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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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Topical antibiotics are used not only to treat 
active infections but also prophylactically to 
prevent infection due to peri- or postoperative 
bacterial contamination during ocular surgery. 
Along with povidone-iodine, administration of 
topical antibiotic drops has become a preopera-
tive standard of care, with the topical antibiotics 
continued postoperatively to prevent infection 
from events such as wound leak. The assump-
tion has been that topically applied drops pen-
etrate adequately if levels in the aqueous humor 
approximate the minimum inhibitory con-
centrations (MICs) of potentially pathogenic 
organisms.

However, an alternative to topical drops has 
been explored in recent years and was the sub-
ject of a large multicenter study in Europe.1 This 
study, by the European Society of Cataract and 
Refractive Surgeons (ESCRS), evaluated the 
prophylactic capabilities of intracameral injec-
tion against endophthalmitis. It found that in-
tracameral injection reduced the incidence of 
postoperative endophthalmitis approximately 
five-fold over controls and was superior to a vig-
orous topical drop regimen. 

toPIcal droPS
The aqueous humor penetration of topical, 

oral, and parenteral antibiotics is of great interest 
to clinicians. The ability of topical antibiotic drops 
to penetrate through the epithelium and into the 
aqueous humor is particularly relevant in periop-
erative and postoperative prophylactic regimens, 
as well as in the treatment of active infections. 

Most commercially available topical antibiotic 
drops are relatively hydrophilic and, so, penetrate 
poorly through a normal, intact corneal epithe-
lium. Some recent-generation fluoroquinolones 
claim better corneal penetration. Moxifloxacin in 
particular is described as having greater lipophi-
licity. In addition, the presence of the preservative 
benzalkonium chloride (BAK) may enhance pen-
etration by altering the permeability of the corneal 
epithelium.2 

Many studies have sampled aqueous humor 

antibiotic levels after a variety of preoperative 
dosing regimens, and fluoroquinolones in particu-
lar were anticipated to achieve levels potentially 
effective against a broad spectrum of bacteria. In 
addition, aqueous humor levels can be compared 
to antibiotic levels achieved in other ocular com-
partments such as the tears. Common pharmaco-
kinetic/pharmacodynamic (PK/PD) parameters 
(along with standard concepts of bacterial sus-
ceptibility) can then be applied to these measured 
drug levels. However, certain aspects of PK/PD 
are unique to the eye, and these should be taken 
into account when anticipating antibiotic efficacy 
in the anterior segment.

Key factors in assessing antibiotic activity in 
ocular tissues include the antibiotic levels achieved 
in the compartment of interest; the length of time 
those levels remain meaningful in relation to mi-
crobial MICs; and the trends and susceptibilities 
of the bacteria being targeted. However, we will 
not review bacterial susceptibility or resistance 
here but keep our focus on the first two key fac-
tors: antibiotic levels and duration relative to 
MICs after topical drops and after intracameral 
injection.

Common topical fluoroquinolones are avail-
able commercially in approximately 0.3% to 0.6% 
drop concentrations. This correlates to delivery 
of 3,000 to 6,000 µg/mL concentrations to the 
tears. With MICs of bacteria commonly below 
2 µg/mL, we might assume a very high antibacte-
rial efficacy on the ocular surface. However, after 
a drop is instilled into the conjunctival cul-de-sac, 
there is an immediate dilution to about one-third 
of the initial concentration. Following this, drugs 
delivered in an aqueous vehicle are removed fairly 
rapidly, owing to tear drainage and an approxi-
mate tear turnover time of 5 minutes. Added to 
this is a fairly high interpatient variability in drop 
delivery (more than 50%). Taken together, these 
factors mean that the high initial concentration 
delivered in an eye drop is rapidly diluted and 
drained away.3 

A study by Friedlaender and associates dem-
onstrated the rapid drug decline in tears.4 Patients 
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received one drop of gatifloxacin 0.3%, which also 
contained 50 µg/mL of BAK in an aqueous ve-
hicle base. The BAK was measured at 30 seconds 
and beyond. From the instilled concentration of 
50 µg/mL of BAK, only 1.4 µg/mL remained at 
three minutes, dropping to undetectable levels 
thereafter. Therefore, at three minutes, only 2.8% 
of the instilled concentration remained, indicating 
a 97.2% loss over this brief span of time.

Very few studies have measured human tear 
concentrations of fluoroquinolones over time, 
and only two have looked at the rate of removal 
over 24 hours after a single drop (Figure 1).5-6 The 
24-hour data presented for levofloxacin ophthal-
mic solution 0.5% and for besifloxacin ophthal-
mic suspension 0.6% demonstrated higher levels 
of besifloxacin over time, particularly during a 
typical 6-hour dosing interval. This is likely due 
to its formulation in a mucoadhesive polymer 
(DuraSite®) designed to prolong contact time on 
the ocular surface.

We should also recall, however, that a very 
high standard deviation, or interpatient variabil-
ity, accompanies topical drop administration. This 
high variability in instilled dose, combined with 
the rapid drainage described above, greatly de-
creases certainty of how much antibiotic dose an 
individual patient retains in the cul-de-sac in the 
hours after a topically applied drop. All these fac-
tors taken together influence the ability of antibi-
otics concentrated in the tears to diffuse into the 
anterior chamber.

