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Abstract
Purpose  To compare the anti-inflammatory activity of preoperatively applied eyedrops, as determined by cytokine con-
centrations in aqueous humor collected during surgery in patients undergoing femtosecond laser–assisted cataract surgery.
Methods  A total of 120 patients undergoing femtosecond laser–assisted cataract surgery were randomly assigned to four 
groups of 30 patients each. Groups were administered 0.1% fluorometholone eyedrops, 0.45% ketorolac tromethamine 
eyedrops, both 0.1% fluorometholone and 0.45% ketorolac tromethamine eyedrops, or no eyedrops. Eyedrops were instilled 
1 h, 20 min, and just before surgery. After anterior capsulotomy and nuclear fragmentation using a femtosecond laser, 0.1 
cc aqueous humor was obtained using a needle and syringe. Cytokine and prostaglandin E2 (PGE2) concentrations were 
quantitatively determined.
Results  The 120 patients included 59 men and 61 women, of mean age 65.02 years. The mean interleukin-6 (IL-6) and 
tumor necrosis factor-α (TNF-α) concentrations after treatment did not differ significantly in the four groups. The average 
interleukin-8 (IL-8) concentrations were significantly lower in the fluorometholone (4.80 pg/mL), ketorolac tromethamine 
(4.84 pg/mL), and fluorometholone + ketorolac tromethamine (4.68 pg/mL) groups than in the control group (6.83 pg/mL). 
Furthermore, the average PGE2 concentrations were significantly lower in the ketorolac tromethamine (270.04 pg/mL) and 
fluorometholone + ketorolac tromethamine (239.00 pg/mL) groups, but not in the fluorometholone (393.16 pg/mL) group, 
than in the control group (472.36 pg/mL).
Conclusion  Preoperative fluorometholone instillation reduced IL-8, and ketorolac tromethamine instillation reduced IL-8 
and PGE2, in aqueous humor of patients undergoing femtosecond laser surgery, with the combination of both eyedrops being 
more effective than either alone.
Trial registration  KCT0005717
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Introduction

Femtosecond laser–assisted cataract surgery (FLACS), 
first performed in 2009, has enabled capsulotomy with 
more precise position, shape, and size [1]. FLACS has 
also reduced the occurrence of intraocular lens tilt and the 
incidence of higher order aberrations [1], with less ultra-
sound energy being required [2]. Moreover, the ability of 
FLACS to concomitantly correct astigmatism has resulted 
in an increase in the number of patients undergoing this 
procedure.

To date, however, the intraocular effects of FLACS have 
not been sufficiently evaluated. FLACS has been reported 
to increase the intraocular concentrations of inflammatory 
cytokines and other inflammatory mediators. For example, 
concentrations of interleukin (IL)-1β and IL-6 [3], as well 
as of prostaglandin E2 (PGE2) [3, 4], have been reported 
to increase after FLACS. Other inflammatory media-
tors found to increase after FLACS include IL-1ra, IL-9, 
IL-18, tumor necrosis factor (TNF)α, TNFβ/leukotriene A 
(LTA), leukocyte inhibitory factor (LIF), eotaxin (CCL11), 
fibroblast growth factor (FGF)-2 (FGFbasic), and platelet 
derived growth factor (PDGF)-BB [5].

Eyedrops containing nonsteroidal anti-inflammatory 
drugs (NSAID) are widely used to reduce ocular inflam-
mation. For example, ketorolac [2, 6], diclofenac [7], and 
nepafenac 0.1% [8] were found to decrease PGE2, and bro-
mfenac 0.09% was found to reduce IL-6 [9]. To our knowl-
edge, however, no study to date has assessed the ability of 
preoperatively applied steroid eyedrops to reduce cytokine 
concentrations in aqueous humor of patients undergoing 
FLACS. The present study therefore compared the anti-
inflammatory activities of preoperatively applied eyedrops, 
including steroids, on cytokine and PGE2 concentrations 
in aqueous humor collected during FLACS.

