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Purpose: To assess the effectiveness of topical anesthesia in patients undergoing phacoemulsification cataract surgery (PCS) and
femtosecond laser-assisted cataract surgery (FLACS), and investigate an efficient anesthesia protocol for FLACS.

Methods: Non-randomized, prospective cohort study. In this study, patients undergoing cataract surgery self-selected their preferred
technique (PCS or FLACS; n = 100 eyes per cohort) and received three topical anesthesia applications prior to phacoemulsification.
Those opting for FLACS were randomized to receive the laser phase using either the Catalys (Johnson and Johnson Vision) or LenSx
(Alcon Laboratories, Inc.) system, with one topical anesthesia administration before the laser step and two prior to phacoemulsifica-
tion. Outcome measures included visual analogue scale pain scores, total surgical, anesthesia, and phacoemulsification durations, and
anesthesia efficacy.

Results: There was no significant difference in pain perception between the PCS and FLACS groups (P = 0.835). No statistically
significant difference was observed in the total surgical duration between the PCS and FLACS groups (P = 0.736). After a single
application of topical anesthesia, most patients achieved excellent cooperation during laser procedure with no pain. No significant
difference in anesthetic efficacy was observed between the Catalys and LenSx laser systems.

Conclusion: Both PCS and FLACS appeared safe and comfortable under topical anesthesia in this selected cohort. A single
application of topical anesthesia was sufficient for the laser step in most FLACS patients, and the protocol of administering additional
anesthesia between steps may offer a feasible strategy for workflow optimization. Anesthetic efficacy did not differ between the
Catalys and LenSx systems, despite their different patient interface docking mechanisms.
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Introduction

Cataracts remain one of the leading causes of visual impairment worldwide, with surgery representing the primary
therapeutic intervention. Phacoemulsification cataract surgery (PCS) and femtosecond laser-assisted cataract surgery
(FLACS) are currently among the most commonly used techniques in cataract surgery.” PCS is widely regarded as the
standard approach for cataract extraction.” Over the past decades, the use of FLACS has increased significantly. The key
benefits of FLACS encompass lens pre-fragmentation, which reduces phacoemulsification energy;* a highly predictable
capsulotomy that optimizes lens positioning;> and the creation of precise corneal incisions to address astigmatism.®
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All cataract surgeries routinely use anesthesia to minimize pain and ensure patient comfort.” Topical anesthesia is the
most commonly employed modality in cataract surgery due to its needle-free profile, avoiding risks such as globe
perforation and optic nerve damage.®” Pain perception and patient cooperation are influenced by multiple factors,
including demographics, psychological status, and ocular parameters. Specifically, Liu et al reported that female sex,
younger age, and higher education level were associated with greater pain reporting,'® while Kang et al found that higher
preoperative intraocular pressure, deeper anterior chamber, and longer axial length correlated with increased pain during
phacoemulsification under topical anesthesia alone.'' Although numerous studies have compared intraoperative and
postoperative outcomes between PCS and FLACS,'? few have specifically examined topical anesthesia efficacy or
predictors of pain across these two surgical techniques.

Moreover, FLACS is a two-step procedure, comprising an initial femtosecond laser phase followed by phacoemulsi-
fication, performed at separate times and locations, yet no study has addressed anesthetic management specific to this
workflow. A critical step is docking, which couples the eye to the laser platform. The two main platforms, Catalys (non-
applanating liquid interface, lower perceived pressure but longer suction) and LenSx (applanating curved lens, higher
pressure but shorter suction), differ in patient experience.'*'* Throughout the laser phase, stable fixation and immobi-
lization are essential to prevent suction loss, making effective topical anesthesia crucial for patient cooperation. However,
no study has compared topical anesthesia efficacy between these laser platforms.

The present study aims to (1) assess the effectiveness of topical anesthesia in patients undergoing PCS and FLACS in
terms of pain perception and patient cooperation; (2) describe the anesthetic protocol used in our FLACS cohort and
evaluate its feasibility; and (3) compare the efficacy of topical anesthesia in patients undergoing the laser procedure with
either the Catalys or LenSx system.

