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Abstract
Background: Ocular trauma is one of the major threats of monocular blindness in children. The purpose
of the study was to investigate the epidemiology, clinical characteristics and surgical outcomes of
pediatric ocular trauma in southwest of China.

Methods: The medical records of all patients with ocular trauma under 12 years old receiving three-port
pars plana vitrectomy (PPV) in Southwest Eye Hospital from January 2007 to December 2017 were
retrospectively analyzed in this study. Data records included age, gender, cause, type and time of injury,
initial and �nal visual acuity (VA), type and times of operation.

Results: This study included 122 eyes of 122 pediatric patients over a 11-year period. The mean age was
6.6 ± 3.2 years with a male-to-female ratio of 4.3:1. There were 100 (82%) open globe injuries (OGI) and
22 (18%) closed globe injuries. Of the open globe injuries, penetrating injury caused by sharp metal
objects accounted for the highest percentage (70%). PPV could signi�cantly improve VA in children with
ocular trauma (P  0.01). In addition, the successful rate of PPV was not related with the age (P = 0.23)
but signi�cantly associated with intraocular tamponade (P < 0.05).

Conclusions: The most common predisposing factor of pediatric ocular trauma in southwest of China
was sharp metal objects resulting in penetrating injury. In our study, gas tamponade for vitrectomy had
the highest successful rate, followed by balanced salt solution (BSS) and silicone oil. Unlike the age and
injury classi�cation, the preoperative VA was a solid prognostic indicator of postoperative vision.

Background
In young children, ocular trauma is one of the major threats of monocular blindness [1-4]. It was reported
that the incidence of severe visual impairment or blindness caused by ocular trauma ranged from 2% to
14% in young children [5, 6]. Vision loss has long-term in�uence on personal psychological and social
development [7, 8]. Therefore, it is necessary to evaluate the epidemiological characteristics of ocular
trauma in children in order to reduce its incidence and severity.

Pars plana vitrectomy (PPV) is a major surgical intervention which has been used to manage severely
damaged eyes [9]. Some studies have reported the epidemiological features of pediatric ocular trauma in
developing countries, including India [10, 11], Egypt [1] and Turkey [7]. However, quite few studies
described the clinical characteristics and outcomes of PPV in pediatric ocular trauma. This study covered
the largest series of children that suffered ocular trauma and received PPV treatment in China. Herein, we
reviewed our surgical interventions and outcomes of pediatric patients diagnosed with ocular trauma in
the past 11 years and reported the results.

Methods
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The medical records of children diagnosed with ocular trauma from January 2007 to December 2017 in
Southwest Hospital, Chongqing, China, were retrospectively reviewed. This retrospective study was
approved by the ethics committee of the Southwest Hospital (KY201858) and followed the tenets of the
Declaration of Helsinki.

Children aged no more than 12 years old and receiving PPV treatment for ocular trauma were included in
this study. Patients with anterior vitrectomy was excluded. The following data of ocular trauma were
collected: demographic information including age, gender and injury time; characteristics of injury
including cause, mechanism and types; ophthalmological examination including initial visual acuity (VA),
slit lamp examination, B-scan and fundus examination if possible; surgical intervention including type
and number of surgery and intraocular tamponades; follow-up data including �nal VA and �nal outcome
of eye.

The patients were divided into two groups according to age: Group 1 (age < 7 years old) and Group 2 (age
between 7-12 years old). The classi�cation of ocular trauma was based on the Birmingham Eye Trauma
Terminology (BETT)[12]. The grade of injury was de�ned by the presenting VA: grade 1, VA ≥ 0.1; grade 2,
0.02 ≤ VA< 0.1; grade 3, light perception (LP) ≤ VA < 0.02; grade 4, no light perception (NLP).

Statistical analysis was performed using SPSS software (version 13.0). Categorical covariates were
individually assessed with the Chi-square test and P value less than 0.05 was considered to be
statistically signi�cant.

Results
This study included 122 eyes of 122 patients during the 11-year period. Sixty-seven patients were
included in Group 1 (55%) and 55 were included in Group 2 (45%). The mean age was 6.6 ± 3.2 years and
the mean follow-up time was 18.8 ± 21.2 months.

All the injuries were bilateral and no difference was showed between the affected eye: 64 right eyes and
58 left eyes. In this study, 99 patients (81%) were males and 23 (19%) were females. There was a
statistically signi�cant difference that males are more likely to suffer from ocular trauma than females (P
< 0.05). Moreover, the ratio of male to female was 3.8:1 in Group 1 and 5.1:1 in Group 2 respectively,
which seemed to increase as patients aged. However, there was no statistical signi�cance. As showed in
Fig 1, the frequency of ocular trauma decreased in both males and females as they grown up, especially
in females.

