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Statement of need
Antibiotics are widely used in ophthal-
mology, both to treat infection and for 
peri- and postoperative surgical prophy-
laxis. The antiinfectives most widely used 
in the ophthalmic practice are topical 
fluoroquinolones, of which there are now 
six different agents that are commercially 
available in the U.S. Developed over many 
years, there are significant differences 
between the topical fluoroquinolones, 
leading to questions about which agents 
are most appropriate for use in which 
clinical situations. FDA labeling cannot 
be used as a guide since all of the agents 
save one are indicated for the treatment 
of bacterial conjunctivitis, and the re-
maining agent is indicated for bacterial 
keratitis. None is indicated for surgical 
prophylaxis, although all are or have been 
widely used for that purpose.

Numerous factors, including molecular 
structure, pharmacodynamics, and 
pharmacokinetics, determine the efficacy 
of ocular antibiotics and their utility in dif-
ferent clinical applications.1-6  Particularly 
important is the fact that most ocular 
antibiotics are delivered topically, which 
means that some of the standard metrics 
of efficacy, which were developed for 
systemic drugs, don’t apply to the ocular 
situation. (For example, the terms “sus-
ceptible” and “resistant,” which are based 
on achievable serum concentrations, 
have little meaning when vastly higher 
drug concentrations can be achieved on 
the surface of the eye via topical dosing.) 

Recent work has challenged conventional 
thinking about the meaning and determi-
nants of antibiotic potency in the ocular 
situation. In addition, the presence of 
new topical fluoroquinolone formulations 
with properties different from other drugs 
in the class, changes the options available 
to physicians. By being made aware of 
these findings, ophthalmologists will be 
better able to evaluate new medications 
and select optimal antibiotic agents, 
especially for surgical prophylaxis.

Rethinking Ocular Antiinfectives will edu-
cate readers about the various factors that 
determine the efficacy of ocular antibiot-
ics. This discussion will include an over-
view of how ocular antiinfectives have 
evolved, and it will offer new thinking 
about drug penetration into ocular tissues 
and spaces as it relates to antibiotic effi-
cacy. Novel antiinfectives will also be de-
scribed, as will the impact of the growing 
prevalence of fluoroquinolone-resistant 
ocular flora. Ophthalmologists will be able 
to apply this information immediately as 
they seek out the best options for pre-
venting and managing ocular infection. 
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Pharmacologists use common pharmacokinetic 
(PK) parameters to describe movement of a 
drug through the body or, in the case of topical 
ocular medications, through the eye. Pharmaco-
dynamic (PD) parameters relate achieved drug 
concentrations to antimicrobial activity. In the 
following report, we will apply this set of con-
cepts to the issue of antibiotic action on and in 
the anterior segment of the eye.

comPartmentS of the eye
To create an appropriate dynamic model, we 

can begin by envisioning each of the “compart-
ments” (the tissues and spaces) of the eye through 
which a drug molecule must travel after it has 
been dropped on the eye and diffuses into the eye 
from the tear film. The first such compartment 
is the precorneal tear film into which the drug is 
dropped and from which it drains away with tear 
flow.

In time, an equilibrium occurs between the 
tear film and the surface of the cornea and each 
of its individual layers (epithelium, stroma, and 
endothelium), each of which can also be consid-
ered a compartment. From the endothelium, drug 
can pass into the aqueous humor and beyond. In 
this equilibrium, drug will move back and forth 
between compartments, as determined by physi-
cal and chemical properties of both the drug and 
the tissues. This discussion will focus primarily on 
measured antibiotic levels in the tears, cornea, and 
aqueous humor, although some conjunctival bind-
ing may occur after instillation of a drop into the 
cul-de-sac. 

Topical antibiotics travel through these com-
partments primarily by passive diffusion, with 
some drug bound or retained in tissues along the 
way. This diffusion is affected by a number of fac-
tors, including drug concentration, molecule size, 
the concentration gradient at the interface of any 
two compartments, the lipophilicity of the drug 
(quantified by the ether-water coefficient), the 
hydrophilicity (water solubility) of the drug, the 

integrity of barrier membranes (eg, the corneal 
epithelium), and the exposure time of the drug to 
the tissues.1

PharmacokInetIc/
PharmacodynamIc ParameterS

Once antibiotic levels are measured, they can 
be analyzed and described by various PK/PD pa-
rameters (Figure 1). These commonly include:
 • Cmax: the maximum (or peak) drug concen-

tration achieved.
 • T1/2: the half-life, essentially the time re-

quired for drug concentration to be reduced 
by one half.

 • AUC0-t: the area-under-the-curve from 
time “0” to any subsequent time “t.” The 
parameter measures concentration over 
time in a given compartment. (The unit is 
mg·hr/L, which is somewhat analogous to 
“man-hours on the job.”) AUC is usually 
reported as AUC0-24, or through a 24-hour 
period.

