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Chapter

Evaluation and Management  
of Ocular Traumas
Arzu Taskiran Comez and Mehmet Ozbas

Abstract

Ocular trauma affecting the anterior segment of the eye including conjunctiva, 
cornea, sclera, iris, and lens may be chemical, mechanical, or thermal. Although 
the eyelids and tear film layer act as a barrier for mild traumas, severe traumas need 
thorough evaluation and prompt management to prevent catastrophic complica-
tions, such as vision or globe loss. The initial treatment approaches to chemical 
injuries of the eye, abrasion, foreign body and lacerations in the conjunctiva, cornea 
and sclera, hyphema, secondary glaucoma, and traumatic cataract along with 
the examination with imaging techniques and history taking tips are going to be 
discussed in this chapter.

Keywords: chemical burn, perforation, foreign body, traumatic cataract, hyphema

1. Introduction

Ocular trauma is relatively common with 20% of adults having the possibility of 
experiencing ocular trauma during their lives [1]. It occurs most frequently in men 
and young people [2]. A study estimated nearly 55 million eye injuries occur annu-
ally worldwide, and approximately 1.6 million people experience vision loss due to 
eye trauma [3]. In developed countries, ocular trauma is a major cause of unilateral 
blindness [4]. Ocular trauma affecting the anterior segment including conjunctiva, 
cornea, sclera, iris, and lens may be chemical, mechanical, or thermal. The most 
common three manifestations of eye injuries are foreign bodies (34.2%), abrasions/
scratches (14.9%), and chemical burns (10.4%) [5]. Although the eyelids and tear 
film layer act as a barrier for mild traumas, severe traumas need thorough evalua-
tion and prompt management to prevent catastrophic complications, such as vision 
or globe loss. The ocular traumas resulting from workplace accidents are at the top, 
followed by home accidents and leisure pursuit incidents and 90% of them are 
accepted to be preventable with simple approaches, such as using personal protec-
tive equipment (PPE) [6–11]. Detailed history including the time, mechanism and 
nature of the trauma, visual acuity evaluation, examination of periocular adnexa 
with orbital rim palpation, eyelid and canalicular patency evaluation, assessment of 
eye movements and presence of diplopia, pupillary light reaction as well as assess-
ing the shape, size and isocoria of the pupils, examination of cornea and conjunc-
tiva for any laceration, perforation or foreign body, assessment of anterior chamber, 
the status of the lens, and fundus examination along with imaging techniques such 
as ultrasound and computerized tomography should be performed in a stepwise 
manner in any case of eye injury. The Birmingham Eye Trauma Terminology 
(BETT) system is developed by Ferenc Kuhn in 1996 to manage the confusion 
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between the terms and diagnosis of the mechanical globe injury [4]. The ocular 
trauma score (OTS) which is also proposed by Kuhn et al. in 2002, estimates the 
final visual outcome in a mechanically injured eye. OTS uses six variables, as initial 
visual acuity, globe rupture, endophthalmitis, perforating injury, retinal detach-
ment, and afferent pupillary defect, giving points for each, then categorizing them 
to give an estimation of the vision at sixth month [12]. Those two scoring and the 
categorizing system should be used in every mechanical injury of the eye to manage 
the patient properly and to estimate the final visual function.

2. Chemical and thermal injuries of the eye

Chemical and thermal injuries consist of 10–22% of all ocular traumas and are 
emergencies that should be treated in minutes to prevent severe damage to the 
ocular tissues [13, 14]. While two-thirds of reported cases occur in the workplace 
affecting young men majorly [14] household injuries by disinfectants and cleaning 
solutions are common in children and women besides acid attacks in hate crimes 
and inadvertent exposure by car battery explosions are not rare [15]. The type of 
chemical involved and the exposure time are the most important information to 
start treatment. The ischemia in the limbal area may give a clue about the severity 
and the extent of the injury as well as the estimated visual function [16]. Alkalis can 
cause irreversible damage to the eye, in between 5 and 15 minutes, and many are 
considered the most common cause of ocular chemical burns [16–18]. The assess-
ment of severity involves three factors—damage to the lids and adnexes, degree of 
limbal ischemia, and the degree of acute corneal stromal opacification [19].

The conjunctiva, the most exterior tissue in the eye with direct contact of the 
causative agent, the Tenon’s capsule underlying, episclera and sclera followed by 
suprachoroidal space and choroid and directly cornea beginning from the epi-
thelium down to endothelium, iris, ciliary body, lens, vitreous, and retina may be 
affected according to the exposure time, the nature and the type of the agent and 
the time from injury to initial treatment. The intraocular pressure is indirectly 
affected as the episcleral vessels and trabecular meshwork may be affected directly 
or due to ischemia.

The classification and grading of ocular chemical burns are based on the extent 
of involvement of the limbus, conjunctiva, and cornea [20, 21]. The main causative 
agents are alkalis, acids, and irritants like alcohol. Ammonia and ammonium 
hydroxide, sodium hydroxide, calcium hydroxide, plaster and cement, magnesium 
hydroxide, and lime are the alkalis. Alkalis, with their nature of being hydrophilic 
and lipophilic, dissolve the tissues and induce saponification of the cell membranes 
followed by extracellular matrix damage by thickening and shortening of collagen 
lamellae. The damaged cell membranes allow the alkali to deeper penetration.

Sulfuric acid found in car batteries, hydrochloric acid in swimming pool 
disinfectants, nitric acid in dyes, acetic acid in vinegar, trifluoroacetic acid, and 
hydrofluoric acid is the acidic agents. Acids cause tissue coagulation and col-
lagen shrinkage, however, the binding of the ocular proteins to acids, creates a 
buffering effect, resulting in the prevention of deeper penetration of the agent. 
Trifluoroacetic acid and hydrofluoric acid are exceptions since they cause deeper 
injury by hydrogen and fluoride ions they own [22–24].