Femtosecond laser-assisted cataract surgery has been reported to increase the intraocular concentrations of 
inflammatory cytokines and other inflammatory mediators.

Eyedrops containing nonsteroidal anti-inflammatory drugs (NSAID) are widely used to 
reduce ocular inflammation in patients undergoing femtosecond laser-assisted cataract surgery; to our 
knowledge, however, steroid eyedrops have not been studied in patients with undergoing femtosecond laser-
assisted cataract surgery. 

Preoperative instillation of steroid eyedrops reduced the concentrations of inflammatory cytokines in aqueous 
humor of patients undergoing femtosecond laser-assisted cataract surgery. 

Applying both steroid and NSAID eyedrops was more effective than either alone.  

Key messages

Methods

The design of this prospective comparative study, includ-
ing the collection of aqueous humor from patients, was 
approved by the Institutional Review Board of Asan Medi-
cal Center (2020-0056) and conformed to the tenets of 
the Declaration of Helsinki. All patients provided writ-
ten informed consent. This study has been registered as a 
clinical trial (KCT0005717).

This study enrolled patients with uncomplicated senile 
cataract undergoing unilateral FLACS between September 
and October 2020. Patients with accompanying serious eye 
diseases, a history of inflammatory ocular diseases, pre-
vious eye trauma or surgery, corneal opacity, age-related 
macular degeneration, retinopathy associated with diabe-
tes or hypertension, glaucomatous eyes, pseudoexfoliation, 
or poorly dilated pupils were excluded. Patients aged < 
20 years, pregnant women, and patients who had used 
NSAIDs or steroids within 6 months were also excluded.

The 120 enrolled patients were randomly assigned to 
four groups of 30 patients each. Before surgery, patients 
were administered no eyedrops (control group), fluo-
rometholone 0.1% (Flumetholone, Santen Pharmaceu-
tical), ketorolac tromethamine 0.45% (Acuvail, Aller-
gan, Inc.) eyedrops, or both fluorometholone 0.1% and 
ketorolac tromethamine 0.45%. The respective eye drops 
were instilled 1 h, 20 min, and just before surgery. At 
the same time, all patients were preoperatively admin-
istered a combination of topical tropicamide 0.5% with 
phenylephrine 0.5% three times at 10-min intervals for 
mydriasis. All patients underwent capsulotomy, lens frag-
mentation, and astigmatic incision with the Catalys Laser 
System (Johnson & Johnson, Inc.). Five minutes later, a 
corneal incision of about 1 mm was made at the 2 o’clock 
position, and a 0.1-cc specimen of aqueous humor was 
obtained using a 1-cc syringe and a 26-gauge needle. An 
equal volume of balanced salt solution (BSS) was injected 
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intraocularly. The collected aqueous humor was placed in 
a 1.5-mL Eppendorf tube and immediately stored in a – 80 
°C freezer. The lens was phacoemulsified and aspirated, 
followed by intraocular lens implantation.

The substances evaluated and compared included 
IL-6, IL-8, TNF-α, and PGE2, as they have been evalu-
ated in several previous studies of inflammatory media-
tors in aqueous humor. Concentrations of cytokines and 

chemokines in aqueous humor were measured using Mag-
netic Luminex Performance Assay multiplex kits (Luminex 
MAGPIX CCD Imager, R&D Systems, Minneapolis, MN, 
USA). Concentration standards were run in parallel on 
each plate tested, representing the average concentration of 
triplicate standard dilutions of each chemokine/cytokine. 
A standard curve was drawn for each chemokine/cytokine, 
and their concentrations in each sample were determined 

Table 1   Demographic characteristics of study patients

Control group Fluorometholone group Ketorolac trometh-
amine group

Fluorometholone + 
ketorolac tromethamine 
group

Total

Age (years) 63.16 ± 11.20 64.44 ± 10.34 65.00 ± 7.01 67.38 ± 10.42 65.02 ± 9.85
Gender (male:female) 16:14 14:16 13:17 16:14 59:61
Eye laterality (right:left) 14:16 14:16 13:17 15:15 56:64

