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Abstract
Objective To analyse the epidemiological characteristics and clinical features of children under the age of 16 years with
ocular trauma at the Eye and Ear, Nose and Throat Hospital of Fudan University (Shanghai, China) and to investigate the
preventive measurements taken to avoid vision-threatening eye trauma.
Methods The inpatient medical records of children <16 years old treated for ocular trauma between January 2007 and
December 2015 were collected. The age, sex, type of trauma, cause of injury, complications and visual acuity on admission
and discharge were analysed statistically.
Results A total of 2211 patients (2231 eyes) were enroled. Of these, 73.7% were male, and 61.2% were children aged 0–6
years. Mechanical ocular trauma was present in 75.3% of eyes, and penetrating injuries in 59.8%. The top three offending
objects were scissors (16.3%), firecrackers (8%) and pencils (4.9%). Iris prolapse (odds ratio [OR]= 2.27), retinal
detachment (OR= 2.91), endophthalmitis (OR= 2.25) or an intraocular foreign body (OR= 2.80) was associated with the
same or worse visual prognosis among all the subjects. Traumatic cataract (OR= 0.37) was associated with final visual
improvement.
Conclusions An efficient strategy for preventing eye injury should focus on male children during preschool years. Our root
cause analysis showed specific environmental patterns of vision-devastating objects. Specific preventive measures are
proposed to reduce the incidence of paediatric eye injuries.

Introduction

Ocular trauma is an important cause of blindness and visual
impairment throughout the world, imposing a great socio-
economic burden [1]. Global estimates suggest that ocular
trauma causes 3.9 million people to live with bilateral vision
loss, and over 18 million to live with unilateral vision
loss [2].

Apart from the permanent impairment of visual function
[3], paediatric ocular trauma can cause psychological pro-
blems [4, 5], which are considered to be a form of post-
traumatic stress disorder, arising after an ocular injury [6].

The incidence of severe paediatric ocular trauma varies
from 8.85 to 15.21 per 100,000 per year [7, 8]. Even after
emergency surgery, many children are left with permanent
visual impairment or blindness, varying according to the
severity of the trauma. Most paediatric ocular trauma is
preventable [9]. Although there have been several studies of
paediatric ocular trauma in developed countries, such as
New Zealand [10], Canada [11] and the USA [12], reports
of large samples in developing countries are limited.
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Here, we report a 9-year retrospective study of paediatric
eye trauma patients admitted to the Eye and Ear, Nose and
Throat (EENT) Hospital (Shanghai, China), a tertiary
referral centre servicing multiple provinces in Eastern
China. We analysed the demographic, aetiological and
clinical characteristics of children with ocular trauma. After
studying the factors affecting their prognoses, we proposed
targeted prevention strategies for paediatric ocular trauma.

Subjects and methods

Database

We created a database platform for ophthalmic research at
the EENT Hospital of Fudan University, based on big
databases in other countries and regions. It was constructed
with Microsoft SQL Server 2008 (Microsoft, Redmond,
WA, USA) using the rules for targeted research projects. By
integrating different kinds of data from different medical
record systems, we obtained structuralized texts and medi-
cal records. The veracity of the data in the database was
tested, and data on paediatric eye trauma research projects
were extracted. All the projects conformed to the tenets of
the Declaration of Helsinki and were approved by the
Institutional Review Board of the EENT Hospital of Fudan
University.

General information

This study adhered to the tenets of the Declaration of
Helsinki and was approved by the Ethics Committee of the
EENT Hospital of Fudan University.