Alcohol and household detergents are irritants. Although these cause less severe 
injury, epithelial loss in the ocular surface including the conjunctiva and the cornea, 
may cause haze and result in infections.

The Roper-Hall classification is based on the limbal ischemia degree and the corneal 
haze and helps for grading and estimating the prognosis of the trauma (Table 1) [21]. 
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The newer classification proposed by Dua et al., [20], is based on limbal and conjuncti-
val involvement where limbal involvement is evaluated more objectively as the number 
of clock hours of limbus affected, providing a better prognostic estimation than the 
Roper-Hall grading (Table 2) [20, 21, 25, 26].

According to McCulley’s classification [27], the natural clinical course of chemi-
cal eye injury can be divided into three distinct stages; 1st, an immediate phase 
which is the first 7 days with tissue necrosis and sloughing; 2nd, intermediate phase 
with host response as tissue healing and inflammation, which may result in corneal 
melting and ulceration, vessel re-canalization and hemorrhages, conjunctivalization 
and pannus formation with the function of the cytokines (Figure 1); 3th, as of late 
phase after 3 weeks, inevitable results secondary to host repair and regeneration, 
such as fibrovascular pannus, deep corneal vascularization, dry eye, neurotrophic 
keratopathy, persistent epithelial defect, and/or perforation (Figure 2). With this 
classification, the treatment can be prompted by this natural course of the disease, 
the management can be broadly divided into early (4–6 weeks) or late (>6 weeks) 
management approaches [28].

2.1 Acute stage management

Ascertaining that the vital signs are normal is a must initially. Any edema in the 
larynx or esophagus or stomach injury should be excluded as missing can be fatal.

In the acute stage, the removal of the agent by vigorous irrigation from the eye 
should be prompted urgently before assessment of the eye. Before irrigation, it is 
important to use titmus paper to reveal whether the agent is acid or alkali if the 
patient or the host cannot give a proper history. Measuring the pH of the ocular sur-
face may not always give the correct result, but it may give an idea of whether the 

Grade Cornea Conjunctiva/Limbus Prognosis

I Corneal epithelial damage No limbal ischemia Good

II Corneal haze, iris details are visible <1/3 limbal ischemia Good

III Total epithelial loss, stromal haze, and iris 
details are invisible

1/3–1/2 limbal ischemia Guarded

IV Opaque cornea, iris, and pupil are invisible >1/2 limbal ischemia Poor

Table 1. 
Roper-Hall grading for ocular burns [20].

Grade Limbal involvement Conjunctival 

involvement

Analog scale Prognosis

I 0 0% 0/0% Very good

II 3 clock hours 30% 0.1–3/1–29.9% Good

III >3–6 hours >30–50% 3.1–6/31–50% Good

IV >6–9 hours >50–75% 6.1–9/51–75% Good to 
guarded

V >9–<12 hours >75–100% 9.1–11.9/75.1–
99.9%

Guarded to 
poor

VI Total limbus: 
12 hours

Total conjunctiva: 100% 12/100% Very poor

Table 2. 
DUA classification of ocular surface burns [19].
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Figure 1. 
Corneal ulcer, vessel recanalization and severe conjunctival hyperemia in chemical eye injury.

Figure 2. 
Late phase of chemical injury with pannus formation, corneal vascularization, and conjunctivalization.

irrigation is properly established or whether more irrigation is needed. The change 
from the basal value gives some clue since the only and the best prognosis depicting 
treatment is irrigation of the eye. Copious irrigation with isotonic or physiologically 
equivalent irrigating solutions such as lactated Ringer’s solution and balanced salt 
solution (BSS) for 30 minutes has been proposed as a more superior treatment than 
water as these cause less corneal edema [29]. In circumstances that those solutions 
are not available, irrigation with tap water may also work. Topical anesthesia, with 
drops, relieves the pain and blepharospasm and facilitates the complete irrigation of 
eyelid fornices, helps the removal of the agent, and provides neutralization of the 
pH of the tissues. It should be kept in mind that irrigation can decrease the ocular 
surface pH effectively, however, the pH of the aqueous humor may be lowered by 
1.5 units only by irrigation. Some experimental animal studies relieve that anterior 
chamber paracentesis followed by irrigation with a buffered solution may reduce 
humor aqueous pH by 3 units. However, this procedure is very invasive hence endo-
phthalmitis may occur in a severely traumatized eye and is not suggested [30, 31].

In the presence of amphoteric chelating agents, such as ethylenediaminetet-
raacetic acid (EDTA), Diphoterine®, hexafluorine, and Cederroth eye wash, 
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the neutralization occurs more rapidly, however, these solutions are not always 
available [32–35]. After 30 minutes of irrigation with isotonic solutions, the irriga-
tion should be stopped for 5 minutes and the re-measurement of pH should be 
performed. If neutralization is still present then one may pass to the assessment of 
the eye.

