Eye Care Following Disasters
Michael G Weddle, MD, PhD, FACEP

Overview

The emergency phase of disaster responseis that period immediately following a
disaster when action is taken to save lives and reduce suffering. These actions include,
but are not limited to, search-and-rescue and emergency medical assstance. For disasters
like earthquakes and windstorms, the emergency phase is considered to be about 7-10
days (1). Surgica needsin casuaty management, however, are increased only over the
initid 72 hours (2). Following the emergency phase, medica care needs return to levels
goproximating long-term levels. Therisk of infectious disease following loss of adequate
sanitation requires ongoing survelllance and trestment capability. Likewise, injuries
occurring during clean-up activities require treetment cgpability through the emergency
and rehabilitation (recovery) phases.

The needs of ophthadmologic casudties mirror these genera patterns of casudty
care following disasters. The number of ophthalmologic casudties, however, may be
large. In humans, the eyes account for only 0.1 % of the total body surface area, yet
during an explosion as many as 10% of survivors may suffer eye trauma (3). Acute eye
injuries during a disagter often require the care of an ophthamologic surgeon and can
result in consderable disahility if not managed in an urgent fashion. It isvitd for firgt
respondersin disaster response teams to be able to determine which victims require
urgent evacuation and which can be managed in amore delayed fashion.

The eye exam dso can reved information about other head and neck injuries (eg.,
intracranid hematoma) and toxic exposures (eg., botulinum toxin and nerve agent). The
lack of adequate sanitation and group living conditions in shelters may predispose
individuasto eye infections. The loss of eye medication and &bility to care for contact
lenses may lead to specid problems in these populations.

This chapter will cover specific patterns of injury in the following disaster types:
volcanic eruptions, earthquakes, tropica cyclones, explosions, and bio-chem events.
Specific ocular injuries and diseases will be described and their treatments discussed. It is
assumed that the reader possesses a basic knowledge of eye anatomy and pathology. In
addition, where procedures such as ophthamoscopy and tonometry are discussed, it is
assumed that any provider attempting to perform such work at a disaster sght will have
basic knowledge and experience in the skill discussed.

A find section will discussissues of eye care that providers may be faced with as
they provide servicesfor both victims and relief workers during the end of the emergency
phase and ongoing rehabilitation.



Objectives

By the conclusion of this sesson you should be able to:

1.

2.

| dentify examination methods used to determine visud acuity.
Identify the anatomical structures and physical symptoms of eye injury.

Recognize the medical conditions and assessment techniques associated with eye
injuries fallowing disagters.

|dentify the appropriate methods for treating eye injuries and illness to prevent
unnecessary worsening of the patient's condition.

|dentify the occult manifestations of toxidromes that provide cluesto possble
hazardous (bio-chem) exposures.

Recognize those eye injuries and illnesses requiring urgent care by an
ophthamologist, and those that can be referred in adelayed fashion or treated
locdlly.
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History

Following a disaster, much of the history may seem gpparent, but important
details need documented in the medica record or on the victim card to aid both yourself
and future care providersin proving gppropriate care. In the post-disaster setting,
obtaining a thorough higtory, including letting the victim tell hisor her ‘story,” may bea
luxury that you will not be able to afford. Some important detals of the victim’'s eye
history, however, should be obtained whenever possible.

Doesthe victim wear glasses or contact lenses, and was either in place at the time of
injury?

Isthere any history of lazy-eye (drabismus), unequd pupil size (Adi€ s pupil),
glaucoma, or eye surgery?

Doesthe eye hurt? Does it hurt to look at alight (photophobia)?

Has the victim seen flashing lights, or a dark curtain coming across the visua field?
Has there been any double vison? Does it persst if one eyeis covered?

Isthe victim dlergic to any medications?

Examination

The eye examination may be as Smple or complex as the skill of the examiner,
available equipment and condition of the patient dlows. Criticd findings on smple
observation of the traumatized eye can at times be sufficient to indicate urgent
ophthamologic referrd, and every leve of examiner responsible for evauation of
victims eyes should be familiar with these. A smple drawing of the eye on the medica
record or victim card is often more helpful than a scribbled note (4). Equipment available
a the disagter ste will vary. The patient’s condition, and particularly his or her levd of
consciousness, will determine one's ability to completely evaluate the eyes. The most
bas c measurement of acuity will need to be deferred in the confused or poorly responsve
vicim.

Acuity isthe most basic measure of eye function, the ‘vital Sgn’ of the eye. It is
measured for each eye independently, and corrected for eyeglass wearers with the
victim's own prescription lenses whenever possible. Whenever possible, a Sndllen

eye chart at 20 ft. (6 meters) is used for acuity measurements. Acuity of 20/20 is
considered normd. A reading of 20/40 indicates that a person can recognize a symbol
a 20 feet that a‘norma’ could recognize at 40 feet. If apersons misses 2 of the 5
letters on the * 20/40’ line, vison can be documented for thet eye as * 20/40 — 2. If

you need to move the chart closer for the person to see, the new distance becomes the
numerator: ‘3/200" means that the eye measured can seethe ‘E’ at 3 feet.

If eyeglasses arelogt, as will often be the case following a disagter, having the victim
view the chart through a pinhole occluder can gpproximate corrected vison. If a
Sndllen chart is not available, ahand-held ‘near vison card’ can subgtitute, although



with this method pinhole testing may be needed for those over 45 years old (5). Other
methods of documenting acuity include the ability to read newsprint or headlines.

If unable to see print, acuity can be documented as, in order of worsening ability,
counting fingers a adistance (‘CF at 5 ft.”), seeing hand motion at a distance (‘HM at
5ft.”) or the ability to perceive light (LP). Intense pain caused by an eyeinjury can a
times make acuity testing impossible until 1 or 2 drops of atopicd anesthetic is used.

Visud examination of the eyes can reved much. The globe (‘eyeball’) and
surrounding structures (adnexa) should be examined independently. Whether a globe
is protruding (proptosis) or sunken (enophthalmos) can best be determined by looking
down from over the top of the subject’s head, comparing both sides.

Looking at the globe can reved penetrating or embedded foreign bodies. If
penetration (open-globe) is suspected, either by aforeign body or laceration, the eye
should be protected by arigid eye shild and no further manipulation attempted.
Subtle clues to penetration with no foreign body visible include a peaked, or teardrop-
shaped pupil, bloody fluid causng swelling (bloody chemosis) benegth the
conjunctiva membrane that covers the white part (sclera) of the eye, and pigmented
uved tissue (induding theiris— an ‘iris prolapse’) or jelly-like vitreous pooled on the
surface of the eye.

Visud examination will reved if the pupils are round, if thereisafluid layer of blood
(hyphema) in the chamber in front of the lens and iris (anterior chamber), and if there
are any lacerations of, or hemorrhages benegth, the conjunctiva membrane. An
inflamed or infected eye will gppear red, with conjunctival injection (engorged blood
vessds) and either watery discharge or frank pusin the eye.

Examination of the eydidswill reved if alid is drooping (ptoss), moving properly,
swollen, bruised, or lacerated. If no globe penetrating injury is suspected, a cotton
swab can be placed over the eyelid, and, with the eye lashes firmly grasped, the lid
can be everted over the cotton tip to look for foreign bodies and examine the
conjunctiva beneeth the lid.

The bony orbit should be examined both visualy and with direct papation. An area
of point-tenderness, sometimes associated with adeformity or palpated ‘ step-off,’
may indicate a fracture. Air papated beneath the skin (subcutaneous emphysema),
sometimes associated with a* crackling’ sensation (crepitus), should suggest an
orbita or other facia fracture.

