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tarGet auDienCe this educational activity is 
intended for ophthalmologists and ophthalmologists 
in residency or fellowship training.

LearninG oBJeCtiVes upon completion of this 
activity, participants will be able to:

1. describe distinctions between chlorotaurines and 
conventional antimicrobial agents.

2. determine the potential risks and benefi ts of 
adopting intracameral antibiotic prophylaxis in their 
own surgical center.
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Antiinfectives
in the Pipeline: Drugs that Kill
Pathogens with the same Mechanism
as our own White Blood cells
Stephen Wilmarth, MD

Chlorotaurines are a novel group of 
nonantibiotic antimicrobials in develop-
ment for the treatment of superf icial 
infections, including those a� ecting the 
eye. Essentially mimicking the mechanism 
by which immune cells kill pathogens, 
these compounds may one day o� er safe 
and e� ective treatment for a wide variety 
of infections. 

Growing antimicrobial resistance to 
conventional antibiotics threatens not 
just ophthalmology but all of medicine. 
Despite this grave threat, there is a pau-
city of new antibiotics in the pipeline; 
and the history of antibiotics suggests 
that even when novel agents are intro-
duced, resistance inevitably emerges—in 
some cases, rather rapidly, even limiting 
the use of the agent. 

Although a number of current 

antibiotics remain highly effective, 
some would argue that the race to stay 
ahead of the pathogens is, ultimately, a 
lost cause, and we are entering a post-
antibiotic era in which it will be critical 
to fi nd alternative solutions for combat-
ing infections.1  

Chlorotaurines
Against that background, a new 

group of non-antibiotic antiinfective 
agents is in development for the topi-
cal treatment of infections, specifi cally 
skin, eye, and bladder infections. Th ese 
agents include N- chlorotaurine, N,N-

FiGure 1 Photomicrograph of chlorotaurine penetrating bacterial cell wall. Image shows bacterial 
cells before and after treatment with NVC-422. Live-dead staining is used to show effects of NVC-
422 on bacterial membrane. (Image courtesy of the author.)
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statement oF neeD
Ophthalmologists face numerous challenges in optimizing 
their competencies and clinical practices in the realm of 
preventing, diagnosing, and treating ocular infections and 
their sequelae; these challenges include:
•  Th e widespread “off -label” use of topical ophthalmic anti-

biotics to prevent and treat serious and sight-threatening 
infections—given the reality that the most widely used 
topical antibiotics in ophthalmology have FDA approvals 
restricted to bacterial conjunctivitis.

•  Th e escalating levels of multi-drug resistance in common 
ocular pathogens.1

•  Th e emergence and increasing prevalence of once-atypical 
infections that may require diagnostic and treatment 
techniques relatively unfamiliar to comprehensive oph-
thalmologists.2 

•  Th e introduction of new and potentially more effi  cacious 
and/or safe ophthalmic antiinfectives.3

•  Th e introduction of new and potentially more accurate 
diagnostic techniques for ophthalmic infections.4

•  Widespread discussion over the effi  cacy and safety of novel 
or alternative delivery techniques and vehicles for prophy-
lactic ophthalmic antibiotics (including but not limited to 
intracameral injection and topical mucoadhesives).5,6

•  Increased understanding of the infl ammatory damage 
caused by ocular infections and the best ways to prevent/
alleviate infl ammation without fueling the growth of 
pathogenic organisms. 

Given the continually evolving challenges described above, 
Topics in Ocular Antiinfectives aims to help ophthalmologists 
update outdated competencies and narrow gaps between 
actual and optimal clinical practices. As an ongoing resource, 
this series will support evidence-based and rational antiinfec-
tive choices across a range of ophthalmic clinical situations. 
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dichlorotaurine, and N,N-dichloro-
dimethyltaurine (auriclosene). Several 
features of this group of molecules set 
them apart from most antimicrobials: 
broad activity against viruses, bacteria, 
and fungi; excellent safety profi le; and 
low likelihood for the emergence of 
resistance.2-4 