Additionally, a number of limitations affect 
topical antibiotic therapy and antibiotic pen-

etration into the aqueous humor. Both antibiotic 
concentration and time of bacterial exposure to 
the antibiotic are extremely important for bacte-
rial eradication. When we compare the rapid tear 
turnover rate of about 5 minutes to the standard 
laboratory incubation times of 18 to 24 hours 
(used to define microbial sensitivity or resistance), 
we have reason to examine very closely how drug 
concentrations and “drug-bug” contact time relate 
to bacterial eradication in the eye.

bacterIal KIllInG and tIme
We have little data describing bacterial kill-

ing over the relatively short periods typical of 
ocular drop administration. One study examined 
the effect of full-strength commercial concentra-
tions of gatifloxacin and moxifloxacin on bacterial 
eradication over periods of 5, 15, and 60 minutes  
(Figure 2). 7 In 5 minutes, gatifloxacin 0.3% eradi-
cated strains of Haemophilus influenzae and Strepto-
coccus pneumoniae; 15 minutes were required for it to 
eradicate most staphylococcal organisms, including 
several methicillin-resistant strains; and by 60 min-
utes, all strains tested had been eradicated. The BAK 
in gatifloxacin 0.3% may have contributed to this 
effect. By comparison, moxifloxacin 0.5% without 
BAK required 60 minutes of contact time to begin 
eradicating bacteria. We can see that at 60 minutes, 
only the S. pneumoniae and one of four methicillin-
resistant Staphylococcus aureus (MRSA) strains were 
eradicated. At 60 minutes, viable S. aureus strains 
and three of the four MRSA strains remained, as 
well as all four methicillin-resistant Staphylococcus 
epidermidis (MRSE) strains and the fluoroquino-
lone-resistant S. epidermidis strain tested.

Another study looked specifically at staphylo-
cocci, using commercial strengths of gatifloxacin 
and moxifloxacin and separately testing BAK.8 
Again, it took more time for moxifloxacin to 

FIGURE 1.  Human tear fluoroquinolone levels over time. 
Note logarithmic scale. (Sources: Reference 6 [besifloxacin], 
Reference 5 [levofloxacin], and Reference 25 [ciprofloxacin, 
ofloxacin, and norfloxacin].)
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eradicate bacteria. At 60 minutes, 0.5% moxifl ox-
acin drops eradicated only one of fi ve coagulase-
negative staphylococci (CNS) strains and had not 
eradicated any of the 13 S. aureus strains. On the 
other hand, gatifl oxacin 0.3% drops eradicated 
three of fi ve CNS strains and 10 of 13 S. aureus
strains within 15 minutes. By 60 minutes, BAK 
alone had not eradicated the bacteria, although 
colony counts had been signifi cantly reduced. 

A PK/PD parameter known as the area un-
der the curve (AUC) provides a measurement of 
drug concentration over time, incorporating both 
elements of interest: concentration and time. Th e 
AUC in tears can be increased by a drop vehicle 
that helps to retain antibiotic on the ocular sur-
face for longer periods. Figure 1 shows the higher 
antibiotic concentrations in tears over time with 
besifl oxacin ophthalmic suspension 0.6%. Cal-
culations of AUC taken from such data trans-
late into higher AUCs where antibiotic presence 
is increased over time. In this regard, the AUC 
calculations for tear presence with besifl oxacin 
ophthalmic suspension 0.6% would be consider-
ably higher than for levofl oxacin 0.5%, refl ected 
by the diff erences shown in Figure 1. While these 
comparisons may not refl ect similar patient pop-
ulations or drop administration, they grossly rep-
resent the diff erences in concentration over time 
for data reported for these two drugs—with two 
diff erent formulations and only slightly diff erent 
concentrations. We can attribute this to besi-

fl oxacin’s formulation in mucoadhesive polymer 
that prolongs retention time (and with it bacterial 
killing) on the ocular surface.

aQUeoUS HUmor 
flUoroQUInolone levelS

A variety of preoperative dosing regimens 
have been tested in an attempt to increase anti-
biotic penetration into the aqueous humor. After 
administration of drops in various, often vigorous, 
dosing schedules, aqueous humor is sampled at 
the beginning of surgery.

Table 1 shows reported levels of moxifl oxacin, 
gatifl oxacin, and levofl oxacin (0.5% and  1.5%) 
from a number of studies.9-19 Even with the 
claimed lipophilicity of moxifl oxacin, the BAK 
content in gatifl oxacin, and the increased concen-
tration of levofl oxacin to 1.5%, it is clear that levels 
in the aqueous humor remain very low compared 
to either serum levels or local levels in various tar-
get tissues after systemic antibiotic administration. 
Certainly they are low in comparison to tear lev-
els after drops. A comparison of antibiotic levels 
achieved in tears (Figure 1) and those measured 
in aqueous humor after various topical drop regi-
mens (Table 1) shows the enormous diff erence in 
maximum levels reached (Cmax), which translates 
into comparably diff erent calculated AUCs.

Also bear in mind the high interpatient 
variability that occurs in both tears and aque-
ous humor levels after topical administration 
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(Table 2).9,17,20,21 Th is suggests that a signifi cant 
number of patients are unlikely to achieve even 
the relatively low concentrations represented by 
peak aqueous humor levels.

