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Abstract
· AIM: To determine the safety of prophylactic
intracameral moxifloxacin after cataract surgery in
patients with penetrating keratoplasty (PKP).

·METHODS: In this retrospective study of consecutive
patients who had phacoemulsification cataract surgery
after PKP, were treated with intracameral moxifloxacin
0.5% ophthalmic solution (0.5 mg/0.1 mL). The main
outcome measures were anterior chamber reaction, best
corrected visual acuity (BCVA), corneal endothelial cell
count (ECC), and central corneal thickness (CCT).

·RESULTS: Fifty-five patients were recruited (26 males,
29 females). The mean age was 54.36依4.97y (range 45-64y).
All eyes had improved postoperative BCVA. The mean
BCVA was 0.25 preoperatively and 0.57 postoperatively,
which was statistically significant ( <0.001). One eye
had 3+, 7 eyes had 2+, 12 eyes had 1+ and 8 eyes had
trace amount of aqueous cells on the first day after
surgery. All eyes had no anterior chamber cells at
subsequent follow up examinations. Effective
phacoemulsification time was 4.33依1.01s. The mean ECC
was 2340.20 cells/mm2 preoperatively and 1948.75 cells/
mm2 1mo postoperatively ( <0.001). The increase of
21.09 滋m in postoperative pachymetry 1mo after surgery
was statistically significant ( <0.001).

·CONCLUSION: No untoward effects were observed after
intracameral injection of moxifloxacin (0.5 mg/0.1 mL) in
terms of anterior chamber reaction, CCT, ECC, and visual
rehabilitation at the conclusion of cataract surgery in
patients with PKP.
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INTRODUCTION

C ataract surgery is one of the most common surgical
procedures performed in the world. Although the

complications of this surgery are relatively rare,
endophthalmitis is a serious and potentially vision-threatening
complication, with only 35% of patients achieving visual
acuity better than逸20/200[1].
Several approaches have been advocated to decrease the rate
of postoperative endophthalmitis. Preoperative povidone-
iodine antisepsis combined with preoperative and
postoperative topical antibiotic therapy is considered the
standard of care [2-4]. Increasing attention is drawn to the value
of an intracameral injection of antibiotic at the end of cataract
surgery to provide immediate, high antibiotic levels that are
sustained for a period of time. Among the antibiotics given
intracamerally, cefuroxime, vancomycin and moxifloxacin
are the most commonly used[5,6].
Moxifloxacin is a fourth-generation fluoroquinolone
antibacterial agent that is active against many gram-positive,
gram-negative, atypical, and anaerobic ocular pathogens.
Considering the possible complications with vancomycin and
cefuroxime, moxifloxacin seems to be the better choice of
antibiotic for endophthalmitis prophylaxis because of its
broad-spectrum coverage and mode of action[7,8].
To our knowledge, this is the first report of a topical
ophthalmic preparation applied as a prophylactic agent
intracamerally after cataract surgery in patients with
penetrating keratoplasty (PKP). Our study evaluated the
safety of injecting prophylactic intracameral moxifloxacin in
human eyes having cataract surgery in patients with PKP.
SUBJECTS AND METHODS
This retrospective study included eyes of consecutive patients
who had phacoemulsification cataract surgery after PKP for
corneal pathology at the Department of Ophthalmology,
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Istanbul University Cerrahpasa Medical Faculty, between
May 2008 and February 2012. All patients had a follow-up of
1mo and signed an informed consent document. The study
was in accordance with the tenets of the Helsinki
Declaration.
Selection Criteria Patients with previous PKP due to
corneal pathology (herpes stromal scar ( =19), stromal
dystrophy ( =17), keratokonus ( =10), fuchs dystrophy ( =
9) requiring cataract surgery were included. Grade of nuclear
sclerosis was N2 and N3. Cataract surgery was performed at
least 3mo after PKP in all patients. Patients were over 18y of
age. Patients with glaucoma, uveitis, media opacities other
than cataract (cornea or vitreous) and visual pathway
problems and patients taking prostaglandin analogue agents,
systemic immunosuppressants or anticoagulants and cataract
surgery cases with intraperative complications including
posterior capsule rupture, vitreous loss and/or prolonged
surgery time were excluded from the study. Any patients who
had a prior eye operation except keratoplasty were also
excluded.
Surgical Technique All surgeries (penetrating keratoplasty
and cataract) were performed by the same surgeon (O.S.A.).
Penetrating keratoplasty surgeries were performed under
local or general anesthesia. All recipient and donor corneas
were trephined with hand-held trephines. Graft diameter
ranged from 7.5-7.75 mm, and the host diameter was 0.25 mm
smaller, except in cases of keratoconus (same size). Donor
cornea was sutured with 12-16 interrupted and a single
continuous sutures using 10-0 nylon.
Cataract surgery was performed under topical anesthesia.
Pupils were dilated with 1% cyclopentolate, 1% tropicamide
and 2.5% phenylephrine drops. All surgeries were performed
using topical anesthesia of proparacaine (Alcaine).
Uneventful phacoemulsification was performed in a
standardized fashion through a 2.75 mm clear corneal
incision. Sodium hyaluronate 3.0%-chondroitin sulfate 4.0%
(Viscoat) and sodium hyaluronate 1.0% (Provisc) were used
for endothelial protection, anterior chamber stabilization for
continuous curvilinear capsulorhexis and intraocular lens
(IOL) implantation respectively. AcrySof IQ SA60AT
intraocular lenses (Alcon Laboratories Inc., Fort Worth,
Texas) were implanted.
All patients underwent periorbital antisepsis with gauze
soaked povidone-iodine 10% application on the closed lids,
eyelashes, brow and the adjacent forehead, nose, cheeks, and
temporal orbital area for 3min. The conjunctival sac was
vigorously irrigated with 5 mL of povidone iodine 5%
solution just prior to surgery after 3min, conjunctival sac was
irrigated with 30 mL balanced salt solution.
Towards the end of the operation, the contents of a newly
opened bottle of moxifloxacin ophthalmic solution 0.5%
(Vigamox) was aspirated by a nurse into a sterile tuberculin

