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Ophthalmic surgery is one of the most common surgical procedures requiring

anesthesia in developed countries. Ophthalmic anesthesia offers insights into

some fundamental principles of good anesthetic practice, especially in the

conduct of local and regional blocks.

Clinical strategies to minimize patient movement during eye surgery are

essential. Historically, eye surgeons favored general anesthesia (GA), which

usually provided akinesia (through neuromuscular blockade) and low

intraocular pressure. However, these conditions are not always achieved under

GA. A closed claim analysis by Gild and coworkers found that 30% of eye injury

claims associated with anesthesia involved the patient moving during

ophthalmic surgery, with most incidents occurring under GA. While

perioperative morbidity and mortality rates associated with eye surgery (eg,

cataract extraction) are low, patients having cataract surgery tend to be older

and to have signi�cant comorbidities. For this reason, systematic preoperative

evaluation should be performed to consider whether a patient is eligible for a

GA and surgery.

Appropriate anesthetic management contributes to the success or failure of

ophthalmic surgery. Quicker patient rehabilitation and fewer complications in

this patient population are the main reasons why many ophthalmic surgeons

are now choosing local anesthesia (LA) over GA.

Traditionally, the gold standard of eye blocks was retrobulbar anesthesia (RBA),

with the surgeon performing the block.

However, advances in technology and surgical technique, particularly in

cataract surgery, have led to the replacement of the older wide-incision

techniques (eg, extra-capsular cataract extraction) with minimally invasive

phacoemulsi�cation (PhE) techniques. Consequently, for new generation of

cataract surgeons, total akinesia is no longer necessary for PhE.
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NYSORA TIPS
• Twenty-�rst century innovations and trends have revolutionized eye

surgery.

• Local and regional anesthetic techniques has largely replaced general

anesthesia.

• Understanding functional anatomy and surgical techniques is essential

for selection of regional techniques.

• Sub-Tenon’s block is one of the most common choices for anesthesia as

it can generally achieve akinesia with the favorable safety pro�le.

• Topical anesthesia, is increasingly becoming most prevalent for cataract

surgery.

• Complications of eye blocks are uncommon but can be life- or sight-

threatening, emphasizing the need of adequate training.

Innovation has also broadened the anesthetic options for eye surgery. As the

conventional RBA carries a greater risk of complications, less invasive

techniques have increasingly been used, with a substantial diversity in practice

styles around the world. For instance, one Australian study from 2002 reported

that peribulbar block was the most popular among an international sample of

ophthalmic surgeons. However, a 2006 survey found that 64% of a sample of

UK anesthetists favored the sub-Tenon’s technique, and, by 2008, a survey of

the British Ophthalmic Anaesthesia Society found that over 87% of

anesthesiologist members regularly performed sub-Tenon’s blocks.

On the other hand, an annual survey of the American Society of Cataract and

Refractive Surgery reported that its members’ preference for using topical

anesthesia had risen steadily from 11% in 1995 to 76% in 2012. In the same

survey, the use of sub-Tenon’s blocks appeared to be consistently low over

the years (around 1%–3%) despite its growing popularity elsewhere, with the

use of retrobulbar and peribulbar blocks seemingly in gradual but sustained

decline.

Each anesthetic technique has its strengths and limitations.

Knowledge of the relevant anatomy for the various anesthetic techniques is

essential to determine the appropriate block for speci�c clinical situations and

to best avoid life- and sight-threatening complications. In this section, we

review the relevant anatomy of the eye, classical needle and non-needle block

techniques, and choice of LA and adjuvant agents. With a wider range of

options comes a greater burden on the anesthesiologist to discuss individual

anesthetic requirements with the surgeon, to be adaptable, and to have

excellent communication and team-working skills.

Orbit
The orbits (Figures 1 and 2) are two symmetrical bony enclosures in the front of

the skull, each containing an eyeball (or globe) and its associated structures.

The cavity of each orbit is a truncated pyramid, with a �attened apex

FUNCTIONAL ANATOMY
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posteriorly and a trapezoidal base facing anterolaterally. The medial (nasal)

walls of each orbit are parallel to each other, while the lateral (temporal) walls

are perpendicular to each other. The volume of each adult orbit is

approximately 30 mL.

FIGURE 1.  (A)  The eye. (B)  Surface anatomy.

 

FIGURE 2.  The orbit: diagrammatic superior view.

Globe
The globe (Figure 3) is suspended in the anterosuperior part of the orbit. It is

roughly spherical, its contents contained within three outer layers or tunics:
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A �brous tunic comprising the translucent cornea in front and the
opaque sclera peripherally and behind
Deep to the �brous tunic, a vascular, pigmented tunic comprising the iris
and ciliary body in front and the choroid peripherally and behind
Deep to this again, a neural tunic overlying the posterior part of the other
two tunics internally, comprising the retina.

The globe has a large posterior segment (comprising the vitreous humor, the

retina, the macula, and the root of the optic nerve) and a small convex

anterior segment comprising two chambers. The anterior chamber

immediately behind the cornea is �lled with aqueous humor produced by the

ciliary body. The posterior chamber contains the lens. The two chambers are

separated by the iris and communicate via the pupil of the eye. Externally, the

circumferential junction of cornea and sclera (with its overlying conjunctiva) is

called the limbus.

The volume of the globe is approximately 7 mL. The axial (anteroposterior)

length of the adult globe is on average about 24 mm; however, this can be

considerably longer in myopic individuals (> 26 mm) and shorter in

hypermetropia (down to 20 mm). As a rule of thumb, the distance from the

front of the globe to its equator is about 12–15 mm, but, where possible, it is

better to know the measured axial length of the eye before attempting to

inject behind the equator (eg, for patients undergoing cataract surgery,

biometric data are routinely found in the surgeon’s clinical notes).

The sclera is thinnest at the equator and at the insertion points of the

extraocular muscles. However, more myopic eyes (with a longer axial length)

have a markedly increased prevalence of posterior staphyloma, an otherwise

rare “blow-out” weakness in the �brous tunic, which poses a major risk for

globe perforation with blind needle techniques (see “Complications of Eye

Blocks” later).

Muscles of the Eye
The four rectus and two oblique muscles of the eye insert anteriorly near the

equator of the globe (see Figure 3). Posteriorly, they originate together at the

apex from the tendinous annulus communis of Zinn. The four rectus muscles,

running posteriorly from the equator to the annulus of Zinn, delineate the

retrobulbar cone. The optic nerve traverses the cone from the posterior part

of the globe and enters the orbit through the annulus of Zinn.

 

FIGURE 3.  The globe: sagittal section.
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Three Intraorbital Compartments
The globe and muscular retrobulbar cone de�ne the three classical

anatomical compartments of the orbital cavity: the intraocular, intraconal, and

extraconal (see Figure 2). However the retrobulbar cone is not sealed by any

intermuscular membrane, and, in fact, there is free communication between

the intraconal and extraconal spaces. Thus, a large-volume peribulbar

(extraconal) block can theoretically provide an effective anesthesia and

akinesia as a targeted small-volume retrobulbar block.

Innervation of the Orbit
Sensory innervation of the orbit and globe is provided mostly by the frontal

and nasociliary branches of the ophthalmic nerve (�rst branch of the

trigeminal nerve, V), which pass through the muscular cone (Figures 4 and 5),

while some of the �oor of the orbit is supplied by the infraorbital branch of the

maxillary nerve (the second branch of the trigeminal nerve).

The trochlear nerve (IV) provides motor control to the superior oblique

muscles, the abducens nerve (VI) to the lateral rectus muscle, and the

oculomotor nerve (III) to all other extraocular muscles, including the levator

muscle. All except the trochlear nerve pass through the muscular conus.

FIGURE 4.  Left orbit: lateral view. Lateral wall and lacrimal gland removed.

FIGURE 5.  Extraocular muscles and innervation of the orbit at the level of the annulus of Zinn. Cranial
nerves indicated by Roman numerals.
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Anatomical Quadrants of the Globe and
Orbit
The sphere of the globe can be divided in the three standard perpendicular

anatomical planes into eight “quadrants”: anterior superomedial, posterior

superomedial, and so on. Looking from the front, the corresponding anterior

extraocular quadrants of the orbit are often referred to as the superonasal,

suprotemporal, inferonasal, and inferotemporal, where nasal has the same

meaning as medial, and temporal has the same meaning as lateral (Figure 6).

The inferotemporal (or inferolateral) space is usually the largest and least

vascular and the preferred quadrant of approach for modern retrobulbar and

single-shot peribulbar blocks. The inferonasal (or inferomedial) quadrant is

most popular for sub-Tenon’s blocks. The superonasal (or superomedial)

quadrant is quite vascular but contains the anterior ethmoidal nerve, a useful

nerve to block for some oculoplastic procedures (see “Oculoplastic Blocks”

below).

FIGURE 6.  The anterior orbital quadrants.

