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tarGet auDienCe this educational activity is in-
tended for ophthalmologists and ophthalmologists in 
residency or fellowship training.
LearninG oBJeCtiVes upon completion of this 
activity, participants will be able to:
1. make maximally effective treatment decisions, 

employing both the older and newer generation 
fl uoroquinolones.

2. design treatment protocols that minimize the risk of 
provoking fl uoroquinolone resistance. 

3. describe the benefits and risks of intracameral 
cefuroxime prophylaxis in cataract surgery.

4. Evaluate the impact of adopting cataract prophylaxis 
regimen that incorporates intracameral antibiotic 
injection.
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structure of the quinolone 
backbone has led to the de-
velopment of a group of 
quinolone compounds, that 
has given us a second, third, 
and fourth generation of 
fl uoroquinolones (Figure 1).

Fluoroquinolones, qui-
nolones in which a fl uorine 
atom is added to the core 
ring structure, are generally 
broad spectrum and make up 
the majority of quinolones in clinical 
use today. Th ese drugs work by inhibit-
ing bacterial topoisomerase II (DNA 
gyrase) and topoisomerase IV, enzymes 
essential for replication and transcrip-
tion of bacterial DNA. Th is mechanism 
of action makes the fl uoroquinolones 
bactericidal.

Ophthalmic fl uoroquinolones, in-
cluding both the older generations 
(ciprofl oxacin, ofl oxacin) and the newer 
fl uoroquinolones (levofl oxacin, gatifl ox-
acin, moxifl oxacin, and besifl oxacin), are 
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Excessive antibiotic use inevitably 
creates selection pressures that favor 
the rise of resistant strains. Having for 
years dominated the management of 
ocular infection, the quinolones are now 
challenged by a trend of rising resistance, 
most notably in the rise of methicillin-
resistant staphylococci. While the bacteria 
may win out in the long run, shrewd use 
of the quinolone antibiotics should extend 
their clinical utility.

Nalidixic acid, the fi rst quinolone 
antibiotic, was discovered acciden-
tally in 1962 by George Lesher and 
coworkers while they were working 
on the synthesis of the antimalarial 
drug chloroquine.1 Nalidixic acid had 
modest effi  cacy against gram-negative 
bacteria and was used for the treatment 
of urinary tract infections. Since then, 
ongoing modifi cations to the chemical 

FiGure 1 Structure of quinolones and (as d enoted by –F) 
fl uoroquinones. 

now the most frequently used antibiotics 
for both the prevention and treatment of 
ocular infection. But, like their systemic 
counterparts, these agents are faced 
with a rising tide of bacterial resistance 
that poses a serious threat to our ability 
to treat infection and has brought the 
future role of the fl uoroquinolones into 
question.

the evolution of Quinolones  
The determination of quinolone 

“generations” has been somewhat ar-
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bitrary and no doubt inf luenced by 
marketing as well as scientifi c consider-
ations. Nonetheless, it is fair to say that, 
in general, the higher the generation, the 
broader the spectrum of activity and the 
better the pharmacokinetic properties. 

Extending coverage to a wider range 
of organisms is a major goal of antibi-
otic development. For quinolones, the 
goal has been to expand gram-positive 
coverage without losing potency against 
gram-negative bacteria. The newer 
generation f luoroquinolones cover a 
variety of common pathogens, includ-
ing gram-positive, gram-negative, and 
anaerobic bacteria. Th e most recent fl uo-
roquinolones also tend to possess greater 
potency and longer elimination half-life. 

C-8.2,3 Th e addition of a fl uorine atom at 
position C-6 increased topoisomerase II 
activity and gave the quinolones greater 
ability to penetrate bacterial cells. Th e 
f luorine substitution also increased 
activity against staphylococci. At posi-
tion C-7, the addition of a piperazine 
ring, a 6-member organic ring with 2 
nitrogen, resulted in enhanced gram-
negative coverage and enabled increased 
activity against species of staphylococci 
and Pseudomonas. Alkylation (addi-
tion of an R-group made up of carbon 
and hydrogen atoms, such as a methyl 
group) of the C-7 ring, on the other 
hand, provided greater activity against 
gram-positive bacteria and increased 
elimination half-life.

structural modifi cations
Unlike some older antibiotic classes 

that were natural byproducts of living 
organisms, the quinolones are com-
pletely synthetic products. By changing 
substituents to the quinolone backbone, 
it has been possible to alter the antimi-
crobial activity and metabolic properties 
of these antibiotics—in eff ect, creating 
designer drugs. Although limited by 
the possibility of creating unwanted 
side effects, structural modifications 
have been very successful in improving 
quinolone potency and efficacy and, 
thus, driving forward their evolution as 
an antibiotic class.

