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ABSTRACT
As the rate of terrorism increases, it is important for health care providers to become familiar with the man-

agement of injuries inflicted by blasts and explosions. This article reviews the ocular injuries associated with
explosive blasts, providing basic concepts with which to approach the blast-injured patient with eye trauma. We
conducted a literature review of relevant articles indexed in PubMed between 1948 and 2007. Two hundred forty-
four articles were reviewed. We concluded that ocular injury is a frequent cause of morbidity in blast victims,
occurring in up to 28% of blast survivors. Secondary blast injuries, resulting from flying fragments and debris,
cause the majority of eye injuries among blast victims. The most common blast eye injuries include corneal abra-
sions and foreign bodies, eyelid lacerations, open globe injuries, and intraocular foreign bodies. Injuries to the
periorbital area can be a source of significant morbidity, and ocular blast injuries have the potential to result in
severe vision loss.

(Disaster Med Public Health Preparedness. 2010;4:154-160)
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With the risk of terrorist bombings increasing
worldwide, it is important for health care pro-
viders to become familiar with the spectrum

and management of injuries inflicted by blasts and explo-
sions. In 2005, the US Department of State reported ap-
proximately 11 000 international terrorist attacks result-
ing in excess of 14 600 deaths and more than 24 700 people
injured.1 In the United States alone, between 1983 and
2002, there were 36 110 bombing incidents resulting in
5931 injuries and 699 deaths.2 Explosions and bombings
are the most common deliberate weapon of terrorism be-
cause of their potential to quickly and inexpensively in-
flict considerable harm and devastation on large groups
of people. The victims of bombings experience a combi-
nation of blast, blunt, penetrating, and thermal injuries
that fall outside the routine experience of most health care
providers. This article reviews the ocular injuries associ-
ated with explosive blasts and provides early responders
and emergency department (ED) personnel with some ba-
sic concepts with which to approach the blast-injured pa-
tient with eye trauma.

A MEDLINE literature search (June 2007) with an Ovid
interface was performed for citations relating to ocular
trauma and blast injuries. We searched on the follow-
ing terms: blast injuries and the eye, ocular blast injuries,
ocular trauma and bombing, terrorism and ocular injuries,
management of ocular blast injuries, military ocular inju-
ries, and IED and ocular injuries, and similar terms and
combinations. The search yielded 244 articles. Most were
from the 2000s, with some articles dating back nearly
40 years. Abstracts were reviewed to select articles with
clinical relevance to blast injuries and the eye. We se-
lected 55 articles to review in depth. Most of these ar-

ticles were retrospective case series describing the out-
comes of ocular blast injuries that occurred during a
specific terrorist event or military campaign.

BASICS OF BLAST INJURIES OF THE EYE
The mechanism of blast injuries traditionally has been
divided into 4 categories: primary, secondary, tertiary,
and quaternary. Primary blast injuries are the direct re-
sult of an intense overpressurization caused by a blast
or shock wave generated by an explosion. Air-filled struc-
tures, such as the lungs, tympanic membranes, and gas-
trointestinal tract, are most susceptible to primary blast
injuries. With a powerful-enough blast, however, any
organ may be disrupted or destroyed. The intense over-
pressurization wave applies force to tissues that results
in rapid deformation and disruption. The eye, with its
protective orbit, tarsal plates, and tough sclera, is resis-
tant to traumatic rupture, but given enough force, rup-
ture can occur. Lesser force can result in internal ocu-
lar disruption. Secondary blast injuries are caused by
flying debris or fragments accelerated by the energy of
the explosion. Often exposed and unprotected, the head
and eyes are particularly susceptible to secondary blast
injuries. Rapidly accelerated sharp particles, large or
small, can lacerate or rupture the cornea or sclera and
enter the eye. Given the small and complex organiza-
tional structure of the eye, severe, sight-threatening dam-
age can occur from secondary blast injuries. Tertiary blast
injuries result from structural collapse and fragmenta-
tion of buildings or from a victim’s body being dis-
placed by the wind from explosions. Quaternary blast
injuries refer to other explosion-related injuries, includ-
ing chemical or thermal burns, toxic inhalation, radia-
tion exposure, and asphyxiation.3-6 Secondary and ter-
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tiary blast injuries constitute the predominant injuries among
survivors of bombings. In general, damage produced by blast
waves decreases exponentially with increasing distance from the
point source of the blast.3 In contrast to open-air bombings,
which allow rapid dissipation of the shock, indoor detonations
allow the blast wave to be magnified and result in higher mor-
bidity and mortality rates.7