spectrum of activity
When compared to current an-

tibiotics, the breadth of chlorotau-
rines’ antimicrobial activity is nothing 
less than startling. At concentrations 
thought to be similar to those used in 
endogenous killing, chlorotaurines have 
been shown to be cidal against a wide 
range of bacterial, fungal, and viral 

pathogens.5-7 Indeed, in vitro studies 
show that auriclosene is rapidly cidal to 
strains of a wide variety of gram-positive 
and gram-negative species, aerobic as 
well as anaerobic, regardless of the fact 
that some of these strains are multiply 
resistant to traditional antibiotics. Th e 
fact that none of the bacterial or fungal 
strains resistant to the known antibiot-
ics are cross-resistant with chlorotau-
rines enhances the appeal and value of 
compounds such as auriclosene to the 
practicing physician. 

Chlorotaurines have been shown to 
be very eff ective in rapidly disrupting 
biofi lms, an attribute that is generally 
lacking in most classical antibiotics. 
Auriclosene has shown activity against 

every bacterium and extracellular virus 
against which it has been tested in the 
lab, including methicillin-resistant 
Staphylococcus aureus (MRSA) and hu-
man immunodefi ciency virus. It also 
has at least static activity against fungal 
and amoebic pathogens, including Acan-
thamoeba.8,9 Its small molecular size al-
lows access to microbes that are typically 
out of reach to conventional antibiotics, 
including protozoal cysts and organisms 
within bacterial biofi lms.

Auriclosene is currently in clinical 
trials for treatment of impetigo and the 
prevention of urinary catheter blockage 
and encrustation (UCBE).10,11 Results of 
these studies may be available as early 
as fall 2013.
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enrolling patients in 2012 in the US, In-
dia, Brazil, and Sri Lanka. Enrollment 
should be completed by the end of 2013. 

A proof-of-concept Phase 2A safety 
and efficacy clinical study to assess 
auriclosene as a treatment for bacte-
rial conjunctivitis is also ongoing 

mechanism of action
The lethality of these molecules 

comes from the chlorine-based moiety 
that kills microbes without harming 
host tissue. Th ese molecules oxidize the 
sulfur-containing amino acids cysteine 
and methionine in the surface of viruses 
and microbes, damaging the outer sur-
faces and inactivating their ability to 
replicate (Figure 1).12 

 Human cells are less susceptible 
to chlorine-mediated oxidation due to 
inability of N-chlorotaurines to pen-
etrate mammalian cells, and the trace 
amounts of these compounds that reach 
the cytoplasm are quickly deactivated by 
intracellular glutathione and lose their 
oxidizing capacity.12,13

Lack of resistance
White blood cells in humans and 

other animal species use chlorine-based 
antimicrobial defenses for intracellular 
killing of pathogens. Pathogens have 
been exposed to these chlorine-based 
molecules in the human body without 
the emergence of resistance. Chlorotau-
rine’s biocidal eff ects are manifested at 
many sites (exposed sulfur-containing 
amino acids) on the surface of viruses 
and microbes, thus reducing the chances 
of emergence of resistant variants of the 
pathogens.  

In vitro studies support this mecha-
nism of action and lack of emergence 
of resistance. A recent passage study 
demonstrated that when cultures of S. 
aureus are exposed to sublethal does of 
mupirocin or fusidic acid, resistance 
emerges within a few days of exposure as 
evidenced by increases in the minimum 
inhibitory concentration (MIC). In con-
trast, in the same protocol, no resistance 
emerges when the chlorotaurines or 
auriclosene are used in a similar way.14 

auriclosene Clinical trials
Auriclosene is a synthetic analog of 

naturally occurring N, N-dichlorotau-
rine with two methyl groups attached to 
stabilize the molecule in aqueous solu-
tions. Auriclosene demonstrates rapid, 
potent viricidal activity in vitro against 
all viruses tested to date including hu-
man adenovirus types 5, 8, 19, and 37; 
herpes simplex virus-1 and -2; coxsackie-

virus A24; and enterovirus 70.5,6 
Outbreaks of adenovirus conjunctivi-

tis are common globally, and the treatment 
of adenovirus constitutes a major unmet 
medical need in ophthalmology. Some 
types of adenovirus cause epidemic kerato-
conjunctivitis (EKC), which is recognized 
clinically by the presence of subepithelial 
corneal infi ltrates in the central cornea 
and impaired vision that may persist for 
months to years after the infection is over. 