The pupil exam requires little more than a pen-light and dightly darkened
environment. The frequently documented ‘ PERRL’ indicates thet the pupils are equd,
round and reactive to light. In the trauma patient, pupils may not be equd. Blunt
trauma can cause elther asmadl pupil (traumatic miogs) or an enlarged pupil
(traumatic mydriasis). Chemica exposures can aso cause these findings, with nerve



agent causing miosis, and atropine-related incapacitating agents (or atropine salf-
injectors used during a nerve agent threet) causng mydriasis.

APD sandsfor ‘afferent pupillary defect,’ the afferent referring to that which goes
into and toward the eye and visud brain (light and nerve impulses). The norma eye
will experience areflexive pupil condriction when light is shone into the eye on the
opposite side (consensud response). If the pupil condricts only in responseto light in
the opposite eye, and thereis no response to direct light, and APD exigts. This
indicates that the light is being blocked between and lens and retina (a very dense
vitreous hemorrhage) or that there is an injury to the retina or optic nerve.

Extraocular muscles are tested by watching as the victim follows the examiner’s
finger through the 6 positions of gaze (Ieft and right, left up and left down, right up
and right down). Victims with deficits will sometimes complain of double vision with
changes in gaze. These may represent direct muscle injury, fractures of the bony orbit
with muscle *entrgpment,” swelling within the orbit, or non-traumetic nerve
dysfunction (‘palsies’) including some exposures (eg, botulinum toxin).

Begin the cornea exam with direct observation. The norma corneaiis clear and,
unless the anterior chamber isfilled with blood or pus, theiris should be visudized
without distortion. Foreign bodies seen on the cornea should be noted. A smdl, hazy
white patch (infiltrate) indicates a corned ulcer, a serious corned infection.
Conjunctiva injection and pus in the anterior chamber (hypopyon) may aso be
present. A hazy, edematous cornea may indicate direct injury (burn) or underlying
illness (acute glaucoma).

Next, perform afluorescein saining test. After afew drops of topicd anesthetic are
placed in the eye, a paper fluorescein gtrip islightly swabbed dong the sac formed by
the bottom of the orbit and the lowest part of the visble conjunctiva. Blinking washes
athin film of fluorescein over the cornea. The eyeis then examined with awood's
lamp or cobdt-blue filter (which may be attached to a pentlight) for saining defects,
including abrasions and ulcerations. If penetration of the corneais suspected, a
moistened fluorescein strip can be used to ‘paint’ the suspicious Site. If a perforation
is present, asmdl stream of stained agueous (lime-green under cobalt-blue light) will
ooze from the perforation onto the outside of the cornea (positive Seidd test) (5).

The retina can be examined using a hand-held direct ophthamoscope, a procedure
caled ophthalmoscopy or funduscopy. Once the pupil exam has been documented,
pupils may be dilated to facilitate the exam (1% tropicamide or 1% cyclopentolate
drops). Certain patients, such as those with globe rupture, hyphema, or serious head
injuries, should not be dilated. There is aso aconcern that pupil dilation may
precipitate an acute glaucoma reaction in patients with a narrow anterior chamber.
This condition israre, generdly bilateral, and mainly a concern for those over the age
of 50 (6). Chamber narrowing occurs when the iris bulges forward and is dome-
shaped. The normd irisisflat. Anterior chamber narrowing can be screened for by
holding a pertlight to illuminate the eye from the Sde. A flat iris should not cast a



shadow when illuminated from the Sde. A shadow fdling on the Sde of the iris away
from the light suggests that the chamber may be narrow.

A normd visud acuity and red reflex in the trauma patient makes a direct retind
exam less criticd, as avitreous hemorrhage or large retind detachment is unlikely.
Even with anorma direct exam, if retind detachment is suspected, a complete 360-
degree retind exam (indirect ophthamaoscopy) performed by an ophthamologist is
needed. If available, a new hand-hed direct instrument with afive-fold increased
field of view (Welch Allyn Panoptic®) may improve detection of small detachments
by those not trained in indirect ophthal moscopy.

Intraocular pressure (IOP) can be measured with smal, handheld devices which are
relatively easy to usein thefied. These include to Schiotz tonometer and the more
recently introduced Tonopen®. If the Schiotz tonometer is used, remember to clean
the device after each use. The normal range for 0P is between 10 and 20 mmHg.
Both devices require the use of atopical anesthetic prior to pressure measurement.
Pressing on the eye to obtain such a measurement is contraindicated in any victim
with a suspected foreign body or laceration penetrating the globe. Injuries that can
cause pressure eevation include hyphemaand primarily increased intraorbital
pressure, most commonly caused by hemorrhage behind the globe. A low 10P (less
than 5 mmHg) should raise the suspicion of possible open-globeinjury (7).

Disaster Types

The following five sections will briefly describe disaster types to which a provider
may be called to respond, and will address specific injury categories related to these
events.

Volcanoes

Erupting volcanoes &ffect the eyes mainly through theirritation and aorasions
caused by ash-laden air. Close to the eruption, blocks and ‘bombs’ thrown from the
volcano can crash through roofs and start house fires (8). After a 1968 eruption of the
volcano Arend in Costa Rica, houses were damaged by faling blocks up to 3 kilometers
away. Laer, heavy layers of ash, and epecialy heavy ash mixed with rainwater, caused
the roofs of structures to collapse. Those exposed to thick, ashtladen arr, including
rescuers working outside, suffered irritation to both the eyes and the respiratory mucous
membranes. Excessive inhdation of volcanic ash has resulted in desth.

Following a volcanic eruption, residents and rescue workers exposed to ash
fallout may present with eye complaints. Volcanic ash seems to possess ahility to cause
direct eye irritation. Following the eruption of Mount St. Helensin Washington State in
1980, emergency department visits increased for corneal abrasions, eye foreign bodies
and conjunctiva inflammation (conjunctivitis) (9). A group of ophthamologists
practicing within the area of ash fallout reported that about half their patients had



irritative conjunctivitis caused by ash, and fewer than 20% were found to have foreign
bodies that required removal (10). Contact lens wearers were bothered more that non-lens
wearers during ash exposure. The irritative conjunctivitis caused by ash presented as
conjunctiva swelling (chemosis) and engorged conjunctiva blood vessels (hyperemia),

and persisted for 24 to 48 hours after leaving the ash environment. Foreign bodies were
divided nearly evenly between cornedl and conjunctiva.

No sgnificant or lasting eye damage due to volcanic ash was reported following
the eruption of Mount &. Helens. Similar sudies in Japan have shown no mgor eye
effects due to ash exposure, with most eye complaints resulting from smple mechanica
irritation (11).

Corneal Abrasion and Ocular Foreign Bodies

Corneal Abrasons

Emergency departments treat more corneal abrasions than any other eye
complaint (12). A corned abrasion issSmply an area of cornea where contact with an
object has scraped off the outermost layer of corneg, the epitheium. If thisareaisin the
center of the cornea (central corneal abdrasion), visud acuity will be reduced. Victims
present with ared, painful eye, tearing, and the sensation of aforeign body in the eye.
The lid may be dosed, and it may be difficult to coax the victim into opening the eye
(blepharospasm) until topica anesthetic drops have been administered.

