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Ke y Points
1 Although apprehension is predictable in potentially blind
patients awaiting surgery, this problem is often exacerbated in
the elderly, whose coping mechanisms may be diminished by
depression or dementia.
2 With intraocular procedures, profound akinesia and meticulous
control of IOP are requisite. However, with extraocular surgery,
the signiicance of IOP fades, whereas concern about elicitation
of the oculocardiac relex assumes prominence.
3 Inhalation anesthetics cause dose-related reductions in intraocular pressure (IOP). The exact mechanisms are unknown, but postulated causes include depression of a control center in the diencephalon, reduction of aqueous humor production, enhancement
of aqueous outlow, or relaxation of the extraocular muscles.
4 The oculocardiac relex is triggered by pressure on the globe
and by traction on the extraocular muscles, as well as on the

conjunctiva or on the orbital structures. This relex, the afferent
limb of which is trigeminal and the efferent limb is vagal, may
also be elicited by performance of a retrobulbar block, by
ocular trauma, and by direct pressure on tissue remaining in
the orbital apex after enucleation.
5 Ophthalmic drugs may signiicantly alter the patient’s reaction
to anesthesia. Similarly, anesthetic drugs and maneuvers may
dramatically inluence intraocular dynamics.
6 Several anesthetic options are available for many types of
ocular procedures, including general anesthesia, retrobulbar
block, peribulbar anesthesia, sub-Tenon (episcleral) block,
topical analgesia, and intracameral injection.
7 The complications of ophthalmic anesthesia can be both
vision- and life-threatening.
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Anesthesia for ophthalmic surgery presents many unique challenges (Table 48-1). In addition to possessing technical expertise, the anesthesiologist must have detailed knowledge of ocular
anatomy, physiology, and pharmacology. It is essential to appreciate that ophthalmic drugs may significantly alter the reaction to
anesthesia and that, concomitantly, anesthetic drugs and maneuvers may dramatically influence intraocular dynamics. Patients
undergoing ophthalmic surgery may represent extremes of age
and notable coexisting medical diseases (e.g., diabetes mellitus,
coronary artery disease, essential hypertension, chronic lung disease), but they are likely to be in the elderly age group. Indeed,
the elderly constitute the most rapidly growing subset of the US
population, with the 2009 Census reporting 37.8 million Americans age 65 years or older, an increase of 30% since 1990. Impressively, almost 19 million Americans were 75 years or older in
2009, an increase of 46% from 1990. Moreover, the elderly are a
uniquely vulnerable group with reduced functional reserve and a
myriad of age-related diseases. The economic implication of these
age-related diseases is staggering. For example, age-related macular degeneration is the leading cause of blindness in individuals older than 65 years in the United States, affecting more than
1.75 million people. Because of the rapid aging of our population, this number will increase to almost 3 million by 2020.1 More
recent prevalence studies suggest that the number of persons with
Alzheimer disease in the United States is approximately 5 million.
Given that the percentage of individuals with Alzheimer disease
increases by a factor of 2 with approximately every 5 years of age,
1% of persons who are 60 years old and about 30% of those who
are 85 years old have the disease. Without advances in therapy,
the number of symptomatic cases in the United States is predicted
to increase to 13.2 million by 2050.2 Current annual expenditures
on care for patients with Alzheimer disease exceed $84 billion,3
1 a statistic that underscores the urgency of seeking more effective
therapeutic and prophylactic interventions. Moreover, although
apprehension is predictable in blind or potentially blind patients
awaiting surgery, this problem is often exacerbated in the elderly,
whose coping mechanisms may be diminished by depression or
dementia.
It is mandatory to be knowledgeable about the numerous surgical procedures that are unique to the specialty of ophthalmology. Although the list of ocular surgical interventions is lengthy,
these procedures may, in general, be classified as extraocular or
intraocular. This distinction is critical because anesthetic considerations are different for these two major surgical categories. For
example, with intraocular procedures, profound akinesia (relax2 ation of recti muscles) and meticulous control of intraocular
pressure (IOP) are requisite. However, with extraocular surgery,
the significance of IOP fades, whereas concern about elicitation of
the oculocardiac reflex assumes prominence.

OCULAR ANATOMY
The anesthesiologist should be knowledgeable about ocular anatomy to enhance his or her understanding of surgical procedures
and to aid the surgeon in the performance of regional blocks
when needed4 (Fig. 48-1). Salient subdivisions of ocular anatomy
include the orbit, the eye itself, the extraocular muscles, the eyelids, and the lacrimal system.
The orbit is a bony box, or pyramidal cavity, housing the eyeball and its associated structures in the skull. The walls of the orbit
are composed of the following bones: Frontal, zygomatic, greater
wing of the sphenoid, maxilla, palatine, lacrimal, and ethmoid.
A familiarity with the surface relationships of the orbital rim is
mandatory for the skilled performance of regional blocks.
The optic foramen, located at the orbital apex, transmits the
optic nerve and the ophthalmic artery, as well as the sympathetic
nerves from the carotid plexus. The superior orbital fissure transmits the superior and inferior branches of the oculomotor nerve;
the lacrimal, frontal, and nasociliary branches of the trigeminal
nerve; the trochlear and abducens nerves; and the superior and
inferior ophthalmic veins. The inferior orbital or sphenomaxillary
fissure contains the infraorbital and zygomatic nerves and communication between the inferior ophthalmic vein and the pterygoid plexus. The infraorbital foramen, located about 4 mm below
the orbital rim in the maxilla, transmits the infraorbital nerve,
artery, and vein. The lacrimal fossa contains the lacrimal gland
in the superior temporal orbit. The supraorbital notch, located at
the junction of the medial one-third and temporal two-thirds of
the superior orbital rim, transmits the supraorbital nerve, artery,
and vein. The supraorbital notch, the infraorbital foramen, and
the lacrimal fossa are clinically palpable and function as major
landmarks for administration of regional anesthesia.
The eye itself is actually one large sphere with part of a smaller
sphere incorporated in the anterior surface, constituting a structure with two different radii of curvature. The coat of the eye
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FIgURE 48-1. Diagram of ocular anatomy.
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branches to various ocular structures. A branch of the oculomotor nerve supplies a motor root to the ciliary ganglion, which in
turn supplies the sphincter of the pupil and the ciliary muscle.
The trochlear nerve supplies the superior oblique muscle. The
abducens nerve supplies the lateral rectus muscle. The trigeminal
nerve constitutes the most complex ocular and adnexal innervation. In addition, the zygomatic branch of the facial nerve eventually divides into an upper branch, supplying the frontalis and
the upper lid orbicularis, whereas the lower branch supplies the
orbicularis of the lower lid.

OCULAR pHYSIOLOgY
Despite its relatively diminutive size, the eye is a complex organ,
concerned with many intricate physiologic processes. The formation and drainage of aqueous humor and their influence
on IOP in both normal and glaucomatous eyes are among the
most important functions, especially from the anesthesiologist’s
perspective. An appreciation of the effects of various anesthetic
manipulations on IOP requires an understanding of the fundamental principles of ocular physiology.

formation and drainage of aqueous humor
Two-thirds of the aqueous humor is formed in the posterior
chamber by the ciliary body in an active secretory process involving both the carbonic anhydrase and the cytochrome oxidase
systems (Fig. 48-2). The remaining third is formed by passive filtration of aqueous humor from the vessels on the anterior surface
of the iris.
At the ciliary epithelium, sodium is actively transported into
the aqueous humor in the posterior chamber. Bicarbonate and
chloride ions passively follow the sodium ions. This active mechanism results in the osmotic pressure of the aqueous humor being
many times greater than that of plasma. It is this disparity in
osmotic pressure that leads to an average rate of aqueous humor
production of 2 mL/min.
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FIgURE 48-2. Ocular anatomy concerned with control of intraocular
pressure.
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is composed of three layers: Sclera, uveal tract, and retina. The
fibrous outer layer, or sclera, is protective, providing sufficient
rigidity to maintain the shape of the eye. The anterior portion of
the sclera, the cornea, is transparent, permitting light to pass into
the internal ocular structures. The double-spherical shape of the
eye exists because the corneal arc of curvature is steeper than the
scleral arc of curvature. The focusing of rays of light to form a
retinal image commences at the cornea.
The uveal tract, or middle layer of the globe, is vascular and
in direct apposition to the sclera. A potential space, known as the
suprachoroidal space, separates the sclera from the uveal tract. This
potential space, however, may become filled with blood during
an expulsive or suprachoroidal hemorrhage, often associated with
surgical disaster. The iris, ciliary body, and choroid compose the
uveal tract. The iris includes the pupil, which controls the amount
of light entering the eye by contractions of three sets of muscles.
The iris dilator is sympathetically innervated; the iris sphincter
and the ciliary muscle have parasympathetic innervation. Posterior to the iris lays the ciliary body, which produces aqueous
humor (see “Formation and Drainage of Aqueous Humor”). The
ciliary muscles, situated in the ciliary body, adjust the shape of the
lens to accommodate focusing at various distances. Large vessels
and a network of small vessels and capillaries known as the choriocapillaris constitute the choroid, which supplies nutrition to the
outer part of the retina.
The retina is a neurosensory membrane composed of ten layers that convert light impulses into neural impulses. These neural
impulses are then carried through the optic nerve to the brain.
Located in the center of the globe is the vitreous cavity, filled with
a gelatinous substance known as vitreous humor. This material is
adherent to the most anterior 3 mm of the retina, as well as to
large blood vessels and the optic nerve. The vitreous humor may
pull on the retina, causing retinal tears and retinal detachment.
The crystalline lens, located posterior to the pupil, refracts rays
of light passing through the cornea and pupil to focus images on
the retina. The ciliary muscle, whose contractile state causes tautness or relaxation of the lens zonules, regulates the thickness of
the lens.
In addition, six extraocular muscles move the eye within the
orbit to various positions. The bilobed lacrimal gland provides
most of the tear film, which serves to maintain a moist anterior
surface on the globe. The lacrimal drainage system—composed
of the puncta, canaliculi, lacrimal sac, and lacrimal duct—drains
into the nose below the inferior turbinate. Blockage of this system occurs frequently, necessitating procedures ranging from
lacrimal duct probing to dacryocystorhinostomy, which involves
anastomosis of the lacrimal sac to the nasal mucosa.
Covering the surface of the globe and lining the eyelids is a
mucous membrane called the conjunctiva. Because drugs are
absorbed across the membrane, it is a popular site for administration of ophthalmic drugs.
The eyelids consist of four layers: (1) the conjunctiva, (2) the
cartilaginous tarsal plate, (3) a muscle layer composed mainly of
the orbicularis and the levator palpebrae, and (4) the skin. The
eyelids protect the eye from foreign objects; through blinking, the
tear film produced by the lacrimal gland is spread across the surface of the eye, keeping the cornea moist.
Blood supply to the eye and orbit is by means of branches of
both the internal and external carotid arteries. Venous drainage
of the orbit is accomplished through the multiple anastomoses of
the superior and inferior ophthalmic veins. Venous drainage
of the eye is achieved mainly through the central retinal vein. All
these veins empty directly into the cavernous sinus.
The sensory and motor innervations of the eye and its
adnexa are very complex, with multiple cranial nerves supplying
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Aqueous humor flows from the posterior chamber through
the pupillary aperture and into the anterior chamber, where it
mixes with the aqueous formed by the iris. During its journey into
the anterior chamber, the aqueous humor bathes the avascular
lens and, once in the anterior chamber, it also bathes the corneal
endothelium. Then the aqueous humor flows into the peripheral
segment of the anterior chamber and exits the eye through the
trabecular network, Schlemm’s canal, and episcleral venous system. A network of connecting venous channels eventually leads
to the superior vena cava and the right atrium. Thus, obstruction
of venous return at any point from the eye to the right side of the
heart impedes aqueous drainage, elevating IOP accordingly.

maintenance of intraocular pressure
IOP normally varies between 10 and 21.7 mm Hg and is considered abnormal above 22 mm Hg. This level varies 1 to 2 mm Hg
with each cardiac contraction. Also, a diurnal variation of 2 to
5 mm Hg is observed, with a higher value noted on awakening.
This higher awakening pressure has been ascribed to vascular
congestion, pressure on the globe from closed lids, and mydriasis—all of which occur during sleep. If IOP is too high, it may
produce opacities by interfering with normal corneal metabolism.
During anesthesia, a rise in IOP can produce permanent visual
loss. If the IOP is already elevated, a further increase can trigger
acute glaucoma. If penetration of the globe occurs when the IOP
is excessively high, rupture of a blood vessel with subsequent
hemorrhage may transpire. IOP becomes atmospheric once the
eye cavity has been entered, and any sudden rise in pressure may
lead to prolapse of the iris and lens, and loss of vitreous. Thus,
proper control of IOP is critical.
Three main factors influence IOP: (1) External pressure on the
eye by the contraction of the orbicularis oculi muscle and the tone
of the extraocular muscles, venous congestion of orbital veins (as
may occur with vomiting and coughing), and conditions such as
orbital tumor; (2) scleral rigidity; and (3) changes in intraocular
contents that are semisolid (lens, vitreous, or intraocular tumor)
or fluid (blood and aqueous humor). Although these factors
affect IOP, the major control of intraocular tension is exerted by
the fluid content, especially the aqueous humor.
Sclerosis of the sclera, not uncommonly seen in the elderly,
may be associated with decreased scleral compliance and increased
IOP. Other degenerative changes of the eye linked with aging
can also influence IOP, the most significant being a hardening
and enlargement of the crystalline lens. When these degenerative changes occur, they may lead to anterior displacement of
the lens–iris diaphragm. A resultant shallowness of the anterior
chamber angle may then occur, reducing access of the trabecular meshwork to aqueous. This process is usually gradual, but,
if rapid lens engorgement occurs, angle-closure glaucoma may
transpire.
Changes in the nature of the vitreous that affect the amount
of unbound water also influence IOP. Myopia, trauma, and aging
produce liquefaction of vitreous gel and a subsequent increase
in unbound water, which may lower IOP by facilitating fluid
removal. However, under different circumstances, the opposite
may occur; that is, the hydration of more normal vitreous may
be associated with elevation of IOP. Hence, it is often prudent to
produce a slightly dehydrated state in the surgical patient with
glaucoma.
Intraocular blood volume, determined primarily by vessel dilation or contraction in the spongy layers of the choroid,
contributes importantly to IOP. Although changes in arterial or
venous pressure may secondarily affect IOP, excursions in arterial

pressure have much less importance than do venous fluctuations.
In chronic arterial hypertension, ocular pressure returns to normal levels after a period of adaptation brought about by compression of vessels in the choroid as a result of increased IOP. Thus, a
feedback mechanism reduces the total volume of blood, keeping
IOP relatively constant in patients with systemic hypertension.
However, if venous return from the eye is disturbed at any
point from Schlemm’s canal to the right atrium, IOP increases
substantially. Trendelenburg position, cervical collar, and even a
tight necktie can produce increased intraocular blood volume and
distention of orbital vessels, as well as attenuated aqueous drainage.5 Straining, vomiting, or coughing greatly increase venous
pressure and raise IOP as much as 40 mm Hg or more. The deleterious implications of these activities cannot be overemphasized.
Laryngoscopy and tracheal intubation may also elevate IOP, even
without any visible reaction to intubation, but especially when
the patient coughs. Topical anesthesia of the larynx may attenuate the systemic hypertensive response to laryngoscopy but does
not reliably prevent associated increases in IOP.6 Ordinarily, the
pressure elevation from such increases in blood volume or venous
pressure dissipates rapidly. However, if the coughing or straining
occurs during ocular surgery when the eye is open, as in penetrating keratoplasty, the result may be a disastrous expulsive hemorrhage, at worst, or a disconcerting loss of vitreous, at best.
Despite the notable role of venous pressure, scleral rigidity,
and vitreous composition, maintenance of IOP is determined
primarily by the rate of aqueous formation and the rate of aqueous humor outflow. The most important influence on formation of aqueous humor is the difference in osmotic pressure
between aqueous humor and plasma. This fact is illustrated by
the equation:
IOP = K[(OPaq − OPpl) + CP]

(48-1)

where K is the coefficient of outflow, OPaq is the osmotic pressure of aqueous humor, OPpl is the osmotic pressure of plasma,
and CP is the capillary pressure. Hypertonic solutions such as
mannitol are used to lower IOP because a small change in the
solute concentration of plasma can markedly influence the formation of aqueous humor and hence IOP.
Fluctuations in aqueous humor outflow may also produce a
dramatic alteration in IOP. The most significant factor controlling aqueous humor outflow is the diameter of Fontana spaces, as
illustrated by the equation:
A=

r 4 (Piop − Pv)
8η L

(48-2)

where A is the volume of aqueous outflow per unit of time, r is
the radius of Fontana spaces, Piop is the IOP, Pv is the venous
pressure, η is the viscosity, and L is the length of Fontana spaces.
When the pupil dilates, Fontana spaces narrow, resistance to outflow is increased, and IOP rises. Because mydriasis is undesirable
in both closed-angle glaucoma and open-angle glaucoma, miotics
are applied conjunctivally in patients with glaucoma.