The time distribution of the ocular trauma was shown in Fig 2. The majority of the injuries occurred in
February (22%) and January (11%). On the contrary, the incidence of ocular trauma was quite low in
October (3%) and June (4%). Besides, children ranged between 7 and 12 years old showed higher
incidence only in February, March and November.
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There were 100 eyes (82%) with open globe injuries and 22 eyes (18%) with closed globe injuries in this
study (Fig 3). The open globe injuries included 70 penetrating injuries (70%), 15 intraocular foreign bodies
(15%), 13 ruptures (13%) and 2 perforating injuries (2%). There were 14 eyes (64%) had blunt trauma in
the closed globe injuries. The causes of injuries identi�ed in patients were shown in Table 1. The three
main causes were sharp metal objects (45%), wooden sticks (12%) and �recrackers (11%). Among the
sharp metal objects, scissors (44%) were the most common one that caused ocular trauma. The other
risks included needles (27%), knives (20%) and nails (9%). With regards to toys, toy bullets (67%) and
slingshots (33%) were the most dangerous which might lead to ocular trauma. Besides, six children could
not recall the cause of injury.

Table 1. Causes of ocular trauma in patients.

Causes of injury Number Total Percentage (%)
Sharp metal objects (scissors/knife/needle/nail) 24/15/11/5 55 45
Wooden stick 15 15 12
Firecrackers 13 13 11
Fall 9 9 7
Toys (bullet/slingshot) 4/2 6 5
Pencil 5 5 4
Hit 4 4 3
Car accident 4 4 3
Glass 2 2 2
Fist 1 1 1
Spring 1 1 1
Firewood explosion 1 1 1
Not clear 6 6 5

Vitrectomy was ultimately applied in all 122 eyes. The averaged surgical procedures were 1.8 per eye.
Speci�cally, silicone oil, gas or balance salt solution (BSS) tamponade was applied in 84 (69%), 33 (27%)
or 5 eyes (4%), respectively. Silicone oil tamponade was used once in 66 eyes, twice in 10 eye, and three
times in 8 eyes. The successful rate was 79% after the operation of tamponades. The failure cases were
mostly given silicone oil (25 of 26 eyes). The �nal outcome of vitrectomy was signi�cantly associated
with intraocular tamponade (P < 0.05, Table 2). There was no statistically signi�cance between
successful rate of operation and age distribution (P > 0.05, Table 3).

Table 2. Final outcomes of vitrectomy with different intraocular tamponades.

Final condition Silicone oil Gas BSS
Success 59 33 4
Failure 25 0 1
Successful rate (%) 70 100 80

(c2 = 5.13, df = 2, P = 0.02)

BSS: balanced salt solution.
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Table 3. Final outcomes of vitrectomy of different age groups.

Final condition Age groups(years)
 7 7 – 12

Success 50 46
Failure 17 9
Successful rate (%) 75 84

We divided uncorrected VA into four grades as is shown in Table 4. Before the surgery, VA was less than
0.1 in majority of the injured eyes (98%). There was no statistically signi�cance in initial VA between
different age groups (P > 0.05). Signi�cantly, PPV improved the visual acuity after the operation (P < 0.05)
(Table 4). In addition, no difference was found between the �nal VA and either age (P > 0.05) or
classi�cation of injury (P > 0.05).

Table 4. Comparison of visual acuity before and after PPV.

Visual acuity Pre-operation

n (%)

Post-operation

n (%)
≥ 0.1 3 (2) 24 (20)
0.02 – 0.1 2 (2) 10 (8)
LP – 0.02 104 (85) 79 (65)
NLP 13 (11) 9 (7)

(c2 = 25.81, df = 3, P = 0.00)

PPV: pars plana vitrectomy; LP: light perception; NLP: no light perception.