Tenon’s Capsule and Sub-Tenon’s Space
The scleral portion of the globe is surrounded by Tenon’s capsule (also known

as the fascial sheath of the eyeball), a �broelastic layer stretching from the

corneal limbus anteriorly to the optic nerve posteriorly. Tenon’s capsule

generally becomes thinner and less adherent to the sclera with age. It delimits

a potential space referred to as the episcleral space (sub-Tenon’s space), which

expands when �uid is injected into it. The conjunctiva overlies the sclera in the

anterior part of the eye until it is re�ected at the fornices of the eye to continue

as the mucosal lining of the underside of the eyelids. Note that

Tenon’s capsule fuses with the sclera about 2 mm from the limbus.

Where the sclera is visible, the two layers are easier to pick up as one; closer to

the fornix, the conjunctivum becomes �eshier and more distinct from the sub-

Tenon’s layer. This helps identify the ideal breach point for the sub-Tenon’s

technique (q.v.)

Spread of Local Anesthetic Within the
Orbit
Injection of LA solution inside the cone will provide anesthesia and akinesia of

the globe and (usually) all extraocular muscles. Only the motor nerve to the

orbicularis muscle of the eyelids has an extraorbital course, coming from the

superior branch of the facial nerve (VII). Many major structures are located

within the muscular conus and are therefore at risk of needle and injection

injury. These include the optic nerve with its meningeal coverings, the blood
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vessels of the orbit, and the nerves supplying the globe. For this reason, some

authors advise that introduction of the needle into the muscular cone be

avoided and suggest that needle insertion be limited to the extraconal space.

It is important to get to know your surgeon. Choosing an appropriate local

anesthetic technique requires an understanding not only of surgical

procedures but also the surgeon’s personal preferences.

Akinesia
The requirement for akinesia varies with the procedure (see below) and the

surgeon. With blocks behind the equator of the eye, improving the likelihood

of akinesia generally requires more volume, more time, or the addition of

hyaluronidase 30 (see “Choice of Local Anesthetic and Adjuvant Agents”

below).

Primary Position Versus “On-Axis” Position
Complete paresis of all extraocular muscles renders the eye in the “primary” or

“neutral” position. Usually, this corresponds with the surgeon having the pupil

aligned with the axis of the surgical microscope (ie, the surgeon has an ideal

“on-axis” view of the operative �eld). However, in cases of incomplete

motor block, or in patients who have signi�cant spinal curvature or who are

unable to lie �at, the “resting” position of the blocked eye may not correspond

to an on-axis view. For this reason, many surgeons actually prefer to have a

fully mobile eye for certain patients or certain procedures (eg, trabeculectomy,

pterygium removal) so that they can ask the patient to look at the light of the

microscope, thereby bringing the eye “on axis,” or to look away, allowing

greater access to more peripheral parts of the globe.

The Volume Effect of Injections
Behind the Eye
Any substantial injection (> 3 mL) behind the equator of the eye (a peribulbar,

retrobulbar, or posterior sub-Tenon injection) can signi�cantly raise intraocular

pressure and push the posterior segment forward, resulting in a crescent-

shaped anterior chamber with decreased volume (Figure 7). This can make

surgical conditions more challenging, and while this can mostly be offset by

counter-pressure (through gentle digital pressure or application of a weight or

balloon), some surgeons prefer techniques that retain a “physiological”

anterior segment, and most surgeons prefer techniques that avoid large

volumes of injectate (> 10 mL) in the orbit. On the other hand, in patients with

signi�cant enophthalmos, bringing the globe forward can improve surgical

exposure.

 

KEY SURGICAL CONSIDERATIONS



https://www.nysora.com/


FIGURE 7. (A)  “Physiological” anterior segment. (B)  The effect of increased retrobulbar volume.

“The Only Eye”
In patients who have vision in only one eye—the eye being operated upon—

surgeons and anesthetists alike tend to be risk averse and steer away from

sharp needle blocks. Techniques that do not involve loss of vision (ie, topical,

subconjunctival, “super�cial” sub-Tenon’s) may be preferable. Techniques

that better guarantee akinesia usually cause temporary loss of vision due to

anesthesia of the optic nerve. In day-case settings, it may be preferable to use

a shorter-duration LA (eg, lidocaine, articaine) over longer-acting agents.

Cataract Surgery
The minimally invasive PhE technique was popularized in the 1990s. The PhE

probe is inserted via a small superior, threeplane (self-sealing) incision. The

contents of the posterior chamber are manipulated using a needle-width stay

probe inserted laterally. After the posterior chamber is voided and cleaned, a

foldable or injectable arti�cial intraocular lens is inserted via the same incision.

Anesthesia of the anterior segment is all that is required. Some surgeons

require akinesia; others (notably high-turnover surgeons) do not.

Corneal Surgery
The most common operations on the cornea involve trauma, removal of

foreign bodies, conjunctival �ap and pterygium surgery, corneal transplant

surgery, and, increasingly, keratoprosthesis. For these procedures, anesthesia

of the anterior segment is typically all that is required. Most surgeons require

akinesia for penetrating corneal surgery (eg, trauma, transplant, prosthetic

surgery, re-do procedures), while many do not for pterygium surgery, where

the �brous tunic remains essentially intact. Some surgeons �nd

subconjunctival anesthesia useful for separating the conjunctiva from the

sclera in pterygium surgery.

Refractive Surgery
Corneal surface ablation, incisional refractive surgery, and intracorneal ring

insertion are usually performed under topical anesthesia. Refractive

procedures involving the anterior chamber (eg, phakic intraocular lens

insertion) are done in a manner similar to cataract surgery.

Glaucoma Surgery
Glaucoma �ltration surgery and trabeculectomy both involve creating a �stula

between the anterior chamber and the subconjunctival space. Again,

anesthesia of only the anterior segment is needed. Depending on the surgeon,

there may or may not be a need for akinesia. Some surgeons do not like the

disruption of integrity of the conjunctiva that often accompanies the surgical
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sub-Tenon’s (or “snip”) technique, particularly in inexperienced hands.

Furthermore, conjunctival hematoma can introduce reticuloendothelial cells

that interfere with trabeculectomy �aps; consequently, some glaucoma

surgeons prefer peribulbar anesthesia for these procedures. Topical anesthesia

(with or without intracameral lidocaine) and subconjunctival anesthesia both

avoid the potential effect of volume injections behind or around the orbit on

pulsatile ocular blood �ow in patients with advanced glaucoma. Paradoxically,

nonpenetrative glaucoma surgery (eg, deep sclerotomy), being a longer and

more dif�cult procedure, generally requires a technique that guarantees a

longer block with akinesia. Procedures involving aqueous tube shunts can be

done under topical anesthesia but tend to be more uncomfortable for the

patient.

Cyclophotocoagulation is the circumferential ablation of the ciliary body deep

to the limbus. Akinesia is not essential for this procedure but may be preferred

by some surgeons; however, good analgesia is essential, as the procedure can

be very painful. Subconjunctival anesthesia works but needs time; sub-Tenon’s

or needle blocks usually provide acceptable anesthesia more quickly.

Oculoplastic Surgery
Procedures of the soft tissues of the eye include correction of eyelid

malpositions such as entropion and ectropion, eyelash malpositions

(districhiasis), ptosis surgery, eyelid tumor surgery, eyelid reconstruction,

blepharoplasty, tear duct surgery, orbital decompression (eg, for Grave’s

disease), and enucleation and evisceration. While many of these procedures

can be performed under local in�ltration, speci�c anesthetic techniques are

described later in this chapter.

Extraocular Muscle Surgery
Strabismus surgery is most commonly performed in children under general

anesthesia. In adults, squint surgery is usually performed in persons under the

age of 30, a group which can often be less than stoic, so again GA is usually

preferred. However, this surgery can be performed under regional anesthesia.

While akinesia is helpful, the main requirement is for deep anesthesia of the

muscle cone, as pulling on extraocular muscles is usually quite painful and can

induce an oculocardic re�ex. Simple suture adjustments can be done under

topical anesthesia.

Vitreoretinal Surgery
Vitrectomy and retinal detachment repairs (including scleral buckling) require

both anesthesia of the posterior segment and akinesia of the eye; topical and

subconjunctival techniques are inadequate for this. Thus, a sub-Tenon’s,

retrobulbar, or peribulbar block is more appropriate. Prior buckling surgery is a

relative contraindication to any regional technique, as both the buckle and

scar tissue around it will hamper the spread of local anesthetic. However, if the

position of the buckle is known, a deep sub-Tenon’s block may be possible via

one of the unaffected quadrants. The “tap-and-inject” treatment for

endophthalmitis is usually performed using a retrobulbar or peribulbar block.

Open-Globe Injuries
Patients with a known or suspected open-globe injury are most frequently

managed under general anesthesia to avoid the risks of infection, retrobulbar

hemorrhage, and raised intraocular pressure, which can cause further
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damage. There are authors who advocate repair under local anesthesia and

sedation, arguing that this method avoids the dilemma of using

succinylcholine, which can markedly increase intraocular pressure, in patients

with both a penetrating eye injury and a full stomach. Rapid-onset

nondepolarizing muscle relaxants (NDMRs), such as rocuronium, and the

wider availability of the NDMR reversal agent, sugammadex, have largely

mitigated this problem. Nevertheless, recent literature appears to suggest that

the risk of vitreous extrusion remains very real, and, perhaps in carefully

selected situations, local anesthesia should not be discounted as an alternative

in cases of eye trauma.

