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OPEN A double-blind, randomized

controlled pilot study comparing
the safety of intracameral
levofloxacin and intracameral
cefazolin in patients undergoing
cataract surgery
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Han Bor Fam! & Don Chern Kuok Pek®

To compare the safety of intracameral levofloxacin and intracameral cefazolin in patients undergoing
cataract surgery. In this prospective, double-blind, randomized study, patients with senile cataracts
who were undergoing phacoemulsification were assigned to receive intracameral levofloxacin
(0.1 ml/0.5 mg; Cravit® 0.5%; Santen Pharmaceutical Ltd.) or intracameral cefazolin (0.1 ml/1 mg;
generic). The endpoints were the occurrence of endophthalmitis during the 3-month follow-up
period, best-corrected visual acuity (BCVA), the presence of anterior chamber (AC) inflammation
with grading of AC cells and presence of flare, along with intraocular pressure (IOP), central corneal
thickness (CCT), central foveal thickness (CFT), and cell density. A total of 50 patients (50 eyes) were
enrolled, randomized, and completed the study. No cases of endophthalmitis were reported in either
treatment group. There were no significant differences in BCVA, AC inflammation, I0P, CCT, CFT, or cell
density between the groups at any timepoint. Importantly, no dose errors or serious adverse events
were reported in either group. This study provides proof of concept that prophylactic intracameral
levofloxacin (0.1 ml/0.5 mg) may have a comparable safety profile to intracameral cefazolin
(0.1 ml/1 mg) in patients undergoing cataract surgery. Intracameral levofloxacin (0.1 ml/0.5 mg) may
offer a viable alternative to cefazolin (0.1 ml/1 mg), particularly for patients with penicillin allergies,
while also reducing the risk of dilution errors by eliminating the need for reconstitution. Larger,
multicenter studies are warranted to confirm the efficacy of levofloxacin (0.1 ml/0.5 mg) in preventing
endophthalmitis.

NCT06710977, 02/12/2024, retrospectively registered.
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With the global prevalence of cataract surgery increasing due to an aging population and greater accessibility in
developing regions, addressing postoperative infections remains crucial'*. Despite optimal aseptic techniques,
endophthalmitis can occur when microbial-laden ocular fluid enters the anterior chamber (AC) through the
corneal incision that is made to remove the cataractous lens. In the United States of America and Europe,
bacteria are nearly always the cause of postoperative endophthalmitis, but in tropical regions, such as India, 10—
20% of cases are caused by fungi®. While the exact incidence of postoperative endophthalmitis is unknown and
likely underreported, published estimates range from 0.001 to 0.3%®. Visual complications can progress from
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decreased visual acuity (<20/200) and severe eye pain to complete vision loss>. Patients also report decreased
quality of life, increased financial costs, and prolonged hospitalization®”.

To prevent endophthalmitis, prophylactic treatment with cephalosporins, aminoglycosides, fluoroquinolones,
and/or chloramphenicol are recommended as part of infection prevention protocols. Intracameral cefuroxime,
a second-generation cephalosporin, inhibits the formation of the peptidoglycan layer of the bacterial cell wall,
which results in cell death®. The pivotal European Society of Cataract & Refractive Surgeons (ESCRS) study
showed that intracameral cefuroxime significantly reduced the rates of postoperative endophthalmitis®!°.
Intracameral cefuroxime boasts broad-spectrum effects, a wide safety margin, and has an acceptable tolerability
profile, with most studies reporting few associated adverse events. Based on these findings, cephalosporins are
widely used in clinical practice, including at Tan Tock Seng Hospital in Singapore, where cefazolin (0.1 ml/1 mg),
a first-generation cephalosporin, is the standard of care for endophthalmitis prevention in cataract surgery.
However, anaphylactic reactions (urticaria, bronchoconstriction, or life-threatening circulatory reactions) have
been reported following treatment with cephalosporins in patients with penicillin allergies™!!. Additionally,
the typical need for manual reconstitution of cephalosporins increases the risk of dilution errors, which can
compromise the safety and efficacy of the treatment. These factors underscore the need for alternative options
that can minimize these risks while maintaining effective prophylaxis.

