Predictors for Visual Final BCVA P-value
Outcome
>3/60 <3/60
No. (%) No. (%)
Initial VA (n=359)
Poor (£3/60) 71 (53.38) 214 (94.69) | <0.001
Good (>3/60) 62 (46.62) 12 (5.31)
Sites of wound entry (n=359)
Zone | 103 (79.03) | 173 (76.21) | 0.749
Zones 2, 3 29 (21.97) 54 (23.79)
Location of IOFB (n=359)
Anterior 29 (21.97) 34 (14.98) 0.097
Posterior 103 (78.03) | 193 (85.02)
Type of IOFB (n=347)
Metallic 102 (78.46) | 157 (72.35) | O.I11
Non-metallic 28 (21.54) 60 (27.65)
Time to IOFB removal (n=353)
<24 hr 13 (10.0) 25 (11.21) 0.157
> 24 hr. 117 (90.0) 198 (88.79)
Scleral injury (n=359)
Yes 22 (16.54) 66 (29.20) 0.008
No 111 (83.46) | 160 (70.80)
Hyphema (n=359)
Yes 11 (8.27) 70 (30.97) <0.001
No 122 (91.73) | 156 (69.03)
Hypopyon (n=359)
Yes 14 (10.53) 33 (14.60) 0.280
No 119 (89.47) | 193 (85.40)
Relative afferent pupillary defect
(n=359)
Positive 25 (20.66) 145 (60.92) | <0.001
Negative 96 (79.34) 93 (39.08)
Retinal detachment (n=359)
Yes 16 (12.12) 90 (39.65) <0.001
No 116 (87.88) | 137 (60.35)
Vitreous hemorrhage (n=359)
Yes 45 (33.83) 88 (38.94) 0.36
No 88 (66.17) 138 (61.06)
Endophthalmitis (n=359)
Yes 37 (28.03) 98 (43.17) 0.005
No 95 (71.97) 129 (56.83)
Siderosis bulbi (n=359)
Yes 8 (6.06) 14 (6.17) 0.959
No 124 (93.94) | 213 (93.83)

protection. Nevertheless, passers-by can have accidental
eye injuries with IOFBs. Our study showed that 75
patients (20.89%) who were just innocent bystanders or
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Table 5 Multivariate Analysis of Predictors for Final Visual Outcome

Predictors for Visual Outcome Final BCVA Odds Ratio 95% CI P-value
>3/60 No. (%) <3/60 No. (%)

Initial VA
Poor (<3/60) 71 (53.38) 214 (94.69) 23.39 9.52-57.46 <0.001
Good (>3/60) 62 (46.62) 12 (5.31)

Retinal detachment
Yes 16 (12.12) 90 (39.65) 9.91 3.93-24.97 <0.001
No 116 (87.88) 137 (60.35)

Endophthalmitis
Yes 37 (28.03) 98 (43.17) 2.06 1.12-3.77 0.02
No 95 (71.97) 129 (56.83)

passers-by in the nearby area had eye injuries with IOFBs.
Moreover, the study also revealed that 349 patients
(97.21%) did not wear eye protective devices. This pro-
blem was similar to some previous studies.*'* These trim-
mer-induced eye injuries are therefore a significant cause
of eye injuries with IOFBs and result in serious visual
impairment. However, these eye injuries are preventable
with proper eye protection and education.

Ocular trauma with retained IOFBs was significantly
associated with poor visual outcomes.> ® Previous studies
demonstrated a variety of prognostic factors to be asso-
ciated with final visual outcomes following management
of ocular injuries with IOFBs.'~***"'7 However, there was no
consensus on these predictive factors and most studies had
sample sizes that were too limited to draw definite conclu-
sions. There was only one study which evaluated prognostic
factors in a large number of patients with ocular injuries and
retained IOFBs in China.'?

Presenting visual acuity was one of the common prog-
nostic factors that related to the final visual outcomes in
some previous studies.’'? Our study also demonstrated
that initial visual acuity was associated with the final
visual outcomes. Most patients (95.11%) with poor visual
outcome after treatment had poor initial BCVA (P<0.001).
This result was in accordance with previous studies.”'*
Although the majority of our patients had poorer initial
visual acuities than those reported in other previous stu-
dies, ranging from counting fingers to no light perception,
the number of eyes with poor BCVA (<3/60) decreased
whereas those with good BCVA (>3/60) increased after
treatment.