Ophthalmic Oncology
Most procedures for the removal of eye tumors can be performed under local

or general anesthesia, according to surgeon and/or patient preference.

However, procedures that require stereotactic immobilization or deliberate

hypotension should be performed under general anesthesia.

Sub-Tenon’s (Episcleral) Block Common
Principles
Sub-Tenon’s anesthesia, �rst described in 1884, places the local anesthetic into

the potential space between Tenon’s capsule and the sclera (Figure 8). While

this space can theoretically be accessed from any quadrant of the globe, the

inferonasal conjunctival fornix is most popular, at approximately the 4:30 (right

eye) or 7:30 (left eye) position to avoid encountering the insertions of the

medial rectus and inferior oblique muscles at the equator.

 

FIGURE 8.  Sub-Tenon block.

Using either a surgical or nonsurgical approach (see below), a purpose-speci�c

needle or cannula is directed posteriorly following the curve of the globe. A

super�cial or deep injection of LA solution can then be performed.

“Super�cial” or more anterior injections (immediately beyond the equator)

allow the LA to spread circularly around the scleral portion of the globe,

ensuring high-quality analgesia of the whole globe with relatively low injection

ANESTHETIC TECHNIQUES
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volumes (usually 3–5 mL). Injection of a larger volume (up to 8–11 mL) causes

the LA to spread to the extraocular muscle sheaths, ensuring reproducible

akinesia.

However, larger volumes often cause chemosis (a subconjunctival spread of

LA), which requires compression to resolve, as well as a signi�cant increase in

intraocular pressure.

On the other hand, “deep” or posterior injections direct more injectate into the

posterior intra- and extraconal spaces and are more likely to achieve

anesthesia at lower volumes and without chemosis, without akinesia (2–3 mL)

or with full akinesia (3–5 mL). While the “surgical” deep injection technique is

currently the most popular, several approaches have been described.

Surgical (“Snip”) Technique with a Blunt Cannula

This technique, �rst proposed as a supplement to (or rescue block from)

retrobulbar anesthesia, is probably the most popular variation of the sub-

Tenon’s approach. After topical anesthesia, the bulbar conjunctiva is grasped

with small forceps in the inferonasal quadrant near the fornix. Small scissors

are used to create a small opening into the conjunctiva and Tenon’s capsule to

gain access to the episcleral space. The same scissors are used to blunt-dissect

a passage to the posterior sub-Tenon’s space. A blunt metal (eg, Stevens) or

plastic (eg, Helica) cannula is then inserted into this space to allow for the

injection.

Some practitioners opt for a super�cial passage and then “hydro-dissect”

using the local anesthetic injectate; others (particularly for posterior segment

surgery) prefer to probe-dissect as close to the intraconal space as possible

using closed scissors. It is also possible, particularly in the elderly, to gently

push the cannula posteriorly without dissection. The usual LA injection volume

is 3–5 mL. Increasing the injection volume (up to 11 mL) results in an increased

likelihood of akinesia but is rarely necessary. The main advantage of this

technique is its safety, as it avoids the blind introduction of a sharp needle into

the orbit. In 6000 cases, no serious complications were reported, with only a

7% rate of subconjunctival hematoma and a 6% rate of subconjunctival edema.

Surgery was canceled because of subconjunctival hematoma in only one

patient out of the 6000.

Nonsurgical Technique with a Blunt Cannula

Cutting the conjunctiva can result in long-term scarring and creates a portal

for bacteria and occasionally other foreign bodies to enter. With practice, a

round-tipped blunt cannula (such as a 21-gauge Eagle Laboratories “Tri-Port”

sub-Tenon cannula or even a Stevens cannula) can be introduced through the

conjunctiva and Tenon’s layers without a prior incision.

This causes less trauma, reduces bleeding, and is preferred particularly where

conjunctival damage needs to be minimized (eg, glaucoma surgery).

Nonsurgical Technique with a Sharp Needle

A 25-gauge, 25-mm, short-bevel sharp needle is introduced into the fornix

between the semilunaris fold of the conjunctiva and the globe, tangentially to

the globe. The needle is shifted slightly medially and advanced posteriorly.

After a small loss of resistance (click) at 10–15 mm, LA is injected. Using a large
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volume with this technique (6–11 mL) results in good globe and eyelid akinesia

that is more reproducible than classic peribulbar anesthesia; however, note

that these are large volumes compared to other techniques, and, as for all

sharp-needle techniques, the risk of needle misplacement and its subsequent

complications must always be kept in mind. Nevertheless, this technique is

associated with a low risk of complications, and it is simple to learn and use. In

a series of 2000 cases, no serious complications occurred.

Improvised Cannula Technique

This historical technique was brie�y popular before specialized cannulae

became widely available. A short intravenous (IV) cannula (18- or 20-gauge)

was typically used to inject low volumes of LA (3–5 mL). It provides good globe

analgesia but only partial akinesia of the globe and lids. The injection causes

only a minor increase in intraocular pressure, and preoperative compression of

the globe is typically unnecessary. However, given that it requires introduction

of the cannula by piercing the Tenon’s capsule, not unlike the technique of IV

cannulation, the risk of needle misplacement has reduced the popularity of

this technique.

Limitations of the Sub-Tenon’s Technique

The sub-Tenon’s technique may not be possible where the conjunctival

fornices have been obliterated, such as in chronic ocular pemphigus. It should

also be avoided where the sclera is known to be thin or frail (eg, the “blue

sclerae” of osteogenesis imperfecta or an anterior staphyloma).

Access may be challenging in patients whose inferonasal space is already

scarred by multiple previous blocks or in those with a scleral buckle in place,

particularly one that is circumferential. In most of these situations, access is

possible via an alternative quadrant (most commonly the inferotemporal).

Chronic eye in�ammation can cause the conjunctiva to become �eshy and

painful to touch and to bleed easily. Access through a pterygium should be

avoided for the same reasons.

NYSORA TIPS
The Surgical “Snip” Technique of the Sub-Tenon’s Block According to

Guise

• Use half-strength iodine: A substantial body of evidence suggests that

this reduces the risk of bacterial endophthalmitis.

• Stay in the “line of longitude” from pole to pole: Keep equally between

the medial and inferior recti.

• Keep the Westcott scissors closed: Only one snip at the start is needed.

• Keep the tip of the cannula tight against the sclera: It’s easy to

overshoot.

• Inject in different directions: Rotating the syringe slightly will aid spread

behind the eye.

• Avoid the pterygia: They make access to the sub-Tenon’s space more

dif�cult, and they bleed.

• Keep the local anesthetic posterior to the equator: Keep the channel

created by the Westcott scissors as narrow as possible to minimize re�ux.

• Reduce the rate and force of injection: Too fast and hard is painful for
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the patient and more likely to cause chemosis.

• Use less than 5mL to minimize chemosis and the increase in intraocular

pressure.

• Avoid ocular massage, which can cause dramatic peaks in intraocular

pressure and may even cause anterior chamber bleeding. Gentle, steady

pressure, if anything, is better.

• Take care with scleral buckles: The inferotemporal quadrant is usually

clear, but ask your surgeon. If it is not clear, and you are not comfortable

trying a different quadrant, or if you expect or encounter signi�cant

scarring, try a different technique.

Historically, retrobulbar anesthesia (RBA) was the gold standard for anesthesia

of the eye and orbit. This technique generally consists of injecting a small

volume of LA solution (3–5 mL) inside the muscular cone (see Figure 3). A facial

nerve block is occasionally required to prevent blinking (see “Oculoplastic

Blocks” below). Because of its extraconal motor control, the superior oblique

muscle frequently may remain functional, precluding total akinesia of the

globe. The main hazard of RBA is the risk of injury to the globe or to one of the

anatomical structures in the muscular cone. Near the apex, these structures

are packed in a very small space and are �xed by the tendon of Zinn, which

prevents them from moving away from a needle.

Classical Technique (Now Obsolete)
In Atkinson’s classical 1936 description, the patient is asked to look in the “up-

and-in” direction. The needle is introduced through the skin below the inferior

lid at the junction between the lateral third and the medial two-thirds of the

inferior orbital edge. The needle is directed toward the apex of the orbit

(slightly medially and cephalad) and advanced to a depth of 25–35 mm. A

volume of 2–4 mL of LA solution is then injected. An additional facial nerve

block may be needed to prevent blinking; the technique most frequently used

is the Van Lint block (see “Oculoplastic Blocks”).

Modern Techniques
Modern retrobulbar blocks are performed with the eye in the neutral position

(Figure 9). The Atkinson “up-and-in” gaze position was abandoned when Liu et

al. and Unsöld et al. warned that it increased the risk of optic nerve injury since

this position places the optic nerve near the path of the needle. Moreover, the

optic nerve is stretched and can be injured easily by the needle, rather than

being pushed aside. Alternative puncture sites and specially designed bent or

curved needles have been proposed but have not gained popularity.