A few of the key substitutions in-
clude those at positions C-6, C-7, and 

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. 
reFerenCes
1.  Asbell PA, Colby KA, Deng S, et al. Ocular TRUST: 

nationwide antimicrobial susceptibility patterns in ocular 
isolates. Am J Ophthalmol. 2008 Jun;145(6):951 -8.

2.  Gower EW, Keay LJ, Oechsler RA, et al. Trends in fungal 
keratitis in the United States, 2001 to 2007. Ophthalmol-
ogy. 2010 Dec;117(12):2263-7. 

3.  Colin J, Hoh HB, Easty DL, et al. Ganciclovir ophthalmic 
gel (Virgan 0.15%) in the treatment of herpes simplex 
keratitis. Cornea. 1997;16:393-9.

4.  Sambursky R, Tauber S, Schirra F, et al. Th e RPS adeno 
detector for diagnosing adenoviral conjunctivitis. Oph-
thalmology. 2006;113(10):1758-64.

5.  Akpek EK, Vittitow J, Verhoeven RS, et al. Ocular surface 
distribution and pharmacokinetics of a novel ophthalmic 
1% azithromycin formulation. J Ocul Pharmacol Th er. 
2009;25:433-9.

6.  Endophthalmitis Study Group, European Society of 
Cataract & Refractive Surgeons. Prophylaxis of postop-
erative endophthalmitis following cataract surgery: results 
of the ESCRS multicenter study and identifi cation of risk 
factors. J Cataract Refract Surg. 2007;33(6):978-88.

oFF-LaBeL use statement Th is work discusses off -
label uses of antiinfective medications.
GeneraL inFormation This CME activity is 
sponsored by the University of Florida College of Medicine 
and is supported by an unrestricted educational grant from 
Bausch + Lomb, Inc.
Directions: Select one answer to each question in the exam 
(questions 1–10) and in the evaluation (questions 11–16). 
Th e University of Florida College of Medicine designates 
this activity for a maximum of 1.0 AMA PRA Category 1 
Credit™. Th ere is no fee to participate in this activity. In order 
to receive CME credit, participants should read the report, 
and then take the posttest. A score of 80% is required to qualify 
for CME credit. Estimated time to complete the activity is 
60 minutes. On completion, tear out or photocopy the answer 
sheet and send it to:
 University of Florida CME Offi  ce
 PO Box 100233, Gainesville, FL 32610-0233
 phone: 352-733-0064 fax: 352-733-0007
Or you can take the test online at http://cme.u� .edu/ocular
System requirements for this activity are: For PC users: Win-
dows® 2000, XP, 2003 Server, or Vista; Internet Explorer® 6.0 
or newer, or Mozilla® Firefox® 2.0 or newer ( JavaScript™ 
and Java™ enabled). For Mac® users: Mac OS® X 10.4 
(Tiger®) or newer; Safari™ 3.0 or newer, Mozilla® Firefox® 
2.0 or newer; ( JavaScript™ and Java™ enabled). 
Internet connection required: Cable modem, DSL, or better.
Date oF oriGinaL reLease March 2013. Approved 
for a period of 12 months.
aCCreDitation statement Th is activity has been 
planned and implemented in accordance with the Es-
sential Areas and Policies of the Accreditation Council for 
Continuing Medical Education (ACCME) through the 
joint sponsorship of the University of Florida College of 
Medicine and Candeo Clinical/Science Communications, 
LLC. Th e University of Florida College of Medicine is 
accredited by the ACCME to provide continuing medical 
education for physicians. 
CreDit DesiGnation statement Th e University 
of Florida College of Medicine designates this educational 
activity for a maximum of 1.0 AMA PRA Category 1 Credit™. 
Physicians should only claim credit commensurate with the 
extent of their participation in the activity.

FaCuLtY anD DisCLosure statements 
Nisha Acharya, MD, MS (Faculty Advisor), is associate 
professor and director of the Ocular Infl ammatory Disease 
and Uveitis Clinic at the University of California, San Fran-
cisco. She states that in the past 12 months, she has not had a 
fi nancial relationship with any commercial organization that 
produces, markets, re-sells, or distributes healthcare goods or 
services consumed by or used on patients.
Marguerite B. McDonald, MD, FACS (Faculty Advisor), 
is a clinical professor of ophthalmology at New York Uni-
versity, New York, NY, and an adjunct clinical professor of 
ophthalmology at Tulane University School of Medicine, 
New Orleans, LA. She states that in the past 12 months 
she has been a consultant for Abbott Medical Optics, Alcon 
Laboratories, Allergan, Bausch + Lomb, Fera Pharmaceu-
ticals, Focus Laboratories, OcuSoft, TearLab, and Topcon.
Christopher E. Starr, MD (Faculty Advisor), is an associate 
professor of ophthalmology and director of the laser vision 
correction and refractive surgery service; ophthalmic educa-
tion; and cornea, cataract, and refractive surgery fellowship 
at Weill Cornell Medical Center in New York, NY. He 
states that in the past 12 months he has been a consultant 
to Allergan, Merck, and Rapid Pathogen Screening, and has 
received research support from Allergan, Rapid Pathogen 
Screening, and TearLab.
Peter Barry, FRCS, is president of the ESCRS and chairman 
of the ESCRS Endophthalmitis Study Group. He is also 
Consultant Ophthalmic Surgeon at Royal Victoria Eye and 
Ear Hospital and St. Vincent’s University Hospital in Dublin, 
Ireland. He reports that in the past 12 months, he has not had 
a fi nancial relationship with any commercial organization that 
produces, markets, re-sells, or distributes healthcare goods or 
services consumed by or used on patients. 
Christopher N. Ta, MD, is Professor of Ophthalmology at 
Stanford University School of Medicine in Stanford, CA. 
He serves as a consultant for Allergan and Bausch + Lomb.

