CORNEAL ENDOTHELIAL SAFETY & TOXICITY
WITH INTRAOCULAR SURGICAL AGENTS
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Ophthalmic surgeons should not only be wary of all
fluids, medications, and instrumentation introduced
into the eye but also be aware of current safety
procedures to avoid mishaps.

Toxicity to the endothelium has been linked to
substances based on chemical composition (1,2), pH
(3), and osmolality (4). Toxic endothelial cell
destruction syndrome, a disease entity described
by Breebaart et al. (5) and Nuyts et al. (6), has been
characterized as having star-shaped Descemet folds,
a twofold increase in corneal thickness, and a visual
acuity of counting fingers occurring within a few
postoperative days. The mechanism of corneal edema
is related to the breakdown of the endothelial barrier
function; therefore, steroids are minimally effective
to ineffective on the repair process (5).

Toxic anterior segment syndrome(TASS) has
links similar to toxic endothelial cell destruction
syndrome (ie, pH, osmolarity, antibiotics, residues from
viscoelastics and detergents), but this disease entity
is symptomatically different. Although both have corneal
edema 1 to 2 days after surgery, the corneal edema
of TASS is less pronounced. However, TASS has a
marked increase in inflammation, increased
leukocytes, and sometimes a hypopyon, making it
more related to endophthalmitis at presentation .
However, the corneal edema, timing, impairment of
iris sphincter function, and increased intraocular
pressure to a level between 40 to 70 mm Hg help to
differentiate TASS from endophthalmitis. Management
of TASS involves use of topical steroids every hour
and nonsteroidal agents every 6 hours.Milder cases
resolve within a few days to 1 to 3 weeks, but after 6
weeks, more dire consequences are likely. Severe
disease can lead to permanent endothelial damage,
profound cystoid macular edema, a permanently dilated
pupil, and even permanent damage to the trabecular
meshwork leading to resistant glaucoma that requires
multiple surgeries (7,8).

PRESERVATIVES

Benzalkonium chloride is highly toxic, and topical
applications of 2% have been shown to cause necrosis

of the conjunctiva and cornea (9). However, endothelial
damage with topical use is rare and has only been
reported in one patient who required corneal
transplantation because of frequent applications of
0.004% BAC for ocular surface disease (10).
Intraocular use of 0.05% BAC causes irreversible
endothelial necrosis, whereas 0.01% BAC causes
reversible corneal edema is healthy rabbit eyes (11).

The threshold for physiologic and ultrastructural
alterations of the endothelium is 0.0001% (12), and
the highest safe intraocular concentration is 0.001%
(13). These numbers were generated from rabbit
experiments, and, therefore recommendation is to
avoid preservatives for intraocular use in humans as
much as possible, no matter what the concentration.

INTRAOCULAR MEDICATIONS: ANTIBIOTICS

Recently, studies have been published regarding the
safety and efficacy of intraocular antibiotics to help to
prevent endophthalmitis. In the past, investigators
have suggested the use of Gentamycin sulfate,
vancomycin ,or both for prophylaxis (14-16). However,
concerns about vancomycin- resistant organism and
aminoglycoside related macular toxicity have caused
the need for better intraocular antibiotics options.
Kramann et al. (17.) studied the effects of prophylactic
intracameral cefotaxime on the human corneal
endothelium. Cefotaxime is a third -generation
cephalosporin that has broad gram negative coverage
and lesser but still useful activity against gram-positive
organism. They found no significant endothelial
damage in terms of cell density or morphology at 3
months follow up. No evidence of toxicity was found
when 0.25% cefotaxime solution was instilled into the
anterior chamber.

INTRAOCULAR MEDICATIONS: ANESTHETICS

Intracameral anesthesia is thought to be superior to
peribulbar anesthesia because it avoids the possibility
of severe complications such as globe perforation,
retinal vascular occlusion, retrobulbar hemorrhage,
optic nerve injury , and brainstem anesthesia(18).
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Heuermann et al.(19) compared peribulbar anesthesia
with topical 2% lidocaine and intracameral
preservative free 1% lidocaine and found intracameral
lidocaine to be a safe alternative. They showed that
there was no statistically significant endothelial cell
loss or morphologic variation after phacoemulsification
using either anesthetic protocol.

