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Abstract

Purpose To assess the aetiology, prognosis,

and visual outcome of penetrating eye injuries

in South African children.

Methods In all, 100 consecutive patients,

aged 16 years and under, with penetrating

ocular injuries undergoing surgery between

January 2001 and November 2002 were

prospectively evaluated.

Results Most children (66%) were injured

during play. In all, 55% of penetrating eye

injuries occurred at home, and all injuries to

children under the age of 6 years occurred

there. Most injuries occurred in the absence of

a caregiver (85%). Sticks, wire, and glass

caused half of all injuries (48%). The most

common mechanism of injury was impact

with a sharp object (46%). Only 25% of

injured presented to the hospital within 24h

of injury; the more severe the sustained

injury and the younger the patient, the

earlier was attendance at the clinic. Most

patients (71%) regained best-corrected visual

acuity (Snellen equivalent) of 20/200 or

better, and 51% regained 20/40 or better.

Patient age and delay of presentation were

not of prognostic value. Indicators of poor

visual outcome were identified as wound size

greater than 11mm in length, mixed

corneoscleral type wounding, and

involvement of the lens and posterior segment

in the injury.

Conclusions Penetrating eye injuries in

African children, reviewed here, generally

occur when children are at play in a domestic

setting. Effective prevention should stress

parental awareness, careful supervision,

greater home safety, safe toys, and avoidance

of hazardous games.
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Introduction

Penetrating eye injuries are a leading cause of

unilateral noncongenital visual loss. Children

account for up to 50% of all ocular trauma,1–7

thus representing the highest incidence. The

incidence pattern of penetrating eye injuries in

children living in African rural areas is likely to

differ from that of adults, of children from

metropolitan areas, and from that of children

from developed countries; it thus merits closer

examination. Whereas most penetrating ocular

injuries in adults seem to be preventable with

existing protective devices, those in children are

often unforeseen, and situations of potentially

greater risk are less predictable. Identifying

underlying aetiological factors may allow us to

take effective preventative measures to reduce

the incidence of such injuries in children.

Epidemiological data pertaining to childhood

penetrating eye injuries in developed countries

have been published,8–11 but there are few

studies of the situation in Africa.12–14 In South

Africa, no current data are available with which

accurately to assess the importance of ocular

trauma in children in terms of frequency,

distribution, and impact on vision.

This study assesses the aetiological factors

underlying penetrating ocular injuries in

children, presented to a single tertiary referral

care institution in South Africa serving a

population of about 4 million. The visual

outcomes of these injuries and prognostic

factors are evaluated.
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Materials and methods

A total of 100 consecutive full-thickness penetrating

eye injuries in children, aged 16 years or younger,

presenting to the Department of Ophthalmology,

Medical University of Southern Africa (Medunsa), from

January 2001 to November 2002, were prospectively

investigated. A detailed history focusing on

circumstances of the trauma was obtained from parents

or caretakers or each child according to a standardised

form; this was followed by complete ophthalmic

examination. Children were only included if there was

clear evidence of recent, full-thickness penetration at the

time of initial examination (often under anaesthesia) or

primary surgical repair. Former full-thickness

lacerations, either naturally healed or repaired at other

institutions, as well as partial thickness lacerations were

excluded. Penetrating eye injuries were defined

according to the Birmingham Eye Trauma Terminology

system of Kuhn et al.15 The location and severity

of the injury were assessed pursuant to the Ocular

Trauma Classification Group guidelines.16 In addition,

we distinguished between central and peripheral

corneal lacerations as we have previously observed a

difference in terms of the visual outcome (personal

experience).

Particular attention was paid to the case history to

determine the cause, mechanism, locale of occurrence,

and time of trauma occurrence, and to the initial

examination to record the type, size, location, and

severity of the wound. We further investigated whether

these factors were associated with a favourable or

unfavourable outcome. Early complications were defined

as those found on initial examination; all other

complications were referred to as late complications.