Materials and Methods
Study Design
This was a non-randomized, prospective cohort study involving patients who underwent cataract surgery at the
Xiamen Eye Center affiliated with Xiamen University, Xiamen, Fujian, China, from May 2025 to September 2025.
This study adhered to the tenets of the Declaration of Helsinki and approved by the Institutional Ethics Committee of
Xiamen Eye Center, Xiamen University (XMYKZX-KY-2023-020). Informed consent was obtained in written form
for all participants. The patients self-selected their preferred surgical technique (PCS or FLACS), each cohort has 100
eyes.

Adult patients can obey commands and cooperate during slit-lamp examination, nuclear sclerosis of grade I-1V, and
pupil dilation > 7 mm were included. The exclusion criteria included pediatric patients, patients who are hard of hearing
and uncooperative during slit-lamp examination, complicated cataract, subluxated lens, traumatic cataract, and any other

sever complications.

Surgery Protocol
The phacoemulsification technique used in this study was performed by a single experienced surgeon (G.Z.) viaa 2.2 mm
temporal clear corneal incision with the Centurion Active-Fluidics System (Alcon Laboratories, Inc). Standardized
phacoemulsification of the lens nucleus, irrigation and aspiration of the cortex, and intraocular lens insertion were
performed accordingly.

FLACS is a biphasic procedure. The initial phase involves the use of a femtosecond laser to perform anterior
capsulotomy and lens fragmentation. Patients selected for FLACS were randomized to undergo the laser phase using
either the Catalys (Johnson and Johnson Vision) or the LenSx (Alcon Laboratories, Inc.) system. Following completion
of the laser procedure, patients were transferred to an adjacent surgical operating room, where phacoemulsification was

subsequently performed.
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Anesthesia Protocol

In this study, topical anesthesia was achieved by using preservative-free 0.4% oxybuprocaine hydrochloride ophthalmic
solution (0.5 mL:2 mL; Benoxil, Santen Pharmaceutical Co., Ltd., Noto Plant, Japan). All patients received
a standardized initial dose of neurolept anesthesia, and intravenous sedation was administered to all patients using
remimazolam at a concentration of 1 mg/mL, with a single bolus dose of 1 mL (equivalent to 1 mg) per patient prior to
the phacoemulsification procedure.

In the PCS group, topical anesthetic eye drops were administered every five minutes for a total of 15 minutes prior to
surgery. In the FLACS group, a single application of topical anesthesia was given before the femtosecond laser procedure
(providing anesthesia for approximately five minutes), and patients received two additional topical anesthesia instillations
prior to the subsequent phacoemulsification phase. Thus, subjects in both the PCS and FLACS groups received a total of
three topical anesthesia applications before phacoemulsification, with an average duration of approximately five minutes
per application. Additional topical anesthetic drops were administered as needed in response to patient-reported pain, and
such events were recorded. The workflow is shown in Figure 1.

Outcome Measures

The immediate postoperative pain score, assessed using a visual analogue scale (VAS). Pain was rated on a numeric
rating scale ranging from 0 to 10 immediately following surgery. The 11 possible numeric responses were treated as
ordinal outcome measures and subsequently categorized into six levels: 0 (no pain), 2 (1-2, slight pain), 4 (3—4, mild
pain), 6 (5—6, moderate pain), 8 (7-8, significant pain), and 10 (9—10, unbearable pain) (Figure 2). VAS scores were
recorded by a trained research assistant who was not involved in the surgery and was blinded to the patient’s group

I Cataract surgery under topical anesthesia

Inclusion criteria:

1) Nuclear sclerosis of grade I-IV

2) Patients could obey commands and cooperate during
slit-lamp examination

3) Pupil dilatation > 7 mm

Exclusion criteria:

1) Pediatric patients

2) Complicated cataract, subluxated lens, traumatic cataract,
and any other sever complications were excluded

'

Phacoemulsification cataract surgery
(PCS group, n=100)

I

Topical anesthesia eye drops were instilled
every 5 min (total three times) prior to surgery

Figure | The workflow of anesthesia protocol.
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Figure 2 Visual analogue scale.
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assignment, and it was assessed immediately after completion of the entire surgery, reflecting the overall operative
experience.