syringe, a volume slightly in excess of 0.1 mL (0.3-0.4 mL)
of the pure moxifloxacin 0.5% ophthalmic solution. No
solution, including saline, was added to dilute the commercial
preparation . The excess amount was discarded , leaving
0.5 mg/0.1 mL of the nonpreserved moxifloxacin in the
tuberculin syringe ready for injection into the anterior
chamber. The solution prepared in the syringe was injected
using a 27-gauge cannula through the side port into the
capsular bag after hydration of the side ports and water
tightness of corneal incisions controlled. Moxifloxacin
ophthalmic solution (Vigamox 0.5%; Alcon Laboratories Inc.,
Fort Worth, Texas) supplied as a sterile isotonic solution,
with pH at 6.8 and osmolality of 290 mOsm/kg, making it
compatible with the humans anterior chamber fluid (pH 7.4;
osmolality 305 mOsm/kg).
Postoperative topical Vigamox 0.5% was instilled every 2h
while awake on the day of the surgery and then tapered to 6
times a day for 1wk and 4 times a day for subsequent 2wk.
Topical prednisolone acetate 1% (Pred Forte) was also given
postoperatively using the same dosage schedule used for
Vigamox.
Examinations The patients were scheduled for follow-up
1d, 1wk, 1mo after surgery. All patients had a complete eye
examination including best corrected visual acuity (BCVA)
(LogMar as a decimal), slitlamp examination, anterior
chamber reaction (cells) and central corneal thickness (CCT)
measurement with ultrasound pachymetry on the day of
surgery and at postoperative follow-up. Specular microscopy
was performed using a Noncon Robo (Konan Medical)
noncontact specular microscope. The image of the
endothelium was obtained on an incorporated screen. After a
clear image of the central endothelium was captured, the
centers of at least 100 contiguous endothelial cells were
marked. The endothelial cell count (ECC) and other cell
parameters were then displayed on the computer screen. The
microscopy was repeated 3 times for each measurement, and
the mean value was used for analysis. Specular microscopy
of the donor corneal endothelium and CCT was performed
preoperatively and repeated postoperatively at 1mo.
Anterior chamber cells were measured using a 2 mm long
and 1 mm wide slit beam with maximal light intensity and
magnification before mydriasis and scored as follows:
trace=1 to 5 cells; +1=6 to 15 cells; +2=16 to 25 cells; +3=26
to 50 cells; +4=more than 50 cells.
Statistical Analysis Data analysis was performed using
SPSS software (version 15.0, SPSS, Inc.). Preoperative and
postoperative comparisons of CCT and ECC were performed
with the paired samples test. BCVA was studied with
Wilcoxon signed-rank test. A value less than 0.05 was
considered statistically significant.