EPIDEMIOLOGY OF BLAST EYE INJURIES
Ocular injury is a frequent cause of morbidity in terrorist blast vic-
tims, both in military and civilian settings. The rate of eye inju-
ries from terrorist bombings has ranged from 3% of blast survi-
vors in the 1996 Manchester, UK, bombing to 28% of survivors
from the 1998 terrorist bomb attack on the US embassy in Nairobi,
Kenya.8-11 In the World Trade Center (WTC) disaster in 2001,
ocular injuries were reported to be the second most common type
of injury among survivors after inhalation injuries. Among 790
WTC survivors treated within 48 hours, 26% had ocular inju-
ries, mostly attributed to smoke, dust, debris, or fumes.10

The number and types of injury vary, depending on the type of
explosive, proximity to the blast, and the victim’s environ-
ment. Epidemiological studies from blast explosions in modern
buildings frequently cite glass as a major source of lacerations and
foreign bodies affecting the eye. Blast explosions in buildings can
also create foreign-body injuries from concrete, metal, wood, and
other materials.12 Blast explosions in open spaces, such as those
from land mines, tend to accelerate metallic shrapnel from the
bomb itself and soil and organic matter.

Ocular injuriesoccurring fromterroristblastscanbeextensiveand
involve any blunt or penetrating trauma or blast-related injury to
the tissues of the eye, orbit, or ocular adnexa. Frequently, injuries
are bilateral, and multiple traumas involving the lids, globe, and
orbitarenoted.Blast-relatedeyeinjuriescanrangefromminorcor-
neal abrasions and foreign bodies to extensive eyelid lacerations,
open globe injuries, intraocular foreign bodies, and fractured or-
bits.Moreseriouseyeinjurieshavebeenassociatedwithcloseprox-
imity to the blast and areas of heavy building damage. In the 1995
OklahomaCitybombing,83%ofopenglobeinjuriesweresustained
by people who were inside the Alfred P. Murrah Federal Building
at the time of the attack.8

Injuries associated with bomb blast victims can be closely com-
pared to injuries sustained by soldiers and civilians during war-
fare. During Operation Desert Storm, eye injuries were re-
ported to account for 13% of all injuries, and 78% of all serious
eye injuries were caused by blast fragmentation from muni-
tions.13,14 Although glass window fragments cause the majority
of injuries in terrorist bombings, most fragments in the mili-
tary setting are due to munitions shells and debris from the
ground. During the Iraqi insurgency in 2004, more than half
of all injuries were caused by improvised explosive devices, which
are loaded with metallic objects (eg, metallic ball bearings, nails)
to inflict penetrating injuries in crowded civilian settings.15

OPHTHALMIC INJURIES ASSOCIATED
WITH BLAST INJURIES
Primary blast injuries to the eye can result in rupture of the globe,
hyphema (bleeding in the eye), or other internal ocular disrup-
tion. Only 1 case of a pure primary blast injury of the eye has been
reported in the literature: Recurrent hyphema and angle reces-
sion (damage to the glaucoma drainage inlet of the eye) was de-
scribed in a patient as a result of a high-pressure wave blast injury
alone, with no foreign body or blunt trauma to the eye.16 A globe
weakened by previous trauma or surgery may be at higher risk for
damage from a primary blast injury. Dislocation of an intraocular
lens resulting only from the concussive force of a blast has been
observed at Walter Reed Army Medical Center in a patient with
a history of open globe trauma and cataract extraction with in-
traocular lens placement.

Secondary blast injuries (ie, foreign bodies) cause the majority of
eye injuries among blast victims. The eye is vulnerable to small
fragments of glass, cement, or other debris that may be stopped
by clothing or may minimally affect other parts of the body.12 Small
or large projectiles and fragments from the explosions can enter
the eye and cause severe blunt or penetrating injuries.