Glaucoma
Glaucoma is a condition characterized by elevated IOP, resulting in impairment of capillary blood flow to the optic nerve with
eventual loss of optic nerve tissue and function. Two different
anatomic types of glaucoma exist: Open-angle or chronic simple
glaucoma and closed-angle or acute glaucoma. (Other variations
of these processes occur but are not especially germane to anesthetic management.)
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With open-angle glaucoma, the elevated IOP exists with an
In cases of pediatric secondary glaucoma, goniotomy and filanatomically open anterior chamber angle. It is believed that
tering may be unsuccessful, whereas cyclocryotherapy may effect
sclerosis of trabecular tissue results in impaired aqueous humor
a reduction in IOP, pain, and corneal edema. The ciliary body is
filtration and drainage. Treatment consists of medication to prodestroyed with a cryoprobe cooled to –70°C, thus dramatically
duce miosis and trabecular stretching. Commonly used eye drops
decreasing aqueous formation.
are epinephrine, timolol, dipivefrin, and betaxolol. Closed-angle
It is essential to appreciate that the high IOP frequently
glaucoma is characterized by the peripheral iris moving into
encountered in infantile glaucoma can be reduced by >15 mm Hg
direct contact with the posterior corneal surface, mechanically
when a surgical plane of general anesthesia is achieved. Howobstructing aqueous humor outflow. People who have a narrow
ever, one study demonstrated minimal effect of halothane on
angle between the iris and the posterior cornea are predisposed
IOP when the concentration ranged narrowly between 0.5% and
to this condition. In these patients, mydriasis can produce such
1%.9 Some clinicians maintain that ketamine is a useful drug to
increased thickening of the peripheral iris that corneal touch
use for examination under anesthesia when infantile glaucoma
occurs and the angle is closed. Another mechanism producing
is part of the differential diagnosis because ketamine does not
acute, closed-angle glaucoma is swelling of the crystalline lens.
appear to reduce IOP, giving a spuriously low reading. Moreover,
In this case, pupillary block occurs, with the edematous lens
even normal infants sporadically have pressures in the mid-20s.
blocking the flow of aqueous humor from the posterior to the
Hence, diagnosis is not based exclusively on the numerical presanterior chamber. This situation can also develop if the lens is
sure recorded under anesthesia. Other factors such as corneal
traumatically dislocated anteriorly, thus physically blocking the
edema and increased corneal diameter, tears in Descemet memanterior chamber.
brane, and cupping of the optic nerve are considered in making
It was previously believed by some clinicians that patients
the diagnosis. If these aberrations are noted, surgical intervention
with glaucoma should not be given atropine. However, this claim
may be mandatory, even in the setting of a reputedly normal IOP.
is untenable. Atropine in the dose range used clinically has no
effect on IOP in either open-angle or closed-angle glaucoma.
When 0.4 mg of atropine is given parenterally to a 70-kg person,
approximately 0.0001 mg is absorbed by the eye.7 Garde et al.8
EFFECTS OF ANESTHESIA
reported, however, that scopolamine has a greater mydriatic
AND ADjUVANT DRUgS ON
effect than atropine and recommended not using scopolamine in
patients with known or suspected closed-angle glaucoma.
INTRAOCULAR pRESSURE
Equation 48-2, describing the volume of aqueous outflow
per unit of time, clearly demonstrates that outflow is exquisitely
central nervous System depressants
sensitive to fluctuations in venous pressure. Because a rise in
venous pressure produces an increased volume of ocular blood
and decreased aqueous outflow, it is obvious that consider- 3 Inhalation anesthetics purportedly cause dose-related decreases
in IOP. The exact mechanisms are unknown, but postulated
able elevation of IOP occurs with any maneuver that increases
causes include depression of a central nervous system (CNS) convenous pressure. Hence, in addition to preoperative instillation
trol center in the diencephalon, reduction of aqueous humor proof miotics, other anesthetic goals for the patient with glaucoma
duction, enhancement of aqueous humor outflow, or relaxation
include perioperative avoidance of venous congestion and overof the extraocular muscles.7 Moreover, virtually all CNS depreshydration. Furthermore, hypotensive episodes are to be avoided
sants—including barbiturates, neuroleptics, opioids, tranquilizbecause these patients are allegedly vulnerable to retinal vascular
ers,7 and hypnotics, such as etomidate and propofol—lower IOP
thrombosis.
in both normal and glaucomatous eyes. Etomidate, despite its
Primary congenital glaucoma is classified according to age of
proclivity to produce pain on intravenous injection and skeletal
onset, with the infantile type presenting any time after birth until
muscle movement, is associated with a significant reduction in
3 years of age. The juvenile type presents between the ages of 37
IOP.10 However, etomidate-induced myoclonus may be hazardmonths and 30 years. Moreover, childhood glaucoma may also
ous in the setting of a ruptured globe.
occur in conjunction with various eye diseases or developmenControversy surrounds the issue of ketamine’s effect on IOP.
tal anomalies such as aniridia, mesodermal dysgenesis syndrome,
Administered intravenously or intramuscularly, ketamine initially
and retinopathy of prematurity.
was believed to increase IOP significantly, as measured by indenSuccessful management of infantile glaucoma critically
tation tonometry.11 Corssen and Hoy12 also reported a slight but
depends on early diagnosis. Presenting symptoms include
statistically significant increase in IOP that appeared unrelated to
epiphora, photophobia, blepharospasm, and irritability. Ocuchanges in blood pressure or depth of anesthesia. However, nyslar enlargement, termed buphthalmos, or “ox eye,” and corneal
tagmus made proper positioning of the tonometer difficult and
haziness secondary to edema are common. Buphthalmos is rare,
may have resulted in less-than-accurate measurements.
however, if glaucoma develops after 3 years of age because by then
Conflicting results arose from a study in which 2 mg/kg of
the eye is much less elastic.
ketamine given intravenously to adults failed to have a signifiBecause infantile glaucoma is frequently associated with
cant effect on IOP.13 Furthermore, a pediatric study reported no
obstructed aqueous humor outflow, management of it often
increase in IOP after an intramuscular ketamine dose of 8 mg/kg.
requires surgical creation, by goniotomy or trabeculotomy, of
Indeed, values obtained were similar to those reported with haloa route for aqueous humor to flow into the canal of Schlemm.
thane and isoflurane.14,15
However, advanced disease may be unresponsive to even multiple
Some of the confusion may arise from differences in premedigoniotomies, and the more radical trabeculectomy or some other
cation practices and from the use of different instruments to meavariety of filtering procedure may be necessary.
sure IOP. More recent studies have used applanation tonometry
The juvenile form of glaucoma, in which the cornea and eye
rather than indentation tonometry. However, even if future studsize are normal, is commonly associated with a family history of
ies should confirm that ketamine has minimal or no effect on IOP,
open-angle glaucoma and is treated similarly to primary openketamine’s proclivity to cause nystagmus and blepharospasm
angle glaucoma.
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makes it a less-than-optimal agent for many types of ophthalmic
surgery.

Hyperventilation decreases IOP, whereas asphyxia, administration of carbon dioxide, and hypoventilation have been shown to
elevate IOP.16
Hypothermia lowers IOP. On initial consideration, hypothermia might be expected to raise IOP because of the associated
increase in viscosity of aqueous humor. However, hypothermia
is linked with decreased formation of aqueous humor and with
vasoconstriction; hence, the net result is a reduction in IOP.

adjuvant drugs
Ganglionic Blockers, hypertonic Solutions,
and acetazolamide
Ganglionic blockers such as tetraethylammonium and pentamethonium cause a dramatic decrease in IOP. Trimethaphan also
substantially lowers IOP in normal subjects, despite mydriasis.
Intravenous administration of hypertonic solutions such as
dextran, urea, mannitol, and sorbitol elevates plasma osmotic
pressure, thereby decreasing aqueous humor formation and
reducing IOP. As effective as urea is in reducing IOP, intravenous
mannitol has the advantage of fewer side effects. Mannitol’s onset,
peak (30 to 45 minutes), and duration of action (5 to 6 hours) are
similar to those of urea. Moreover, both drugs may produce acute
intravascular volume overload. Sudden expansion of plasma volume secondary to efflux of intracellular water into the vascular
compartment places a heavy workload on the kidneys and heart,
often resulting in hypertension and dilution of plasma sodium.
Furthermore, mannitol-associated diuresis, if protracted, may
trigger hypotension in volume-depleted patients.
Intravenous administration of acetazolamide inactivates carbonic anhydrase and interferes with the sodium pump. The resultant decrease in aqueous humor formation lowers IOP. However,
the action of acetazolamide is not limited to the eye, and systemic
effects include loss of sodium, potassium, and water secondary to
the drug’s renal tubular effects. Such electrolyte imbalances may
then be linked to cardiac dysrhythmias during general anesthesia.
An advantage of acetazolamide is its relative ease of administration. Whereas large volumes of hypertonic solutions must be
infused to reduce IOP, acetazolamide is easily given as a typical
adult dose of 500 mg dissolved in 10 mL of sterile water. Acetazolamide may also be given orally, and topical carbonic anhydrase
inhibitors are commercially available.

neuromuscular Blocking drugs
Neuromuscular blocking drugs have both direct and indirect
actions on IOP.
Equipotent paralyzing doses of all the nondepolarizing drugs,
including pancuronium,17 directly lower IOP by relaxing the
extraocular muscles (Fig. 48-3). However, if paralysis of the respiratory muscles is accompanied by alveolar hypoventilation, the
latter secondary effect may supervene to increase IOP.
In contrast to nondepolarizing drugs, the depolarizing drug
succinylcholine elevates IOP. Lincoff et al.18 reported extrusion
of vitreous after succinylcholine administration to a patient with
a surgically open eye. An average peak IOP increase of about
8 mm Hg is produced within 1 to 4 minutes of an intravenous
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FIgURE 48-3. Mean intraocular pressure after administration of thiopental, 3 to 4 mg/kg, and pancuronium, 0.08 mg/kg at 0. A = loss
of lid relex; * = p < 0.05. (Reprinted from: Litwiller RW, DiFazio CA,
Rushia EF. Pancuronium and intraocular pressure. Anesthesiology.
1975;42:750, with permission.)

dose. Within 7 minutes, return to baseline usually transpires.19
The ocular hypertensive effect of succinylcholine has been attributed to several mechanisms, including tonic contraction of extraocular muscles,7 choroidal vascular dilation, and relaxation of
orbital smooth muscle. One study speculates that the succinylcholine-induced increase in IOP is multifactorial but primarily
the result of the cycloplegic action of succinylcholine, producing
a deepening of the anterior chamber and increased outflow resistance.20 Because they studied eyes with the extraocular muscles
detached and still observed an elevation in IOP, these investigators proposed that changes in extraocular muscle tone do not
contribute substantially to the increase in IOP observed after succinylcholine administration.
A variety of methods have been advocated to prevent succinylcholine-induced elevations in IOP. However, although some
attenuation of the increase results, none of these techniques consistently and completely block the ocular hypertensive response.
Prior administration of such drugs as acetazolamide, narcotics,
b-blockers, and nondepolarizing neuromuscular blocking drugs
has been suggested. The efficacy of pretreatment with nondepolarizing drugs is controversial.
In 1968, using indentation tonometry, Miller et al.21 reported
that pretreatment with small amounts of gallamine or d-tubocurarine prevented succinylcholine-associated increases in IOP.
However, in 1978, using the more sensitive applanation tonometer, Meyers et al.22 were unable to consistently circumvent the
ocular hypertensive response after similar pretreatment therapy
(Table 48-2). In addition, Verma23 claimed that a “self-taming”
technique in which a small dose of succinylcholine is administered prior to induction was protective, but in a controlled study
using applanation tonometry, Meyers et al.24 challenged this
claim. Although intravenous pretreatment with lidocaine, 1 to 2
mg/kg, may blunt the hemodynamic response to laryngoscopy,6,25
such therapy does not reliably prevent the ocular hypertensive
response associated with succinylcholine and intubation.26 However, Grover et al.27 claimed that pretreatment with lidocaine,
1.5 mg/kg intravenously, 1 minute before induction with thiopental and succinylcholine offered protection from IOP increases
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TAbLE 48-2. effeCts of suCCinylCholine on intraoCular Pressure:
double-blind d-tuboCurarine or gallamine Pretreatment
Intraocular Pressure (mm Hg, MEAN ± SE)
Pretreatmenta

Mean Age (yr)

Baseline

3 min After
Pretreatment

1 min After
Succinylcholineb

d-Tubocurarine
Gallamine

13.4
8.7

13 ± 1
10.9 ± 1.1

12.3 ± 1.2
10.6 ± 1

24 ± 1.3
23.4 ± 2.3

a

d-Tubocurarine, 0.09 mg/kg, or gallamine, 0.3 mg/kg.
1 to 1.5 mg/kg intravenously.
Reprinted from: Meyers EF, Krupin T, Johnson M, et al. Failure of nondepolarizing neuromuscular blockers to inhibit succinylcholine-induced increased intraocular pressure: A controlled study. Anesthesiology. 1978;48:149, with permission.

because of succinylcholine and may therefore be of value in rapid1 sequence induction for open eye injuries.
Certainly, succinylcholine—if unaccompanied by pretreatment with a nondepolarizing neuromuscular blocking drug—is
not the ideal agent for patients with penetrating ocular wounds
and careful consideration should be used before giving it after the
eye has been opened. Nonetheless, it is no longer valid to recommend that succinylcholine be used only with extreme reluctance
in ocular surgery. Clearly, any succinylcholine-induced increment in IOP is usually dissipated before surgery is started.
The forced duction test (FDT) is an intraoperative maneuver
that helps the ophthalmologist to determine whether strabismus
is due to muscle paresis versus a restrictive force. It is discussed in
detail in the strabismus section of this chapter. Of concern, Jampolsky28 warned that succinylcholine should be avoided in patients
undergoing repeat strabismus surgery because the FDT does not
return to baseline for approximately 30 minutes after administration of the drug. More recent and quantitatively sophisticated
studies by Dell and Williams29 supported this caveat, although the
latter investigators suggest waiting only 20 minutes after administration of succinylcholine before performing the FDT. However,
in light of the black box warning issued by the Food and Drug
Administration stating that use of succinylcholine in children
may rarely be associated with hyperkalemia and cardiac arrest, it
should be reserved for emergency intubation or when immediate
airway control is needed, so the drug is typically avoided in pediatric strabismus surgery.

OCULOCARDIAC REFLEx
bernard Aschner and Giuseppe Dagnini first described the oculocardiac reflex in 1908. This reflex is triggered by pressure on the
globe and by traction on the extraocular muscles, as well as on the
conjunctiva or the orbital structures. Moreover, the reflex may
also be elicited by performance of a retrobulbar block,30 by ocular
trauma, and by direct pressure on tissue remaining in the orbital
4 apex after enucleation. The afferent limb is trigeminal and the
efferent limb is vagal. Although the most common manifestation
of the oculocardiac reflex is sinus bradycardia, a wide spectrum
of cardiac dysrhythmias may occur, including junctional rhythm,
ectopic atrial rhythm, atrioventricular blockade, ventricular
bigeminy, multifocal premature ventricular contractions, wandering pacemaker, idioventricular rhythm, asystole, and ventricular tachycardia.31 This reflex may appear during either local
or general anesthesia; however, hypercarbia and hypoxemia are

believed to augment the incidence and severity of the problem, as
may inappropriate anesthetic depth.
Reports on the alleged incidence of the oculocardiac reflex are
remarkable in their striking variability. Berler30 reported an incidence of 50%, but other sources quote rates ranging from 16%
to 82%. Commonly, those articles disclosing a higher incidence
included children in the study population, and children tend to
have more vagal tone.
A variety of maneuvers to abolish or obtund the oculocardiac
reflex have been promulgated. None of these methods have been
consistently effective, safe, and reliable. Inclusion of intramuscular anticholinergic drugs such as atropine or glycopyrrolate in the
usual premedication regimen for oculocardiac reflex prophylaxis
is ineffective.32
Atropine given intravenously within 30 minutes of surgery is
believed to reduce incidence of the reflex. However, reports differ concerning dosage and timing. Moreover, some anesthesiologists claim that prior intravenous administration of atropine may
yield more serious and refractory cardiac dysrhythmias than the
reflex itself. Clearly, atropine may be considered a potential myocardial irritant. A variety of cardiac dysrhythmias33 and several
conduction abnormalities,34 including ventricular fibrillation,
ventricular tachycardia, and left bundle-branch block, have been
attributed to intravenous atropine.
Although administration of retrobulbar anesthesia may
provide some cardiac antidysrhythmic value by blocking the
afferent limb of the reflex arc, such a regional technique is not
devoid of potential complications, which include, but are not
limited to, optic nerve damage, retrobulbar hemorrhage, and
stimulation of the oculocardiac reflex arc by the retrobulbar
block itself.
It is generally believed that the aforementioned prophylactic
measures, fraught with inherent hazards, are usually not indicated in adults. If a cardiac dysrhythmia appears, initially the
surgeon should be asked to cease operative manipulation. Next,
the patient’s anesthetic depth and ventilatory status are evaluated. Commonly, heart rate and rhythm return to baseline within
20 seconds after institution of these measures. Moreover, Moonie
et al.35 noted that, with repeated manipulation, bradycardia is less
likely to recur, probably secondary to fatigue of the reflex arc at
the level of the cardioinhibitory center. However, if the initial cardiac dysrhythmia is especially serious or if the reflex tenaciously
recurs, atropine should be administered intravenously, but only
after the surgeon stops ocular manipulation.
For pediatric strabismus surgery; however, some anesthesiologists administer intravenous atropine, 0.02 mg/kg,
before commencing surgery.36 Alternatively, glycopyrrolate,
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0.01 mg/kg administered intravenously, may be associated with
less tachycardia than atropine in this setting.