Intracameral moxifloxacin in cataract surgery
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RESULTS
Fifty-five eyes of 55 patients (26 males, 29 females) were
included in the study. The mean age was 54.36依4.97y (range
45-64y). All eyes had improved postoperative BCVA. The
mean BCVA was 0.25 依0.11 preoperatively and 0.57 依0.24
postoperatively, which was statistically significant( <0.001)
(Figure 1). No postoperative epithelial defects was observed.
No eye had corneal edema on the first day postoperatively,
except for 3 eyes, which had mild corneal stromal edema. No
eye had corneal edema at subsequent follow-up
examinations. One day after cataract surgery, 1 eye had 3+, 7
eyes had 2+, 12 eyes had 1+ and 8 eyes had trace amount of
aqueous cells. All eyes had no anterior chamber cells at
subsequent follow up examinations. Effective
phacoemulsification time (EPT) was 4.33 依1.01s (range
2.5-5.9s).
The mean ECC was 2340.20依187.21 cells/mm2 preoperatively
and 1948.75 依246.76 cells/mm2 1mo postoperatively. The
ECC was statistically significantly lower than preoperatively
( <0.001).The meanCCT was 560.96依13.22滋m preoperatively
and 582.05 依17.21 滋m 1mo postoperatively; the difference
was statistically significant ( <0.001) (Figure 2).
DISCUSSION
Age-related cataract is one of the leading causes of visual
impairment worldwide and cataract extraction is one of the
most frequently performed surgical procedures in the world.
Endophthalmitis is an uncommon but serious intraocular
infection that occurs most commonly as a complication of
intraocular surgery and often causes severe visual impairment
or even the loss of an eye[9].
In spite of improvements in microsurgical and aseptic
techniques, a study of Medicare patients who underwent
cataract extraction from 1994 to 2001 reported a an increased
rate of postoperative endophthalmitis in the study period[10]. A
systematic review also reported evidence of an increasing
rate [11]. Several studies suggest that the route of antibiotic
administration may be among the most important factors in
preventing postoperative endophthalmitis[3,5,6].
Antibiotic penetration into the anterior chamber after topical
drops is relatively low compared with intracameral doses,
restricted by an intact corneal epithelium and dilution and
removal by tears[12]. Direct intracameral injection of antibiotic
has several advantages over topical drop regimens. This route
of injection delivers very high concentrations of an antibiotic
agent to the anterior chamber at the close of surgery with the
presumed effect of eradicating bacteria before wound closure
and in the immediate postoperative period. Commonly used
dosage schedules such as 1 drop 4 times daily, even with an
additional drop, produced therapeutic moxifloxacin levels up

to 1.9 滋g/mL in the aqueous humor [13]. Preoperative dosing
schedules with more frequent drop instillation, ranging from
1 drop every 10min for one hour before surgery and every 2h
for 3d before surgery produced aqueous humor levels
1.58 滋g/mL and 2.3 滋g/mL respectively[14,15].
In our study, the 500 滋g dose of moxifloxacin used is
expected to produce an aqueous humor concentration of
approximately 500 滋g/0.525 mL (the approximate fluid
capacity of the combined anterior and posterior chambers
after crystalline lens extraction with an IOL implanted in the
capsular bag is 0.525 mL) or comparative concentrations of
952 滋g/mL[16].
These peak aqueous humor levels in the anterior chamber
after injection was approximately more than 3000-fold above
the tested MIC50 (minimum inhibitory concentration) of
moxifloxacin against common ocular pathogens such as
Staphylococcus aureus (0.03 滋g/mL), staphylococcus
epidermidis (0 . 06 滋g/mL) , propionibacterium acnes
(0 . 25 滋g/mL ) , and bacillus cereus (0.13 滋g/mL)[8].
Moxifloxacin is a fourth-generation fluoroquinolone
antibiotic agent. Compared with earlier generations of
fluoroquinolones such as ciprofloxacin, ofloxacin, and

Figure 1 Mean preoperative and 1mo postoperative best
corrected visual acuity (BCVA).