Minor blast-related eye injuries include corneal abrasions, con-
junctivitis, and superficial foreign bodies (Figure 1). Chemical
conjunctivitis and corneal abrasions were the second most fre-
quent cause of morbidity noted after the 2001 WTC disaster.17

Following land mine blast injuries, which typically cause pep-
pering of the eye and face with minute particles, up to 94% of
eyes can be found with superficial foreign bodies in the lids, cor-
nea, conjunctiva, and sclera (Figure 2).18

FIGURE 1
Slit lamp photograph of a patient with multiple corneal
and conjunctival foreign bodies. “Tattooing” of the lids
or cornea is common following blast injuries.
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Open globe injuries, including penetrating and perforating inju-
ries to the cornea and/or sclera, are the most common serious blast-
related eye injuries and occur in up to 20% to 50% of eyes.8,9,12,18

The incidence of intraocular foreign bodies (IOFBs) associated
withpenetratingorperforating injuries ranges from4%intheOkla-
homa City bombing to up to 30% to 65% of penetrating injuries
encountered during warfare.8,19 Retained IOFBs resulting from frag-
mentation injuries during war may be multiple or bilateral. IOFBs
may be large and obvious or small and difficult to diagnose and
may be located in any part of the eye (Figures 3 and 4). Between
80% and 90% of IOFBs are located in the posterior segment of

the eye, and a significant number have associated complications
of cataract, vitreous hemorrhage, or retinal detachment.

Eyelid lacerations, which are often extensive, account for 20%
to 60% of blast-related eye injuries.8,9,18 Orbital fractures, fre-
quently accompanied by IOFBs and massive maxillofacial dam-
age, occur in approximately 10% of ocular blast injuries (Figure 5).8

Serious nonpenetrating eye injuries include hyphema, traumatic
cataract, vitreous hemorrhage, retinal detachment, choroidal rup-
ture, and optic nerve injuries. Traumatic hyphema may be asso-
ciated with blunt rupture of the globe.20 The incidence of en-
dophthalmitis (infection inside the eye) following penetrating
injuries was reported to be 7.9% during the Vietnam war and 8.4%
in a review of terror-related open globe injuries at a tertiary re-
ferral center in Turkey.19,21

POLYTRAUMA IN BLAST VICTIMS
Serious ocular injuries are commonly associated with other in-
juries, especially of the head and neck. Military surgical teams
often consist of ophthalmologists, neurosurgeons, and otolar-
yngology surgeons who work as a team to repair the complex,
traumatic head and neck injuries that frequently occur in blast-
injured patients.14 Some concomitant blast injuries (especially
in gas-containing organs such as the lungs, bowel, and ears) are
serious but less dramatic than a severely disfiguring facial in-
jury and can therefore be overlooked. Carrying out a trauma
survey is critical to avoid missing these associated injuries.

CLINICAL PRESENTATION
Blast eye injuries canpresentwithawide rangeof symptoms, from
minimal discomfort to severe pain or loss of vision. It is critical to
appreciate that significanteyedamagemaybepresentdespitenor-
mal vision and minimal symptoms. Symptoms can include eye ir-
ritationorpain, foreignbodysensation,decreasedoralteredvision,
bleeding,andperiorbital swellingorbruising.Patientsmaypresent
forcareimmediatelyornotuntildaysorweeksaftertheevent.Ocu-
larinjuriesmaypresentlatebecauseofthepresenceofmultipleother
injuries, diminished consciousness of the patient, or the silent na-
tureof theeye injury.22 Onexamination,patientswitheye trauma
mayhaveconsiderableandobvious face, lid,oreyedefectsormore
subtle injuries thatalthough initiallyappearing limited,aftercare-
ful examination, may be recognized as far more severe. Because
serious ocular injuries may have subtle presentations, the exami-
nation of blast victims should be approached with a high level of
suspicion for occult eye injuries and a low threshold for referral for
ophthalmologic evaluation.

EARLY HOSPITAL TREATMENT
The Table summarizes the recommendations regarding the man-
agement of ocular blast injuries. The evidence supporting these
recommendations consists primarily of current clinical prac-
tice patterns with relatively few strong evidence-based studies
to guide management.