ANESTHETIC RAMIFICATIONS
OF OpHTHALMIC DRUgS
There is considerable potential for drug interactions during
5 administration of anesthesia for ocular surgery. Topical ophthalmic drugs may produce undesirable systemic effects or may have
deleterious anesthetic implications. Systemic absorption of topical ophthalmic drugs may occur from either the conjunctiva or the
nasal mucosa after the drainage through the nasolacrimal duct. In
addition, from spillover, some percutaneous absorption through
the immature epidermis of the premature infant may transpire.37
Occluding the nasolacrimal duct by pressing on the inner canthus
of the eye for a few minutes after each instillation greatly decreases
systemic absorption. Some of the potentially worrisome topical
ocular drugs include anticholinesterases, cocaine, cyclopentolate,
epinephrine, phenylephrine, and timolol. In addition, intraocular
sulfur hexafluoride and other intraocular gases have important
anesthetic ramifications. Furthermore, certain ophthalmic drugs
given systemically may produce untoward sequelae germane to
anesthetic management. Drugs in this category include glycerol,
mannitol, and acetazolamide.

anticholinesterase agents
Echothiophate, also known as phospholine iodide, is a long-acting
anticholinesterase miotic that lowers IOP by decreasing resistance
to the outflow of aqueous humor. It is used to treat glaucoma that
is refractory to other therapies and also to treat some children
with accommodative esotropia. It is absorbed into the systemic
circulation after instillation in the conjunctival sac. Any of the
long-acting anticholinesterases may prolong the action of succinylcholine because, after ≥1 month of therapy, plasma pseudocholinesterase activity may be <5% of normal. It is said, moreover,
that normal enzyme activity does not return until 4 to 6 weeks
after discontinuation of the drug.38 Hence, the anesthesiologist
should anticipate prolonged apnea after a usual dose of succinylcholine. In addition, a delay in metabolism of ester local anesthetics should be expected.

cocaine
Cocaine, introduced to ophthalmology in 1884 by Koller, has
limited topical ocular use because it can cause corneal pits and
erosion. However, as the only local anesthetic that inherently
produces vasoconstriction and shrinkage of mucous membranes,
cocaine has been used in nasal packs during dacryocystorhinostomy. The drug is so well absorbed from mucosal surfaces that
plasma concentrations are achieved that are comparable to those
after direct intravenous injection. Because cocaine interferes
with catecholamine uptake, it has a sympathetic nervous system
potentiating effect.
The usual maximal dose of cocaine used in clinical practice is
200 mg for a 70-kg adult, or 3 mg/kg. Although 1 g is considered to
be the usual lethal dose for an adult, considerable variation occurs.
Furthermore, systemic reactions may appear with as little as 20 mg.
Meyers39 described two cases of cocaine toxicity during dacryocystorhinostomy, underscoring that cocaine is contraindicated in hypertensive patients or in patients receiving drugs such

as tricyclic antidepressants or monoamine oxidase inhibitors. In
addition, sympathomimetics, such as epinephrine or phenylephrine, should not be given with cocaine.
Obviously, before administering cocaine or another potent
vasoconstrictor for dacryocystorhinostomy, the physician should
carefully search out possible contraindications. To avoid toxic
levels, doses of dilute solutions should be meticulously calculated and carefully administered. If serious cardiovascular effects
occur, labetalol should be used to counteract them.40 Beta blocking agents should not be administered in this situation owing
to the potential to exacerbate hypertension as a result of unopposed a-adrenergic stimulation. Labetalol offers the advantages
of combined a-blockade and b-blockade. In addition, labetalol
is preferable to esmolol because of its longer duration of action.
It is important to appreciate, however, that labetalol has not been
shown to reverse coronary artery vasoconstriction in humans.
In the setting of cocaine-associated chest pain and/or myocardial infarction, b-blockers should not be administered acutely.
Rather, nitroglycerin should be given.

cyclopentolate
Despite the popularity of cyclopentolate as a mydriatic, it is not
without side effects, which include CNS toxicity. Manifestations
include dysarthria, disorientation, and frank psychotic reactions.
Purportedly, CNS dysfunction is more likely to follow use of the
2% solution as opposed to the 1% solution. Furthermore, cases of
convulsions in children after ocular instillation of cyclopentolate
have been reported. Hence, for pediatric use, 0.5% to 1% solutions are recommended. At higher concentrations, cyclopentolate
also causes cycloplegia.

epinephrine
Although topical epinephrine has proved useful in some patients
with open-angle glaucoma, the 2% solution has been associated
with such systemic effects as nervousness, hypertension, angina
pectoris, tachycardia, and other dysrhythmias.41 Consequently,
dipivefrin hydrochloride, a prodrug of epinephrine formed by
the diesterification of epinephrine and pivalic acid, is often used
instead. The addition of pivaloyl groups to the epinephrine molecule enhances its lipophilic character, greatly facilitating its
penetration into the anterior chamber where it reduces aqueous
production and augments outflow. The prodrug delivery system
is a more efficient way of delivering the therapeutic benefits of
epinephrine, with less drug and with fewer side effects than conventional epinephrine therapy. Dipivefrin 0.1% is less irritating
than 1% or 2% epinephrine, and, unlike cholinergic agents used
to treat glaucoma, it does not produce miosis or accommodative
spasm. Dipivefrin should not be used, however, in patients with
narrow angles because any dilation of the pupil may trigger an
attack of angle-closure glaucoma.

phenylephrine
Pupillary dilation and capillary decongestion are reliably produced
by topical phenylephrine. Although systemic effects secondary to
topical application of prudent doses are rare,42 severe hypertension,
headache, tachycardia, and tremulousness have been reported.
In patients with coronary artery disease, severe myocardial
ischemia, cardiac dysrhythmias, and even myocardial infarction
may develop after topical 10% eye drops. Those with cerebral
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timolol and Betaxolol
Timolol, a nonselective b-adrenergic blocking drug, historically
has been a popular antiglaucoma drug. Because significant conjunctival absorption may occur, timolol should be administered
with caution to patients with known obstructive airway disease,
congestive heart failure, or greater than first-degree heart block.
Life-threatening asthmatic crises have been reported after the
administration of timolol drops to some patients with chronic,
stable asthma.43 The development of severe sinus bradycardia in a
patient with cardiac conduction defects (left anterior hemiblock,
first-degree atrioventricular block, and incomplete right bundle
branch block) has been reported after timolol.44 Moreover, timolol has been implicated in the exacerbation of myasthenia gravis45
and in the production of postoperative apnea in neonates and
young infants.46
In contrast to timolol, a newer antiglaucoma drug, betaxolol,
a b1-blocker, is said to be more oculospecific and have minimal
systemic effects.47 However, patients receiving an oral b-blocker
and betaxolol should be observed for potential additive effect
on known systemic effects of b-blockade. Caution should be
exercised in patients receiving catecholamine-depleting drugs.
Although betaxolol has produced only minimal effects in patients
with obstructive airway disease, caution should be exercised in the
treatment of patients with excessive restriction of pulmonary function. Moreover, betaxolol is contraindicated in patients with sinus
bradycardia, congestive heart failure, greater than first-degree
heart block, cardiogenic shock, and overt myocardial failure.

intraocular Sulfur hexafluoride
For a patient with a retinal detachment, intraocular sulfur hexafluoride or other gases, such as certain perfluorocarbons, may be
injected into the vitreous to facilitate reattachment mechanically.
The recommendations that follow do not apply to open-eye procedures, during which volume and pressure changes are readily
compensated for by fluid and gas leak.
Stinson and Donlon48 suggested terminating nitrous oxide
15 minutes before gas injection to prevent significant changes
in the size of the intravitreous gas bubble. The patient is then
given virtually 100% oxygen, or a combination of oxygen and
air (admixed with a small percentage of volatile agent), for the
balance of the operation without adversely affecting intravitreous
gas dynamics. Furthermore, if a patient requires reoperation and
general anesthesia after intravitreous gas injection, nitrous oxide
should be avoided for 5 days subsequent to air injection and for
10 days after sulfur hexafluoride injection49 (Table 48-3).
Perfluoropropane and octafluorocyclobutane may also be used
in vitreoretinal surgery to support the retina. Like sulfur hexafluoride, these gases are relatively insoluble and require discontinuance
of nitrous oxide at least 15 minutes before injection. By varying the

TAbLE 48-3. differential solubilities
of gases
Blood: Gas Partition Coefficients
Sulfur hexafluoride
Nitrogen
Nitrous oxide

0.004
0.015
0.468

concentration, volume, and type of gas used, bubbles can be produced that will last up to 70 days before being completely absorbed.
If the patient requires reoperation, it must be remembered that
perfluoropropane lingers in the eye for a protracted period.50 A
Medic-Alert bracelet might be helpful in these circumstances to
warn against administration of nitrous oxide during the window
of vulnerability. If nitrous oxide is administered during this interval, the bubble will rapidly expand, risking retinal and optic nerve
ischemia secondary to central retinal artery occlusion.

Systemic ophthalmic drugs
In addition to topical and intraocular therapies, various ophthalmic drugs given systemically may result in complications of
concern to the anesthesiologist. These systemic drugs include
glycerol, mannitol, and acetazolamide. For example, oral glycerol
may be associated with nausea, vomiting, and risk of aspiration.
Hyperglycemia or glycosuria, disorientation, and seizure activity
may also occur after oral glycerol.
The recommended intravenous dose of mannitol is 1.5 g/kg
given over a 30- to 60-minute interval. However, serious systemic
problems may result from rapid infusion of large doses of mannitol. These complications include renal failure, congestive heart
failure, pulmonary congestion, electrolyte imbalance, hypotension or hypertension, myocardial ischemia, and, rarely, allergic
reactions. Clearly, the patient’s renal and cardiovascular status
must be thoroughly evaluated before mannitol therapy.
Acetazolamide, a carbonic anhydrase inhibitor with renal
tubular effects, should be considered contraindicated in patients
with marked hepatic or renal dysfunction or in those with low
sodium levels or abnormal potassium values. As is well known,
severe electrolyte imbalances can trigger serious cardiac dysrhythmias during general anesthesia. Furthermore, people with
chronic lung disease may be vulnerable to the development of
severe acidosis with long-term acetazolamide therapy. Topically
active carbonic anhydrase inhibitors have been developed, are
now commercially available, and appear to be relatively free of
clinically important systemic effects.

pREOpERATIVE EVALUATION
establishing Rapport and
assessing medical condition
Preoperative preparation and evaluation of the patient begin with
the establishment of rapport and communication among the anesthesiologist, the surgeon, and the patient. Most patients realize that
surgery and anesthesia entail inherent risks, and they appreciate
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aneurysms may be susceptible to cerebral hemorrhage after
phenylephrine in this concentration. In general, a safe systemic
level follows absorption from either the conjunctiva or the nasal
mucosa after drainage by the tear ducts. However, phenylephrine
should not be given in the eye after surgery has begun and venous
channels are patent.
Children are especially vulnerable to overdose and may respond
in a dramatic and adverse fashion to phenylephrine drops. Hence,
the use of only 2.5%, rather than 10%, phenylephrine is recommended in infants and the elderly, and the frequency of application should be strictly limited in these patient populations.
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a candid explanation of potential complications, balanced with
information concerning probability or frequency of permanent
adverse sequelae. Such an approach also fulfills the medicolegal
responsibilities of the physician to obtain informed consent.
A thorough history of the patient and physical examination
are the foundation of safe patient care. Questionnaires, in lieu
of medical evaluation, lack sensitivity to detect pertinent medical
issues.51 A complete list of medications that the patient is currently taking, both systemic and topical, must be obtained so
potential drug interactions can be anticipated and essential medication will be administered during the hospital stay. Naturally,
a history of any allergies to medicines, foods, or tape should be
documented. Clearly, knowledge of any personal or family history of adverse reactions to anesthesia is mandatory. The requisite laboratory data vary, depending on the medical history and
physical status of the patient, as well as the nature of the surgical procedure. Indeed, the American Society of Anesthesiologists
(ASA) task force on preoperative evaluation concluded that routine preoperative tests are commonly not useful in assessing and
managing patients’ perioperative experience. In a more recent
multicenter study of cataract patients, for example, Schein et al.52
demonstrated that “routine” testing does not improve patient
safety or outcome. Some physicians and laypersons misinterpreted the results and conclusions of this investigation, believing that patients having cataract surgery need no preoperative
evaluation. It is vital to note that all patients in this trial received
regular medical care and were evaluated by a physician preoperatively. Patients whose medical status indicated a need for preoperative laboratory tests were excluded from the study. Clearly,
testing should be based on the results of the history and physical
examination. Because “routine” testing for the >1.5 million cataract operations in the United States is estimated to cost $150 million annually, the favorable economic impact of this “targeted”
approach is obvious.
Many elderly adult candidates for ophthalmic surgery are on
antiplatelet or anticoagulant therapy because of a history of coronary or vascular pathology. Such patients are at higher risk for
perioperative hemorrhagic events, including retrobulbar hemorrhage, circumorbital hematoma, intravitreous bleeding, and
hyphema. Traditionally, antiplatelet and anticoagulant medications were withheld for an “appropriate” length of time before
eye surgery. However, this strategy may increase the risk of such
adverse events as myocardial ischemia or infarction, cerebrovascular accident, and deep venous thrombosis. Several studies
exploring this controversial issue suggest that cataract and other
ophthalmic procedures can be safely performed under regional
anesthesia without discontinuing anticoagulants,53,54 especially
if the prothrombin time is approximately 1.5 times control.55 A
multicenter study of almost 20,000 cataract patients older than
50 years attempted to establish the risks and benefits of continuing aspirin or warfarin therapy.56 Despite the large population
studied, the rate of complications was so low that absolute differences in risk were minimal. Patients who continued therapy did
not have more ocular hemorrhage; those who discontinued treatment did not have a greater incidence of medical events. A recent
meta-analysis of 11 studies revealed that continuing warfarin
therapy for cataract patients was associated with an increased risk
of bleeding, but almost all were self-limiting and not clinically
relevant. No patient had bleeding-related compromise of visual
acuity.57 Nonetheless, it is critical to appreciate that these investigations focused specifically on cataract operations. Oculoplastic
or retinal surgery may be another matter.
Another area of potential concern involves patients whose coronary artery disease is being managed with drug-eluting stents.
Although bare-metal stents are susceptible to in-stent resteno-