2.1.1 Clinical evaluation

A complete examination starting from the body (any exposure to inhalant 
chemical), then face, periocular region, eyelids, eyelashes, conjunctiva, cornea, 
limbus, sclera, iris, pupil, lens, visual acuity, intraocular pressure, corneal sensa-
tion, and retina should be prompted. The eyelids may be swollen and contracted, 
and lagophthalmos may occur. The tear film may be affected due to inadequate 
closure of the eyelids as well as the destruction of the accessory lacrimal glands. The 
tarsal and bulbar conjunctiva should be checked for epithelial defects by fluores-
cein staining, and eyelid eversion with Desmarres retractors should be performed 
where eyelids cannot be everted easily due to edema or contraction. Both the 
upper and lower fornices should be checked for any remained chemical and a deep 
swap by a cotton bud should be performed. The cornea may be partially or totally 
deepithelized due to the direct contact of the chemical. The presence and degree of 
limbal ischemia is important as it is the most important region for corneal epithelial 
regeneration by stem cells. White areas in the limbal area and the extent of these 
pale areas in terms of clock quarters provide an estimation for the prognosis. The 
haze, the opacification, edema of the cornea whether it facilitates the examination 
of the iris, and lens should be recorded. The iris should be checked for color, vessels, 
atrophy, hemorrhage, necrosis, and synechia. The pupil constricting and dilating 
may be disabled partially or totally. Intraocular pressure may be variable due to the 
extent of the trabecular meshwork dysfunction, inflammation, and ischemia [36]. 
Phthisis may be seen as ciliary body scarring that can occur. Edema and corneal 
epithelium damages may obscure measurement of intraocular pressure and digital 
measurement may give a clue. The lens may be swollen. Retina, optic disc, and 
vitreous should be assessed for inflammation and hemorrhage.

2.1.2 Anti-inflammatory treatment

Suppressing inflammation with preservative-free dexamethasone 0.1% and 
prednisolone acetate 1% drops in the first 7–10 days is the mainstay of the treat-
ment. Although corticosteroids suppress inflammation and inhibit the release of 
proinflammatory cytokines, they may impede corneal epithelization. Due to this 
possible side effect, tapering the frequency after the first week allowing epitheliza-
tion is the main approach [37, 38].

Tetracycline inhibits the production of metalloproteinases which may lead to 
corneal ulcer and perforation [39]. Oral doxycycline 100 mg, minocycline 100 mg 
twice a day, or tetracycline 250 mg four times a day, topical tetracycline 1% suspen-
sion, or 3% ointment [40]. Sodium citrate 10% may be used for inhibiting PMNL 
chemotaxis [41]. Amniotic membrane transplantation may serve as a good option to 
accelerate epithelial healing, help to alleviate pain, and may improve final out-
comes, especially in moderate chemical eye injuries [42, 43].

Commercially available devices or lyophilized and air-dried amniotic  
membranes (e.g., Omnigen ® 500 and 2000) may also be used for the same 
purpose [44, 45].

Preservative-free tear substitutes, vitamin C topically 5–10% and/or orally 
(1–2 g/day) [46] autologous serum [47], umbilical cord serum [48], platelet-rich 
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plasma [49], fibronectin [50], chitosan [51], epidermal growth factors [52], 
heparin [53], regenerating agents (RCTA, CACICOL20) [54, 55], bandage contact 
lens [56], tenonplasty [57], free conjunctival autograft [58], amniotic membrane 
transplant [59], and sequential sector conjunctival epitheliectomy [60], may be 
used to promote healing process.

Mydriatic and cycloplegic agents other than adrenergic which may cause vaso-
constriction and increase ischemia should be used for pain, iridocyclitis and prevent 
synechiae formation. Fluoroquinolones may be used as infection prophylaxis. 
Oral intraocular pressure-lowering agents may be more useful than topicals since 
trabecular meshwork may be damaged. Tenonplasty, free conjunctival flaps that 
may be secured to the ischemic areas is an early surgical intervention [57, 58].

2.2 Late-stage management

Eyelid reconstruction, surgical approaches for glaucoma, cataract, corneal haze, 
or opacification are the late-stage treatment approaches for chemically injured eyes.

Skin and oral mucosal grafts, tarsorrhaphy may be performed when eyelid clo-
sure is obscured and exposure occurred. In the case of phacomorphic glaucoma, 
cataract removal solely with implanting an intraocular lens in another session 
may be preferred. Dry eye is a common problem in all cases. Frequent lubrication 
with preservative-free teardrops and gels, punctal occlusion, mucous membrane 
grafts, and salivary gland transplantation are options according to the severity of 
the case.

Symblepharon formation may be repaired by fornix reconstruction with amni-
otic membrane transplantation (AMT) or oral mucosal grafts and scar release with 
or without Mitomycin C or 5-Fluorouracil.

In severe epithelial defects, nerve growth factor drops (cenegermin) [61], 
coenzyme Q10, autologous serum, AMT, mucosal, or conjunctival flaps/grafts may 
be used [62].

Limbal stem cell transplantation may be performed in limbal deficiency cases 
(Figures 3 and 4) [63].

In cases with corneal scarring, an anterior lamellar graft, deep anterior lamellar 
keratoplasty or penetrating keratoplasty are the procedures of choice.

In severe cases where ocular surface reconstruction is not possible, an osteo-
odonto keratoprosthesis or a Boston type 2 keratoprosthesis are the only options.

Figure 3. 
Limbal cell deficiency and conjunctivalization.
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3. Conjunctival abrasion, foreign body, laceration, and hemorrhage

Conjunctival abrasions and lacerations result from minor or major traumas. 
Work injuries affect males to a much greater degree, especially those between 
the ages of 17 and 30 [64–67]. A history of a work relation, recreation, insulting, 
and self-induced trauma like rubbing and contact lens fitting may be present. 
Lacrimation, light sensitivity, foreign body sensation, ocular pain, and subcon-
junctival hemorrhage are the main symptoms and signs. In a conjunctival abra-
sion epithelial cells are physically removed as stained by fluorescein dye, a visible 
conjunctival defect with sclera and Tenon’s exposure between the wound edges may 
be seen in biomicroscopy with the help of fluorescein staining in a conjunctival 
laceration case. When conjunctival laceration is diagnosed, the conjunctiva should 
be examined for subconjunctival hemorrhage, foreign body, an underlying scleral 
laceration, or globe perforation. A bullous chemosis with subconjunctival hemor-
rhage may be a sign of scleral rupture while subconjunctival emphysema may be a 
result of a sinus fracture.