FIGURE 2
Facial sandblasting with multiple foreign bodies.
Patient sustained multiple face and lid foreign
bodies and bilateral intraocular foreign bodies follow-
ing explosion of an improvised explosive device
in Iraq.

FIGURE 3
Ruptured globes may be subtle. Slit lamp photograph
of a subtle penetrating corneal foreign body.
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ED physicians treating blast injuries often are overwhelmed
with the simultaneous arrival of many seriously injured
patients. To maximize their effectiveness, the ED physician
should keep the following simple concepts in mind:

1. First do no harm. Keep the eye covered and free from any
pressure to avoid expulsion of intraocular contents in the pres-
ence of a ruptured globe. A convex metal or plastic shield is pre-
ferred. Patches should be avoided because of the pressure that they
apply to the globe.

2. Obtain an objective measure of best visual acuity; this is
the “vital sign” of the eye.

3. Initiate basic treatment in preparation for transfer to the
ophthalmology service:

• Order computed tomography (CT) scans of brain/
orbits, cervical spine, and chest and abdomen, as necessary.
• Prepare the patient for the operating room (laboratory
tests, complete blood count, type and cross, urinalysis, co-
agulation studies, electrocardiogram, as necessary).
• Administer tetanus inoculation, as necessary.
• Administer intravenous antibiotics.23

• Administer antinausea medications.
• Administer analgesics; avoid narcotic analgesics until
after obtaining informed consent from the patient for
surgery.

Initial evaluation of the blast-injured patient requires a full-
body, unclothed evaluation so that all injuries are detected
promptly. Because ocular injuries often do not occur in isola-
tion, it is important that an obvious, distracting injury, such
as a bloody eyeball on a person’s cheek, does not obscure a
potentially fatal but less obvious associated injury such as
blast lung injury. Taking a brief history can be helpful in
understanding the circumstances of the site of the blast and
the nature and composition of the shrapnel (copper and
some bronze foreign bodies are particularly inflammatory to
the eye). Any available witnesses to the injury should be
interviewed if the patient is unable to provide a careful his-
tory. When possible, documentation should include details
of the incident, time since the injury and treatment during
that interval, medical and surgical histories, ocular history,
tetanus status, and medication allergies.

A preliminary ocular examination should focus on searching
for and treating ophthalmic emergencies, such as chemical
burns, ruptured globes, or lid compartment syndromes. If a
chemical burn of the eye is determined and there is no globe
rupture, then irrigation with sterile saline should be initiated
without delay. A comprehensive examination begins with an
external inventory of the face and eyelids to determine the
presence of foreign bodies or lacerations. The presence of a
lid laceration, however insignificant, mandates careful
exploration of the extent of the wound. Periorbital and lid
ecchymosis, subcutaneous emphysema, hypoesthesia of the
cheek, motility disturbance, and enophthalmos may indicate
an underlying orbital fracture. The presence of particulate

matter on the face or lids could be an indication of possible
occult penetrating foreign bodies.

A careful assessment of visual acuity and a pupillary examina-
tion should be performed. An objective measure of visual acu-

FIGURE 4
Ruptured globes may be obvious. Slit lamp photograph
of a patient with a corneoscleral laceration from a glass
intraocular foreign body.

FIGURE 5
Blast eye trauma often involves multiple trauma.
Computed tomography scan of a large intraorbital
foreign body with ethmoid sinus involvement.
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ity is important in the immediate and delayed decision-
making process. Visual acuity should be tested 1 eye at a time,
testing initially for the ability to count fingers. A near card or
eye chart, if available, may be useful to document acuity in a
patient who is able to count fingers. In patients who cannot
count fingers, testing for perception of hand motion or light
perception should be performed. No–light-perception vision is
an indication of poor prognosis. An irregular pupillary re-
sponse may indicate intracranial pathology, whereas a peaked
or eccentric pupil could indicate intraocular damage or globe
rupture with iris prolapse. An anterior segment examination is

ideally performed by slit lamp biomicroscopy, but a handheld
penlight examination can be effective. Diffuse subconjuncti-
val hemorrhage or abnormal pigmentation of the conjunctiva
may indicate globe rupture. Corneal abrasions or foreign bod-
ies, hyphema, or traumatic cataracts may be detected with a care-
ful penlight inspection. When a ruptured globe is obvious, for
example, a flat globe or prolapse of intraocular contents, the
examination should be abbreviated to avoid unnecessary ma-
nipulation of the eye. If a ruptured globe is suspected, then the
examination should be performed without applying any pres-
sure to the globe or orbit to avoid extrusion of intraocular
contents.25