RETROBULBAR ANESTHESIA
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FIGURE 9.  Retrobulbar block.

RBA: Is There a Future?
Given the versatility and rising popularity of sub-Tenon’s blocks, and given that

there is no situation in which a retrobulbar block would be preferred over a

peribulbar block, it seems unlikely that retrobulbar blocks will remain part of

the repertoire of the modern anesthesiologist.

With peribulbar anesthesia (PBA), the needle is introduced into the extraconal

space (Figure 10). The classical technique involves two injections. The �rst

injection is inferior and temporal, the needle being introduced at the same site

as for an RBA injection, but with a lesser up-and-in angle.

The second injection is superior and nasal, between the medial third and

lateral two-thirds of the orbital roof edge (see Figure 10).

The injected volume of LA (6–12 mL) is larger than that for a retrobulbar

injection. This larger volume allows the LA to spread into the whole corpus

adiposum of the orbit, including the intraconal space, where the nerves to be

blocked are located. Additionally, such a large volume allows for the anterior

spread of LA to the lids to provide a block of the orbicularis muscle and to

avoid the need for an additional lid block.

FIGURE 10.  Peribulbar block: superior second injection technique.

PERIBULBAR ANESTHESIA
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Several variations on PBA have been described (Figure 11). The most common

are (1) medial canthus injection, (2) lacrimal caruncle injection and (3) inferior

and temporal injections.

FIGURE 11.  Peribulbar block: alternative injection sites.

Principles of Peribulbar Anesthesia
• Single-injection versus multiple-injection technique: Increasing the injected

volume of LA provides suf�cient anesthesia. Additional injections are not

needed. In addition, anatomic distortion following the �rst injection may

increase the risk of complications associated with consecutive injections. As a

rule of thumb, a second injection should be performed only as a supplement

when the �rst injection has failed to provide effective anesthesia.

• Needle insertion sites: Needle insertion through the superior nasal site should

be avoided. At this level, the distance between the orbital roof and the globe is

reduced, theoretically increasing the risk of globe perforation.

Additionally, the needle may injure the superior oblique muscle. The

inferonasal approach or an approach through the medial canthus should be

used instead. The needle is introduced at the medial junction of the lids, nasal

to the lacrimal caruncle, in a strictly posterior direction to a depth of 15 mm or

less. At this level, the space between the orbital wall and the globe is similar in

size to that of the inferior and temporal approach and is free of blood vessels.

Moreover, myopic staphyloma, an anatomical anomaly that represents a risk

factor for perforation, is infrequently encountered on the nasal side of the

globe.

• Needle insertion depth: Limit the needle insertion depth to 25 mm. Posterior

to the globe, the rectus muscles are in contact with the orbital walls, so that

the extraconal space entirely disappears and becomes virtual. Increasing the

needle insertion depth would be expected to cause a peribulbar injection to

become a retrobulbar injection. Some posterior peribulbar blocks are in fact

unintentional retrobulbar injections. This is a plausible explanation for optic

nerve injury after an attempted peribulbar injection. Moreover, a long needle

fully introduced into the orbit may reach the apex of the orbit, another

hazardous area. Inserting the needle to a depth of 40 mm has led

to performing the injection directly through the optical foramen in 11% of

cases.
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• Fine needles (25-gauge) are suggested for reducing pain on needle insertion:

The use of short-bevel needles may be safer because they may enhance the

tactile perception of resistance during needle insertion (intraneural or

intramuscular placement). Indeed, on cadavers, more pressure is required with

short-bevel needles to perforate the sclera. Nevertheless, these are only

theoretical considerations, since the complication rate with peribulbar blocks

is low.

• Use compression to lower intraocular pressure, which increases after

injection: Compression has not been shown to enhance the quality of the

block. Applying a pressure of 30 mm Hg for 5–10 minutes is usually suf�cient.

• In all cases, the spread of LA within the corpus adiposum of the orbit remains

somewhat unpredictable, leading to the need for more anesthetic to prevent

an imperfect block: Depending on the surgeon’s request for akinesia,

additional anesthetic is required in up to half of all cases. The poor

reproducibility in block ef�cacy is the main disadvantage of peribulbar

anesthesia.

Retrobulbar Versus Peribulbar
Versus Sub-Tenon’s Blocks
RBA has been traditionally assumed to be more effective than PBA. However,

when a suf�cient volume of LA is injected, both blocks appear to have similar

success rates. This is explained by the absence of an intermuscular membrane

to separate extra- from intraconal compartments, resulting in a favorable

spread of LA (see “Functional Anatomy”). Therefore, if the effectiveness is

similar, one should prefer to use the technique with a lower risk of

complications. Since RBA theoretically carries a higher risk of complications

(eg, optic nerve injury, brainstem anesthesia, retrobulbar hemorrhage; see

“Complications of Eye Blocks” below), PBA is deemed preferable to RBA.

However, all other requirements being equal, the sub-Tenon’s block offers the

best safety pro�le of the three blocks and can reliably deliver both surgical

anesthesia and akinesia if performed by an experienced practitioner with an

appropriate volume (with or without adjuvants). However, where chemosis,

conjunctival hematoma, or the disruption of the conjunctiva are undesirable,

or where the posterior anatomy is seriously abnormal, this technique may not

be appropriate.

The diversity of opinion and data suggest, to this author at least, that the

individual ef�cacy of any of these blocks is heavily operator dependent. To a

signi�cant extent, the same is true in regard to their safety pro�les.

The primary cause of serious complications is needle misplacement. Although

some anatomical features may increase the risk of complications, the main

risk factor is inadequate knowledge and limited experience on the part of the

operator. However, it should be noted that complications such as retrobulbar

hemorrhage and oculocardic re�ex may occur with even the most

experienced practitioners. Presenting signs, symptoms, and mechanisms of

common complications are summarized in Tables 1 and 2.

TABLE 1. Signs, symptoms, and mechanisms of complications of retrobulbar
anesthesia.

COMPLICATIONS OF EYE BLOCKS
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Complication Signs and Symptoms Mechanism of
Complication

Complication Signs and Symptoms Mechanism of
Complication

Ocular

Globe
perforation

Ocular pain, intraocular
hemorrhage, restlessness

Direct trauma: myopic
eye, posterior
staphyloma, repeated
injections

Retrobulbar
hemorrhage

Subconjunctival or eyelid
ecchymosis, increasing proptosis
pain, and/or increased
intraocular pressure

Direct trauma (artery or
vein)

Optic nerve
damage

Visual loss, possible early optic
disc welling, late optic disc pallor

Direct injury to nerve or
blood vessels, vascular
occlusion

Systemic

Intra-arterial
injection

Cardiopulmonary arrest,
convulsions

Retrograde �ow to
internal carotid and
access to midbrain
structures

Optic nerve
sheath
injection

Brainstem anesthesia: agitation,
ptosis, mydriasis dysphagia,
dizziness, confusion,
contralateral ophthalmoplegia,
loss
of consciousness, respiratory
depression/arrest, cardiac
arrest

Subdural or
subarachnoid injection

Oculocardiac
re�ex

Bradycardia, other arrhythmias,
asystole

Trigeminal nerve
(afferent, arc) to �oor of
fourth ventricle with
efferent arc via vagus
nerve

TABLE 2. Other complications of retrobulbar anesthesia.

Complication Comment

Chemosis
(subconjunctival
edema)

Usually of minimal concern; disappears with pressure.

Venous
hemorrhage

Usually mild and, while unsightly, is easily controlled.

Arterial
hemorrhage

Can be dramatic, causing proptosis, extensive
subconjunctival and lid hematoma, and a dramatic
increase in intraocular pressure. This is a sight-
threatening complication: inform surgeon immediately,
as orbital decompression (eg, lateral
canthotomy/cantholysis) may be necessary to prevent
blindness. Usually causes postponement of surgery.

Globe
perforation

Likely more common to occur in long, myopic eyes. A
long eye has thinner sclera and may have an irregular
outline (staphylomata). The needle should be inserted
tangentially to the globe and move freely in the orbital
fat without rotating the globe.

Damage to the
optic nerve

A result of direct trauma, injection into the nerve sheath,
or the ischemic consequences of the pressure on
injection.
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Complication Comment

Decreased
visual acuity

Usually resolves with resolution of the block, but beware
“wipe-out”, especially in patients with advanced
glaucoma (see “Choice of Local Anesthetic and Adjuvant
Agents”).

Myotoxicity May follow direct injection into a muscle or the use of
high concentrations of LA (probably more common than
currently recognized; usually resolves during surgical
convalescence).

Systemic
complications

Subarachnoid injection during retrobulbar block is a
possible cause of respiratory arrest.

Grand mal
seizures, loss of
consciousness,
and respiratory
depression or
cardiac arrest

These complications can result from systemic LA toxicity,
injection of LA into the optic nerve sheath (and thence to
the brainstem), or retrograde arterial �ow.

Pulmonary
edema

Rare; mechanism is poorly understood.