Surgery was performed under general anaesthesia. After

exploring the extent of the wounds, corneal lacerations

were sutured with 11-0 nylon sutures and scleral

lacerations with 7-0 vicryl sutures. The lens was removed

if lens damage was present, but no intraocular lens

(IOL) was implanted at the time of wound repair.

Prolapsed uveal tissue or vitreous was reduced or

excised. Second surgeries, such as vitrectomy, lens

aspiration, or IOL implantation, were performed later, if

needed. Visual acuity before surgery was measured

whenever possible with reference to the patient’s age and

collaboration during the examination. Final visual acuity

was defined as the most recently recorded, best-corrected

visual acuity (Snellen equivalent) of patients either

discharged from follow-up or absent from further

examinations for more than 6 months. Children were

classified in three age groups: preschool age, 0–5 years;

primary school age, 6–10 years; and secondary school

age, 11–16 years.

Statistical methods

We performed data analysis using SPSS software, version

11.0 (SPSS Inc., Chicago, IL, USA), using frequency tables

to describe categorical variables and descriptive statistics

to determine continuous variables (demographic data).

To evaluate the association between final visual acuity,

age group, and categorical variables (eg causative agent,

mechanism of injury, activity, and place), the Fisher’s

exact test was used, being considered statistically

significant when two-sided P-values o0.05. To evaluate

the relationship between ordinate variables, the

Spearman rank-correlation analysis (coefficient r) was

employed. The level of significance was set at 5%.

Results

Age and gender distribution of patients

The mean age of our patients was 9.4 years age (range,

8 months to 15 years 9 months). The age and sex

distribution is presented in Figure 1, which shows one

peak between the ages of 8 and 10 years and another at

the age of 16 years. In all, 70 of the 100 patients were

male, for an average male : female ratio of 2.3 : 1, this

being significant at Po0.001. The highest male : female

ratio of penetrating trauma was found in the 6- to

10-year-old age group, with a frequency of 3.3 : 1 boys

with eye injuries for every girl. The youngest group (0–5

years) showed a considerably lower ratio of 1.7 : 1. The

right eye was involved in 57 and the left eye in 43

patients. At first presentation, it was possible to

determine the visual acuity of 92 children; 62 of these

(67.4%) had less than 20/200 vision, including seven

children with no light perception (LP).

Agents, place, and activity

The causative agents were divided into groups where

five or more similar causes were identified. Sticks, wire,

and glass account for half of all causative objects (48%),

but taken individually none was statistically significant.

Injuries from sticks frequently occurred when children

played a game where one opponent has to hit another on

the back to gain points. Less common were stick injuries

sustained from sports activities such as relay racing, or

from domestic activities involving fetching or chopping

firewood. A typical injury caused by a wire might occur

when a child was forming his own toy out of a metal

wire.

Thorns, stones, and pens caused no injuries in children

under the age of 6 years. Agents such as a thrown fruit

core, falling mirror, razorblade, nail, arrow, cricket bat, or

dog-bite were rare. The mean age of patients injured with
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thorns was 12.6 years, whereas those injured by wires

were younger, with a mean age of 8.4 years.

The most common mechanism of injury was by getting

hit by a sharp object (46%). Under the age of 6 years,

children frequently became injured while observing

parents at domestic work. In all, 33% of all injuries were

self-inflicted by the patient, females under the age of 11

years being involved twice as frequently as males (2.2 : 1)

in such injuries. A total of 66 children were injured

during play. Adults were actively involved in only five

injuries, all occurring in children under the age of 6 years

(Po0.001).

The great majority of injuries occurred in the absence

of a caregiver (85%). Distribution by age group showed

that 95.3% of children aged 6–10 years, 91.6% aged 11–16

years, and 47.6% aged 0–5 years were alone or without

adult supervision at the time of the eye injury (Po0.001).

In terms of place, the home (55%) was the most common

place for penetrating eye injuries to occur; moreover, all

injuries of children under the age of 6 years happened at

home (P¼ 0.005). Six children sustained injuries while at

school, all but one of these injuries happening

accidentally with pen tips. Road traffic accident was an

infrequent cause.