A CT scan with thin cuts (1.0–1.5 mm) of the brain and
orbits (axial and coronal views) should be obtained if there
is concern about an orbital fracture or a retained intraocular
foreign body. If wood, plastic, or organic foreign bodies are
suspected and the CT scan does not show metallic foreign
bodies, then magnetic resonance imaging may be useful for
identifying nonmetallic foreign bodies. Plain films of the
orbit are helpful if CT scanning or magnetic resonance
imaging is unavailable.

It should be emphasized that no pressure should be applied to
an eye suspected of harboring a rupture. If significant eyelid
edema makes opening of the lids difficult, then the examina-
tion should be deferred. Zealous examination can result in
extrusion of intraocular contents, making repair even more
complicated. In the ED setting, objects penetrating the eye
should not be removed. Instead, the eye can be covered with
an eye shield or paper cup, which will not exert pressure on
the globe.

After initial stabilization of the patient and protection of the
eye, all serious blast eye injuries should be immediately re-
ferred to an ophthalmologist for definitive treatment. ED phy-
sicians should initiate basic treatment until ophthalmological
support is available. Ruptured globes typically require urgent
operative intervention, and preparing the patient for the op-
erating room is essential. The goals should be to prevent fur-
ther damage to the eye, reduce the risk of infection, and stabi-
lize the patient for surgery.

Blast-injured patients with ruptured globes and unstable pul-
monary or airway status may require endotracheal intubation.
The use of succinylcholine during intubation in patients with
ruptured globes has long been thought to be potentially harm-
ful due to the theoretical risk of raising intraocular pressure and
contraction of the rectus muscles. The data behind this asser-
tion are largely anecdotal, and some eye centers in the United
States routinely use succinylcholine without difficulty. In 1 study,
pretreating 100 patients with a nondepolarizing agent before
administering succinylcholine resulted in no extrusion of in-
traocular contents.24

TABLE
Blast Eye Injuries: What Providers Need to Know

For Prehospital Providers

First, do no harm.
Assume all eye injuries harbor a ruptured globe.
Do not put any pressure on an eye that may be ruptured.
Do not apply a patch or bandage to the eye. Use a convex plastic or

metal shield instead. In the absence of a shield, the bottom of a
clean paper or Styrofoam cup may be taped to the bones around
the orbit to protect the globe.

Do not force the lids open to examine the eye.
Do not pull out impaled FBs. The distal aspect of the FBs may be in the

orbit, brain, sinus, or other areas that require special extraction
techniques.

After initial stabilization of the patient and protection of the eye, rapid
transport to facilities with ophthalmic operating department
capabilities is the main goal.

Blast-injured patients with eye injuries often have concomitant injuries
(especially otolaryngological, neurological, and pulmonary) that
may be occult.

For Emergency Department Providers

Assume all eye injuries harbor a rupture of the globe. Ruptured globes
or intraocular FBs may be subtle. Signs of ruptured globe include
360° conjunctival hemorrhage; misshapen pupil; brown or
pigmented tissue outside the globe; clear, gel-like tissue outside
the globe; abnormally deep or shallow anterior chamber.

Obtain visual acuity of each eye if possible. Test for light perception,
hand motion, count fingers, or Snellen acuity (20/400 – 20/20).

Consult ophthalmology as soon as possible.
Do not apply any pressure to the globe or orbit. Defer examining the

eye if there is massive swelling or hematoma of the lids.
Administer tetanus if warranted.
Administer antiemetics (eg, Zofran 4 mg IV every 8 h) to reduce

nausea and vomiting, and administer analgesics as needed,
avoiding narcotic analgesics until after obtaining informed consent
for surgery.

