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INTRODUCTION

There are two basic types of eye injuries: pen-
etrating (ie, open) and nonpenetrating.  As a rule,
nonpenetrating injuries are less severe than pen-
etrating injuries, but either type can lead to blind-
ness.  Nonpenetrating eye injuries, in which the
globe remains intact, are usually lesser anesthetic-
management dilemmas than penetrating eye inju-
ries, in which the globe is disrupted.  Nonpenetrating
eye injuries include injuries to the eye and orbit and
can be as minor as a corneal abrasion or eyelid
ecchymosis, or as severe as retinal detachment,
vitreous hemorrhage, or optic nerve injury.  Pen-
etrating injuries—the major source of serious com-
bat eye injuries—are more common than might be
thought, given the small portion of the body surface
area that the eyes occupy.  In wars of this century,
from 3% to 9% of surviving casualties have been
treated for eye injuries.1  The higher-than-expected
frequency of eye injuries reflects not only the exposed
position of the head in combat but also the vulnerabil-
ity of the eyes.  They are a “soft” target: an injury of the
same magnitude in another part of the body might
very well be ignored.  Finally, the increased use on
the modern battlefield of explosive munitions that
are designed to produce large numbers of small
fragments is an additional factor that predisposes
to the unexpectedly high frequency of eye injuries.

Of combat eye casualties in the Vietnam War in
whom the mechanism of their eye injury was known,
79% were injured by fragments, with rockets, mor-
tars, mines, and grenades being the most common
explosive munitions responsible; bullets were the
source of only 6% of eye wounds.1  This is interest-

ing because in living casualties, bullets caused a
much smaller proportion of eye injuries compared
with their overall casualty-generating importance
during the Vietnam War (ie, bullets were the wound-
ing agents in 30%–50% of living casualties).2  These
percentages would seem to be contradictory, but
the reason for the seeming contradiction is simple:
compared with a small fragment, a bullet that in-
jures the eye is much more likely to continue on into
contiguous organs such as the brain, where it fre-
quently causes a fatal injury.2  The fragments that
cause eye injuries in living casualties are, in fact,
quite small: 70% of the fragments had a mass of 1 to
100 mg.1

Many combat casualties present with corneal
foreign bodies, the removal of which rarely requires
the participation of an anesthesiologist.  In the Viet-
nam surgical experience, the most common indica-
tion (50%) for a major eye operation was the pres-
ence of a disrupted globe requiring an enucleation
(Figure 17-1).  Other common indications for opera-
tion were corneal or scleral lacerations (19%), the
presence of an intraocular foreign body (15%), and
the laceration of the ocular adnexa (11%).  Outside
the combat zone, the most common indications for
a major eye operation in a combat casualty with an
eye injury were the presence of an intraocular for-
eign body (37%) and the need for enucleation (35%).
The indication for the latter was severe infection
that had destroyed the globe or the threat of sympa-
thetic ophthalmia.1  To care properly for such pa-
tients, the military anesthesiologist must know of
the anatomy and physiology of the eye.

ANATOMY AND PHYSIOLOGY OF THE EYE

eye (ie, restricting compliance).  The net effect is
analogous to changes in intracranial pressure:
hypercarbia causes increased intraocular pressure
(IOP).4  Similarly, hyperventilation causes choroi-
dal arterial vasoconstriction with a concomitant
decrease in IOP.5  The surgeon may request hyper-
ventilation by the anesthesiologist in hopes of re-
ducing IOP.  However, the effect is quantitatively
small.  There is only about a 0.1 torr change in IOP
for every torr change in the partial pressure of
carbon dioxide in the arteries (PaCO2), which limits
the value of the practice.6

Hypoxia also causes choroidal arterial vasodila-
tion and a rise in IOP.  Interestingly enough, hypo-
thermia does not increase IOP; on the contrary,

