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Purpose: Worldwide, as many as 6 million children annually sustain ocular trauma, with up to a

quarter of a million children requiring hospitalization. Management of pediatric ocular trauma

differs from that in adults, both in terms of initial assessment and acute intervention, with significant

variation in practice between different centers. Patterns of healing and long-term outcomes are also

very different for children compared to adults. In order to develop effective protocols for manage-

ment, it is first necessary to understand current trends in presentation and treatment.

Methods: We conducted a prospective, observational study of pediatric ocular trauma

presenting to UK-based ophthalmologists over a one-year period; reporting cards were

distributed by the British Ophthalmic Surveillance Unit, and clinicians were asked to report

cases of acute orbital and ocular trauma in children aged 16 years or less requiring inpatient

or day-case admission. A validated, standardized questionnaire was sent to reporting ophthal-

mologists to collect data on clinical features and initial management of injury.

Results: Eighty-six episodes of pediatric ocular trauma were reported. Trauma involving the

globe was reported in 66/86 patients (76.7%), of which 40/66 (60.1%) were open-globe. Trauma

to the anterior segment was reported in 57/86 (66.3%), and posterior segment in 23/86 patients

(26.7%). Twenty-five of 86 (29.1%) patients sustained severe trauma defined as having best-

corrected visual acuity worse than 6/60 Snellen (incidence 0.19 per 100,000 population).

Conclusions: There has been no improvement in the incidence or severity of pediatric

ocular injury rates over the past 25 years. Eye-care providers must be able to provide the

necessary services for assessment and management of severe pediatric ocular trauma in the

emergency setting.

Keywords: childhood eye injury, incidence, management, penetrating eye injury, perforating

eye injury, presentation, prevention

Background
Pediatric ocular trauma is common and can profoundly affect a child’s development

and adult life. Worldwide, a quarter of a million children require hospitalization for

a serious ocular injury every year.1 As many as 6 million children annually sustain

some form of ocular trauma.2 Long-term morbidity from ocular trauma in both

children and adults is significant; 3.9 million have bilateral visual loss and over 18

million unilateral visual loss.3 Visual impairment in children has a disproportio-

nately greater impact upon quality of life than sight loss in older age.4

Pediatric ocular trauma is distinct from adult ocular trauma particularly in the

domains of assessment and management. In common with adult civilian trauma, injury
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is most commonly uniocular, but this will often result in

amblyopia among children 7 years of age or younger.5

Furthermore, an injured child is often a poor historian and a

thorough assessment can be challenging. Limited evidence is

available on presenting clinical features in pediatric ocular

trauma, but injuries are characterized by anterior segment

pathology: corneal/scleral laceration, iris prolapse, and lens

abnormalities.6 Studies have demonstrated that children

requiring hospitalization for ocular injury are most likely to

be male, undergoing treatment for an open wound of

the ocular adnexa, with an average length of stay of 2–4

days.7–10 The management of pediatric ocular trauma varies

dramatically across UK centers and worldwide, with rates of

surgical management ranging from 7.4% to 59% depending

on the mechanism of injury and presenting features.8,9,11

Fortunately, pediatric ocular trauma is thought to be

preventable in as many as 90% of the cases through

improved recognition of risk factors for ocular injury and

targeted intervention.12–15 In order to implement such tar-

geted intervention, it is first necessary to understand the

etiology of ocular trauma within the pediatric population,

so that preventative measures can be directed toward those

children most at risk of injury. Historically, risk factors for

pediatric ocular trauma have not been well characterized,

and it is estimated that 30% of all ocular trauma still

occurs in childhood.12

The UK Paediatric Ocular Trauma Study (POTS) has

been developed and implemented to address this knowl-

edge deficit, with the aim of reducing the incidence and

improving outcomes of pediatric ocular trauma worldwide.

Standardized data collection proformas have been vali-

dated and distributed through the British Ophthalmic

Surveillance Unit (BOSU),16 with preliminary data

describing demographics and mechanism of injuries pre-

viously published.17 To date, this series has demonstrated

that boys are more than twice as likely as girls to sustain

ocular trauma, with injuries predominantly occurring at

home, during play and often involving a sharp implement.