Baseline characteristics (eg, age, sex, education level, systemic and ocular comorbidities, nuclear sclerosis grade,
proportion of second-eye surgeries, and ocular biometric parameters), surgical metrics (eg, total surgical duration,
phacoemulsification duration, laser duration, and patient cooperation), and anesthesia-related metrics (eg, anesthesia
duration, need for supplemental anesthesia, and anesthesia efficacy rating) were collected. Total surgical duration: First
anesthesia application to phacoemulsification finish. Anesthesia duration: First anesthesia application to phacoemulsifi-
cation beginning.

Patient cooperation during the procedure was evaluated by the surgeon and classified as excellent (no eye movement,
head movement, or eyelid squeezing), good (presence of eyelid squeezing only), moderate (eye movement and eyelid
squeezing), or poor (eye movement, head movement, and eyelid squeezing).'> Anesthesia efficacy was graded as follows:
Grade I (excellent patient cooperation with no pain during surgery), Grade II (mild pain requiring supplemental topical
anesthesia), and Grade III (significant pain with poor cooperation, necessitating alternative anesthetic management).

Statistical Analysis

Analyses were performed using SPSS 26.0 (IBM Corporation). Data normality was assessed via the Kolmogorov—
Smirnov test. The x” test and fisher’s exact test was used to compare categorical variables. The independent-samples -
test and Mann—Whitney U-test was used to compare continuous variables. Multivariable linear regression analysis was
performed for adjusting baseline imbalances. Linear mixed-effects model with patient identity as a random intercept to
account for potential inter-eye correlation. A p value of < 0.05 was considered statistically significant.

In particular, we used VAS as a continuous variable for the primary analysis (mean + SD), as this provides the
greatest statistical power, and non-parametric tests were used. The categorized data were used for descriptive purposes
only. Sample size was estimated using the two independent samples Mann—Whitney U-test (Wilcoxon rank-sum test)
module in PASS 15 software. A sample size of 50 cases per group was calculated, aiming to detect a difference of 1 in
a 10-point VAS pain scale, setting alpha at 0.05 and power at 90%, and assuming a standard deviation of 1.31 based on

previous studies.'®!”

Results
There were 100 eyes of 89 patients enrolled in the PCS cohort and 100 eyes of 91 patients enrolled in the FLACS cohort.
Baseline characteristics of patients in both groups are listed in Table 1.

Table 2 presents the main findings of the study. No statistically significant difference was observed in the mean total
surgical and anesthesia duration between the PCS and FLACS groups (Total surgical duration: 18.34 + 5.44 min vs 17.84
+ 4.00 min, respectively, P = 0.736; Anesthesia duration: 12.63 £ 5.97 min vs 12.09 + 3.68 min, respectively, P = 0.759).
However, phacoemulsification time was significantly shorter in the FLACS group (5.75 £ 1.31 min) compared to the PCS
group (6.32 £ 1.81 min; P = 0.031). The proportion of eyes requiring supplemental topical anesthesia was 10.0% in the
PCS group and 8.0% in the FLACS group, with no statistically significant difference between the groups (P = 0.806).

Postoperative pain perception scores did not differ significantly between the PCS and FLACS groups (1.01 £ 1.19 vs
1.34 £ 1.39, respectively; P = 0.835). In the PCS group, the proportions of patients reporting no, slight, mild, and
moderate pain were 53%, 44%, 2%, and 1%, respectively. In the FLACS group, the corresponding proportions were 42%,
51%, 5%, and 1%, with one patient reporting significant pain following surgery. The distribution of pain categories was
not statistically significantly different between the groups (P = 0.396). Patient cooperation during surgery was also
comparable between the two groups. In the PCS group, the proportions of patients exhibiting excellent, good, moderate,
and poor cooperation were 82%, 10%, 6%, and 2%, respectively, compared to 87%, 8%, 5%, and 0% in the FLACS
group (P = 0.482).

