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Abstract
Objective

To describe the epidemiology and to evaluate the visual outcome of open globe injury (OGI) cases in Hospital
Pulau Pinang.

Method

A three-year retrospective study on OGI cases presenting to Hospital Pulau Pinang from January 2018 until
December 2020.

Result

A total of 39 OGI cases (n=39) were included in this study. The average age of the patients was 34.9 + 21.7
(mean # standard deviation, SD). There were 33 males (84.6%) and six females (15.4%). In this study, 27
cases (69.2%) were Malaysians, while the remaining 12 cases (30.8%) were foreigners. OGI cases were mostly
caused by occupational injuries (n=17, 43.6%) and domestic-related accidents (n=17, 43.6%). The mean initial
VA (visual acuity) logMAR was 1.69 # 0.98 (mean * SD). Overall, the final VA improved to the mean VA
logMAR of 1.04 #+ 1.08 (mean * SD). There was a significant positive correlation between initial VA and final
VA logMAR (Spearman’s rho = 0.6532, p <0.001). A negative linear correlation was found between calculated
raw points of Ocular Trauma Score (OTS) and final VA logMAR (Spearman’s rho = -0.7067, p <0.001).

Conclusion

Young adult males, foreign nationality, occupational injuries, and domestic-related accidents are risk factors
of OGI. By uncovering the risk, we can take remedial actions to ensure better public health and clinical
strategies to prevent and manage ocular trauma in the future. This study also highlights that initial VA and
OTS are effective in predicting visual outcomes of OGI.
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Introduction

Ocular trauma is one of the preventable causes of visual impairment and blindness globally. WHO proposed
that there are 55 million eye injuries restricting activities for over a day annually, among which 200000 cases
are perforating eye injuries, thus accounting for a global incidence rate of 3.5 per 100000 population. This
phenomenon leads to blindness in 1.6 million eyes and low vision in 2.3 million eyes bilaterally. It also
accounts for almost 19 million unilateral blindness or low vision [1]. Apart from its ocular morbidity, ocular
trauma also has inevitable impacts on the quality of life, mental health, and financial burden on patients,
employers, and the country. Ocular trauma has a wide range of clinical presentations and can be divided into
open and closed globe injuries. The Birmingham Eye Trauma Terminology (BETT) System was created by
Kuhn et al. to standardize the ocular trauma terminology for each type of injury. By definition, open globe
injury (OGI) is a full-thickness laceration wound of the eye wall [2]. It can be further classified into subtypes
of rupture, penetration, perforation, and intraocular foreign body (IOFB). OGI is an ocular emergency that
frequently requires a more extended hospital stay and carries a poorer visual prognosis as compared to
closed globe injury [3-6]. In recent years, many studies related to ocular trauma have been conducted
internationally and locally because of the increasing public health awareness worldwide [7-10]. This study
was conducted to describe the epidemiology and nature of OGI cases in Hospital Pulau Pinang. It also aims
to evaluate the correlation between the visual outcome of OGI and initial visual acuity as well as the Ocular
Trauma Score (OTS).

Materials And Methods

This is a three-year retrospective study on medical records of OGI cases presented to Hospital Pulau Pinang
from January 2018 until December 2020. Classification of OGI was based on the Birmingham Eye Trauma
Terminology (BETT). Patients were identified from operating theatre records to retrieve their case notes.
Information such as demographic profile, characteristics of ocular injuries, management, and the visual
outcome was recorded. Both initial visual acuity (VA) and final visual acuity were categorised into no
perception of light (NPL), perception of light or hand movement (PL/HM), 1/200-19/200, 20/200-20/50, and
>20/40. Both VA were then converted to log MAR for the purpose of analysis [11]. Retrospectively, we
calculated the raw points of Ocular Trauma Score (OTS) at presentation based on certain numerical values
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(initial VA, rupture, endophthalmitis, perforating injury, retinal detachment, and afferent pupillary defect)
proposed by Kuhn et al. to predict the visual outcome [12]. Correlations between initial VA, raw points of
OTS, and final VA were analysed using Spearman’s test. Data analysis was done using SPSS Statistics v. 26
(IBM Corp, Armonk, NY).