sis, drug-eluting stents are more vulnerable to stent thrombosis,
a complication with a high mortality rate. Thus, patients with
drug-eluting stents are typically on dual antiplatelet therapy with
aspirin and clopidogrel for extended periods of time. Although
prospective trials are clearly needed, a conclusion that is emerging is that the risk of thrombotic complications in patients with
drug-eluting stents appears to heavily outweigh the risk of bleeding complications. Therefore, given current information, a convincing case can be made for continuing dual antiplatelet therapy
in the perioperative period and for delaying elective surgery for at
least 4 to 6 weeks after placement of a bare metal stent and for at
least 12 months after drug-eluting stent placement.57,58
Eye surgery patients are often at the extremes of age, ranging from premature babies with retinopathy of prematurity to
nonagenarians. Hence, special age-related considerations such
as altered pharmacokinetics and pharmacodynamics apply. In
addition, elderly patients frequently have multiple comorbidities
that include thyroid dysfunction, cardiopulmonary, and renal
diseases. Hypertension is encountered in the majority of geriatric patients. Those with poorly controlled blood pressure should
not receive dilating eye drops, such as phenylephrine, without
consulting an anesthesiologist. Systemic absorption of high concentrations (e.g., >2.5% phenylephrine) or improperly instilled
mydriatics can precipitate a hypertensive crisis with potentially
devastating consequences.
As our society becomes increasingly geriatric, the number of
ophthalmic surgery patients presenting with implanted cardiac
defibrillators (ICDs) and pacemakers grows. The theoretical possibility of eye injury from patient movement in the event of ICD
discharge during surgery exists. Although there is a broad spectrum of ophthalmic surgical procedures, the majority of cases use
minimal bipolar cautery. For some, such as clear-corneal cataract
surgery, no cautery is used. Thus, there is low risk of electromagnetic interference precipitating device discharge. Despite millions
of procedures performed each year, there have not been any case
reports of ICD activation during ophthalmic surgery and none of
the device manufacturers have documented such an incident.59,60
A retrospective survey of ophthalmic-anesthesia providers found
that >80% did not use a magnet to reprogram or inactivate an
ICD before surgery.60
Perioperative movement is a possible cause of patient eye
injury and potential anesthesiologist liability. An analysis of ophthalmic monitored anesthesia care (MAC) closed claims cases
that resulted in blindness or poor visual outcome found that
>80% were associated with inadequate anesthesia and/or patient
movement either during the block or intraoperatively.61 Cough,
orthopnea, and restlessness are the most common precipitators of
excessive motion. Intraoperative movement during general anesthesia may also induce dire visual consequences. Because most
ophthalmic surgical procedures are elective, should an enhanced
risk of perioperative movement be noted during the preoperative assessment, the prudent course may be to postpone surgery
until the patient is in optimal condition to remain relatively still,62
or to perform the procedure under general anesthesia. Deliberate patient selection is requisite in order to prescribe the optimal
anesthesia care plan.
The anesthesiologist must be aware of the anesthetic implications of congenital and metabolic diseases with ocular
manifestations. Diabetic patients often present with ocular complications, and the anesthesiologist must be knowledgeable about
the systemic disturbances of physiology that affect these patients.
Indeed, the list of congenital and metabolic diseases associated
with ocular pathologic effects that have important anesthetic
implications is lengthy. A partial summary includes syndromes
such as Crouzon, Apert, Goldenhar (oculoauriculovertebral
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anesthesia options
The requirements of ophthalmic surgery include safety, akinesia, analgesia, minimal bleeding, avoidance or obtundation of
the oculocardiac reflex, prevention of intraocular hypertension,
awareness of drug interactions, and a smooth emergence devoid
of vomiting, coughing, or retching (Table 48-1). Moreover, the
exigencies of ophthalmic anesthesia mandate that the anesthesiologist be positioned remote from the patient’s airway, sometimes
creating certain logistic problems.
6
A number of anesthetic options exist, including general
anesthesia, retrobulbar block, peribulbar anesthesia, sub-Tenon
(episcleral) block, topical anesthesia, and intracameral injection.
General anesthesia is administered for most children. Some adolescent and most adult patients can be cared for with regional or
topical anesthesia and MAC, with or without sedation. The choice
of anesthesia technique should be individualized on the basis of
the patient’s needs and preferences, the nature and duration of
the procedure, and the preferences and skills of the anesthesiologist and the surgeon.
Traditionally, the most commonly selected regional anesthetic
technique for cataract surgery had been the retrobulbar block.
Since the mid-1990s, peribulbar injection has surpassed retrobulbar block in popularity because of a relatively superior safety
profile. Recently, however, topical analgesia has become more
commonly used for cataract surgery in the United States (59% vs.
41% for block techniques),64 and sub-Tenon blocks have surged
in popularity in the United Kingdom and New Zealand.65 Anesthesia for adult patients undergoing retina surgery is still accomplished primarily with peribulbar or retrobulbar block,66 although
some surgeons prefer general anesthesia for certain patients.
More recently, anesthesiologists have had increasing interest in
administering ocular anesthesia, and workshops in ophthalmic
regional anesthesia are often conducted at major regional and
national meetings. Many ophthalmologists and administrators
encourage anesthesiologists to administer the blocks to facilitate
operating room efficiency.
When a regional anesthetic of the orbit is administered, either
by the anesthesiologist or the ophthalmologist, it is the responsibility of the anesthesiologist to monitor the patient’s vital signs,
electrocardiogram (ECG), and oxygen saturation. Sedation may
be administered before performance of the block and/or initiation of surgery. The anesthesiologist must be vigilant for the oculocardiac reflex, signs of brainstem anesthesia, and the need for
airway support or other interventions.

Side of anesthesia and Surgery
In an attempt to ensure proper patient, side, site, and procedure
selection, The Joint Commission (formerly known as the Joint
Commission on Accreditation of Healthcare Organizations)
held a “Wrong Site Summit” in May 2003 in which they developed a “Universal Protocol for Preventing Wrong Site, Wrong
Procedure, Wrong Person Surgery.” The policy is tripartite,
involving preoperative verification, marking of the intended
site, and a “time-out” immediately before the start of surgery.67
Patient involvement and effective communication are key
components.

Ophthalmologic surgery and regional anesthesia confer greater
risk than many other surgical procedures owing to the potential
for laterality errors. Patients (and medical staff) may be confused
as to the side, site, or actual procedure. Sedatives or anesthetic
agents may enhance the likelihood of error. Some patients, such
as children and infants, may lack the competence to intervene.
Similarity of names can be conducive to mistakes. Procedural factors may be contributory; a wrong side may be draped or prepared, a patient’s cap may obscure a clearly marked surgical site.
Human factors play a key role in the problem. Failure to crosscheck consent forms, patient charts, and patients, tragically, occasionally still occurs. Our distraction-rich environment, coupled
with dysfunctional oral/written communication, and lack of
proper adherence to safety protocols also play a role.

anesthesia techniques
More than 40 years ago, it was common for ophthalmic procedures to involve large ocular incisions. General endotracheal
anesthesia, with deep and sustained neuromuscular paralysis and
placement of sandbags to surround the patient’s head, were typical strategies to ensure perioperative immobility. In more recent
years, general anesthesia typically has been reserved for children
and adults who are unable to communicate, cooperate, or remain
suitably stationary. Although endotracheal anesthesia is necessary for patients at risk of aspiration, the laryngeal mask airway
(LMA) has been increasingly accepted as a means to secure the
airway in patients with no risk factors for aspiration who are having eye surgery with general anesthesia.68 The LMA is not only
safe and effective in this setting, but it also offers the advantage of
less increase in IOP on insertion and removal than is encountered
with an endotracheal tube.69 Similarly, less bucking and coughing
on emergence and during the recovery phase have been noted.70
Vigilance must be maintained, however, to detect initial misplacement or intraoperative displacement of the LMA. In addition, intraoperative laryngospasm in infants and neonates is not
uncommon with an LMA.

Retrobulbar and peribulbar Blocks
Needle-based ophthalmic regional anesthesia was first described
by Knapp71 in 1884. Then, in the early 20th century, Atkinson72
introduced the retrobulbar block. Retrobulbar block is a practical
means to achieve analgesia and profound akinesia of the globe.
The peribulbar block is a more recently introduced needle-based
technique that varies from the retrobulbar block in terms of the
depth and angulation of needle placement within the orbit. Traditionally, the four rectus muscles, along with connective tissue
septae, were believed to create a defined compartment known
as the orbital cone. This so-called cone extends from the rectus
muscle origins around the optic foramen at the apex of the orbit
to the attachment of the muscles to the globe anteriorly. Retrobulbar blocks are accomplished by directing a needle toward the
orbital apex with sufficient depth and angulation such that the
cone is penetrated (Figs. 48-4 and 48-5).73 Local anesthetic is then
instilled in the cone, behind the eye. Cadaveric dissections, however, have shown the fallacy of the classic concept of the cone.
There is no complete intermuscular septum encircling the rectus
muscles, linking them together to form an impermeable compartment behind the globe akin to the brachial plexus sheath in
the axilla.74
Ripart et al.75 clearly demonstrated that extraconal injections
of dye into cadaveric specimens diffused into the intraconal space,
and solutions placed within the cone distributed to the extraconal
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dysplasia), Sturge–Weber, Marfan, Lowe (oculocerebrorenal
syndrome), Down (trisomy 21), Wagner–Stickler, and Riley–
Day (familial dysautonomia). Other diseases in this category are
homocystinuria, myotonia dystrophica, and sickle cell disease.63
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FIgURE 48-4. Retrobulbar (intraconal) block and schematic representation of the intraorbital muscle cone.

FIgURE 48-6. Peribulbar (extraconal) block and schematic representation of the intraorbital muscle cone.

space. Thus, the peribulbar block is executed by directing a needle
to less depth and with minimal angulation, parallel to the globe,
toward the greater wing of the sphenoid bone (Figs. 48-6 and 48-7).
Local anesthetic instilled in this extraconal space will eventually
penetrate toward the optic nerve and other structures, establishing conduction anesthesia. The peribulbar block is theoretically
safer because the needle tip is kept at a greater distance from vital
intraorbital structures and brain.
A retrobulbar, or the so-called intraconal block, positions
local anesthetics deep within the orbit proximate to the nerves
and muscle origins. Thus, it requires low volume, has rapid
onset, and yields intense depth of anesthesia. The peribulbar, or
extraconal block, placed further from the optic and other orbital
nerves, requires larger volumes of local anesthetic and has longer
latency of onset. The needle entry point for both blocks is at the
same inferotemporal location. The junction of the lateral third
and medial two-thirds of the inferior orbital rim in line with the
lateral limbal margin has been the conventional access point.
However, locating the needle entry point more laterally may serve
to decrease the likelihood of injecting local anesthetics into the
delicate inferior rectus muscle. This is important because intramuscular injection of anesthetics has been postulated as a potential cause of postoperative strabismus.76 Medial approaches at the
caruncle have also been popularized more recently.77 Supplemen-

tation of anesthesia with an injection above the globe may not be
prudent because the preponderance of vessels lie in the superior
orbit. In addition, the belly of the superior oblique muscle and the
trochlear muscle can be encountered superonasally.
Katsev et al.78 demonstrated that the tips of commonly used
1.5-inch (38-mm) needles can reach critical structures in the
densely packed apex of the orbit in almost 20% of retrobulbar
blocks. Consequently, 1.25-inch (31-mm) needles are appropriate. Controversy exists over the advantages of sharp versus dull
needles. Dull needles may require more force to penetrate the
globe. However, sharp needles are less painful to insert and may
cause less damage in the face of inadvertent globe puncture.79 In
the past, patients were asked to gaze superonasally while a block
was conducted. Unsold et al.80 found that this maneuver caused
the optic nerve to stretch directly in the path of the incoming
needle during retrobulbar injection, exposing it to risk of needle
trauma. Patients should be instructed to maintain gaze in the
neutral position, leaving the optic nerve lax within the orbit in the
course of needle insertion.81 Elevations in IOP after a retrobulbar
block can be minimized by application of gentle noncontinuous
digital pressure or use of an ocular decompression device.82
Akinesia of the eyelids is obtained by blocking the branches of
the facial nerve supplying the orbicularis muscle. Lid akinesia is
often a direct consequence of the larger volume of local anesthetic

FIgURE 48-5. Needle placement for retrobulbar block.

FIgURE 48-7. Needle placement for peribulbar block.

used for peribulbar blocks. Retrobulbar blocks, in contrast, often
leave the orbicularis oculi fully functional. Thus, a facial nerve
block is performed in conjunction with retrobulbar block to
prevent squeezing of the eyelid that could result in extrusion of
intraocular contents during corneal transplantation, for example.
Since facial nerve block was first used for ophthalmic surgery by
Van Lint in 1914, numerous methods of facial nerve blockade
have been described. These techniques block the facial nerve after
its exit point from the skull in the stylomastoid foramen. Moving distally to proximally to the foramen, the techniques include
the Van Lint, Atkinson, O’Brien, and Nadbath–Rehman methods. Although each has advantages and disadvantages, the Nadbath–Rehman approach can potentially produce the most serious
systemic consequences. With this approach, a 27-gauge, 12-mm
needle is inserted between the mastoid process and the posterior
border of the mandibular ramus. Because of the proximity of the
jugular foramen (10 mm medial to the stylomastoid foramen) to
the injection site, ipsilateral paralysis of cranial nerves IX, X, and
XI can occur, producing hoarseness, dysphagia, pooling of secretions, agitation, respiratory distress, or laryngospasm. Moreover,
because the Nadbath–Rehman block produces complete hemifacial akinesia that interferes with oral intake, this approach is not
recommended for outpatients.
7
Complications associated with needle-based ophthalmic anesthetics may be local or systemic, and may result in blindness or
even death (Table 48-4). Bleeding may be superficial or deep, arterial or venous. Superficial hemorrhage may produce an unsightly
circumorbital hematoma. Retrobulbar hemorrhage, when arterially based, may produce precipitous bleeding and a palpable, dramatic increase in IOP, as well as globe proptosis and entrapment
of the upper lid. With the globe’s vascular supply in jeopardy,
the patient’s long-term ultimate visual acuity may be quickly
compromised. Consultation with an ophthalmologist should be
immediately sought, and fundoscopic examination, tonometric
measurement of IOP, ultrasound to assess presence/location of
blood, and even a lateral canthotomy may be warranted. Continuous ECG monitoring is indicated because the oculocardiac

TAbLE 48-4. ComPliCations of needlebased oPhthalmiC anesthesia
Stimulation of oculocardiac reflex arc
Superficial hemorrhage → circumorbital
hematoma
Retrobulbar hemorrhage ± retinal perfusion
compromise → loss of vision
Globe penetration ± intraocular injection →
retinal detachment, loss of vision
Trauma to optic nerve or orbital cranial nerves →
loss of vision
Optic nerve sheath injection → orbital epidural
anesthesia
Extraocular muscle injury, leading to
postoperative strabismus, diplopia
Intra-arterial injection, producing immediate
convulsions
Central retinal artery occlusion
Inadvertent brainstem anesthesia → contralateral
amaurosis, mydriasis, muscle paresis.
Neurocardiopulmonary compromise
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reflex may occur as blood extravasates from the muscle cone.
The decision to proceed with surgery in the presence of a mild or
moderate hemorrhage depends on numerous factors, including
the degree of bleeding, the nature of the planned ophthalmologic
surgery, and the patient’s condition.
Penetration of the sclera is a distinct, although rare, possibility with needle-based anesthesia techniques. Mechanical trauma,
with potential retinal detachment, and chemical injury to delicate
retina tissue caused by local anesthetics can occur. Blindness or
very poor vision may be the result. Globe puncture is defined as a
single entry into the eye, whereas perforation is caused by two fullthickness wounds—an entry and a subsequent exit. The globe’s
posterior pole is the most commonly penetrated area. Risk factors
for posterior pole needle injury include presence of an elongated
globe, recessed orb, and/or atypical-shaped eye. The anteroposterior distance of an eye may be long because of myopia or presence
of globe-enveloping intraorbital hardware such as a scleral buckle.
Some patients have an abnormal outpouching of the eye, termed
staphyloma. Most staphyloma are located at the posterior of the
globe, surrounding the juncture of the eye with the optic nerve. By
definition, a retrobulbar anesthetic is conducted by purposefully
angling the needle steeply and deeply within the orbit behind the
globe. If the globe is longer than one assumes, it is at greater risk of
penetration or puncture by the retrobulbar needle. In one study,
ultrasound detection determined that the tip of the needle, placed
in retrobulbar fashion, can be much closer to the posterior pole of
the globe than presupposed by physicians.83 Peribulbar anesthesia
entails shallower placement of the needle without directing the
needle inward toward the orbital apex; thus, it is associated with a
lower incidence of globe-needle injury. Be aware, however, that it
is still possible to engage the needle with sclera laterally.
The risk of penetrating the sclera with a needle is also inversely
proportional to the anesthesiologist’s education and experience. This notion is affirmed by several reports of globe injuries rendered by inadequately educated or trained personnel in
the early 1990s.84 In a survey of 284 directors of anesthesiology
and ophthalmology programs, no formal training or education
in ophthalmic regional anesthesia techniques was provided to
anesthesia residents in most academic programs.85 This survey
concluded that anesthesiologists who perform needle-based ophthalmic blocks should have knowledge of orbital anatomy and
the ocular risk factors that were noted previously. Thus, appropriate preanesthesia history-taking includes direct interrogation
concerning myopia or previous scleral buckle surgery, as both
imply increased globe length. Bayes et al.86 showed that a history
of correction for myopia as a child or young adult was both highly
sensitive and specific for having an elongated axial length. Physical examination of surface anatomy should note the position of
the globe within the orbit and whether enophthalmos is present.
A recessed eye is at greater risk of needle-tip misadventure. The
most important laboratory examination is the preoperative ultrasound. For patients undergoing cataract surgery, an ultrasound is
always performed to calculate the appropriate intraocular lens to
insert intraoperatively. In addition, it reveals the length and shape
of the eye. An axial length >26 mm confers greater risk of penetration or perforation. In the event that the ultrasound report is not
found in the patient’s chart, the anesthesiologist should inquire
about the results before embarking on a needle-based block.
In the future, portable real-time ultrasonography may have a
role in reducing the risk of penetrating injury (Fig. 48-8). The
eye is easily accessible, its geometry and surrounding elements
are relatively straightforward, and the tissue contents of the orbit
lack gas-filled or osseous structures, making this an ideal area for
ultrasonic imaging. Suitable transducers need to be developed
and machines need to be more readily available.87
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FIgURE 48-8. Ultrasound-guided block with overlay. (a) Globe.
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Brainstem anesthesia and inadvertent intravascular injection
of local anesthetics are two additional potentially devastating
consequences of needle-based ocular anesthesia. In the course of
accidental intravascular arterial injection, local anesthetics flow
from the needle via a branch of the ophthalmic artery in retrograde fashion to the internal carotid artery and then to the Circle
of Willis. Rapid redistribution of local anesthetic to the brain
results in immediate onset of convulsions. Cardiopulmonary
instability may also occur.
Although the incidence of brainstem anesthesia is rare, it is
even less common with peribulbar versus retrobulbar blocks.
Brainstem anesthesia is a consequence of the direct spread of
local anesthetic agents to the brain along the meningeal sheath
surrounding the optic nerve. In contradistinction to intra-arterial
injection, symptoms are typically not immediate. There is a continuum of sequelae dependent on the concentration and volume
of drug that gains access centrally, as well as the specific areas into
which the anesthetic spreads (Fig. 48-9). One case report described
the insidious onset of unconsciousness and apnea over 7 minutes,
without concomitant seizures or cardiovascular collapse.88 Nicoll
et al.89 reported 16 cases of apparently central spread of anesthetics in a series of 6,000 retrobulbar blocks. Eight patients developed respiratory arrest. Examination of the conscious patient’s
contralateral, nonblocked eye for amaurosis, mydriasis, and
extraocular muscle paresis may confirm the diagnosis of brainstem anesthesia. The abducens and oculomotor nerves are more
commonly affected than the superior oblique muscle’s trochlear
nerve. Other protean CNS signs may include violent shivering;
eventual loss of consciousness; apnea; and hemiplegia, paraplegia,
quadriplegia, or hyperreflexia. Blockade of cranial nerves VIII to
XII results in deafness, vertigo, vagolysis, dysphagia, aphasia, and
loss of neck muscle power. It is axiomatic that personnel skilled
in airway maintenance and ventilatory and circulatory support
should be immediately available whenever retrobulbar or other
needle-based anesthetic blocks are administered.