The eye is divided into the posterior and anterior
chambers by the iris and the pupil (Figure 17-2).
Aqueous humor fills the anterior and posterior
chambers.  The aqueous humor is formed primarily
by the ciliary processes, with some contribution
from the iris.  It flows forward through the pupil to
the angle formed by the iris and cornea.  There, a
trabecular meshwork containing the spaces of
Fontana (ie, the spatia anguli iridocornealis) is the
site of absorption of the aqueous humor.  The aque-
ous humor then flows through the canal of Schlemm
(ie, the sinus venosus sclerae), eventually reaching
the venous system.  Hypercarbia results in the dila-
tion of choroidal arteries.3  The sclera forms a fairly
rigid structure, restricting volume changes in the
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hypothermia reduces the production of aqueous
humor and also causes vasoconstriction, which re-
sult in a lowered IOP.7  Increasing venous pressure
may profoundly increase IOP.  This occurs by im-
peding outflow of aqueous humor through the ca-
nal of Schlemm, compression of the eye by episcleral
veins, and dilation of choroidal vessels.  Any strain-
ing, coughing, vomiting, and so forth during
laryngoscopy or emergence from anesthesia may
result in dramatic increases in IOP via this mecha-
nism.8  Increases of 30 to 40 torr have been recorded.
External compression of the eye (eg, pressure from
a mask or the increased tone of extraocular muscles)
may increase IOP.  This is particularly hazardous in

the case of an open eye injury because the potential
exists for loss of eye contents.  However, when the
globe is intact, the ophthalmologist may use several
minutes of eye compression to reduce IOP and
make the globe less rigid.  This likely occurs owing
to expression of aqueous humor from the anterior
chamber.

The discussion of IOP has so far emphasized
mechanical and vascular determinants.  However,
the normal mechanism for control of IOP involves
the balance between production and drainage of the
aqueous humor.  Most pharmacological means to
control IOP affect this balance.  Normal IOP is 10 to
22 torr; IOP is considered abnormal if it exceeds 25

Fig. 17-1. This series of photographs, taken during the
Vietnam War, shows the typical operative management of
a disrupted globe. (a) The casualty, who suffered a destruc-
tive injury caused by multiple fragment wounds to the left
side of his face, is intubated and ready for surgery. (b) The
ophthalmologist is inspecting the casualty’s eye; the globe
is totally disrupted. (c) Enucleation is in progress. (d) The
orbital contents are being extracted. (e) A prosthesis has
been placed in the socket. Photographs: Swan Vietnam
Surgical Slide Collection.
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Fig. 17-2. Anterior segment of the eye. Reprinted with permission from Paton D, Craig JA. Management of cataracts.
Clinical Symposia. 1990;42(4):6.

torr.  The method of measurement may influence
the IOP determined.  Indentation (ie, Schiötz) tonom-
etry may cause expression of aqueous humor and a
reduction of IOP with repeated determinations.
Older studies using indentation tonometry for mea-

suring the effects of drugs and anesthetic agents on
IOP have been called into question because of this.
The more accepted and accurate method for deter-
mination of IOP is applanation tonometry, particu-
larly if repeated measurements are necessary.7
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EFFECT OF DRUGS ON INTRAOCULAR PRESSURE

crease the IOP or leave it unchanged.  An intrave-
nous bolus dose of ketamine has been found14 to
result in a 37% increase in IOP, with the maximum
increase occurring 15 minutes after the injection.
Other researchers15,16 have presented data that sug-
gest that heavily premedicated patients do not ex-
perience increases in IOP with ketamine.  However,
blepharospasm, nystagmus, or laryngospasm may
make ketamine undesirable for ophthalmic sur-
gery.

Succinylcholine has been found17 to increase IOP.
This increase is not temporally related to muscle
fasciculations18; indeed, pretreatment with aceta-
zolamide or propranolol have been reported19 to
prevent a rise in IOP after succinylcholine without
preventing fasciculations.  Increases in IOP with
succinylcholine have been reported20–24 after ad-
equate pretreatment doses of nondepolarizing
muscle relaxants.  Attempts to use small, “self-
taming” doses of succinylcholine have themselves
resulted in elevation of IOP.25  Furthermore, pre-
treatment with lidocaine does not prevent increases
of IOP following succinylcholine administration.26

In contrast, nondepolarizing muscle relaxants
consistently reduce—or at worst, do not change—
IOP.27–31  Intubating doses of atracurium and
vecuronium do not raise IOP, but the intubation
itself may.32  The increase-in-IOP response to
laryngoscopy and intubation in children was pre-
vented by the addition of intravenous lidocaine (1.5
mg/kg) to the standard induction sequence of
thiopental and pancuronium.33