PUlSed toPIcal droPS
A study using a novel dosing regimen re-

cently described the highest aqueous humor level 
reported after topical drop administration.9 Th e 
regimen began with a standard two drops of levo-
fl oxacin 0.5% administered preoperatively—one 
at 60 minutes and another at 30 minutes before 
surgery. In addition three pulsed drops—each fi ve 
minutes apart—were administered at the close of 
surgery, simulating a loading dose. Th ese pulsed 
drops replaced the preoperative antibiotic lev-
els expelled at the time of the surgical incision. 
Aqueous humor antibiotic levels were measured 
after the two preoperative drops and at various 
time points, from 5 to 90 minutes, after the last 
pulsed drop. 

Th is allows a comparison between an identical 
pulsed-dose regimen and a single intracameral in-
jection given at the close of surgery in the ESCRS 
study.1,9 After the two preoperative drops at 60 
and 30 minutes, the mean peak aqueous humor 
level achieved was 0.428 µg/mL. After the three 
pulsed drops (one drop Q5 minutes x3 at the close 
of surgery) the highest mean peak level measured 
was approximately 10 times higher, reaching 4.4 
µg/mL 60 minutes post-dose. Table 1, by com-
parison, shows that the highest mean fl uoroqui-
nolone levels reported in human aqueous humor 
to date are on the order of 1 to 4 µg/mL.

Th ese studies support the concept that in-
creasing topical drop frequency is likely to in-
crease aqueous humor levels to some degree and 
that drug diff usion is increased consistent with 

the principle of loading doses. However, aqueous 
penetration through an intact cornea remains ex-
tremely low for fl uoroquinolones and most other 
antibiotics—even when maximizing topical dos-
ing regimens in such clinically feasible ways.

clInIcal correlatIonS
Only one study allows extrapolation of mea-

sured aqueous humor antibiotic levels to antici-
pated clinical results in terms of reducing post-
operative endophthalmitis rates. Two arms of 
the ESCRS study used the pulsed-dose regimen 
(levofl oxacin 0.5%) studied by Sundelin and asso-
ciates, so that results could be compared to those 
of either the control group or the patients who re-
ceived intracameral injection (1 mg cefuroxime).

Study results showed that the pulsed-dose 
regimen did not produce a statistically signifi -
cant reduction in postoperative endophthalmi-
tis rates compared to controls, in either total or 
proven cases of endophthalmitis (0.247%/0.173%, 
total/proven cases, pulsed drops/Group C vs 
0.345%/0.247%, total/proven cases, control 
Group A). Th erefore, assuming that aqueous hu-
mor levels in the ESCRS study were similar to 
those described after the identical dose regimen in 
Sundelin, one can infer that even these relatively 
higher aqueous humor antibiotic levels may be in-
suffi  cient to produce a reduction in postoperative 
endophthalmitis rates. 

In contrast, the ESCRS study showed that 
intra cameral injection of cefuroxime 1mg did
reduce postoperative endophthalmitis rates by 
approximately fi ve-fold.1

correlatIon to PK/Pd ParameterS
Th ese clinical fi ndings can be examined in the 

context of the PK/PD parameters associated with 
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successful antimicrobial treatment of infections 
outside the eye. Although other factors such as 
immune response and patient compliance will af-
fect topical drop therapy, both the antibiotic con-
centrations achieved and the duration of contact 
time between microbe and antibiotic remain key 
factors.

Mathematically, the AUC from time 0 to a 
selected time (“t”) describes drug levels over time. 
Measured peak antibiotic levels are the Cmax in 
pharmacokinetic terms. Ratios such as the AUC/
MIC or Cmax/MIC (using the MIC of a particular 
microbe) can describe levels over time and allow 
correlation to clinical results. 

Some guidelines have been derived from 
clinical experience with the treatment of systemic 
infections, and these associate favorable clinical 
outcomes to the concentration/time profi le, or 
AUCs, for fl uoroquinolones. Consider, for ex-
ample, the use of recent-generation fl uoroqui-
nolones such as moxifl oxacin in the treatment 
of pulmonary infections. In general, good bac-
tericidal eff ects and good clinical outcomes have 
been associated with Cmax/MIC ratios over 10, 
AUC0-24/MIC ratios over 100, and the time above 
the MIC during the dosing interval (t>MIC) 
(for example, over 70% of the 24-hour dosing 
interval).22,23 

Only three studies have reported AUC in 
aqueous humor after topical drop regimens.9,14,19

Th ese reported AUCs ranged from 0.4 for gati-
fl oxacin and 1.2 for moxifl oxacin (both over a 
2-hour period; units in µg·h/mL) to 4.41 for 
moxifl oxacin (3-hour period; µg·h/mL) to 4.05 
for levofl oxacin 0.5% (over 90 minutes; units 
µg·h/mL). Th erefore, reported values for aque-
ous humor fl uoroquinolone AUCs (range: 0.4 to 
4.41) are substantially lower than desired systemic 
guidelines (near 100). Th ough calculated aque-
ous humor AUCs involved shorter time periods 
and systemic guidelines refl ect a 24-hour period, 
aqueous humor levels quickly decline and would 
not contribute adequately to the shortfall in calcu-
lated AUC—given the aqueous humor turnover 
rate of 2 hours.

comParatIve aUcS
Calculated AUCs in aqueous humor may be 

compared to reported values in the treatment of 
infections elsewhere in the body. In one study, 
moxifl oxacin concentrations were measured in 
serum as well as the tissues involved in upper 
respiratory infections after a 400 mg oral dose.  
Figure 3 refl ects the relative AUCs in serum and 

pulmonary tissues where the fl uoroquinolone ac-
cumulated over time.24 Th e numbers reported for 
aqueous humor AUC are extremely small by com-
parison, despite any diff erences in 0-t.