Reaction to
epinephrine

Often inappropriately referred to as “epinephrine toxicity”;
in patients with hypertension, angina, or arrhythmias, the
amount of epinephrine injected with the LA should be
reduced.

Oculocardiac
re�ex, vasovagal
reaction

See text for presentation and management.

Allergic
reactions

Extremely rare with amide-type LAs; more common with
animal-derived hyaluronidase.

Central Nervous System Complications
Central nervous system eye block complications may occur following a needle

block by two different mechanisms:

1. An unintentional intra-arterial injection may reverse the blood �ow in the

ophthalmic artery up to the anterior cerebral or internal carotid artery,70 so

that an injected volume as small as 4 mL may cause seizures. Symptomatic

treatment by maintaining a patent airway; providing oxygenation; and

abolishing seizure activity with small doses of benzodiazepam, propofol, or a

barbiturate is usually adequate and results in a rapid recovery without

sequelae.

2. An unintentional subarachnoid injection via puncture of the dura mater

sheath of the optic nerve or directly through the optic foramen results in

partial or total brainstem anesthesia. Katsev et al. have shown that the apex of

the orbit may be reached with a 40-mm needle in up to 11% of patients.

Depending on the dose and volume of LA spreading toward the brainstem,

subarachnoid injection can lead to bilateral block; cranial nerve palsy with

sympathetic activation, confusion, and restlessness; or total spinal anesthesia

with tetraparesis, arterial hypotension, bradycardia, and eventually respiratory

arrest. Symptomatic treatment (oxygen, vasopressors, and, if required, tracheal

intubation and ventilation) should permit complete recovery after the spinal

block wears off

(a few hours).

Unintentional globe perforation and rupture is the most devastating

complication of eye blocks. It has a poor prognosis, especially when the
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diagnosis is delayed. The incidence is between 1 in 350 and 7 in 50,000 cases.

Main risk factors include inadequate experience of the operator and a highly

myopic eye (ie, a long eyeball). In a study of 50,000 cases, Edge and Navon

observed that myopic staphyloma was a signi�cant risk factor. This suggests

that isolated high myopia may not be a risk factor per se but acts as a

confounding factor, as staphyloma seems to occur only in myopic eyes. Vohra

and Good observed with B-mode ultrasound that the probability of

staphyloma is greater in highly myopic than in slightly myopic eyes. Moreover,

staphyloma was more frequently found at the posterior pole of the globe

(accounting for perforations after RBA) or in the inferior area of the globe

(accounting for perforations after inferior and temporal punctures, both peri

and retrobulbar). As a result, at least in myopic patients, and at best in all

patients, ultrasound measurement of the axial length of the globe (biometry)

should be available. In cases of a highly myopic eye (axial length greater than

26 mm), a needle block can carry an increased risk of globe perforation, and a

sub-Tenon’s or topical block is preferable. Unusual causes of globe perforation

include misplaced infraorbital nerve blocks (see “Oculoplastic Blocks”) and

patients sneezing under propofol sedation (see “Sedation”).

Extraocular Muscle Injury
Injury to an extraocular muscle may cause diplopia and ptosis. Several

mechanisms can be involved, including direct injury by the needle resulting in

intramuscular hematoma, high pressure as a result of injection into the

muscle sheath, or direct LA myotoxicity.

Direct Extraocular Myotoxicity
It has been known for some time that high concentrations of amide-type local

anesthetics, particularly bupivacaine, cause myotoxic changes in skeletal

muscle. The extraocular muscles seem particularly susceptible, and numerous

case reports of persistent diplopia after cataract surgery have been attributed

to this. However, to date, no formal clinical evaluation of skeletal muscle

function after eye block has been performed. In monkeys, a 0.75% bupivacaine

retrobulbar block typically causes a myopathic response that peaks at 14 days

and is largely resolved by 27 days. In rabbits, bupivacaine myotoxicity appears

to be concentration dependent, with 0.75% solutions producing extensive and

longer-lasting damage, whereas 0.19% produces little sign of short- or

longterm damage. Lidocaine solutions containing epinephrine cause

substantially more damage to skeletal muscle than does plain lidocaine, both

in rats and humans. Indeed in humans, bupivacaine toxicity of eye muscles is

deliberately induced to treat strabismus. The injury progresses in three steps:

�rst, the muscle is paralyzed; second, the muscle seems to recover; and third,

retractile hyperplasia develops.

Given the case reports and the impressive and consistent pathological

evidence across species, and with the many thousands of eye blocks being

performed each year, it is surprising that the phenomenon is not more

clinically apparent. It has been proposed that postoperative pain may mask

myopathic changes and that any eye discomfort or dysfunction is readily

attributed to the operation rather than other causes. Furthermore, the animal

evidence suggests that in most cases there is likely to be rapid recovery with

complete tissue regeneration. In another animal study, skeletal muscle

damage induced by femoral nerve block was more severe in younger rats than

older rats, so perhaps older humans, too, are less susceptible.

Based on the limited available evidence, it would seem that extraocular
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myotoxicity is probably a more frequent concomitant of volume blocks behind

the equator of the eye that is generally recognized and that it is concentration

dependent and more likely to occur with bupivacaine, but that any clinically

signi�cant adverse effects in the relevant patient population usually (but not

always) resolve completely within the time frame of healing of the operation.

NYSORA TIPS
Retrobulbar Hemorrhage

• Retrobulbar hemorrhage is typically caused by an inadvertent arterial

puncture. It may lead to a compressive hematoma, which can threaten

retinal perfusion.

• At the time of hemorrhage, it is imperative to have an ophthalmologist

present who can monitor intraocular pressure and take the appropriate

steps to preserve central retinal artery perfusion. Lack of perfusion for

even short periods can lead to permanent, devastating loss of vision.

• Surgical decompression may be required, but in most cases, surgery has

only to be postponed.

• Venous puncture may occur after both retrobulbar and peribulbar

injection. It leads to non-compressive hematoma, the consequences of

which are much less severe so that in most cases surgery can be

continued.

• For patients on anticoagulants (including even aspirin and similar

medications), consider sub-Tenon’s or topical anesthesia to minimize the

risk of hemorrhage.

Optic Nerve Trauma
Direct optic nerve trauma by the needle is rare but serious, as it causes

blindness. Computed tomography imaging usually shows optic nerve

enlargement caused by intraneural hematoma.

Overall, there is a 1%–3% chance of complications, often necessitating

postponement of the planned surgery. Since some complications may be life-

threatening if patients are not immediately resuscitated, it is recommended

that an anesthesiologist be present to monitor the patient perioperatively.

NYSORA TIPS
Oculocardiac Re�ex

• Bradycardia due to a range of stimuli in or around the orbit, such as

traction on the extraocular muscles, pressure on the globe, retrobulbar

block, ocular trauma or pressure on residual tissues after enucleation.

• Also causes other arrhythmias including ventricular tachycardia and

(rarely) asystole.

• The relevant neural pathways are branches of the trigeminal nerve

(afferent) and vagus nerve (efferent). While mainly associated with

Summary
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stimulation of the ophthalmic nerve, it can occur with any branch of the

trigeminal nerve.

• The incidence is highest in children (up to 90% without pre-treatment

with atropine).

• For prophylaxis in children, atropine 0.02 mg/kg or glycopyrrolate 0.01

mg/kg prior to surgery is indicated.

• Intramuscular atropine is not useful due to delayed onset.

• Prophylaxis in adults is not indicated.

• Treatment of bradycardia includes removal of stimulus or asking the

surgeon to stop the stimulation, initiation of intravenous anticholinergics

(eg atropine 5-10 mcg/kg or glycopyrrolate 2.5-5 mcg/kg), and checking

depth of anaesthesia (where GA is used).

Instillation of LA eye drops provides corneal anesthesia, thus allowing for

cataract surgery by PhE (Figure 12). This technique is quick and simple to

perform and avoids the potential hazards of needle techniques. It has been

suggested that the lack of akinesia and intraocular pressure control,

associated with the short duration of this technique, may make surgery

hazardous;90 however, this observation does not appear to have dented the

growing popularity of the technique. Many US surgeons appear to prefer

topical anesthesia for routine PhE in more than 90% of their cases.

Nevertheless, use of topical anesthesia should be limited to uncomplicated

procedures performed by experienced surgeons in cooperative patients. In

parts of the world where PhE is not technically available, and in some speci�c

indications where PhE is not feasible, total akinesia is still required, and the use

of topical anesthesia may be questionable.

As to what patients actually prefer, there are con�icting reports. Boezaart has

reported that because anesthesia may be incomplete in topical approaches,

patients randomly subjected to one of these techniques for one eye and

another technique for the other eye preferred the retrobulbar to the topical

technique (71% versus 10%).

TOPICAL ANESTHESIA
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FIGURE 12. Topical anesthesia.

Patients consistently report less intraoperative discomfort under retrobulbar

or sub-Tenon’s anesthesia compared to topical anesthesia. On the other hand,

a meta-analysis by Zhao et al. reported that patients overwhelmingly preferred

topical anesthesia over needle blocks, citing “fear of needles” as a key reason,

despite �nding that the same population of patients reported more

intraoperative discomfort under topical anesthesia compared to needle

blocks. In some experienced hands, no anesthesia at all appears to be as

effective as topical anesthesia in selected cases.