 • AUIC: area under the inhibitory curve, 
which reflects both the time and levels during 
which the AUC is above the minimum inhib-
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itory concentrations(s) (MICs) of interest.
 • t > MIC: the period during which antibiotic 

levels are above the MIC during a dosing 
interval.

For specific microorganisms of interest we 
also look at various ratios derived from these 
parameters, for example, the Cmax/MIC, and the 
AUC/MIC.

An assessment of these PK/PD parameters 
allows prediction of success after antibiotic dos-
ing. Antibiotic levels for PK assessments are ide-
ally measured at several time points, and this may 
be more difficult in the human eye where mul-
tiple samplings are often not practical or possible. 
Bacterial susceptibility or resistance will affect 
the PD parameters, and these trends must be fol-
lowed, particularly for resistant strains that are just 
emerging.

comPartmentS of the eye 
Let us now take a look at the chief compart-

ments of the anterior segment of the eye: the 
tears, the cornea, and the aqueous humor. Mea-
surements of antibiotic levels in human tears can 
be made relatively easily by direct sampling; and 
the aqueous humor can be sampled immediately 
prior to surgery, after preoperative drops. Corneal 
antibiotic levels, however, are more difficult to 
measure and can vary widely with circumstance. 
Drug diffusion into the cornea is affected by the 
degree of corneal disease or abnormalities pres-
ent and the condition of the corneal epithelium, 
which influence drug penetration and diffusion 
from the tears.

The tear film is the first compartment to which 
topically applied antibiotics are introduced. A 
large dilution of an administered dose occurs im-
mediately, and rapid removal follows with normal 
tear drainage. Tear levels are also characterized by 
a huge interpatient variability in delivered dose. 

Typically, the protective barrier function of 
the corneal epithelium ensures that antibiotic lev-
els that reach beyond the tear film into the aque-
ous humor, for example, are quite low compared 
to tear film levels. Despite the high antibiotic 
concentrations delivered directly to the tears, the 
amount of time the antibiotic is in contact with 
the bacteria has recently been shown to be impor-
tant as well.

tear/antIbIotIc contact tIme
Although fluoroquinolones are often referred 

to as “concentration-dependent” antibiotics, con-
tact time between antibiotic and microbe is still an 
important factor for bacterial killing. A 2009 study 
by Callegan and associates exposed a number of 
bacterial strains to the actual concentrations of gati-
floxacin and moxifloxacin in commercially available 
eye drops (Figure 2).2 Immediate killing of bacte-
ria did not occur, even at the high concentrations 
of the undiluted drops. The fastest killing occurred 
with gatifloxacin drops, which contain benzalko-
nium chloride (BAK) as well as fluoroquinolone. 

Figure 2 shows that within 5 minutes, some 
bacteria were killed; within 15 minutes, more 
were killed by gatifloxacin, including the methi-
cilllin resistant Staphylococcus aureus (MRSA) 
and methicilllin resistant Staphylococcus epider-

FIGURE 2. Time required by gatifloxacin 0.3% and moxifloxacin 0.5% to kill various pathogens. (Source: 
Reference 2.)
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midis (MRSE) strains. However, at 60 minutes, 
moxifl oxacin without BAK was just beginning to 
eradicate bacteria; all four of the MRSE strains ex-
posed to moxifl oxacin were still viable at 60 min-
utes. Note that the concentrations of antibiotics 
used likely exceeded actual concentrations in the 
cul-de-sac, as no tear dilution factors were incor-
porated into the study.

tear dynamIcS 
After delivery from a commercial drop, dilu-

tion of an applied drug occurs as follows.1

• Th e human conjunctival cul-de-sac volume 
is only about 7 µL. Drop instillation can 
only expand this by about 3 µL, to a volume 
of 10 µL. 

• In comparison, a modern drop size is about 
35 µL; therefore, the cul-de-sac can accept 
only about 10% of an applied drop. In addi-
tion, variation results from squinting, tear-
ing, and even age. Th e bottom line is that 
only a fraction of a drop is taken up, and 
there is large interpatient variability. 

• With a normal tear turnover rate of approx-
imately 16% per minute, the tear volume is 
largely replaced in 5 minutes’ time, with 
only a small amount of drug remaining, 
bound to the conjunctiva and/or cornea.

• With each blink, about 2 µL are pumped 
and drained away, and the average blink rate 
is about 12 blinks per minute, but this again 
is variable. 