Any dgnificant eye injury, induding corned dorasons, may result in traumatic
iritis (iridocyditis). Thisis an inflammatory response within the anterior chamber, and
may develop over hours or even 1-2 days following injury (13). Ciliary muscle
contraction (pupil congtriction) becomes painful, and deep, aching eye pain (ciliary
gpasm) with photophobiais common. Light shone into the opposite eye will cause panin
the injured eye (consensua photophobia). Other findings include ciliary flush (swollen,
injected blood vessdls surrounding the limbus (corned border), and, for those using adit
lamp, protein and inflammeatory cells can be seen floating in the anterior chamber.
Treatment for mild iritisincludes pain medicine and sunglasses. More severe cases cal
for cycloplegic drops (cyclopentolate 1% every 8 hrs) to reverse ciliary spasm.

The diagnosis of corned abrasion is made after the fluorescein-stained corned
epithelid defect has been directly visudized under a cobdt-blue light. Be certain to
exclude smdl foreign bodies that may remain beneath the lid or elsewhere in the eye.
Treatment includes pain control and antibiotic drops to prevent bacterid superinfection.
The choice of antibiotic is not critical, and this author prefers trimethoprim/polymyxin B
(Polytrim) 1-2 drops 4 times per day. A specia case would be contact lens wearers, who
should be provided protection againgt Pseudomonas with either tobramycin (Tobrex) or
ciprofloxacin (Ciloxan), aso given 4 times per day. Contact lenses should not be placed



back into the affected eye until 2-3 days after hedling. All victims diagnosed with
abrasion should be rechecked in 24 hrs.

Other traumatic defects that stain with fluorescein include corned lacerations and
infected aborasions (corned ulceraions). Corned lacerations will be discussed more fully
in the section on penetrating injuries. To reiterate, an abrason is the remova of the thin,
outermost layer of cornea, the epithelium. A laceration that cuts deeper into the
underlying cornea (stroma) but does not penetrate it completely may be treated like an
abrasion if not infected. The depth of an injury like this, however, is hard to judge
without performing adit-lamp exam. If the examiner cannot determine whether a
laceration penetrates the cornea (opent-globe injury), the eye should be treated asif it is
perforated: rigid (Fox) eye shidd, bed-rest (unless evacuation is necessary), broad-
gpectrum antibiotics (intravenous preferred, but an oral fluoroquinolone is areasonable
dternative), and emergent (as soon as possible) ophthamologic referrd.

If acareful examination reveds asmal, hazy white patch (infiltrate) a the Site of
afluorescein-gaining epithelid defect, this indicates an infection (corned ulceration),
and this may spread quickly unless treated aggressvely. Ulcerations are often associated
with contact lens wear, but may begin as asmple abrason in anon-contact lens weerer.
One recommended treatment protocol is to use ciprofloxacin (Ciloxan) drops, 1 drop
every 5 minutes for 3 doses, followed by 1 drop every 15 minutes for 6 hours and then 1
drop every 30 minutes around the clock (14). It is not unreasonable to admit these victims
to ahospitd if beds are available. Ulcerations are exceedingly painful, and cycloplegics
and pain medication are required. Close ophthadmologic follow-up needs to be provided.

The finding of a corned aorasion should prompt a search for a conjunctiva
foreign body. One particular pattern of linear abrasions over the superior cornea, cdled
an ‘ice-rink’ sgn, suggests a hidden foreign body which may be reveded with everson
of the upper lid.

Conjunctival Foreign Body

A victim complaining of ared, irritated eye with aforeign body sensation
warrants a thorough search, including eversion of the upper lid. If aforeign body is
found, a cotton-tipped gpplicator moistened with adrop of topical anesthetic will often be
al that isrequired to sweep the particle from the eye. In the absence of abrasion, relief
will beimmediate.

If no foreign body isfound, and no corned dorasion isfound to explain the
symptoms, it is reasonable to irrigate the eye thoroughly (at least 1 liter of fluid) to
attempt to remove any small, poorly-visuaized particles that may have been missed
during the exam.



Note: the Morgan Lens® isacommercidly available contact lens device through
which the eye can beirrigated. It is designed for chemica eye exposures, and should not
be used when the possibility of aforeign body exists.

Corneal Foreign Body

Victimswith a painful, red eye dso may have aforeign body imbedded in the
cornea. These are usudly superficid, and often do not require magnification to see. Any
attempt to remove a corned foreign body requires adequate topical anesthesia

If not usng adit-lamp, it is safer to atempt to remove the foreign body with
irrigation or a moistened cotton-tipped applicator. These methods will often work for
superficid foreign bodies that contacted the eye at low velocity.

More deeply penetrated foreign bodies need to be pulled from the cornes, a
procedure that is much safer using the magnification of adit lamp. The dit lamp dso
provides arigid frame to keep the head from moving. The entire foreign object should be
visudized before removad. Any foreign body penetrating the entire cornea congtitutes an
open globe injury, and should be I€ft in place for the ophthamologist to remove. Others
may be removed mechanicaly a the time of exam, the easiest tool being a terile 18-
gauge hypodermic needle hed on a3 ml syringe. Obvioudy, this requires a cooperative
patient. The needletip is placed carefully beneath the object and lifted off of the cornea.

The remova of an iron-containing foreign body is not complete until the resdud
rust deposit (‘rust-ring’) is removed. The easest method for those skilled in the technique
isto grind out the rust-ring with a smal, eectric ophthalmic burr. The entire ring does
not need to be removed at the time of foreign body remova. The resulting epithelia
defect can be treated like an abrasion, and often after 24 hours the rust-ring will soften
and devate, and can be removed at that time like asmall pdllet.

Earthquakes

Earthquakes injure people primarily through the collapse of structures. Structura
collgpse accounts for afull 90% of the deaths (8), the ratio of dead to injured being
approximately 1 to 3 (2). Totd numbersinjured are afunction of local congtruction
methods, earthquake time of day and the population dengity in the affected area. Most
injured survivors will not present with mgor trauma. After a 1968 earthquake in Iran,
only 3.3% of those seeking emergency medica care required admission (368 of 11,254)
(2). Injury mechanism is generdly blunt trauma, and compressive eye injuries have dso
been reported in victims buried in debris, sometimes for extended periods (15). There
will be agroup of victims with multiple fractures and/or interndl injuries requiring
intengve treetment and an eye exam should not be overlooked in their initia evauation.
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Blunt Eye Injuries

Orbital Fracture

The bones surrounding the eye may be fractured by a direct blow, or by force
transmitted through the globe (eye-bdl). When a blunt object strikes the globe and
exceeds the globe' s ahility to absorb the force and ‘bounce back,” the globe may rupture,
resulting in an opertglobe injury, or be pushed through the wal of the bony orbit.

The weakest surface of the bony orhit is the floor, with the medid wall being the
next weakest (16). These ‘blow-out’ fractures occur typicaly in these two directions,
usudly through the orbit floor. The eye may be sunken (enophthadmos), and if the eye
movement muscles (extraocular muscles) are ‘ entrapped’ within the fractured bone, the
victim may be unable to look up (paralyss of upward gaze) and complain of double
vison. There may be decreased sensation (hypesthesia) below the traumatized eye, asa
branch of the fifth cranid nerve passes through the bone in this area

Aslong asthe globeis not open and other injuries do not require in-hospital care,
these victims may be observed with symptomatic treatment only for about 5 days (17),
with delayed surgicd repair if double vision or deformity does not resolve,

Subconjunctival Hemorrhage

Hemorrhage benegth the conjunctiva may occur in the absence of trauma, aswhen
blood pressure increases during sudden coughing, sneezing or vomiting. An eye
contusion can cause bleeding, and victims may become aarmed as a blood-red patch
gpreads across the normally white conjunctiva. The cornea and spaces within the globe
should be unaffected, and a subconjunctival hemorrhage done will not affect vison. It
helpsto reassure victims that thisis only a bruise, and its darming gppearanceis only
because, unlike the skin, the conjunctivais clear. Resolution usudly takes 2-3 weeks and
isfacilitated by warm soaks.