Adenovirus replicates inside the 
host cells and then releases thousands 
of viral particles onto the ocular surface 
and into the tear fi lm. Auriclosene acts 
by inactivating free virus in the tear fi lm 
and on the surface of the eye at each dos-
ing (8 times per day). Th is reduces the 
reinfection of host cells needed for the 
next round of adenoviral replication. Th is 
mechanism is very diff erent from classical 
antiviral agents, which act by interrupt-
ing viral replication inside the host cells.

A randomized, double-masked, 
multicenter proof-of-concept Phase 2A 
trial of auriclosene vs its vehicle as a 
treatment for adenoviral conjunctivitis 
was conducted in the US (ClinicalTrials.
gov NCT00901693). Th e study enrolled 
81 adenovirus patients as confirmed 
by PCR. Th e treatment schedule was 
8 times per day for 10 days. Micro-
biological and clinical effi  cacy as well 
as other signs and symptoms were as-
sessed at each visit including the Day 
11 (End-of-Th erapy [EOT] Visit) and 
Day 18 (Test-of-Cure [TOC] Visit). At 
the TOC visit, there was a 6% to 8% 
diff erence between auriclosene and its 
vehicle in microbiological and clinical 
effi  cacy. (Overall, the clinical cure rate 
for auriclosene was 67% vs 60% for its 
vehicle; the microbiological cure rate for 
auriclosene was 83% vs 74% for its ve-
hicle.) However, in the subset of patients 
with EKC due to serotypes 8, 19, and 37, 
a 15% diff erential was observed between 
auriclosene and its vehicle in microbio-
logical and clinical effi  cacy. Clearing of 
blurred vision due to punctate keratitis 
demonstrated greater than 40% diff eren-
tial between auriclosene and its vehicle.

A global Phase 2B trial of safety 
and efficacy against adenoviral con-
junctivitis is ongoing (ClinicalTrials.
gov NCT01532336). Th is study began 

core concePts 
➤ Chlorotaurines are synthetic 

compounds related to the 
substances produced by 
mammalian white blood cells 
to kill microbes.

➤ Chlorotaurines target 
multiple sites on pathogens 
at once and are rapidly lethal 
to dividing or non-dividing 
organisms; they cannot, 
however, access intracellular 
pathogens.

➤ Chlorotaurines are active 
against viruses, bacteria, 
fungi and amoeba.

➤ Chlorotaurines have 
minimal affect on human 
tissue and are not thought 
to be associated with the 
development of resistance. 

➤ allergic reactions to 
chlorotaurines have not been 
seen.

➤ hypochlorous acid solution 
shares the basic structure, 
mechanism of action, and 
endogenous defense function 
as the chlorotaurines and 
is FDa approved for use in 
wound care.

➤ the chlorotaurine agent 
furthest along in clinical 
testing is auriclosene which 
is undergoing clinical 
trials for the treatment of 
conjunctivitis, impetigo, and 
urinary bladder infections.

➤ Phase 2a studies of 
auriclosene treatment of 
adenovirus conjunctivitis 
showed promise among a 
subset of patients infected 
with adenovirus serotypes 
8, 19, and 37 (but missed 
the overall target endpoint, 
perhaps related to small 
sample size).
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(ClinicalTrials.gov NCT01877694) in 
the US and should be completed by 
the end of 2013. Other notable clini-
cal studies with auriclosene beyond its 
ophthalmic uses include a global Phase 
2B safety and effi  cacy clinical trial that 
is ongoing to assess auriclosene as a 
treatment for impetigo (ClinicalTrials.
gov NCT01670032). Completion of 
enrollment in this study is expected in 
the second half of 2013. Also a proof-
of-concept Phase 2A safety and effi  cacy 
clinical study to assess auriclosene as a 
preventative for UCBE is also ongoing 
(ClinicalTrials.gov NCT01243125). 