This study used the big data platform described above to
review and analyse data on children aged 0–16 years with
eye trauma who were admitted to our hospital between
January 2007 and December 2015. Patients with congenital
eye diseases were excluded. For patients with multiple
hospital admissions, the first hospitalisation data relating to
ocular trauma were included. The information accessed
from the database included the age, sex, eye involved,
mechanism and agent of injury, injury diagnosis, compli-
cations, visual acuity at the time of injury and at hospital
discharge, classification and distribution of ocular trauma
and the time that elapsed between injury and presentation.
For the univariate analysis, the patients were divided into
two groups: those with visual acuity when leaving hospital
that was the same or worse than their visual acuity at pre-
sentation, and those with better visual acuity when leaving
hospital. For the multivariate analysis, visual acuity that was
better than the visual acuity at presentation was used as the
reference. The median visual acuity in each group is shown.
For the convenience of statistical analysis, visual acuity is

expressed as the logarithm of the minimum angle of reso-
lution (logMAR). Low vision category conversion was
adapted from a previous publication [13]. The conversion
chart is shown in the Supplementary Material (Table S1).

Definitions and classifications

The term ‘ocular trauma’ included compromised structures of
the eyeball and the ocular adnexa. Ocular injuries were
classified according to the Ocular Trauma Classification
Group guidelines and mechanical eye trauma was described
based on the Birmingham Eye Trauma Terminology [14, 15].
Mechanical injuries were further dichotomised into open-
globe injuries and closed-globe injuries [16]. Penetrating
injuries, perforating injuries, intraocular foreign bodies and
rupture were categorised as open-globe injuries. Closed-globe
injuries were subdivided into lamellar lacerations and contu-
sions. The types of non-mechanical ocular injuries observed
in this study included chemical injuries, thermal burns and
electrical injuries [17]. Associated ocular damage, such as
iris prolapse, vitreous haemorrhage, retinal detachment, lens
damage and endophthalmitis, was also evaluated.

Statistical analyses

Statistical analyses were performed with SAS 9.4 (SAS,
Cary, NC, USA). Continuous variables are reported as
means and standard deviations and categorical variables are
described as percentages of each group. Two groups of
categorical variables were tested with the χ2 or Fisher’s
exact test. Ordinal categorical variables were analysed with
the Wilcoxon rank sum test. Differences in continuous
variables between groups were compared with the
Kruskal–Wallis test. Correlations were determined with
Spearman’s correlation analysis. A logistic regression ana-
lysis was used to evaluate the relationships between pre-
senting variables and the final visual outcome, and the odds
ratios (ORs) and 95% confidence intervals (CIs) were cal-
culated. Differences were considered statistically significant
at p ≤ 0.05.

Results

Demographic data

A total of 2211 patients (2231 eyes) are enroled. Of these,
1629 (73.7%) were males and 582 (26.3%) were females,
with a male-to-female ratio of 2.8:1. Twenty (0.9%)
patients have bilateral involvement and 2191 (99.1%)
have unilateral injuries (1141 right eyes, 1050 left eyes)
(Table 1). The mean age of onset was 6.06 ± 3.93 years.
The peak occurrence of ocular trauma was in children
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aged 4 years (n= 250), followed by those aged 3 years
(n= 240) and those aged 2 years (n= 235; Fig. 1a). The
patients were further divided into age brackets: 0–3 years
old (with a male-to-female ratio of 1.94), 4–6 years old
(2.71), 7–12 years old (3.63) and 13–16 years old (6.96)
(Fig. 1b).

Types of injury

Of all the patients, 90.2% (n= 1995) had mechanical ocular
injuries. Among these injuries, 1664 were open-globe injuries
and 331 were closed-globe injuries. Non-mechanical causes

were responsible for 2.3% of injuries. Ocular adnexa injuries
occurred in 4.3% of the patients (Table 2).

The causes of the mechanical injuries are shown in
Table S2. The most frequent causes was sharp instruments
(52.8%), followed by blunt trauma (26.6%), explosive
injury (9.0%), fall (2.5%), traffic accident (2.0%), thermal
or chemical injury (1.5%) and animal-related injury (1.0%),
whereas 4.7% has unknown or undocumented causes. The
three commonest offending objects were scissors (16.3%),
firecrackers (8%) and pencils (4.9%; Table S3). Other minor
causes of mechanical injury are listed in Table S3. Inter-
estingly, the injuries caused by scissors mainly occurred in
July–September (Fig. S1), the time of the summer vacation.