Results

Demographics and presenting ocular characteristics of open globe
injury

A total of 39 OGI cases (n=39) were included in this study (Table I). All cases had unilateral involvement
where both eyes had almost equal distribution, with 16 cases involving the right eye (41.0%) and 23 cases
involving the left eye (59.0%). Overall, the average age of the patients was 34.9 + 21.7 (mean * standard
deviation, SD). There were 33 males (84.6%) and six females (15.4%), with a male-to-female ratio of 5.5:1
(Table 2). In this study, 27 cases (69.2%) were Malaysians, while the remaining 12 cases (30.8%) were
foreigners. Among Malaysians, Malay was the predominant race (n=16, 41.0%), followed by Chinese (n=8,
20.5%) and lastly Indian (n=3, 7.7%). OGI cases were mostly caused by occupational injuries (n=17, 43.6%)
and domestic-related accidents (n=17, 43.6%), followed by motor vehicle accidents (n=4, 10.3%) and one
assault case (n=1, 2.6%). Of all occupational injuries, 14 cases were related to high-velocity projectile
activities such as hammering (n=8), grinding or cutting metal (n=4), welding (n=1) and blast injury (n=1),
while three other cases were not specified. Regarding offending objects implicated at the workplace, the
metal piece was the most common cause (n=7), followed by nails (n=4), and others such as glass, rock, tile,
wire, screwdriver, blade from grinding machine. Among occupational injuries, we noticed a male
preponderance (n=17, 100%). The racial distribution in occupational injuries had the highest incidence
among foreigners (n=10, 58.8%), then Malay (n=4, 23.5%), Indian (n=2, 11/8%), and lastly Chinese (n=1,
5.9%). Among all the cases, 28 cases were penetrating injury (71.8%), eight were rupture (20.5%), and three
were [OFB (7.7%). Other concomitant ocular problems at the time of presentation such as rupture (n=8),
positive afferent pupillary defect (APD) (n=5), retinal detachment (n=4) and endophthalmitis (n=1) were
observed. Majority of the patients (n=28, 71.8%) presented to the hospital within 24 hours from the onset of
the injury. All the patients were hospitalised, with an average of 4.5+2.87 days of hospital stay (mean * SD).

Demographics and Presenting Ocular Characteristics of Open Globe Injury n (%)
Age, mean (SD) 34.9 (21.75)
Gender

Male 33 (84.6)
Female 6 (15.4)
Race

Malay 16(41.0)
Chinese 8 (20.5)
Indian 3(7.7)
Foreigner 12 (30.8)
Trauma eye

Right 16 (41.0)
Left 23 (59.0)

Causes of injury

Occupational injuries 17 (43.6)
Domestic-related accidents 17 (43.6)
Motor vehicle accidents 4(10.3)
Assault cases 1(2.6)

Time to injury presentation

<24 hours 28 (71.8)
24 — 48 hours 2(5.1)
48 — 96 hours 6 (15.4)
>96 hours 3(7.7)

Types of open globe injury

Rupture 8(20.5)
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Penetrating 28 (71.8)
IOFB 3(7.7)

Concomitant ocular problems at presentation

Endophthalmitis 1(2.6)

RD 4(10.3)
Rupture 8 (20.5)
APD 5(12.8)
Days of hospitalization, mean (SD) 4.5 (2.87)
Mean OTS score (SD) 71.1 (20.0)
oTs

1 3(7.7)

2 11(28.2)
3 13 (33.3)
4 7(17.9)

5 512.8)
Mean Initial VA log MAR (SD) 1.69 (0.98)
Mean Final VA log MAR (SD) 1.04 (1.08)

TABLE 1: Demographics and presenting ocular characteristics of open globe injury, n=39

SD = standard deviation; IOFB = intraocular foreign body; RD = retinal detachment; APD = afferent pupillary defect; OTS = Ocular Trauma Score; VA =

visual acuity
Causes of injury Gender p-value1
Male, n (%) Female, n (%)
Occupational injuries 17 (51.5) 0 0.028
Domestic-related accidents 11 (33.3) 6 (100)
Motor vehicle accidents 4(12.12) 0
Assault cases 1(3.0) 0

TABLE 2: Relationship between causes of injury and gender

1 Fisher's exact test

Management of Open Globe Injury

Primary ocular wall closure was conducted in all the cases (n=38) except one case, which was managed
conservatively (Table 3). In more than half of the cases, primary ocular wall closure was done to cornea and
limbus (n=23, 58.9%), while the rest involved the closure of sclera (n=9, 23.1%) and corneoscleral (n=6,
15.4%). Besides primary repair, surgical procedures such as lens removal, posterior vitrectomy, removal of
IOFB, intravitreal antibiotics, and anterior chamber washout were performed on a case-by-case basis. Half
of the lens removal cases were done in the primary setting (six among 12 cases), while all posterior
vitrectomy cases were performed in the secondary setting (n=2).