Evaluation for conjunctival laceration and/or abrasion begins with history. The 
time, place, and activity during the injury should be recorded. The eye examination 
should start with a visual acuity evaluation. If the globe is intact, the upper eyelids 
should be everted and fornices should be examined for any hidden foreign bodies 
[68]. A topical anesthetic drop may alleviate blepharospasm and help evaluation. 
The anterior chamber depth, pupil shape, foreign body, any inflammation or 
hemorrhage in the anterior chamber should be recorded.

Topical antibiotic/steroid combination drops and/or ointments or antibiotic drops 
with topical nonsteroidal anti-inflammatory medication may be prescribed [69–72].

In patients with anterior chamber inflammation, cycloplegia may be added. 
Conjunctival lacerations smaller than 10 mm heal within a week with medical 
therapy while in lacerations larger than 20 mm, surgical repair by tissue fibrin 
glue or suturing may be necessary. For the defects between 10 and 20 mm wide, a 
pressure patching for 24 hours with antibiotic ointment is usually adequate [73]. 
However, in lacerations at the horizontal plane where blinking may prevent epithe-
lization, and when apposition of the wound edges is not provided, then suturing by 
absorbable 8/0 Vicryl or fibrin glue may be performed.

Subconjunctival hemorrhage is a painless and acute accumulation of the 
hemor rhage between the episclera and the conjunctiva. Ge nerally, it is a benign 

Figure 4. 
Conjunctivalization with deep and superficial corneal vascularization and vessel recanalization.
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Figure 6. 
Subconjunctival hemorrhage, chemosis, and enophthalmus in orbital floor fracture.

Figure 7. 
Retrobulbar and subconjunctival hemorrhage in resulting in proptosis in globe injury.

disorder and can be caused by minor trauma as in contact lens users or in patients 
with hypertension, anticoagulant therapy, elevated venous pressure (Valsalva 
maneuver, coughing, vomiting) and in acute hemorrhagic conjunctivitis and may 
be seen during vaginal delivery in newborns [74–77].

Figure 5. 
Traumatic subconjunctival hemorrhage.
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Traumatic subconjunctival hemorrhage may be associated with direct trauma 
to the eye (Figure 5) and also in severe circumstances, such as open or close 
globe injuries, orbital traumas, and basilar skull fractures (Figures 6 and 7) [78]. 
In children, abuse should always be kept in mind in recurrent subconjunctival 
hemorrhage.

Although no treatment is indicated for SCH without globe perforation or foreign 
body, suggesting limited activity, cold compresses, teardrops, acetaminophen, or 
ibuprofen may relieve the discomfort and inflammation.

4. Corneal abrasion and foreign body

Eye injuries comprise 8% of the emergency cases where corneal abrasions and 
foreign body are the main causes with percentages of 45%, 31%, respectively [79]. 
Ocular injuries, including corneal foreign bodies, are generally more common in 
young males (Figure 8) [80]. Ocular foreign body sensation is the main complaint 
as accompanied by excessive tearing, pain, red eye, photophobia, itching, and 
stinging.

A thorough clinical examination in conjunction with a detailed history, the 
extent and the depth of the defect may be examined (Figure 9). Differential diag-
noses include corneal foreign body, keratitis, contact lens trauma, recurrent erosion 
syndrome, staphylococcal marginal keratitis, infectious or inflammatory keratitis, 
trichiasis, keratoconjunctivitis sicca, and limbal stem cell deficiency [79]. Aslam  
et al. reported that 12% of corneal abrasion cases were contact lens related [81].

A missed foreign body under the eyelids may be present. Vertical linear abra-
sions, as recognized by fluorescein staining, are pathognomonic for a missed 
foreign body. It is very important to evert the upper eyelid and exam the entire 
fornix for any retained foreign body. The eversion may be performed by a cotton-tip 
applicator or Desmarres retractor under topical anesthetic drops. Although embed-
ded foreign bodies under the lids or deep in the fornix can be removed easily by a 
cotton swab, forceps, or a needle tip under topical anesthesia, corneal-embedded 
foreign bodies need more attention as they may be penetrating all the corneal 
layers. These kinds of corneal foreign bodies should be removed in the operating 
room as they have the risk of falling into the anterior chamber. Corneal superficial 

Figure 8. 
Corneal foreign body.
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foreign bodies can be removed as conjunctival foreign bodies with the help of a 
25-G needle. Rust rings resulting from iron foreign bodies may better be removed 
by a corneal burr. It is not rare that an intraorbital or intraocular foreign body may 
also be present especially in a patient with a history of high-speed metallic injury by 
grinders or hammering. The treatment goals are preventing superinfection, pro-
moting epithelial regeneration, and subsiding the pain. Although an intact cornea 
epithelium is resistant to microorganisms and it often heals without complication, 
epithelial defects may result in sight-threatening keratitis. The main treatment 
approach is antibiotic prophylaxis with lubricating ointments or drops. In patients 
with contact lens history, fingernail trauma, or trauma with a plant-based organic 
material, topical fluoroquinolone drops four times a day, with fluoroquinolone 
ointment at bedtime are the choices of preference for their gram-negative organism 
coverage [82]. Antibiotic ointments, such as erythromycin, bacitracin, or polyspo-
rin 4–5 times a day, with antibiotic drops, such as polymyxin B and trimethoprim or 
fluoroquinolone four times a day, maybe prescribed in patients without contact lens 
history or trauma by an organic material [82].