Th is work also highlights the accumulation 
of fl uoroquinolone in important target sites, with 
levels signifi cantly higher at some sites over time 
than they are in the serum. However, this dynamic 
does not occur in aqueous humor relative to lev-
els in the tears. When these numbers for AUC 
are translated into AUIC (area under the inhibi-
tory curve)—where AUC is related to a microbial 
MIC—then diff erences are similar or even more 
striking.

If one compares the relative AUC in serum 
to that in aqueous humor after drops (Figure 3), 
we see that the AUC in aqueous humor is much 
lower, aside from diff erences in 0-t. Th erefore, 
achieved fl uoroquinolone levels, time of expo-
sure in the tissue or compartment of interest, and 
bacterial susceptibility must all be considered to-
gether when anticipating or planning treatment 
strategies. 

In terms of prophylaxis of postoperative cata-
ract infections, we should recall that any aqueous 
humor antibiotic levels achieved after preopera-
tively administered drops are lost the moment the 
surgical incision is made (and antibiotics instantly 
drain away). Th is fact supports the rationale for 
administering an intracameral injection at the 
close of cataract surgery, so that a known quantity 
of drug is delivered when the surgical procedure 
is complete.

FIGURE 3. Some systemic AUC values after a 400 mg oral 
dose of moxifl oxacin. Note how much levels are in these 
tissues/fl uids compared to the aqueous humor level that 
was achieved after frequent topical drops. (BrMuc = bron-
chial mucosa; EpiLinFl = epithelial lining fl uid; Alv Macro = 
alveolar macrophages.)
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conclUSIonS
In conclusion, we can see that topical drops 

deliver relatively high antibiotic levels to the ex-
ternal eye to produce correspondingly high AUCs. 
Changes in a drug delivery vehicle that prolong 
ocular contact time will increase these AUCs. 

However, antibiotic diffusion to the aqueous 
humor from the tears is low. According to the 
clinical guidelines used in the treatment of sys-
temic infections, the AUCs reported for fluoro-
quinolones in aqueous humor after topical drops 
are extremely low. By comparison, intracameral 
injection is capable of delivering a high aqueous 
humor antibiotic concentration immediately at 
the close of surgery.

It may be appropriate to rethink the real-
life, real-time values of reported aqueous hu-
mor antibiotic levels achieved after topical drop 
regimens and, specifically, to re-evaluate aqueous 
humor fluoroquinolone levels in light of the PK/
PD parameters associated with successful clini-
cal outcomes elsewhere in the body. The current 
data suggest that even the highest aqueous humor 
fluoroquinolone levels and AUCs reported to date 
are comparatively low and without proven clinical 
benefit. 

In light of all this, it may be prudent to re-
visit the importance of antimicrobial action on 
the ocular surface, where effects may be increased 
with factors such as vehicles that prolong contact 
time with microorganisms and increase the cor-
responding AUC.

Data from future research may be more mean-
ingful if PK/PD measurements are tailored to the 
unique time frames and the unique drug concen-
trations involved in treatment or prevention of 
infections in 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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Intraocular penetration of antibiotics, while 
important, is not the lynchpin of effective 
prophylaxis against postsurgical infection. In 
choosing an antiinfective, the ophthalmic sur-
geon should focus on optimizing eradication of 
organisms on the ocular surface while provid-
ing sustained protection against microbial en-
trance through surgical wounds. The optimal 
antimicrobial should combine effective broad-
spectrum activity with product formulation 
advantages that enhance surface dwell time and 
patient compliance. 

determInantS of antIbIotIc 
effIcacy

With 4 million ocular surgeries performed 
each year, surgical prophylaxis represents the 
primary use of ocular antibiotics in the United 
States. Within this context, we have long ob-
sessed over the importance of antibiotic pen-
etration through the cornea and into intraocular 
tissues and fluids—always looking for that theo-
retical edge against postoperative endophthalmi-
tis. Perioperative topical antibiotics provide well 
established, uncontested endophthalmitis protec-
tion for cataract surgery in the extracapsular and 
intracapsular surgery era.1,2

But intraocular penetration is just one of the 
factors that determine the effectiveness of an oph-
thalmic antibiotic. Of arguably greater impor-
tance is the ability to provide sustained protection 
against microorganisms on the ocular surface and 
block their invasion through incompletely healed 
surgical wounds. Conjunctival absorption is an-
other consideration as the conjunctiva can act as 
a reservoir for the sustained release of absorbed 
antibiotic back into the tears, which in turn bathe 
and protect the ocular surface. So while aqueous 
humor concentrations are important, so are the 
steady state concentrations of an antibiotic on the 
cornea and in the conjunctiva and tear film. 

contamInatIon and InfectIon
There are three scenarios by which bacteria 

can enter the eye in sufficient numbers to produce 

postoperative endophthalmitis. First, the surgeon 
can introduce them directly with contaminated 
surgical instruments. Second, periocular micro-
flora can contaminate a wound during surgery, 
with their subsequent growth spreading into 
deeper tissues. Third, microbes can gain access 
postoperatively through partially healed wounds, 
thanks to potential negative pressure gradients 
with the anterior chamber when globe compres-
sion creates a “sucking wound.”

