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Abstract

Background To investigate the influence of femtosecond laser-assisted cataract surgery (FLACS) on macula by
examining changes in retinal layers after FLACS and to compare these changes with those after conventional cataract
surgery (CCS).

Methods This study included 113 unrelated Korean patients with age-related cataract who underwent CCS or FLACS
in Severance Hospital between September 2019 and July 2021. Optical coherence tomography was performed before
and 1 month after surgery. The total retinal layer (TRL) was separated into the inner retinal layer (IRL) and outer retinal
layer (ORL); moreover, the IRL was subdivided into the retinal nerve fiber layer, ganglion cell layer, inner plexiform layer,
inner nuclear layer (INL), outer plexiform layer, and outer nuclear layer. We performed between-group comparisons

of the postoperative thickness in each retinal layer and the postoperative differences in retinal thickness. The average
retinal thickness of the four inner macular ring quadrants was used for comparative analysis.

Results Compared with the CCS group, the FLACS group exhibited a thicker ORL (P=0.004) and a thinner INL
(P=0.007) after surgery. All retinal layer thickness values showed significant postoperative changes regardless of the
type of surgery (P<0.05). The postoperative increase in TRL and IRL thickness was significantly smaller in the FLACS
group than in the CCS group (P=0.027, P=0.012).

Conclusions The 1-month postoperative retinal changes were less pronounced in the FLACS group than in the CCS
group.
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Introduction

Femtosecond laser-assisted cataract surgery (FLACS) is a
widely utilized surgical technique that is replacing con-
ventional cataract surgery (CCS) due to its advantages
in the anterior segment [1-7]. Specifically, FLACS has
advantages with respect to enhanced precision in the
positioning, shape, and size of the capsulotomy, as well
as reduced intraocular lens tilt and higher-order aberra-
tions [1-5]. Additionally, using a laser for lens fragmenta-
tion leads to a reduced need for ultrasound energy during
lens nucleus removal and decreases endothelial cell count
(ECQ) loss [4, 5].

However, there is a relative paucity of reports regard-
ing retinal changes after FLACS. In CCS, there has been
extensive research on postoperative cystoid macular
edema (CME) and the underlying mechanism. Although
the exact cause of CME remains unclear, postoperative
inflammatory processes have been proposed as potential
triggers [8—14]. After cataract surgery, there is increased
synthesis of chemical mediators such as prostaglandin
(PQG). This causes disruption of the blood-aqueous bar-
rier, leading to increased dispersion of PGs and other
cytokines into the aqueous humor and vitreous. Conse-
quently, these inflammatory mediators exacerbate the
disruption of the blood-retinal barrier, ultimately increas-
ing the incidence of postoperative CME [8, 12—14].

Schultz et al. found that FLACS increased PG levels
in the anterior chamber, [8] which may contribute to
macular edema. Furthermore, as the FLACS procedure
involves extra maneuvers such as docking or applana-
tion and exposure of the eye to energy sources other than
ultrasound, concerns exist regarding the risk of post-
operative CME associated with FLACS. Contrastingly,
compared with CCS, FLACS may have a lesser surgical
impact on macula given its significantly reduced phaco-
emulsification power and time, [15, 16] which are signifi-
cant risk factors for macular edema [10, 11].

Reports regarding the impact of FLACS on the mac-
ula have been inconsistent; accordingly, further studies
are warranted. Elucidation of macular alterations after
FLACS and CCS could provide valuable information
regarding the effect of femtosecond laser technology on
the macular region.

Based on previous research, the most significant macu-
lar changes occur approximately 1 month after surgery
[17-20]. Accordingly, focusing on the degree of changes
during this specific timeframe could allow more distinct
between-procedure comparisons of the postoperative
effects. Furthermore, examination of each retinal layer
after cataract surgery might allow further elucidation of
the specific influence of FLACS on the macula. Therefore,
we aimed to assess and compare the influence of each
surgical approach on the macula by examining changes in
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retinal layers using optical coherence tomography (OCT)
before and one month after FLACS or CCS.

Methods

Patient recruitment

This single-center retrospective study included 113
unrelated Korean patients with age-related cataract who
underwent CCS or FLACS between September 2019
and July 2021. The patients underwent ophthalmologic
examinations, including slit lamp examination; fundus
examination; and measurement of corrected distant
visual acuity (CDVA), intraocular pressure (IOP), refrac-
tive error, and axial length. We investigated the clinical
information of each patient, including medical and oph-
thalmologic history. Phacoemulsification time and cumu-
lative dissipated energy (CDE) values were collected
when available.