The offending objects involved in the injuries differed
across different age groups and between males and females
(Table S4). In the 0–3-year-age group, the commonest
agents of injury in both the male and female was scissors,
followed by glass in males and metal wire in females.
Scissors were again the commonest offending object in the
4–6-year-group, whereas firecrackers and pencils were the
second commonest cause. Among 7–12-year-old children,
the top two objects of injury in boys were firecrackers and
scissors, respectively, but this was reversed in girls. Among
teenage boys, although sports equipment was the second
commonest agent of injury, firecrackers were still the first.
In contrast, chemicals and plants were the top two offending
agents among teenage girls. Firework injuries accounted
for the largest proportion of injuries in February (35.6%),
around the Chinese Spring Festival (Fig. S1).

Prognoses and related factors

In the current series, the commonest complication after
injury was traumatic cataract, which was found in 52.9%
of subjects. This was followed by iris prolapse (21.9%)
and endophthalmitis (17.3). Other complications included
hyphemia (17.0%), retinal detachment (12.7%) and vitreous
haemorrhage (12.4%; Table S5).

Excluding those patients with pneumatic retinopexy, the
visual acuity of 830 patients were recorded at presentation
and discharge. The distributions of visual acuity at pre-
sentation and the final visual acuity are listed in Table S6.
These children were classified into two groups: those with
vision improvement and those without (same or worse). In a
univariate analysis, iris prolapse, traumatic cataract, retinal
detachment, choroidal detachment, endophthalmitis and
intraocular foreign were identified as statistically significant
prognostic factors (Table 3, p ≤ 0.05). A further logistic
regression analysis showed that iris prolapse, retinal
detachment, endophthalmitis and intraocular foreign body
were risk factors for a lack of visual improvement (Table 4).
Traumatic cataract was associated with better visual prog-
nosis (OR= 0.37).

Fig. 1 The frequency distribution of each age and each age group.
a Frequency distribution of injury in each age group. The peak
occurrence of ocular trauma was in children aged 4 years (n= 250)
and the least frequent occurrence was in children aged 16 years (n=
37). b Frequency distribution in each age group. Ratio of males to
females gradually increased with increasing age: 0–3 years old, 1.94;
4–6 years old, 2.71; 7–12 years old, 3.63; and 13–16 years old, 6.96.

Table 1 Demographic features of patients.

n %

Gender

Male 1629 73.7

Female 582 26.3

Laterality

Right 1141 51.6

Left 1050 47.5

Bilateral 20 0.9
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Discussion

Ocular trauma is an important public-health concern
worldwide, especially in children and adolescents, because
it significantly affects both vision and psychological health.
In addition to the challenges encountered in its diagnosis
and treatment, preoperative examinations in this population
are hindered by a lack of cooperation [5]. However, most
eye injuries can be prevented with better supervision and
education, as proposed by Podbielski [18]. Previous studies
have reported the prevalence and types of paediatric eye
injuries, but studies evaluating the risk factors for final
visual acuity are limited. The EENT Hospital of Fudan
University is one of the largest eye hospitals in Eastern
China, with a high volume of trauma cases admitted. In this
retrospective study, we used the big data platform of the
EENT Hospital to study the clinical characteristics and
mechanism of eye injuries, the associated ocular patholo-
gies, and the risk factors for visual acuity at the final review
after paediatric ocular trauma. To our knowledge, this study
involves a larger sample size than previous studies and
highlights some significant risk factors for the visual
prognosis. Our study offers important new strategies for the
prevention, diagnosis and treatment of paediatric ocular
trauma.

Our data show that a high proportion of boys were
affected by eye trauma. The male-to-female ratio was 2.8 to
1, consistent with other reports (1.9:1 to 5.1:1 [19]). Many
studies show that school-aged children are more vulnerable
to ocular trauma than younger children, and the average age

at onset is 8.4–10.7 years old [20, 21]. The average age at
onset in our study was 6.06 ± 3.93 years, with a peak age at
4 years, which is younger than those in other regions. The
male-to-female ratio increases with age, probably attribu-
table to the tendency for boys to engage in more risky and
vigorous activities than girls. In China, parents and teachers
should take more care of infants and preschool-aged chil-
dren, and understand the safety of school age (especially
boys) in order to reduce the number of eye trauma.