Oral nonsteroidal anti-inflammatory drugs and topical cycloplegics may be used 
for pain. Topical steroidal and nonsteroidal drops should not be offered since they 
have corneal toxicity potential leading to obscure epithelial healing. Topical anes-
thesia should only be used for examination purposes and is a contraindication in 
corneal injury due to its delaying and masking effect of devastating complications 
like corneal ulcers and are toxic to epithelium [83].

Although patching was the mainstay of the treatment for corneal abrasions for a 
long time, recent studies emphasized that patching did not shorten healing time or 
decrease pain, when compared with using only antibiotic ointments [84, 85].

5. Corneal lacerations

Corneal penetrating or perforating injuries may happen in work, in recreation, 
and by an assault. A detailed history is necessary to estimate the severity and 
duration of the injury, the nature of the agent (organic or inorganic), possibility of 
the retained metallic body, any systemic disease that may complicate the surgery as 
hypertension leading to suprachoroidal hemorrhage or diabetes negatively affecting 
wound healing and increasing the risk of infection. The reports should be recorded 

Figure 9. 
Large corneal epithelial defect.
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appropriately as most injuries include a possibility of a medicolegal problem. In an 
isolated eye injury, the corneal perforation should be evaluated by biomicroscope as 
the extent of the laceration, presence of any scleral laceration, prolapse of vitreous 
and/or uveal tissue, anterior chamber depth, presence of capsular and lens injury, 
and any foreign body; followed by visual acuity evaluation and pupil testing, and if 
possible visual field testing, along with imaging modalities, such as X-ray and com-
puterized tomography for imaging metallic foreign bodies. B-scan ultrasonography 
can be helpful in normal-toned globes. A more extensive evaluation may be per-
formed in the operating room under general anesthesia. The repair of a small corneal 
or scleral laceration although may be sutured with local anesthesia, local anesthesia 
usually accepted as a contraindication in these types of eye injuries because any 
pressure from the retrobulbar or peribulbar injection of the anesthetic drug may 
induce orbital and ocular complications. General anesthesia is the main approach 
in these patients. Corneal perforations are sutured by 10–0 monofilament nylon 
suture (Figure 10). Any possibilities of evisceration or enucleation of the globe due 
to unrepairable lacerations, optic nerve avulsion, need for lensectomy, and need for 
secondary interventions such as IOL implantation, vitrectomy for retinal detach-
ment, risks as sympathetic ophthalmia, infection, hemorrhage, secondary glaucoma, 
corneal scarring, astigmatism, traumatic optic neuropathy, and blindness, should be 
informed to the patient and the patient’s family members. Written informed consent 
should be taken from the patient if possible as well as the family members.

Perforating injuries that are small in size may be self-sealing and are observed 
with minimal intervention and prophylactic use of antibiotics. Patching alone, a 
bandage soft contact lens or tissue adhesives may help to seal a minimal leakage 
[86]. Any perforating injury warrants complete evaluation to exclude any foreign 
body presence and damage to other intraocular tissues. Sometimes a self-sealed 
oblique perforation, especially entering from the peripheral iris with a foreign 
body, may mimic partial-thickness laceration as the iris muscles contract and 
close the entrance region, leading to delayed diagnosis of an intraocular foreign 
body. The iris and the lens portion, under the corneal laceration area, should be 
carefully evaluated for any spot or entrance point. Taking initial cultures from the 
conjunctival and corneal surface before use of any prophylactic antibiotic drops or 
intravenous antibiotics, especially in cases with foreign body or infection risk, may 
help to establish a probable causative agent in case of consecutive endophthalmitis. 
Ophthalmic ointments should be avoided on an open eye injury and an eye shield 

Figure 10. 
Corneal perforation sutured with 10-0 monofilament nylon suture.
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should cover the eye to avoid any further extrusion of ocular contents. Systemic 
intravenous antibiotic prophylaxis may be initiated preoperatively.

Under the anesthesia, the leakage area should be identified and an anterior 
chamber washing with BSS may be performed from the leakage area to clear the 
media and to form the anterior chamber. Injecting viscoelastic into the anterior 
chamber helps to provide the tonicity of the eye, enabling suturing of the wound. 
The limbus should initially be stitched by a 10–0 nylon suture, then the suturing 
should extend from anterior to posterior. About 80–90% depth of suture place-
ment is needed to provide apposition of the wound margins as interrupted sutures. 
Rowsey et al. stated that most peripheral cornea should be closed first to achieve 
the flattest topography allowing progressive steepening as sutures progress toward 
the corneal apex. Longer bites of tissue with more compressive effects are desired 
peripherally to achieve peripheral corneal flattening [87]. Repair near the opti-
cal zone and corneal apex should consist of shorter stitches placed deep within 
the corneal tissue. Triangular wounds should be stitched starting from the apex 
and then the sides of the triangle. All knots should be buried below the level of 
Bowman’s membrane. When extensive tissue loss has occurred, patch grafting using 
corneal or scleral tissue may be necessary, as well as penetrating keratoplasty or 
lamellar keratoplasty. Conjunctival flaps should be considered inadequate for use as 
a temporary measure for closing over defects of corneal tissue.