Potential role in medicine
Current explorations of chloro-

taurines have demonstrated clinically 
relevant effi  cacy in treating superfi cial 
infections on the ocular surface and 
elsewhere. If commercialized, chloro-
taurines could lessen reliance on topical 
and systemic antibiotics. Th ey could 
make a signifi cant contribution towards 
slowing the emergence and selection of 
antibiotic resistant pathogens. Th is, in 
turn, may prolong the practical lifetime 
of traditional systemic antibiotics.  

In addition, there is no approved 
therapy for adenoviral conjunctivitis 
anywhere in the world. Since its fi rst 
description over a century ago, many 
attempts have been made to develop 
an eff ective treatment for EKC. Auri-
closene’s safety profi le and its promise 
of clinical effi  cacy in treating adenoviral 
conjunctivitis show great potential. 

  

Conclusion
Auriclosene, the most stable of the 

chlorotaurines, is a promising new com-
pound from this group of non-antibiotic 
antimicrobials with potential relevance 
for the treatment and prevention of sur-
face infections, including ocular surface 
infection. Results of ongoing clinical 
studies will determine the extent and 
nature of auriclosene integration into 
ophthalmologic practice.
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of Horizon Laser Vision and medical director of 
ophthalmic surgery at South Place Surgery Center, 
Granite Bay, CA. Dr. Wilmarth serves as chair-
man of the Board of Directors of Medical Vision 
Technology in Northern California. He is a member 
of the Ophthalmic Advisory Board at NovaBay 
Pharmaceuticals, Emeryville, CA. Dr. Wilmarth is 
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compounded antibiotics: 
risks and Benefi ts

 

US surgeons have been much slower 
to adopt intracameral prophylaxis; and 
those who embrace it must rely on either 
a compounding pharmacy or their own 
preparation in the operating room, 
since there is no commercial antibiotic 
formulation designed for intracameral 
use. For many US surgeons, the risks 
associated with intracameral antibiotics 
are such that they prefer a conservative 
approach to perioperative antimicrobial 
prophylaxis, limiting their regimens to 
antiseptics and topical antibiotics.

Nick Mamalis, MD

The large ESCRS-sponsored clinical comparison of intracameral vs topical antibiotic 
prophylaxis in cataract surgery found a dramatically lower incidence of endophthalmitis 
when an intracameral antibiotic was used than when topical (or no) prophylaxis was given.1

Since the ESCRS study, European surgeons have adopted intracameral prophylaxis in large 
numbers, with most using cefuroxime, the intracameral drug used in the ESCRS study.
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the us surgeon’s Dilemma
Since the European Society of 

Cataract and Refractive Surgeons 
(ESCRS) study was published in 2006, 
intracameral antibiotics have become 
routine for the majority of cataract 
surgeons in Europe.1 A 2012 telephone 
survey of ESCRS members across 
Europe confi rmed its popularity, with 
91% of surgeons surveyed saying they 
were aware of the study and 74% always 
or “usually” employing intracameral 
antibiotic prophylaxis during cataract 
surgery.2 Th at proportion is likely even 
higher today, since a primary barrier 
cited by the 26% who had not adopted 
the practice at the time was lack of a 
commercially prepared intracameral 
antibiotic, a barrier that was lifted this 
year when Th ea Pharma obtained a CE 
mark for its formulation of specifi cally 
intracameral cefuroxime.

No similar commercially produced 
and government sanctioned intracam-
eral antibiotic is available in the US; 
nor is it likely that one will ever become 
available since the study necessary to 
demonstrate prophylactic effi  cacy in the 
US would need to be so large as to be 
cost prohibitive. And although it is rou-
tinely and almost universally practiced 
among American cataract surgeons, 
all perioperative use of antibiotic pro-
phylaxis is off -label, as no ophthalmic 
antibiotic has been FDA approved for 
infection prevention. 