• Depending on factors such as the drug’s hy-
drophilicity/lipophilicity and the condition 
of the corneal epithelium, a “reservoir” eff ect 
may be seen in the cornea and conjunctiva. 
In addition, formulations that extend drug 
contact time in the tears using specialized 
vehicles may also have a marked eff ect.

 
flUoroqUInolone tear 
concentratIonS 

Although levofl oxacin 1.5% is available, most 
topical fl uoroquinolone drops are applied to the 
tears in 0.3% to 0.6% concentrations and so de-
liver 3,000 to 6,000 µg/mL to the tears. Since the 
MICs of most susceptible microorganisms are un-
der 2 µg/mL, we can assume a very high antibac-
terial eff ect on the ocular surface. 

However, let us factor in tear dynamics and 
contact time. With the tear turnover rate of 16% 
per minute, loss of a topical drop is assumed to 
occur within about 5 minutes, with only some dif-
fused drug retained in surrounding tissues, so that 

applied antibiotic levels are reduced very quickly. 
However, the standard laboratory defi nitions of 
susceptibility or resistance that we use to defi ne 
microbial MICs, usually involve incubation times 
of 18 to 24 hours, a much longer period than the 
approximate 5-minute exposure in the tears. 

tear dIlUtIon 
Th e eff ect of tear dilution can be appreciated 

in this simple mathematical description: Using 
the example of a 0.6% solution, one drop contains 
6 mg/mL, or 6,000 µg per 1,000 µL. Th e propor-
tion delivered in a 35-µL drop is 210 µg/drop (35 
/1,000 µL x 6,000 µg). If the cul-de-sac accepts 
10% of this volume, that drug amount is approxi-
mately 20 µg. Considering the cul-de-sac holds 
about 10 µL, the drug concentration becomes 
2 mg/mL (20 µg/10 µL = 2,000 µg/1,000 µL). 
Th erefore, from an administered 6 mg/mL, we see 
that the initial concentration in the cul-de-sac is 
reduced to about 2 mg/mL (approximately one-
third). Th is is without accounting for interpatient 
variability.

Only one reported study has measured the 
actual decline of drug in human tears over a very 
short period after an instilled drop.3 Friedlaender 
and associates measured the rate of BAK decline 
after a drop of gatifl oxacin 0.3% which contained 
50 µg/mL BAK. Over the period of 30 seconds to 
3 minutes, the concentration of BAK was vastly 
diluted. Measured levels were 6.4 µg/mL at 30 
seconds, 3.2 µg/mL at 1 minute, 1.4 µg/mL at 3 
minutes, and undetectable thereafter. 

In addition to the rapid dilution in tears, the 
issue of large interpatient variability can further 
compromise the dose actually delivered to the 
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FIGURE 3. FQ levels in human tears over time. (Sources: 
References 4, 8, and 9.)
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tears. Table 1 shows some measured fl uoroquino-
lone levels in tears and indicates the large interpa-
tient variability encountered.4-6

cornea
Corneal antibiotic levels will vary greatly de-

pending on the degree of epithelial infl amma-
tion, whether a corneal defect is present, and, if 
a defect is present, its size. Where the epithelium 

is substantially abraded, high concentrations of 
antibiotic can be delivered to the cornea, par-
ticularly hydrophilic molecules. More lipophilic 
compounds tend to partition preferentially to the 
corneal epithelium. Because the degree of corneal 
infl ammation is diffi  cult to standardize in study 

models, and serial corneal sampling is not feasible 
in humans, most data on variable corneal levels is 
derived from animal models.

PharmaceUtIcal formUlatIonS 
Th e drug formulation can also help sustain 

antibiotic levels in the tears. Ointments, gels, vis-
cosity-thickening agents, and slow-release inserts 
all attempt to circumvent the rapid tear dilution 
and drainage of aqueous vehicles. A polycarbophil 
mucoadhesive base can used to prolong tear con-
tact time in topical drop formulations. It has been 
shown to sustain tear drug concentrations many 
times longer than aqueous bases.7

Most ophthalmic fl uoroquinolones, including 
ciprofl oxacin, levofl oxacin, gatifl oxacin, and moxi-
fl oxacin, have been formulated in aqueous bases. 
One fl uoroquinolone, however, the recently intro-
duced besifl oxacin ophthalmic suspension 0.6%, is 
formulated in a polycarbophil mucoadhesive base 
to prolong tear retention time. Very little data is 
available describing fl uoroquinolone levels over 
time in the tears, and only 2 descriptions are avail-
able for the 24-hour period after a single drop. 
Figure 3 depicts tear concentrations over time of 
levofl oxacin 0.5% in an aqueous base, and besifl ox-
acin 0.6% in the mucoadhesive base. Particularly 
over the 6-hour interval, representative of a typical 
dosing period, the levels of besifl oxacin in tears are 
substantially higher. Th ese higher levels over time 
would also correlate to higher calculated AUCs.