Open-globe injury is associated with a worse visual
prognosis. Penetrating injuries and perforating injuries
are the most and least common types of open-eye
trauma in hospitalised children, respectively, accounting
for 54.0–83.0% and 2.4–4.0% of injuries, respectively
[20–22]. The proportions of penetrating injuries and per-
forating injuries in our hospital are consistent with those
reported in other studies.

In our hospital, mechanical ocular trauma accounted for
93.0% of all paediatric ocular trauma, and 75.3% of these
cases were open-globe trauma. Of this trauma, penetration
injuries of the eyeball were the most frequent (59.8%),
followed by rupture injuries (10.2%), intraocular foreign
bodies (4.8%) and perforating injuries (0.5%). The inci-
dence of penetration injuries was lower in our study than in
Batur’s study [23], but the incidence of rupture injuries and
perforating injuries was higher in our study.

The causative objects of trauma differ among regions. In
the present study, scissors were the most frequent objects
causing ocular trauma. However, in North India, stones and
thorns are the top causes of blunt and penetrating injuries

Table 2 Distributions of injury
types in hospitalised patients.

Type of ocular trauma Number of cases (%)

Mechanical ocular injuries

Open-globe injuries

Penetrating 1321 (59.8%)

Rupture 225 (10.2%)

Perforating 12 (0.5%)

Intraocular foreign body 106 (4.8%)

Closed-globe injuries

Contusion 312 (14.1%)

Lamellar laceration 19 (0.9%)

Non-Mechanical ocular injuries

Chemical injury 28 (1.3%)

Thermal injury 21 (0.9%)

electrical injury 1 (0.0%)

Ocular adnexa injuriesa 94 (4.2%)

Othersb and unknown 72 (3.3%)

Total 2211 (100.00%)

aOcular adnexal injuries included eyelid injury in 20 patients, lacrimal injury in 16 patients, orbital injury 34
patients and conjunctival injury 24 patients.
bOther injuries included corneal foreign bodies in 63 patients.
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[24]. Adlina et al. reported that organic foreign bodies are
the most frequent cause of injury in suburban Malaysia [25].
Our study also demonstrates that the causative agent
changes with age. The top offending agent changed from
scissors (0–6 years) to fireworks (7–16 years) in males and
from scissors (0–12 years) to chemicals (13–16 years) in
females. Firework injuries peaked during February, around

Chinese New Year, which is consistent with another report
of eye trauma in China [26].

Traumatic cataract was the commonest complication in
the current study, accounting for 52.9% of all cases. This is
higher than in previous studies, in which the incidence of
traumatic cataract ranged from 36.7 to 49.2% [27, 28].
In open-globe trauma, uveal prolapse occurs in up to 72%
of cases [29], and the posterior extent of the injury is a risk
factor for retinal detachment [22]. The incidences of iris
prolapse and retinal detachment in our study was lower than
in other studies [22, 29]. Patients with closed-eye trauma
had a higher rate of improvement in visual acuity after
discharge than patients with open-globe trauma.

The incidence of endophthalmitis in children after trauma
ranges from 10 to 54.2% [29, 30], which is higher than in
adult patients’ (4.2%) [31]. The delayed expression of visual
complaints in children may explain this discrepancy. There-
fore, close follow-up is required to reduce vision-threatening
complications in paediatric patients with eye trauma. The risk
factors for endophthalmitis include intraocular foreign bodies,
wound contamination with organic matter, open wounds that
are not closed within 24 h, and ocular trauma involving the
lens capsule [29, 30]. In this study, the objects associated with
endophthalmitis were mainly contaminated metal sharps,
such as scissors (18.8%), discarded needles (8.4%) and metal
wire (6.8%).

We found that children with traumatic cataract showed
ultimate visual improvement. This is consistent with Du’s
study, which showed that early cataract extraction was
associated with a better visual prognosis after trauma [32].
This can be explained by the imminent relief of the media
opacity from the visual axis. However, further study is
required to examine the long-term visual prognosis in
such cases.