Based on the data published, intracameral
methylparaben-free 1% lidocaine hydrochloride is not
only a safe and easy alternative to retro/peribulbar
anesthesia, but also the technique of choice for
phacoemulsification (20).

INTRAOCULAR MEDICATIONS: HYALURONIDASE

Exogenously injected hyaluronidase has been reported
to induce vitreous liquefaction and to increase aqueous
outflow. It has been investigated as an intraocular
pharmacological agent for multiple uses, including
chemical vitreolysis, glaucoma therapy, refractive
surgery, corneal scar therapy, and prevention of
postoperative intraocular pressure elevation associated
with the use of hyaluronic acid-containing viscoelastics
(21-25).

Jumper et al. (26) reported a study that tried to
determine whether toxicity to the cornea was related
to the hyaluronidase itself, the impurities in the
preparations sold commercially, or the accompanying
vehicle. They concluded that surgeons should avoid
less purified or preservative containing hyaluronidase
preparations for intraocular use (26).

INTRAOCULAR INDOCYANINE GREEN

ICG has been used to stain both the internal limiting
membrane in vitreoretinal surgery and the anterior
capsule in cataract surgery. Holley et al. (27.) studied
the effects of ICG on the human and rabbit corneal
endothelium. They showed that human corneas
exposed to ICG had no corneal endothelial
ultrastructural damage by scanning and transmission
electron microscopy. They did note one word of caution
when using this product. ICG comes in the form of a
25-mg powder that needs to be dissolved in 0.5mL of
aqueous solvent (distilled water) that is then diluted
with 4.5mL BSS or BSS Plus. If the ICG is dissolved in
distilled water alone or if the distilled water itself is
injected into the anterior chamber, corneal edema will
result (27.). Other than that, they found the dye to be
safe for future intraocular surgeries.
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GLAUCOMAMEDICATIONS: MITOMYCINC

Mitomycin C can lead to the development of hypotony
with a shallow chamber, hypotonic maculopathy,
extended choroidal detachment, or a decrease in visual
acuity related to progressive cataracts. Damage to
the corneal endothelium may be induced owing to the
iridocorneal contact resulting from a shallow to flat
anterior chamber (28.). Smith et al. (29) correlated
decreased corneal endothelial cell density to higher
grades of anterior chamber flattening. The decrease
in cell density was found to be much higher than would
be expected by grade 2 shallow chambers without
mitomycin use. It was therefore concluded that the
use of mitomycin C was a key factor in worsening the
corneal endothelial damage.

STERILIZATION DETERGENTS

A relatively new issue that will need to be addressed
by ophthalmic surgeons and operating room personnel
is enzymatic detergent - related toxicity to the corneal
endothelium. Because ethylene oxide is now
considered an occupational carcinogen and
reproductive toxin by the National Institute for
Occupational Safety and Health, Centers for Disease
Control and Preventation (30,31), there has been a
greater demand for better and safer alternatives.
Enzymatic detergents are supposed to be an answer.
However, if the instruments are not rinsed thoroughly,
detergents thus entering the anterior chamber can be
toxic to the endothelium .These detergents contain
subtilisin ,an exotoxin ,and alpha amylase enzymes
that are deactivated only if exposed to temperatures
exceeding 140 C. However, most autoclaves in use
today reach maximal temperatures of 120C to 130C.
Parikh et al, (32) reported in vitro data showing a
dose-related increase in corneal thickness in both
humans and rabbits and corneal endothelial
ultrastructural damage in both rabbits and humans.
The importance of this information stems from the
possibility of introducing active enzymes into the
anterior chamber from instruments that are not cleaned
properly. Without adequate rinsing, detergent and/or
viscoelastic residue can build up in reusable
instruments and can be irrigated in to the eye (32).

OPHTHALMIC VISCOELASTIC DEVICES

Kim et al. (33), using donor human eyes and rabbit
eyes, compared Healon, Healon GV, and Viscoat with
controls that received no viscoelastic to protect the
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integrity of the endothelium. They found that Viscoat
was the best viscoelastic for preventing endothelial
damage. Additionally, they surmised that Viscoat must
interact with the mucinous layer of the endothelium
because the layer appeared thinned by transmission
electron microscopy than controls, Healon 5, or Healon
GV exposed eyes. They observed that Viscoat actually
trapped air bubbles, which prevented them from
making contact with the endothelium.
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