As dways, athorough history-taking and exam isimportant. The finding of a
subconjunctiva hemorrhage, a benign condition, does not exclude another more serious
injury such as penetration of a high velocity foreign bodly.

Hyphema

A blow to the eye may result in bleeding into the anterior chamber. If the chamber
is clouded or blood-filled, the victim will complain of decreased vison. Smaller
hyphemas are easily missed without a careful pentlight or dit-lamp exam. With the
patient upright, a hyphemawill be seen as aflat layering-out of blood at the bottom of the
anterior chamber, between the iris and the cornea.
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Hyphemas may resolve spontaneoudy. Consarvative treatment has included
hospitdization and emergent ophthalmology consultation. Some have suggested that
bleeds that fill lessthan haf of the anterior chamber and with normal intraocular pressure
can be managed at home, but care must be taken in the disaster setting to assess whether a
‘home’ exigsthat can provide this care. Treatment includes bed rest, head eevation of
30-45 degrees, avoidance of aspirin and ibuprofen-like products, and eye rest (bilatera
eye patches or atropine drops 1% 3 times per day to dilate the affected eye). The victim
must be followed closdly, as addayed hemorrhage may occur after 2-5 days. This
delayed hemorrhage can be much worse than the initid bleed.

Traumatic Iritis

The discussion of traumatic iritis found in the section describing corned dorasion
will be repesated here. A corned aorasion or other blunt eye injury may result in traumatic
iritis (iridocyditis). Thisis an inflammeatory response within the anterior chamber, and
may develop over hours or even 1-2 days following injury (13). Ciliary muscle
contraction (pupil condriction) becomes painful, and deep, aching eye pain (ciliary
gpasm) with photophobia (pain with light exposure) is common. Light shone into the
opposite eye will cause pain in the injured eye (consensud photophobia). Other findings
include ciliary flush (swollen, injected blood vessd's surrounding the limbus (corned
border), and, for those using adit lamp, protein and inflammatory cells can be seen
floating in the anterior chamber. Treatment for mild iritis includes pain medicine and
sunglasses. More severe cases cdl for cycloplegic drops (cyclopentolate 1% every 8 hrs)

to reverse ciliary spasm.

Blunt IrisInjury

In addition to traumatic iritis, the force of ablunt object may directly injure the
iris. Blunt trauma may cause the pupil to be smal (traumatic mioss) or enlarged
(traumatic mydriasis). In traumatic mydriasis there will be no consensud response (light
shone into the oppogite eye will not result in pupil condriction) and no afferent pupillary
defect. If theirisistorn away at the root, a clear space may be seen benegth the outer
edge of the cornea. The victim may complain of double vison even with the opposite eye
covered, as though seeing out of two pupils. No specific emergency treatment is required
for irisinjuries, dthough atear at the root may result in a hyphema requiring care.

Blunt LensInjury

A blunt object gtriking the eye with enough force to push the pupillary ring of the
iris onto the lens may leave a pigmented ring (Vossius' ring) on the Lens. No trestment is
needed. A force strong enough to rupture the capsule covering the lenswill result in lens
clouding (traumatic cataract). These victims need rapid referra to an ophthadmologist as
the injury can result in increased intraocular pressure (acute glaucoma) if the lensis not



removed (16). Conditions like traumatic cataract and total hyphema make it impossible to
view the retina using ophthalmoscopy. The &bility to refer these victims for ophthalmic
ultrasound scanning is required to be able to evaluate for potentia problems hidden
behind the lens, including vitreous hemorrhage and retina detachment.

Blunt traumato the lens can d o partidly or completdy tear the lens from the
fibersholding it in place. If the lensis partidly torn away (subluxed), the victim may
complain of double vison even with the unaffected eye covered. The edge of the lens
may be visudized with a crescent- shaped defect along the edge of a dilated pupil. The
jely-like vitreous may be bulging through the defect.

A lens completely torn away (didocated) may move ether forward or back.
Without the support of the lens, the carefully observed iris may be seen to tremble
fallowing eye movements. If the lens moves forward, it may get suck in the ring of the
pupil and block the flow of fluid into the anterior chamber. This can cause an increasein
intraocular pressure (glaucoma) that may not be immediately detected by atonometer
reading from the cornea. Subluxed and forward didocated lens injuries require
emergency ophthamologic referrd. Posterior didocations do not require emergency

surgery (16).

Vitreous Hemorrhage

The spherical vitreous cavity is bordered by thelensin front and theretinain
back. Bleeding into the cavity may be dight, causing the perception of ‘floaters,’ or
severe, causng profound visud loss. The retina may not be able to be visudized with an
ophthamascope and the red reflex may be absent when light is shoneinto the eye. The
ability to seelight isusudly preserved. Thereis usudly no afferent pupillary defect
(AFD), dthough the response may be more brisk with light shone into the unaffected eye.
An AFD suggests a hidden retind detachment or optic nerve injury (16).

Traumavictims with vitreous hemorrhage are assumed to have aretind injury
until proven otherwise (13). This usudly requires a dilated exam by an ophthamologist
or an ophthamic ultrasound scan. Like hyphema, these hemorrhages are treated with bed
rest, head eevation, monitoring of intraocular pressure, eye protection (eye shield),
avoidance of aspirin and ibuprofen-like products, and ophthamologic referrd. Victims
should be warned againgt heavy lifting and straining. It must be kept in mind that aretind
detachment may require surgery within 24 hours.

Globe Rupture

A blunt object that is samdl enough to fit indde the orbit can strike the globe and
cause asudden incresse in intraocular pressure. Sufficient pressure can rupture the globe.
A globe ruptureis usualy asclerd rupture, and does not extend through the conjunctiva
surrounding the sclera (16). This makes a globe rupture harder to find. Bloody chemosis
(bloody swelling) of the conjunctivais the most common finding (18), as bleeding from
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beneath the sclerafills the conjunctival space. The eye may fed soft and ‘ squishy,” with
an intraocular pressure of less than 5 mmHg, dthough if rupture is dready suspected the
eye should not be squeezed or pushed on with atonometer. If the anterior chamber in the
affected eyeisflat, the globe is ruptured (5).

A globe rupture is trested the same as a perforation. The eye is protected with a
rigid meta (Fox) eye shield or the equivadent, and the victim is referred to ophthamology
as quickly as possible. Antibiotics can be given to help protect againgt eye infection
(endophthamitis). If intravenous antibiotics are not available, ciprofloxacin (750 mg
twice each day) is a reasonable temporary dternative. Tetanusimmunization Satus
should be checked and updated if needed. Concerns over barotrauma caused by air
bubbles entering a ruptured globe should not delay ar evacuation from a disaster site if
that is the only route to the required level of care (19).

Retinal Detachment

Astheforce of ablunt impact distorts the shape of the globe, the retinamay
become torn or detached and displaced. A small tear may also lead to a delayed
detachment, sometimes even years later (16). Victims with aretina tear will describe
flashes of light, and may describe floatersif asmadl vitreous hemorrhage results. If
detachment occurs, they may perceive adark curtain being drawn across their visua
fidd.

Large or centrd retind tears and detachments may be seen using the hand-held
direct ophthadmaoscope. Others may require the ophthamologist’s examination. A retina
obscured by hemorrhage or alens cataract may be evaluated for detachment with an
ophthamic ultrasound scan. Depending on the injury, surgery within 24 hours may be
indicated. Victims with suspected retind tears or detachment awaiting the
ophthamologist should be kept on bed rest with both eyes patched.