Table 2   Cytokine concentrations in anterior chamber aqueous humor of study patients

* Compared with the control group by Student’s t-test. Abbreviations: IL-6, interleukin-6; IL-8, interleukin-8; TNF-α, tumor necrosis factor-α; 
SD, standard deviation

Control group Fluorometholone group Ketorolac trometh-
amine group

Fluorometholone + 
ketorolac tromethamine 
group

IL-6 (mean ± SD pg/mL) 2.86 ± 2.02 2.62 ± 1.65 1.86 ± 1.47 2.78 ± 2.01
p-value* .672 .101 .900
IL-8 (mean ± SD pg/mL) 6.84 ± 3.89 4.80 ± 1.66 4.84 ± 1.86 4.68 ± 1.98
p-value* .025 .026 .021
TNF-α (mean ± SD pg/mL) 1.08 ± 0.71 1.86 ± 1.44 1.14 ± 0.97 0.90 ± 0.57
p-value* .062 .858 .612

Figure 1   Cytokine concen-
trations in anterior chamber 
aqueous humor (pg/mL), *p < 
0.05 compared with the control 
group by Student’s t-test (IL-6 
= interleukin-6; IL-8 = interleu-
kin-8; TNF-α = tumor necrosis 
factor-α)
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by curve-fitting. PGE2 concentrations were determined 
using a commercially available PGE2 Parameter Assay 
Kit (cat no. KGE004B; R&D Systems, Minneapolis, MN, 
USA). Concentrations were measured on a microplate 
reader (Clariostar Monochromator Microplate Reader; 
BMG LABTECH, Ortenberg, Germany). All assays were 
performed by an experienced technician who was blinded 
to the nature of the samples.

Comparisons between pairs of groups were performed 
using Student’s t-tests. All statistical analyses were per-
formed using SPSS statistical software (version 22; IBM 
Software), with a p-value ≤ 0.05 considered statistically 
significant.

Results

The study enrolled 120 eyes of 120 patients, randomized into 
30 eyes per group. Table 1 shows the demographic charac-
teristics of these patients. The 120 patients were of mean 
age 65.02 ± 9.85 years, with no significant differences in 

age, gender, or laterality of the eyes among the four groups 
(p > 0.05 each).

The mean IL-6 concentrations in the fluorometholone 
(2.62 ± 1.65 pg/mL), ketorolac tromethamine (1.86 ± 1.47 
pg/mL), and fluorometholone + ketorolac tromethamine 
(2.78 ± 2.01 pg/mL) groups were similar to those in the 
control group (2.86 ± 2.02 pg/mL) (p > 0.05 each; Table 2; 
Figure 1). By contrast, the average IL-8 concentrations were 
significantly lower in the fluorometholone (4.80 ± 1.66 pg/
mL), ketorolac tromethamine (4.84 ± 1.86 pg/mL), and fluo-
rometholone + ketorolac tromethamine (4.68 ± 1.98 pg/mL) 
groups than in the control group (6.84 ± 3.89 pg/mL) (p < 
0.05 each; Table 2; Figure 1).

Similar to IL-6, the mean TNF-α concentrations in the 
fluorometholone (1.86 ± 1.44 pg/mL), ketorolac trometh-
amine (1.14 ± 0.97 pg/mL), and fluorometholone + 
ketorolac tromethamine (0.90 ± 0.57 pg/mL) groups did 
not differ significantly from those in the control group 
(1.08 ± 0.71 pg/mL) (p > 0.05 each; Table 2; Figure 1). 
The average PGE2 concentrations were significantly lower 
in the ketorolac tromethamine (270.04 ± 190.82 pg/mL) and 
fluorometholone + ketorolac tromethamine (239.00 ± 77.29 