Table 3 presents the effect of topical anesthesia during the femtosecond laser procedure. The mean anesthesia
duration prior to laser treatment was 4.00 = 2.43 minutes in the Catalys group and 3.80 + 1.73 minutes in the LenSx
group, with no statistically significant difference between the groups (P = 0.779). Similarly, laser time did not differ
significantly between the Catalys and LenSx groups (1.35 + 0.52 min vs 1.49 £ 0.55 min, respectively; P = 0.178).
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Table | Baseline Characteristics of Patients in the PCS Group and FLACS Group

PCS Group (n = 100 Eyes) | FLACS Group (n = 100 Eyes) | P value
Age, years (SD) 66.77 + 8.86 65.60 + 11.06 0.41
Sex, n (%) 0.61
Male 30 (33.71) 35 (38.46)
Female 59 (66.29) 56 (61.54)
Side, n (%) 0.78
Right 57 (57.00) 55 (55.00)
Left 43 (43.00) 45 (45.00)
Education, n (%) 0.01*
llliterate 42 (42.00) 25 (25.00)
Primary 22 (22.00) 20 (20.00)
Secondary 36 (36.00) 50 (50.00)
High 0 (0.00) 5 (5.00)
Systemic disease, n (%) 0.01*
None 34 (34.00) 51 (51.00)
HTN alone 35 (35.00) 30 (30.00)
DM alone 17 (17.00) 4 (4.00)
HTN+DM 14 (14.00) 15 (15.00)
Ocular disease, n (%)
Glaucoma 2 (2.00) 5 (5.00) 0.44
Dry eye 26 (26.00) 41 (41.00) 0.02*
Pterygium 8 (8.00) 4 (4.00) 0.37
Diabetic retinopathy 6 (6.00) 2 (2.00) 0.28
Macular membrane 1 (1.00) 0 (0.00) 1.00
Retinitis pigmentosa 5 (5.00) 2 (2.00) 0.44
Second eye operation®, n (%) 57 (57.00) 48 (48.00) 0.20
NS grade, mean (SD) 0.23
1l 33 (33.00) 37 (37.00)
1] 60 (60.00) 50 (50.00)
v 7 (7.00) 13 (13.00)
Preoperative IOP, mmHg 13.66 £ 2.95 13.93 + 3.30 0.8l
Preoperative CDVA, logMAR 0.48 + 0.41 0.43 + 0.45 0.14
AL, mm 23.22 £ 0.84 23.60 + 1.05 0.02*
ACD, mm 2.96 + 0.37 297 £ 0.37 0.90
LT, mm 452 £ 047 4.60 = 0.42 0.17
Km, D 4420 = .42 44.14 £ 1.60 0.76
CD, mm 11.72 £ 0.38 11.80 + 0.42 0.26
CCT, um 536.12 + 60.76 545.19 + 32.68 0.44
ECD, cells/mm? 2662.40 + 302.70 2694.0 + 258.20 0.43
IOL power, D 20.96 + 2.22 19.98 £ 3.10 0.04*

Note: *Statistically significant (P < 0.05). 1+Second eye operation: The current surgery was the second eye cataract operation. Sex
and comorbidities are reported per patient.

Abbreviations: PCS, phacoemulsification cataract surgery; FLACS, femtosecond laser-assisted cataract surgery; ACD, anterior
chamber depth; AL, axial length; CD, horizontal corneal diameter; CDVA, corrected distance visual acuity; CCT, central corneal
thickness; D, diopter; DM, diabetes mellitus; ECD, endothelial cell density; HTN, hypertension; IOL, intraocular lens; IOP,
intraocular pressure; Km, corneal keratometry; logMAR, logarithm of the minimum angle resolution; LT, lens thickness; NS, nuclear
sclerosis.

A single application of topical anesthesia administered before the laser procedure provided sufficient anesthetic effect in
nearly all patients. Specifically, Grade I anesthesia efficacy was achieved in 100% of eyes in the Catalys group and 98%
of eyes in the LenSx group (P = 1.000).

To examine factors associated with postoperative pain, participants were stratified into two groups based on VAS
scores: a pain-free group (VAS = 0) and a pain group (VAS > 2). In the PCS group, no statistically significant differences
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Table 2 Anesthesia and Surgery Duration, Pain Evaluation, and Surgeon’s Score on Patient Cooperation of
Patients in the PCS Group and FLACS Group