DisCLaimer Participants have an implied responsibility 
to use the newly acquired information to enhance patient 
outcomes and professional development. Th e information 
presented in this activity is not meant to serve as a guideline 
for patient care. Procedures, medications, and other courses 
of diagnosis and treatment discussed or suggested in this 
activity should not be used by clinicians without evaluation 
of their patients’ conditions and possible contraindications or 
dangers in use, applicable manufacturer’s product information, 
and comparison with recommendations of other authorities.
CommerCiaL suPPorters This activity is sup-
ported by an unrestricted educational grant from Bausch 
+ Lomb, Inc.

topics in ocular antiinfectives, issue 38



Topics in ocular anTiinfecTives 3To obtain CME credit for this activity, go to http://cme.ufl .edu/ocular

 

Modifi cations at the C-8 position 
helped in achieving some desirable char-
acteristics. Th e C-8 methoxy-fl uoroqui-
nolones (gatifl oxacin and moxifl oxacin) 
have a methoxy substituent (an oxygen 
connected to a methyl group) at the C-8 
position and, consequently, enhanced 
eff ect on topoisomerases II and IV and 
increased activity against gram-positive 
bacteria. 

Besifl oxacin, the newest member of 
the class, is a “chloro-fl uoroquinolone” 
thanks to the substitution of a chlorine 
atom at the C-8 position. Developed 
specifi cally for ophthalmic use, besi-
fl oxacin has balanced activity, inhibiting 
both topoisomerase II and topoisomer-
ase IV. Th e addition of a second halo-
gen to the quinolone molecule further 
broadens the drug’s spectrum of cover-
age and makes it highly potent against 
gram-positive bacteria.

 
advantage of topical 
application

Th e quinolones, and later the fl uo-
roquinolones, have been associated with 
severe systemic side effects, such as 
photosensitivity, central nervous system 
toxicity, and arrhythmia. More recently, 
they have been linked to tendon rupture, 
particularly in older patients and those 
who take corticosteroids.4 Such safety 
concerns have resulted in the removal 
of a number of potential quinolone 
agents from development; and some 
marketed drugs have been withdrawn. 
Systemic gatifl oxacin, for example, is no 
longer on the market because it causes 
hypoglycemia and other diabetic com-
plications. And sparfl oxacin, a systemic 
fl uoroquinolone, can cause phototoxicity 
and arrhythmia. It is unavailable in the 
US and Canada. 

Topical f luoroquinolones—even 
some that can’t be used systemically—
are generally safe and well tolerated, 
without the toxicity seen in some of 
their systemic counterparts. Relatively 
small amounts of ophthalmic antibiotic 
can be used to achieve high local drug 
concentrations at the infection site—
without systemic consequences. Th us, 
some compounds that are too toxic to be 
used systemically can be safely used as 
topical ophthalmic agents. Gatifl oxacin, 

for instance, is safe in its ophthalmic 
form, although the systemic drug has 
been taken off  the US market.

role in ophthalmology
Following the introduction of cip-

rof loxacin 0.3% and of loxacin 0.3%, 
clinical use of the ophthalmic fl uoro-
quinolones increased rapidly. In large 
part this has been the result of the 
continuous expansion of the fl uoroqui-
nolones’ spectrum of coverage. Topical 
fl uoroquinolones are most commonly 
prescribed as off -labeled use to prevent 
postoperative infection.  Th is is critical 
in ophthalmology because both gram-
positive and gram-negative bacteria can 
cause infection.  Furthermore, when 
a patient presents with an infection, 
such as conjunctivitis or a cornea ulcer, 
the causative organism can’t be known 
until it has been identifi ed, generally by 
culturing. Culture, however, requires 
time, but corneal infections can progress 
rapidly. For small peripheral cornea 
ulcers, empiric treatment with a broad-
spectrum fl uoroquinolone is usually safe 
and eff ective. Many ophthalmologists 
still recommend the use of fortified 
antibiotics for severe sight-threatening 
corneal ulcers—particularly those which 
are recalcitrant to fi rst-line treatment.  