Miotic agents such as echothiophate (Phospholine
Iodide, manufactured by Wyeth-Ayerst Laborato-
ries, Philadelphia, Pa.) and acetylcholine are used
to lower IOP.  The constriction of the pupil tightens
the iris, stretching the trabecular meshwork of the
spaces of Fontana.  The net result is a facilitation of
drainage of the aqueous humor and lowering of
IOP.  Aqueous humor production may be decreased
with ophthalmic preparations of epinephrine,
timolol, and acetazolamide.  The production of aque-
ous humor is an active process using the carbonic
anhydrase enzyme system.  Therefore, aceta-
zolamide can reduce IOP by reducing the produc-
tion of aqueous humor by 50%.  Acute lowering of
IOP may be achieved through the use of osmotic
agents.  These drugs act to increase plasma oncotic
pressure, which diminishes aqueous production,
albeit transiently.  Mannitol is the drug most com-
monly used, although urea and glycerol have also
been used.3  They all require catheter drainage of
the urinary bladder intraoperatively.  Furthermore,
glycerol, given orally, increases the volume of stom-
ach contents and adds a potential risk for regurgita-
tion and aspiration under general anesthesia.

General anesthetic agents, particularly barbitu-
rates and potent inhalational agents have consis-
tently been shown9–11 to reduce IOP.  In humans,
intravenous administration of etomidate has been
shown12 to consistently and significantly lower the
IOP.  Intravenous lidocaine has been shown13 to
reduce the IOP response to laryngoscopy and
intubation.  Ketamine, on the other hand, may in-

ANESTHETIC MANAGEMENT OF THE CASUALTY WITH AN OPEN EYE INJURY

Anesthetic management may play an important
role in the outcome of ophthalmic surgery.  The
surgeon requires a motionless eye and a bloodless
field.  Any coughing, bucking, straining, or vomit-
ing by a patient with an open eye injury may result
in hemorrhage and loss of vitreous or vision.8  Eye
injuries in which the globe is fully perforated re-
quire especially careful anesthetic management to
avoid extrusion of intraocular contents and result-
ant permanent disability.  The anesthesiologist must
certainly avoid applying external pressure to the
eye, such as during application of the face mask.  It
is also helpful to the surgeon to have the endotra-
cheal tube out of the way, using a downward-
directed tube such as a RAE (named for its develop-
ers: Ring, Adair, and Elwyn; manufactured by

Mallinckrodt Critical Care, Great Falls, N.Y.) or an
armored tube.  Of simultaneous concern to the
military anesthesiologist is the likelihood that the
casualty will have a full stomach.  If time and the
patient’s medical condition permits, aspiration pro-
phylaxis should be considered.  Oral or intramuscu-
lar histamine 2 blocking agents may be adminis-
tered to the patient, preferably 1.5 to 2 hours prior
to the procedure.  Ranitidine 150 mg, administered
orally, or 50 mg, administered intramuscularly (or
alternatively, cimetidine 300 mg, administered
orally, or 150 mg, administered intramuscularly),
should increase the pH of the stomach contents.
Famotidine 20 mg, administered orally or intrave-
nously, will also reduce gastric volume and in-
crease pH.  Reglan 10 mg, administrated orally or
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of atracurium suffered hypotension and tachy-
cardia.

The Metubine-pancuronium combination takes
advantage of the synergistic effect of these two
drugs to reduce the amount of each necessary to
achieve rapid relaxation.  Pretreatment with
Metubine 0.05 mg/kg followed by pancuronium
0.06 mg/kg gives adequate intubation conditions
nearly as rapidly as the larger-dose pancuronium
technique but does not produce so prolonged a
period of paralysis.  Other researchers40 pretreated
patients with metocurine 0.03 mg/kg and 3 minutes
later administered pancuronium 0.08 mg/kg.  They
found that 95% depression of twitch height oc-
curred in 70 seconds and all patients had good-to-
excellent intubating conditions.  However, these
patients’ recovery to 25% twitch height required
100 minutes.

The use of the priming principle has been advo-
cated for patients with open eye injuries.41  A
defasciculating dose of an intermediate-duration
nondepolarizer is followed 3 to 5 minutes later with
a larger dose, 1.5- to 2-fold larger than the usual
intubating dose.36  This gives a fairly rapid onset of
muscle relaxation but not as rapid as that produced
by succinylcholine.

One group of researchers42 found that addition-
al thiopental improved intubating conditions
when using the priming principle with atracurium.
Furthermore, other researchers43 found that prim-
ing with atracurium did not significantly improve
intubating conditions, and recommended that it
not be done.  This may reflect the importance of
deep anesthesia in securing favorable intubating
conditions without increasing IOP.42  The dura-
tion of the blockade is much shorter than that ob-
tained with pancuronium, although postoperative
ventilation could be necessary following short
procedures.  At recommended doses, atracur-
ium may occasionally result in adverse hemody-
namic changes.  Therefore, I suggest the use of
vecuronium 0.01 mg/kg as a priming dose, fol-
lowed in 3 to 5 minutes with 0.2 mg/kg.  There
should be virtually no hemodynamic consequences
from the vecuronium.