area Under the cUrve (aUc)
Antibiotic levels over time can be mathemati-

cally described by calculating the AUC. Compari-
son of a calculated AUC after one drop of levo-
fl oxacin 0.5% in aqueous vehicle and one drop 
of besifl oxacin 0.6% in the mucoadhesive base, 
derived from data in Figure 3, suggests a sub-
stantial diff erence in the AUC may be found. Th e 
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FIGURE 4. Area under the curve (µg·h/mL) in tears: levofl oxa-
cin 0.5% vs besifl oxacin 0.6%. (Source: Reference 10.)
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mucoadhesive base appears to give besifloxacin a 
substantially higher AUC (Figure 4).10 (Note that 
levels in Figure 3 reflect separate studies, that the 
patient population was not the same, and that the 
drop dose administration may have been different. 
However, grossly speaking, mathematical calcu-
lations from the available data indicate that the 
AUC is higher over certain time intervals with the 
formulation using the specialized vehicle base.)

aqUeoUS hUmor 
flUoroqUInolone levelS 

Only a very small proportion of topically ap-
plied antibiotic will penetrate a normal cornea to 
reach the aqueous humor, and this holds true even 
in the presence of vigorous topical drop dosing 
regimens. Aqueous humor is usually sampled at 
the start of surgery after various topical drop regi-
mens have been applied. Measured fluoroquino-
lone peak levels (Cmax) in aqueous humor are re-
ported about 1 to 2 hours after the last drop. With 
aqueous humor turnover time of approximately 2 
hours, estimated fluoroquinolone half-life in the 
aqueous humor is approximately 1 to 2 hours.11

One recent study used a novel form of drop 
administration by giving 3 pulsed drops, 1 every 5 
minutes, at the end of surgery.11 This pulsed-dose 
regimen, using levofloxacin 0.5% drops, raised 
aqueous humor levels about 10-fold over levels 
achieved after 2 preoperative drops (1 each at 60 
and 30 minutes before surgery), to 4.4 µg/mL 
from 0.4 µg/mL. However, these and all reported 
fluoroquinolone levels in human aqueous humor 
are actually quite low when compared with lev-
els achieved in tears. Therefore, despite any claims 
of lipophilic properties of fluoroquinolones, and 
despite the presence of BAK in formulations, the 
vigorous dosing regimens tested have produced 
only low aqueous humor levels of fluoroquino-
lones.11-21 And these levels are further reduced by 
aqueous humor outflow.

aUc In aqUeoUS hUmor
Only three studies11-13 report the AUC for 

fluoroquinolones in aqueous humor, and these 
use various time points (AUC of 90 minutes, 3 
hours, or 2 hours). The highest reported value is 
4.4 µg·h/mL over a 3-hour period.13

A comparison of aqueous humor antibiotic 
levels achieved after topical drops vs intracameral 
injection shows a striking difference. The highest 
aqueous humor fluoroquinolone level reported af-
ter the pulsed-dose regimen described above pro-
duced a peak of 4.4 µg/mL.11 This identical dosage 

regimen was utilized in the ESCRS study on the 
prophylaxis of endophthalmitis, where clinical re-
sults were compared to those after an intracameral 
injection of 1 mg cefuroxime.22 The intracameral 
injection reduced postoperative endophthalmitis 
rates approximately 5-fold, whereas the topical 
drop regimen was not statistically different from 
controls. 

SyStemIc vS toPIcal ocUlar Pk/Pd 
ParameterS

Clinical experience has provided some guide-
lines on the PK/PD parameters associated with 
success in the eradication of bacteria and resolu-
tion of systemic infections. Generally, Cmax/MIC 
ratios greater than 10, and AUC0-24/MIC ratios 
over 100, along with t > MIC of 70% of the time 
interval between doses have been associated with 
microbial eradication and high clinical cure rates, 
including the use of fluoroquinolones such as 
moxifloxacin and levofloxacin.23,24

With the range of reported aqueous humor 
AUCs after topical fluoroquinolone drops near or 
below a value of 4, we can see that the AUC/MIC 
ratios achieved in aqueous humor are likely to fall 
well below the targeted ratio values near 100 cited 
above, even when adjustments for 24-hour time 
periods are made.

conclUSIon
Topical drops have their greatest effect on the 

ocular surface, as can be shown quantitatively by 
common PK/PD parameters. Aqueous humor 
antibiotic penetration by diffusion from the tears 
is quite poor, despite the use of vigorous topical 
drop regimens. These low aqueous humor levels 
should be re-evaluated in the light of the PK/PD 
parameters now associated with clinical success 
in the treatment of systemic infections. Time and 
concentration are two very important factors for 
the eradication of microbes in ocular infections, 
and more so as we address the emerging, resistant 
bacterial strains we will be facing in the future. 
Perhaps we should consider more carefully the 
effectiveness of applying high and sustained anti-
biotic concentrations on the ocular surface, where 
organisms can be eliminated before gaining entry 
to the eye, rather than trusting the low intraocular 
concentrations achieved to eliminate organisms 
once inside the eye.