Th anks to their broad spectrum of 
activity, current-generation fl uoroqui-
nolones allow physicians to cover nearly 
the full spectrum of common bacterial 
ocular pathogens with a single drug, 
making them an attractive choice for 
empirical treatment. Th e newer fl uo-
roquinolones can also achieve eff ective 
concentrations in the tear f ilm, the 
conjunctiva, the cornea, and, in some 
cases, the aqueous humor. 

Other benefi cial properties of fl uo-
roquinolones that have contributed 
to their popularity in ophthalmology 
include excellent clinical effi  cacy, fast 
killing time, and ready availability 
without compounding. Additionally, 
fl uoroquinolone drops are more com-
fortable than many other topical ocular 
antibiotics; and it is rare for patients to 
have allergic or other adverse reactions, 
such as infl ammation or hyperemia. 

Perhaps the best known side eff ect 
of ophthalmic fl uoroquinolones is cip-

rofl oxacin’s tendency to cause benign 
white deposits on the cornea in patients 
with  epithelial defects. While in vitro 
studies have suggested that fl uoroquino-
lones have at least the potential to cause 
epithelial toxicity on the ocular surface, 
the clinical relevance of those fi ndings 
remains controversial.5

With little need to worry about 
severe systemic or local toxicities, oph-
thalmic fl uoroquinolones can be applied 
frequently and at high concentrations to 
achieve high levels on the ocular surface. 
For concentration-dependent agents like 
fl uoroquinolones, high concentration at 
the infection site implies more effi  cient 
killing and greater clinical potency. 

Considerations in Drug 
selection

Although the newer f luoroqui-
nolones have improved significantly 

core concePts 
➤ Quinolones are a family 

of synthetic bactericidal 
antibiotics. they kill 
rapidly by disrupting Dna 
replication.

➤ newer generation 
fl uoroquinolones offer 
greater gram-positive activity 
and better clinical effi cacy; 
but the older agents are still 
useful in the treatment of 
infections caused by gram-
negative bacteria.

➤ emerging bacterial 
resistance, particularly the 
rise of mrsa, is a serious 
threat to current ophthalmic 
fl uoroquinolones.

➤ Fluoroquinolones that inhibit 
topoisomerases ii and iV 
evenly are less likely to select 
for bacterial resistance than 
those that are signifi cantly 
more effective against one 
than another.

➤ avoiding overuse, using 
the highest concentration 
possible, frequent dosing, 
and never tapering 
can help minimize 
further development of 
fl uoroquinolone resistance.
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in terms of potency and spectrum of 
activity, they do not entirely replace the 
older generation agents, which still play 
an important role in the management of 
ocular infection. Generic ciprofl oxacin 
and of loxacin can be cost-effective 
choices for some patients; and, under 
certain circumstances, the older genera-
tion fl uoroquinolones may even be more 
eff ective.

Because potency and broad spec-
trum are critical requirements for agents 
selected for empirical therapy, fourth 
generation f luoroquinolones remain 
the agents of choice for that applica-
tion. However, once a pathogen has 
been identifi ed, another drug may be 
selected. For example, if one is deal-
ing with a gram-negative bacterium 
like Pseudomonas aeruginosa, a second 
generation fl uoroquinolone may be the 
most eff ective agent available thanks to 
its excellent gram-negative activity. 

the threat of resistance
In recent years, surveillance stud-

ies have found a notable increase in 
the prevalence of methicillin-resistant 
Staphylococcus aureus (MRSA) and 
methicillin-resistant Staphylococcus epi-
dermidis (MRSE), pathogens that are 
capable of causing severe ocular infec-
tions but which have reduced suscepti-
bility to commonly used antimicrobials, 
including the fl uoroquinolones.6-8 

Th e widespread clinical use of fl uo-
roquinolones provides one explanation 
for increasing bacterial resistance, since 
extensive use of antibiotics selects for 
resistant organisms. Massive overuse of 
fl uoroquinolones in the raising of poul-
try is another source of resistant organ-
isms. Th e degree to which a drug is likely 
to provoke resistance is also related to its 
mechanism of action. Fluoroquinolones 
that off er balanced inhibition of both 
topoisomerases should be less prone to 
resistance than agents that have greater 
activity against one topoisomerase, be-
cause, in theory, with balanced activity 
a bacterium must acquire two mutations 
to become resistant.9,10 

One major advantage that topical 
antibiotics have over systemic medica-
tions is the level of local drug concen-
tration.  Whether or not an organism is 
considered resistant is based on systemic 
serum drug level.  Th ere is no standard 
for testing drug resistance for ocular 
infections. Th erefore, resistance can be 
overcome by frequent topical dosing 
of the medications such that the drug 
concentration is above the minimal 
inhibitory concentration.  

