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Abstract

Purpose: The study aimed to determine the clinical
features of the eye trauma and its outcomes in children in
Ukraine.

Methods: The features of the clinical picture of different
types of eye trauma, methods of treatment and consequences
are analyzed.

Results: Pediatric eye trauma is characterized by a pre-
dominance - 63.4% of OGls with damage to 3 or more struc-
tures of the eye in 88.4% of cases, the highest frequency of
injury to the lens (73.1%), in 61.6% of cases with the presence
of foreign bodies and in 50% there was a combination of open
and closed damage to the eyeball.

Conclusion: Clinical features of pediatric eye trauma
require differentiated clinical tactics including surgical and
conservative methods. Reconstructive surgical rehabilitation
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including complex procedures with maximum restoration of
all injured structures with 1OL implantation using advanced
technologies combined with conservative treatment allow to
restore high visual acuity (0.3 and higher) in 64.3% of cases
of the explosive injury in follow up terms.

Keywords: ocular injury, treatment, outcomes, children.

Pesome

Mema: suznauumu KIiHiYHI 0COOIUBOCMI MPaABMU OKa ma
ix Hacnioku y dimel 6 YkpaiHni.

Memoou. Ilpoananizoeano ocoonusocmi KiiHiuHOL kapmu-
HU PI3HUX 8UOI6 MPAGM OKa, MEMOOU IKY8AHHA MA HACTIOKU.

Pesynomamu. /Jumsaua mpasma OKa Xapaxmepuszyemv-
¢ nepesadicanuam — 63,4% eiokpumux mpasm 3 NOWKO-
0JICeHHAM mpboX abo binvuie cmpykmyp oka y 88,4% eu-
nAaokKie, HAUBUOI0 YACTOMOI0 NOUIKOOJICEHHS KPUWMATUKA
(73,1%), y 61,6% 6unaokis 3 HasA6HicCMio CMOPOHMIX Min may
50% - noeOHanma IOKpUMO20 Ma 3aKPUMO20 NOUWKOOHCEHHS.
OUHO20 AONYKA.

Bucnoexu. Kniniuni ocoonusocmi oumsyoi mpasmu oxka
suMazaroms  OupepeHyitio8aHoi KIIHIYHOT MAaKmMuKu, wo
6KAIOYAE XIpYpeiuHi ma KoHcepeamueHi memoou. Pexow-
CMPYKMUBHA Xipypeiuna peabirimayis, wjo KIYAe KOMN-
JIeKCHI npoyeoypu 3 MAKCUMATbHUM BIOHOGNEHHAM YCiX
nowikooicenux cmpykmyp 3 imnianmayiero 10J1 3 euxopuc-
MAHHAM hepedosux MexHoA02ill Y NOCOHAHNI 3 Koncepea-
MUBHUM JIIKYBAHHAM, 00380IAEC BIOHOBUMU BUCOK) 20CIPONTY
sopy (0,3 i suwe) y 64,3% sunaoxie 6ubyxoeoi mpaemu 6 no-
Oanvbuti mepmiHu CHOCMEPENCEHHSL.

Kniouosi cnosa: mpasma oka, NiKysamus, pe3yivmamu,
oimu.
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Introduction

Children and teenagers are among the most vulnerable
populations who suffer during armed conflicts. They are
most frequently injured by explosions, which may be di-
rectly ascribed to hostilities or other reasons. [1] Over the
last two decades, public conflicts involving various types
of weapons have mainly occurred in cities with a signifi-
cant population density, including the pediatric population.
Children may suffer from intentional injury and may also
become accidental victims, being in the center of using
any weapon, including explosive devices. The experience
of modern conflicts in Iraq, Afghanistan, Syria, and the
Gaza Strip supports this. [2, 3, 4, 5]

Analysis of data from military medical facilities located
in zones of armed conflict and hostilities, which treat all
wounded and victims-including adults and children-shows
that the proportion of children who received medical care
varied between 3 % and 18 % of all hospitalizations. [6-
10] Moreover, children may sustain eye injuries at home
when firearms fall into their hands through careless han-
dling or when they are exposed to homemade explosive
devices, whose production has become more frequent in
recent times.