Whether succinylcholine should be used in the
patient with open eye injuries remains an issue of
debate.  Although some researchers44 have reported
considerable experience with the use of a pretreat-
ment dose of curare followed by succinylcholine in
the patient with open eye injuries with neither loss
of vitreous nor aspiration, others45 consider this

intravenously, may reduce the volume of stomach
contents by promotion of gastric emptying.  Ad-
ministration of a nonparticulate antacid (ie, Bicitra,
manufactured by Baker Norton Pharmaceuticals,
Inc, Miami, Fla., 30 mL, administered orally) will
effectively increase the pH of stomach contents
although at the expense of a small increase in gastric
volume.

Intubation and Induction

Retrobulbar block is contraindicated due to the
risk of external pressure causing extrusion of eye
contents.  Indeed, retrobulbar block itself may be
complicated by global perforation.34  Similarly,
awake intubation is contraindicated due to the real
risk of coughing during topical anesthesia or air-
way insertion.  There is a general agreement that
the best approach is to perform endotracheal
intubation with a rapid-sequence induction of anes-
thesia and cricoid pressure.35  Care must be taken in
the application of cricoid pressure to avoid both
occluding venous return from the head and, possi-
bly, increasing the IOP.  The controversy surrounds
the choice of muscle relaxant selected to facilitate
intubation.  The thiopental-pancuronium induction
sequence is the standard against which other tech-
niques must be compared.36  If hemodynamic stabil-
ity permits, a relatively large dose of thiopental
may lessen the likelihood of any patient reaction to
laryngoscopy or intubation.  Administration of
pancuronium 0.15 mg/kg should allow intubation
within 90 seconds.  The patient should be counseled
regarding the possibilities that the relaxation could
outlast the procedure and therefore that postopera-
tive intubation and ventilation might be required.
The likelihood of tachycardia may make this tech-
nique undesirable in patients with coronary artery
disease.37

Variations on this nondepolarizing sequence in-
clude (a) large-dose atracurium or vecuronium,38

(b) Metubine-pancuronium combination (Metubine
Iodide, manufactured by Dista Products Co., India-
napolis, Ind.), and (c) the priming principle.  Re-
searchers39 who studied onset time and intubat-
ing conditions using atracurium 1.5 mg/kg and
vecuronium 0.25 mg/kg found onset time of
95% twitch depression to average 56 and 64 sec-
onds, respectively.  Intubating conditions at 60 sec-
onds were somewhat better with vecuronium,
but were satisfactory with either regimen.  They
noted that 40% of the patients receiving that dose
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pathetic and cardiac depression.  The safest induc-
tion technique for these patients will generally be
scopolamine and a muscle relaxant alone.

No single induction technique is suitable for all
trauma situations.  Often, the medical officer will be
confronted with a combination of injuries and con-
ditions that make choosing the best anesthetic-in-
duction technique difficult.  Examples would be a
patient with a head injury and a full stomach, a
patient with an open eye injury and a displaced
mandibular fracture, and an uncooperative patient
with bleeding and possible cervical spine injury.  In
situations such as these, the medical officer must
decide which conditions are of overriding impor-
tance and select the most appropriate airway-man-
agement technique and anesthetic plan for those
particular conditions.

Emergence

Although modern ophthalmic wound closure can
withstand bucking and straining by the patient, it
seems best to avoid these on awakening to mini-
mize the risk of vitreous loss.3  Deep extubation may
be considered in the patient known to have an
empty stomach but this is not the usual circum-
stance, as all battlefield casualties are assumed to
have a full stomach.  Intravenous lidocaine may be
helpful in minimizing the patient’s reaction to the
endotracheal tube.  A dose of 1.5 mg/kg should be
used; this seldom causes prolonged emergence.
Other measures that may be considered include
emptying the stomach by gastric tube while the
patient is still paralyzed and anesthetized, and us-
ing an antiemetic such as droperidol.

approach to be controversial.  Nevertheless, inves-
tigators46 reporting in 1990 suggest that the rapid-
sequence induction technique modifies the effect of
succinylcholine on IOP resulting in no loss of vitre-
ous.  They believe that both (a) scrupulous attention
to adequate depth of anesthesia with thiopental and
(b) waiting until complete paralysis is instituted
with succinylcholine before laryngoscopy and
intubation permit safe intubation, as had been dem-
onstrated44 in 1985.  Adequate depth of anesthesia
avoids the likelihood of coughing, straining, and
grimace, which are likely to be more problematic
than the effects of succinylcholine in the anesthe-
tized patient.46