Simple preventative strategies have been suggested based

on these observations.

Having described demographics and mechanism of

injury,17 we now wish to present clinical features and initial

management of pediatric ocular trauma in this population.

Materials and methods
The UK POTS incident questionnaire was developed to

collect data on the demographics, incidence, and mechan-

ism, presenting features and initial management of serious

pediatric ocular trauma. Development and validation of

this data collection proforma have previously been

reported in detail,16 and preliminary results comprising

patient demographics, incidence of pediatric trauma, and

mechanism of injury have been published.17

Questionnaires were sent to UK-based ophthalmolo-

gists over a 12-month period between 1st June 2014 and

30th May 2015. The study was conducted using the BOSU

reporting card scheme; at the end of each month, cards

were sent to all UK consultant ophthalmologists in the

BOSU database. Clinicians were asked to report any new

cases of ocular trauma in children aged 16 years or under

presenting in the preceding month that required hospital

admission for observation, treatment or surgery.

Ophthalmologists were requested to include both patients

referred to them, and patients they referred on to other

ophthalmologists; this was cross-referenced to ensure each

case was recorded only once.

Reporting cards were returned to BOSU, who informed

the principal investigator (FS) about each case. The inves-

tigator then contacted the reporting ophthalmologist

directly. The reporting clinicians were requested to fill

out and return the incident data collection questionnaire

to the POTS team. A follow-up request was sent to report-

ing ophthalmologists if no response was received within

three months of the initial request. Specific strategies that

were used to increase the response rate during the study

period have previously been described in detail.16

Data were entered into a Microsoft Excel spreadsheet

for initial coding and calculation of descriptive statistics.

Visual acuity is reported as Snellen but was converted to

logMAR equivalent for statistical analysis. Statistical ana-

lysis was performed using SPSS (Version 25, IBM, New

York, USA); associations between presenting features and

demographics were assessed using a generalized linear

model, with categories collapsed where necessary to

improve model fit. Results were considered statistically

significant when p<0.05. P-values were corrected for mul-

tiple comparisons using the Holmes-Bonferroni correction.

Sensitivity analysis used multiple imputations with a fully

conditional specification (with 10 imputed datasets) to

assess the impact of missing values.

Results
Incident data questionnaires were returned for 86 patients

meeting the study inclusion criteria.

Seventy-one of 86 patients (82.6%) presented to hos-

pital eye services within 24 hrs of injury, with 83/86
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(96.6%) presenting within 1 week of initial injury. Two

patients presented more than 1 week after the initial injury,

and the time elapsed between injury and presentation was

not stated in one case. Patients demographics have pre-

viously been described in detail.17

Ocular trauma was unilateral in all reported cases.

Trauma involving the globe was reported in 66/86 patients

(76.7%), of which 40/66 (60.1%) were classified as open-

globe. Eyelid trauma was reported in 26/86 (30.2%) and

orbital injury in 5/86 (5.8%). Globe injuries were observed

in a higher proportion of female patients than male patients

in this cohort (globe injury in 25/27 female patients com-

pared to 41/58 male patients; p=0.0267, gender not speci-

fied for one patient). Of the 40 open-globe injuries, the

majority (35; 87.5%) involved laceration of the cornea,

with only 3 reported cases of scleral rupture (7.5%). There

was associated prolapse of uveal tissues in 25 cases

(62.5%) and vitreous incarceration in only one patient

(2.5%). Twenty-four of 86 (27.9%) patients presented

with a lid laceration, with canalicular involvement

reported in 8/24 patients (33.3%).

At presentation, trauma to the anterior segment was

reported in 57/86 patients (66.3%) and posterior segment

injury was reported in 23/86 (26.7%). Derangement of

intraocular pressure (IOP) was observed in 22/86

(25.6%) patients, with 9/22 presenting with elevated IOP

and 13/22 presenting with low IOP. All cases of elevated

IOP were associated with hyphema. A detailed overview

of clinical findings at presentation is illustrated in Table 1,

and a summary of presenting injuries categorized accord-

ing to the Birmingham Eye Trauma Terminology (BETT)

system18 is shown in Table 2.