Early corneal suture removal may be indicated when sutures loosen, collect 
mucus, or induce vascularization. Total removal starting from the peripheral sutures 
to the center should be done when the wound appears healed with cicatrization. The 
central corneal sutures, although the timing may change according to the wound type, 
place, and patient’s individual health status and age, maybe removed about 3 months. 
Peripheral corneal sutures may be removed in 1–3 months in adults and shorter as in 
several weeks in infants. Scleral sutures are left in place indefinitely if they are buried 
well with no risk of infection and symptom. Any iris tissue prolapsed from the corneal 
wound for longer than 24 hours, or is highly contaminated or ischemic, should be 
excised. Smaller and viable prolapsed iris tissues should be reposited with the help of 
the viscoelastic. It is of utmost importance not to cause a cyclodialysis at this step. Iris 
repair may be performed with polypropylene 10–0 suture, and iris dialysis may be 
repaired by suturing the edge of the iris into an anatomic position at the angle.

6. Scleral laceration

The scleral laceration may be contiguous with a corneal laceration, may be local-
ized between the limbus and the extraocular muscles (Figure 11), or maybe hidden 
in the posterior pole at the extraocular muscle insertion area. In blunt traumas, 
scleral rupture commonly happens at the limbus, and the equator between the 
muscle insertions, under the muscle insertion extending to the posterior pole [88]. 
A globe with scleral perforation may be hypotoned with IOP less than 5 mm Hg or 
maybe normal-toned when the scleral defect is occluded by tissues of a clot. The 
visual acuity is usually decreased to light perception or less, and the anterior cham-
ber is shallow with intraocular and periocular hemorrhage [88, 89]. A 360-degrees 
peritomy and dissection of the conjunctiva and Tenon’s to posterior pole to expose 
the complete sclera is important for direct visualization of all extraocular muscle 
insertions. Two conjunctival incisions perpendicular to the limbus at the 3 and 9 
o’clock quadrants may help to visualize the posterior pole up to the optic nerve. In 
severe injuries, lid sutures provide better visualization and decrease pressure risk 
than with speculums. When the limbus is accomplished with the scleral perforation, 
the suturing should start from the limbus with deep scleral bites by interrupted 
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sutures using 10–0 or 9–0 nylon. Repair of a scleral laceration should proceed from 
an anterior to a posterior direction and in presence of a large scleral defect, a donor 
cadaver scleral patch graft may be used. If vitreous is prolapsed through the wound 
edges, it should be excised by scissor with the help of a cellular sponge, however, a 
vitrectomy probe is a better option for this purpose as it does not cause traction on 
the tissue. Generally, any prolapsed uveal tissue should be reposited as the sclera is 
closed. The conjunctiva is sutured by 8–0 Vicryl at the limbus.

7. Traumatic Hyphema

Hyphemas are the accumulation of blood in the anterior chamber mostly due 
to penetrating or blunt traumas in the eye. (Figure 12) The bleeding results from 
the tears in the well-vascularized ciliary body and iris [90]. A fibrin clot stops the 
bleeding and the clot stabilizes in 4–7 days, and the fibrinolytic system resolved clot 
is cleared by the trabecular meshwork [91]. Trauma history, pain, and decreased 
vision are the most common complaints. In a patient with hyphema associated 
with subconjunctival hemorrhage and glob hypotonicity, a glob perforation should 
always be suspected [92]. Although hyphema due to intraocular tumors, leukemia, 
and sickle cell anemia (SSA) is rare, it should always be suspected in patients with-
out a history of trauma or with recurrent hyphemas. Although traumatic hyphema 
is more common in children, in children presenting with hyphema, physical abuse 
should also be questioned. Orbital/cranial CT/MRI, ultrasound, and additional 
blood testing should be performed in those cases [93, 94].

Visual acuity, hyphema grade, intraocular pressure, and presence of corneal 
staining should be performed daily in the first 5 days, and after clearance of the 
blood, a careful gonioscopy should be performed for the presence of angle recession 
and any bleeding area, followed by a dilated fundus examination [92].

Hyphemas are typically graded macroscopically due to the level of accumulation 
of blood in the anterior chamber. Grade 0 is microhyphema with no visible layer, 
only with red blood cells in the anterior chamber. Grade I is blood accumulation 
less than 1/3 level of blood in the anterior chamber. Grade II is 1/3–1/2 of  blood 
accumulation in the anterior chamber, and grade III is 1/2 to near-total filling of 
the blood in the anterior chamber. Grade IV is total hyphema, which is defined as a 
blackball or 8-ball hyphema [95].

Figure 11. 
Scleral laceration.
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Treatment modalities include initially preventing complications as intraocu-
lar pressure increases, corneal staining, and rebleeding. Although the inpatient 
treatment approach was commonly used in the past, recently, outpatient manage-
ment has shown to be similarly effective with appropriate precautions given to the 
patient [96, 97].

Inpatient hospitalization may be considered in patients with uncontrolled 
intraocular pressure and rebleeding risk. Limited activity and eye shield should 
be suggested to minimize the risk of rebleeding, especially in children. The 
patient should sleep in a head elevated bed to provide layering of the blood in the 
inferior angle to clear the visual axis. High intraocular pressure is reported in 32% 
of patients with hyphema on the first day [92]. Any IOP >25 mm Hg especially 
in a patient with SSA or SSA trait, the topical beta-blocker may be prescribed. 
Prostaglandins may induce inflammation, alpha agonists may lead to respiratory 
distress and carbonic anhydrase inhibitors may result in sickling in SSA patients, 
so these drugs should better be avoided [98, 99]. If corneal staining with blood 
is present or IOP remained high after 4–7 days, then an anterior chamber lavage 
should be performed.