A large dose of thiopental should be used in the
hemodynamically stable patient, assuring adequate
depth of anesthesia and minimizing any response
to laryngoscopy and intubation.  The addition of
alfentanil 20 µg/kg  has been found useful in reduc-
ing the response to tracheal intubation.47  Awake
intubation is inadvisable in patients with open eye
injuries because any cough or straining could result
in loss of ocular contents.  Similarly, retrobulbar
block is contraindicated because the block itself
may increase the IOP due to extrinsic pressure on
the globe.  Furthermore, blepharospasm, grimace,
or perforation of the globe may occur,48 and the
operator may not be able to minimize hemorrhage
by applying manual pressure.

Patients with severe hypovolemia from acute
blood loss may not tolerate standard anesthetic-
induction techniques.  Severe hypotension or car-
diac arrest may occur if the patient is given a hyp-
notic induction such as ketamine, which causes
cardiac depression, or thiopental, which causes sym-

INTERACTIONS WITH OTHER DRUGS

Many of the ophthalmic agents introduced into
the eye may be absorbed systemically, resulting in
cardiovascular or metabolic effects.  Timolol is a  β-
adrenergic blocking agent used in the treatment of
glaucoma.  The use of this agent may cause systemic
beta-blockade, with bronchospasm or bradycardia
possible.  It is important that the military trauma
anesthesiologist be aware of this fact, but, in most
cases, timolol certainly does not need to be discon-
tinued preoperatively.  The ophthalmologist may
apply phenylephrine eyedrops to dilate the pupil
perioperatively.  Concentrations as high as 10% are

available; however, occasional systemic manifesta-
tions occur (hypertension or bradycardia or both).
Caution in use is advised.  Perhaps a diplomatic
request to the surgeon to use the lowest effective
concentration may be made.  An ophthalmic drug
very interesting to the anesthesiologist is the miotic
agent Phospholine Iodide.  This long-acting pseudo-
cholinesterase inhibitor may still have systemic ef-
fects up to 6 weeks after discontinuation.37  This drug
prolongs the effects of succinylcholine, trimetaphan,
and ester local anesthetics, all of which depend on
pseudocholinesterase for termination of action.
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PERIOPERATIVE OPHTHALMIC COMPLICATIONS

Corneal Abrasion

The most common perioperative ophthalmic com-
plication is corneal abrasion, to which two factors
contribute: basal tear production is greatly reduced,
and the protective eyelid closure reflex is lost under
general anesthesia.  The corneal abrasion will often
occur in the inferior one third of the globe, which is
the area exposed when the eyelids are allowed to
remain partially open.  Preventive measures to avoid
corneal abrasions include closure of the eyelids and
instillation of some type of artificial tears.  Many
techniques have been suggested to keep the eyelids
closed, including taping, suturing, or patching the
eyelids.  Aqueous artificial tear solutions have to be
reapplied during long procedures, as they are not
long retained in the eye.  For this reason, bland
ointments are more commonly used, although there
may be a small likelihood of allergic reactions to
preservatives used in these preparations.6

Acute Angle-Closure Glaucoma

In postoperative patients, it may be important to
distinguish the painful eye associated with a cor-
neal abrasion from that occurring with acute glau-
coma.  The corneal abrasion often is accompanied
by pain aggravated by blinking and rapid eye move-
ment, tearing, and the sensation of a foreign body.
An area of dullness may be seen on examination.  In
acute glaucoma, the cornea may be dull and red-
dened, and the pupil may be dilated.  The patient
may complain of headache and pain around the eye.
A loss of vision may be recorded.

There are two types of glaucoma: open angle and
closed angle.  Both have the common feature of
abnormally elevated IOP.  In closed-angle glau-
coma, the iris is bulged or folded forward, blocking
the aqueous flow into the trabecular meshwork.  An
acutely swollen lens or pupillary dilation may re-
sult from this aqueous humor obstruction.  Anes-
thetic care of such patients includes instilling miotic
agents,8 which constrict the pupil and promote aque-
ous drainage; avoiding venous congestion (eg, keep
the patient’s head up, do not allow the patient to
perform the Valsalva maneuver, and prevent the
patient from bucking or coughing)19; and carefully
managing intravenous fluid administration to pre-
vent overhydration.  Neither atropine nor glyco-
pyrrolate in the usual premedication dosages have
been found to worsen IOP with either type of glau-