Overall, 15/86 (17.4%) of patients had a best-corrected

visual acuity (BCVA) of 6/6 Snellen or better in the affected

eye on presentation, 37/86 (43.0%) had a BCVA of 6/24 or

better, 48/86 (55.8%) had a BCVA of 6/60 Snellen or better,

and 25/86 (29.1%) had a BCVA worse than 6/60 Snellen.

BCVA at presentation was not stated for 13 patients. Based

on mid-2014 population statistics published by the Office for

National Statistics (UK)19 as reported previously,17 these

figures equate to incidence rates of 0.12 per 100,000 with

visual acuity of 6/6 or better, 0.29 per 100,000 better than 6/

24, 0.37 per 100,000 better than 6/60, and 0.19 per 100,000

worse than 6/60. Further breakdown of BCVA at presentation

is represented graphically in Figure 1.

Table 1 Clinical findings at presentation

Clinical finding Description n %*

Open-globe injury Any 40 46.5

Corneal laceration 35 40.7

Iris/uveal prolapse 25 29.1

Scleral rupture 3 3.5

Vitreous incarceration 1 1.2

Intraocular foreign body 1 1.2

Eyelid trauma Any 26 30.2

Lid laceration 24 27.9

Lid foreign body 13 15.1

Canalicular injury 8 9.3

Eyelid burn 2 2.3

Eyelid ecchymosis 1 1.2

Anterior segment

trauma

Any 57 66.3

Hyphema 24 27.9

Flat/shallow anterior

chamber

22 25.6

Traumatic cataract 13 15.1

Traumatic mydriasis 8 9.3

Angle recession 4 4.7

Iridodialysis 4 4.7

Corneal oedema 2 2.3

Corneal blood staining 2 2.3

Hypopyon 1 1.2

Posterior segment

trauma

Any 23 26.7

Vitreous hemorrhage 11 12.8

No fundal view 8 9.3

Commotio retinae 8 9.3

Retinal detachment 5 5.8

Retinal tear 3 3.5

Choroidal rupture 3 3.5

Macular hole 2 2.3

Foveal laser burn 1 1.2

Submacular hemorrhage 1 1.2

Trauma affecting IOP Any 22 25.6

Hypotony 13 15.1

Elevated IOP 9 10.5

Orbital trauma Any 5 5.8

Orbital fracture 4 4.7

Traumatic optic

neuropathy

2 2.3

Orbital necrosis 1 1.2

Extraocular trauma Facial soft tissue injury 2 2.3

Notes: Detailed breakdown ofclinical findings reported on incident questionnaires. n=

number of patients displaying each feature; *% shown as a proportion of whole sample.

Many patients presented with multiple injuries in the same segment of the eye; number

of injuries reported therefore exceeds total number of patients in the sample.

Abbreviation: IOP, intraocular pressure.
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Associations between presenting visual acuity and

other presenting features and demographics are shown in

Table 3. Non-white males presented with the best visual

acuity whilst non-white females presented with the worst

visual acuity (p=0.005). Increasing severity of injury was

associated with worse presenting visual acuity according

to the BETT system (p=0.006).18 There is weak evidence

that increasing age was associated with improved present-

ing visual acuity in male, but not female patients (p=0.009

for the original dataset; p=0.07 for the imputed dataset).

Neither time to presentation nor zone of injury added

significant explanatory value to the model. Sensitivity

analysis was performed to determine the extent to which

the observed associations were sensitive to random varia-

tion in the missing data, by repeating the generalized linear

model with multiple different imputations for missing

values. Results were consistent with the primary analysis,

except for the effect of age, which did not maintain a

statistically significant association with presenting visual

acuity (logMAR +0.064 per female year; p=0.289,

logMAR −0.12 per male year; p=0.07).

Forty-seven of 86 (54.7%) patients required examina-

tion under anesthesia (EUA) for detailed assessment of the

extent of ocular trauma; EUAwas performed within 24 hrs

of presentation in 35/47 (74.5%) cases and within 72 hrs in

41/47 (87.2%) of cases. EUA was performed 4 days after

presentation in 1 case, 6 days after presentation in 1 case,

and greater than 7 days after presentation in 3 cases.