These scenarios remind us of the paramount 
importance of producing an extremely low titer of 
organisms on the ocular surface prior to surgery, 
coupled with the maintenance of a sterile surgical 
environment and instrumentation. Nonetheless, 
studies show that, at the conclusion of an oth-
erwise uncomplicated cataract surgery without a 
visible error, detectable numbers of organisms are 
left in the eye a significant percentage of the time.3,4 

Australian investigators found that postop-
erative conjunctival bacterial contamination rates 
were higher than aqueous contamination postop-
eratively. This suggests that strict sterilization of 
the postoperative conjunctiva is central to pre-
vention of endophthalmitis.5 

Compared to the high rates of intraoperative 
contamination, the low rate of endophthalmitis 
would indicate that the few organisms introduced 
during or after surgery are almost always insuf-
ficient to produce infection. For this we can thank 
the eye’s inherent defense mechanisms plus what-
ever concentrations of prophylactic antibiotics 
reach the aqueous humor.

Of course, no ocular antimicrobial has an 
FDA indication for perioperative prophylaxis, 
making all such use off label. In most cases, FDA 
approvals are based on an antibiotic’s effective-
ness in treating either bacterial conjunctivitis or 
bacterial keratitis, owing to the difficulty of dem-
onstrating efficacy in the prevention of a condi-
tion with as low an incidence as endophthalmitis. 
Two large trials have given us some meaningful 
data: the Endophthalmitis Vitrectomy Study of 
the mid-1990s and the more recent study by the 
European Society of Cataract & Refractive Sur-

PraCTiCE PErsPECTivE 

Rethinking the Importance of Intraocular 
Drug Penetration
▶ John Sheppard, MD, MMSc 
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geons.6-8 From this research we know that certain 
fl uoroquinolones have better intraocular penetra-
tion than others, with the highest levels (around 
4 µg/mL) achieved with the most soluble fl uo-
roquinolone of all, levofl oxacin. Moreover, these 
studies were performed with 0.5% levofl oxacin, 
and we now have a 1.5% formulation, suggesting 
that we are achieving still higher levels.

Unfortunately, research has yet to determine 
the area under the curve (AUC) for postsurgical 
aqueous humor concentrations for any fl uoroqui-
nolone. (AUC provides a pharmacokinetic/phar-
macodynamic measurement of drug concentration 
that incorporates both concentration and time.) 
So, we know only the concentrations at the begin-
ning or conclusion of cataract surgery, with further 
information extrapolated from animal models. 
We do not know,  for example, whether aqueous 
humor concentrations remain at eff ective levels 

between a patient’s applica-
tions of drops in the days 
after surgery. 

On a practical level, we 
also have to respect the in-
teractive variables inherent 
in our patients. Th ey have 
diff erent corneal thickness-
es, diff erent degrees of ocu-
lar surface disease, diff erent 
lid lengths and blink rates, 
tear fi lms, conjunctival dy-
namics, innate non-specifi c 
bacterial resistances, and so 
on. In short, we are left to 
wonder whether postsurgi-

cal concentrations inside the eye have any mean-
ingful eff ect on microorganisms either in an indi-
vidual patient or in general.

Th ough aqueous humor concentration may not 
be the centerpiece of prophylaxis, surgeons can and 
should take steps to maximize it. Clearly, preopera-
tive loading and a prescription for topical drops are 
not suffi  cient. Preoperative antibiotic levels plum-
met once the aqueous humor is washed out during 
surgery. Consequently, surgeons must be sure to 
reload the eye with antibiotic again at the comple-
tion of surgery. Th is has been my habit for years, and 
it is becoming common practice in many ASCs. 

Th e ideal perioperative antimicrobial may 
turn out to be a sustained release delivery system 
such as a pellet placed in the eye or an agent incor-
porated into an intraocular lens that can release 
suffi  cient concentrations of antimicrobial for a 
suffi  cient amount of time. Such technology exists. 

Th e Surodex® steroid drug delivery system (Ocu-
lex Pharmaceuticals), for example, has been used 
in hundreds of post-cataract eyes to maintain high 
concentrations of solubilized drug over a signifi -
cant period of time. In the future, a system such 
as this could be adapted for sustained delivery of 
antibiotics.

tHe ImPortance of SUrface KIllInG 
At least as important as intraocular penetra-

tion is an agent’s rapidity of kill and dwell time 
on the ocular surface. If one drop of a given an-
timicrobial eradicates organisms in, say, 60 min-
utes, but its strength drops below the minimum 
inhibitory concentration (MIC) in less than that 
time, infectious organisms can thrive. So in real-
ity, eff ectiveness becomes a complex interaction 
of an agent’s MIC, rapidity of kill, and sustained 
concentration over time. 

One can infer that conjunctival and corneal 
concentrations are likely to remain high relative 
to that of the aqueous humor, due to the capaci-
tance eff ect of the conjunctiva, which can boost 
tear concentrations with steady state release 
pharmacokinetics. By comparison, aqueous hu-
mor concentrations—even if eff ectively high at 
the close of surgery—may dissipate rapidly. In 
fact it may be extremely rare for aqueous humor 
concentrations to reach suffi  ciently high levels 
between applications of topical drops to exceed 
relevant pathogen MICs. 

Also recall that the patients’ own periocular 
microfl ora cause the vast majority of postopera-
tive infections.9 So in choosing an optimal an-
tibiotic, consider circumstances that might have 
altered a patient’s microfl ora prior to surgery. 
Examples include immunocompromising condi-
tions, repeated exposure to antibiotics, and cer-
tain occupations and avocations such as garden-
ing or nursing.