This leaves US surgeons with a 
dilemma: to go the way of most of 
their European colleagues, using intra-
cameral prophylaxis despite the step of 
having to use self-, staff - or pharmacy-
compounded drug or, alternatively, to 
forego injectables altogether and rely on 
topical prophylactic agents. 

the us situation
Some in the US have chosen in-

tracameral prophylaxis and have met 
with success. Shorstein and colleagues 
at Kaiser Permanente in California 
demonstrated a decreasing rate of post-
operative endophthalmitis from 2007 
(0.313%) to 2010-2011 (0.014%) with 
the introduction of intracameral pro-

phylaxis (primarily cefuroxime).3

Other surgeons have remained loyal 
to topical antibiotics as their mainstay 
for prophylaxis. In 2007, a large survey 
of mostly non-European surgeons con-
ducted by the ASCRS clinical commit-
tee revealed that, among those who were 
not using intracameral antibiotics before 
the ESCRS study (84%), 77% did not 
intend to adopt the practice compared to 
7% who did. Th e top reasons cited were 
further study needed (89%), concern 
about risk (45%), and cost (11%).4 Th e 
extent to which prophylaxis practices 
may have changed since then is unclear.

risk of tass
Th e most commonly used intracam-

eral agents have historically been cefu-
roxime, preservative-free moxifl oxacin, 
and vancomycin. As mentioned, Euro-
pean surgeons are fortunate to now have 
a cefuroxime preparation specifi cally 
formulated for intracameral use. Where 
that is not available, doctors must rely 
on pharmacy compounding or prepare 
the antibiotic themselves, a process that 
its detractors call “kitchen pharmacy.” 
A chief concern around “kitchen phar-
macy” is that it introduces the possibility 
of a dilutional error or contamination, 
giving rise to the possibility of toxic 
anterior segment syndrome (TASS).

 TASS is an acute sterile infl am-
matory reaction to material that has 
entered the eye during surgery. In ad-
dition to reactions to contaminants, the 
anterior chamber is a tiny space, and the 
endothelial cells that line it are exqui-
sitely sensitive to any change in pH or 
osmolarity. Concentrated antibiotic (due 
to miscalculation or dosing error) and 
detergents (present in some antibiotics 
not intended for intraocular use) have 
been known to cause TASS.5-7

Patients with TASS typically pres-
ent within 12 to 48 hours of surgery with 
painless blurry vision, corneal edema, 
and evidence of severe ocular infl am-
mation. Consequences of TASS include 
damage to the corneal endothelium 
resulting in permanent edema; damage 
to the trabecular meshwork resulting in 
a highly refractory glaucoma; or damage 

to the iris causing problems with pupil 
dilation. 

Cefuroxime
Cefuroxime, the most thoroughly 

studied agent for intracameral pro-
phylaxis, has a long history of use.1,3,8 

 

core concePts 
➤ all use of intracameral 

antibiotic—and, indeed, all 
prophylactic antibiotic use—is 
off-label in the us 

➤ injecting a drug that is 
neither approved nor 
commercially prepared into 
the eye risks contamination 
and dilutional errors.

➤ a compounding pharmacy, 
hospital pharmacy, or 
surgical personnel must 
mix and dilute cefuroxime 
or vancomycin if it is to be 
injected intracamerally.

➤ extreme caution must 
accompany the intracameral 
use of any topical antibiotic 
such as topical moxifl oxacin; 
only the preservative-free, 
nontoxic formulation should 
contact the inner eye.

➤ iatrogenic tass may result 
from improperly diluted 
antibiotic or antibiotic 
formulated in a vehicle with a 
toxic component.

➤ Centers that use intracameral 
antibiotic prophylaxis must 
make absolutely certain 
that the protocol is (a) 
mathematically correct, (b) 
thoroughly understood by all 
involved, including doctors, 
nurses, and pharmacy, and 
(c) carried out with utmost 
precision each time.