Surgical repair was necessary in 69/86 (80.2%) cases,

with this being performed within 24 hrs of initial review

(or EUA where first necessary) in 54/69 (78.3%) cases.

Discussion
We describe presenting clinical features and initial man-

agement for 86 cases of ocular trauma affecting children

aged 16 years or less in the UK, with data collected

prospectively over a 12-month period through the BOSU

reporting card scheme. In this sample, most patients pre-

sented to hospital eye services within 24 hrs of initial

injury (82.6%), when EUA was necessary, it occurred

within 24 hrs in 74.5% of the cases, and when definitive

surgical intervention was required, this was performed

within 24 hrs of initial assessment in the majority of

cases (78.3%).

Contextualizing our findings in the international litera-

ture describing rates of injury is a challenge because of the

sparsity of robust data with tight disease definitions;

authors have previously used the terms “penetrating” and

“open” interchangeably, and the precise age range used to

define a “pediatric” population has also been subject to

variation.

MacEwen et al (1999) conducted a survey of childhood

ocular trauma requiring hospital-admission for children

aged 0–14 years over a 1-year period in Scotland,8 report-

ing 1 case of pediatric ocular trauma with visual acuity

worse than 6/60 Snellen. Using the population statistics on

which this study was based,20 this equates to an incidence

rate of 0.10 per 100,000 population (0–14 years, Scotland

only) (95% confidence interval 0.02–0.60 per 100,000).

We report 25 cases with vision less than 6/60 at presenta-

tion, indicating a current incidence rate of 0.19 cases per

100,000 population (0–16 years, entire UK) (95% confi-

dence interval 0.13–0.29 per 100,000). This suggests that

there has been no reduction in the rate of severe pediatric

ocular trauma over the past 25 years.

Table 2 Classification of injury at presentation.

Classification of injury n %

Adnexal injury only 23 26.7

Closed globe

Contusion 23 26.7

Lamellar laceration 0 0

Open-globe

Penetrating 34 39.5

IOFB 1 1.2

Perforating 1 1.2

Rupture 4 4.7

Total 86 100

Note: Injury classified according to Birmingham Eye Trauma Terminology (BETT)

system.18

Abbreviation: IOFB, intraocular foreign body.

Figure 1 Best-corrected Snellen visual acuity at presentation. Data converted from

LogMAR where appropriate.
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Our data demonstrate a higher proportion of open

injuries (60.1%) and greater proportion of patients requir-

ing surgical intervention (80.2%) than previously reported

within the UK population or within population-based stu-

dies from other developed countries. In the previously

described Scottish study,8 penetrating injury was observed

in only 24% of the patients (22/93) compared to 46.5%

(40/86) with open injury in the present study, and surgical

intervention required in 48% compared to 80.2% in our

series. Furthermore, Strahlman et al (1990) showed only

16% of hospitalizations in Maryland, USA, were for pene-

trating injuries,21 and a similar survey in Western Australia

reported open injuries in 72/482 or 14.9% of the cases.9

Despite the higher proportion of open injuries admitted

to UK hospitals in our study, population-based estimates

suggest that the incidence rate of open/penetrating ocular

injury is lower than previously reported. MacEwen et al

reported 22 cases of penetrating trauma in their Scottish

population,8 which equates to an incidence rate of 2.29 per

100,000 (95% confidence interval 1.51–3.47 per 100,000).

Strahlman et al report an incidence rate of open injury of

3.9 per 100,000 (95% confidence interval 2.1–5.8 per

100,000).21 Based on population estimates for our data,

we report a rate of open injury of 0.31 per 100,000 (95%

confidence interval 0.23–0.42 per 100,000).