The recently published Asian study on Perioperative Antibiotic prophylaXis (APAX) highlights the current
variations in antimicrobial prophylaxis practice while also emphasizing the need for research and evidence-
based guidelines, particularly in light of increasing concerns over the development of antimicrobial resistance!2.
A study from Tan Tock Seng Hospital demonstrated that gram-negative organisms make up a larger proportion
of microbial isolates (25%) than reported in Western studies'®. Levofloxacin (0.1 ml/0.5 mg), a third-generation
fluoroquinolone antibacterial agent with broad-spectrum activity against gram-positive and gram-negative
organisms, may have potential as a broad-spectrum candidate for postoperative ophthalmic prophylaxis,
especially in Asia where gram-negative organisms are more prevalent than in Europe and the United States of
America'®. Animal and human studies suggest that levofloxacin is nontoxic to the eye'* and effective against
Streptococcus pneumoniae (S. pneumoniae), a common cause of endophthalmitis'>. Furthermore, it is suitable for
patients with penicillin allergies. Two separate intracameral levofloxacin studies from the Philippines indicate
an acceptable safety profile!®!” and Malaysian surgeons have also reported the successful use of intracameral
levofloxacin'®.

While topical levofloxacin is available in Singapore for ophthalmic conditions!?, the intracameral effects have
not been widely examined under clinical study conditions. Therefore, this study aimed to compare the safety
profile of intracameral levofloxacin (0.1 ml/0.5 mg) with intracameral cefazolin (0.1 ml/1 mg) in patients from
Singapore undergoing cataract surgery.

Methodology

Study design and participants

This was a prospective, single-center, double-blind, interventional, randomized controlled pilot study that was
conducted in Singapore at Ang Mo Kio Specialist Centre, a Ministry of Health-accredited satellite medical center
that is part of Tan Tock Seng Hospital (NCT06710977, retrospective registration date 02/12/2024). The trial took
place between June 2022 and February 2024.

Study investigators recruited patients who were listed for cataract surgery in clinics, as well as those who
were already scheduled and awaiting preoperative counselling at Tan Tock Seng Hospital. Patients were eligible
to enroll if they were>50 to <80 years of age and undergoing cataract surgery under the care of one of three
study investigators, all of whom were consultant-level cataract surgeons. Only those with senile cataracts, which
were assessed using the Lens Opacities Classification System IIT (LOCS III), and without features of complex
cataracts, were included. Other exclusion criteria included prior ocular trauma; previous history of refractive,
corneal, or intraocular surgery; corneal endothelial cell count of< 1500/mm?; concomitant ocular disease;
allergy to penicillin, fluoroquinolone or cephalosporin; and abnormal biometric measurements. Full eligibility
criteria are detailed in Supplementary Table 1.

Given the low incidence of endophthalmitis, this proof-of-concept study was designed to test the feasibility of
the methodology and to ensure comparable safety before scaling up to a larger study. Therefore, no formal power
analysis was conducted. Instead, a target sample size of 50 was determined based on feasibility considerations.
Estimating a screen failure rate of 10%, up to five patients who failed screening were replaced.

Ethical approval was obtained from the National Healthcare Group Domain Specific Review Board. The
study was conducted in accordance with Good Clinical Practice Guidelines and the ethical principles of the
Declaration of Helsinki. All patients provided written informed consent prior to enrollment.

Procedures

Patients were randomly assigned to receive intracameral levofloxacin (0.1 ml/0.5 mg, Cravit® 0.5%; Santen
Pharmaceutical Ltd.) or intracameral cefazolin (0.1 ml/1 mg, AFT Pharmaceutical Ltd) in a 1:1 ratio using a
computerized system. Only the local study coordinator and a solo dedicated scrub nurse were aware of the
treatment allocation; clinical staff were blinded throughout. The same scrub nurse prepared all study treatments.
A total amount of 0.2 ml of levofloxacin (0.1 ml/0.5 mg) was drawn up into an unmarked 1.0 mL syringe from
the ampule supplied by the manufacturer. Cefazolin was supplied in powder form and was first reconstituted
with 10 mL of 0.9% normal saline. From this solution, 1 mL was withdrawn and further diluted with 9 mL of
normal saline. A final volume of 0.2 mL was drawn into an unmarked 1.0 mL syringe. For both medications,
immediately prior to instillation, 0.1 mL was expelled from the syringe to leave a final volume of 0.1 mL, which
was then instilled into the eye. The appearance of the solutions and syringes was identical, ensuring the surgeon
remained blinded to the treatment allocation.