In addition, with low-viscosity aqueous solu-
tions there is a very large standard deviation in 
the amount of drug delivered to the ocular surface 
and the ocular tissues—not only from patient to 
patient, but also from dose to dose in the same 
patient. Imagine the patient with a tight, swol-
len lid, extremely rapid blink rate, large lashes, 
and extreme photophobia. Imagine too that this 
patient is using other topical medications, often 
resulting in mutual dilution or washout.

Th e need for patient compliance in postop-
erative prophylaxis requires us to also consider 
medication characteristics beyond microbiol-
ogy—namely patient friendliness in general and 

▶▶▶
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convenient dosing in particular. We all know that 
when antimicrobials have to be administered six 
times a day or more, patient compliance can be-
come extremely poor. Th ese factors suggest an 
advantage to more viscous agents that increase 
adherence to the ocular surface and aid patients 
in monitoring their instillation. A creamy white 
topical drop, for example, enables us to counsel 
the patient to use a mirror to look for that white 
“smile” meniscus along the lower lid. 

coUnterInG reSIStance
We clinicians have been addicted to prescrib-

ing fl uoroquinolone monotherapy for the greater 
part of two decades, during which time we have 
seen some alarming changes in microbial resis-
tance patterns. Th e most signifi cant has been the 
emergence of methicillin-resistant staphylococ-
cus. Given the linear increase in the percentage 
of documented methicillin-resistant infections, I 
expect that virtually all staphylococcal organisms 
will demonstrate this resistance pattern by the 
end of the decade.

Many of these methicillin-resistant patho-
gens prove to be resistant to fl uoroquinolones as 
well. Th e most frightening multidrug-resistant 
pattern of all has been the recent fi nding that only 
18% of methicillin-resistant Staphylococcus aureus
(MRSA) isolates remained fully susceptible to 
levofl oxacin, gatifl oxacin, and moxifl oxacin.10,11

Moreover, with the exception of besifl oxacin, all 
the existing fl uoroquinolones have nearly iden-
tical resistance patterns, though with somewhat 
diff erent MICs against staphylococci. 

With the introduction of besifl oxacin, we 
now have an ophthalmic topical fl uoroquinolone 
that demonstrates superior in vitro MICs against 
staphylococci.12 In addition, this agent achieves 
superior concentrations in the tears, cornea, and 
conjunctiva; though levels in the aqueous humor 
prove lower than have been seen with levofl oxa-
cin or moxifl oxacin.13 Besifl oxacin’s high tear, cor-
neal, and conjunctival concentrations stem largely 
from its high tissue solubility, high-concentration 
ophthalmic emulsion, and its mucoadhesive vehi-
cle. Th is vehicle maximizes dwell time on the sur-
face and provides for sustained conjunctival stor-
age and release, producing a continuous bath of 
antibiotic-laden tears over the wound to comple-
ment and support corneal drug concentrations. 

In addition, besifl oxacin enhances patient 
compliance with twice-daily prophylactic dosing 
in our practice, and a highly visible vehicle that 
allows patients to self-monitor application. For 

all these reasons, one can expect superior periop-
erative protection. Indeed, I now use besifl oxacin 
for virtually all my ocular surgeries.

However, I recommend expanding coverage 
for patients with documented acute infection 
or carriage of MRSA or a history of MRSA in-
fection. Preoperative ocular surface culture and 
sensitivity is recommended in those exceptional 
high-risk cases that indicate to the operating 
surgeon an infection may be more likely than in 
other patients. In these cases for prophylaxis, as 
well as signifi cant infections, particularly acute 
bacterial keratitis, I will simultaneously treat 
with besifl oxacin and an aminoglycoside. Our 
hospital-based sensitivity profi les have shown all 

MRSA and methicillin-resistant Staphylococcus 
epidermidis (MRSE) isolates responsive to tobra-
mycin and gentamicin. So adding either of these 
agents to my prophylaxis regimen also provides 
the safety profi le I want with high-risk patients. 
Th is high-risk population now constitutes only 
about 1% of my elective surgery population. For 
monotherapy bacterial prophylaxis, including 
patients at risk for methicillin-resistant staphy-
lococcal disease, besifl oxacin remains the fl uoro-
quinolone of choice.

beyond toPIcal antIbIotIcS
Th e recent ESCRS study demonstrated that 

a single injection of intracameral cefuroxime at 
the conclusion of surgery provides a fi ve-fold 
advantage in preventing endophthalmitis com-
pared to postoperative antibiotic drops.7 Th is is 
convincing data. Unfortunately, we have a limited 
understanding of the toxicities and other issues 
involved with the intraocular placement of an 
antimicrobial agent that is prepared ad hoc from 
an intravenous solution, generally by nursing 
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staff. Other controversies surround the unknown 
potential for an intracameral antibiotic to cause 
postoperative inflammation, glaucoma, and tox-
icity to the macula. These issues should be ade-
quately addressed before intracameral antibiotics 
become widely used in ocular surgery—although 
studying these potential problems on a random-
ized prospective basis will be difficult. 

In judging the potential efficacy of an in-
tracameral agent, one must also consider aqueous 
humor dynamics. The introduction of an agent 
into the eye at the time of surgery produces ex-
cellent drug levels at the conclusion of the case. 
But these levels will rapidly diminish below the 
MIC. In theory, the rapidity of this dilution 
might increase the risk of breeding resistant mi-
croorganisms in the eye. So while the results of 
the ESCRS study are highly appreciated, many 
questions remain to be answered.