Time of injury occurrence

The time of injury occurrence was grouped into three

periods: morning (0600–1200 h), afternoon (1200–1800 h),

and evening (1800–2400 h). No injuries occurred from

2400 to 0600 h. The majority of injuries occurred in the

afternoon (72 patients), this result being highly

significant (Po0.001). Seasonal peaks were seen in winter

and spring (34 and 31 patients, respectively), while

penetrating eye injuries were less common in summer

and fall (17 and 18 patients, respectively) (P¼ 0.006). Of

the 79 children attending school, 26 sustained injury

during school holidays and 12 on weekends during

school holidays, which was not significant (P¼ 0.89).

There was no relationship between injury occurrence and

moon phases.

Time interval between injury and presentation

at Medunsa

The time interval between injury and presentation at the

eye clinic is shown in Table 1. Only 25 patients presented

within 24 h of injury; within 48 h, however, 62 patients

presented injury. There was a trend towards early

attendance, within 48 h, the more severe the injury and

the younger the child (r¼�0.179; P¼ 0.07). In all, 20 of

21 children (95.2%) aged 6 years and younger, and 26 of

43 children (60.5%) aged 6–10 years came to the hospital

within 48 h of injury. However, only 16 of 36 children

(44.4%) aged 11 years and older sought medical

assistance in the same period (Po0.001).

Visual outcome

For the present study, visual acuity was classified as

category 1 (20/20–20/40), category 2 (20/50–20/200),

category 3 (o20/200–LP), and category 4 (no light

perception: NLP). At initial examination, it was possible

to obtain the visual acuity in 92 children: 62 of these

(67.4%) had less than 20/200 vision, including seven

children with NLP. The final visual outcomes were

overall good (Table 2): 71 patients showed a visual acuity

of 20/200 or better and 51 of even 20/40 or better. Of the
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Figure 1 Age and gender distribution.
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males, 57.7% attained a final visual acuity of 20/40 or

better compared to 34.5% of the females. Penetrating

ocular injuries caused by small-sized agents such as

thorns, wire, pens, and pieces of glass had been assumed

to have a better visual outcome; but in fact, the size of

causative agent did not prove to be a significant

prognostic factor. The interval between occurrence of

injury and presentation at the eye clinic was not of

prognostic value for visual outcome either: 17 of 63

patients (26.9%) seen within 48 h achieved a final visual

acuity of less than 20/200, while eight of 14 the patients

(57.1%) seen 1 week or more after the injury occurred

Table 1 Interval between injury and presentation at Medunsa j

o24 h 24–48 h 2–6 days 1 week 2–4 weeks Total no.

Wound (W) only 1 3 5 2 F 11
Wþ iris prolapse 6 9 3 F 2 19
Wþ lens 7 8 7 4 6 32
Wþ iris prolapseþ lens 4 6 2 F F 12
Wþposterior segment F 3 F F F 3
Wþ lensþposterior segment 7 8 7 F F 22

j Spearman rank correlation: P¼ 0.07.

Table 2 Final visual acuity in relation to delay of attendance, patient age, location and size of wound, and nature of injury

20/20–20/40 20/50–20/200 o20/200–LP NLP NA Total no. Spearman (P-value)

Delay of attendance 0.59
Same day 14 5 3 3 F 25
1 day 19 6 5 6 2 38
2–6 days 10 5 2 5 1 23
1–2 weeks 4 3 F 1 F 8
2–4 weeks 4 1 1 F F 6

Patient age (years) 0.42
0–6 10 3 2 5 1 21
6–11 19 13 6 3 2 43

11–16 22 4 3 7 F 36

Location of wounda 0.001
Zone 0 8 12 3 F 2 25
Zone I 34 5 6 5 F 50
Zone II 6 3 2 10 1 22
Zone III 3 F F F F 3

Size of wound (mm) o0.001
0–5 34 12 6 2 2 51
6–10 16 7 2 2 1 28

11–15 1 1 3 8 F 13
415 F F F 3 F 3

Severity of injury o0.001
Wound (W) only 8 1 1 1 F 11
Wþ iris prolapse 18 1 F F F 19
Wþ lens 13 14 3 F 3 33
Wþ iris prolapseþ lens 7 2 2 1 F 12
Wþposterior segment 2 F 1 F F 3
Wþ lensþposterior segment 3 2 4 13 F 22

Total patients 51 20 11 15 3 100

aThe most posterior location; I–III: based on the classification of the Ocular Trauma Classification Group; in addition, zone 0 represents cornea centre.