The exclusion criteria were as follows: age<20 years
and >80 years; axial length<21.5 mm or 226 mm,; history
of retinal disorder; retinopathy treatment (vitrectomy,
laser photocoagulation, intravitreal injection, etc.), or
glaucoma; and missing retinal examination due to opac-
ity of the crystalline lens or other disorders. This study
was approved by the Institutional Review Board of Sev-
erance Hospital, Yonsei University College of Medicine
(4-2022-1056), and the need for consent to participate
was waived by the board. This study was performed in
accordance with the tenets of the Declaration of Helsinki.

Surgery

All cataract surgeries were performed by a skilled sur-
geon (L]). Following pupil dilation and application of
topical anesthetics, the subsequent procedures were per-
formed using the femtosecond laser system. The LenSx
laser system (Alcon, Aliso Viejo, CA, USA) utilized a
curved contact lens to flatten the cornea; further, the
position of the crystalline lens surface was determined
using OCT. A 4.5-mm diameter capsulotomy procedure
was performed by scanning a cylindrical pattern from
100 um below to 200 pm above the anterior capsule. We
applied grid pattern lens fragmentation. The laser created
a self-sealing biplanar 2.8-mm corneal incision, followed
by 1.0-mm side-port incision.

Upon completion of the femtosecond laser pretreat-
ment, the patient was taken to the main operating room.
The self-sealing corneal incisions were carefully opened
using a blunt spatula, followed by introduction of visco-
elastic material to maintain the anterior chamber. The
4.5-mm diameter capsulotomy site was gently extracted
from the eye using rhexis forceps. Hydrodissection was
performed, and the lens fragments were removed using
the traditional phacoemulsification technique. Next, the
lens cortex was removed, and a one-piece, hydropho-
bic, acrylic posterior chamber lens was introduced. The
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viscoelastic material was thoroughly removed through
irrigation-aspiration.

Patients in the CCS group underwent manual continu-
ous curvilinear capsulorrhexis for capsulotomy and the
divide and conquer technique for lens fragmentation.
CDE and phacoemulsification time was measured after
each surgery, if available.

Except for mild subconjunctival hemorrhage, no intra-
operative or postoperative complications were observed
in either group. During the first postoperative month,
topical antibiotic and steroid eye drops were applied four
times a day, while topical nonsteroidal anti-inflammatory
drug eye drops were applied two times a day.

Measurement of retinal layer thickness

OCT (Heidelberg Engineering, Heidelberg, Germany)
was performed before and 1 month after surgery. All
patients underwent OCT in the early afternoon of the
day during their outpatient visit. The total retinal layer
(TRL) was separated into the inner retinal layer (IRL) and
outer retinal layer (ORL); further, the IRL was subdivided
into the retinal nerve fiber layer (RNFL), ganglion cell
layer (GCL), inner plexiform layer (IPL), inner nuclear
layer (INL), outer plexiform layer (OPL), and outer
nuclear layer (ONL). We performed between-group com-
parisons of the postoperative thickness of each retinal
layer as well as the postoperative change in the retinal
thickness. The TRL was defined as the distance between
the internal limiting membrane (ILM) and Bruch’s mem-
brane. The IRL was defined as the distance between the
ILM and upper border of the external limiting membrane
(ELM). The ORL was defined as the distance between the
upper border of the ELM and Bruch’s membrane.

The macular mapping protocol, which was the Early
Treatment of Diabetic Retinopathy Study (ETDRS) grid
of OCT, provided a scan length of 6 mm. Segmentation
mode was used to divide the retinal layers; further, thick-
ness map mode with ETDRS grid was used. The ETDRS
grid divides the macula into nine regions defined by four
quadrants (nasal, temporal, superior, inferior) and three
rings (1-, 3-, and 6-mm diameters for the foveal center,
inner macular ring, and outer macular ring, respectively).
The average retinal thickness of the four inner macular
ring quadrants were calculated (See Additional file 1).

Statistical analysis

Statistical analyses were performed using R version
4.1.2 (R Foundation for Statistical Computing, Vienna,
Austria). For each group, the mean and standard devia-
tion of the baseline characteristic values including age,
axial length, phacoemulsification time, CDE, CDVA,
IOP, and spherical equivalent were calculated. Between-
group comparisons of categorical and continuous vari-
ables were performed using the chi-square test and
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independent ¢-test, respectively. Furthermore, the mean
and standard deviation of the measured thicknesses for
each retinal layer were calculated. Paired ¢ test was used
for within-group comparisons of preoperative and post-
operative retinal thickness. Multiple regression analysis
was used for between-group comparisons of preopera-
tive and postoperative retinal thickness values, as well as
alterations in retinal thickness, with adjustment for age
and axial length values. A P-value<0.05 was considered
statistically significant.