Susanne Gardner, PharmD, is an educator, writer, research-
er, and consultant to the pharmaceutical industry in the area 
of ocular infections and diseases. She is based in Atlanta, GA.
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Th e eye evolved with multiple mechanisms to 
protect it from foreign substances. In most cir-
cumstances this is benefi cial, but it also means 
that getting a drug to desired areas in the eye 
can be quite challenging. Drugs that are able to 
withstand external forces such as tear turnover 
still face physical barriers within the eye. Even 
an antibiotic that reaches its target site (ie, the 
infection site or potential infection site in the 
case of prophylaxis) must remain there long 
enough at suffi  cient concentrations to eradicate 
the bacteria.  

To overcome some of these barriers, advanc-
es in drug formulation have created increasingly 
potent agents for killing ocular pathogens.1 In 
this segment I will discuss some of the key de-
velopments that have increased drug potency, as 
well as how they have aff ected the criteria I look 
for when choosing topical antibiotics.

barrIerS to drUG delIvery
Delivering suffi  cient drug concentrations to 

target sites in the eye is easier said than done. Fol-
lowing instillation, factors such as tear turnover 
and refl ex lacrimation can collectively wash away 
as much as 30% of the drop from a normal, non-
irritated eye in the fi rst minute after instillation.2 If 
there is any irritation, the consequent refl ex tear-
ing can amplify this eff ect. 

Viscous formulations can help a drug remain 
on the ocular surface for longer than is possible 
with aqueous solutions. While ointments provide 
the longest contact time, they can also bind the 
drug (diminishing its bioavailability) and inhibit 
the delivery of other drugs.3 Another drawback 
to extremely viscous preparations is that they can 
blur vision when fi rst administered, which makes 
them more suited to evening than daytime use.3-5 

Compared to ointments, suspensions and so-
lutions are easier to instill and are less likely to 
cause blurring, but they also wash out of the eye 
more quickly.6 What’s needed is often something 
between an ointment and a solution, something 

that prolongs antibiotic contact with the ocular 
surface, making it possible to eradicate a larger 
number of organisms on the surface of the eye. 

Th is has led to the creation of new vehicles 
for drugs such as azithromycin 1% ophthalmic 
solution and besifl oxacin ophthalmic suspension 
0.6%, both of which are formulated with a poly-
meric mucoadhesive delivery vehicle that forms a 
stable, gel-like matrix that traps drug molecules 
on the eye, releasing antibiotic to ocular surface 
tissues over an extended period.7 Th is sustained 
release enables less frequent dosing, which can 
help boost patient compliance.

PraCTiCE PErsPECTivE

Pharmacokinetics/Pharmacodynamics 
and Bacterial Killing: Selecting the 
Most Eff ective Agent
▶ William B. Trattler, MD
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Preventing rapid drainage by the tears can 
also help to raise antibiotic concentrations in the 
eye. Akpek and associates tested this by instill-
ing one drop of 1% azithromycin solution, both 
with and without the mucoadhesive base into 
rabbit eyes. When they administered the solu-
tion with mucoadhesive, peak drug concentra-
tions in the tear film, cornea, conjunctiva, and 
aqueous humor were significantly higher than 
they were when 1% azithromycin solution was 
used by itself.7 

Additionally, pharmacokinetic modeling 
studies have indicated that when 1% azithro-
mycin solution (with the mucoadhesive base) is 
instilled once per day for 5 days, it can maintain 
peak conjunctival concentrations of 150–200 
µg/g and trough concentrations of 40 µg/g over 
a 24-hour duration—concentrations that are 
exponentially higher than the minimum inhibi-
tory concentrations (MICs) of most susceptible 
bacteria.8

Similar findings have been reported for be-
sifloxacin 0.6% ophthalmic suspension, the only 
fluoroquinolone antibiotic formulated with a 
mucoadhesive delivery vehicle. A recent, ran-
domized, double-masked, active-controlled 
study reported on the effects of instilling one 
drop of besifloxacin 0.6% suspension, gatifloxa-
cin 0.3% solution, or moxifloxacin 0.5% solution 
to 108 human subjects.9 The authors obtained 
conjunctival samples at various intervals, from 

15 minutes to 24 hours following instillation. 
Besifloxacin had the longest mean residence 
time (4.7 hours) in the conjunctival tissue and 
the greatest area under the curve (AUC)-to-
MIC90 ratio (an important measurement of an-
timicrobial activity for fluoroquinolones) against 
strains of methicillin-resistant Staphylococcus au-
reus (MRSA) and methicillin-resistant Staphylo-
coccus epidermidis (MRSE) (Figures 1 and 2).9 In 
a separate study, substantial antibiotic concen-
trations (4 µg/g) in the tear film were reported 
24 hours after topical instillation of one drop of 
besifloxacin ophthalmic suspension 0.6% in rab-
bit, monkey, and human eyes.10