We therefore describe a reduced incidence of open

injuries overall, but an increased proportion of children

admitted due to open injuries requiring surgery and find no

evidence of improvement in presenting acuity. This is

likely to reflect a shift in practice with regard to the

management of pediatric ocular trauma; it is now common

in the UK for all but the most serious cases of ocular

trauma to be managed on an out-patient basis, whereas a

greater proportion of patients may have been admitted for

inpatient care at the time of the previous investigation. For

example, in the previous series, 60% of the cases were

admitted for hyphema management; in comparison, only

28% had a hyphema in the present series, which may have

been an adjunctive finding rather than the primary reason

for admission.

Corneal laceration was the most commonly reported

clinical finding in our sample, being documented in 40.7%

of the patients, followed by lid laceration, which was

observed in 27.9% of the patients. These figures are in

contrast to a recent similar large-scale study of pediatric

ocular trauma in Finland: The Helsinki Eye Trauma Study

collected data on ocular injuries in patients aged 16 years

or less presenting to a single tertiary referral eye hospital

over a one-year period.22 This study reported contusion as

the most common diagnosis, being observed in 62/202

(30.7%) patients, and reported open-globe injury in only

6/202 (3.0%) patients. The researchers reported only 18/

202 cases of lid laceration (8.9%). The comparably high

severity of ocular injury described in our study is reflected

in the presenting levels of visual acuity; 29.1% of the

patients in our sample were documented as achieving a

BCVA of worse than 6/60 in the affected eye at presenta-

tion, compared to 6.9% in the Helsinki Eye Trauma Study.

The reasons for this difference in reported injury severity

are likely to be due to our sampling criteria: Haavisto et al

reported outcomes for all cases ocular trauma presenting to

the emergency clinic, whilst our inclusion criteria required

ophthalmologists to report only cases of pediatric ocular

trauma requiring day-case or overnight admission. As a

result, ocular trauma which did not require admission is

not included in our series, and our data therefore reflect

Table 3 Factors influencing presenting visual acuity (VA)18

Predictors Difference in logMAR VA 95% confidence interval

White female Reference category

Non-white female 1.43 +0.52 to +2.35

White male 0.78 −0.21 to +1.78

Non-white male −1.66 −2.82 to −0.50

Adnexal injury only Reference category

Contusion 0.73 +0.16 to +1.30

Penetrating or IOFB 0.53 +0.02 to +1.04

Perforating or rupture 1.38 +0.53 to +2.24

+1 year age in female patients +0.13 +0.03 to +2.32

+1 year age in male patients −0.16 −0.04 to −2.71

Notes: Results of a generalized linear model created to assess the effect of time to presentation, gender, ethnicity, age, time to surgery, and injury classification according to

BETT.18 Nonsignificant variables were removed from the model, and response categories collapsed where appropriate to improve model fit.

Abbreviation: IOFB, intraocular foreign body.
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more serious cases of ocular trauma. Furthermore, the

mechanisms of ocular injury causing presentation in

Helsinki differ to the UK; in the Helsinki, the commonest

single mechanism of injury was a snowball projectile,23

which was not found to cause any presentation in our

series.

Thompson et al reported on the etiology and mechan-

ism of open-globe injuries affecting 72 children over a 6-

year period in Sydney, Australia (2002).24 Results were

similar; comparing our data with Sydney, the majority of

penetrating injuries involved corneal laceration (41% vs

58%), with a high rate of uveal prolapse (25% vs 68%)

and a relatively low incidence of scleral laceration (4% vs

13%). The majority of injuries in this cohort were lacera-

tions caused by sharp objects (45/72).

As would be expected, we demonstrate that presenting

visual acuity deteriorates with increasing severity of ocular

injury; children with perforating injuries or ruptures pre-

sent with worse vision than those with closed globe or

adnexal injuries only. Surprisingly, there was no evidence

of a difference in the presenting acuity between patients

with closed, penetrating and perforating injuries or rup-

tures. This may suggest that presenting acuity in children

is strongly modulated by factors other than injury severity

or may be attributable to the small number of children with

perforating injuries or ruptures in our sample, resulting in

a lack of power to detect a significant association with

presenting acuity in our generalized linear model.

Our data also suggest there may be variation in pre-

senting visual acuity following ocular injury between chil-

dren of different gender and ethnicity, although these

associations appear complex, with non-white males pre-

senting with better vision, and non-white females present-

ing with worse vision in our sample. The effect of age may

also be modulated by gender, with a trend for increasing

presenting acuity with increasing age in males only.