Blunt Retinal Injury

In addition to retind tears and detachment, other injuries can result from blunt
trauma. Hemorrhage can occur both within and behind the retina. These usudly resolve
over time without treestment and do not affect acuity unless they occur in the retina
responsible for centra vison (the macula). A blow to the front of the eye can cause a
patchy whitening of the retina opposite the impact (Berlin's edema). In many cases the
retinal exam and vison will return to norma over aweek or two, but in severe cases or
with maculainvolvement, a permanent vison loss may occur (13,16).

Another kind of blunt trauma occurs when compressive forces are applied to the
eye for long periods of time. Thismay occur in disaster victims buried in rubble while
search and rescue attempts are ongoing. They are at risk for al of the discussed retina
injuries, but may aso suffer extreme eye compression with decrease retind blood flow
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and eventud thrombosis and occlusion of the retind arteries (15). With complete
occluson theretinais pae and swollen, vessals are thread-like and the optic disc is milky
white. Since blindness will occur quickly in the of absence retinal blood flow, prognoss
is poor. Victims with some preserved flow (disc pae but not milky, etc.) have a better
chance of sght recovery.

Optic Nervelnjury

The optic nerve travels from its origin a the optic disc, visudized on retind
exam, through the orbit and through the bony optic cand on itsway to the brain. Any
sudden and trangent force compressing the globe will aso result in its * bouncing back,’
pulling on the nerve and stretching its support structures. If the blood vessels are torn, the
nerve may looseits blood supply. Pulling on the nerve may aso pull it away from the
retina, an optic nerve avulsion. A fracture of the bone surrounding the optic cand may
ether swell and compress the nerve, or result in a sharp bone fragment cutting
(transecting) the nerve.

Aninjury to the optic nerve asit traves through the bony cana may not be
goparent in direct examination of the retinafor severd days. The victim will have severe
vison loss in the affected eye with an afferent pupillary defect. Nerve compression dueto
afractureisasurgica emergency. An avulsed nerve will appear as a hole where the optic
disc should be on the retinaexam. There is no trestment for thisinjury.

Tropical Cyclones

Tropica cyclones are large, rotating circular sorms with wind speeds greeter than
120 krnvhr (75 miles per hour). Wind velocity can reach 221 krvhr (136 miles per hour)
or more in extreme cases. In the Atlantic and Caribbean these sorms are called
hurricanes. More than half of dl deaths associated with these storms are actudly due to
flooding (1), as storm surges built up by the advancing sorm are combined with heavy
rainfall. When flooding is not a factor, destructive winds cause relatively few desths (2),
and the loss of life has continued to be limited where improved forecasting and
evacuation has been utilized. Structuresin high winds do not get ‘blown over,” but rather
‘explode,’ as buildings are pulled gpart by the low pressure created by moving ar
encircling agructure (1). Not surprisngly, injuries resemble those following explosons.
Reports have been made of metd roofing materid, nails and broken window glass flying
at speeds of 100 miles per hour down streets and across fidds. Penetrating injuries,
including eyeinjuries, should be anticipated.

The discussion of penetrating eye injuries will be presented following the next
section on blast injuries. It must be kept in mind that windstorm victims presenting with
seemingly Smple cornedl abrasions and imbedded foreign bodies — conditions that are
treated daily in most civilian emergency departments — may have been exposed to high
projectile velocities. It is possble for smdl glass and metd splintersto enter the eye
painlessy (18). Such exams should aways be gpproached with the thought that a
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penetrating eye injury (open globe) exigs. At the time of examination, you may not have
the equipment or specid sKkillsto perform a dit lamp exam and radiographic imagng, but
you can gill progress cautioudy with an avareness of the Sgns and symptoms that may
indicate that aforeign object has entered, or passed through, the globe.

Explosions

Recent experiences, including the World Trade Center bombing in New Y ork
City in 1993, the Alfred P. Murrah Federd Building bombing in Oklahoma City in 1995,
and the bomb attack at a U.S. military base in Dhahran, Saudi Arabiain 1996, emphasize
the importance of understanding and being prepared to treat blast injuries.

Of the above three examples, the World Trade Center bombing was unique in that
the explosion occurred underground. This somewhat contained the explosive force of the
blagt, and the mgority of injuries following the attack were due to smoke inhdation (20).
As an interesting aside, the explosive used in the attack was ddliberately chosen because
it contained sufficient cyanide to contaminate the ingde of the Trade Center towers. The
cyanide component was destroyed by the blast (21,22).

Explosions, and particularly above ground explosions, injure through three
principa mechanisms (23). Primary blast injury results from the pressure wave directly
impacting the body. Secondary blast injury results from objects being thrown againg,
into or through the body by the blast wave. Findly, tertiary blast injury occurs when the
body itself is picked up and thrown against another object. Other injuries can result from
therma burns and smoke inhaation.

Primary blast injury has traditionaly been described as affecting ar-filled organs,
most commonly the ear and the lung (24). It has dso been shown that primary blast
overpressure can cause both direct and indirect eye injury. Direct injury includes loss of
eye movements, loss of pupillary reflexes, retind hemorrhages, scotomas (blind spots)
and blindness (25). These injuries were associated with degeneration of the optic nerves
and other visud pathways in the brain. Retind findings following primary blast exposure
include hemorrhages, ischemia (areas of retind blanching due to loss of blood flow),
scotomas and retind detachment. Primary injury can aso result in conjunctiva
hemorrhage. Indirect eye injury includes air embali (literdly, bubbles) from damaged
lungs, which can be seen ophthalmoscopicdly in retina arterioles (24). These emboli can
result in retinal ischemiaand cell death.

Mogt of the described eye injuries following explosions are secondary injuries—
fragments, particularly window glass, being propelled by the force of the explosion into
the eye. It has been noted that whereas the surface of the eyes make up only 0.01% of the
body surface area, up to 10% of blast survivors suffer eye injuries (3).

Of the 684 survivors treated following the bombing of the Alfred P. Murrah
Federd Building in Oklahoma City, 55 (8%) sustained atotal of 115 eyeinjuries (3). A
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total of 67% of these injuries were penetrating eye injuries caused by projected glass
fragments. Most of this was window glass, dthough light fixtures and computer screens
aso contributed. Most eye injuries (71%) occurred within 300 feet of the point of
detonation, and eye-injured victims had higher overdl injury severity.

Among the 115 eye injuries, there were 25 (21%) corned abrasions, 23 (20%)
eyelid and eyebrow lacerations, 12 (10%) globe penetrating (open-globe) injuries, 6 (5%)
cases of hyphema, 6 (5%) fractures of the bony orbit and 5 (4%) cases of retinal
detachment. Only 4% of eye injuries were caused by tertiary blast effect — being thrown
by the explosion.

Approximately 20% of the injuries reported among rescue workers following the
Oklahoma City explosion were eye injuries— 14.5% were ocular foreign bodies and 4.9%
were corneal abrasions (26). These injuries were reported by workers with protective
eyewear as well as those without.

Of the 26 victims requiring evacuation following the bomhbing of the U.S.
compound in Dhahran, Saudi Arabiain 1996, 3 (11%) were evacuated for eyeinjuries
(27). Glass fragments caused by the blast resulted in dl of these injuries.