Rebleeding occasionally occurs at 4–7 days after the trauma and the grading of 
the hyphema is important to discriminate fresh bleeding from an old clot. Although 
the implication of aspirin and other NSAIDs in the rebleeding is controversial, 
they are commonly discontinued in hyphema [100, 101]. Cycloplegics may be used 
for relaxing the ciliary muscle, and by its dilation effect on the pupil, iris vessels 
contract, decreasing the risk of rebleeding.

Topical steroids are commonly prescribed in hyphema due to the presence of 
inflammation. They should be used according to the severity of the inflammation 
and should be discontinued in a tapered manner as complications such as glaucoma 
and cataracts may occur [102, 103]. Antifibrinolytic agents such as oral aminoca-
proic acid and tranexamic acid stabilize the clot and decrease the risk of secondary 
hemorrhage, however, due to some systemic side effects, it is better to hospitalize 
the patient when systemic use is planned [104–107]. Aminocaproic acid can be 
safely used in children, however, it is contraindicated in patients with thrombosis 
risk [108]. Tissue plasminogen activator and transcorneal oxygen therapy are used 
in some cases with variable results as reported in the literature [109, 110]. Anterior 
or posterior synechias, secondary glaucoma, and angle recession may be seen as 
late-term complications where the latter is reported to occur in 85% of hyphema 
patients and the relative risk of gl aucoma is reported to be 2.21 [111].

Figure 12. 
Grade 1 hyphema and subconjunctival hemorrhage in blunt trauma.
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8. Post-traumatic (secondary) glaucoma

Traumatic IOP elevation and traumatic glaucoma are complications that can 
result from the trabecular meshwork dysfunction, angle recession, lens displace-
ment, lens swelling (phacomorphic glaucoma), inflammatory response to lens 
proteins in a case with capsular tear (phacoantigenic glaucoma), iris damage, 
hyphema, inflammation, anterior synechiae, vitreous hemorrhage, and topical 
corticosteroid use [112–115]. Ocular trauma can lead to secondary glaucoma, 
with a 4% risk of developing post-traumatic glaucoma. Majority of the secondary 
glaucoma cases (77%), resulting from closed globe injuries, whereas only 23% 
followed open globe injuries . The etiology of traumatic glaucoma although may 
differ according to the type, time, and duration of the trauma, a classification 
based on the timing after the trauma as reported by Bai et al., may give a basic 
and effective idea of the mechanism involved [116]. In the first month, inflam-
mation, hyphema, lens dislocation, and prolonged use of potent steroids are 
the main causes of secondary glaucoma. Between 1 and 6 months, angle-closure 
glaucoma occurs due to anterior synechia and pupillary block with posterior 
synechia. In the late term, angle recession, siderosis may be the etiology. In 
patients with associated vitreous hemorrhage, ghost-cell glaucoma can be seen in 
2 weeks–3 months [117].

9. Angle recession

Ocular blunt trauma can result in closed-globe injuries or open-globe injuries. 
In blunt trauma, compression force on the globe results in elevated pressure on 
the limbal area, where ciliary bodies longitudinal fibers separate from circular 
fibers, associated with the breakage of the vessels leading to hyphema. Angle 
recession is seen in 85% of traumatic hyphema and results in chronic glaucoma 
[111]. Cyclodialysis is relatively rare than the recession and it leads to resistant 
hypotony [118–121]. In an examination, a widened ciliary band is seen on the 
gonioscopy (Figure 13). The relative risk for developing glaucoma is 2:1 in patients 
with recessed angles. In general, studies show the risk is significantly increased 
when more than 180 degrees of recession exists [122]. Prostaglandins may be used 
after inflammation is treated due to their uveoscleral outflow increase potential. 

Figure 13. 
Angle recession observed as a widened ciliary band in gonioscopy.
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Pilocarpine may worsen angle recession. Trabeculectomy with Mitomycin-C can be 
performed in patients with uncontrolled IOP with medications [123].

10. Cyclodialysis and Iridodialysis

The direct communication between the anterior chamber and the supracho-
roidal space, in cyclodialysis, results in resistant hypotony. Although the dialysis 
portion is seen on gonioscopy as posterior to the scleral spur, in eyes with hyphema 
or corneal edema, it may be hard to visualize the angle. Ultrasound biomicroscopy 
(UBM) and anterior segment OCT may show cyclodialysis when gonioscopy is 
difficult [124, 125].

The medical treatment includes 1% atropine sulfate BID for 6–8 weeks to reop-
pose the ciliary body back to the scleral wall and normalize intraocular pressure. 
Surgery is another option in cases where the medical approach is inadequate. The 
ciliary body may be attached to the sclera either surgically or by facilitating inflam-
mation by burn to help apposition. Direct cyclopexy [126], argon laser photoco-
agulation [127], trans-scleral YAG laser [128], and cryoablation [129], are other 
options.

In the dialysis of the iris at the root, small dialysis may be asymptomatic while 
in large dialysis cases, polycoria, glare, monocular diplopia warrants surgical 
intervention (Figure 14).

11. Traumatic cataract

Cataracts may arise from blunt or penetrating eye traumas immediately after the 
injury or many years later. Lens damage is present in 30% of perforating injuries of 
the anterior segment of the eye [130].

If penetrating trauma is present, the use of topical medication or pressing 
devices that touch the eye should be avoided. Once penetrating trauma has been 
ruled out, ultrasound A and B may be used for further assessment of the ocu-
lar status.