This study investigated the clinical characteristics of
eye trauma and its outcomes among children in Ukraine.

Methods

A total of 36 children (41 eyes) aged 4—17 years (mean
age 11 + 3.2 years) who sustained various explosive and
bullet-related eye and ocular adnexa injuries were treated
at the Pediatric Ophthalmopathology Department of the
State Institution “The Filatov Institute of Eye Diseases and
Tissue Therapy of NAMS of Ukraine” and were included
in the retrospective study. Among the participants, 35 were
boys and 1 was a girl.

This retrospective study followed the principles of the
Declaration of Helsinki and received approval from the In-
stitute's ethics committee (protocol Ne 4, 14.04.2022). Re-
sults were collected, organized, and statistically analyzed
with SPSS Statistics (trial version).

Nominal data were presented as absolute counts and
percentages. Quantitative indices were tested for normality
using the Shapiro—Wilk test. For normally distributed data
on children’s ages, we formed a variational series and cal-
culated the arithmetic mean (M) and its standard error (m).

Table 1. Circumstances of eye injury in children

The classification and identification of mechanical eye
injury types within the study group were performed accord-
ing to the Birmingham Eye Trauma Terminology. [11].

Results

Open globe injuries (OGIs), including penetrating
wounds, perforation, and eyeball rupture, were observed
in the majority of cases (63%, 22 children, 26 eyes).
Closed globe injuries (CGIs) were less common, occurring
in 36.6% of cases (14 children, 15 eyes). Binocular trauma
was observed in 5 cases (11.1%) within the study group,
comprising 4 children (18.2%) with OGIs and one case of
contusion. Additionally, 13 eyes (50.0%) with OGIs dis-
played an extra contusion component, attributable to the
characteristics of the damaging agent.

The following circumstances caused eye injury: an
explosion of a homemade explosive device in 11 eyes
(26.8%), a firecracker explosion or unknown object in 9
eyes (22.0%), a bullet wound, including ricochet, in 20
eyes (48.8%), and an explosion of a combat projectile in 1
eye (2.4%) (Table 1).

Table 1 shows that the most common injury type was
OQGlIs, occurring in two-thirds of the studied cases. These
injuries were most often caused by an improvised explo-
sive device (24.4 %) or a bullet wound (26.8 %). Over-
all, bullet wounds were the most frequently reported in-
jury (48.8 %), accounting for both penetrating wounds
and contusions at approximately equal rates (26.8 % and
22.0 %, respectively).

Table 2 presents the clinical manifestations of the eye
and ocular adnexa in patients with open explosive injury
upon admission to the Pediatric Ophthalmopathology De-
partment.

Table 2 shows that lens damage was the most frequent
injury (73.1 %), followed by corneal-scleral injuries, which
accounted for 57.7 % of cases in the OGI group. Com-
mon symptoms were hyphema (43.3 %), hemophthalmos
(38.4 %), and retinal detachment (30.7 % of cases). Termi-
nal damage, defined as rupture of the eyeball with loss of
intraocular contents, occurred in two eyes (7.7 %).

While analyzing the clinical features of OGIs in pedi-
atric patients, it should be noted that most cases (88.4%)
involved simultaneous injuries to three or more structures
of the eye ball. These findings confirm the results of previ-
ous studies on the pediatric eye trauma in Ukraine [12,13].

Circumstances of injury
n % n % n % n % n %
Open globe injuries 10 24,4 5 12,2 1 26,8 - 26 63,4
Close globe injuries 1 2,4 4 9,8 9 22,0 1 2,4 15 36,6
Total 1 26,8 9 22,0 20 48,8 1 2,4 41 100
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Table 2. Clinical manifestations of the open globe injury in

children

armoeroheues | %
S:arpseal wounds and 1* 433
wounds and soas 15" 7.7
Hyphema 1* 43,3
Lens damage 19" 73,1
Hemophthalmus 10* 38,4
Tears of the pupil 2* 7,7
Mydriasis 1* 3,8
Eyelids damage 5* 19,2
Retinal detachment 8* 30,7
Rupture of the eyeball 2 7,7
Eyeball subatrophy 15,4
Sympathetic irritation of