➤ in centers that pay 
meticulous attention to 
draping, use povidone-iodine, 
and employ a topical fourth-
generation fl uoroquinolone, 
rates of endophthalmitis are 
extremely low.
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In those places, like the US, where an 
intracameral cefuroxime formulation 
is not available, a multi-step dilution 
process is required before injecting the 
drug. First, a vial of drug in powdered 
form is diluted with sterile nonpreserved 
saline; then that solution is removed and 
diluted a second time to reach a fi nal 
concentration of 1 mg cefuroxime per 
0.1 mL of saline for injection into the 
anterior chamber. 

It is critical that the person perform-
ing the dilution, whether the surgeon, 
surgical nurse, or pharmacist, be me-
ticulous, since opportunity for error 
exists with each step. When mixed and 
dosed properly, however, there have been 
no reports of toxicity with intracameral 
cefuroxime. However, when a dilution 
error results in the administration of a 
higher than recommended dose, the po-
tential for toxicity exists. Th e frequency 
of dosing errors is unknown; but there 
are case reports of it in the literature.

Th ere was, for example, an incident 
in Bordeaux, France where a surgeon 
misunderstood the dilution protocol 
and inadvertently injected 40 to 50 
times the intended concentration of 
cefuroxime into the anterior chamber 
following uneventful cataract surgeries 
in a series of six patients. (Th e surgeon 
skipped the second dilution.) Patients 
developed moderate anterior segment 
infl ammation consistent with TASS; 
they also developed posterior segment 
infl ammation with macular edema and 
serous retinal detachment with diff use 
leakage. Fortunately, the macular edema 
and serous retinal detachment resolved, 
and the patients regained normal vision 
within 6 weeks.5

In a separate case, a patient who 
received an overdose of intracameral 
cefuroxime experienced macular infarc-
tion and cystoid macular edema. Again, 
a mistake in diluting the drug was the 
cause. Attempts to mitigate the infl am-
mation with intravitreal triamcinolone 
were unsuccessful, and the patient’s fi nal 
visual acuity with pinhole was 3/60.6

Even following a dilutional protocol 
to the letter can result in unintended 
variability in dosage in a clinical set-

ting. An interesting study performed 
at two ophthalmic surgery centers in 
Glasgow, UK tested their respective 
cefuroxime mixing protocols and ana-
lyzed fi nal concentrations. (For study 
purposes, surgical teams performed 
dilutions with potassium chloride as a 
surrogate for the antibiotic; the diluted 
product was discarded after analysis.) 
Although each team aimed at the same 
fi nal concentration (1.0 mg/0.1 mL) and 
the steps were followed carefully, one 
protocol yielded concentrations ranging 
from 0.62 to 1.77 mg/0.1 mL and the 
other from 0.52 to 7.25 mg/mL; median 
doses were 1.17mg and 2.05mg, respec-
tively. Variability was likely introduced 
through inadequate mixing within the 
vial or the syringe itself, particularly in 
the second protocol, which used a 1 cc 
syringe (rather than the 2 cc syringe in 
used in the fi rst protocol) (Table 1).9

moxifl oxacin (Vigamox® brand 
only)

Th ere are several advantages to using 
moxifl oxacin, specifi cally Vigamox®, 
for intracameral prophylaxis. A fourth-
generation f luoroquinolone, moxi-
fl oxacin provides very good coverage 
against bacteria that commonly cause 

postoperative endophthalmitis. When 
formulated as Vigamox, the drug is also 
preservative-free (similar in that respect 
to the powder versions of cefuroxime 
and vancomycin). Preservative-free drug 
is essential for any intracameral medi-
cation as preservatives can damage the 
delicate corneal endothelium. 