Figure 2 Mean preoperative and 1mo postoperative endothelial
cell count (ECC) (cells/mm2) and central corneal thickness
(CCT) (滋m).
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levofloxacin, moxifloxacin offers broader spectrum and more
potent activity against gram-positive bacteria. it is also
rapidly bactericidal against many ocular isolates resistant to
older fluoroquinolones [8,17]. Moxifloxacin is commercially
available as a self-preserved ophthalmic formulation,
containing no benzalkonium chloride (BAK) or other
preservatives known to have toxic effects on ocular tissues[18].
As a self preserved solution, Vigamox ophthalmic solution
requires no special preparation for intracameral injection,
reducing the risk for toxic anterior segment syndrome
(TASS). In addition, some studies of human beings did not
show intraocular toxicity after injection of intracameral
moxifloxacin [16,19,20]. Vancomycin and cefuroxime is available
in a systemic preparation that must be reconstituted using
saline solution before it can safely be delivered to the eye.
Reconstituting the drug for intracameral use may increase the
risk for TASS because an undesired concentration of the drug
may be inadvertently injected if a mistake occurs during the
preparation or dilution process[21].
In our study, statistically significant evidence of reduced
endothelial cells, increased corneal thickness and increased
BCVA was found 1mo postoperatively compared to
preoperatively.
We excluded patients if they had complications that could be
the possible causes of endothelial cell loss after keratoplasty
or cataract surgery including graft rejection, glaucoma,
uveitis, and corneal ulceration.
In healthy eyes that have not undergone operation,
endothelial cell density declines at about 0.6% per year [22].
After cataract extraction, the rate increases to 2.5% per year
from 1-10y after operation, whether or not an intraocular lens
was implanted[23].
Shimmura [24] reported the average loss of endothelial
cells before and 3mo after cataract surgery in PKP was
15.7% 依17.3% (phacoemulsification and IOL implantation
were scheduled for approximately 3mo after PKP (average
4.2mo), and in the study by Kim EC and Kim MS [25],
endothelial cell loss rate was reported 19.03% in eyes with
previous PKP and 7.91% in eyes with normal corneas 1mo
after cataract surgery. In the same study, the period between
keratoplasty and cataract surgery was 15.72依5.96mo with a
range from 9 to 23mo. In the present study, percentage of
corneal endothelial cell loss after phacoemulsification in
transplanted cornea was 16.7%依8.7% at 1mo. So, we believe
that similar results show intracameral Vigamox 0.5 mg/0.1
mL appeared to be nontoxic in terms of endothelial cell
density.
No cells and flare were detected in all eyes at the 1wk
postoperatively similar to the study of Espiritu [16],

showed that Vigamox causes no inflammation in the anterior
chamber and vitreus.
Espiritu [16] and Lane [19] injected an intracameral
dose of 0.5 mg/0.1 mL and 0.25 mg/0.05 mL of the commercially
available undiluted moxifloxacin 0.5% ophthalmic solutions,
respectively, whereas Arbisser [6] used the moxifloxacin 0.5%
drop solution diluted with balanced salt solution to a
0.1 mg/0.1 mL dose for intracameral injection. All of these
studies showed no increased safety risk associated with
prepared doses of intracameral injection of moxifloxacin,
which appears to be safe in the prophylaxis of
endophthalmitis after cataract surgery. In the present study,
we used a solution of Vigamox drops, injecting a dose of
0.5 mg/0.1 mL after cataract surgery in patients with PKP.
The results in our study support to the safety profile of an
intracameral injection of moxifloxacin for the prophylaxis of
endophthalmitis.
In conclusion, the findings in our study support the safety of
an intracameral injection of Vigamox (0.5 mg/0.1 mL) in
terms of anterior chamber reaction, CCT, ECC and visual
rehabilitation. This study established that Vigamox can safely
be given intracamerally after cataract surgery in patients with
PKP. However, follow-up was for only 1mo. Further studies
to prove its effectiveness in preventing endophthalmitis and
longer follow-up are required.
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