These findings are noteworthy because the 
majority of postoperative infections originate 
from the patient’s periocular microflora.11

more than a PreServatIve: 
benzalkonIUm chlorIde 

Several other aspects of drug formulation 
may enhance the potency of a topical antibiotic, 
such as the inclusion of bactericidal and bacte-
riostatic preservatives. Benzalkonium chloride 
(BAK) is used in more topical ophthalmic solu-
tions than any other preservative and appears in 
the formulations of most ocular fluoroquinolones 
(moxifloxacin being the primary exception to this 
rule).12,13

BAK destroys bacteria by disturbing the lipid 
bilayer in the bacterial cell membrane and allow-
ing cellular contents to drain out.14 This quaternary 
ammonium compound has exhibited notable an-

FIGURE 1. Ratio of AUC0–24 h 
to MIC90 

in conjunctiva, MRSA. 
MIC90 values culled from susceptibility testing of 81 methi-
cillin-resistant, ciprofloxacin-resistant S. aureus isolates: be-
sifloxacin = 4 µg/mL; moxifloxacin = 32 µg/mL; gatifloxacin 
= 64 µg/mL. Area under the curve (AUC): defined as total 
amount of drug delivered to conjunctival tissue in 1 day 
following a single dose. (Source: Reference 9.)

FIGURE 2. Ratio of AUC0–24 h 
to MIC90 in conjunctiva, meth-

icillin-resistant S. epidermidis (MRSE). MIC90 values culled 
from susceptibility testing of 29 methicillin-resistant, cip-
rofloxacin-resistant S. epidermidis isolates: besifloxacin = 4 
µg/mL, moxifloxacin = 64 µg/mL, gatifloxacin = 128 µg/
mL. Area under the curve (AUC): defined as total amount 
of drug delivered to conjunctival tissue in 1 day following 
a single dose. (Source: Reference 9.)
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timicrobial activity against S. aureus, S. epidermidis, 
and Streptococcus pneumoniae, organisms that typ-
ically cause eye infections.15 It has also exhibited 
activity against Gram-negative organisms, some 
viruses, and fungi.14-16 

When BAK is added to fl uoroquinolone anti-
biotics, it appears to enhance their effi  cacy, includ-
ing activity against resistant organisms. Blondeau 
and associates found, for example, that adding 
BAK to gatifl oxacin resulted in lower MICs 
against fl uoroquinolone-resistant MRSA isolates 
than when gatifl oxacin was used alone. Th e diff er-
ence was signifi cant: When gatifl oxacin was used 
by itself, the MICs ranged from 4 µg/mL to ≥ 8 
µg/mL. Th is compared with ≤ 0.008 µg/mL to 
0.25 µg/mL when BAK was added.16 

Hesje, et al compared the eff ects of diff erent 
fl uoroquinolones on MRSA isolates and found 
that the MIC90 values for gatifl oxacin and moxi-
fl oxacin were ≥ 4 µg/mL and 4 µg/mL, respec-
tively.17 When BAK was added to each of these 
two antibiotics, however, these values dropped to 
≤ 0.008 µg/mL (Table 1). Th e authors also ob-
served a reduction in MIC90 values (down to 3.1 
µg/mL) when BAK was used alone, but this de-
crease was not nearly as great as that seen with 
BAK plus the fl uoroquinolones.17

Th ese are, of course, in vitro results, which 
could be quite diff erent from those seen in human 
patients (where additional variables such as refl ex 
tearing can aff ect the performance of the drug). To 
test the eff ects of BAK in vivo, Romanowski and 
associates inoculated the corneal stroma of New 
Zealand white rabbits with gatifl oxacin-resistant 
MRSA organisms. Four hours later, they admin-
istered either topical gatifl oxacin 0.3% by itself, 
gatifl oxacin 0.3% plus 0.005% BAK, the vehicle 
with BAK 0.005% but no drug, or a saline control 

into both eyes. Th ese were administered every 15 
minutes for 5 hours.18

When the corneas were examined an hour after 
treatment ended, gatifl oxacin plus BAK exhibited 
the greatest antibacterial activity, signifi cantly di-
minishing colony counts compared with gatifl oxa-
cin used alone, BAK used alone, or the saline control. 