LP¼ light perception; NLP¼no light perception; NA¼not available.
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achieved a final visual acuity of 20/40 or better. When

visual outcome was compared to patient’ age, there was

an almost equal percentage of visual acuity of 20/40 or

better in all three groups (r¼ –0.83; P¼ 0.4).

Final visual acuity was compared to the location, size,

and severity of injury (Table 2). Mixed corneoscleral

(zone II) wounds were strongly associated with

unfavourable outcomes, mainly due to phthisis bulbi.

Purely scleral (zone III) and peripheral corneal

lacerations (zone I) offered a better prognosis (r¼ 0.32;

P¼ 0.001). The size of the wound was found to be a

significant prognostic indicator (r¼ 0.36; Po0.001). In

all, 51 children had a globe laceration of 5 mm in length

or less: 34 of these (66.7%) recovered to vision of 20/40 or

better. Only five of 13 patients with lacerations of

11–15 mm in length recovered to LP or better.

Considering the severity of the penetrating injuries, the

presence of lens involvement was associated with poorer

outcome. Of 30 (86.7%) children, 26 with anterior globe

laceration with or without iris prolapse showed a visual

acuity of 20/40 or better compared to 20 children with

additional lens trauma (44.4%). As expected, in

accordance with the severity of the injury, severe visual

impairment and blindness were caused by the presence

of retinal detachment and vitreous prolapse. Comprised

here as posterior segment involvement, the predicted

visual outcome was less positive (r¼ 0.54; Po0.001).

Other complicating factors, such as haemorrhage and

infection, also contributed to poor outcome. Of 13

patients, 10 with hyphaema at initial examination

showed a retinal detachment in the B-scan.

Endophthalmitis was found in four patients. All of these

patients had delayed presentation for 5 or more days

after injury occurrence and had sustained injury from the

thorns of bushes; the visual outcome was unfavourable

in all eyes with NLP before surgery. Pupillary block in

two and angle recession glaucoma in three patients were

rare in penetrating eye injuries in this series. In contrast,

late complications (21 patients) were more frequent and

associated with poor visual outcome (o20/200). Eight of

10 patients with phthisis bulbi were found at first

examination to be suffering from hyphaema and retinal

detachment, while seven showed corneoscleral

laceration. Amblyopia was associated with either

anisometropic astigmatism or corneal scarring in all

patients. Three patients suffered from macular atrophy.

Discussion

The male preponderance is a common feature of eye

injuries in children. The male-to-female ratio (2 : 1) in this

study is one of the lowest reported in the literature.12 In

developed countries, the ratio is higher at between

4 : 14,5,17,18 and 5 : 1.19 This difference may relate to

differences in activities, age distribution, and

socioeconomic status. Boys and girls in developing

countries tend to engage in more similar, mainly

outdoors activities; toys especially designed for either

girls or boys are simply not affordable. Often materials

from the natural environment, such as stones and pieces

of wood, are used in playing. It was not unusual for

small children to be playing within the reach of

hazardous objects such as glass, needles, and wire, even

when supervising adultsFnot instructed of the dangers

of these objects Fare present. In particular, small

children were often allowed to observe adult activities,

such as wood chopping, that could pose a risk to them.

This suggests a general lack of awareness or even neglect

with regard to the dangers that certain objects and

activities represent for children.

Most of the children we studied who sustained

penetrating ocular injuries were older than 6 years. The

mean age of 9.4 years was similar to that found by

previous studies of eye injuries in childhood.17,20 The

frequency of injury increases with increasing activity as

the child gets older. School-aged children, in particular,

are more often exposed to the environment and tend to

be more physically active. As well, they often take higher

risks to gain acceptance from their peers. This is reflected

in the types of games they play and how they react to

conflictive situations.