An intracameral injection of LA appears to substantially enhance analgesia

with a topical approach. This consists of injecting small amounts (0.1 mL) of LA

into the anterior chamber at the beginning of or during surgery. Intracameral

anesthetic agents must be preservative free. Some concerns have been

expressed about the toxicity effects of LA on the corneal endothelium, which is

unable to regenerate; however, the safety of intracameral injection now seems

well established. Some authors have questioned its analgesic bene�t when

compared with simple topical anesthesia,and indeed the degree of analgesia

does not seem to correlate with intracameral LA concentration. Nevertheless,

the combination of topical plus intracameral anesthesia is currently the

technique most preferred by US ophthalmic surgeons.

The insertion of sponges soaked in LA into the conjunctival fornices has been

proposed. The use of lidocaine jelly instead of eye drops seems to enhance the

quality of analgesia of the anterior segment and is becoming very popular for

improving patient comfort under topical anesthesia.

Direct Corneal Epithelial Toxicity of Topical
Anesthetics
From animal studies, it has been known for some time that repeated

applications of virtually all topical anesthetic agents cause some degree of

transient corneal epithelial toxicity that is macroscopically apparent, including

reversible corneal thickening and opaci�cation. Changes may be evident with

even a single topical application, and these may take more than an hour or

more to recover. In humans, topical anesthetic abuse is a known cause of

severe keratopathy among arc welders and metalworkers, and even in

patients who overuse their “comfort drops” after refractive keratectomy.
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Transient corneal edema has been noted in patients undergoing cataract

surgery under topical ropivacaine or lidocaine. Fernandez et al. reviewed the

condition of corneal epithelia by slit-lamp examination the day after cataract

surgery under topical levobupivacaine or lidocaine. They found mild epithelial

changes in 17–22% of patients and signs of signi�cant epithelial damage

(punctate) in 2.4–5.8%, respectively; however, no data were provided on how,

when, or whether these changes resolved.

Nevertheless, to date, no cases of severe keratopathy associated with the

routine administration of topical anesthesia for eye surgery have been

reported. The current relative paucity of hard clinical data may in part explain

the diversity of practice across continents, as practitioners may interpret what

data there is to af�rm their own preferences. Given the growing popularity of

the technique (especially in the US), one might assume that, as for extraocular

myotoxicity, any clinically signi�cant effect is transient and may be masked by

and/or attributed to the effects of surgery during convalescence.

Subconjunctival injection of LA, a technique relatively unfamiliar to many

anesthesiologists, provides anesthesia of the anterior segment without

akinesia. Also known as “perilimbal” anesthesia, it is, in effect, a form of

episcleral injection and can also be thought of as a “very anterior” or “very

super�cial” Sub-tenon’s block. This block is useful for cataract, pterygium, and

super�cial glaucoma surgery. After pretreatment with one drop of topical

anesthetic, a �ne-bore (27- to 30-gauge) needle is used to lift the

superotemporal or inferotemporal conjunctiva at least 5–8 mm from the

limbus (Figure 13). A surgical microscope or loupes can be used to avoid

conjunctival vessels and hematoma. Once the needle is under the conjunctiva,

0.5–0.8 mL of local anesthetic solution will cause chemosis, which is dispersed

with gentle, constant pressure, either using �ngers or a purpose-speci�c

weight or balloon. Hyaluronidase can be added to assist with the spread of

solution and dispersal of chemosis. Compared to retrobulbar injection, this

technique is less painful and reduces the need for supplemental

anesthesia during cataract surgery. Injection at the superotemporal

conjunctiva appears to be less painful than injection at the inferotemporal

conjunctiva. Subconjunctival injection results in reliable and substantial

concentrations of local anesthetic in the aqueous humor.

SUBCONJUNCTIVAL ANESTHESIA
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FIGURE 13.  Subconjunctival block.

Many oculoplastic procedures (Figure 14) can be performed under local

anesthetic. However, given the sensitive innervation of the face, these blocks

are best performed under some form of transient, deep sedation (eg, a small

IV dose of propofol), except in the very stoic patient. Note also that, while

targeted blockade of individual nerves is useful, there is often signi�cant

overlap of sensory supply. Depending on the site and extent of the proposed

operative wound, more than one type of block may be required, and

supplemental local in�ltration may be necessary. Most oculoplastic surgeons

are quite accustomed to this.

OCULOPLASTIC BLOCKS
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FIGURE 14.  Landmarks for oculoplastic blocks.

Upper and Lower Lid blocks
Procedures such as upper and lower blepharoplasty and ectropion repair can

be performed under gentle subcutaneous local in�ltration of the base of the

operative lid. Certain procedures require the surgeon to evert the eyelid under

deep sedation and in�ltrate distal to the semilunar fold.

Facial Nerve Block
Occasionally, a block of the periocular branches of the facial nerve is required

to prevent excessive blinking during eye surgery. Classical approaches include

the Van Lint and O’Brien techniques; Atkinson has described a modi�ed

technique, variants of which are probably most popular today. A bleb of local

anesthetic is raised about 2–3 cm lateral to the lateral rim of the orbit at the

level of the lateral canthus, which is somewhere between the locations of the

more distal Van Lint and the more proximal O’Brien approaches. Two radii of

local in�ltration are then injected superiorly and inferiorly from this point

forming a “V” that catches the �bers of the facial nerve. A total of 5 mL is

typically more than suf�cient.

Supratrochlear/Supraorbital Nerve Block
Blocks of the supraorbital and supratrochlear nerves, branches of the

ophthalmic nerve, are useful for procedures that involve the upper eyelid area

immediately at or above the eyebrow. The supraorbital notch can usually be

felt about 2–3 cm from the midline along the medial part of the superior rim of

the orbit, usually in line with the patient’s pupil. Paresthesia can often be

elicited by pressing on this notch. A volume of 2 mL of local anesthetic here

should provide some anesthesia to the area immediately around the eyebrow,

the upper eyelid, and the lower forehead; however, it is usually also necessary

to block the supratrochlear nerve by running a medial band of in�ltration (an

additional 2–3 mL) from the notch to the midline and approximately 1–2 cm

laterally to catch lateral supraorbital �bers that can arise through a separate

foramen.

Infraorbital Nerve Block
The infraorbital nerve, a major branch of the maxillary nerve, supplies

sensation to the lower eyelid and the �oor of the orbit. It emerges onto the

face through the infraorbital foramen, which is reliably found just below the

inferior orbital rim, in line with both the pupil and the supraorbital notch. A

volume of 2–3 mL of local anesthetic at this point is usually more than enough.

In the traditional approach to this block, the needle is directed slightly upward
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to align with the orientation of the infraorbital canal; however, note that at

least two cases of inadvertent globe penetration have been reported with this

technique.

Nasocilary/Infratrochlear/Anterior
Ethmoidal Nerve Block
The nasocilary nerve is a branch of the ophthalmic nerve and supplies, via its

intratrochlear and anterior ethmoidal branches, sensation to the medial wall of

the orbit, the proximal lacrimal sac, the proximal nasolacrimal duct, the

mucosa of the nasal cavity, and much of the skin of the nose. This nerve is

blocked via an injection of 2–3 mL of local anesthetic by a vertical insertion of a

�ne-gauge needle parallel to the medial wall of the orbit approximately in line

with the bridge of the nose to a depth of about 25 mm. This corresponds with

the foramen through which the anterior ethmoidal nerve exits the orbit. It is

important that the needle descend freely to the point of injection, as the

orbital wall is thin at this level, and perforation of the ethmoidal and even

sphenoidal sinuses is quite possible.

Local Anesthesia for Tear Duct Surgery
Local anesthesia for dacryorhinocystostomy and other procedures involving

the lacrimal apparatus is possible using a combination of topical anesthesia of

the nasal cavity (for the nasal branches of the anterior and posterior ethmoid,

sphenopalatine, and nasopalatine nerves), a nasociliary block, an infraorbital

block, and a short band of subcutaneous in�ltration along the base of the

nose from the level of the medial canthus to the level of the infraorbital

foramen.

Regional anesthesia, especially the sub-Tenon’s block, has been proposed as a

treatment for postoperative pain.122 However, this is not required for anterior

segment surgery, which usually results in minimal or no discomfort

postoperatively.

NYSORA TIPS
Postoperative Pain

• Signi�cant pain occurring after cataract surgery is unusual and should

raise suspicion for increased intraocular pressure, severe in�ammation, or

infection; the eye should be examined by an ophthalmologist.

• Postoperative pain is more likely after posterior segment surgery. The

use of an indwelling retrobulbar, peribulbar, or sub-Tenon’s catheter has

been proposed to improve intraoperative anesthesia, prolong

postoperative regional analgesia, and treat intractable eye pain.