Discussion
In this study, our purpose was to obtain and summarize the demographics, etiologies and clinical
characteristics of pediatric ocular trauma in Southwest of China over an 11-year period to provide
evidence-based information for protection awareness education and further medical management.
Children less than 12 years of age with PPV were included. The ratio of male to female was 4.3:1 (99
males and 23 females) in this study, higher than the sex ratio of 1.18:1 derived from the latest available
census data in China [13]. Moreover, many studies reported a higher incidence of trauma in males than in
females [7, 9, 13-16], showing an average male-to-female ratio which ranged between 1.2:1 and 5.2:1. In
our study, the male to female ratio was increased as patients grew, which was consistent with a study
conducted by Yu Du et al. [13] in Shanghai, China. They found the peak of sex ratio was at 12:1 around
10 – 12 years old. Other studies showed similar results as well [2, 7, 14, 17]. We also found that the
incidence of ocular trauma decreased in both males and females as they grew up, especially in females.
This could be explained by the fact that children receive primary health education and self-protection
when they get older. Males are more likely to participate in dangerous and risky activities [18, 19], which
might result in higher rate of ocular trauma in males compared to females.
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With regards to the time distribution of ocular trauma in our study, there were over 20% of cases occurred
in February, which was usually the season of Chinese New Year. Many children like playing �recrackers
during this period. It might largely increase the risk of eye injury. In our study, �recrackers were the third
major cause of ocular trauma, which was similar as the study of Xu et al [16]. However, Ilhan et al.
observed that most frequently occurred in the autumn [7] and Podbielski et al. found that globe injuries
most occurred in the summer [20]. These seasonal differences may be related with the climate
characteristics and lifestyle of different areas [7].

Our �nding was consistent with previous reports [13, 15, 16, 21, 22] on children ocular trauma that
penetrating injury caused by sharp objects had absolute predominance. Other causes include wooden
stick, �recrackers, recreational activities and accidental domestic injuries. But Puodžiuvienė et al [14]
suggested that the most common type of ocular trauma was closed globe injury. Literatures showed that
90% of all ocular trauma was avoidable [23]. Figuring out the major cause of injury, it will help parents
and doctors establish effective protection to reduce the incidence of ocular trauma in children.

PPV has been used to manage lens and posterior segment trauma when surgery is needed [24]. Previous
studies mentioned the advances of PPV in treating severely damaged eyes and improved visual
outcomes [9, 25]. In young children, it is very challenging to perform vitreoretinal surgery due to the
complex features of the vitreous, retina, and the interface between them [26]. In this study, 74 eyes
underwent 2 times or more surgeries, which suggested that those cases may arise serious complications,
such as postoperative hypotony, retinal detachment, proliferative vitreoretinopathy and bacterial
endophthalmitis [27, 28]. Anatomical successful rate in our study was 79%, and it was associated with
intraocular tamponade. Silicone oil was used most in our study, and its outcome was worst compared to
the other two tamponades, which might be related with severity of eye injury. Advantages of silicone oil
include the high interfacial tension and a refractive index close to that of vitreous, so it becomes an
attractive alternative for clinic application [9, 29].

In our study, 28% of patients achieved VA of 4/200 or better, and 20% achieved 20/200 or better after
vitrectomy. Compared to previous studies [9, 26], the VA improvement in our study was not so well as the
outcomes of all kinds of vitrectomy in pediatric patients [9, 26]. The possibility might include the
preoperative degree of injury, severer underlying pathology or more extensive postoperative in�ammation,
hypotony [29], scarring and proliferative vitreoretinopathy [30]. Obviously, PPV improved both the
anatomical and visual outcomes in the pediatric patients despite potential problems with proliferative
vitreoretinopathy and deprivation amblyopia.

Initial VA was a strong prognostic indicator of �nal VA evaluation [7, 31, 32]. Nevertheless, causative
factors related to the beneath retinal pathology seem to in�uence postoperative functional outcomes.
Previous studies [6, 14, 17] suggested the �nal VA was associated to the injury type for open globe injury
carried a poorer prognosis. But in our study, no statistically signi�cant difference was found between the
�nal VA and either age or classi�cation of injury, which was consistent with the �nding by Feng et al [7].
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Conclusions
In conclusion, we found that the initial VA was an important predictor of the �nal VA. Additionally, over
half of globe injuries in our study were penetrating injuries and resulted in severe visual impairments. Our
�ndings showed that it should be effective to reduce the morbidity of pediatric ocular trauma by
minimizing risk factors, which will bene�t health awareness of many families.
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Figure 1

Distribution of trauma by gender and by age group (%). The proportion of ocular trauma decreased in
both males and females at 7–12 years old compared to younger ones (< 7 years old). In the age range of
7–12 years, the incidence of ocular trauma was less in females than males.

Figure 2

Month distribution of ocular trauma in different age groups. The most common month of pediatric ocular
trauma happened in February.
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Figure 3

Distribution and classi�cation of ocular trauma in our study. The pediatric ocular trauma was classi�ed
into closed globe injury, penetrating injury, intraocular foreign body, perforating injury and ruptured
globes. The most common type was penetrating injury.