Results

Baseline characteristics

A total of 113 eyes were included; among them, 55 eyes
of 35 patients underwent FLACS, while 58 eyes of 37
patients underwent CCS. The FLACS group comprised
17 (30.9%) men and 38 (69.1%) women, with a mean age
of 68.71£8.18 years (range: 39-79 years). The CCS group
comprised 21 (36.2%) men and 37 (63.8%) women, with
a mean age of 69.0916.25 years (range: 53-79 years).
There were no significant between-group differences in
age (P=0.783), male to female ratio (P=0.692), laterality
(P=1.000), axial length (P=0.382), diagnosis of diabetes
mellitus (P=0.569), diagnosis of hypertension (P=0.184),
cataract grade (nuclear opacity grading based on the lens
opacities classification system III) (P=0.551), phacoemul-
sification time (P=0.670), and CDE (P=0.787). There
were no significant between-group differences in pre-
operative and postoperative corrected distance visual
acuity, intraocular pressure, and spherical equivalence
(P>0.05) (Table 1).

Between-group comparison of preoperative and
postoperative retinal thickness values

No significant between-group difference was noted in the
preoperative thickness of each retinal layer. However, sig-
nificant between-group differences were observed in the
postoperative ORL (P=0.004) and INL (P=0.007) thick-
ness, which showed opposite directions in the postopera-
tive change. Specifically, compared with the CCS group,
the FLACS group exhibited thicker ORL and thinner
INL. There were no significant between-group differ-
ences in the postoperative thickness of the other retinal
layers (Fig. 1; Table 2).

Postoperative change in each retinal layer in the CCS and
FLACS groups

In both groups, all retinal layer thickness values showed
significant changes at 1 postoperative month; further,
the change direction for each retinal layer thickness
was identical between the groups. Specifically, a sig-
nificant increase was noted in the thickness of the TRL,
IRL, RNFL, GCL, IPL, INL, and ONL (P<0.001), but a
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Table 1 Comparison of baseline characteristics of patients who underwent conventional or femtosecond-laser assisted cataract

surgery
Feature CCS (n=58) FLACS (n=55) P value
Age (years) 69.09+6.25 68.71+8.18 0.783
Gender (M/F) 21/37 17/38 0.692
Laterality (R/L) 27/31 26/29 1.000
Axial length (mm) 23.53+0.80 2369+1.07 0.382
DM (%) 224 164 0.569
HTN (%) 44.8 309 0.184
Nuclear opacity (LOCS IIl) 2.78+0.90 2.87+0.82 0.551
Phacoemulsification time (sec)* 20.63+15.09 2191+12.89 0.670
CDE (sec)* 535+4.26 557+337 0.787
Preop Postop Preop Postop Pvalue ® Pvalue®
CDVA (decimal) 0.64+0.22 0.98+0.06 0.66+0.23 0.98+0.04 0512 0.808
IOP (mmHg) 13.40+2.56 12344259 13.95+297 12.51+£2.89 0.294 0.751
SE (diopter) 041+£1.92 -0.51+£0.85 040+2.38 -035+£042 0.970 0.222

M=male; F=female; R=right, L=left; DM=diabetes mellitus; HTN=hypertension; LOCS lll=lens opacities classification system Ill; CDE=cumulative dissipated
energy; CDVA=corrected distance visual acuity; IOP=intraocular pressure; SE=spherical equivalence

* Phacoemulsification time and CDE values were measured in 38 and 50 eyes in CCS and FLACS group, respectively
@ Comparison of preoperative features between CCS and FLACS group
b Comparison of postoperative features between CCS and FLACS group

Age, axial length, phacoemulsification time, CDE, CDVA, IOP, SE values are represented as mean+standard deviation
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Fig. 1 Between-group comparison of postsurgical retinal layer thickness
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Table 2 Alterations in the thickness of retinal layers after surgery and comparison between the surgical groups

Alteration
CCS (um)
12.69
14.04
-1.44

1.75

3.

Postop

Preop

Retinal layers

P2

Deviation (um) 2®

-2.78
-3.31
0.68

P

FLACS (um)

P

P

FLACS (um)

P CCS (um)

FLACS (um)

CCS (um)

0.027
0.

