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The ocular disposition of levofloxacin in patients receiving two 500-mg oral doses 10 h apart before cataract
surgery was assessed with the intent of defining drug ocular exposure over time. The mean aqueous humor
concentrations persisted above 1.5 mg/liter between 1.5 and 6.0 h after the second dose, with average aqueous-
to-plasma ratios ranging between 0.33 and 0.57. This favorable ocular disposition provides support for trials
of systemic levofloxacin for prophylaxis of postoperative endophthalmitis in selected patients or as adjunctive
therapy for the treatment of this potentially devastating infective complication.

Endophthalmitis represents a rare but dramatic major infec-
tive complication occurring after elective cataract surgery. In a
number of large-scale international studies, the incidence of
postoperative endophthalmitis was estimated between 0.072
and 0.10% (9, 11, 21, 22, 44), but in other studies even higher
rates were documented (13, 36, 39). Among the various bac-
terial etiological agents, Staphylococcus epidermidis and other
coagulase-negative staphylococci predominate (1, 4, 16, 24,
41), whereas other gram-positive or gram-negative microor-
ganisms are less commonly involved. Although the primary
sources of infection are the patient’s own eyelids and/or con-
junctiva (4, 40) and the frequency of preoperative bacterial
colonization in these sites may be high (5, 43), currently only
the use of preoperative povidone-iodine antisepsis has a rec-
ognized role for bacterial endophthalmitis prophylaxis (6). On
the contrary, the role of antimicrobial agents in cataract sur-
gery is still a matter of continuous debate, since to date no
sufficiently powerful study has been carried out (28). In spite of
this, antimicrobial prophylaxis may be considered beneficial in
cataract surgery (26, 27, 33). Accordingly, in a survey of oph-
thalmologists performing cataract surgery in 2000 in the
United States, 79% reported use of a preoperative topical
antibiotic (25).

Fluoroquinolones should be considered among the most in-
teresting agents for antimicrobial prophylaxis in cataract sur-
gery, since they have a comprehensive spectrum of activity
covering most of the ocular pathogens and possess an excellent
pharmacokinetic profile enabling penetration through several
anatomical barriers (35). As far as ocular penetration of fluo-
roquinolones is concerned, levofloxacin was shown to present
appropriate diffusion in aqueous humor after either topical
and/or oral administration (3, 12, 14, 23, 45, 46), achieving
concentrations higher than ciprofloxacin (8, 15, 30) or ofloxa-
cin (10, 17, 19). Since no study appropriately addressed the
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issue of ocular disposition of levofloxacin after systemic ad-
ministration with the intent of defining drug ocular exposure
over time, ocular disposition and exposure to levofloxacin after
oral administration was assessed in patients undergoing cata-
ract surgery with the intent of defining how long throughout
the interventional period optimal exposure in aqueous humor
against potential contaminating pathogens may be ensured.

The study involved 101 patients (32 males and 69 females)
who received two 500-mg oral doses of levofloxacin 10 hours
apart before undergoing cataract surgery (9:00 the previous
evening and 7:00 in the morning of surgical intervention).
Median values (ranges) for the 101 patients follow: age, 76
years (45 to 90); weight, 70 kg (45 to 110); serum creatinine,
0.91 mg/dl (0.44 to 1.50); and estimated creatinine clearance
0.93 ml/min/kg of body weight (0.40 to 1.68) (7). The study was
approved by an internal review board, and informed consent
was obtained from each patient. Exclusion criteria were as
follows: serum creatinine of >1.5 mg/dl, age of <18 years, and
treatment with antacids and/or sucralfate. In order to ensure
maximum intraocular exposure throughout the vulnerable pe-
riod, surgical intervention was performed in an interval ranging
between 1.5 to 6.0 h after the second oral administration of
levofloxacin. Single aqueous humor and blood samples for
quantification of levofloxacin were simultaneously collected
from each of the subjects, who were randomly assigned to one
of the 30-min intervals after the second oral dose of levofloxa-
cin (1.5 to 2.0, 2.0 to 2.5, 2.5 to 3.0, 3.0 to 3.5, 3.5 to 4.0, 4.0 to
4.5, 4.5 to 5.0, 5.0 to 5.5, and 5.5 to 6.0 h) according to the
scheduled operation time. Approximately 100 wl of aqueous
fluid was aspirated by paracentesis with a 26-gauge needle.
Levofloxacin in plasma and in aqueous humor was quantified
by means of a validated high-performance liquid chromatog-
raphy method, as previously described (34). Data are ex-
pressed as means = standard deviations (SD) and/or medians
and ranges.