It is difficult to explain these associations; the

improvement in presenting acuity seen with increasing

age amongst males may suggest that males may

become more cautious as they mature, engaging in

relatively higher-risk behaviour at a younger age, but

becoming more aware of potential risks in later child-

hood. The lack of similar association in female chil-

dren may imply that age has less influence on risk-

taking behaviour in this cohort. Equally, it is possible

that males and females react differently to injury and

stress stimuli. Further research is required to explain

these observations.

It is worth noting that whilst presenting visual acuity is

strongly affected by injury severity,18 other cultural factors

and the approach taken by the assessing clinician may also

influence presentation.

Examination under anesthesia was commonly per-

formed (in 54.7% of the patients) highlighting the diffi-

culty in examining this patient group. In one case, the

diagnosis of open-globe injury was missed – even on

EUA. The frequency of elevated IOP (25%) underlines

the importance of thorough assessment with adequate pos-

terior segment examination and reliable IOP measurement

in all cases.

Taken collectively these observations have a number of

key implications:

First, children in the UK population may be subject to

increasing severity of ocular trauma. We have previously

reported on the high incidence of trauma due to thrown

objects17 and would therefore argue that the majority of

penetrating trauma in children is preventable. Our findings

show that more needs to be done to prevent such injury.

Second, eye-care providers must be able to provide the

necessary services for assessment and management of

severe pediatric ocular trauma in the acute emergency

setting. The Royal College of Ophthalmologists (UK)

provides limited guidance for pediatric emergency

services25 but suggests that all ophthalmic units should

have recognized emergency cover arrangements with

access to pediatric advice and facilities, and that “anterior

segment surgery in children should be carried out by

consultants with appropriate specialist training and exper-

tise”. We would recommend the development of specific

guidelines for the provision of pediatric ocular trauma

services and the delivery of these services within clear

prospective care pathways, key components of which are

pediatric anesthesia, pediatric ophthalmologists, and spe-

cialists able to deliver vitreoretinal, anterior-segment, and

oculoplastic surgery in children where appropriate.

Third, ocular injury in children is very different to that

in adults. A significant proportion of open-globe injury in

adults are globe ruptures, being strongly associated with

falls in older age groups,26 whilst we demonstrate more

lacerations from sharp objects in the pediatric population.

In addition, the high probability of reduced vision even in

patients without eye injuries and the difficulty of distin-

guishing closed globe from open-globe injuries mean that

assessment and consequent appropriate management are

more challenging in pediatric practice. Occult globe injury

in children may be missed by the less experienced
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clinician, as demonstrated in one child of age 16 months

who fell onto a shattered ceramic pot and in whom open-

globe injury was missed under EUA and at two different

hospitals.

This prospective cross-sectional review is subject to

a number of limitations. First, the BOSU reporting card

scheme depends on accurate data from the cohort of

consultant ophthalmologists in the UK and may miss

new appointments or those who have changed location.

Second, ophthalmologists may not keep track of

reported patients and their hospital identification at

the initial stage of reporting, resulting in subsequent

difficulty tracing the patient; strategies to minimize this

loss of data have been described in detail in a previous

publication.16 Finally, clinicians are often under severe

pressure and may not have the time to engage with

BOSU or complete data collection proformas as

requested. Further work is in progress to determine

the rate of potential unreported ocular trauma during

the course of our initial investigation.

Whilst our findings suggest that pediatric ocular

trauma is being appropriately assessed and managed

throughout the UK, we are reminded that prevention

remains far better than cure. Ultimately, we believe

that interventions aimed at avoiding unnecessary injury

are far more effective at preventing visual loss than any

form of medical or surgical intervention following

injury. We have previously advocated for the use of

appropriate eye protection for children engaging in

“high-risk” activities, and increased education for those

supervising children in domestic and play

environments.17 Through dissemination of the results

of the UK Paediatric Ocular Trauma Study, we hope to

improve both primary prevention of injury and second-

ary care for affected children in the UK and beyond.
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