Penetrating Eye Injuries

Eyelid Lacerations

Smdl lacerations of the skin overlying the eydid but not going through the entire
lid, and not involving the edge of the eydid (lid margin) can be repared like any other
facid lacerdion. If the proper equipment or expertise is not available to perform a suture
repair, the laceration should be irrigated with the cleanest water available and treated with
topica antibiotic ointment (19). Loose gpproximation with adhesive closures strips may
be attempted. The status of tetanus immunization should be checked and updated if
required.

The examiner must be very careful to perform lid eversion and look for any sgn
that the laceration penetrated dl the layers of the lid. Any evidence of a*full thickness
eydid laceration must begin an examination to confirm or exclude a penetrating injury to
the globe (see beow). Any full thickness laceration (including those involving the lid
margin) and any upper eydlid laceration resulting in adrooping lid (ptosis) should be
referred to an ophthamologist for repair.

Conjunctival Lacerations

Lacerations of the conjunctiva are caused by the same type of injuries that result
in cornedl abrasions, and like corned dorasions, they can usudly be treated with topica
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antibiotics and time. Lacerations longer than 1 cm should be referred to an
ophthalmologist for repair (13). The most important thing isto be sure that the laceration
stops at the conjunctive, and does not continue through the white sclera beneath. The
thin, film:-like conjunctiva wrinkles and folds when cut, and this often exposes the sclera
for examination. When available, the dit lamp is the best instrument to use to perform
this examination. A cotton-tipped swab moistened with topical anesthetic can be used to
probe the scleralooking for an open area.

Sclera lacerations, once detected, should prompt placement of arigid Fox-type
eye shidd and referrd to an ophthalmologigt. If asubconjunctival hemorrhage makes the
scleral exam impossible, treat and refer as though alaceration exigts until it can be proven
otherwise.

Corneoscleral L acerations

All lacerations that penetrate the cornea or sclera are open globe injuries, and are
treated with eye protection (arigid meta Fox-type eye shidd), antibiotics to prevent
endophthamitis, an update of tetanus immunization if required, and emergency
evacuaion and/or referrd to an ophthamologigt. Intravenous antibiotic regimensinclude
combination ceftazidime and vancomycin or ciprofloxacin and vancomycin (13), but if
thisleve of careisnot available, it is prudent to begin an dternative such as ord
ciprofloxacin 750 mg in the field. Patients are kept at bed rest as much as possible. If the
laceration isin the cornea, cycloplegic drops (1% cyclopentolate or 1% atropine every 8
hours) may be used. Care should be taken to apply no externa force to the globe,
including the force of tonometer readings, as this could result in the pushing-out
(prolapse) of orbit contents.

It is sometimes difficult to tell the difference between a superficia corned
laceration and one that penetrates the cornea. Other timesit will be obvious. If the
anterior chamber isflat and drained of fluid, the globe has been opened. Any injury
indde of the eye (an irisor lensinjury, a pesked and teardrop shaped pupil, or hyphema)
or orbital contents found outside the eye (jelly-like vitreous or theiris, or other dark,
pigmented uved tissue) suggests an opening. If these obvious signs are not found, adit
lamp can be used to follow the injury tract through the cornedl stromato seeif
penetration is complete. A superficid laceration that does not pass through the stroma can
be treated as an abrasion. A Seidd test can be used to see if fluid (aqueous humor) is
leaking from the tract. A pogtive Seidel test means that the globeis open. It should be
kept in mind that small lacerations may sedl themsalves, and leskage of fluid through the
corneawill not dways be found on the examination of adeep corned laceration.

Aswith lacerations of the cornea, sclerd lacerations can be difficult to detect.
Bloody swelling of the conjunctiva (bloody chemosis) may be diffuse or found just
surrounding the site of alaceration. Decreased intraocular pressure (IOP lessthan 5
mmHg, aflat anterior chamber or a soft, ‘squishy’ globe) indicates that penetration has
occurred. Again, if penetration is suspected, don't push to seeif the eyeis‘squishy’ or

18



not. A teardrop shaped pupil suggests penetrating laceration, with the peak of the ‘drop’
pointing toward the injury. Any pigmented uved tissue (including iris) or jely-like
vitreous sitting on the surface of the globe indicates penetration. A foreign body in the
eye indicates penetration. In the albosence of other injuries, a vitreous hemorrhage,
traumatic cataract (lens cgpsule injury) or retind detachment suggest that the globe has
been opened. An unexplained decrease in visua acuity aso suggests penetration.

Orbital Lacerations

Penetrating objects may miss the globe dtogether, lacerating structures within the
cup of the orbit, or may injure the orbit after passing through the globe. If the victim
complains of double vison and cannot move the eye normdly in each direction, one or
more extraocular (eye movement) muscles may have been cut. If the victim is suddenly
blind in the affected eye with an afferent pupillary defect, the optic nerve may have been
cut.

Another injury that causes decreased vison, afferent pupillary defect and limited
eye movement is alaceration or fracture with an enlarging collection of blood behind the
eye (retrobulbar hemorrhage) with a dangerous increase in orbita pressure (orbital
compartment syndrome). This condition will both directly transmit increased pressure to
the intraocular space (glaucoma) and, through swelling, cause vascular congestion and
obstruct venous return blood flow from the eye and, most importantly, the retina.

Orbital compartment syndrome is suggested by forward bulging of the eye
(proptoss) following penetrating trauma. Visud acuity will be decreased with an afferent
pupillary defect. The pupil may be dilated (mydriasis) and poorly reactive. Signs of
congestion may be found on the conjunctiva (chemoss). Thisisamilar to the prolonged
eye compression seen in victims buried benegth fallen buildings after earthquakes. As
with externd compression, prolonged increases in intraorbital and intraocular pressure
can result in a cut- off of the retind s blood supply (ischemia), and cause blindnessiif
alowed to continue. If the measured intraocular pressure in avictim with suspected
retrobulbar hemorrhage is greater that 50 mm Hg (measured with tonometry) (18), the
gpace behind the eye should be surgicaly decompressed, if possible, within an hour of
the injury. This requires an operator familiar with the minor surgical technique caled
laterd canthotomy.

Foreign Bodiesinside the Eye

A foreign body inside the globe is absolute evidence that penetration has occurred
and trestment should proceed as with other open globe injuries (see corneosclera
lacerations, above) with prompt ophthalmologic referral. Aswith lacerations, some
foreign bodies — especidly glass shards, nails and other objects found protruding from the
eye— will be quite obvious. These objects should be removed in the operating room, and
some thought may need to be put into your method of shidding the eye while not moving
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the foreign object with respect to the globe. In locations where x-ray capability exists,
smdl metdlic foreign bodies may be found using plain radiographs of the orbit.

Other foreign bodies in the orbit may be quite difficult to locate. One victim
injured during the terrorist bombing of the U.S. barracks in Dhahran, Saudi Arabia, had 6
intreorbital glass foreign bodies found at the time of her initid CT scan and surgery. A
seventh retained foreign body was found 6 months later when it was extruded from the
upper lid (27). At thetime of initid treatment and triage, however, that exact nature and
position of aforeign body is an academic question. If an object isingde of the globe, a
laceration exigs. All of the signs and symptoms used to detect a corneosclera laceration
will dso gpply here.

Toxic Exposures

The eye haslong been a‘window’ peered into by clinicians looking for signs of
systemic illness. The combination of exposed mucous membrane, well-described
pathways of nerve control, and the ability to directly visuaize both the nervous system
(optic disc) and the vascular system (retinal veins and arterioles) make the eye a unique
diagnostic indicator. One quick look at afixed and dilated pupil following head injury
suggests a patient that will die quickly without rapid surgery to evacuate a cerebra
hematoma— not an eye problem at dl. The sequelae of systemic diseases such as
hypertension and diabetes, aswell as many systemic intoxications, can be directly
assessed through examination of the eye.