FIgURE 48-9. Base of the brain and the path that local anesthetic
agents might follow if inadvertently injected into the subarachnoid
space. This route includes the cranial nerves, pons, and midbrain.
(Reprinted from: Javitt JC, Addiego R, Friedberg HL, et al. Brain stem
anesthesia after retrobulbar block. Ophthalmology. 1987;94:718, with
permission.)

tages in certain circumstances over needle-based blocks.91 Imaging
studies have shown that local anesthetics instilled beneath Tenon
capsule spread into the posterior orbit.92 The block is accomplished by inserting a blunt cannula through a small incision in the
conjunctiva and Tenon capsule, also known as the episcleral membrane, with subsequent infusion of local anesthetics (Fig. 48-10).
Onset of analgesia is rapid. The ultimate extent of globe akinesia is
proportional to the volume of local anesthetic injected. One large
prospective study by Guise65 of 6,000 such blocks found this technique to be highly effective. Advantages, particularly for very myopic patients who have elongated axial lengths, include decreased

cannula-based techniques
Cannula-based ophthalmic regional anesthesia was first described
by Swan90 in 1956. The sub-Tenon block was rediscovered and
popularized in the 1990s as another practical means to achieve
analgesia and akinesia of the globe, while offering potential advan-

FIgURE 48-10. Sub-Tenon (episcleral) block with blunt cannula.
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topical analgesia
Ophthalmologists have also been returning to a technique that
was popularized during the early 1900s—the use of topical anesthetic agents, particularly when the surgical incision is being made
through clear cornea. Indeed, surface analgesia was the technique
of choice for cataract surgery until the evolution of effective needle-based methods of regional anesthesia and improved safety of
general anesthesia in the 1930s. Multiple advances in cataract surgery that have enabled faster operations, with greater control and
less trauma, have allowed ophthalmologists to re-examine the use
of topical anesthesia for this procedure. Phacoemulsification, with
its small incisions, is clearly the procedure of choice in using topical anesthesia; however, planned extracapsular procedures can
also be performed under topical anesthesia, thereby circumventing potential complications of peribulbar or retrobulbar block.
Fully anticoagulated patients may be excellent candidates
for topical analgesia, as are monocular patients who are spared
the trauma of prolonged local anesthetic–induced postoperative
amaurosis. Potential disadvantages of topical anesthesia include
eye movement during surgery, patient anxiety or discomfort,
and, rarely, allergic reactions. Patient selection is critical and
should be restricted to individuals who are alert and able to follow
instructions, and who can control their eye movements. Patients
who are demented or photophobic, or who cannot communicate,
are inappropriate candidates, as are those with an inflamed eye.
Similarly, patients with dense cataracts or with small pupils who
may require significant iris manipulation or those who need large
scleral incisions may be contraindicated for topical anesthesia.
Topical analgesia can be achieved with local anesthetic drops
or gels. Anesthetic gels produce greater levels of drug in the anterior chamber than equal doses of drops and may afford superior
surface analgesia.99 Intracameral injection of 0.1 to 0.2 mL of 1%
preservative-free lidocaine into the anterior chamber supplements the analgesic effects but may be deleterious to corneal

endothelium.100 Concerns about increased potential for postoperative endophthalmitis with gel-based topical analgesia exist
because gels might theoretically form a barrier to bactericidal
agents. Therefore, if administered, gels should be applied after
antiseptic solutions, taking care to apply anesthetic drops before
the use of caustic bactericidal preps.

choice of local anesthetics, Block
adjuvants, and adjuncts
Anesthetics for ocular surgery are selected on the basis of onset and
duration needed. Fast-onset, brief-duration local anesthetics are
optimal for procedures such as cataract surgery or pterygium excision. Longer-acting agents are indicated for lengthier operations
such as vitreoretinal surgery. Bupivacaine 0.75% concentration
has been shown to have potential to cause extraocular muscle toxicity. Lower concentrations do not have such a propensity.101 A
tradition of mixing different local anesthetics to produce a block
with shorter latency of onset, yet longer duration of effect, has
been a paradigm of ophthalmic anesthesia. Vasoconstrictors may
improve the quality of the block by delaying washout of drug from
the orbit. There is concern, however, that epinephrine, the most
common vasoconstrictor additive, may compromise retinal perfusion102; it is best avoided in patients with glaucomatous optic nerve
damage. The addition of clonidine 0.5 mg/kg to the local anesthetics in a retrobulbar block for vitreoretinal surgery prolongs the
duration of analgesia and reduces the frequency of postoperative
pain severe enough to require pharmacologic intervention.103
Sodium bicarbonate, morphine sulfate, and even vecuronium
have been used as local anesthetic adjuvants in ophthalmic surgery. Without question, however, hyaluronidase has been the
most popular ancillary agent used to modify ocular local anesthetic actions since it was introduced by Atkinson in 1949. It
acts by hydrolyzing hyaluronic acid, a natural substance that
binds cells together, keeping them cohesive. Thus, hyaluronidase increases tissue permeability, serves to promote dispersion
of local anesthetics through tissues within the orbit, reduces the
increase in orbital pressure associated with the volume of injected
anesthetics, and enhances the quality of orbital blockade. Furthermore, hyaluronidase may reduce the risk of local anesthetic–
induced extraocular muscle injury because clustered increases of
postoperative diplopia were reported after national shortages of
the drug in 1998 and 2000.104 Studies since that time have supported these findings.105 However, it is possible that many who
were administering orbital blocks may have modified their technique in response to the absence of hyaluronidase by placing needles deeper, using more injections, or depositing larger volumes
of local anesthetics.
Intravenous osmotic agents, such as mannitol and glycerin,
as well as carbonic anhydrase inhibitors can be given to reduce
vitreous volume and decrease IOP after they are artificially
increased by local anesthetics. Digital pressure to soften the globe
was described more than 50 years ago.106 Mechanical devices that
apply pressure to the globe were developed shortly thereafter; and
a number of these devices are commercially available. Essentially,
they are all variations on a ball, balloon, or bag theme. The Super
Pinky ball and the Honan IOP Reducer (The Lebanon Corporation, Lebanon, Indiana) are examples.82 Immediately after
administration of regional orbital anesthesia, the compression
device may be positioned on the eye for 5 to 20 minutes. Reduction of IOP to below baseline levels is not uncommon. However,
excessive pressure on the globe by these devices may impede
blood flow, causing ischemic optic neuropathy or central retinal artery occlusion, possibly leading to blindness.107 The Honan
device addresses this potentially catastrophic complication with a
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risk of posterior pole penetration or perforation because needles
are not placed into the posterior orbit.
After application of topical anesthetic, the episcleral space
can be accessed from all quadrants with blunt-tipped scissors;
however, the incision is most commonly made in the inferonasal
quadrant. The cannula is guided through the opening with the aid
of a toothless forceps. It is common for local anesthetics to leak
retrograde out of the incision site. Conjunctival bleeding, chemosis, and ballooning up of the conjunctiva are also common.
Fortunately, these are cosmetic issues that rarely affect outcome.
Guise65 estimated the incidence of minor hemorrhage to be <10%
and had to abandon only one case because of a large subconjunctival hemorrhage that was not sight-threatening. Thus, the subTenon block may be a prudent ocular anesthesia technique for
the anticoagulated patient at risk for retrobulbar hemorrhage.
Major complications of sub-Tenon anesthesia include globe
perforation,93 hemorrhage, rectus muscle trauma, postoperative strabismus, orbital cellulitis, and brainstem anesthesia.94
More complications are reported with longer (18 to 25 mm),
rigid, metallic cannulae. Shorter (12 mm), more flexible, plastic
cannulae may be preferable; however, they are associated with a
higher incidence of conjunctival hemorrhage and chemosis. Variations of sub-Tenon blocks include ultrashort cannulae (6 mm)
and needle-based episcleral block techniques95 A new technique of
an incisionless sub-Tenon’s block has been pioneered by Allman
et al.96 There has been a report of a death associated with a subTenon block, potentially secondary to central spread of local
anesthetic.97 However, the definitive pathogenesis remains an
enigma.98
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pneumatic bellows that maintains even compression of the globe
coupled to a manometric gauge that indicates a numeric value of
applied pressure. A safety valve limits the amount of inflation of
the bellows. With the increasing popularity of smaller incisions,
lower-profile prosthetic lenses, and topical analgesia for cataract
surgery, there is less need for IOP-reducing devices.

General principles of monitored anesthesia care
Many advocate the intravenous administration of an appropriate agent immediately prior to ocular regional anesthesia to
provide comfort and amnesia. Polypharmacy and deep sedation
in the form of high doses of opioids, benzodiazepines, and hypnotics may be unwise because of the pharmacologic vagaries in
the geriatric population and the attendant risks of respiratory
depression, airway obstruction, hypotension, CNS aberrations,
and prolonged recovery time. This undesirable technique has
all the disadvantages of a general anesthetic in the absence of an
endotracheal tube or LMA without the advantage of controllability that general anesthesia offers. After the block has been
performed, the patient should be relaxed but sufficiently responsive to avoid head movement associated with snoring or sudden
abrupt movement on awakening. Perioperative patient movement is a leading cause of patient eye injury and anesthesiologist liability.61 Clearly, patients under conscious sedation must
be capable of remaining relatively still, responding rationally
to commands, and maintaining airway patency. Undersedation
should likewise be avoided because tachycardia and hypertension
may have deleterious effects, especially in patients with coronary
artery disease. Moreover, patients with orthopedic deformities or
arthritis must be meticulously positioned and given comfortable
padding on the operating table. Adequate ventilation about the
face is essential to avoid carbon dioxide accumulation, particularly as supplemental oxygen can delay signs of desaturation.108
Use of exogenous oxygen can also contribute to surgical fire,
particularly during oculoplastic surgery performed with electrocautery. Consider air or mixed air/oxygen instead of oxygen
for these procedures. Tightly occluded drapes may also promote
accumulation of oxygen. In fact, burn injuries during facial surgery with supplemental oxygen account for nearly 20% of MAC
closed claims cases.61 Patients must be comfortably warm as the
hazards of shivering in patients having delicate eye surgery are
well known. Further, shivering causes a risk for patients with
coronary artery disease. Continuous ECG monitoring is vital, lest
performance of the retrobulbar block, pressure on the orbit, or
tugging on the extraocular muscles stimulates the oculocardiac
reflex arc and produces dangerous cardiac dysrhythmias. Likewise, pulse oximetry is essential. The adequacy of the sedated
patient’s ventilation should be assessed by clinical signs as well
as exhaled carbon dioxide. Unequivocally, MAC should reflect
“maximum anesthesia caution, not minimal anesthesiology
care.”109
Studies have confirmed that most cataract operations performed in the United States are conducted with the patient under
some form of local anesthesia (either retrobulbar, peribulbar,
sub-Tenon, or topical analgesia), with monitoring equipment
used in 97% of cases and an anesthesiologist present in 78% of
cases.110 An international survey of ophthalmologists reported
routine use of anesthesia-trained personnel in 96% and 97% of
cases in the United States and Australia, respectively.111 On the
other side of the spectrum, ophthalmologists from Malaysia and
Thailand had anesthesia monitoring 31% and 18% of the time,
respectively. Indeed, many anesthesiologists fear that the Centers
for Medicare and Medicaid Services will decide not to reimburse
for MAC for “routine” cataract cases.

An important study by Rosenfeld et al.112 assessed the need for
MAC in cataract surgery. These investigators prospectively studied the incidence and nature of interventions required by anesthesia personnel in 1,006 consecutive cataract operations (both
phacoemulsification and extracapsular techniques were included)
performed under peribulbar block. They also analyzed germane
information, including patient demographic data, medical history, and preoperative laboratory tests, for ability to predict those
patients at greatest risk for intervention. They found that 37% of
patients required some type of intervention and that, in general,
the majority of those interventions could not have been predicted
before surgery. Patients younger than 60 years required intervention in >60% of cases. The interventions ranged from minor
forms, such as verbal reassurance and hand holding, to administering such intravenous medications as supplemental sedation or
antihypertensive, pressor, or antiarrhythmic agents, or to providing respiratory assistance. Although hypertension, lung disease,
renal disease, and a diagnosis of cancer were related to interventions, these four conditions combined accounted for only a small
portion of the needed interventions. Moreover, although many of
the interventions were relatively minor, several were more serious,
and 30% of the interventions were considered (by the involved
anesthesia personnel) to be critical to the success of the operation.
The investigators concluded that MAC by qualified anesthesia
personnel is reasonable and justified and contributes to the quality
of patient care when cataract surgery is performed with local anesthesia. Fung et al.113 examined satisfaction scores for communitybased cataract surgery via topical anesthesia and discovered that
patients’ value and regard for the anesthesiologist’s role actually
increased from the preoperative to the postoperative interview. In
view of the fact that topical anesthesia produces analgesia that is
less profound and provides operating conditions that are less ideal
than regional or general anesthesia, it seems likely that anesthesia
care is equally appropriate to provide comfort, support, and indicated drugs for these patients as well. For both ethical and surgical
reasons, the ophthalmologist’s attention must not be distracted
from the microsurgical field.

ANESTHETIC MANAgEMENT
IN SpECIFIC SITUATIONS
General concepts and objectives
Most patients undergoing eye surgery are either younger than 10
years or older than 55 years. In children, operations on the ocular
adnexa, including lid surgery, repair of lacrimal apparatus, and
adjustment of extraocular muscles, are common. However, surgery on the anterior segment, such as cataract removal, glaucoma
procedures, and trauma repair, is not limited to the adult population. Nor are posterior segment operations such as scleral buckling and vitrectomy the exclusive domain of geriatrics.
Most ocular procedures demand profound analgesia but
minimal skeletal muscle relaxation. The airway must be protected from obstruction, and the anesthesiologist must work at
a distance—along with anesthetic apparatus—from the surgical field. The anesthesiologist and surgeon should agree on the
selection of local or general anesthesia. Additional preparation must include identification of underlying diseases, such as
asthma, diabetes mellitus, or nephropathy. The patient should
also be prepared emotionally for the recovery period, when he or
she may awaken with one or both eyes closed by bandages. This
preparation is important not only to spare the patient fear and

anxiety but to prevent much of the thrashing about that fright
might produce, to the detriment of the eye.
Preoperative sedation is chosen carefully and is usually administered intravenously immediately before surgery because most
ophthalmic procedures are performed on an ambulatory basis.
Except for strabismus correction, retinal detachment surgery,
and cryosurgery, ophthalmic procedures are usually associated
with little pain. Thus, the routine use of opioid premedication,
replete with emetic potential, is ill-advised. Rather, premedication should be prescribed with a view toward amnesia, sedation,
and antiemesis.
Analgesia and akinesia are then secured through either local or
general anesthesia, with careful attention paid to proper control
of IOP and to the possible appearance of the oculocardiac relex.
The anesthesiologist strives to provide a smooth intraoperative
course and to prevent coughing, retching, and vomiting, lest
harmful increases in IOP transpire that could hinder successful
surgery. If general anesthesia is elected, extubation of the trachea
should be accomplished before there is a tendency to cough. The
administration of intravenous lidocaine, 1.5 to 2 mg/kg, before
extubation of the trachea is helpful in attenuating coughing. If
the patient is deemed to be at extremely high risk for postoperative nausea and vomiting, prophylactic multimodal antiemetic
therapy may be selected in conjunction with total intravenous
anesthesia with propofol.