The home environment was found to be the most

common place of injury occurrence. In fact, all injuries

among preschoolers occurred there, as these children

spent most of their time at home. In contrast, only 6% of

all injuries occurred at school, indicative of a higher level

of safety there than in the home environment. The

incidence of injuries caused by motor vehicle accident is

at 1% very low in comparison with that found by other

studies.9,11,20,21 This may be explained by little traffic in

the predominantly rural areas we studied, and by the use

of public transportation by most of the children.

Despite the knowledge that children, and infants in

particular, should be supervised at all times, the present

study found that the vast majority of injuries (85%)

occurred while children were unattended. The absence of

an adult is of great concern, and has been reported to

occur mainly in lower socioeconomic strata.22 Most of the

children we studied from underprivileged strata stayed

with grandparents or older siblings during the daytime

while parents were working. Adult supervision has been

found to be of paramount importance in preventing

accidents,22 so there is an enormous need for primary

prevention programs targeting parents and caregivers in

this African population. However, the lack of supervision

is not restricted to developing countries as has already

been pointed out in recent studies from the western

world.8–11
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Visual outcome and prognosis is expected to improve

with prompt medical examination and therapy.

However, socioeconomic, geographic, and cultural

factors may keep patients from receiving timely and

appropriate medical assistance. More than 75% of the

children examined in this study received eye care more

than 24 h after injury. The delay between time of injury

and attendance at the tertiary hospital was mainly

referred to lack of recognition of the severity of the

trauma either by parents or by inexperienced medical

officers at primary health-care centres. This underscores

the need for increased awareness and education to

overcome this widespread negligence and ignorance.

Other minor factors such as transportation and hospital

expense, as well as the travelling time contributed to the

delay.

Nonetheless, final visual outcomes were on the whole

encouraging, as one in two children obtained a final

visual acuity better than 20/40. Interestingly, delay of

attendance was not associated with an unfavourable

outcome if no infection, which was rare, occurred. Poor

initial visual acuity was not found to be a prognostic

indicator of final visual outcome in this study, as long as

LP was present; this is in contrast to the findings of

previous studies of penetrating eye injuries.1,3,19 Several

factors may account for this difference, including less

accurate assessment of the initial visual acuity of an

anxious child and the presence of a marked corneal

oedema or traumatic cataract in children with a delay of

initial presentation. The indicators of poor prognosis

identified here are similar to those identified by other

studies,19,23 comprising length of wound 411 mm, mixed

corneoscleral wound location, and involvement of the

lens and posterior segment. The size of the causative

agents proved not to be a significant prognostic factor, as

penetrating ocular injuries caused by small-sized agents,

such as thorns and wire, did not have a significantly

better visual outcome. Young children with sustained

ocular injuries are more prone to developing amblyopia

than older children.7,19,24 However, poor visual outcome

was more correlated to the severity of the injury, rather

than to patient age or to delay of attendance. It seems that

younger children were involved in milder forms of

injury.

The results of this study of penetrating eye injuries in

African children emphasise that home and playground,

at least in South Africa, are not safe places for children to

play, that available games and toys are fraught with

potential dangers, and that parental supervision is

insufficient. As prevention is better than cure, parents

need education in making the home environment safer

for children. Thorny bushes near homes or playgrounds

should be removed or fenced in. Increased and more

careful adult supervision is of great value in preventing

eye injuries in children,14,22,25 since they cannot be fully

responsible for their actions. Access to sharp

instruments, close observation of dangerous adult work,

and potentially hazardous games with sticks or sharp

missiles must be restricted. A difficult but desirable task

would be introducing new, less dangerous games and

supplying these underprivileged children with safe toys.

An efficient educational campaign should emphasise

specific dangers and their avoidance, stress the

potentially devastating effects of ocular injuries in

childhood, and be addressed to parents, community

workers, and teachers as well as to medical personnel in

primary health-care centres.
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