Scientific Reports |

(2025) 15:34444 | https://doi.org/10.1038/s41598-025-17553-6 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

In the surgical procedure, standard phacoemulsification was performed using the Stellaris Elite
phacoemulsification system with standard viscoelastic (HEALON GV PRO, Johnson & Johnson, USA) and
intraocular lens implantation (Sensar IOL, Johnson & Johnson, USA).

Study visits were conducted at baseline and at Week 1, Month 1, and Month 3 after surgery (Fig. 1). In
addition to standard surgical measures, study assessments included best-corrected visual acuity (BCVA), which
was measured using the Snellen Chart, as well as specular microscopy to assess both endothelial cell count
(ECC) and central cornea thickness (CCT). ECC was assessed to evaluate corneal endothelial health while CCT
was measured to quantify corneal edema. Spectral domain optical coherence tomography (SD-OCT) was also
employed to monitor macular thickness and detect cystoid macular edema. A flare meter was used to quantify
the amount of flare in the anterior segment of the undilated eye, with a minimum of three readings and a target
of five readings per assessment. Clinical grading of the AC, for both AC cells and AC flare, was performed using
the Standardization of Uveitis Nomenclature (SUN) grading scheme. Intraocular pressure (IOP) was measured
in mmHg using Goldmann applanation tonometry. At Week 1 post procedure, an anterior segment examination
was performed. A full manifest refraction was conducted at Month 1 and Month 3, along with a comprehensive
slit-lamp biomicroscopy examination of the anterior and posterior segments of the operated eye.

Outcomes

Assessing the safety profile of levofloxacin (0.1 ml/0.5 mg) was the overall aim of the study. Endpoints included
the occurrence of endophthalmitis (yes/no) during the 3-month follow-up period, BCVA; the presence of AC
inflammation, including grading of AC cells and the presence of flare (yes/no); IOP; CCT; central foveal thickness
(CFT); and cell density. The incidence of adverse events, including dose and dilution errors, was monitored
throughout the study.

Statistical analyses

Patient demographic characteristics were summarized using descriptive statistics. Occurrence of endophthalmitis
was compared between the two treatment groups using Fisher’s exact test. The same method was used to
compare the occurrence of AC flare between groups. The Mann-Whitney U test was used to compare AC
cell grades between groups, accounting for the category orders. For the remaining outcomes, which were
continuous in nature, treatment groups were compared using analysis of covariance. The outcome variable was
the postoperative measurement (either Week 1, Month 1, or Month 3), with the equivalent outcome at baseline
included as a covariate in the analysis. Variables that were found to follow an approximate normal distribution
were analyzed on the original scale of measurement. To meet the assumptions of the statistical test, variables
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Fig. 1. Study schedule of ophthalmologic measures.
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Procedure Preop | Op | Weo'l | Momtnt | Month3
LOCS Il grading *
IOP * * * *
BCVA * * * *
ECC + CCT * * *
SD-OCT * * *
Flare meter * * *a
Cataract surgery *
Clinical grading of flare *
Clinical grading of . % *
AC inflammation

Fig. 2. CONSORT study design showing patient flow.

Levofloxacin (0.1 ml/0.5 mg) | Cefazolin (0.1 ml/1 mg)

Variable n=25 n=25
Mean age, years£SD | 69.2+4.6 68.4%6.9
Sex 1 (%) 15 (60) 18(72)
Female 10 (40) 7(28)
Ethnicity, n (%) 22(88) 22 (88)
Chinese

1(4) 2(8)
Malay
Indian } gi; ? )
Other
SRtil;i}t’ eye, n (%) 13 (52) 14 (56)
Left 12 (48) 11 (44)

Table 1. Patient demographics.

that followed a positively skewed distribution (BCVA and CFT) were analyzed on a log scale. For BCVA, a small
constant was added to all values before log transformation to account for the zero values.