Table 3   PGE2 concentrations in anterior chamber aqueous humor of study patients

* Compared with the control group by Student’s t-test. Abbreviations: PGE2, prostaglandin E2; SD, standard deviation

Control group Fluorometholone group Ketorolac tromethamine 
group

Fluorometholone + 
ketorolac tromethamine 
group

Mean ± SD (pg/mL) 472.36 ± 314.81 393.16 ± 147.34 270.04 ± 190.82 239.00 ± 77.29
p-value* .303 .030 .005

Figure 2   PGE2 concentrations 
in anterior chamber aqueous 
humor (pg/mL), *p < 0.05 
compared with the control 
group by Student’s t-test (PGE2 
= prostaglandin E2)
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pg/mL) groups, but not in the fluorometholone (393.16 ± 
147.34 pg/mL) group, than in the control group (472.36 ± 
314.81 pg/mL) (Table 3; Figure 2).

Discussion

Despite the many advantages of FLACS, intraoperative 
miosis is not infrequent [10, 11]. Smaller pupils can make 
cataract surgery more difficult and are associated with higher 
rates of intraoperative complication [12]. Moreover, ante-
rior segment flare, macular thickness change, and cystoid 
macular edema have also been reported following FLACS 
[13, 14], suggesting the need for preventive anti-inflamma-
tory treatment before FLACS. To our knowledge, this is the 
first study to evaluate the anti-inflammatory effects of both 
steroid and nonsteroid medications in patients undergoing 
FLACS. Both of the agents used in this study had anti-
inflammatory effects and are therefore likely to alleviate the 
complications mentioned above.

Prostaglandins are highly active mediators of inflamma-
tion and pain. Prostaglandins are synthesized from arachi-
donic acid by the enzymes cyclooxygenases 1 and 2, both 
of which are inhibited by NSAIDs [15]. NSAIDs were once 
considered routine treatment for surgically induced pupil-
lary miosis inhibition [16], but the need for NSAIDs has 
significantly decreased with the development of new tech-
nologies and the shortened duration of surgery. Pupillary 
miosis, however, may recur after FLACS. The present study 
found that preoperative instillation of ketorolac trometh-
amine 0.45% eyedrops reduced the concentrations of IL-8 
and PGE2 in aqueous humor.

Steroids act primarily by inhibiting phospholipase A2, 
reducing the concentrations of leukotrienes, which are 
responsible for chemotaxis, and of arachidonic acid, which 
is converted to prostaglandins by cyclooxygenases [17]. Due 
to these properties, steroids have been widely used as anti-
inflammatory agents in patients undergoing manual cataract 
surgery [18, 19]. The present study found that preoperative 
administration of the steroid fluorometholone 0.1% effec-
tively reduced IL-8 concentrations in aqueous humor of 
patients undergoing FLACS.

The serum concentrations of the pro-inflammatory 
cytokine IL-6 can be increased by noninfectious inflam-
mation, including burns and traumatic injuries [20]. This 
inflammation can also induce the expression of vascular 
endothelial growth factor (VEGF), promoting vascu-
lar permeability and angiogenesis [21]. IL-6 concentra-
tions were found to be significantly higher in ocular flu-
ids obtained from patients with than without refractory 
or chronic uveitis [22]. IL-8 is a strong chemoattractant 
involved in the activation of both neutrophils and T-lym-
phocytes, indicating that it has both immune and vascular 