It is hoped that the newer genera-
tion fl uoroquinolones, particularly those 
that, like besifl oxacin, have never been 
used in systemic medicine, will be able 
to circumvent the quick development of 
resistance that took place with earlier-
generation agents. Nonetheless, it is 
likely only a matter of time before the 
bacteria develop resistance to all these 
agents. 

Looking Forward
In ophthalmology, one potential ap-

proach to counter increasing MRSA and 
fl uoroquinolone resistance is to expand 
the antibiotic pipeline by developing 
ophthalmic preparations of current 
systemic agents. Fortifi ed antibiotics 
are already being used to treat patients 
who suff er serious ocular infections, but 
they have to be compounded and are not 
commercially available.

Tigecycline, a later-generation 
tetracycline that has good coverage of 
both gram-positive and gram-negative 
bacteria, including MRSA, is one sys-
temic agent that could be considered for 
future ophthalmic use. 

Th e class of glycopeptide antibiot-
ics, which includes vancomycin and 
daptomycin, off ers additional potential 
candidates. Covering gram-positive 
bacteria—including MRSA—but not 
gram-negatives, the glycopeptides could 
be used in combination with a second 
antibiotic with gram-negative coverage. 

Bringing a new antibiotic to mar-
ket takes a tremendous research and 
development effort that spans many 
years and consumes millions of dollars. 

Until the emergence of novel agents 
that are eff ective against MRSA, the 
best strategy for preventing resistance 
selection and protecting the clinical ef-
fectiveness of fl uoroquinolones is appro-
priate antibiotic use. Clinicians should 
avoid unnecessary use, and, whenever 
fl uoroquinolones are used, they should 
be dosed frequently and at the high-
est concentration possible. Antibiotics 
should never be tapered.

Christopher N. Ta, MD, is Professor of Ophthalmology 
at Stanford University School of Medicine in Stanford, 
CA.
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core concePts 
➤ intracameral antibiotic 

injection has been shown to 
be a highly effective means 
of preventing postoperative 
endophthalmitis in cataract 
surgery patients. 

➤ intracameral injection, 
ioL material, surgical 
complications, and site 
of incision are key risk 
factors for developing 
endophthalmitis after 
cataract surgery. 

➤ Potential risks of intracameral 
prophylaxis include induction 
of toxic anterior segment 
syndrome, dilution errors, 
and microbial contamination. 

➤ intracameral cefuroxime 
provides coverage for the 
majority of common ocular 
pathogens, signifi cantly—
sometimes dramatically—
lowering the incidence 
of endophthalmitis, with 
minimal adverse effects.

using a two-by-two factorial design.2,3

Half of the 15,971 patients were ran-
domly assigned to receive an intracam-
eral injection of cefuroxime (1 mg in 
0.1 mL of normal saline) at the end of 
surgery; and half received no injection. 
In each of these two groups, as a second 
stratification, half the patients were 
treated with perioperative antibiotic eye 
drops (levofl oxacin 0.5%); and half were 
given placebo drops.

Th e study, thus, had a total of four 
treatment groups. Patients in Group A, 
which was closest to a control group, 
received no antibiotic prophylaxis other 
than the placebo drops (and a short 
course of levofl oxacin that was given to 
all patients). Group B was given intra-
cameral cefuroxime and placebo drops. 
Group C got topical levofl oxacin, but no 
intracameral cefuroxime. Group D was 
treated with both intracameral cefurox-
ime and topical levofl oxacin drops. To 
minimize the risk of wound infection, 
all patients received povidone-iodine 
preoperatively and took topical levo-
fl oxacin drops (four times a day) for the 
week after the surgery. 

study results
Th e study found that intracameral 

cefuroxime injection was responsible 
for a fi ve-fold reduction in the incidence 
of postoperative endophthalmitis com-
pared to topical or no antibiotic prophy-
laxis.3 Th e patients who did not receive 
intracameral cefuroxime in the study 
had an endophthalmitis rate of 0.33% 
for clinically diagnosed cases and 0.23% 
for proven cases. With cefuroxime in-
jection, the rates reduced to 0.07% for 
clinically diagnosed cases and 0.04% for 
proven cases. In contrast to the effi  cacy 
of the intracameral regimen, the use of 
the topical antibiotic drops had little 
impact on infection rates.