Results

A total of 129 patients were assessed for eligibility (Fig. 2). Of these, 50 patients were enrolled, with 25 randomly
assigned to receive levofloxacin (0.1 ml/0.5 mg) and 25 to cefazolin (0.1 ml/1 mg) (Fig. 2). All participants
completed the trial.

Patient demographics were similar between treatment groups (Table 1). The mean age + SD in the levofloxacin
(0.1 ml/0.5 mg) group was 69.2 +4.6 years and 68.4+ 6.9 years in the cefazolin (0.1 ml/1 mg) group. Across both
groups, there were more male than female patients, and most patients were of Chinese ethnicity. There was a
slight majority of right study eyes in both groups.

No cases of endophthalmitis were detected in either the levofloxacin (0.1 ml/0.5 mg) group or the cefazolin
(0.1 ml/1 mg) group throughout the follow-up period (0% [95% CI: -13, 13]). BCVA outcomes were comparable
between the groups (Table 2). Similarly, no differences were observed between the treatment groups in the
occurrence of AC flare over the follow-up period, or in AC cell grade at any timepoint (Table 2). No differences
were observed between treatment groups in CFT, IOP, CCT, or cell density at any timepoint (Table 2).

Most patients in both groups did not experience AC flare at Week 1. Only 1 (4%) patient in each group
recorded a faint flare (SUN score = 1), with no scores higher than 1. Most patients recorded an AC cell grade of
0.5 at Week 1 post procedure, including 20 (80%) patients in the levofloxacin (0.1 ml/0.5 mg) group and 22 (88%)
in the cefazolin (0.1 ml/1 mg) group. At Week 1, three (12%) patients in each group reported an AC cell grade of
1. By Month 1 over 90% of patients, in both groups, reported an AC grade of 0, indicating no inflammation. At
Month 3, only one patient in each group reported an AC cell grade of 1 (Table 3).

Discussion

Our pilot trial is the first double-blind, randomized controlled study to compare intracameral levofloxacin
(0.1 ml/0.5 mg) to intracameral cefazolin (0.1 ml/1 mg). Treatment with levofloxacin (0.1 ml/0.5 mg) was
tolerated and no new safety signals emerged.
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Levofloxacin Cefazoli
(0.1 ml/0.5 mg) (0.1 ml/1 mg) Group difference*
Outcome | n n Ratio/mean (95% CI) | P value

BCVA, median (IQR)
Baseline | 25 | 0.32(0.20,0.48) | 25 | 0.28 (0.18, 0.48)

Day 7 25 |0.10(0.02,0.14) | 25 | 0.08 (0.02, 0.18) | 1.24 (0.65, 2.38) 0.51
Month 1 |25 | 0.02(0.00,0.04) | 25 | 0.02 (0.00,0.04) | 1.28 (0.71, 2.34) 0.40
Month 3 | 25 |0.02 (0.00, 0.06) | 25 | 0.00 (0.00, 0.02) | 1.36 (0.75, 2.49) 0.30

CFT, median (IQR)
Baseline | 20 | 267 (246, 376) 23 | 269 (252, 290)

Month 1 |25 | 267 (248,283) |25 |271(257,294) | 0.99 (0.92,1.07) 0.82
Month 3 | 25 | 270 (258, 279) 25 | 278 (261, 300) 1.00 (0.91, 1.10) 0.94
IOP, mean +SD

Baseline |25 | 14.4+2.6 25 | 13.7+£2.6

Day 7 25 | 13.5+2.3 25 | 12.8+£3.0 0.5 (-1.0, 2.0) 0.52
Month1 |25 |13.1+2.6 25 | 12.9+2.6 -0.1(-14,1.2) 0.88
Month3 |25 |12.6+2.8 25 | 12.3+2.4 0.1(-1.4,1.5) 0.93
CCT, mean+SD

Baseline |23 | 549+31 25 | 564 +37

Month1 |23 |578+31 25 | 585+44 8(-10,25) 0.37
Month 3 | 24 | 563+34 25 | 569+43 7 (-10, 24) 0.39
Cell density, mean+SD