“open-Eye, Full-Stomach” Encounters
The anesthesiologist involved in caring for a patient with a penetrating eye injury and a full stomach confronts special challenges.
He or she must weigh the risk of aspiration against the risk of
blindness in the injured eye that could result from elevated IOP
and extrusion of ocular contents.
As in all cases of trauma, attention should be given to the
exclusion of other injuries, such as skull and orbital fractures,
intracranial trauma associated with subdural hematoma formation, and the possibility of thoracic or abdominal bleeding.
Although regional anesthesia is often a valuable alternative
for the management of trauma patients who have recently eaten,
this option had traditionally been considered contraindicated in
patients with penetrating eye injuries because of the potential to
extrude intraocular contents via pressure generated by injection
of local anesthetics. Nonetheless, some anecdotal case reports
of successful use of ophthalmic blocks in this setting have been
published.114 Recognizing that there are several distinct permutations of eye injuries, Scott et al.115 developed techniques to safely
block patients with select open-globe injuries. In a 4-year period,
220 disrupted eyes were repaired via regional anesthesia at Bascom Palmer Eye Institute. A signiicant number of injuries were
caused by intraocular foreign bodies and dehiscence of cataract
or corneal transplant incisions. Blocked eyes tended to have
more anterior, smaller wounds than those repaired via general
anesthesia. There was no outcome difference—that is, change of
visual acuity from initial evaluation until inal examination—
between the eyes repaired via regional versus general anesthesia.
Moreover, combined topical anesthesia and sedation for selected
patients with open-globe injuries has also been reported.116
Nonetheless, it is not always possible to determine the extent
of disruption preoperatively, and general anesthesia is typically
considered prudent in this setting. Preoperative prophylaxis
against aspiration may involve administering H2 receptor antagonists to elevate gastric luid pH and to reduce gastric acid production. Metoclopramide may be given to induce peristalsis and
enhance gastric emptying.
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Traditionally, an induction agent and nondepolarizing neuromuscular blocking drug technique was described as the method
of choice for the emergency repair of an open eye injury; the
nondepolarizing drug pancuronium in a dose of 0.15 mg/kg has
been shown to lower IOP. However, this method has its disadvantages, including risk of aspiration and death during the relatively
lengthy period—ranging from 75 to 150 seconds—during which
the airway is unprotected. Performance of the Sellick maneuver
during this interval may afford some protection. Furthermore, a
premature attempt at intubation of the trachea produces coughing, straining, and a dramatic rise in IOP, emphasizing the need
to conirm the onset of drug effect with a peripheral nerve stimulator while appreciating, nonetheless, that muscle groups vary in
their response to muscle relaxants. Moreover, the cardiovascular side effects of tachycardia and hypertension may prove worrisome in patients with coronary artery disease. Also, the long
duration of action of intubating doses of pancuronium may
mandate postoperative mechanical ventilation of the lungs. Intermediate-acting nondepolarizing drugs such as vecuronium have
briefer durations of action, and less dramatic, if any, circulatory
effects, but nevertheless have an onset of action similar to that of
pancuronium.
Several studies have explored the use of extremely large doses
of nondepolarizing muscle relaxants to accelerate the onset of adequate relaxation for endotracheal intubation. Using vecuronium
doses of 0.2 and 0.4 mg/kg, Casson and Jones117 found mean onset
times of 95 and 87 seconds, respectively. Ginsberg et al.118 found
that by increasing the vecuronium dose from 100 to 400 mg/kg the
corresponding times to endotracheal intubation decreased from
183 to 96 seconds.
Succinylcholine offers the distinct advantages of swift onset,
superb intubating conditions, and brief duration of action. If
administered after careful pretreatment with a nondepolarizing
drug and an induction dose of thiopental (4 to 6 mg/kg), succinylcholine produces only small increases in IOP.119 Although the
advisability of this technique has been debated vociferously, there
are no published reports of loss of intraocular contents from a pretreatment barbiturate–succinylcholine sequence when used in this
setting.120 Moreover, in 1993, McGoldrick121 pointed out that the
1957 watershed article of Lincoff et al.18 states: “Various communications have been received from ophthalmologists who have used
succinylcholine in surgery. This includes several reports of cases
in which succinylcholine was given to forestall impending vitreous prolapse only to have a prompt expulsion of vitreous occur.”
Under such desperate circumstances, it is extremely dificult to
attribute the expulsion of vitreous directly to succinylcholine.121
Rocuronium, with its purportedly rapid onset, may prove to
be a useful drug in these circumstances, provided adequate doses
(1.2 mg/kg intravenously) are administered. Unfortunately, it
has an intermediate duration of action that could be disadvantageous, compared with succinylcholine, in a patient with an unrecognized dificult airway. Sugammadex may provide a solution.
It is an oligosaccharide chelating agent that rapidly reverses the
effects of aminosteroid neuromuscular blocking agents, particularly rocuronium. Recovery of >90% train-of-four responses may
be accomplished in <120 seconds.122 Thus, in the future, a new
paradigm for the “open-globe, full-stomach” scenario may entail
rapid-sequence induction with high-dose rocuronium to achieve
swift onset of superb intubating conditions, followed by quick
termination of neuromuscular blocking effect by sugammadex if
the situation is encountered in which one cannot intubate or cannot ventilate.123 As of this writing, however, sugammadex has not
been approved for use in the United States.
It was hoped that rapacuronium, with its swift onset, would
emerge as a viable alternative to succinylcholine. However,
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rapacuronium is no longer available in the United States because
of its role in triggering intractable bronchospasm in some
patients. New ultrashort-acting nondepolarizing alternatives to
succinylcholine are currently undergoing clinical investigation in
human volunteers. One approach to the management of openeye, full-stomach situations is summarized by Baumgarten and
Reynolds,124 who wrote in 1985:
It may be possible to devise a combination of intravenous
anesthetics and nondepolarizing relaxants that totally
prevents coughing after rapid intubation. Until this combination is devised and confirmed in a large, controlled
double-blind series, clinicians should not apply the priming principle to the open eye-full stomach patient. Use of
a blockade monitor to predict intubating conditions may
be unreliable, since muscle groups vary in their response
to nondepolarizing relaxants. At this time, succinylcholine
with precurarization probably remains the most tenable
compromise in the open eye-full stomach challenge.
Patients with open-globe injuries requiring general anesthesia
whose airway assessment is reassuring may occasionally have a
contraindication to succinylcholine, such as malignant hyperthermia susceptibility, Duchenne muscular dystrophy, or certain
types of myotonia. These patients may be managed using appropriately large doses of a nondepolarizing neuromuscular blocker
to enable accelerated onset of paralysis and satisfactory intubating
conditions. Maintenance could then be accomplished with a total
intravenous anesthetic technique.
When confronted with a patient whose airway anatomy or
anesthetic history suggests potential difficulties, the anesthesiologist should consult with the ophthalmologist concerning the
probability of saving the injured eye. In selected instances, general
anesthesia may be avoided by using topical or regional anesthesia. If this approach is not feasible, awake fiberoptic laryngoscopy
and intubation may be the safest option, realizing that substantial
increases in IOP may occur if the patient gags or coughs. These
risks, which can be minimized by thorough topical anesthesia of
the airway, assume relative unimportance when balanced against
the risk of being unable to ventilate and oxygenate the patient.

Strabismus Surgery
Approximately 3% of the population has malalignment of the
visual axes, which may be accompanied by diplopia, amblyopia,
and loss of stereopsis (Table 48-5). Indeed, strabismus surgery is
the most common pediatric ocular operation performed in the
United States, and it entails a variety of techniques to weaken an
extraocular muscle by moving its insertion on the globe (recession) or to strengthen an extraocular muscle by eliminating a
short strip of the tendon or muscle (resection).
Infantile strabismus occurs within the first 6 months of life
and is often observed in the neonatal period. Although most
patients with strabismus are healthy, normal children, the incidence of strabismus is increased in those with CNS dysfunction
such as cerebral palsy and meningomyelocele with hydrocephalus. Moreover, strabismus may be acquired secondary to oculomotor nerve trauma or sensory abnormalities such as cataracts or
refractive aberrations.
In addition to the well-known propensity of strabismus surgery to trigger the oculocardiac reflex (previously discussed),
there is also an increased incidence of malignant hyperthermia in
patients with conditions such as strabismus or ptosis. This observation is consistent with the impression that people susceptible
to malignant hyperthermia often have localized areas of skeletal

muscle weakness or other musculoskeletal abnormalities. Other
aspects of strabismus surgery of interest to anesthesiologists
include succinylcholine-induced interference with the FDT and
an increased incidence of postoperative nausea and vomiting.
In formulating a surgical treatment plan for incomitant strabismus, ophthalmologists often find the FDT to be exquisitely
helpful in differentiating between a paretic muscle and a restrictive force preventing ocular motion. To perform the FDT, the
surgeon grasps the sclera of the anesthetized eye with a forceps
near the corneal limbus and moves the eye into each field of gaze,
concomitantly assessing tissue and elastic properties. This simple
test provides valuable clues to the presence and site of mechanical restrictions of the extraocular muscles and is most valuable in
patients who have previously undergone strabismus surgery, in
those who may have paralysis of one of the extraocular muscles,
and in those who have sustained orbital trauma.
France et al.125 quantitated the magnitude and duration of
change of the FDT after succinylcholine administration. They
demonstrated that quantification of the force necessary to
rotate the globe remained notably increased over control for 15
minutes, even though the rise in IOP and the skeletal muscle
paralysis lasted <5 minutes. Because succinylcholine interferes
with FDT, its use is contraindicated <20 minutes before testing. Hence, France et al.125 suggested performing the FDT on the
anesthetized patient either while mask inhalation anesthesia is
being administered, before intubation of the trachea; after intubation, facilitated by nondepolarizing neuromuscular blocking
drugs; or after intubation under moderately deep inhalation
anesthesia, unaided by succinylcholine. (As previously discussed,
succinylcholine is widely avoided in elective pediatric surgical cases as a result of the FDA warning of rare reports of acute
rhabdomyolysis, subsequent hyperkalemia, dysrhythmia, and
potential cardiac arrest.)
Eye movement under general anesthesia is well documented,
and in nonaligned eyes this tendency is augmented such that
divergent squints diverge more and convergent squints converge
less. Another recent report discloses that surgeons at a regional
eye teaching hospital in the United Kingdom who specialize in
strabismus surgery are increasingly requesting that, if the FDT is
being used, nondepolarizing neuromuscular blockade be incorporated into the anesthetic management so muscle tone is minimal or absent during testing.29
Once intubation of the trachea has been accomplished, anesthesia is commonly maintained with desflurane, sevoflurane or
isoflurane, nitrous oxide, and oxygen. The patient is carefully
monitored with a precordial stethoscope, ECG, blood pressure
device, pulse oximeter, end-tidal carbon dioxide measurement,
and temperature probe. If bradycardia occurs, the surgeon is
asked to discontinue ocular manipulation, and the patient’s ventilatory status and anesthetic depth are quickly assessed. If additional intravenous atropine is indicated, it is not given while the
oculocardiac reflex is active in case even more dangerous cardiac
dysrhythmias are triggered.
The LMA is gaining popularity for strabismus surgery in the
United States, provided the patient is not at risk for aspiration.
The laryngeal mask can be inserted without the use of muscle
relaxants, causes less hemodynamic perturbation, and is associated with less straining and coughing on removal.
Vomiting after eye muscle surgery is common, giving credibility to the existence of the oculogastric reflex. The administration of droperidol, 0.075 mg/kg at induction of anesthesia before
manipulation of the eye, has been shown to reduce the incidence
of vomiting after strabismus surgery to a clinically acceptable
level of approximately 10% without prolonging recovery time.126
Moreover, a lower dose of droperidol, 0.02 mg/kg intravenously,
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intraocular Surgery
Advances in both anesthesia and in technology now permit a level
of controlled intraocular manipulation that was not possible onequarter century ago (Table 48-5).
Proper control of IOP is crucial for such intraocular procedures as glaucoma drainage surgery, open sky vitrectomy, penetrating keratoplasty (corneal transplantation), and traditional
intracapsular cataract extraction. Before scleral incision (when
IOP becomes equal to atmospheric pressure), a low-normal IOP
is essential because abrupt decompression of a hypertensive eye
could result in iris or lens prolapse, vitreous loss, or expulsive

TAbLE 48-5. ConCerns with various
oCular ProCedures
Procedure

Concerns

Strabismus repair

Forced duction testing
Oculocardiac reflex
Oculogastric reflex
Malignant hyperthermia
Proper control of IOP
Akinesia
Drug interactions
Associated systemic disease
Oculocardiac reflex
Proper control of IOP
Nitrous oxide interaction
with air, sulfur
hexafluoride, or
perfluorocarbons

Intraocular surgery

Retinal detachment surgery

IOP, intraocular pressure.

choroidal hemorrhage. Available data have not demonstrated a
major difference in the rate of complications such as vitreous loss
and iris prolapse between local anesthesia and general anesthesia.
Many anesthetic techniques may be safely used for elective
intraocular surgery. If general anesthesia is selected, virtually any
of the inhalation drugs may be given after intravenous induction of anesthesia with a barbiturate or propofol, neuromuscular
blocking drug, and topical laryngeal lidocaine. Because complete
akinesia is essential for delicate intraocular surgery, nondepolarizing drugs are administered, followed by neuromuscular function monitoring to ensure a 90% to 95% twitch suppression
level during surgery. Because proper control of IOP is critical,
controlled ventilation of the lungs is used, along with end-tidal
carbon dioxide monitoring to ensure avoidance of hypercarbia.
Maximal pupillary dilation is important for many types of
intraocular surgery and can be induced by continuous infusion
of epinephrine 1:200,000 in a balanced salt solution, delivered
through a small-gauge needle placed in the anterior chamber.
Almost simultaneous with its administration, the drug is removed
by aspirating it from the anterior chamber. The iris usually dilates
immediately on contact with the epinephrine infusion, and drug
uptake is presumably limited by the associated intense vasoconstriction of the iris and ciliary body. However, epinephrine may
also be potentially absorbed by drainage through the canal of Schlemm into the venous system or by spillover of the infusion into
the conjunctival vessels or drainage to the nasal mucosa.
At the completion of surgery, any residual neuromuscular
blockade is reversed. On resumption of spontaneous ventilation,
the patient’s trachea is extubated (often in the lateral position)
with the patient still deeply anesthetized and after intravenous
administration of lidocaine to prevent coughing. Atropine and
neostigmine may be safely used to reverse neuromuscular blockade, even in patients with glaucoma because this combination of
drugs, in conventional doses, has minimal effects on pupil size
and IOP.