Analyses were also performed in an 

Peter Barry, FRCS

The ESCRS study of intracameral 
prophylaxis clearly demonstrated the 
e� ectiveness of intracameral cefuroxime 
injection in reducing postoperative 
endophthalmitis in cataract surgery 
patients. Since the release of the ESCRS 
study, a signi� cant majority of European 
c a ta ra c t  s u r ge o n s  h a v e  a d o p te d 
intracameral prophylaxis (most often 
with cefuroxime). New studies have 
produced a sizable body of corroborating 
evidence that supports the bene� cial role 
of intracameral antibiotic prophylaxis.

Th e European Society of Cataract 
& Refractive Surgeons (ESCRS) study 
was designed to answer one fundamen-
tal question: do antibiotics reduce the 
rate of endophthalmitis; and, if so, how 
should they be administered: topically, 
intracamerally, or both? At the time the 
study was conceived, preoperative appli-
cation of povidone-iodine was the only 
prophylactic regimen proven to reduce 
the incidence of endophthalmitis after 
intraocular surgery.1 

Th e ESCRS study originally planned 
to enroll up to 35,000 patients across Eu-
rope but concluded well before reaching 
that number because the differences 
found between intracameral cefuroxime 
and other prophylactic regimens were 
so stark that it was felt to be unethical 
to continue the trial and put patients 
at risk by denying them intracameral 
cefuroxime. Th e study outcome was well 
received in Europe but proved quite con-
troversial in the US, where topical fourth 
generation fl uoroquinolone drops were 
the most widely used means of antibi-
otic prophylaxis in cataract surgery. 

study Design 
Th e ESCRS study was performed 

intracameral Prophylaxis: 
the escrs study in Perspective

eff ort to further identify key risk factors 
for developing endophthalmitis in cata-
ract surgery patients. Besides absence 
of intracameral cefuroxime injection, 
factors that signifi cantly increased the 
risk of postoperative endophthalmitis 
included clear corneal incision, presence 
of surgical complications, and use of 
silicone IOL.3,4 

the swedish experience
Th e ESCRS study group was not, 

in fact, the fi rst to make large-scale use 
of intracameral cefuroxime. Cataract 
surgeons in Sweden had long been us-
ing intracameral cefuroxime to prevent 
postoperative infection. According to a 
Swedish study published about the same 
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time as the ESCRS study came out, the 
overall nationwide endophthalmitis rate 
from 2002 to 2004 was 0.048% (109 cas-
es out of 225,471 patients), which is vir-
tually the same as that of the intracam-
eral groups within the ESCRS study.5

Among patients in the Swedish 
study, 0.9% were denied intracameral 
cefuroxime because of allergy concerns. 
In this subset of patients, the incidence of 
endophthalmitis was 0.35% (eight cases 
out of 2,315 patients), again match-
ing the fi ndings of the ESCRS study.  

A recent study from Sweden looks 
at the nationwide incidence of endo-
phthalmitis from 2005 through 2010 
and represents the largest prospective 
study of endophthalmitis after cataract 
surgery. Th e authors reported an inci-
dence of 0.029% and attributed the low 
rate to the universal use of intracameral 
antibiotics and a decrease in other risk 
factors.6

impact on surgeons
Following the ESCRS study, there 

was a gradual, steady adoption of in-
tracameral prophylaxis in Europe. In 
2012, the ESCRS surveyed 193 sur-
geons across 31 European countries and 
found that over 90% were aware of the 
ESCRS study, and about 74% reported 
that they always or usually used intra-
cameral antibiotic prophylaxis. Of this 
74%, 82% used cefuroxime, whereas the 
rest favored vancomycin, moxifl oxacin, 
or gentamicin. Clearly, the fi ndings of 
the ESCRS study have had a signifi cant 
impact on European surgeons.

Th e survey respondents were ran-
domly selected from the ESCRS da-
tabase and by colleague referral. More 
than half of them were hospital-based, 
and nearly half of them were in private 
practice. 

Corroborating evidence
Th e question then arises: has the 

adoption of intracameral prophylaxis 
been accompanied by a corresponding 
reduction in the incidence of endo-
phthalmitis? Th e answer, according to 
emerging reports from diff erent parts 

of the world, is yes.
One university eye center in Madrid, 

Spain reported a striking reduction 
(> 10-fold) in the incidence of postopera-
tive endophthalmitis following the uni-
versal switch to intracameral prophylax-
is.7 Th e 10-year study included 13,652 
cataract procedures from 1999 through 
2008. Before intracameral cefuroxime 
injection became routine in 2005, the 
endophthalmitis rate was 0.59% (39 
cases among 6595 patients). In subse-
quent years, the incidence dropped to 
0.043% (3 cases among 7,056 patients). 

Barreau and colleagues had similar 
fi ndings in a series of 5,115 cataract 
patients in a French hospital.8 Initially 
they found a quite high incidence of 
endophthalmitis (1.238%, 35 cases in 
2,826 patients), but after the universal 
adoption of intracameral cefuroxime in 
2006, the rate declined to 0.044% (1 
case in 2,289 patients).