Baseline |25 | 2525+441 25 | 2611+£428

Month1 |25 |1779+518 25 | 1907 £650 -113 (-450, 223) 0.50
Month3 |25 | 1838+526 25 | 1984 +664 -120 (458, 217) 0.48

Table 2. BCVA and other secondary outcomes. *Group difference for BCVA and CFT is displayed as a ratio
(95% CI). The ratio was calculated as outcome for levofloxacin divided by outcome for cefazolin. Group
difference for IOP, CCT, and cell density is displayed as a mean (95% CI). The mean difference was calculated
as outcome for levofloxacin minus outcome for cefazolin. Differences were adjusted for values at baseline. This
feasibility study may be under-powered to detect modest safety difference because no a-priori sample size
calculation was performed. BCVA=best-corrected visual acuity; CCT=central corneal thickness; CFT=central
foveal thickness; IOP=intraocular pressure; IQR=interquartile range.

Levofloxacin (0.1 ml/0.5 mg) | Cefazolin (0.1 ml/1 mg)

Variable n=25 n=25 P value

0y
ONong 24 06 24 06) L0
1 (Faint)
AC cell at Week 1, n (%) 2(8) 0
8.(;(})_5) 20 (80) 22 (88) 0.50
1(6-15) 3(12) 3(12)
AC cell at Month 1, n (%) 23 (92) 23 (92)
8é<(})_5) 1(4) 1(4) 1.00
1(6-15) 1(4) 1(4)
AC cell at Month 3, n (%) 23 (92) 24 (96)
0 (5<(P_5) 1(4) 0 0.57
1.(6—15) 1(4) 1(4)

Table 3. Secondary SUN AC grading outcomes. AC =anterior chamber; SUN = Standardization of Uveitis
Nomenclature.

Safety outcomes — as measured by CFT, IOP, CCT, and cell density — were acceptable, and there were no
differences between the study groups. Inflammation, as assessed via AC cell grades, decreased rapidly, such
that after Month 1, over 90% of patients reported AC cell grades of 0. Only one patient in each group reported
AC flare. There were no reported adverse drug reactions in the levofloxacin (0.1 ml/0.5 mg) or cefazolin
(0.1 ml/1 mg) groups. Additionally, there were no cases of endophthalmitis in either treatment group. These
safety results support earlier levofloxacin studies!®!. In a prospective, single-arm, interventional study, Espiritu
and colleagues (2007) evaluated the safety of intracameral injection of levofloxacin 0.5% in 50 patients who
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were undergoing cataract extraction and intraocular lens implantation. Similar to our study, there were no cases
of endophthalmitis and no safety concerns relating to BCVA, CFT, CCT, and AC inflammation. A 2022 study
of 114 eyes that compared intracameral levofloxacin 0.5% and moxifloxacin 0.5% also reported no cases of
endophthalmitis and no safety concerns relating to CFT, CCT, and cell density in both treatment groups'®.

The findings of this study are crucial in demonstrating the safety of intracameral levofloxacin (0.1 ml/0.5 mg),
given the known variation of infection prophylaxis practice patterns in cataract surgery across Asia'2. The APAX
study surveyed clinicians from the Asia region, including Singapore, and reported that the use of intracameral
antibiotics was 60.0% in low-risk cases and 66.7% in high-risk cases'2. A commonly cited barrier to greater usage
of intracameral antibiotics is the lack of a commercial preparation approved for use in the country, resulting
in off-label use of other agents'>?. Worryingly, not all institutions reported having established protocols for
antimicrobial use in cataract surgery, nor did they have monitoring programs for emerging antimicrobial
resistance. While preoperative topical antibiotic use is declining in Europe and Australia, it remains prevalent
in Asian countries such as China, India, and ]apanlz. Postoperative use also remains high; more than half of
the respondents in the APAX survey reported prescribing topical antibiotics for 2-4 weeks post procedure.
Postoperative antibiotic use can contribute to antimicrobial resistance due to patients not always adhering to
prescribed dosing and timing regimens. Additionally, patients may not consistently follow best practices such as
washing hands, avoiding contamination of the bottle tip, correctly instilling drops, and using the correct number
of drops. This issue is further compounded by the large discrepancy between patients’ self-reported perspectives
and their observed techniques®!. In the current healthcare landscape, implementing evidence-based policies
is vital in preventing antimicrobial resistance, and ensuring that antimicrobials are used where they are most
effective.