functions. IL-8 was also reported to be increased in the 
aqueous humor of patients with uveitis and glaucoma [23], 
and vitreous gel levels of IL-8 were higher in patients with 
than without proliferative diabetic retinopathy [24]. TNF-
α, a macrophage/monocyte-derived pluripotent cytokine, 
has been associated with ischemic tissue damage and 
remodeling of neurons [25]. TNF-α was shown to be asso-
ciated with the development of posterior capsular opaci-
fication [26] and may induce postoperative inflammation 
and lens epithelial cell proliferation [27]. Prostaglandins, 
which are synthesized in the iris and ciliary body follow-
ing trauma [28], are highly potent regulators of inflamma-
tion, with various effects on the conjunctiva, cornea, iris, 
ciliary body, choroid, and retina [29]. PGE2 was thought 
to be released from uveal tissue due to an increase in tem-
perature, vibrations, or shockwaves during FLACS when 
laser spots pass through the aqueous humor [30]. The 
different characteristics of each cytokine might express 
various tendency of concentration decrease in this study. 
The findings of this study suggest that cytokine balance 
is disturbed in eyes following FLACS. Moreover, differ-
ences in laser platforms, parameters used, and measure-
ment methods may alter the concentrations of individual 
cytokines. In addition, the time interval between femto-
second laser pretreatment and aqueous humor collection 
varied according to study settings. Therefore, the cytokine 
concentrations reported in different studies could not be 
compared directly. Nevertheless, our results showed that 
pretreatment with a steroid and/or an NSAID reduced the 
concentrations of the pro-inflammatory cytokines evalu-
ated in this study, with some of the differences being 
statistically significant. Also, IL-6 and TNF-α are likely 
similar to other inflammatory cytokines, anti-inflammatory 
agents more potent than ketorolac tromethamine 0.45% 
and fluorometholone 0.1% might achieve greater reduc-
tions in the concentrations of pro-inflammatory cytokines. 
Additional studies are needed, however, to confirm this 
hypothesis.

Instillation of eyedrops significantly reduced the concen-
trations of both IL-8 and PGE2, with minimum concentra-
tions observed in eyes instilled with both an NSAID and 
a steroid, suggesting a synergistic effect. However, topical 
steroids have adverse effects, including increased intraocu-
lar pressure (IOP) [31], impaired wound healing [32], and 
a greater risk of infection [33]. Topical NSAIDs have been 
associated with corneal melts [34], as well as with ocular 
discomfort [35]. These possible adverse events should be 
considered before applying either or both types of eye-
drops. However, these side effects rarely occur with less-
potent agents such as ketorolac tromethamine 0.45% and 
fluorometholone 0.1%, which were used in this study. Fluo-
rometholone 0.1% is regarded as the weakest steroid agent 
available, with little effect on IOP [31], which may explain 
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its weaker anti-inflammatory effect than NSAID in this 
study. Patients without definite risk factors associated with 
the side effects described above and/or prone to increased 
inflammation after FLACS may benefit from simultaneous 
instillation of both agents.

Increased PGE2 concentration is also thought to be 
responsible for intraoperative miosis in FLACS, although 
the precise mechanism remains unclear [3, 4, 36]. Preopera-
tive instillation of ketorolac tromethamine reduced PGE2 
concentration, with the combination of this agent with fluo-
rometholone being more effective in this study. Therefore, 
treatment with both agents can likely reduce the incidence 
of intraoperative miosis. Moreover, reducing the concentra-
tions of inflammatory cytokines may result in lower rates 
of postoperative inflammation, including uveitis, secondary 
glaucoma, and pseudophakic cystoid macular edema.

One limitation of this study was the small volume of 
aqueous humor obtained from each patient, which may 
have affected the results of the enzyme-linked assays. 
However, this volume was comparable to that in previous 
studies. Moreover, extracting more aqueous humor may be 
dangerous for patients due to shrinkage of the intraocular 
space. Another limitation was the relatively small number of 
patients in each group. Further larger studies are warranted 
to determine the exact role of these inflammatory cytokines 
in patients undergoing FLACS.

In conclusion, preoperative application of f luo-
rometholone decreased IL-8, and preoperative ketorolac 
tromethamine instillation decreased IL-8 and PGE2, in the 
aqueous humor of patients undergoing FLACS. Moreover, 
application of both eyedrops was more effective than either 
alone.
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