the paired eye 2 [

Note. * - in one eye

OGIs were complicated by foreign bodies in 16 cases
(61.6%). Intraocular foreign bodies (IOFBs) were most
commonly observed, in 12 eyes (75.0%). Among these,
8 eyes (72.7%) had IOFBs in the vitreous cavity, 2 eyes
(18.2%) in the lens, and 1 eye (8.3%) in the anterior cham-
ber. In one case, multiple foreign bodies were found with-
in the corneal and conjunctival thickness. Foreign bodies
were found in the soft tissues of the eyelids and face in
two cases and in the orbit in two cases. Of the 16 foreign
bodies, 12 (75.0 %) were metal, 3 (18.8 %) were glass
fragments, and 1 was a plastic fragment. In four children,
IOFB removal was performed during primary surgical re-
pair (PSR) at the patients’ residence, so the magnetic prop-
erties were not always known. Of those that were removed
in the Pediatric Ophthalmopathology Department during
primary corneal wound repair, traumatic cataract removal
or vitrectomy, amagnetic foreign bodies were mostly en-
countered - 6 out of 8 cases. Multiple IOFBs were record-
ed in 27.3% of eyes. Fragments were localized in the orbit
after a wound from an air weapon.

Among patients with IOFBs removed in the Pediatric
Ophthalmopathology Department during primary corneal
wound repair, traumatic cataract removal, or vitrectomy,
amagnetic foreign bodies were found in 6 of 8 cases. Mul-
tiple intraocular foreign bodies were observed in 27.3% of
the eyes. Fragments were located in the orbit after an air
weapon wound.

Among the comorbid injuries the damage to the upper
limbs with traumatic amputation of the phalanges of the
fingers in two children, injuries to the torso were noted
also in cases.

Among the comorbid injuries, two children suffered
upper limb damage, traumatic amputation of finger pha-
langes, and injuries to the torso.

PSR of wounds was carried out at the patient’s resi-
dence in 15 eyes (36.5%); consequently, this procedure
was performed in the Pediatric Ophthalmopathology De-
partment only in 5 eyes (19.2%). The sutures used dur-
ing PSR at the patient’s residence, which were placed at
two-thirds of corneal wound thickness, proved insuffi-
cient, leading to secondary surgical repair (SSR) in 4 eyes
(15.4%) with 100% corneal-thickness sutures [14]. This
immediate strengthening of the corneal wound restored the
anterior chamber depth on the operating table. SSR also
included IOFB removal in one eye.

As it can be seen from the Table 2, since open explo-
sive trauma resulted in damage to the lens in almost 2/3
of the cases, the interventions on the lens appeared to be
the most frequent ones and had a reconstructive nature —
phacoaspiration with primary IOL implantation with si-
multaneous separation of anterior and posterior synechias,
iridoplasty and anterior vitrectomy (Table 3). It should be
noted that it was performed a full volume of reconstructive
surgical rehabilitation of this injury type with primary IOL
implantation to the partially damaged capsular bag in the
cases of three eye structures (cornea, iris and lens) defect,
which significantly complicated the very process of IOL
implantation [13]. As a result in 90% of primary implanta-

Table 3.Types of surgery in eyes with open globe injury in
children

. . . Number of eyes o
Kind of intervention (26 eyes — 100 %) %
Kind of intervention 3 11.5
PSR of eyelids wounds 5% 19.2
PSR of corneal and scleral 4 15.4
wounds
Secondary surgical repair "

(SSR) 9 346
Phacoaspiration 13* 50.0
with primary IOL implantation 10* 38.5
Lensvitrectomy 2 7.7
Scar adhesions separation 11* 42.3
Iridoplasty 3* 1.5
Anterior vitrectomy 2 7.7
Qlose vitrectomy with 6* 231
vitreous tamponade
Secondary IOL implantation 1* 3.8
Enucleation with the primary
. 6 23.1

locomotor stump formation
Secondary locomotor stump

. 1 3.8
formation

Note. * - in one eye
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tions IOL was placed in the capsular bag and only in 1 case
IOL was implanted in the ciliary sulcus.