2021 Shir Yen et al. Cureus 13(11): e19648. DOI 10.7759/cureus.19648 30of8



Cureus

Type of management

Primary ocular wall closure

None

Cornea and Limbus

Sclera

Corneo-sclera

Lensectomy/ Phacoemulsification
Primary Lensectomy/ Phacoemulsification
Secondary Lensectomy/ Phacoemulsification
Posterior Vitrectomy

Removal of IOFB

Intravitreal Antibiotic

n (%)

AC Washout

TABLE 3: Management of Open Globe Injury, n=39

IOFB = intraocular foreign body; AC = anterior chamber

NPL

PL/HM

1/200-19/200

20/200-20/50

220/40

Initial visual acuity, OTS, final visual acuity and their associations

At the time of presentation, majority of initial VA were poor with PL/HM (n=14, 35.9%), followed by 1/200-
19/200 (n=9, 23.1%), 20/200-20/50 (n=8, 20.5%), >20/40 (n=5, 12.8%), and lastly NPL (n=3, 7.8%). The mean
initial VA log MAR was 1.69  0.98 (mean * SD). The best-corrected VA (BCVA) at last follow-up was
considered as the final VA. Overall, there was an improvement in the final VA with the mean VA log MAR of
1.04 + 1.08 (mean * SD). Almost half of the cases achieved final VA of >20/40 (n=19, 48.5%), followed by
20/200-20/50 (n=8, 20.5%), PL/HM (n-5, 12.5%), NPL (N-5, 12.5%) and lastly 1/200-19/200 (n=2, 5.1%)
(Table 4). There was a significant positive correlation between initial VA and final VA 1ogMAR (Spearman’s
rho = 0.6532, p <0.001), as illustrated in Figure I. Besides, a negative linear correlation was found between
calculated raw points of OTS and final VA 1ogMAR (Spearman’s rho = -0.7067, p <0.001), as illustrated in
Figure 2. Based on the raw points of OTS, all cases were further categorised into categories one to five. The
percentage of the final VA by OTS category is shown in Table 5. In conclusion, the final VA was found to be
significantly associated with the initial VA and OTS.

Initial VA, n (%) Final VA, n (%)
3(7.8) 5 (12.5)

14 (35.9) 5 (12.5)

9 (23.1) 2(5.1)

8 (20.5) 8(20.5)
5(12.8) 19 (48.7)

TABLE 4: Initial and final VA by category

NPL= No perception of light; PL = perception of light; HM = hand movement

2021 Shir Yen et al. Cureus 13(11): e19648. DOI 10.7759/cureus.19648

40of8



Cureus

Raw points of OTS

0-44
45-65
66-80
81-91

92-100

OoTS  NLP PL/HM
n (%) n (%)

1 1(333)  0(0.0)

2 4(364)  4(36.4)

3 0(0.0) 1(7.7)

4 0(0.0) 0(0.0)

5 0(0.0) 0(0.0)

1/200-19/200

n (%)

TABLE 5: Percentage of the final VA by OTS category

NPL= No perception of light; PL = perception of light; HM = hand movement

20-200-20/50
n (%)
1(33.3)
2(18.2)

4(30.8)

220/40

n (%)
0(0.0)
1(9.1)

7 (53.8)
7 (100.0)

4(80.0)

Total

n (%)
3(100.0)
11 (100.0)
13 (100.0)
7 (100.0)

5(100.0)

Final VA log MAR

0.5

2

Initial VA log MAR

FIGURE 1: Scatter plot showing the distribution of cases (n=39)
according to the final VAlog MAR and initial VA logMAR (Spearman’s
rho = 0.6532, p <0.001)
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FIGURE 2: Scatter plot showing the distribution of cases (n=39)
according to the final VA log MAR and raw points of OTS (Spearman’s
rho =-0.7067, p <0.001).