Vigamox can be administered via 
injection into the anterior chamber 
either straight out of the bottle or di-
luted by 1:1 with saline. Th e single step 
dilution (or no dilution) reduces the 
chance of making an error that could 
lead to TASS—indeed, a dilutional 
error is highly unlikely to result in an 
overdose of moxifl oxacin, as any dilution 
of moxifl oxacin will make it safer than 
undiluted drug from the bottle (which 
appears to be safe).

Th e main disadvantage of choosing 
moxifl oxacin as an intracameral agent 
is the potential for an error around the 
brand. A critical difference between 
Vigamox and another formulation topi-
cal ophthalmic moxifl oxacin, Moxeza®, 
is in the composition of their vehicles. 
Moxeza contains ingredients that are 
toxic to the inside of the eye, most nota-
bly a material called tyloxapol, which has 
detergent and mucolytic properties. In 

taBLe 1

two protocols used in Europe for cefuroxime preparation for 
intracameral injection

Protocol 1 Protocol 2

■ take 250 mg vial of cefuroxime ■ take 250 mg vial of cefuroxime

■ Add 12.5 ml of 0.9% saline ■ Add 2.5 ml of 0.9% saline

■ Withdraw 1.0 ml of solution into 
2.0 ml syringe

■ Withdraw 0.1 ml into 1.0 ml 
syringe

■ Add 1.0 ml of 0.9% saline ■ make up to 1.0 ml with 0.9 ml 
saline

■ draw up 0.5 ml from this 
syringe with 1.0 ml syringe

■ discard 0.8 ml and give surgeon 
0.2 ml

■ discard 0.3 ml and give surgeon 
0.2 ml

■ Surgeon uses 0.1 ml (1 mg) 
intracamerally

■ Surgeon uses 0.1 ml (1 mg) 
intracamerally

Although it had fewer steps, Protocol 1 yielded more consistent concentrations of the diluted substance 
compared than Protocol 2. This was likely attributable to better mixing within the larger syringe (2.0 mL) 
used in Protocol 1. (Adapted from: Lockington et al, reference 9.)
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a recent incident reported to the TASS 
task force, a pharmacist substituted 
Moxeza for Vigamox, assuming them 
to be the same. As a result, 12 patients 
were exposed to intracameral Moxeza, 
all of whom developed severe postopera-
tive TASS.7 

Even though this was the fi rst report 
of its kind, and, ostensibly, tight precau-
tions to prevent substitution between 
moxifl oxacin formulations could (and 
should) be implemented, this case il-
lustrates how some errors are hard to 
foresee, particularly when it comes to 
off -label uses of medications. Th e prod-
uct information for Moxeza clearly states 
that the drug is formulated for no pur-
pose other than topical ophthalmic use 
and should not be injected intracamer-
ally; however, the same warning is found 
in the label for Vigamox, undercutting 
the warning on Moxeza.

Vancomycin
Vancomycin is a third antibiotic that 

some US and European surgeons have 
adopted for intracameral prophylaxis at 
the end of cataract surgery. Although 
its coverage against gram-negative 
pathogens is weak, vancomycin provides 
superlative gram-positive coverage, in-
cluding drug-resistant bacterial strains. 
At least one institution has demon-
strated its effi  cacy in markedly reducing 
rates of postsurgical endophthalmitis 
when properly mixed.10

 Despite being relatively easy to 
reconstitute and dilute (taking one less 
step than cefuroxime dilution), errors 
may still occur. At least one instance of 
an error making up vancomycin solu-
tion—with a toxic result—has been 
recorded, although not at this point 
published. 

As anyone who keeps up with the 
news now knows, it isn’t just “kitchen 
pharmacy” that can lead to mistakes; 
compounding pharmacies are not im-
mune to errors, either.11 And these errors 
may not be detectable. Short of actually 
analyzing the contents of the syringe, 
there is no way to know if a batch of 

antibiotic or other drug prepared at a 
compounding pharmacy was properly 
mixed—improperly mixed medication 
may not appear cloudy or off er any other 
visible clue to an error in formulation. 
Rather, the fi rst indicator of a com-
pounding pharmacy error would likely 
come on postoperative day one when a 
cluster of exposed patients present with 
unexpected symptoms.