Some studies revealed that wound entry sites affected
final visual acuity.3‘5’ 1013171 our study, although 64 patients

with scleral wound entry (zones 2 and 3) had poor visual
outcomes (<3/60), and 29 patients ended with good vision
(>3/60) after treatment, this difference, showed no statistical
significance. On the contrary, 66 eyes with scleral injury had
poor vision (<3/60) whereas 22 eyes resulted in good vision
(>3/60) after treatment. This finding showed that scleral
injury was related to poor final visual outcome with statistical
significance (P=0.008). However, it demonstrated no statis-
tically significant association after adjusting with multivari-
ate analysis.

Jonas et al. reported that type of IOFB was one of the
prognostic factors for final visual outcome.” Our study,
however, demonstrated no statistically significant associa-
tion with visual outcome. Some previous studies revealed
that posterior segment location of IOFB was related to the
final visual outcome in patients with eye injuries and
retained IOFB;'*'? our study, however, did not show any
statistically significant association.

Relative afferent pupillary defect and intraocular hemor-
rhage were reported to be prognostic factors by some pre-
vious studies.*®!"1¢ Wickham et al. revealed that
hyphema and vitreous hemorrhage were prognostic factors
associated with final visual outcomes after treatment,16
whereas Greven et al. and Thoongsuwan et al. showed
that vitreous hemorrhage was one of the prognostic factors
in their studies.®!' Our study, however, demonstrated that
hyphema was associated with final visual outcomes in uni-
variate analysis, but had no statistically significant associa-
tion after adjusting with multivariate analysis. For RAPD,
our study also demonstrated a significant association with
final visual outcomes in univariate analysis. However, after
multivariate analysis, it had no statistically significant asso-

ciation with final visual outcomes.
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Retinal detachment was also one of the prognostic
factors in many previous studies."®'%!'"!5"17 Ninety
patients with RRD in our study ended treatment with
poor visual acuity (<3/60), whereas 16 patients resulted
in good visual outcome (>3/60). The larger series of
patients in our study confirmed this prognostic factor in
both univariate and multivariate regression analyses.

Endophthalmitis was also reported to be a significant
prognostic factor by some previous studies.”'""'* Our study
also confirmed this prognostic factor in both univariate and
multivariate regression analyses. Interestingly, the rate of
endophthalmitis (37.60%) in our study was much higher
than those reported in previous studies, which revealed
incidence rates from 6.3% to 16.3% in patients with eye
injuries and retained IOFBs.>?'%'%2° This may reflect the
severity of eye injuries with posterior segment involvement
in our study. Another explanation was that our eye center is
a tertiary center, to which surrounding hospitals have to
refer their complicated cases. This results in a delay
before the patients arrive at our center and delayed time
for the removal of IOFBs. The results also indicated that
most patients in our study had delayed surgical intervention
of more than 24 hours. Moreover, there was a tendency of
increased risk of endophthalmitis when treatment was
delayed for more than 24 hours after injury.'>?'

The strength of our study is that the number of patients for
analysis is larger than those in the previous reports. This
allows more accuracy in the regression analysis of the pre-
dictive factors. The limitation is the retrospective design, in
that there may be some missing data, especially the size of
IOFBs, culture of vitreous specimens in endophthalmitis and
proliferative vitreoretinopathy (PVR). There were incomplete
records on measurement of size of IOFBs and PVR in our
study. The positive yield of vitreous culture was also limited.
In addition, most patients were referred from other remote
hospitals after failure of treatment. This might be a selection
bias to have more severe cases in our study. A further pro-
spective clinical study in a large series of patients and a longer
period of follow-up is therefore warranted.

In conclusion, most eye injuries with IOFBs are work-
related. The three most common causes of eye injuries were
grass trimming, chiseling and hammering. Poor presenting
BCVA, retinal detachment and presence of infectious
endophthalmitis were important predictive factors for poor
visual outcomes. These factors can be used to inform the
visual prognosis to the patients and relatives. They also help
with diagnostic decision-making and planning for prompt
intervention strategies to improve the final anatomical and

functional outcomes. Moreover, the distribution of retinal
specialists to remote hospitals would shorten the time of
referral and prompt surgical treatment could be performed.
Education and activation of using appropriate protective
safety glasses during work are necessary to avoid serious
eye injuries and blindness. It is expected that the incidence of
eye injuries with IOFBs, the rate of endophthalmitis and
other serious complications would certainly be reduced fol-
lowing protective measures. An improvement in final visual
outcomes after treatment is also anticipated.
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