It should be noted that primary enucleation was not
performed even in cases of extensive eyeball injuries. In
two cases of eyeball rupture (traumatic spontaneous evis-
ceration) with the loss of almost all eye contents, scleral
remnant plasty with removal of residual choroid fragments
was performed to create a primary locomotor stump. Se-
vere eyeball subatrophy with the presence of chronic post-
traumatic uveitis was the indications for enucleations. A
primary locomotor stump was formed in four cases, and
sympathetic irritation of the other eye developed during
treatment in two cases.

Unlike OGIs, where the anterior eye segment sustained
the most damage, CGIs most severely affected the struc-
tures of the posterior eyeball segment (Table 4).

In 46.7 % of cases, CGIs resulted from foreign bodies,
such as lead balls, that entered the orbit and appeared as an
injurious agent during a shot from a pneumatic weapon,
like a rifle or a pistol. In one case, the foreign bodies of
the orbit were multiple, and in others, they were single.
Due to the inert nature of the bullet material, which does
not provoke inflammatory or toxic reactions in surround-
ing tissues, orbital foreign bodies were removed in only
two cases: when located superficially in subcutaneous tis-
sue and when a secondary wound-channel infection was
present.

In 20.0% of cases, contusion traumatic cataract de-
veloped and required phacoaspiration with simultaneous
endocapsular IOL implantation. Due to the characteristics
of child’s organism, particularly the possibility of active
resorption of intraocular hemorrhages, surgical treatment
of hyphema, hemophthalmos and subretinal hemorrhages
was unnecessary; these conditions resolved successfully
with conservative management. Post-traumatic inflamma-
tion, together with contusive and secondary degenerative
changes in the ocular posterior segment structures, also ne-
cessitated appropriate pharmacologic treatment.

At admission, visual acuity ranged from 0 to 1.0, the
latter is a finding observed only in a single child who had a
peripheral corneal scar and a glass fragment in the anterior
chamber (Table 5). In most cases, children who sustained
explosive injuries exhibited significantly reduced visual
function: 19.5 % displayed complete loss of object vision
(zero), while 43.9 % had impaired light projection and vi-
sual acuity below 0.1.

The results of 33 eyes with OGIs and CGIs were stud-
ied after surgery and conservative treatment (out of the
original 41 eyes, 2 were spontaneously eviscerated at the
injury and 6 were enucleated). VA of 0.3 and higher was
obtained in 51.5% of the eyes. During the long-term fol-
low-up, 64.3 % of cases achieved a visual acuity of 0.3 or
better, demonstrating the effectiveness of the restorative
reconstructive procedures and therapeutic measures even
though the injuries were initially severe. In a single contu-
sion case, deterioration of visual function was noted due to
progressive optic nerve atrophy.

Table 4. Clinical manifestations of close globe injury in
children

Mo o | %
remorhage > 200
Hyphema 3* 20.0
Hemophthalmos 6* 40.0
Iridocyclitis 2% 13.3
Traumatic cataract 3* 20.0
Lnet:sorrﬁzg :ubretlnal 5 333
Efetrr:ig'fe%zzcification o 133
Corneal foreign body 1* 6.7
Choroid rupture 3* 20.0
Mydriasis 1* 6.7
(a)rs)(:i(;tr:g;\;]eycontusion 4 26.7
Retinal degeneration 5 33.3
Macular hole 1 6.7
Orbital foreign body 7 46.7
Orbital walls fracture 1* 6.7
Dem e | &

Note. * - in one eye

Discussion

Injuries resulting from explosions are classified into
four types [15, 16]: 1) primary or level I injuries, where
the detonation wave itself can cause primary trauma in a
varying degree; 2) secondary or level II injuries, such as
damage by fragments that occurred during the destruction
of the surroundings objects, for example, glass, dust, and
masonry of some buildings; 3) tertiary or level III injuries
due to the blast wave, which leads to the movement of the
victim body or pressing down; 4) level IV injuries, thermal
injuries by a heat wave or high-pressure chemical reaction
occurring as a result of an explosion. Injury types differ ac-
cording to distance from the explosion site, blast severity,
and explosion source [17].