<0.001
<0.001

0.015

0.099

0.212

-0.37
-0.62

<0.001
<0.001
<0.001
<0.001

0.014

0.066
0324
0.103
0.528
0483

(2024) 24:276

-0.24
-0.53

0.535
0274

336.96+15.92

33837+19.74

0.780
0.953

327.15+14.85
244.01+14.30
83.17+3.00
20.92+247
4546+578

325.68+17.14

TRL
IRL

254.58+14.85
8246+2.85

257.45+19.66
80.80+3.13

24341+16.78
8225+3.18

0.004
0.239
0.988

0.531

0.090

ORL

22.34+3.00
48.26+6.03

22.78+2.84
48.09+7.50

0.568
0.572

21.03+2.29
4463+7.10

RNFL
GCL
IPL

47

1.94

40.63+3.95

40.07+£440
4135+£2.79
3443+6.37

38.96+3.61 0.278

38.13+3.99
39.72+2.53

63
-1.16

6.25

1.

0.007

39.89+2.79

0.056

38.83+264
36.69+6.76

INL

-0.50

-0.64
outer plexiform layer; ONL

-1.65
549

0.013

0.762

0.355
ganglion cell layer; IPL

35.04+6.59
68.70+7.35

0472

3559+6.16

OPL

<0.001

inner nuclear layer; OPL

<0.001
inner plexiform layer; INL

70.35+£9.82

0.558
outer retinal layer; RNFL

64.10+9.10 63.21+6.78

ONL
TRL

outer

retinal nerve fiber layer; GCL

total retinal layer; IRL=inner retinal layer; ORL=

nuclear layer

2 Age and axial length adjusted

b The deviation of postoperatively altered retinal thickness values in the FLACS group compared to the CCS group

Retinal thickness values are represented as mean+standard deviation
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significant decrease was observed in the thickness of the
ORL and OPL (P<0.001, P=0.013) (Fig. 2; Table 2).

Between-group comparison of changes in each retinal
layer thickness

We performed between-group comparisons of postop-
erative changes in retinal layer thickness values. There
were significant between-group differences in the post-
operative change in the TRL and IRL thickness (P=0.027
and P=0.012, respectively), but not in the RNFL, GCL,
IPL, INL, OPL, ONL, and ORL thickness (P>0.05).
Adjustment for age and axial length in the regression
model yielded the same results (P>0.05). The post-
operative increase in TRL and IRL thickness was sig-
nificantly smaller in the FLACS group than in the CCS
group (Table 2; Fig. 2). After adjustment for the postop-
erative change in IRL thickness, there was no significant
between-group difference in the postoperative change
in TRL thickness (P=0.527). This indicated that the IRL
change substantially influenced the observed between-
group differences in TRL changes (P<0.001).

Discussion

We observed substantial alterations in the thickness of
each retinal layer following both CCS and FLACS. Both
groups showed a postoperative increase and decrease in
the thickness of the IRL and ORL, respectively. Accord-
ingly, the TRL thickness increased due to the more nota-
ble increase in the thickness of the IRL. Specifically, the
thickness of each retinal layer comprising the IRL, except
the OPL, showed a postoperative increase. Notably, the
postoperative alteration patterns of the retinal layer
thickness were identical between the CCS and FLACS
group. Although we observed significant between-group
differences in the postoperative thickness of the ORL
and INL, there were no between-group differences in the
postoperative changes in the thickness of individual reti-
nal layers; specifically, each of the six layers comprising
the IRL. However, the cumulative change across the six
layers, specifically the IRL, showed a significant between-
group difference, indicating that the combination of non-
significant changes in each layer yielded a meaningful
distinction (Fig. 2).

The between-group difference in the postoperative
change in TRL thickness could be mostly attributed to
the between-group difference in the alteration of the IRL
thickness. After adjustment of the postoperative change
in IRL thickness, there was no between-group difference
in the postoperative change in TRL thickness (P=0.527),
even after adjustment for age and axial length (P=0.580).
Additionally, the IRL change was identified as a fac-
tor substantially contributing to the observed between-
group differences in the postoperative change in TRL
thickness (P<0.001). Taken together, the postoperative
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Fig. 2 Between-group comparison of postsurgical changes in retinal layer thickness

change in IRL thickness can be considered as the primary
factor with a between-group difference, which subse-
quently contributed to the between-group difference in
the TRL thickness.

Several studies have reported no notable difference in
retinal thickness after one postoperative month between
individuals who underwent CCS and FLACS [17, 19-25].
However, Wang et al. reported that the foveal volume and
average retinal thickness was significantly increased fol-
lowing conventional phacoemulsification cataract sur-
gery, but not after FLACS [17]. Moreover, another study
has reported lower postoperative macular thickness in
the FLACS group than in the CCS group. Specifically,
although the FLACS group showed lower preoperative
macular thickness, the CCS group showed a larger mean
increase in macular thickness, which further accentuates
the between-group difference in postoperative macular
thickness [18]. These previous reports are consistent with
our findings, indicating that FLACS has a lesser impact
on the retina than CCS.