Accumulating evidence suggests that intracameral delivery, such as that used in this study, is optimal to
prevent endophthalmitis, with one meta-analysis study showing that the occurrence of endophthalmitis was
reduced from 1 in 2855 procedures to 1 in 485 (p <0.00001), representing a relative risk reduction of 0.12 (95%
CI: 0.08, 0.18)?°. A more recent meta-analysis of over 6.8 million eyes showed that intracameral injection of
vancomycin, cefazolin, cefuroxime, or moxifloxacin prevented postoperative endophthalmitis®. Due to the rare
occurrence of postoperative endophthalmitis, there are few randomized studies in this area. The pivotal ESCRS
study recruited and randomized over 16,000 patients into four groups to receive intracameral cefuroxime,
intracameral cefuroxime with topical levofloxacin, no intracameral injection and placebo vehicle drops, or no
intracameral injection and topical levofloxacin. The absence of intracameral cefuroxime was associated with a
4.92-fold increase (95% CI: 1.87, 12.9) in the risk of postoperative endophthalmitis'’. It was on the basis of these
results that intracameral cefazolin, a first-generation cephalosporin, was used as the control therapeutic in this
study (and is currently used at Tan Tock Sen Hospital as standard of care). Cefazolin and cefuroxime are used
widely, and continue to show efficacy in preventing endophthalmitis®; however, they require reconstitution and
dilution, which can lead to administration errors and subsequent toxicities?>~2%, Erroneous use of cefuroxime
has been associated with corneal edema, raised IOP, pigment precipitates in the AC, loss of corneal endothelial
cells, pigmentary changes on the retina, tritanopia-type color-vision defects, impairments in dark adaptation,
lowered threshold in the visual field, changes in electroretinography values, reduced rod photoreceptor cell
function, development of retinal infarction, noninfectious panuveitis, macular detachment, and permanent
loss of vision?3-2°. Toxic anterior segment syndrome - a postoperative inflammatory reaction with permanent
sequelae, such as corneal decompensation, intractable glaucoma, and cystoid macular edema® - has also
been associated with inadvertent overdoses of cefuroxime?®?. Importantly, in this study, there were no drug
administration errors. Levofloxacin (0.1 ml/0.5 mg) is packaged in a ready-to-use formulation and does not
require reconstitution or dilution, greatly reducing the potential for administrative errors and toxicities.

The key strengths of this study include the prospective study design, robust randomization and blinding
protocol, and 100% retention rate at 3 months. The outcome measures were well established, clinically
meaningful, and precisely calibrated. Timepoints were extended beyond the perioperative period to ensure that
all related adverse events were captured. A further notable strength is the involvement of a small number of
surgeons, only three, which minimized variation in patient care and surgical techniques.

While the population for this pilot study was small and not designed to detect the extremely rare occurrence
of endophthalmitis, it aligns with the populations studied in other intracameral ophthalmology studies'®!”.
The exploratory nature of this study means that it may have been underpowered to show differences in safety
outcomes and any findings require confirmation in a prospective, powered study. A limitation of this study
is that it was conducted at a single center, which may limit the generalizability of the results to other regions.
However, these findings will help to inform the design of a larger, multicenter study with subgroup analyses.

In conclusion, this pilot study provides proof of concept that intracameral levofloxacin (0.1 ml/0.5 mg)
and intracameral cefazolin (0.1 ml/1 mg) may have a comparable safety profile in patients who are undergoing
routine cataract surgery. Intracameral levofloxacin may offer a viable alternative to cefazolin, particularly for
patients with penicillin allergies, while also reducing the risk of dilution errors by eliminating the need for
reconstitution. Larger, multicenter, randomized controlled studies are warranted to confirm these findings and
explore their broader applicability in preventing postoperative endophthalmitis.

Data availability

Data is provided within the manuscript or supplementary information files. The full dataset that supports the
findings of this study are not openly available due to reasons of sensitivity and are available from the correspond-
ing author upon reasonable request. Data are located in controlled access data storage at Tan Tock Seng Hospital.
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