Levofloxacin concentration-versus-time profiles in plasma
and aqueous humor samples are depicted in Fig. 1. The mean
+ SD aqueous concentrations after the second oral levofloxa-
cin dose were 2.01 = 1.02 mg/liter at 1.79 £ 0.13 h, 2.57 = 1.00
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FIG. 1. Levofloxacin concentrations in plasma and aqueous humor samples from patients undergoing cataract surgery (n = 101). Mean values
+ SD (error bars) are shown. Reference lines show the MICy,s for levofloxacin (2) of the principal etiological agents of endophthalmitis
(Streptococcus pneumoniae, Streptococcus pyogenes, methicillin-sensitive [MS] Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli,

Proteus mirabilis).

mg/liter at 2.23 + 0.15 h, 2.61 * 0.76 mg/liter at 2.76 = 0.11 h,
3.12 = 0.72 mg/liter at 3.31 £ 0.13 h, 2.85 *= 1.06 mg/liter at
3.83 £0.15h, 3.19 = 1.33 mg/liter at 4.30 = 0.12 h, 2.53 = 1.10
mg/liter at 4.77 = 0.15 h, 2.30 = 1.04 mg/liter at 5.34 = 0.14 h,
and 1.76 = 0.99 mg/liter at 5.87 = 0.34 h. The median values
and ranges of levofloxacin concentrations in aqueous humor
are listed in Table 1. The average aqueous-to-plasma ratios at
different time intervals ranged between 0.33 and 0.57. A very
good linear relationship between plasma and aqueous humor
levels of levofloxacin was observed (r = 0.81 [Fig. 2]).

Our results showing that levofloxacin may adequately pen-
etrate the aqueous humor after oral administration are in
agreement with other authors’ findings. Fiscella et al. (12) first
documented that levofloxacin concentrations in aqueous hu-
mor samples of patients undergoing vitrectomy were 0.33 =

TABLE 1. Median values and ranges of aqueous humor
levofloxacin concentrations

Time interval (h)* Median (range)

(mg/liter)
1572 e 1.79 (0.81-4.26)
2-25.. ..2.59 (0.87-3.78)
2.5-3 ..2.67 (1.54-4.36)
3-3.5 ..3.05 (2.38-4.98)
3.5-4 ..2.97 (1.14-4.60)
4-4.5 ..3.29 (1.31-5.99)
4.5-5.. ..2.50 (0.88-4.56)
5-55.. ..2.08 (0.76-4.48)

52526 oo 1.62 (0.87-3.66)

“ Time interval after the second dose of levofloxacin.

0.50 mg/liter at 1.35 £ 0.37 h and 0.85 = 0.29 mg/liter at 3.47
+ 0.97 h after a single 500-mg oral dose and 1.98 = 1.02
mg/liter at 4.18 = 1.88 h after two 500-mg oral doses 12 h apart
before surgery. Likewise, similar results were obtained by
other authors (15). Of note, the assessment of levofloxacin
disposition over time after the two oral doses enables our study
not only to confirm that therapeutically active levofloxacin
concentrations may be achieved in aqueous humor but also to

r=0.81

Aqueous concentration {(mg/L)