Collectively, these fi ndings suggest that incor-
porating BAK into a fl uoroquinolone formulation 
may enhance antibiotic effi  cacy. In a recent study 
by Karpecki et al, the presence of BAK in besi-
fl oxacin ophthalmic suspension 0.6% was thought 
to have contributed to bacterial eradication and 
clinical resolution in patients with acute bacterial 
conjunctivitis.13

chanGInG reSIStance PatternS 
As drug formulations have continued to ad-

vance, so, too, have ocular pathogens. Antibiotic 
resistance is now a global problem.19 Over the 
past 20 years, resistant organisms have become 
increasingly abundant, as have bacteria resistant 
to vancomycin—an antibiotic once thought of as 
the “silver bullet” to be used when all other anti-
biotic therapies fail.20 In addition, a review of S. 
aureus data from more than 200 U.S. laboratories 
revealed that, from January 2000 to December 
2005, the percentage of S. aureus eye infections 
that were culture-positive for MRSA ballooned 
from 29.5% to 41.6% (Figure 3).21 

What’s more, the prevalence of community-
acquired MRSA (MRSA acquired in the general 
community vs in a hospital or health-care setting) 
is increasing.22,23 My colleagues and I recently 
conducted a prospective case series involving 399 
cataract patients from 10 centers in the United 
States. We cultured the eyelids and conjunctivas 
of the nonoperative eye on the day of the proce-
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dure, before any topical antibiotics, anesthetics, or 
antiseptics had been applied.24

Of the organisms isolated from these cul-
tures, the majority were S. epidermidis or S. aureus 
(62.9% and 14.0%, respectively). Most striking 
was the prevalence of resistant organisms: MRSE 
comprised 47.1% (178/378) of the S. epidermidis 
isolates, while MRSA comprised 29.5% (26/88) 
of S. aureus isolates (Figure 4). Of the 399 patients 
tested, 157 (39.3%) carried methicillin-resistant 
staphylococcal isolates—and most of these pa-
tients (89.2%) were not chronic patients or health 
care workers. 

Age appeared to be a risk factor for coloni-
zation with methicillin-resistant organisms—the 
older the patient, the higher the risk. It was un-
clear whether this result has any association with 
the increased risk of endophthalmitis reported 
with older age.25-27

Previously, clinicians paid special attention to 
nursing home staff, employees at health-care fa-
cilities, and other individuals who were considered 
to be at an elevated risk of carrying resistant or-
ganisms. The findings from this and other studies 
suggest that today, every patient is at risk. For this 
reason, I prefer to use potent fourth-generation 
fluoroquinolones both for preventing and manag-
ing ocular infection.

For cataract surgery, I typically put patients on 
a fourth-generation fluoroquinolone 3 days prior 
to the procedure. Immediately before surgery, I 
prep the eye with 10% povidone-iodine, as this 
has been proven to reduce the risk of postopera-
tive endophthalmitis.28 On the day of surgery, fol-
lowing the operation, patients continue with the 
fluoroquinolone 2 to 4 times per day for 10 days. 

For PRK and LASIK patients, I typically use 

1% azithromycin, because it achieves exception-
ally high antibiotic levels in the cornea and con-
junctiva. The patient instills one drop the night 
before surgery; then postoperatively, the patient 
administers 1% azithromycin once per day for 5 
to 7 days.

the trUe coSt of chooSInG 
antIbIotIcS

In general, I avoid using generic, older gen-
eration fluoroquinolones, despite the fact that 
they are more affordable than newer ones. In my 
opinion, using these drugs to save money would 
be a mistake, because in addition to the increas-
ing prevalence of bacterial resistance in general, 
the susceptibility rates of bacterial organisms are 
lower against older fluoroquinolones (eg, ofloxa-
cin, ciprofloxacin) than to newer generations (eg, 
gatifloxacin, moxifloxacin, and besifloxacin).29

In fact, the last two patients who entered my 
practice with postoperative eye infections had been 
using generic antibiotics. One patient who had 
flown to Canada for topography-guided photore-
fractive keratectomy (PRK) (which is not avail-
able in the US) was taking generic ofloxacin and 
developed a corneal ulcer on postoperative day 3. 
The other patient underwent cataract surgery, and 
opted for a less expensive antibiotic (ofloxacin) for 
financial reasons; he developed a small corneal ul-
cer several days after surgery, which is an unusual 
type of infection after cataract surgery. These are 
vivid reminders of the importance of using the best 
drugs for the job, even if they come at a higher 
price. Infections that occur with ocular surgery 
can be vision-threatening, and patients want to be 
dosed with the most effective antibiotic possible.

0% 10 20 30 40 50%

MRSE 47.1%

MRSA 29.5%

FIGURE 4. Incidence of MRSE and MRSA in S. epider-
midis and S. aureus isolates from 399 patients in the US.  
MRSE = 178/378 S. epidermidis isolates; MRSA = 26/88  
S. aureus isolates. (Source: Reference 23.)