Lens injury may happen in an eye trauma as direct injury of lens fibers, capsular 
rupture, zonular dehiscence, or all [131]. The flow of aqueous humor in the lens 

Figure 14. 
Large iridodialysis between 11-o’clock and 2-o’clock quadrants.
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causes opacity. Small capsular tears less than 2 mm may heal spontaneously but 
defects bigger than 3 mm occasionally result in lens opacity. Large disruptions of 
the lens, with the obvious release of cortical material or through-and-through lens 
rupture with dislocation or rupture of the lens zonules, are indications for primary 
lensectomy at the time of primary repair.

In blunt traumas, although the capsule may be intact, a sunflower cataract 
(Rosette or stellate type) may be seen (Figure 15). The main symptoms are vision 
decrease, glare, and intraocular inflammation with or without glaucoma. In these 
patients, the retina should carefully be examined for any tear or detachment, or 
hemorrhage. When it is not possible to visualize the fundus, a B scan ultrasound 
may be used for probable retinal pathology or vitreous hemorrhage, or a for-
eign body.

If the lens opacity is not at the visual axis, and the visual acuity increases with 
a refraction correction with no inflammation, phacodonesis, vitreous prolapse, or 
inflammation, observation with close follow-up is the main approach.

Phacoemulsification is the best approach in patients with cataract extraction 
indications. Preoperatively, any risk of phacodonesis, vitreous prolapse, and 
zonular dehiscence should be evaluated. If a torn capsule, a phacodonesis, or 
subluxation are present, phacoemulsification with the help of the capsular ten-
sion ring or capsule hooks may also be facilitated, however, combined pars plana 
lensectomy and vitrectomy are also may be performed. Extracapsular or intracap-
sular cataract extraction may be facilitated when zonular and lens instability is a 
problem. Primary lens implantation may be considered in any approach in an intact 
capsule or zonules long as there is no inflammation or infection risk. Advantages of 
the primary placement of intraocular lens implantation include more rapid visual 
rehabilitation with a single surgical procedure and one anesthetic exposure [132]. 
The lens may be placed in the bag, in the sulcus, in the anterior chamber, or maybe 
fixated to the iris or sclera. However anterior placement of IOL should be avoided in 
patients with corneal injury and in young patients. In patients with zonular defects, 
capsular tension rings should be implanted. Peripheral iridectomy may be consid-
ered in eyes where the prolapsed iris could not be repositioned and when there is a 
possibility of a pupillary block [133].

In children, the management of traumatic cataracts requires many measures 
to be taken into consideration. Firstly, the timing of the cataract extraction is 
important as amblyopia may develop in a short period. In children with cataract 

Figure 15. 
Traumatic sunflower cataract.
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removed, inflammation and synechia risk are more than the adults, and the risk to 
develop posterior capsular opacifications relatively soon after cataract removal is 
higher [134, 135]. For this reason, in children who will not be able to cooperate with 
YAG laser capsulotomy, a primary posterior capsulotomy and anterior vitrectomy 
are recommended at the time of cataract extraction. Another controversial aspect 
is the implantation of the lens in children. Although primary IOL implantation 
may be possible in most cases of closed globe injuries, in open-globe injuries, 
complicating factors such as poor visualization and difficulty in accurate IOL power 
calculation may delay IOL implantation as a secondary procedure [136]. Retinal 
detachment, macular scarring, amblyopia, and traumatic optic neuropathy may be 
seen in the late term either primary or secondary lens implantation. All children 
whether cataract extracted or not should be continued follow-up with a pediatric 
ophthalmologist.

In traumatic cataract cases with the lacerated cornea, the perforation should 
priorly be stitched or sealed before any intraocular surgery including cataract 
extraction or vitrectomy. Corneal lacerations are closed with 10–0 nylon sutures, 
with the sutures starting from the edges. The tissues should be opposed well as leak-
age of the humor aqueous will cause obstacles preoperatively and postoperatively. In 
eyes with the traumatized cornea, biometry and keratometry may not be accurately 
measured, hence intraocular lens calculation may be compromised. In these cases, 
an IOL calculation of the fellow eye and a keratometry of average value as 44 may 
be used.

During the surgery, the state of the anterior and posterior capsule and the 
zonules should always be taken into consideration. In intact capsules and zonules, 
standard phacoemulsification with or without the help of trypan blue dye may be 
performed.

In cases with the anterior capsular tear, the lens becomes pacified quickly and 
continuous curvilinear capsulorrhexis may not be completed, requiring completing 
the capsulorrhexis by Vannas scissors.

When lens zonules are injured, capsular or iris hooks may be used to secure the 
bag, and capsular tension rings should be implanted in zonular dialysis less than 
120 degrees. Capsular tension rings should not be placed in dialysis with a posterior 
capsular rupture.

Most traumatic cataracts are soft as they may be easily aspirated by I/A tip or 
simcoe cannula. In traumatic cataract surgery, the parameters used during the 
surgery should be low, such as a bottle height of 60–75 cm, aspiration rate with 
18–20 cc/min, and low vacuum as 180–200 mm Hg, however, it should be kept 
in mind that these settings may differ according to the case, the surgeon and the 
device used.

At the end of the surgery, a 0.3 mL of cefuroxime solution (concentration of 
1.0 mg/0.1 mL) should be injected into the anterior chamber for prophylaxis. The 
wounds and the entrance areas should be carefully evaluated for any leakage as it 
may cause complications as endophthalmitis and hypotony.

12. Conclusion

In an eye injury, taking a detailed history is important to guide a proper evalu-
ation, diagnostic approach, and treatment modality. Early and thorough identi-
fication of the affected anterior segment tissues involved will provide timely and 
appropriate management which will determine the final outcome for the visual 
function and globe integrity.
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