The lack of long-term follow-up was a major limitation
of our study. Most patients were lost to follow-up because
most of them underwent follow-up with ophthalmologists in
their home provinces. We hope to obtain their medical
records from outside the hospital to assess their long-term
visual outcomes.

Table 3 Univariate analysis of prognoses and related factors.

Factors Unimproved
(n = 420)

Improved
(n = 410)

P

Gender 0.858

Female 87 (50.0%) 87 (50.0%)

Male 333 (50.8%) 323 (49.2%)

Age 0.371

13–16 62 (56.9%) 47 (43.1%)

7–12 217 (49.8%) 219 (50.2%)

0–6 141 (49.5%) 144 (50.5%)

Time between injury
and the first evaluation

<0.001

>48 h 247 (45.3%) 298 (54.7%)

≤48 h 172 (60.8%) 111 (39.2%)

Leukoma 23 (47.9%) 25 (52.1%) 0.701

RAPD* 113 (52.3%) 103 (47.7%) 0.558

Iridodialysis 19 (40.4%) 28 (59.6%) 0.151

Iris prolapse 113 (68.1%) 53 (31.9%) <0.001

Hypopyon 8 (57.1%) 6 (42.9%) 0.622

Hyphema 74 (54.8%) 61 (45.2%) 0.285

Trauma cataract 232 (43.3%) 304 (56.7%) <0.001

Glaucoma 21 (39.6%) 32 (60.4%) 0.098

Vitreous haemorrhage 62 (58.5%) 44 (41.5%) 0.082

Retinal detachment 95 (69.3%) 42 (30.7%) <0.001

Choroidal detachment 34 (70.8%) 14 (29.2%) 0.004

Endophthalmia 101 (64.7%) 55 (35.3%) <0.001

Intraocular foreign body 42 (79.2%) 11 (20.8%) <0.001

Open globe 341 (54.9%) 280 (45.1%) <0.001

Hypotony 6 (66.7%) 3 (33.3%) 0.328

RAPD* related afferent pupillary defect.

Table 4 Logistic regression
analysis of prognosis and related
factors, and the median visual
acuity.

Factors OR (95% CI) P Initial VA Discharge VA

Open globe 0.94 (0.66, 1.34) 0.733 1.90 ± 0.90 1.60 ± 0.48

Iris prolapse 2.27 (1.51, 3.42) <0.001 1.00 ± 0.48 0.95 ± 0.40

Trauma cataract 0.37 (0.27, 0.50) <0.001 2.30 ± 1.90 0.80 ± 0.40

Retinal detachment 2.91 (1.38, 3.20) 0.001 2.30 ± 1.90 2.30 ± 1.90

Endophthalmitis 2.25 (1.50, 3.37) <0.001 2.30 ± 1.90 2.30 ± 1.00

Intraocular foreign body 2.80 (1.33, 5.88) 0.007 1.40 ± 0.48 0.95 ± 0.48

For the multivariate analysis, visual acuity on leaving hospital that was better than the visual acuity at first
presentation at hospital was used as the reference. Differences were considered statistically significant at p ≤
0.05. The VA was shown as logarithm of the minimum angle of resolution (logMAR).
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Our results suggest that scissors are the commonest
cause of paediatric ocular trauma. Preventing children’s
exposure to scissors should substantially prevent open-eye
injuries. To avoid firework-related eye trauma, local
authorities must pass stricter regulations controlling the
times and places at which fireworks are used during the
Spring Festival. The awareness of eye protection among
both teachers and parents must also improve. Finally, a
fast track for paediatric eye trauma should be available in
tertiary eye centres to facilitate its timely evaluation and
treatment.

Summary

What was known before

● Previous studies were mainly concern demographic
and aetiologic in paediatric eye trauma, but less in
prognostic factors.

● Large sample reports in developing countries are very
limited.

What this study adds

● The work analysed clinical characteristics and prognos-
tic factors of children with ocular trauma.

● The work suggested eye injury prevention work for male
children and preschool children should be emphasised.
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