coma; nor have they been implicated when used in
combination with anticholinesterases for reversal
of neuromuscular blockade.8  However, scopola-
mine has been found to have a greater mydriatic
effect than atropine and should not be used in
patients with glaucoma.  This effect of scopolamine
may be more problematic in white than in black
patients.49  Open-angle glaucoma is associated with
scarring or endothelial thickening of the trabecular
meshwork, resulting in obstruction to aqueous hu-
mor outflow.  Anesthetic considerations are the
same as with closed-angle glaucoma with the addi-
tion of avoiding hypotension, because these pa-
tients are prone to thrombosis of the retinal artery.

Supraorbital Nerve Compression

Another potential postoperative complication is
supraorbital nerve compression.  This may occur
due to improper positioning of the patient or incor-
rect placement of the face mask or mask straps
during anesthesia.  The patient may complain of
periorbital numbness and edema may be noted.
Fortunately, this problem usually resolves without
treatment, although it may require some weeks.

Retinal Artery Thrombosis

A much worse complication is retinal artery
thrombosis.  This complication is more likely to
occur in the patient with elevated IOP (eg, in a
patient with glaucoma).  Retinal artery thrombosis
has also been associated with the use of deliberate
hypotension.6  It is most important to ensure that no
pressure is applied to the eye of the anesthetized
patient, such as occurs in the prone position.

Oculocardiac Reflex

An oculocardiac reflex has been described and is
occasionally seen in patients who are undergoing
eye surgery.  This reflex is elicited by traction on the
extraocular muscles, pressure on the globe, pinch-
ing of the conjunctiva, or placement of a retrobulbar
block.  The afferent limb of this reflex involves the
ciliary nerves and ganglion, the ophthalmic branch
of the trigeminal nerve, the trigeminal ganglion,
and, finally, the main sensory nucleus of the trigemi-
nal nerve near the fourth ventricle.6  The efferent
impulses are conducted down the vagus nerve,
resulting in bradycardia or arrhythmias such as
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junctional rhythm, atrioventricular block, ventricu-
lar bigeminy, or even cardiac standstill.  This reflex
is seen more frequently in children than in adults.
Furthermore, hypercarbia or hypoxemia may in-
crease the likelihood or severity of the response to
the eliciting stimulus.  Usual premedication doses
of atropine given intramuscularly are of no value in
preventing this reflex.  However, intravenously
administered atropine or glycopyrrolate, given prior
to the application of a stimulus, modifies or pre-

vents the response.  Routine use is controversial in
the adult and is seldom done.  Rather, most anesthe-
siologists take advantage of the easy fatigability of
this reflex in the management of bradycardia or
arrhythmias resulting therefrom.  Asking the sur-
geon to halt manipulations long enough for the
reflex to diminish and then proceeding is feasible.
Adequacy of oxygenation and ventilation should be
checked.  If the reflex recurs or is severe, then
intravenous atropine may be given.37

SUMMARY

Penetrating missiles in the form of small frag-
ments are the most common cause of eye injuries in
combat casualties who require the services of mili-
tary trauma anesthesiologists.  Not only does the
missile itself directly destroy ocular tissue, but the
wound tract into the globe also serves as an opening
through which intraocular contents may be ex-
truded, causing irreversible injury.  This secondary
complication can occur when IOP is acutely el-
evated by coughing, bucking, or straining, and its
occurrence has also been reported during intubation
and emergence from anesthesia.  IOP  may also be
altered pharmacologically.  Miotic agents, barbitu-
rates, inhalational anesthetic agents, and nonde-
polarizing muscle relaxants all decrease IOP, while
an increase follows the use of succinylcholine.

The great majority of combat casualties with eye

injuries will require general endotracheal anesthe-
sia; for this, the thiopental-pancuronium induction
sequence is the standard of choice, as it minimizes
the risk of an acute increase in IOP.  Bucking and
straining during extubation should be avoided, but
deep extubation is not usually possible because
each battlefield casualty is assumed to have a full
stomach.

Military trauma anesthesiologists need to be
aware of the potential for such perioperative com-
plications as corneal abrasions, acute angle-closure
glaucoma, supraorbital nerve compression, retinal
artery thrombosis, and the oculocardiac reflex.
Careful planning and attention to detail by the
military anesthesiologist will prevent or reduce loss
of vision and promote the rapid return to duty of
soldiers with eye injuries.
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