Low Baseline infection rates
Multiple studies have presented 

compelling evidence that intracam-
eral antibiotic use decreases the risk 
of endophthalmitis. But when data 
from institutions that are using strict 
protocols for patient draping, preop-
erative povidone-iodine around and in 
the eye, and topical fourth-generation 
fl uoroquinolone instillation immediately 
upon conclusion of the case, rates of 
endophthalmitis approach those as-
sociated with intracameral prophylaxis. 
Unlike topical antibiotics, preoperative 
povidone-iodine use has been unim-
peachably shown to reduce rates of 
postoperative endophthalmitis.12

At our institution, the Moran Eye 
Center, we have not adopted intracam-
eral antibiotics for endophthalmitis 
prophylaxis; and our rate of endophthal-
mitis is exceedingly low at 0.05%. With 
an incidence of one in 2,000, switching 
to or adding intracameral prophylaxis is 
unlikely to lower that rate signifi cantly.4

Conclusion
Factors that contribute to low adop-

tion of intracameral antibiotic prophy-
laxis in the US include low baseline rates 
of endophthalmitis, the lack of a com-
mercial product formulated specifi cally 
for intracameral use, and a paucity of 
intracameral antibiotic toxicity studies. 
Cost has also been cited as a potential 
barrier. Although mishaps are rare, US 
cataract surgeons must attend to risks of 
pharmacy-compounded and staff -mixed 
antibiotics if they choose to administer 
intracameral antibiotics for prevention 
of postoperative infection.

Nick Mamalis, MD, is a professor in the University 
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 1. Which of the following 
chemical components 
underlies the antimicrobial 
activity of auriclosene and 
the agents in its class?
A. Fluorine
B. Chlorine
C. Bromine
D. None of the above  

 2. Which of the following is 
least likely to be seen in a 
patient with TASS?
A. Blurry vision on post-op 

day one 
B. Severe pain
C. Evidence of intraocular 

inflammation
D. Corneal edema

 3. Chlorotaurine compounds 
are being clinically tested for 
use in which of the following 
conditions?
A. Impetigo
B. Urinary catheter 

encrustation
C. Adenovirus conjunctivitis
D. All of the above

 4. Which of the following is 
FDA-approved for surgical 
prophylaxis in the US?
A. Cefuroxime
B. Vigamox®
C. Moxeza®
D. None of the above

 5. Which of the following is/
are routes of chlorotaurine 
administration that has been 
recently tested?
A. Oral
B. Parenteral
C. Topical
D. All of the above  

 6. Which of the following 
antibiotics can NEVER be 
safely introduced into the 
anterior chamber? 
A. Moxeza (topical 

moxifloxacin)
B. Vancomycin 
C. Cefuroxime
D. Vigamox (topical 

moxifloxacin)

  

 7. In the ESCRS study, 
which antibiotic was 
shown to reduce the 
incidence of postoperative 
endophthalmitis?
A. Topical fluoroquinolone
B. Intracameral cefuroxime
C. Intracameral vancomycin
D. All of the above

 8. Which of the following 
is a key feature of the 
chlorotaurine mechanism of 
action?
A. Blocks enzymes involved 

in bacterial cell wall 
synthesis

B. Induces apoptosis in 
dividing cells

C. Oxidizes sulfur-
containing amino acids

D. Inhibits RNA 
transcription

 9. Which of the following has 
been proven to decrease 
rates of postoperative 
endophthalmitis? 
A. Operating in the morning
B. Topical fluoroquinolones
C. Povidone-iodine
D. Printed postoperative care 

instructions for patients

 10. Which of the following 
is NOT a feature of the 
chlorotaurines?
A. Developed from systemic 

drugs widely used in 
livestock

B. Presumed low risk 
of resistance among 
pathogens

C. In vitro activity against 
herpes simplex virus, 
adenovirus, and 
Acanthamoeba

D. Well tolerated as an 
eyedrop