Other useful modalities include collagen 
shields or bandage lenses for the sustained post-
surgical release of antimicrobials directly to the 
wound and surrounding cornea. Unfortunately 
collagen shields are cumbersome and expensive 
and can be irritating. Instead I have successfully 
regularly used antibiotic-loaded soft contact ban-
dage lenses after performing surgeries that in-
volved multiple incisions or compromised epithe-
lium. In my experience, they can speed epithelial 
healing and increase patient comfort. Moreover, I 
have not seen any contact lens-associated compli-
cations such as excessive corneal edema. 

In addition, there are situations where the 
surgeon will want to consider a systemic anti-
biotic such as oral levofloxacin or moxifloxa-
cin. Oral agents alone deliver concentrations of 
roughly 2 to 5 µg/mL in the vitreous and aqueous 
humor—on par with that achieved with drops. 
But combined with topical treatment, systemic 
therapy may provide an extra margin of safety 
for high-risk patients such as those with a rup-
tured capsule, diabetes, or an immunocompro-
mising condition. In addition, oral prophylaxis 
can be appropriate for patients or caregivers who 
will not or cannot administer drops but find pills 
acceptable. 

Yet another option is the administration of 
a bolus of intravenous antibiotic at the end of 
surgery, perhaps in combination with a subcon-
junctival injection. In the latter case, give special 
attention to comfort by using a topical anesthetic 
pledget and perhaps a little extra sedation. Wide-
ly accepted means of preventing postoperative in-
fections include povidone-iodine preps, draping 

of the lashes with plastic or steri-strips, and ex-
tensive irrigation/aspiration at the conclusion of 
the case to remove any residual bacteria through 
serial dilution.14 

In summation, it is important to deliver pro-
phylactic antibiotics to all tissues in the eye, not 
just the aqueous humor. The conjunctiva, in par-
ticular, can provide a sustained release exchange 
mechanism with the tears to continuously bathe 
the ocular surface with antimicrobial agents. This 
extended exposure to therapeutic levels of surface 
antimicrobial protects the eye against microbial 
inoculation prior to complete wound healing.

John Sheppard, MD, MMSc, is president of Virginia Eye 
Consultants, Norfolk, and a professor of ophthalmology, mi-
crobiology, and molecular cell biology at the Eastern Virginia 
Medical School, Norfolk, where he serves as ophthalmology 
program research director and clinical director of the Thomas 
R. Lee Center for Ocular Pharmacology. 

REFERENCES
 1. Allen HF, Mangiaracine AB. Bacterial endophthalmitis 

after cataract extraction. A study of 22 infections in 20,000 
operations.  Arch Ophthalmol. 1964 Oct;72:454-62.

 2. Allen HF, Mangiaracine AB. Bacterial endophthalmitis 
after cataract extraction. II. Incidence in 36,000 consec-
utive operations with special reference to preoperative 
topical antibiotics. Trans Am Acad Ophthalmol Otolaryn-
gol. 1973 Sep-Oct;77(5):OP581-8.

 3. Bausz M, Fodor E, Resch MD, Kristóf K. Bacterial 
contamination in the anterior chamber after povidone-
iodine application and the effect of the lens implantation 
device. J Cataract Refract Surg. 2006 Oct;32(10):1691-5.

 4. Srinivasan R, Reddy RA, Rene S, et al. Bacterial con-
tamination of anterior chamber during IOL surgery. In-
dian J Ophthalmol. 1999 Sep;47(3):185-9.

 5. Leong JK, Shah R, McCluskey PJ, et al. Bacterial con-
tamination of the anterior chamber during phacoemul-
sification cataract surgery. J Cataract Refract Surg. 2002 
May;28(5):826-33.

 6. Endophthalmitis Vitrectomy Study Group. Results of 
the Endophthalmitis Vitrectomy Study. A randomized 
trial of immediate vitrectomy and of intravenous antibi-
otics for the treatment of postoperative bacterial endo-
phthalmitis. Endophthalmitis Vitrectomy Study Group. 
Arch Ophthalmol. 1995 Dec;113(12):1479-96.

 7. Endophthalmitis Study Group, European Society of Cat-
aract & Refractive Surgeons. Prophylaxis of postopera-
tive endophthalmitis following cataract surgery: results of 
the ESCRS multicenter study and identification of risk 
factors. J Cataract Refract Surg. 2007 Jun;33(6):978-88.

 8. Barry P, Gardner S, Seal D, et al. Clinical observations 
associated with proven and unproven cases in the ES-
CRS study of prophylaxis of postoperative endophthal-
mitis after cataract surgery. J Cataract Refract Surg. 2009 
Sep;35(9):1523-31, 1531.e1.

 9. Speaker MG, Milch FA, Shah MK, et al. Role of exter-
nal bacterial flora in the pathogenesis of acute postoper-
ative endophthalmitis. Ophthalmology.1991;98:639-49. 

 10. Metzler K, Hansen GM, Hedlin P, et al. Comparison 



14	 To obtain CME credit for this activity, go to http://cme.ufl.edu/roa

Rethinking	OculaR	antiinfectives,	PaRt	3

of minimal inhibitory and mutant prevention drug con-
centrations of 4 fluoroquinolones against clinical isolates 
of methicillin-susceptible and –resistant Staphylococcus 
aureus. Int J Antimicrob Agents. 2004 Aug;24(2):161-7.