In the immediate aftermath of a mass exposure to an injurious chemica or
biologica agent, there may be precious few indicators availableto aid usin
understanding what processes are atacking the victims' bodies, and in directing what
theragpeutic measures we should or should not deploy. The early indicators will be people,
initid victims who may give ther livesto provide dinicd dues which we must use to
deduce the nature of the agent. The eye exam isacritica piece of the puzzle when trying
to describe the effects of an agent or class of agents. This description of characteristic
symptoms and signs associated with a particular agent or class of agents is sometimes
cdled a“‘toxidrome’

The exposure may be due to an act of chemica or biologicd terrorism, asin the
1995 release of Sarin nerve agent in gations dong the Tokyo subway by the Aum
Shinrikyo sect. The attack left 11 dead and resulted in 5,500 casualties (28). The same
sect had stockpiled abiologica agent, botulinum toxin, throughout Tokyo. Botulinum
toxin is 100,000 times more potent than Sarin. Anyone who lived through the World
Trade Center bombing in 1993 and the Alfred P. Murrah Federa Building bombing in
Oklahoma City in 1995 knows enough to never consider U.S. soil immune to terrorism.
A toxic exposure may aso result from an industria or trangportation error. Such wasthe
case dfter the 1984 release of 40 metric tons of methyl isocyanate from a Union Carbide
pesticide plant in Bhopd, India. Over 3000 persons near the plant died in the first 3 days
following the release (29).
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The discussions that follow will discuss the ophthamologic symptoms of methyl
isocyanate exposure, caled ‘Bhopa Eye' in the literature (30), aswdl as eye findings
following nerve agent and botulinum toxin exposure. Findings after exposure to the
important class of anticholinergic agents, which includes the nerve agent antidote
atropine and wegponized incapacitating agents, will aso be discussed.

Bhopal Eye

|socyanates are alarge class of indudtria chemicas, widdy used in the
manufacture of paints, plagtics, pesticides, adhesives and polyurethane foam (29). They
al reect aggressively with water, increasing ther industrid ussfulness. This reectivity is
the source of their toxicity. They react with the moist airways, and are the most common
cause of occupationa asthma (31). They aso react with the moist eyes. Methyl
isocyanate, the compound released in Bhopd, India, is one of the most reactive of all
isocyanates. Deaths in Bhopa were due to pulmonary edema, but the first indication of
the spill was eyeirritation among those living next to the plant. Thisimmediate reaction
included pergstent watering (described as ‘ streaming eyes' (30)), photophobia, profuse
lid swelling and ulcerations of the cornea (30, 32).

All of the eye effects were reversible and no case of blindness was documented
among the survivors (30). Anima studies have shown that the most severe eye effects
were caused a intermediate levels of exposure, indicating that a high doses therewas a
protective response (33). This agrees with the findings in Bhopd, that high
concentrations leading to death were associated with modest eye effects. Thiswas
thought to be due to the copious tearing and tight lid closure triggered & high
concentrations (29).

| socyanates should not be confused with cyanide, a substance that can be
absorbed through the eyes, but has no direct eye effects. Cyanide prevents oxygen
utilization in the cdlls, producing respiratory distress without cyanoss, seizures and,
without treatment, rapid deeth.

Nerve Agents

Nerve agents are potent wegpons derived from the less- potent organophosphate
ingcticides. All of these compounds inhibit cholinesterase, the enzyme that degrades the
neurotransmitter acetylcholine a cholinergic receptor sites. The effects of nerve agents,
therefore, are due to excess acetylcholine accumulated at the receptor. A lethal dose can
cause seizures followed by muscle flaccidity and respiratory arrest within minutes.

Eyefindings are characteritic of nerve agent exposure. Contact with nerve agent
vapor will cause miosis within seconds or minutes (34). Nerve agent induced miosisis
accompanied by eye pain, blurred or dim vison, conjunctival injection, and occasionaly
vomiting. A dull frontal headache is common (34). Following Sarin exposure during the
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Tokyo subway attack, miosis and miosis-related visua darkness was the most common
sggn and symptom, present in 105 of 106 hospitaized patients at one facility (28). Most
victims had pupils of lessthan 1 mm in diameter. Eye pain, blurred vision, heedache,
nausea and vomiting were a so experienced (28).

Treatment for nerve agert exposure is covered elsawhere. However, it isworth
noting thet the initia trestment agent atropine, an anticholinergic (cholinergic blocking)
compound, will result in mydriass. During nerve agent threats, U.S. soldiersare
deployed with aropine sdlf-injectors, and may receive atropine without nerve agent
exposure. These people may be seen at hedth facilities for heat illness, as atropine will
aso inhibit swesting. Many drugs have anticholinergic properties. Wegponized
incapacitating agents (for example, NATO code ‘BZ’) are atropine-like. A person
prescribed skeletal muscle relaxants due to a disaster-related injury may overuse the
medication, and present with anticholinergic toxicity. Certain drugs of abuse, for
example, jimsonweed, will aso result in anticholinergic toxicity. This anticholinergic
‘toxidrome’ can be remembered as.

Blind as abat (due to mydriass)

Dry asabone

Red as a beet

Mad as a hatter (dightly higher doses than those causing the above effects will result
in ddirium)

Botulinum Toxin

Botulinum toxin is classified as a biologica weapon becauseit is of naturd origin
(produced by abacteria). The toxin itsdf isnot aliving organism, but rather a protein that
bindsirrevershbly to a nerve termind preventing the release of acetylcholine. Asa
neurotoxin, symptoms are the same following inhaation, as during an aerosolized attack,
and botulism poisoning due to eating improperly canned foods.

Following inhaation, symptoms may begin within 24 hours but may dso develop
after severd days (35). Bulbar pasies are among the earliest symptoms, including eye
symptoms. These include double vision (diplopia), mydriasis, photophobia and drooping
eyelids (ptoss). Other bulbar pdseswill include difficulty swalowing and producing
gpeech. It isimportant to make the diagnosis early if possible. Bulbar pases are followed
by a spreading (descending) pardysis with eventua respiratory falure. An antitoxin is
available that can arrest the progression of pardysis, but as the toxin binds irreversibly,
the antitoxin cannot restore strength adready log.

The only treatment after respiratory failure is endotrached intubation and
mechanica ventilation. Aslong as blood oxygen and CO2 are kept controlled by
ventilation, the victim will remain awake and dert though totaly paralyzed. If they do
not succumb to pneumonia, infected bedsores and sepsis, the victims will be able to be
removed from the ventilator after arecovery period of weeks or even months.



Post-emer gency Phase Eye Care

In the aftermath of a disaster, victims and rescue workers aike may present to a
hedlth post seeking treatment for eye problems. Presenting complaints may be as
mundane as contact lens overwear (due to disruption of deep cycles or loss of wetting
solution) or as dramatic as an untreated injury that has progressed into a devastating
globe infection. Loss of sanitation and clean water, as may occur with flooding, can
predispose to certain infectious eye diseases in both individuals and populations. This
unit will discuss some of these problems, which may present in the late emergency phase
or the rehabilitation phase of disaster response.

Anoxic Contact Lens Overwear Syndrome

In the aftermath of a disaster, daly routines and norma deep-wake cycles may be
disrupted for some time. Both victims and relief workers will be affected. Contact lens
wearers may aso have lost their spare eyeglasses and their serile rinsng and soaking
solutions.