Retinal detachment Surgery
Surgery to repair retinal detachments involves procedures
affecting intraocular volume, frequently using a synthetic silicone band or sponge to produce a localized or encircling scleral
indentation (Table 48-5). Furthermore, internal tamponade of
the retinal break may be accomplished by injecting an expandable gas such as sulfur hexafluoride into the vitreous. Because of
blood gas partition coefficient differences, the administration of
nitrous oxide may enhance the internal tamponade effect of sulfur
hexafluoride intraoperatively, only to be followed by a dramatic
drop in IOP and volume on discontinuation of nitrous oxide.
The injected sulfur hexafluoride bubble, in the presence of concomitant administration of nitrous oxide, can cause a rapid and
dramatic rise in IOP, reaching a peak within 20 minutes48,49 (see
“Intraocular Sulfur Hexafluoride”). Because the resultant rise in
IOP may compromise retinal circulation, Stinson and Donlon48
recommended cessation of nitrous oxide administration 15 minutes before gas injection to prevent significant changes in the volume of the intravitreous gas bubble. Furthermore, Wolf et al.49
stated that if a patient requires anesthesia after intravitreous gas
injection, nitrous oxide should be omitted for 5 days after an air
injection and for 10 days after sulfur hexafluoride injection. In
cases in which perfluoropropane has been injected, the nitrous
oxide proscription should be in effect for longer than 70 days.
Alternatively, silicone oil, a vitreous substitute, may be injected to
achieve internal tamponade of a retinal break. Moreover, it should
be pointed out that cervicofacial subcutaneous emphysema and
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administered immediately after anesthetic induction in patients
with strabismus may decrease both the incidence and severity
of nausea and vomiting.127 Many physicians have stopped using
droperidol owing to the FDA “black box” warning. However, the
droperidol doses used for postoperative nausea and vomiting are
extremely low and unlikely to be associated with notable cardiovascular events. Indeed, considerable concern has been expressed
about the quality and quantity of evidence and the validity of the
FDA conclusion.128
Prophylactic intravenous administration of a serotonin receptor antagonist such as ondansetron, dolasetron, or granisetron
also appears to be efficacious. Combination therapy consisting
of one or two antiemetics, each with a different mechanism of
action, plus a glucocorticoid such as dexamethasone, has been
shown to be efficacious and safe in patients at high risk for postoperative nausea and vomiting.128 Moreover, a total intravenous
technique with propofol has also been associated with a low incidence of emesis after strabismus surgery.129 In addition, avoiding narcotics may be helpful, although a recent paper found no
difference in postoperative nausea or vomiting in children who
received a remifentanil–sevoflurane mixture versus sevoflurane
sans the narcotic.130 One study demonstrates that the nonopioid analgesic ketorolac, in a dose of 0.75 mg/kg intravenously,
provides analgesia comparable with that of morphine in pediatric patients with strabismus, but with a much lower incidence of
nausea and vomiting in the first 24 hours.131
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pneumomediastinum have been reported after the injection of
pressurized gas during retinal detachment surgery.132 Although
the precise mechanism of injury remains speculative, it was
hypothesized that the pressure indicator for the perfluorocarbon
gas injection may have malfunctioned.
It should be emphasized that resorption time is not always
uniform or predictable. For example, reports have appeared
where a 19-year-old woman with type 1 diabetes injected with
sulfur hexafluoride 25 days before subsequent surgery and a
37-year-old man with insulin-dependent diabetes injected with
perfluoropropane gas 41 days before subsequent surgery were
given nitrous oxide and developed central retinal artery occlusion and permanent blindness in the affected eye.133 Because the
pressure in the retinal arterial vessels is lower in patients with diabetes, the elderly, and those with atherosclerosis, these patients
are likely at higher risk for this devastating complication.134,135
The international distributors of medical-grade gases, in cooperation with the American distributors and the FDA, have begun
to provide hospital band-type warning bracelets for patients who
receive intraocular gas injection to alert health professionals to
the presence of the bubble and the need to avoid nitrous oxide
administration.
Retinal detachment operations are basically extraocular but
may briefly become intraocular if the surgeon elects to perforate
and drain subretinal fluid. Furthermore, rotation of the globe
with traction on the extraocular muscles may elicit the oculocardiac reflex, so the anesthesiologist must be vigilant about potential cardiac dysrhythmias. In addition, because it is desirable to
have a soft eye while the sclera is being buckled, intravenous
administration of acetazolamide or mannitol is common during
retinal surgery to lower IOP.
These patients are usually managed in the same manner as
those having intraocular surgery, except that maintenance of
intraoperative skeletal muscle paralysis is not as critical as during
intraocular surgery. Hence, inhalational anesthetics need not be
accompanied during surgery by nondepolarizing neuromuscular
blocking drugs.

principles of laser therapy
In 1957, in a laboratory at Columbia University, the first design
for the laser was born. The invention has revolutionized industry,
refined scientific measurements, provided therapy for countless
medical and surgical conditions, and inspired 13 Nobel Prizes.
The principle is based on the consequences of a photon meeting
an electron in an excited state. Sometimes the collision produces
a second photon that has the same color and direction as the
original. When repeated on a large scale, this process creates an
orderly beam of light. The term laser was coined to describe this
photon-cloning effect, and the acronym signifies light amplified
by stimulated emission of radiation.
Laser radiation has many notable properties. Because it is
monochromatic, all the photons have the same wavelength,
energy, and frequency. It is coherent, with all the photons in phase.
Moreover, laser radiation is collimated, so its beam is nondivergent. These properties allow the precision that is associated with
laser surgery. The amount of radiant energy (joules) absorbed by
tissues is the product of power (watts) multiplied by duration (seconds). Surgical lasers typically are used in either a continuous or
a pulsed mode.
The effect that a particular laser beam exerts on tissue depends
predominantly on its wavelength and power density. A specific
laser’s wavelength depends on its lasing medium, which also gives
the laser its name. In general, the longer the wavelength, the more

strongly absorbed the light. The converse is true; the shorter the
wavelength, the more scattered the light. The power of the laser
beam is converted to heat at a shallow depth. Coherent light of
high-power density excels in cutting or vaporizing tissue. Lowerpower densities are used to photocoagulate tissue and promote
hemostasis. Of course, another variable that can be manipulated
to produce a given effect is the duration of contact between laser
beam and tissue. Additional uses of lasers of low-power density
include the photoactivation of systemically administered dyes
to precisely treat localized disease sites, such as with age-related
macular degeneration.
Lasers are used to treat a wide spectrum of eye conditions,
including three of the most common causes of visual loss in the
United States: Diabetic retinopathy, glaucoma, and age-related
macular degeneration. Recently, the use of lasers expanded to
include the rapidly growing field of refractive surgery. Argon,
krypton, diode, dye-tuned, neodymium: Yttrium-aluminumgarnet (Nd:YAG), and excimer lasers are among those commonly
used for ophthalmic surgery. Owing to concern that indirect
exposure to laser energy could cause ocular damage to operating
room personnel, staff working with or near the laser wear protective goggles designed to block the particular wavelength of light
emitted by the laser in use.
The argon laser emits blue-green light with a wavelength of
approximately 488 to 515 nm (approximately 0.5 mm). This laser
has low maximum power and is easily transmitted by fiberoptic
bundles. Light from the argon laser is strongly absorbed by hemoglobin, melanin, and other pigments, rendering it useful in retinal detachment surgery to photocoagulate or cauterize pigment
epithelium and the adjacent neurosensory retina, thus creating
an adhesion between the retina and the “wall of the eye” to keep
the retina attached. This photocoagulative property of the argon
and similar lasers achieves its therapeutic effect in the treatment
of diabetic retinopathy by focal and controlled necrosis of a limited amount of ischemic retina. The argon laser is also used with
some efficacy to treat the late complications that can develop in
the natural history of retinal vein occlusion. Because emissions of
the argon laser can penetrate the cornea and lens, causing severe
retinal damage, personnel in the vicinity of the argon laser should
wear orange protective goggles.
The Nd:YAG, commonly called the YAG laser, emits light
in the infrared range (wavelength, 1,064 nm [1.06 mm]) and is
useful in posterior lens-capsule surgery. The Nd:YAG laser has
high-power density and is efficacious in creating an opening in
opacified posterior capsule membranes that develop in approximately one-third of cases after phacoemulsification or other
extracapsular cataract surgery. Personnel working in the vicinity
of this laser should wear green goggles and realize that their ability
to detect cyanosis will be impaired.
An excimer laser (sometimes, and more correctly, called an
exciplex laser) is a form of high-power, ultraviolet chemical laser
frequently used in delicate refractive surgery (LASIK), commonly
referred to as laser corrective surgery. The term excimer is short for
“excited dimer,” and exciplex is short for “excited complex.” An
excimer laser generally uses a combination of inert gas (argon,
krypton, or xenon) and a reactive gas (fluorine or chlorine).
Under appropriate conditions of electrical stimulation, a pseudomolecule called a dimer is generated, which can exist only in
an energized state and gives rise to laser light in the ultraviolet
range, typically with wavelengths of 125 to 200 nm. The ultraviolet light from an excimer laser is well absorbed by biologic
matter and organic compounds. Instead of burning or cutting
material, the excimer laser supplies enough energy to disrupt the
molecular bonds of surface tissue through ablation. This property
allows removal of exceptionally fine layers of surface material with
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pOSTOpERATIVE OCULAR
COMpLICATIONS
The incidence of eye injuries associated with nonocular surgery
is low. In a study by Roth et al.136 of 60,965 patients undergoing nonocular surgery from 1988 to 1992, the incidence of eye
injury was 0.056% (34 patients). Twenty-one of these 34 patients
sustained corneal abrasion, although other injuries included conjunctivitis, blurry vision, red eye, chemical injury, direct ocular
trauma, and blindness. Independent risk factors for greater relative risk of ocular injury were protracted surgical procedures,
lateral intraoperative positioning, head or neck surgery, general
anesthesia, and (for some unknown reason) surgery on a Monday. A specific mechanism of injury could be identified in only
21% of cases. In the ASA Closed Claims Study published in 1992
(which analyzed only cases involving litigation), eye injuries represented merely 3% of all claims, but the serious nature of some
of the injuries was reflected in large financial awards.137 Similar
to the findings of Roth et al., in the Closed Claims Study the specific mechanism of injury could be ascertained in only a minority of cases. Another Closed Claims Study published in 2004 and
examining injuries associated with regional anesthesia reported
that the proportion of regional anesthesia claims linked to eye
blocks increased from 2% in the 1980s to 7% in the 1990s.138
These injuries were typically permanent and related to the anesthesiologist’s block technique or patient movement. More than
half of the claims resulted in blindness. As sub-Tenon’s and topical anesthesia for cataract removal became more common, it was
thought that a reduction in claims would occur. This has not, in
fact, been the case.139
Although infrequent and often transient, eye injuries occasionally can result in blindness or more limited, but nonetheless
permanent, visual impairment. Postoperative complications after
nonocular surgery include corneal abrasion and minor visual disturbances, chemical injuries, thermal or photic injury, and serious
visual disturbances, including blindness. Serious injury may result
from such diverse conditions as acute corneal epithelial edema,
glycine toxicity and other visual disturbances associated with transurethral resection of the prostate, retinal ischemia, ischemic optic

neuropathy, cortical blindness, and acute glaucoma. It appears that
certain types of surgery, including complex spinal surgery in the
prone position; operations involving extracorporeal circulation;
and neck, nasal, or sinus surgery may increase the risk of serious
postoperative visual complications.

corneal abrasion
Although the most common ocular complication of general
anesthesia is corneal abrasion,140 the incidence varies widely,
depending on the perioperative circumstances. In a prospective
study, Cucchiara and Black141 found a 0.17% incidence of corneal abrasion in 4,652 neurosurgical patients whose eyes were
protected, whereas Batra and Bali140 one decade earlier reported
a 44% incidence of corneal abrasion when eyes were left unprotected and partly open. A more recent study of over 100,000 nonophthalmologic procedures found an incidence of 0.15% which
decreased to 0.079% following a teaching initiative.142 A variety
of mechanisms can result in corneal abrasion, including damage
caused by the anesthetic mask, surgical drapes, and spillage of
solutions. During intubation of the trachea, moreover, the end
of plastic watch bands or hospital identification cards clipped
to the laryngoscopist’s vest pocket can injure the cornea. Ocular
injury may also occur from loss of pain sensation, obtundation of
protective corneal reflexes, and decreased tear production during anesthesia. Therefore, it may be prudent to tape the eyelids
closed immediately after induction, and during mask ventilation
and laryngoscopy. In addition to taping the eyelids closed, applying protective goggles and instilling petroleum-based ointments
into the conjunctival sac may provide protection. Disadvantages
of ointments include occasional allergic reactions; flammability,
which may make their use undesirable during surgery around the
face and contraindicated during laser surgery; and blurred vision
in the early postoperative period. The blurring and foreign-body
sensation associated with ointments may actually increase the
incidence of postoperative corneal abrasions if they trigger excessive rubbing of the eyes while the patient is still emerging from
anesthesia. Even water-based (methylcellulose) ointments may
be irritating and cause scleral erythema. It would seem prudent,
therefore, to close the eyelids with tape during general anesthesia
for procedures away from the head and neck. For certain procedures on the face, ocular occluders or tarsorrhaphy may be indicated. Special attention should also be devoted to frequent checking of the eyes during procedures on a prone patient.
Patients with corneal abrasion usually complain of a foreignbody sensation, pain, tearing, and photophobia. The pain is typically exacerbated by blinking and ocular movement. It is wise to
have an ophthalmologic consultation immediately. Treatment
typically consists of the prophylactic application of antibiotic
ointment and patching the injured eye shut. Although permanent
sequelae are possible, healing usually occurs within 24 hours.

chemical injury
Spillage of solutions during skin preparation may result in
chemical damage to the eye. The FDA has reported serious corneal damage from eye contact with Hibiclens, a 4% chlorhexidine gluconate solution formulated with a detergent. Again, with
meticulous attention to detail, this misadventure is preventable.
Treatment consists of liberal bathing of the eye with balanced salt
solution to remove the offending agent. After surgery, it may be
desirable to have an ophthalmologist examine the eye to document any residual injury or lack thereof.
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almost no heating or change to neighboring tissue. These lasers
are usually operated with a pulse rate of around 100 Hz and a
pulse duration of 10 ns, although some may operate as high as
8 kHz and 30 ns.
Age-related macular degeneration is the most common cause
of blindness in the elderly and has become alarmingly prevalent.
The treatment of the generally more severe wet form of age-related
macular degeneration has interestingly progressed over the years
from the initial photocoagulation of the neovascular membrane
that develops in the central retina or macula. Cauterization obliterates this membrane, but can also damage the adjacent healthy
macular tissue. The next modality used to treat age-related macular degeneration was the cold laser to photoactivate an intravenously injected drug, verteporfin, which chemically changed on
light exposure of 693 nm in the presence of oxygen. By precisely
applying the cold laser light to the area of the neovascular membrane, the photoactivated verteporfin produced highly reactive
oxygen radicals and “selectively” necrosed the diseased tissue.
Because of ill effects on nearby healthy tissue, this approach has
been superseded by a more effective, nonlaser treatment with
intravitreous injection of monoclonal antibody drugs such as
ranibizumab (FDA-approved) or bevacizumab (off-label).
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photic injury
Direct or reflected light beams may permanently damage the eye.
For patients undergoing nonocular laser surgery, the potential for
serious injury to the cornea or retina from certain laser beams
requires that the patient’s eyes be protected with moist gauze pads
and metal shields, and that operating room personnel wear protective glasses. These goggles must be appropriately tinted for the
specific wavelength they are intended to block. Clear goggles may
be worn when working with the carbon dioxide laser, whereas
for work with the argon, Nd:YAG, or Nd:YAG-KTP (potassium
titanyl phosphate) laser, the goggles must be tinted orange, green,
and orange-red, respectively.

mild Visual Symptoms
After anesthesia, transient, mild visual disturbances such as photophobia or diplopia are common. Blurred vision in the early
postoperative period may reflect residual effects of petroleumbased ophthalmic ointments or ocular effects of anticholinergic
drugs administered in the perioperative period (see “Corneal
Abrasion”).
In contrast, the complaint of postoperative visual loss is rare
and is cause for alarm. Several of the following conditions may
be associated with visual loss after anesthesia and surgery, and
should be included in the differential diagnosis: Hemorrhagic
retinopathy, retinal ischemia, retinal artery occlusion, ischemic
optic neuropathy, cortical blindness, and acute glaucoma.

hemorrhagic Retinopathy
Retinal hemorrhages that occur in otherwise healthy people
secondary to hemodynamic changes associated with turbulent
emergence from anesthesia or protracted vomiting are termed
Valsalva retinopathy. Fortunately, these venous hemorrhages are
usually self-limiting and resolve completely in a few days to a few
months.
Because no visual changes occur unless the macula is involved,
most cases are asymptomatic. However, if bleeding into the optic
nerve occurs, resulting in optic atrophy, or if the hemorrhage
is massive, permanent visual impairment may ensue. In some
instances of massive hemorrhage, vitrectomy may offer some
improvement.
Retinal venous hemorrhage has also been described after
injections of local anesthetics, steroids, or saline into the lumbar
epidural space, and these cases have been summarized by Purdy
and Ajimal.143 The patients all received large injections (≥40 mL)
into the epidural space, and they subsequently developed blurry
vision or headaches. On funduscopic examination, retinal hemorrhage was consistently observed. Eight of the nine patients
described had complete recovery. It is believed that the hemorrhage is produced by rapid epidural injection, which causes a sudden increase in intracranial pressure. This increase in cerebrospinal fluid pressure causes an increase of retinal venous pressure,
which may cause retinal hemorrhages. It is possible that obesity,
hypertension, coagulopathies, pre-existing elevated cerebrospinal
fluid pressure (as seen in pseudotumor cerebri), and such retinal vascular diseases as diabetic retinopathy may be risk factors.
Caution is recommended when injecting drugs or fluid into the
epidural space; a slow injection rate and using the minimal volume necessary to accomplish the desired objective are strongly
recommended.