Non-European countries have also 
linked reduced incidence of endophthal-
mitis to adoption of intracameral pro-
phylaxis. One South African study with 
close to 5,000 patients showed an order 
of magnitude reduction in the incidence 
of endophthalmitis after switching to in-
tracameral cefuroxime9; and a study from 
Singapore of more than 50,000 patients 
over an 11-year period reported a 6-fold 
decrease in the incidence of endophthal-
mitis with intracameral cefazolin.10

was the esCrs study Flawed?
One fundamental criticism of the 

ESCRS study was that an endophthal-
mitis rate of 0.33% in the patients who 
did not receive intracameral cefuroxime 
was suspiciously high. While the true 
incidence of endophthalmitis without 
the intracameral injection remains argu-
able, it should be noted that background 
endophthalmitis rates in all the studies 
noted above were in the same gen-
eral range and were highly comparable, 
strongly supporting the legitimacy of the 
ESCRS study’s fi ndings. 

 The most recent study of about 
16,000 cataract surgery patients comes 
from the US, where the ESCRS study 

met with strong objections. Th is study, 
from Northern California, showed 
a dramatic reduction in the endo-
phthalmitis rate over the 5-year period 
from 2007 through 2011, as the group 
adopted intracameral cefuroxime pro-
phylaxis in stages.

In 2007, the authors went against 
the American grain and decided to 
adopt intracameral cefuroxime pro-
phylaxis.11 In 2006, their incidence of 
endophthalmitis had been 0.31% (very 
close to the ESCRS control group rate). 
Th e endophthalmitis rate dropped to 
0.14%, a roughly 50% reduction, when 
intracameral cefuroxime was adopted for 
all patients except those with a history 
of penicillin or cephalosporin allergy 
and patients who had posterior capsule 
rupture at the time of surgery. 

Beginning in 2010, the US group 
gave all patients intracameral antibiotic 
injection, including those with antibiotic 
allergies or posterior capsule rupture. 
(Patients with antibiotic allergy received 
moxifl oxacin for penicillin or cephalo-
sporin allergy; vancomycin was given to 
patients allergic to the triad of penicillin, 
cephalosporin, and moxifl oxacin.) Th at 
change brought the endophthalmitis 
rate to 0.014%, a more than 20-fold re-
duction compared to the time when pa-
tients received only topical prophylaxis.

the risks 
When Shorstein and colleagues 

initiated the US study mentioned above, 
intracameral antibiotics were uncommon 
in the US. An American Society of Cat-
aract and Refractive Surgery (ASCRS) 
survey conducted in 2007 found that 
only about 30% ASCRS members re-
ported using an intraocular antibiotic 
regimen; and 60% of these preferred 
vancomycin.12 Th e hurdle, it seemed, 
was the lack of an appropriate product 
with FDA approval for intracameral 
injection. In the same ASCRS survey, 
the vast majority of the members (82%) 
responded that they would likely try 
the intracameral regimen—if there was 
a commercially available preparation. 

Although the ESCRS study dem-
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onstrated the efficacy and safety of 
intracameral cefuroxime injection, 
cefuroxime did not at the time exist 
in a commercially available form for 
intraocular use and so had to be made 
up by a compounding pharmacy. Drug 
compounding always adds risks, in-
cluding the possibility of dilution error, 
induction of toxic anterior segment syn-
drome, and the possibility of microbial 
contamination. Although with respect 
to intracameral antibiotics, the reports 
of beneficial effects overwhelmingly 
outweigh the adverse events, individual 
surgeons still have good reason to be 
concerned. In a recent report, a “kitchen 
pharmacy” in Turkey that made up 
cefuroxime for intracameral injection 
gave eight patients Fusarium fungal 
endophthalmitis following cataract 
surgery performed on the same day.13 

While stringent regulation may re-
duce the risk of errors during the process 
of compounding, having a sterile unit-
dose formulation commercially made 
for intraocular use is a far more eff ective 
way of eliminating such errors. A French 
company, Laboratories Th ea, is moving 
in this direction with the development 
of a powdered cefuroxime sodium, each 
single-use vial of which provides the 
equivalent of 50 mg cefuroxime when 
reconstituted with 5 mL 0.9% sodium 
chloride solution. Th e drug has been 
approved for intracameral use in cataract 
surgery in seven European countries, 
and the list will expand to include a 
further 12 in the fi rst half of 2013. 