Contact lens overwear syndrome is a consequence of a contact lens depriving the
cornea of adequate oxygen. It can occur with both rigid and soft/extended wear lenses.
Once cdl damage has occurred, eye pain can begin even hours after the lens has been
removed. Sufferers present with ared, painful eye and photophobia. Initial cornea
swdlling (edema) progresses to corned trauma, inflammation (keratitis), and traumatic
iritis. Physca exam will reved conjunctival injection with dlliary flush, fluorescein-
gtaining central corned aorasion, and neovascularization, an encroachment of new blood
vess s trying to grow over the cornea (areaction to the low-oxygen environment).

Overwear syndrome is treated the same as corned abrasion, with topical
antibiotics, cycloplegics (for iritis) and adequate pain medication. The contact lens should
not be put back in until 2-3 days after complete hedling and resolution of pain.

Untreated OpentAngle (chronic) Glaucoma

Open-angle glaucomais a chronic illness normally affecting the ederly. Petients
are generdly not symptomatic, athough they may experience mild headaches. Diagnosis
is determined through routine screening. Management is predominantly medica, usudly
congsting of ophthalmic drops. Disagter victims may present having logt their regular
home medications. The god of treatment should be to re-establish regular medication
regimens as soon as possible. Stopping medication should not precipitate an acute
glaucomatous attack.
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Conjunctivitis

Either bacteria or viruses can cause infectious inflammation of the conjunctiva
These infections are extremely contagious, and may spread rapidly through populations
living in close proximity and under conditions of poor hygiene. The distinction between
bacterid and vird islargely academic, as many practitioners will treat both with topica
antibiotics. It isdifficult to exclude bacteria disease on the basis of physical exam aone,
and the possibility of bacterid superinfection exists as patients rub their irritated eyes.
Both forms of conjunctivitis produce red, irritated, itching and tearing eyes. The bacteria
disease is more likely to produce actua pus, and the vird diseaseis more likely to affect
both eyes — but these digtinctions are not absolute. Neither conjunctivitis should affect
vison unless a collection of mucous or pusis actudly covering the cornea.

The actud topica antibiotic chosen to treat conjunctivitisis not critica, athough
it is recommended to tregt the infection in contact lens wearers with a choice that would
cover Pseudomonas — examples are tobramycin (Tobrex) and ciprofloxacin (Ciloxan),

given 4 times per day.

Other Infections
Periorbital (Preseptal) Cellulitis

Previoudy traumatized eyes can develop infections in and around the orbits.
Periorbitd cdlulitisis an infection of the soft tissue surrounding the eye. It is often
secondary to alid laceration or other trauma. The globe is not affected, and the visud
acuity isnorma. The victim will frequently have afever in addition to swelling, redness,
warmth and tenderness of the skin surrounding the eye. Recommended trestment is
admission to hospitd for intravenous antibiotics. Initid trestment with ord antibiotics
(cephaexin 500 mg 4 times per day, levofloxacin 500 mg once each day or ciprofloxacin
750 mg twice each day) should begin if evacuation or other ddlay in hospitd careis
anticipated (19).

Endophthalmitis

Endophthamitisis an uncommon infection of the globe secondary to traumeatic
contamination of the intraocular space by bacteria Thisis usudly the result of an object
like awooden twig penetrating the eye. Thereisincreasing pain and vison loss
associated with swelling and injection of the conjunctiva and lid swelling. Sometimes pus
is seen in the anterior chamber (hypopyon). Untreated, the infection can progress to
blindness. Broad- spectrum antibiotics are used, and often need to be directly indtilled into
the globe by an ophthamologist.
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Acanthamoeba K er atitis

Acanthamoeba kerdtitis is an extremely rare infection of the cornea caused by the
free-living freshwater amebae, Acanthamoeba. It is discussed here because of the severity
of the infections, and the association of the infection with eye trauma and water
contaminated with sewage. It is generally an infection of contact lens wearers, asthe lens
itsdlf provides both a mechaniam of microtrauma and a vehicle for transferring non-
sterile, contaminated water to the cornea (36). It has been reported in the non-contact lens
wearer following eye trauma (37). It is suggested by pain that is disproportionately severe
in the early stages compared to other corned infections. Fluorescein-gaining defects are
found in 60% of cases, and in 29%, centrd ring-shaped infiltrates (ulcerations) are seen.
Definitive diagnosis and trestment is performed by an ophthalmologist, and referra or
evacuation should be prompt.

L eptospirosis

Following the landing of Hurricane Hortense in Puerto Rico in 1966, a more than
4-fold increase in leptospirosis was found (38). Leptospirosisis a bacterid infection
spread by anima ‘rend carriers,” and contracted by humans in contact with infected
anima urine. Hooding, as occurs following hurricanes, could fecilitate Leptospira
transmission by preventing urine drying and absorption. Sixteen of 17 casesin Puerto
Rico presented with eye pain and watering. Other symptomsincluded fever, chillsand
muscle pain. Laboratory confirmation was needed to rule out the smilarly presenting
Dengue Fever, dthough eye pain was more typica in cases of Leptospiross.

Trachoma

Trachomais a chronic conjunctivitis associated with conditions of crowding and
poor hygiene. It may be found in refugee camps following long-term disasters such as
drought and famine. It often beginsin early childhood, and in the acute phase may be
spread between family members, often by flies. If untreated, blindness follows after years
of chronic infection, and trachoma remains the leading cause of preventable blindnessin
the world.

Acute infection has been described as leaving the conjunctiva membrane benegth
the everted eydid ‘red and velvety’ (39), with numerous smdl blisters cdled follicles.
This conjunctivitis hed s with scarring, turning the edge of the upper lid inward
(entropion), with the eydashes then chronicdly traumeatizing the cornea. Corned
ulceration leads to scar formation and blindness. A thick sheet of neovascularization
(pannus) can aso encroach upon the cornea from above.

Theinitid conjunctivitisis caused by the organism Chlamydia trachomatis, and

trestment in the acute phase is effective (tetracycline ointment 3 times each day for 6
weeks). Victims may present with combined infections, and it may be easier to screen for
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trachoma once a superimposed bacteria conjunctivitis has subsided. By the time scarring
has affected lid pogition, surgery may be needed to prevent corned trauma and blindness.
Improving sanitation and hygiene will do much to dramaticaly reduce rates of
transmission.

Xerophthalmia

Along with poor hygiene, poor nutrition aso causes blindness in the refugee
setting (40). Xerophthdmiais adowly advancing eye disease caused by vitamin A
defidency. It is associated with childhood manutrition in long-term disaster refugee
Settings. It may aso result from chronic intestinal disease and poor nutrient absorption. If
apopulation’sdiet is deficient in vitamin A, children will begin to manifest disease
symptoms by their second or third year. The first symptom is night blindness, and anyone
complaining of poor night vision in such a community should be promptly treated.
Untreated, the disease results in eye drying that produces adry, leather-like conjunctiva
and awrinkled, cloudy cornea. At this point, arapidly progressing corned ulcer can
gppear that spreads in hours. This end result has been called ‘ cornedl mdting’ (39).

The recommended World Hedlth Organization vitamin A dosing is 200,000 1U
ordly on days 1, 2 and 8 for al manourished or symptometic children (39). With
malabsorption, the first dose can be changed to 100,000 IU given as an intramuscular
injection. All children with meades should be trested. Doses are cut in half for infants
(lessthan 1 year). Disease may be prevented in adults and older children with a dose of
200,000 1U every 4-6 months. All women should receive a 200,000 IU ora dose within 1
month of delivering a baby.
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