USE OF EYE BLOCK FOR
POSTOPERATIVE ANALGESIA

CHOICE OF LOCAL ANESTHETIC AND
ADJUVANT AGENTS
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All available LAs have been used for eye block, either alone or as a combination

of two agents. The injected LAs used most often are lidocaine, bupivacaine,

ropivacaine, mepivacaine, or a combination of two of these. The choice of LAs

should be based on the pharmacologic properties and availability of the drugs,

with the primary consideration being the requirement for quick onset

(lidocaine, mepivacaine), prolonged effect, or postoperative residual block for

analgesia (ropivacaine, bupivacaine) or akinesia (higher concentration).

Because the amount of LA injected is usually small (3–11 mL), systemic toxicity

is not a major concern.

Septocaine (articaine) is a relatively novel amide-type LA, commonly used in

dentistry, with an emergent use in eye blocks. It has a faster onset than

bupivacaine/lidocaine preparations in peribulbar and sub-Tenon’s blocks and,

because it appears to diffuse through tissues more readily than other LAs,

often results in a denser block. There appears to be no clinical advantage of 4%

over 2% articaine, at least in dental anesthesia. Despite concerns about its

neurotoxic potential in animal studies, there does not seem to any conclusive

evidence that it is more toxic than other high-concentration LAs.

Hyaluronidase is an enzyme that has been widely used to facilitate the spread

of local anesthetic through connective tissue, thereby improving both the

onset and success rate of regional anesthesia for the eye. Another bene�t is a

reduced incidence of postoperative strabismus connected with its use,

possibly by limiting LA myotoxicity owing to its faster spread.

Some authors are less con�dent about the real bene�t of hyaluronidase in

improving akinesia. There are also signi�cant concerns about its allergenic

potential; however, these may be due to the impurities intrinsic to traditional

animal-derived hyaluronidase; newer human recombinant products have

been shown to be not only more potent but also to have higher enzyme purity

and to be virtually free of hypersensitivity reactions. It would appear that, as

the requirement for akinesia relaxes, adjuvants such as hyaluronidase are

becoming less popular. Nevertheless, in situations where akinesia is required,

hyaluronidase may still have an important role.

α2-adrenergic agonists are well known to ophthalmologists as topical agents

that reduce intraocular pressure in glaucoma.

Clonidine has been shown to enhance intraoperative anesthesia and

postoperative analgesia when added to the LA in a range of eye blocks. At a

dose of 1 mcg/kg, clonidine does not increase the incidence of systemic

adverse events such as hypotension or excessive sedation. Moreover, it may

help to prevent intraoperative arterial hypertension and lower intraocular

pressure. Dexmedetomidine, a more highly selective α2 agonist, has been

used increasingly as an effective adjuvant in peripheral nerve blocks, including

the sub-Tenon’s block. It has been proposed that the addition of α2 agonists

may allow for surgical anesthesia at lower concentrations of LA, thereby

limiting

LA-induced myotoxicity. It should be noted that all studies on α2 adjuvants to

date have been relatively low-powered, and, while this is a promising area of

study, substantially higher sample sizes are required. Epinephrine is

sometimes used to increase the duration of eye block. However, the availability

of long-acting LAs and the fear of vasospasm with subsequent retinal

ischemia have decreased its use. “Wipe-out” (a sudden total sight loss not

overtly related to ocular pathology) is a rare but serious risk, particularly in

glaucoma patients. LA solutions containing epinephrine have been implicated

as a contributing factor.
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Alkalinization of local anesthetic solutions has been proposed for decreasing

pain during injection and accelerating block onset; however, its ef�cacy

remains unproven. Other adjuvant agents have been proposed but have not

gained popularity. Small doses of a muscle relaxant may enhance akinesia, but

concern has been expressed about their potential risk for systemic effects.

Opioids do not appear to be more ef�cient via a regional ophthalmic route

than via systemic administration.

Warming the LA may decrease pain on injection and enhance block ef�cacy,

although these bene�ts do not appear to be clinically relevant.

Since the 1980s, anesthesiologists have become increasingly involved in eye

blocks that previously were performed by surgeons. However, in some

countries, anesthesiologists are not available, and surgeons have to manage

the block themselves. In other countries, anesthesiologists monitor only the

anesthesia care, as the surgeon performs the block. In many developed

countries (eg, France and Australia), anesthesiologists are often responsible for

administering eye blocks. The same was true in the United Kingdom; however,

recent cost constraints have forced managers to reconsider the role of the

anesthesiologist in elective ophthalmic procedures that do not require a

general anesthetic. There are currently no hard data to support or refute the

idea that having the anesthesiologist performing eye blocks, rather than the

surgeon, or even having the anesthesiologist in attendance, is safer for this

patient population. However, the available literature does suggest that with

proper training, anesthesiologists can perform eye blocks with the same

degree of safety as in other regional anesthesia techniques. Having one

experienced person performing blocks while another operates is more time

ef�cient, and there is a theoretical bene�t to having a person skilled in

resuscitation present in the unlikely event of a life-threatening complication

(which, unsurprisingly, materializes into an actual bene�t whenever such a

complication occurs).

Patient Selection and Assessment
Older patients undergoing eye surgery frequently have coexisting diseases

such as diabetes mellitus, hypertension, coronary artery disease, or cardiac

insuf�ciency. A preoperative assessment should be routinely done to ensure

that coexisting medical conditions are reasonably well controlled. Despite the

low morbidity and mortality associated with local ophthalmic anesthesia,

patients should be carefully screened for their eligibility for surgery. Patients

with severe kyphosis or scoliosis pose obvious practical problems for

microscopic surgery. Patients who may not be able to lie �at for the requisite

period, due to cardiac or respiratory insuf�ciency, neurological disease, or

dementia, are also challenging. Once draped, patients with profound deafness

may be unable to respond to intraoperative commands unless carefully

briefed preoperatively.

WHO SHOULD PERFORM EYE
BLOCKS?

PERIOPERATIVE MANAGEMENT
OF PATIENTS UNDERGOING EYE
BLOCK
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Brie�ng Patients
Given the potential problems of excessive sedation (see below), an empathic

and interactive preoperative brie�ng is a useful tool for both reducing anxiety

and optimizing cooperation during eye surgery. Patients should be given a

clear explanation of what will be done to them, what they are likely to

experience, and what they may be asked to do during the operation, in

language appropriate to their level of understanding.

Monitoring
Intraoperative monitoring should include basic monitoring (ie,

electrocardiogram, pulse oximetry, and automated noninvasive blood pressure

measurement). Intravascular access is required for any invasive anesthetic

technique.

Sedation
Eye surgery (eg, cataract surgery) carries a low risk of perioperative morbidity

and mortality. Eye block is associated with lower perioperative morbidity than

is general anesthesia used for ophthalmic surgery, provided that heavy

sedation is avoided. Anxiety and residual pain frequently occur during eye

surgery under LA. Perfect immobility is required, and the presence of drapes

over the head increases patient anxiety and impairs access to the airway. The

patient should be positioned as comfortably as possible, with suf�cient space

to allow free breathing. Intraoperative sedation with judicious doses of

sedatives may be used to limit anxiety and pain. However, an excess of

sedation may lead to restlessness, sleeping, snoring, or respiratory depression,

which, in the absence of any airway access, pose a signi�cant intraoperative

challenge. Maintenance of meaningful patient contact is of paramount

importance to avoid disasters that can occur with disoriented or combative

patients while the surgery is underway.

Another interesting and dangerous phenomenon associated with ophthalmic

needle blocks performed under propofol sedation is involuntary sneezing,

which may occur in up to one-�fth of patients during injection; this reaction is

sight-threatening, as it can lead to accidental globe perforation. It is more

likely to occur in patients who are male, have a history of photic sneezing

(sneezing with sudden exposure to bright light or sunshine), are under deeper

sedation, or who are given concurrent midazolam. It does not appear to occur

in patients undergoing blocks with remifentanil sedation or with no sedation

at all. Awareness of this phenomenon should better prepare operators to

withdraw the block needle immediately if a sneeze is imminent and possibly

reconsider their current sedation practice. Dexmedetomidine, a highly

selective α-agonist, is gaining some popularity as a sedative agent in a range

of clinical settings, including eye surgery.

Do Patients Undergoing Eye Block Need
to Fast?
Fasting practices for patients having procedures under topical, local, or

regional block have undergone an evolution in recent years. In the complex

machine of public-sector medical practice, the well-intentioned and

traditional “NPO from midnight” doctrine often leads to patients fasting well in

excess of 12 hours. In addition to an increased likelihood of postoperative

nausea and vomiting, inappropriately prolonged fasting can cause discomfort

and distress, as well as dehydration and metabolic derangements, all of which
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can make patients (especially children and the elderly) restless and

uncooperative. Moreover, while there is an obvious theoretical case for fasting

prior to any surgical procedure, there have been no reported cases of

aspiration under local anesthesia during cataract operations. The joint view of

the learned colleges in the United Kingdom is that fasting is generally not

required for patients undergoing eye surgery without sedation. Moreover, at

least one experienced ophthalmic center has performed blocks under

“judicious doses” (0.5–2 mg) of IV midazolam in over 5000 unfasted patients

without untoward incident. Nevertheless, where it is anticipated that deep

sedation or general anesthesia, however brief, will be needed either to perform

the block or during the operation, then standard preoperative fasting remains

a sensible prerequisite, and, where needed, systemic measures should be

explored to minimize inappropriately prolonged fasting. Where fasting is not

routinely required, a small proportion of problematic patients will present for

surgery unfasted but for whom the need for deep sedation becomes obvious

once they are in the operating room. Individual institutions need to audit the

prevalence of this phenomenon and to make cost and risk-bene�t decisions

accordingly. A comprehensive and compassionate preoperative patient

brie�ng may have an important role in minimizing this issue.