Choice of antibiotic 
We chose cefuroxime for the 

ESCRS study because, as a broad-spec-
trum second generation cephalosporin, 
cefuroxime is effective against the 
majority of common ocular pathogens. 
Also, anecdotal use of intracameral ce-
furoxime in Sweden provided evidence 
that the regimen could be benefi cial in 
surgical prophylaxis with minimal ad-
verse events. Of course, one can always 
presume that a diff erent antibiotic agent 
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would work better than cefuroxime, 
which has a short shelf-life even when 
prepared by a compounding pharmacy 
and has only moderately good gram-
positive coverage. But any other agent 
one chooses is likely to have its own 
disadvantages, and there is no question it 
will cost a tremendous amount of eff ort 
and money to carry out clinical studies 
and trials to prove its effi  cacy and safety. 

Th e most popular alternative anti-
biotic is moxifl oxacin, which exists in 
a preservative-free form and is much 
more stable than cefuroxime. However, 
the commercially available moxifl oxacin 
eye drops clearly are not intended for 
intraocular use. Also, moxifl oxacin, like 
other f luoroquinolones, is associated 
with rising resistance. 

Vancomycin, another potential sub-
stitute for cefuroxime, would be a very 
eff ective intracameral agent. But, be-
cause it remains highly eff ective against 
MRSA, vancomycin is considered the 
agent of last resort for many ocular in-
fections. In order to minimize the risk of 
creating resistance, the recommendation 
is to avoid the routine use of vancomycin 
for surgical prophylaxis.

 
Conclusions

Intracameral antibiotic injection 
is an effective and safe method for 
the prevention of postoperative endo-
phthalmitis in cataract surgery patients. 
Among potential agents for intracam-
eral prophylaxis, cefuroxime is, by far, 
the most exhaustively studied and has 
been proven safe and eff ective in mul-
tiple large-scale prospective randomized 
clinical trials. In some countries, the 
risks associated with compounded cefu-
roxime may soon be avoidable through 
the use of a commercial product with 
approval for intraocular use. 

Peter Barry, FRCS, is president of the ESCRS and 
chairman of the ESCRS Endophthalmitis Study 
Group. He is also Consultant Ophthalmic Surgeon 
at Royal Victoria Eye and Ear Hospital and St. 
Vincent’s University Hospital in Dublin, Ireland.
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 1. Which of the following prophylactic 
treatments for the prevention of 
postoperative endophthalmitis have 
been proven effective?
A. Intracameral antibiotic injection
B. Perioperative topical antibiotic drops
C. Preoperative povidine-iodine
D. Both A and C

 2. Which of the following properties has 
NOT been associated with topical 
ocular fluoroquinolones?
A. Activity against common ocular 

pathogens
B. High potency
C. Rapid bacterial killing 
D. Severe ocular toxicity

 3. Vancomycin is not recommended for 
routine surgical prophylaxis because
A. It is ineffective against common 

ocular pathogens
B. Allergic reactions to vancomycin 

occur in more than 10% of patients
C. It is the primary agent for use against 

MRSA
D. It is too expensive and in short 

supply
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 1. A B C d

 2. A B C d  

 3. A B C d

 4. A B C d

 5. A B C d

 6. A B C d

 7. A B C d  

 8. A B C d

 9. A B C d

 10. A B C d

ansWers:

 4. Fluoroquinolones with enhanced 
activity against gram-positive bacteria 
include
A. Ofloxacin, gatifloxacin, and 

moxifloxacin
B. Gatifloxacin, moxifloxacin, and 

besifloxacin 
C. Ciprofloxacin, ofloxacin, and 

moxifloxacin
D. Ciprofloxacin, ofloxacin, and 

besifloxacin 

 5. Which of the following is NOT a 
potential problem associated with 
compounded intracameral antibiotics? 
A. Dilution error 
B. Induction of toxic anterior segment 

syndrome
C. Microbial contamination
D. Posterior capsule rupture

 6. Fluoroquinolone resistance has grown in 
parallel with the rise of
A. Methicillin-resistant Staphylococcus 

aureus
B. Methicillin-susceptible Staphylococcus 

aureus 
C. Methicillin-susceptible Staphylococcus 

epidermidis
D. Both A and B

 7. Which of the following antibiotics 
was recently approved for intracameral 
prophylaxis by the US FDA?
A. Cefuroxime
B. Moxifloxacin
C. Vancomycin
D. None of the above

 8. The quinolone antibiotics kill by
A. Disrupting the replication of 

bacterial DNA
B. Blocking bacterial protein synthesis
C. Interfering with bacterial cell wall 

synthesis
D. All of the above

 9. Which of the following steps would be 
helpful in preventing development of 
bacterial resistance to fluoroquinolones?
A. Avoid overuse of fluoroquinolones
B. Use higher drug concentrations
C. More frequent dosing
D. All of the above  

 10. Which of the following is NOT 
a key risk factor for postoperative 
endophthalmitis? 
A. Patient age >55 years
B. Absence of intracameral antibiotic
C. Clear cornea procedure
D. Silicone IOL material