PCS Group (n = 100 Eyes) | FLACS Group (n = 100 Eyes) | P value
Total surgical duration, min 18.34 + 5.44 17.84 + 4.00 0.736
Phacoemulsification duration, min 6.32 £ |.81 5.75 £ 1.31 0.031*
Anesthesia duration, min 12.63 + 5.97 12.09 + 3.68 0.759
Supplemental anesthesia, n (%) 10 (10.0) 8 (8.0) 0.806
VAS score, mean (SD) 1.0l £ 1.19 1.34 £ 1.39 0.835%
Pain, n (%) 0.396
None 53 42
Slight 44 51
Mild 2 5
Moderate | |
Significant 0 |
Unbearable 0 0
Patients’ cooperation, n (%) 0.482
Excellent 82 87
Good 10 8
Moderate 6 5
Poor 2 0

Notes: Total surgical duration: First anesthesia application to phacoemulsification finish. Anesthesia duration: First anesthesia application
to phacoemulsification beginning. *Statistically significant (P < 0.05). 1 After adjustment for confounders and inter-eye correlation using
a linear mixed-effects model, no significant difference in VAS scores was observed between the two groups (P = 0.835).
Abbreviations: PCS, phacoemulsification cataract surgery; FLACS, femtosecond laser-assisted cataract surgery; VAS, visual analogue
scale.

Table 3 Topical Anesthesia Effect in Femtosecond Laser Procedure (Catalys Platform versus
LenSx Platform)

Catalys Group (n = 50) | LenSx Group (n = 50) | P value

Laser duration, min 1.35 + 0.52 1.49 + 0.55 0.178
Anesthesia duration, min 4.00 +2.43 3.80 £ 1.73 0.779
Supplemental anesthesia, n (%) 0 | 1.00
Anesthesia efficacy rating 1.00

Grade | 50 49

Grade Il 0 |

Grade llI 0 0

Notes: Grade I: Excellent patient cooperation during surgery with no pain. Grade II: Mild pain and need supplemental
topical anesthesia. Grade llI: Significant pain with poor cooperation, necessitating alternative anesthesia methods.

were observed between the two subgroups with respect to demographic characteristics, surgical parameters, ocular
measurements, or medical history (all P> 0.05). Within the FLACS group, patients in the pain group were significantly
younger than those in the pain-free group (mean age: 63.67 vs 68.26 years, respectively; P = 0.04). No other variables
differed significantly between the two subgroups. Detailed results are presented in Supplemental Table A.
Multivariable linear regression adjusting for all covariates showed no significant association between surgical
technique and VAS scores (B = 0.334, 95% CI: —0.115 to 0.782, P = 0.144; Supplemental Table B), with a non-
significant model (P = 0.955) and low explanatory power (R* = 0.048). A linear mixed-effects model accounting for
inter-eye correlation (200 eyes from 180 patients) confirmed these findings, with surgical technique remaining non-
significant (estimate = —0.043, 95% CI: —0.453 to 0.367, P = 0.835; Supplemental Table C). The patient-level intercept
variance was zero, indicating weak inter-eye correlation. All covariates were non-significant in both models (all P >
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0.05). These results consistently support comparable patient comfort between the two techniques under topical
anesthesia.

Discussion

Our study demonstrated the effectiveness of using topical anesthesia to perform PCS and FLACS in senile cataract treatment.
In this study, no patient required a change in the anesthesia method. The femtosecond laser component of FLACS does not
significantly influence pain perception, and a single application of topical anesthesia provides sufficient analgesia during the
laser procedure. Though patient interface docking is achieved through two distinct mechanisms, there are no significant
differences in anesthetic efficacy between the Catalys or the LenSx laser system under topical anesthesia.

Cataract surgery is one of the most commonly performed ophthalmic procedures worldwide.' Topical anesthesia has
gained prominence with the advent of clear corneal incision phacoemulsification.®> However, comparative studies on the
efficacy of topical anesthesia between PCS and FLACS remain limited. In this cohort, we found that three applications of
topical anesthesia prior to phacoemulsification provided sufficient analgesic effect, with only 10.0% of eyes in the PCS
group and 8.0% in the FLACS group requiring supplemental topical anesthesia. All surgeries were successfully
completed using topical anesthesia, with high patient cooperation and no need for anesthesia change. Moreover, although
the PCS and FLACS groups had baseline differences in education, systemic disease, dry eye, axial length, and intraocular
lens power, after adjusting for these baseline imbalances by multivariable linear regression analysis, the outcomes still
support comparable patient comfort between the two techniques under topical anesthesia.