Plasma concentration (mg/L})

FIG. 2. Relationship between aqueous humor and plasma concen-
trations of levofloxacin in patients undergoing cataract surgery (n =
101).
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highlight that these levels may persist for a long period of time
above the MIC,s of most ocular pathogens (2). Since it has
been suggested that for effective treatment of endophthalmitis,
a concentration 2 to 10 times the MIC,, of the pathogen
should be achieved (32, 38), the long-lasting exposure ensured
by this oral regimen may be beneficial not only against S.
epidermidis and the other coagulase-negative staphylococci,
namely, the most frequent pathogens of postoperative endoph-
thalmitis which have an MIC,, of 0.4 to 0.5 mg/liter, but also
against almost all of the sensitive pathogens showing an MIC,,,
of <1 to 2 mg/liter. The optimal linear relationship between
aqueous and plasma concentrations suggests that levofloxacin,
with its low molecular weight, moderate lipophilicity, and low
plasma protein binding, may consistently freely penetrate by
passive diffusion in uninflamed eyes.

On these bases, some major considerations about the poten-
tial role of systemic levofloxacin in antimicrobial ocular pro-
phylaxis and therapy may be proposed. First, the regimen stud-
ied may be an optimal choice for antimicrobial prophylaxis in
selected patients undergoing ocular interventions, as this ap-
proach has some advantages over the use of topical antimicro-
bial agents. First, it may ensure more predictable concentra-
tions during the vulnerable period versus topical application
which, on the contrary, may be more dependent on the pa-
tient’s compliance, timing and frequency of administration, or
the variable degree of corneal absorption. Several authors as-
sessed transcorneal penetration of topically applied 0.5% levo-
floxacin into the aqueous humor, highlighting large interindi-
vidual variability according to different schedule regimens (3,
19, 23, 45, 46). Additionally, the importance of early and fre-
quent administration to maximize the benefit of preoperative
topical prophylaxis has been recently strengthened (42). Ac-
cordingly, by enabling optimal exposure over time, the pro-
posed oral regimen could improve the impact of antimicrobial
prophylaxis since the administration of the drug at two pre-
defined times 10 h apart before surgery (9:00 the evening
before and 7:00 the morning of the operation) could simulta-
neously allow both an effective preoperative decontamination
of the operating field and the possibility of performing an
intervention in the presence of adequate antimicrobial cover-
ing any time included between 1.5 to 6 h after the morning
dose. Obviously, antibiotic oral prophylaxis with levofloxacin
should not be administered to all of the patients undergoing
ocular surgery, since this would have a great impact on phar-
maceutical expenditures and would probably cause a spread of
resistant strains. It should be reserved for those patients at
higher risk of postoperative endophthalmitis, namely, those
with predisposing systemic or local factors such as diabetes,
immunodeficiency, use of systemic steroids, skin diseases, or
occlusion of the lachrymal system (29, 31, 36, 37, 47).

The long-lasting persistence of therapeutic levels above the
MIC,,s of most ocular pathogens in aqueous humor, coupled
with the evidence of therapeutic level achievement in vitreous
humor after oral administration (12, 20), might justify the use
of 500-mg twice-daily systemic levofloxacin as adjunctive ther-
apy in the treatment of endophthalmitis (1, 12), even if gati-
floxacin and moxifloxacin might also be considered suitable for
this purpose (18). Additionally, since inflammation may in-
crease the permeability of blood-ocular barriers, even higher
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ocular drug penetration could be anticipated in the presence of
endophthalmitis.

In conclusion, the favorable ocular disposition over time
ensuring long-lasting optimal exposure against pathogens with
an MIC,, of <1 to 2 mg/liter in the aqueous humor of patients
with uninflamed eyes provides support for trials of systemic
levofloxacin for prophylaxis of postoperative endophthalmitis
in selected patients or as adjunctive therapy for the treatment
of this potentially devastating infective complication.
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