Discussion

Hospital Pulau Pinang is a public hospital situated in the city of George Town. It is a tertiary referral hospital
catering to a population of around 800,000 in Penang Island [13]. Besides Hospital Pulau Pinang, there are
several private eye specialist centres in the region which may explain the small sample size in our study.
Therefore, this study may not reflect the entire population in this region. However, the demographic profiles
in our data agreed with findings in other local and international studies.

Young adults with a mean age of 34.9 are the population at risk, corroborated with other OGI studies
conducted in Malaysia and other countries with the mean range of 30 to 39.1 [7-8, 14-15]. Consistently,
many studies showed a higher incidence of ocular trauma among males than females [14-18]. This situation
could be explained by gender-based aggressive behaviour and a higher proportion of male involvement in
accident-prone work. All the female cases in this study were related to domestic-related accidents, similarly
reported by Omar et al. and Koo et al. [10, 17]. This scenario can be partially attributed to a significant
proportion of housewives or higher unemployment rates among the female population in Malaysia, as
reported in the Fifth Malaysian Population and Family Survey [19].

Our study showed a high incidence of OGI caused by occupational injuries and domestic-related accidents.
Ocular injury at the workplace is an important cause of visual impairment observed in many previous
studies conducted locally and globally [7-8, 10, 14, 16, 20]. In Malaysia, foreigners accounted for a significant
number of OGI cases, with the majority related to occupational injuries [10, 21]. This phenomenon shows
parallels to our study, where most of them migrate from neighbouring countries such as Indonesia, Nepal,
and Bangladesh. They spoke different native languages and usually had low education levels. Language
barrier and difficulties in understanding the health and safety measures at their workplace may explain the
high incidence of OGI [7]. Most foreigners were involved in agricultural, manufacturing, and construction
sectors, which are relatively high-risk jobs [22-23]. Despite the high incidence of ocular trauma at the
workplace, Mallika et al. reported that none of the workers were wearing protective eye devices at the time of
injury [8]. A similar finding was observed by Soong et al [7]. Hence, employers should educate workers on
safety measures to increase compliance with protective eye devices. Increments in financial penalties to
employers who violate the law may also reduce the incidence, as shown in a study conducted in the United
States [24]. Thus, strict rules on health and safety at the workplace should be enforced as a preventive
measure. Besides, few studies also showed a high prevalence of ocular trauma which occurred at home [8-9,
25]. OGI at home can be related to activities like playing, “do-it-yourself” activities, and falls [9]. Home
improvement and “do-it-yourself” activities involving dangerous tools were commonly carried out at home
with no professional skills or training [7]. Adding to that, the lack of protective eyewear may increase the
occurrence of ocular trauma. Under the group of domestic-related accidents, we noticed 10 among 17 cases
were children below 12 years of age [4]. This phenomenon highlights the importance of close supervision of
children at home by parents or caretakers and identifying potentially dangerous objects at home.

Public health awareness among cases in this study was high as 71.8% of cases sought medical treatment
promptly within one day from the onset of the injury. This may be attributed to other logistic factors such as
the small geographical area of the region and the availability of transport systems. Regarding management
of OGI, most of our cases underwent primary ocular wall closure on cornea and limbus, corresponding to
Zone I as defined in BETT. Most of the previous studies reported that OGI confined to the cornea carries a
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better visual prognosis compared to those involving the sclera [9-10, 20, 26]. This can be helpful to create
training modules on surgical management of OGI for junior medical officers and ophthalmologists.

In this study, initial VA is significantly correlated to final VA as observed in other OGI studies [9-10, 14-15,
20, 27]. We also demonstrated that a higher OTS category correlates with better final VA, consistent with the
OTS study [12]. All patients in OTS category four and 80% of category five successfully achieved final VA
>20/40, contrary to only 53.8%, 9.1%, and none in category three, two, and one, respectively. Overall, the
initial VA and the objective scoring system are effective in forecasting the visual outcome. This prediction
can be helpful for clinicians to decide on the management as well as to provide realistic expectations to
patients during counselling.

Several limitations were found in this study, such as insufficient information mainly because of the study’s
retrospective nature and the small sample size.

Conclusions

Open globe injury is an important ocular emergency. To summarize, young adult males, foreign nationality,
occupational injuries, and domestic-related accidents are important risk factors. By uncovering the risks, we
can take remedial actions to ensure the better public health and clinical strategies to prevent and manage
ocular trauma in the future. This study also highlights that initial VA and OTS are effective in predicting the
visual outcome of OGI.
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