Is Intravenous Access Required
in Patients Undergoing Eye Block?
In recent years, many centers, particularly those performing of�ce-based eye

procedures, have abandoned the traditional requirement of securing IV access

for all surgical procedures, provided that procedures are performed under

“needleless” anesthesia (ie, topical anesthesia or sub-Tenon’s block). According

to a joint statement of the Royal College of Anaesthetists and the Royal

College of Ophthalmologists in the UK, “Intravenous access … is essential with

peribulbar and retrobulbar blocks and when intraoperative sedation is used”

and “recommended for long/complex cases, sub-Tenon’s blocks, and patients

with poor general health.” In relation to this, the author is in agreement with

Guise in making the following observations: (1) Sedation may occasionally be

required at very short notice by patients even under topical anesthesia, and

prior IV access makes timely sedation easier and less stressful; (2) vasovagal

and other dysrhythmic reactions, while uncommon, may also occur, in which

case IV access already in situ is bene�cial for both patient and resuscitator;

and (3) it is a prudent clinical precaution, and no real trouble, if a person

experienced in IV cannulation (such as an anesthesiologist) is in attendance.

Eye Blocks and the Anticoagulated
Patient
Traditionally, anesthesiologists would often make a formulaic decision

whether to perform an ophthalmic regional block (which was usually a

retrobulbar or peribulbar block) based on results of a blood-clotting pro�le

and by nominating an arbitrary cut-off point (eg, an international normalized

ratio [INR] of 1.5–2.0 or a platelet count of 50–100). Nowadays, however, there is

not only a diversity of anticoagulant therapies (several of which defy easy

assessment), but also a range of anesthetic management options. Moreover,

the risks of discontinuing anticoagulant therapy in some patients may

outweigh the risks of perioperative bleeding on full anticoagulation.

Consequently, there is no clear algorithm for managing “patients undergoing

eye surgery who are on anticoagulants.” It is best to make a balanced bene�t-

versus-risk decision in each case based on a number of fundamental

questions:
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• Which anticogulant(s) is the patient taking? A variety of agents are now

available. While there are established management strategies for drugs such

as warfarin and heparin, strategies for others are less straightforward.

Dabigatran, for example, is a novel long-acting oral anticoagulant with no

direct antidote. The perioperative management of potential bleeding in

patients on this drug is currently a matter of much concern, including those

undergoing eye surgery. Since there are currently no data on patients on

dabigatran undergoing eye block, including sub-Tenon’s block, current

recommendations are to withhold the drug for two to �ve days prior to

performing the block and surgery.

• Why is the patient being anticoagulated? Occasionally, patients self-initiate

aspirin intake (eg, because they have read about it in a magazine). It is

common for patients to be treated with warfarin for acute-onset atrial

�brillation that spontaneously reverts. Such situations make it easier to

consider withholding the drug rather than choosing not to perform the block.

• Is the patient in a high-risk group (eg, with a documented history of

thromboembolism)? Often, there is not only a clear clinical indication for

anticoagulation, but also a clear increased risk if perioperative anticoagulation

is not managed correctly, and therefore a greater imperative to use a

technique that does not require the patient’s anticoagulant therapy to be

modi�ed. When in doubt, consult with the medical team that started the

patient on anticoagulant therapy.

• What are the relative bleeding risks of the procedure proposed? Here, the

team should consider both the surgical and anesthetic procedures.

Oculoplastic and glaucoma surgeries tends to carry a higher bleeding risk,

whereas most PhE and vitreoretinal procedures can be done on full

anticoagulation (however, discuss individual cases with the surgeon, as the

decision is ultimately his or hers).

Generally, topical, subconjunctival, and sub-Tenon’s blocks are considered low

risk, and the limited evidence to date supports going ahead with these

techniques without altering the patient’s routine anticoagulant therapy.

Lowpowered studies suggest that, while minor bleeding complications such

as subconjunctival hematoma are more frequent with sub-Tenon’s blocks

performed in patients on aspirin, warfarin, or clopidogrel, major complications

such as sight-threatening bleeding are not. Retrobulbar and peribulbar blocks

are considered high risk.

• What are the surgical requirements for anesthesia? Where akinesia is not

required for anterior segment surgery, topical or subconjunctival techniques

are more attractive. If posterior segment anesthesia and/or akinesia are

needed and there are no other contraindications, sub-Tenon’s block is now

seen to be the safest option.

• Is it an elective case or a true emergency? Where there is time to take a more

gradual approach that avoids the use of antidotes and prothrombotic agents,

this opportunity should be taken.

Working with High-Volume Surgeons
Running a high-turnover cataract list (20 or more patients a day) safely and

ef�ciently is both a science and an art form requiring not only consummate

individual technical skill but also good teamwork and communication skills, as

well as attention to ergonomic detail. A good surgeon will include all members

of his or her theater team in the planning and execution of the list. The
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anesthesiologist’s role is to support the team both technically and tactfully,

monitoring the whole team and signaling when the team should slow down

or even stop. Standardization wherever possible—from role allocation and

patient trolley positioning to the vocabulary used to describe equipment and

procedures—helps to streamline activities and to make deviations from

routine more salient. The use of a modi�ed World Health Organization (WHO)

surgical safety checklist in a fast-paced eye theater may also help to detect

anomalies and reduce errors. Regular feedback and discussion of individual

and team performance helps to promote kaizen: the approximation of

perfection through small, continuous, incremental improvements over time.

In developed countries, eye surgery is among the most frequently performed

surgical procedures requiring anesthesia.

During the past 20 years, anesthesiologists have assumed a growing role in

performing eye blocks. The requirement for a deep anesthetic block with total

akinesia has been greatly lessened through the use of PhE for cataract

surgery, giving a more prominent role to topical anesthesia.

Needle blocks carry a low but real risk of serious complications, mainly the

result of needle misplacement. Training and practice are required to minimize

such problems. The use of the sub-Tenon’s block reduces the risks of needle

blocks and is now an established and popular technique, although it does not

completely prevent complications. The right anesthetic technique is informed

by the anesthesiologist’s skill, experience, and understanding of the surgical

procedure and the individual surgeon’s preferences.

The oculocardiac re�ex, �rst described in 1908; is a decrease in heart rate over

20% below baseline values often seen during traction on the extrinsic muscles

of the eye, particularly during strabismus surgery. However, it can also occur

during the administration of eye blocks, particularly retrobulbar block.

Other triggers include ocular trauma, intraorbital hematoma, acute glaucoma,

a sudden increase in intraocular pressure, stretching of the eyelid muscles, and

conjunctiva. In unprepared subjects, bradycardia can be quite dramatic, and

occasionally leading to asystole in the patient (and tachycardia in the

anesthesiologist), which lasts as long as the triggering stimulation is applied.

While sinus slowing of the heart is classical, any arrhythmia including

ventricular �brillation may occur.

The re�ex is exaggerated in children (in up to 90% without pretreatment) and

in the presence of hypoventilation, hypoxemia, and acidosis.

The re�ex arc has been well described (Figure 15), the afferent limb consisting

of the long and short branches of the ciliary nerves, the ophthalmic nerve, the

geniculate ganglion, and the main sensory nucleus of the trigeminal nerve.

Short internuncial �bers then convey the re�ex to the efferent limb, consisting

of the motor nucleus of the vagus, the vagus nerve, and the cardiac depressor

nerve. The oculocardiac re�ex is a speci�c variant of the trigeminocardiac

re�ex, a wider constellation of brainstem-mediated reactions—bradycardia,

sweating, breath holding, yawning, sneezing, and so on—triggered by

SUMMARY

APPENDIX: THE OCULOCARDIAC
REFLEX
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stimulation of any of the sensory branches of the trigeminal nerve (primarily

the ophthalmic nerve).

The best treatment in children is prophylaxis: IV atropine 10–20 mcg/kg or

glycopyrrolate 5–10 mcg/kg on induction. Intramuscular agents are less useful

due to their delayed onset. Prophylaxis in adults is usually not indicated;

however, it is prudent to have an IV anticholinergic predrawn and available.

Acute treatment consists of removing the stimulus: Ask the surgeon to stop

whatever they are doing. If the pulse does not improve, give an anticholinergic

(eg, IV atropine 5–10 mcg/kg or glycopyrrolate 2.5–5 mcg/kg). Check the depth

of anesthesia in cases of GA.

FIGURE 15.  Oculocardiac reflex arc.
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