 11. Asbell PA, Colby KA, Deng S, et al. Ocular TRUST: na-
tionwide antimicrobial susceptibility patterns in ocular 
isolates. Am J Ophthalmol. 2008 Jun;145(6):951-8. 

 12. Haas W, Pillar CM, Hesje CK, et al. Bactericidal ac-
tivity of besifloxacin against staphylococci, Streptococcus 

pneumoniae and Haemophilus influenzae. J Antimicrob 
Chemother. 2010 Jul;65(7):1441-7.

 13. Proksch JW, Granvil CP, Siou-Mermet R, et al. Ocu-
lar pharmacokinetics of besifloxacin following topical 
administration to rabbits, monkeys, and humans. J Ocul 
Pharmacol Ther. 2009 Aug;25(4): 335-44.

 14. Ciulla TA, Starr MB, Masket S. Bacterial endophthal-
mitis prophylaxis for cataract surgery: an evidence-based 
update. Ophthalmology. 2002 Jan;109(1):13-24.



To obtain CME credit for this activity, go to http://cme.ufl.edu/roa	 15

Rethinking	OculaR	antiinfectives,	PaRt	3

Once you have read this newsletter, you may take the CME Examination on 
the following page. Please fill out the Examination Answer Sheet, photocopy 
it or cut it out, and MAIL it to: 

UNIVERSITY OF FLORIDA COLLEGE OF MEDICINE
OFFICE OF CONTINUING MEDICAL EDUCATION
PO BOx 100233
GAINESVILLE, FL 32610-0233

Or fax the completed form to: 352-733-0007

You can also take the test online at http://cme.ufl.edu/roa
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This CME program is sponsored by the University of Florida College of Medicine and supported by an unrestricted educational grant from Bausch + lomb, inc. 
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. The EsCrs study of intracameral 
and topical prophylaxis found that 
intracameral injection reduced 
the incidence of postoperative 
endophthalmitis:
a. less effectively than topical 

antibiotics.
B. about as effectively as the controls.
C. More effectively than a vigorous 

topical drop regimen.
D. More effectively than controls 

but less effectively than topical 
antibiotics.

2.  Factors that can influence the 
effectiveness of antimicrobial 
prophylaxis following ocular surgery 
include:
a. aqueous humor drug level.
B. steady state concentration on the 

ocular surface.
C. Conjunctival absorption.
D. all of the above are correct. 

3.  Which of the following is/are very 
helpful for reducing the number of 
potential pathogens in the eye at the 
end of cataract surgery?
a.  Use of povidone-iodine prep prior 

to surgery.
B.  Extensive irrigation/aspiration 

of the chamber following iol 
implantation.

C.  Both a and B are correct.
D.  Neither a nor B is correct.

4. Key factors in assessing antibiotic 
activity in ocular tissues are:
a. antibiotic levels achieved in an 

ocular compartment of interest.
B. length of time antibiotic levels 

remain meaningful in relation to 
microbial MiCs.

C.  Trends and susceptibilities of the 
bacteria being targeted.

D. all of the above. 

5.  a viscous mucoadhesive vehicle for 
antibiotic delivery may have which of 
the following effects?
a.  require more frequent dosing.
B.  allow patients to see whether the 

dose has been instilled properly. 
C.  Both a and B above are correct.  
D.  Neither a nor B above is correct.

6. Most commercially available topical 
antibiotic drops are:
a. relatively hydrophilic, with 

poor penetration of the corneal 
epithelium. 

B. relatively lipophilic, with effective 
penetration of the corneal 
epithelium.

C. relatively hydrophilic, with 
effective penetration of the corneal 
epithelium.

D. relatively lipophilic, with poor 
penetration of the corneal 
epithelium.

7. Mathematically, the aUC, from time 0 to 
a selected time (“t”), describes:
a. Measured peak antibiotic levels. 
B. Drug levels over time.
C. Drug levels at the time of instillation.
D. Drug levels at time “t.”

8.  Which of the following can serve as a 
reservoir to release significant amounts 
of drug to the ocular surface?
a. Conjunctiva. 
B. aqueous humor.
C. Cornea.
D. all of the above are correct.

9.  Which of the following could be the 
most appropriate method of topical 
prophylaxis for patients with current 
Mrsa carriage or past Mrsa infection?
a. Combined prophylaxis with a 

current-generation fluoroquinolone 
plus an aminoglycoside.

B. an aminoglycoside alone.
C. a current-generation 

fluoroquinolone alone.
D. intraocular cefuroxime.

10. The highest mean fluoroquinolone 
levels reported in human aqueous 
humor to date are on the order of:
a. 1-4 µg/ml.
B. 10-40 µg/ml.
C. 100-400 µg/ml.
D. 1000-4000 µg/ml.

✂ CUT ALONG DASHED LINE AND MAIL TO THE UNIVERSITY OF FLORIDA

This CME program is sponsored by the University of Florida 
and Candeo Clinical/science Communications, llC, and 
supported by an unrestricted educational grant from 
Bausch + lomb, inc. Mail to: University of Florida CME 
office, Po Box 100233, gainesville, Fl 32610-0233. Di-
rections: select the one best answer for each question 
in the exam above (Questions 1–10). Participants must 
score at least 80% on the questions and complete the 
entire Evaluation (Questions 11-16) to receive CME credit.

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 — 
Please Print clearly
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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
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 9. a B C D

 10. a B C D
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