Femtosecond laser function via dielectric breakdown, a process of photodisruption that ionizes tissue to achieve
vaporization without generating heat or intense light, ensuring a highly comfortable patient experience.'® The introduc-
tion of femtosecond laser technology has been a significant change in the field of cataract surgery.>'? In our study, patient
pain scores were comparable between PCS and FLACS techniques, indicating that the femtosecond laser procedure does
not adversely affect patient-perceived pain. In addition, FLACS demonstrated a significantly shorter phacoemulsification
duration compared to PCS (5.75 £ 1.31 min vs 6.32 + 1.81 min, P = 0.031), consistent with the known advantage of laser
capsulotomy and pre-fragmentation in reducing manual operation time and ultrasound energy requirements.”

However, this reduction in phacoemulsification procedure time did not translate into a shorter total surgical duration,
likely due to the additional time required for laser docking, patient transfer, and the two-step workflow inherent to
FLACS, leading some surgeons to perceive it as time-consuming. The present study investigates an optimized anesthesia
protocol for FLACS, which administered a single application of topical anesthesia prior to the laser step and another
twice before phacoemulsification, may help for reducing overall surgical duration, and offers a feasible approach for
optimizing workflow without compromising analgesic efficacy.

Multiple femtosecond laser platforms, such as the Catalys and LenSx systems, are widely used in cataract surgery
with proven success, they differ in interface design—liquid optics versus corneal applanation.'®?° These design
differences translate into distinct patient experiences, particularly regarding pressure perception and suction-on duration
during docking.'*'* However, the critical question of whether these differing interface mechanics influence the efficacy
of topical anesthesia, and the anesthetic protocol remains unexplored. This study is the first to report that a single
application of topical anesthetic prior to the laser procedure is sufficient to achieve adequate analgesia, with no
significant difference between the Catalys and LenSx systems. This finding suggests that the variance in tactile interface
of different femtosecond laser platforms does not affect the baseline anesthetic requirement for patient comfort during the
initial laser step.

Consistent with prior studies,®?' all procedures in this cohort were successfully performed under topical anesthesia.
The necessity of effective pain management is underscored by the direct correlation between patient cooperation and
perceived pain.*** Although numerous demographic and ocular predictors have been associated with pain,'®'" our
analysis demonstrated that younger age was the only significant factor, specifically within the FLACS group. The
observed low pain scores (VAS: 1.01 + 1.19 for PCS; 1.34 + 1.39 for FLACS) and high rate of excellent cooperation
(>80.0%) likely diminished the predictive value of these variables. The execution of all surgeries by a single experienced

surgeon minimized anterior chamber fluctuations, including those arising from wound leakage or instrument passage,

Clinical Ophthalmology 2026:20 heeps: 7



Zhu et al

thereby enhancing patient comfort. These optimized surgical conditions may explain the absence of statistical signifi-
cance for many previously reported pain predictors in this cohort.

This study has several limitations. First, the non-randomized, patient-pay model introduced self-selection bias and baseline
imbalances, although multivariable linear regression analysis was performed for adjusting, our adjusted models had low
explanatory power (R* = 0.048), suggesting insufficient power for covariate adjustment and possible residual confounding.
Second, all surgeries were performed by a single surgeon, limiting generalizability across practitioners. Third, although eyes
rather than patients were used as the unit of analysis, the weak inter-eye correlation (patient-level variance = 0) partially mitigates
this issue. Forth, this study did not include a comparator group receiving a different FLACS anesthesia protocol, it requires
validation of different protocols in future randomized trials. Finally, the single-centre design limits applicability to broader
populations or different anesthesia protocols. Future multi-centre, multi-surgeon randomized controlled trials with larger samples
are needed to validate these preliminary findings.

Conclusions

In conclusion, both PCS and FLACS appeared to be performed safely and comfortably under topical anesthesia. The
comparable total surgical duration between groups and the low pain scores support the feasibility of the described
anesthesia protocol, and administered additional anesthesia between steps of FLACS may offer a feasible strategy for
workflow optimization. Furthermore, no significant difference in anesthetic efficacy was observed between the Catalys

and LenSx laser systems, despite their different patient interface docking mechanisms.

Abbreviations
PCS, phacoemulsification cataract surgery; FLACS, femtosecond laser-assisted cataract surgery; VAS, visual analogue
scale.
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