Retinal bleeding may also originate from the arterial circulation. This bleeding may be associated with extraocular trauma.
Funduscopic examination shows cotton–wool exudates, and this
condition is known as Purtscher retinopathy. Purtscher retinopathy
should be ruled out when a trauma patient complains of postanesthetic visual loss. This condition is associated with a poor prognosis, and most patients sustain permanent visual impairment.

Retinal ischemia
Retinal ischemia or infarction may also result from direct ocular trauma secondary to external pressure exerted by an illfitting anesthetic mask, especially in a hypotensive setting, and
from embolism during cardiac surgery, or from the intraocular
injection of a large volume of sulfur hexafluoride or other gases
in the presence of high concentrations of nitrous oxide. It may
also result from increased ocular venous pressure associated with
impaired venous drainage or elevated IOP.
The importance of carefully positioning patients and scrupulously monitoring external pressure on the eye cannot be overemphasized, especially when the patient is in the prone or jackknife position. When the head is dependently positioned, venous
pressure may be elevated. If external pressure is applied to the
globe from improper head support, perfusion pressure to the eye
is likely to be reduced. An episode of systemic hypotension in this
setting could further decrease perfusion pressure and thereby
decrease intraocular blood flow, resulting in possible retinal
ischemia.
It is imperative that a padded or foam headrest be used
for procedures done with patients in the prone position. The
patient’s eyes must be in the opening of this headrest and they
must be checked at frequent intervals for pressure. Alternatively,
Mayfield tongs can be used. During some spine procedures, a
steep head-down position may be used to decrease venous bleeding and enhance surgical exposure. This position, in combination with deliberate hypotension and infusion of large quantities
of crystalloid, may increase the risk of compromising the ocular
circulation. It seems prudent to avoid combining these three risk
factors to any significant degree.
Central retinal arterial occlusion and branch retinal arterial
occlusion are important, and frequently preventable, causes of
postoperative visual loss. Most case reports follow spinal, nasal,
sinus, or neck surgery, as well as after coronary artery bypass
graft (CABG) surgery. In addition to external pressure on the eye,
causes can include emboli from carotid plaques or other sources,
as well as vasospasm or thrombosis after radical neck surgery
complicated by hemorrhage and hypotension, and after intranasal injection of a-adrenergic agonists. Several cases have followed
intra-arterial injections of corticosteroids or local anesthetics in
branches of the external carotid artery, with possible retrograde
embolization to the ocular blood supply.144 Mabry145 suggested
that the mechanism of injury involves positioning the needle
intra-arterially to produce retrograde flow into the branches of
the ophthalmic artery, and the perfusion pressure that must be
overcome during the injection. Therefore, when injecting in the
nasal and sinus areas, topical vasoconstrictors should be applied
to decrease the size of the vascular bed, and a small (25-gauge)
needle on a low-volume syringe should be used to minimize
injection pressure. Moreover, because some cases have followed
injections of corticosteroids combined with other drugs, it is
believed that this practice may predispose to formation of drug
crystals and therefore should be discouraged.
In cases of central retinal arterial occlusion, signs of eye injury
including proptosis, chemosis, hyphema, corneal abrasion, and lid

bruising are apparent. Pathognomonic findings on funduscopic
examination reveal a pale, edematous retina and a cherry-red spot.
Platelet-fibrin, cholesterol, calcific, or crystalloid emboli may be
found in narrowed retinal arterioles. Embolic or arteritic causes
may be discovered via echocardiogram, carotid ultrasound, and
temporal artery biopsy. Computed tomography (CT) and magnetic resonance imaging (MRI) studies are negative.
Prevention is much more successful than treatment. It may be
possible to apply ocular massage (contraindicated if glaucoma is
a possibility) to dislodge an embolus to more peripheral sites, and
intravenous acetazolamide and 5% carbon dioxide inhalation have
been used to increase retinal blood flow. The prognosis, however,
typically is poor, and approximately 50% of patients with central
retinal arterial occlusion eventually have optic atrophy.

ischemic optic neuropathy
Ischemic optic neuropathy in the nonsurgical setting is the most
common cause of sudden visual loss in patients older than 50 years,
and it may be either arteritic or nonarteritic. Our discussion is
limited to postoperative ischemic optic neuropathy and contrasts
the similarities and differences between anterior ischemic optic
neuropathy and posterior ischemic optic neuropathy. Because
of a perceived increase in the incidence of postoperative visual
loss since the mid-1990s, the Committee on Professional Liability of the ASA established the Postoperative Visual Loss Database
on July 1, 1999, to better identify associated risk factors so these
tragic complications might be prevented in the future.146 Because
the incidence of postoperative vision loss after spine surgery in
the prone position is estimated to range from 0.017% to 0.1%,
and the condition can occur in healthy individuals of all ages, it
would seem prudent to discuss this potential complication preoperatively with the patient during the informed consent process.

anterior ischemic optic neuropathy
Although the multifactorial pathophysiology of anterior ischemic optic neuropathy has not been completely established, it is
believed to involve temporary hypoperfusion or nonperfusion
of the vessels supplying the anterior portion of the optic nerve,
although intra-axonal edema and disturbed autoregulation to
the optic nerve head may also play a role.144 Coexisting systemic
disease, especially involving the cardiovascular system and (to
a lesser extent) the endocrine system, is common in patients in
whom anterior ischemic optic neuropathy develops. Male gender
also strongly predominates. Other risk factors for postoperative
anterior ischemic optic neuropathy include CABG and other thoracovascular operations, as well as spinal surgery. Although massive bleeding, anemia, and hypotension are commonly described
intraoperative risk factors, a retrospective survey of surgeons
who perform spinal fusion surgery disclosed that hypotension
and anemia were equally prevalent in patients in whom ischemic
optic neuropathy developed and in those in whom it did not.147
Other possible risk factors are increased IOP or orbital venous
pressure. Although emboli may also play a role, anterior ischemic
optic neuropathy is not usually caused by emboli because emboli
preferentially lodge in the central retinal artery rather than in the
short posterior ciliary arteries that supply the anterior optic nerve.
Increased IOP caused by extrinsic compression of the eye
decreases retinal blood flow that can produce both retinal and
optic nerve injuries. Moreover, increased IOP can result from
large infusions of crystalloid when the head is steeply dependent,
as during many spinal operations.148 Increased orbital venous
pressure results in a decreased perfusion pressure gradient to
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the optic nerve head. Interestingly, one patient who had ischemic optic neuropathy despite perioperative normotension had
marked facial edema after surgery of protracted duration.148 Similarly, a study in cardiac surgery patients revealed that increases
in IOP correlated with the degree of hemodilution and the use
of crystalloid priming solution.149 Patients with anterior ischemic
optic neuropathy were more likely to have significant weight gain
within 24 hours of open heart surgery, again suggesting the role
of elevated ocular venous pressure in impeding blood flow to the
optic nerve.
According to Roth and Gillesberg,144 a complex interaction of
factors such as ocular venous pressure, hemodilution, hypotension, release of endogenous vasoconstrictors, and individual risk
factors such as atherosclerosis and aberrant optic nerve circulation may be implicated in the development of anterior ischemic
optic neuropathy. Therefore, specific recommendations for preventative strategies are elusive. Clearly, however, external pressure
on the eyes must be meticulously avoided. It also seems prudent
to minimize time in the prone position when the head is notably
dependent. In patients with pre-existing cardiovascular disease,
significant hypertension, or glaucoma, it seems advisable to maintain systemic blood pressure as close to baseline as possible.144
Patients with anterior ischemic optic neuropathy typically
have painless visual loss that may not be noted until the first
postoperative day (or possibly later), an afferent pupillary defect,
altitudinal field defects, and optic disc edema or pallor. MRI or
CT initially shows enlargement of the optic nerve. However, optic
atrophy is detected by MRI later.
The prognosis for anterior ischemic optic neuropathy varies
but is often grim. Although there is no recognized treatment for
anterior ischemic optic neuropathy, Williams et al.150 reviewed
the various therapies that may be instituted. These include intravenous acetazolamide, furosemide, mannitol, and steroids. Maintaining the head-up position could be helpful if increased ocular
venous pressure is operative. Surgical optic nerve sheath fenestration or decompression is not only ineffective, but may actually be
harmful.151

posterior ischemic optic neuropathy
The posterior optic nerve has a less luxuriant blood supply than
the anterior optic nerve. Most perioperative ION cases associated with spine surgery occur in the posterior optic nerve where
there is poor collateral flow, rendering the nerve vulnerable to
prolonged pathophysiologic changes in blood flow. In contrast to
anterior ischemic optic neuropathy, relatively few cases have been
reported after CABG, and posterior ischemic optic neuropathy
appears to be less related to coexisting cardiovascular disease. As
with anterior ischemic optic neuropathy, male patients outnumber female patients substantially. Many cases have been associated with surgery involving the neck, nose, sinuses, or spine. In
approximately one third of cases reported, facial edema has been
noted.144 Approximately 11% of cases were associated with cardiopulmonary bypass procedures.
Posterior ischemic optic neuropathy is produced by reduced
oxygen delivery to the retrolaminar part of the optic nerve. Compression of the pial vessels (supplied by small collaterals from the
ophthalmic artery) or embolic phenomena have been postulated
to produce ischemia.144
A hypoxic insult in this region results in a slower development
of ischemic damage so a symptom-free period often precedes the
loss of vision. In some patients, the onset of symptoms may be
delayed several days. Typical findings include an afferent pupillary defect or nonreactive pupil. Disc edema is not a feature of
posterior ischemic optic neuropathy because of its retro-orbital
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position. CT scan in the early postoperative period may reveal
enlargement of the intraorbital portion of the optic nerve. Bilateral blindness is more common with posterior ischemic optic
neuropathy than with anterior ischemic optic neuropathy, possibly indicating involvement of the optic chiasm. Concomitant
disease of the eye or ocular blood supply may be related to posterior ischemic optic neuropathy.144 Some cases may show partial
improvement spontaneously, but often no improvement is noted.
Steroids may be considered for treatment. Preventive strategies
are as outlined for anterior ischemic optic neuropathy.
A review of the first 6 years of cases submitted to the ASA Postoperative Visual Loss Registry found that spinal surgery patients
at greatest risk for ischemic optic neuropathy and visual compromise include those with predisposing patient-specific factors, surgery exceeding 6 hours’ duration, and blood loss of more than a
liter.152 In the 83 reported cases, there was no causative evidence of
traumatic eye injury from edema or direct pressure on the globe.
Mean blood pressures and hematocrits varied widely among
those who developed postoperative blindness. However, 34% of
cases had the lowest mean arterial blood pressure or systolic blood
pressure ≥40% below baseline, and in only 6% of cases were the
mean arterial or the systolic pressures <20% below baseline. The
ASA practice advisory for perioperative visual loss associated with
spine surgery concludes that there is no established “transfusion
threshold” and that deliberate intraoperative hypotension during surgery has not been proven as contributory to postoperative
loss of vision.153 The consultants and specialty society members,
however, expressed concern about the use of deliberate hypotension in high-risk patients and recommended that the use of this
technique be determined on a case-by-case basis. Further, they
recommended that high-risk patients should be positioned so
that their heads are level with or higher than the heart, if possible.
Patients’ heads should be maintained in a neutral forward position, avoiding neck flexion, extension, lateral flexion, or rotation,
if at all possible. Finally, consideration should be given to using
staged spine procedures, in order to avoid excessively protracted
periods in the prone position, for high-risk patients.
In 2012, the first multicenter study to identify risk factors for
ION patients compared with patients without ION after prone
spinal fusion surgery using detailed perioperative data was published.154 Cases with anterior and posterior ION were combined.
After multivariate analysis, risk factors for ION after spinal fusion
surgery included male sex, obesity, Wilson frame use, prolonged
anesthesia duration, greater estimated blood loss, and lower percent colloid administration. No statistically significant independent
effect on ION of older age, hypertension, atherosclerosis, smoking,
or diabetes was identified. These recent findings suggest that the etiology of ION may be more heavily influenced by intraoperative factors than by any known preexisting comorbidities or vasculopathy.
Fully half of the risk factors strongly support the speculation that
acute venous congestion of the optic canal is a potential contributor to ION in this setting.155 Perhaps over time, investigators will
be able to determine what role, if any, an inflammatory response,
either locally or systemically, plays in the genesis of ION.155

cortical Blindness
Brain injury rostral to the optic nerve may cause cortical blindness. The impairment is produced by damage to the visual path
beyond the lateral geniculate nucleus or the visual cortex in the
occipital lobe. Similar to anterior ischemic optic neuropathy,
cortical blindness is a significant concern in patients undergoing
CABG, and systemic disease is often present. Emboli and sustained, profound hypotension are common causes. Other events

implicated in the pathophysiology include cardiac arrest, hypoxemia, intracranial hypertension, exsanguinating hemorrhage,
vascular occlusion, thrombosis, and vasospasm.
Differential diagnostic features include a normal optic disc
on fundoscopy and normal pupillary responses. There is, however, loss of optokinetic nystagmus with normal eye motility. CT
and MRI are helpful in delineating the extent of brain infarction
associated with cortical blindness. Occipital lesions are frequently
bilateral and CT findings typically indicate posterior cerebral
artery thrombosis, basilar artery occlusion, posterior cerebral
artery branch occlusion, or watershed infarction. Lesions after
CABG often include the parieto-occipital area.
Whereas most cases of ischemic optic neuropathy do not
improve significantly or completely, visual recovery from cortical
blindness in previously healthy patients may be considerable but
prolonged. Preventive strategies include maintenance of adequate
systemic perfusion pressure and, in cardiac surgery, minimizing
manipulation of the aorta, meticulous removal of air and particulate matter during valvular procedures, and use of an arterial line
filter in selected patients during bypass.

acute Glaucoma
Although topical application of such mydriatic drugs as atropine and scopolamine is contraindicated in patients with known,
chronic glaucoma, the systemic use of anticholinergics in usual
premedicating doses is safe for glaucomatous eyes. The use of an
atropine–neostigmine combination for reversal of neuromuscular blockade is also safe in patients with glaucoma. Topical
ophthalmic medications that are being administered to control
glaucoma should be continued through the perioperative period.
Acute angle-closure glaucoma typically occurs spontaneously but has been reported, albeit rarely, after both spinal and
general anesthesia. Acute angle-closure glaucoma caused by
pupillary block is a serious, multifactorial disease. Risk factors
include genetic predisposition, shallow anterior chamber depth,
increased lens thickness, small corneal diameter, female gender,
and advanced age. One study156 explored possible precipitating
events in at-risk patients and found no evidence that the type of
anesthetic agent, the duration of surgery, the volume of parenteral fluids, or the intraoperative blood pressure were related to
the development of acute angle-closure glaucoma.
Despite its seriousness, acute angle-closure glaucoma may be
difficult to recognize.157 However, physicians should be knowledgeable about this potential complication because diagnostic
delay may detrimentally affect visual outcome and cause permanent optic nerve damage. Fazio et al.158 recommended that the
preoperative evaluation include a thorough ocular history and a
penlight examination to detect a shallow anterior chamber. Those
patients considered at risk should then undergo a preoperative
ophthalmic evaluation and perioperative miotic therapy. After
surgery, these patients should be scrupulously watched for red
eye or a fixed dilated pupil, as well as for complaints of pain and
blurred vision. Acute glaucoma is a true emergency, and ophthalmologic consultation should be secured immediately to acutely
decrease IOP with systemic and topical therapy. The intense periorbital pain typically described by these patients is an important
aid in differential diagnosis.

postcataract ptosis
Ptosis after cataract surgery is not uncommon, and multiple factors have been implicated in its etiology.159,160 These include the

presence of a pre-existing ptosis, injection of anesthetic solution
into the upper lid when performing facial nerve block, retrobulbar injection, injection of peribulbar anesthesia through the upper
eyelid at the 12-o’clock position, ocular compression or massage,
the eyelid speculum, placement of a superior rectus bridle suture
with traction on the superior rectus–levator complex, creation of
a large conjunctival flap, prolonged or tight patching in the postoperative period, and postoperative eyelid edema. Feibel et al.159
believed that the development of postcataract ptosis is multifactorial and that no single aspect of cataract surgery is the sole contributor. More recently, Taylor et al.160 used MRI immediately
after diagnosis of diplopia in four patients who received peribulbar block. They found peribulbar edema consistent with direct
local anesthetic–induced myotoxicity after presumed inadvertent
intramuscular injection. Although local anesthetics are clearly
myotoxic, the local anesthetic injection cannot be isolated as the
primary factor because postsurgical ptosis is also seen in patients
undergoing surgery with general anesthesia.
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