Accidental fireworks explosions can also cause serious
injuries on a smaller scale, including eye damage in the
pediatric population [18-20]. In 2020, the United States
alone recorded over 15,000 injuries attributed to fireworks
[21], and since 2000, an average of 3,400 explosions has
occurred annually [22].

Researchers also note that natural gas explosions and
accidental detonations of old ammunition are additional
contributors to pediatric injuries from explosions occur-
ring outside armed conflicts [1].
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Table 5.Visual acuity of the eyes of children after the injury at the time of hospitalization, after surgical interventions and in

the long —term follow —up

Explosive eye injuries
Visual acuity On hospitalization | After surgical intervention and treatment | Long-term follow-up
41 eyes — 100 % 33 eyes — 100 % 14 eyes — 100%
n (%) n (%) n (%)

Zero 8 (19.5) 1(3.0) 1(7.1)
Wrong light projection 6 (14.6) 4(12.1) -
Correct light projection 6 (14.6) 1(3.0) 1(7.1)
Hand movement 4(9.8) 1(3.0) 1(7.1)
0.01-0.09 2(4.9) 2(6.1) 1(7.1)
0.1-0.2 3(7.3) 9 (27.3) 2 (14.3)

0.3 and higher 12 (29.3) 17 (51.5) 9(64.3)

Note. *8 eyes were lost (2 were eviscerated, 4 were enucleated)

Monocular injuries prevailed in our research group
(86.1%), whereas binocular injuries were observed only
in 13.9% (18.2% of OGIs and a single case of contusion).
AlGhadeer et al. [23] and Patel et al. [24] reported similar
findings, noting that the binocular nature of injuries unre-
lated to combat device explosions occurred in 3.33% to
16.32% of cases in the studied group. These characteristics
are typical of explosions involving relatively small power
devices. However, the same studies reported a prevalence
of CGIs compared to OGIs, a finding that contrasts with
our data. Studies of modern combat trauma indicated the
predominance of OGIs [23, 25-27]. The higher incidence
of OGIs observed in our study is likely attributable to the
characteristics of the explosive devices used by children;
over one third were homemade and produced a large quan-
tity of small fragments upon detonation, resulting in an
open wound of the eyeball.

Comparing the clinical characteristics of eye injuries
caused by explosions in our cohort with those reported in
other studies, it should be noted that the most common
symptoms — hyphema and hemophthalmos — were ob-
served by Zhang et al. in 27.88 % and 40.10 % of cases,
respectively [28], and met with a similar frequency in the
cohort we analyzed, with hyphema in 34.1 % and hemoph-
thalmos in 39.1 % of cases. Furthermore, our findings cor-
roborate those of Zhang et al., who observed a higher fre-
quency of traumatic cataract development (65.25% after
OGIs compared to 34.83% after CGIs). Moreover, in our
group, lens damage after OGIs was observed more often,
in 73.1% of patients, whereas after CGIs it was observed
in only 20.0% of patients. The localization of foreign
bodies differed from that described in the aforementioned
study [28], where superficial foreign bodies were most
frequently observed (31.61 %), whereas in our group
they were observed only in 16 % of cases. Our study
identified IOFBs in 48% of all cases overall, with a rate
of 75% in OGIs, compared to 27.54% reported by Zhang
et al. In addition, intraorbital foreign bodies were more

commoin in our study, 36 % vs. 6.35 % of cases in the
aforementioned study.

Conclusion. The analysis of features of eye trauma
in children in Ukraine showed that this age group is
characterized by a predominance of OGIs (63.4%) with
damage to three or more structures of the eye in 88.4%
of cases, the highest frequency of lens injury (73.1%),
the presence of foreign bodies in 61.6% of cases, and a
combination of open and closed damage to the eyeball in
50% of cases. Reconstructive surgical rehabilitation, with
complex procedures aiming for maximum restoration of
all injured structures and IOL implantation using advanced
technologies, together with conservative treatment,
achieves high visual acuity (0.3 and higher) in 64.3% of
cases with explosive injuries during follow-up.
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