0% 10 20 30 40 50%

December 2005 41.6%

January 2000 29.5%

FIGURE 3. S. aureus eye infections culture-positive for 
MRSA, January 2000–December 2005. Data taken from 
more than 200 U.S. laboratories. (Source: Reference 20.)
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conclUSIon
There are several ways in which a drug formu-

lation can be modified to enhance the pharmaco-
kinetic/pharmacodynamic properties of a topical 
antibiotic. By having a clearer understanding of 
precisely how these effects are achieved, we can 
make more informed decisions when choosing 
antibiotics for our patients.

William B. Trattler, MD, is a cornea specialist at the Center 
for Excellence in Eye Care, Miami, FL, a volunteer assistant 
professor of ophthalmology at the Bascom Palmer Eye Insti-
tute of the University of Miami Miller School of Medicine, 
and a volunteer faculty member of the ophthalmology depart-
ment at Florida International University College of Medicine.
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Directions: select the one best answer to each question in the Exam (Questions 1-10) and in the Evaluation (Questions 11-16) below by circling one letter 
for each answer. Participants must score at least 80% on the questions and complete the entire Evaluation section on the form below. The University of Florida 
College of Medicine designates this activity for a maximum of 1.0 AMA PRA Category 1 Credit™. There is no fee to participate in this activity. you can take the test 
online at http://cme.ufl.edu/roa.
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1. Pharmacodynamic parameters relate 
achieved drug concentrations to:
a. The site of administration 
B. antimicrobial activity
C. antibiotic toxicity
D. all of the above are true

2. The pharmacokinetic term Cmax refers 
to:
a. The maximum (or peak) drug 

concentration
B. The maximum cidal effect of a 

drug
C. The longest contact interval 

between drug and bacterium
D. None of the above is correct

3. Community-acquired Mrsa:
a. is becoming increasingly prevalent 
B. has become less prevalent than it 

was years ago  
C. is only a threat in developing 

countries
D. None of the above is correct

4. The normal tear turnover rate is about:
a. 0.16 % per minute
B. 1.6% per minute
C. 16% per minute
D. 160% per minute

5. in studies by Friedlaender et al, the 
BaK administered in a single drop of 
Zymar (with a BaK concentration of 50 
µg/ml) became undetectable at:
a. 30 seconds
B. 1 minute
C. 3 minutes
D. after 3 minutes

6. Tear turnover and reflex lacrimation 
can wash away as much as ____% 
of a topical drop from a normal, non-
irritated eye in the first minute after 
instillation.
a. 3%
B. 10%
C. 13%
D. 30%  

7. adding a polymeric mucoadhesive 
delivery vehicle to a fluoroquinolone 
formulation: 
a. appears to increase residence time 

on the eye
B. appears to diminish residence 

time on the eye          
C. Does not affect residence time on 

the eye
D. May raise the MiCs of susceptible 

organisms

8. adding the preservative 
benzalkonium chloride to 
fluoroquinolones appears to: 
a. reduce their potency
B. increase their potency
C. have no effect on their potency
D. reduce their efficacy in the 

treatment of bacterial keratitis

9. in a recent U.s. study involving 
399 cataract patients, which of 
the following was a risk factor for 
colonization with methicillin-resistant 
organisms:
a. Male gender
B. European descent
C. older age 
D. all of the above are correct

10. Which of the following is typically 
most responsible for low aqueous 
humor drug concentrations following 
topical ocular dosing?
a. The corneal endothelial pump
B. The intraocular pressure gradient
C. The corneal epithelial barrier 

function
D. low drug concentrations in 

antibiotic drops 
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This CME program is sponsored by the University of Florida 
and Candeo Clinical/science Communications, llC, and 
supported by an unrestricted educational grant from 
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aNsWErs:

evaluation:
1=Poor 2=Fair 3=satisfactory 4=good 5=outstanding

11. Extent to which the activity met the identified
       objective 1:  1 2 3 4 5
       objective 2:  1 2 3 4 5
       objective 3:  1 2 3 4 5

12. rate the overall effectiveness of how the activity:
 related to my practice:  1 2 3 4 5
 Will influence how i practice:  1 2 3 4 5
 Will help me improve patient care:  1 2 3 4 5
 stimulated my intellectual curiosity:  1 2 3 4 5
 overall quality of material:  1 2 3 4 5
 overall met my expectations:  1 2 3 4 5
 avoided commercial bias/influence:  1 2 3 4 5

13. Will the information presented cause you to make any 
changes in your practice?   yes  No

14. if yes, please describe: __________________________

________________________________________________

15. how committed are you to making these changes?
    1 2 3 4 5

16. are future activities on this topic important to you?
         yes  No

if you wish to receive credit for this activity, please fill in the following 
information. retain a copy  for your records — 
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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
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