Administer IV antibiotics if a ruptured globe is suspected (1 g
ceftazidime and 1 g vancomycin). Administer IV clindamycin 600
mg every 8 h for dirty soil/organic material contaminated
wounds.23

CT scan of the orbits with thin 1.0- to 1.5-mm cuts may be helpful to
identify FBs. Avoid MRI until it is proven that no metallic FBs are
present. MRI is helpful in identifying nonmetallic (wood, plastic,
organic) FBs.

When intubating patients with ruptured globes, succinylcholine has
been reported to cause extrusion of intraocular contents. The data
supporting this assertion are limited. Using a nondepolarizing
agent before using succinylcholine theoretically eliminates this
risk.24

CT, computed tomography; FB, foreign bodies; IV, intravenous; MRI, magnetic reso-
nance imaging.
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DISPOSITION AND OUTCOME
Similar to eye injuries encountered during warfare, serious pen-
etrating and nonpenetrating blast eye injuries have been asso-
ciated with a poor visual prognosis. Because a tremendous
amount of energy is imparted onto the globe by missiles and
fragments, both penetrating and nonpenetrating blast injuries
are associated with severe anterior and posterior segment dam-
age. Ocular injuries produced by land mine blasts appear to be
the most severe, with 37% of injured eyes becoming totally blind
(no light perception) and 73% becoming legally blind (visual
acuity �20/200). Bilateral eye injuries from land mine explo-
sions have been noted in 78% of patients.18 Improvised explo-
sive devices have also been a major cause of significant vision
loss, being responsible for 59% of all enucleations performed
during the Iraqi insurgency.15 Of all eye injuries during Opera-
tion Desert Storm, 18% resulted in enucleation, 94% of which
were the result of munitions fragments.14

Certain aspects of the injured eye are associated with a poor
prognosis: severe intraocular hemorrhage, prolapse of ocular
contents, double perforating injuries, more extensive or pos-
terior globe lacerations, and endophthalmitis. The 8% inci-
dence of endophthalmitis previously reported following
blast-related penetrating injuries is slightly higher than a
normal endophthalmitis rate of 2% to 7% of all penetrating
injuries.19,21 Modern improvements in diagnostic and surgical
techniques as well as intravitreal antibiotic therapy, how-
ever, have resulted in a lower endophthalmitis rate. Recent
published and unpublished data from Walter Reed Army
Medical Center during Operations Iraqi Freedom and Endur-
ing Freedom showed no cases of endophthalmitis in 160 eyes
with open globe injuries with or without IOFBs.25 Despite
recent improvements in the incidence and treatment of
endophthalmitis, the overall prognosis in traumatic endoph-
thalmitis remains poor compared to that in cases occurring
after intraocular surgery.26

Visual acuity at the time of presentation appears to be the
single most important factor in predicting final visual acuity
in patients with penetrating injuries, with no light percep-
tion vision being an indicator of poor prognosis.27 Timing of
treatment is also crucial in determining prognosis. In a
review of civilian eye injuries during warfare, victims who
experienced more prolonged delays of treatment were deter-
mined to have a higher rate of complications and subsequent
enucleations.28 Significant improvements in diagnostic and
surgical techniques during the past few decades have resulted
in improved visual prognosis and a decreased rate of enucle-
ation following ocular blast injuries. During the Algerian war
(1957-1961), 26% of blast-injured eyes underwent enucle-
ation, compared with 18% reported during the Persian
Gulf war.14,29 Despite the notable decrease in enucleation
rates, blast eye injuries remain a significant cause of vision
loss worldwide. Although protective eyewear has been
shown to be efficacious in decreasing the rates of eye trauma
during wartime,30 many terrorist blasts, unfortunately,

are targeted against unsuspecting and unprepared civilian
victims.

SUMMARY
Ocular injury resulting from secondary blast injuries is a fre-
quent cause of morbidity in terrorist blast victims. Serious
eye injuries can present with subtle signs and symptoms.
Management of the blast-injured patient should be
approached with a high level of suspicion for occult eye or
other associated injuries. The frequency of eye injuries after
an explosion and the significant potential for severe vision
loss make it imperative that injured survivors be examined
by an ophthalmologist at the earliest opportunity.
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