Cataract surgery is an established risk factor for sub-
clinical macular edema, [10] and the CME predominantly
affects the inner retinal layers, specifically the INL [26].
Muller cells, which are primary cells in the INL, are sus-
ceptible to fluid accumulation, resulting in the devel-
opment of cystic spaces indicative of CME. Given the
presence of two diffusion barriers, the IPL and OPL, the
distribution of intraretinal fluid is constrained. Conse-
quently, when serum leaks from intraretinal vessels, it

primarily leads to cyst development within the INL. This
may explain the more noticeable postoperative altera-
tions in the IRL than in the ORL observed in our study
(Fig. 2).

Although further evidence is warranted, the surgical
impact may induce edematous changes in the INL and
neighboring retinal layers, leading to a relative reduction
in the ORL thickness due to pressure effects. The relative
decrease in ORL thickness could involve the barrier func-
tion and dynamic transport mechanism within the retinal
pigment epithelium [27].

Our findings indicate that FLACS had a less significant
effect on retinal thickness than CCS. Both groups showed
a postoperative decrease and increase in ORL and INL
thickness, respectively. However, compared with CCS
group, the FLACS group showed higher and lower post-
operative ORL and INL thickness, respectively (Fig. 1).
This indicates that the postoperative alterations were
comparatively milder after FLACS than after CCS. More-
over, the degree of increase in the TRL and IRL thickness
was less pronounced in the FLACS group than in the
CCS group (Fig. 2). As the INL and surrounding retinal
layers tend to become swollen after surgery, FLACS can
be considered to involve less postoperative alterations
in the retinal layers. Although the difference might be
regarded as subclinical change given the resolution limits
of OCT, [28] the consistent postoperative retinal change
and notable difference between the two groups implies
that there is an underlying molecular-level distinction
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causing it. This subclinical difference should not be over-
looked because this can lead to substantial consequences,
particularly in scenarios more susceptible to causing
notable postoperative CME.

The mechanism underlying postsurgical macular
edema remains unclear. However, the release of inflam-
matory mediators has been proposed to be involved [9,
12, 14]. There is strong evidence indicating that FLACS
involves less tissue damage and milder inflammatory
responses than CCS [29-35]. Specifically, Abell et al.
demonstrated that anterior segment inflammation was
less after FLACS than after manual cataract surgery [30].
Moreover, FLACS has been shown to involve lower ECC
loss than conventional phacoemulsification [31, 33-35].
The reduced phacoemulsification process in FLACS has
been suggested to contribute to the reduced tissue dam-
age and decreased inflammatory response in FLACS [15,
33, 36]. However, we observed no significant between-
group differences in the phacoemulsification time and
CDE. Nevertheless, there have been extensive reports of
discrepancies in inflammatory indicators, even without
reported differences in phacoemulsification parameters
[17, 20, 21, 32, 34, 35].

This study has few limitations. First, this was a small-
scale, single-center study with a short follow-up duration.
Second, retinal thickness can be affected by circadian
rhythm to a small extent, [37] so controlling for this
would have allowed for a more accurate comparison of
results. However, since all patients underwent OCT in
the early afternoon, the time difference between patients
should not be more than 3 h at most. Moreover, since
we did not intentionally control for this variable, we
believe that randomization was achieved. Third, given
the missing data for some cases, our findings regarding
the phacoemulsification parameters should be inter-
preted with caution. Nevertheless, this study represents
the first comparative analysis of altered retinal thickness
values between the FLACS and CCS groups. Specifically,
this study incorporates data on the changes in thickness
of each retinal layer, offering insights into molecular-level
alterations in the retina, which is a novel aspect of this
study.

Conclusions

In conclusion, the overall postsurgical effect was less
pronounced in the FLACS group than in the CCS group.
In the FLACS group, the postoperative thickness of the
ORL and INL was higher and lower, respectively. The
postoperative increase in the IRL thickness was less pro-
nounced in the FLACS group than in the CCS group.
These findings indicate that FLACS involves a relatively
minor inflammatory response due to reduced tissue dam-
age. Further studies are warranted to explore the impact
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of FLACS on the retina and to elucidate the underlying
mechanisms.

Abbreviations
CCs Conventional cataract surgery
CDE Cumulative dissipated energy

CDVA Corrected distance visual acuity

CME Cystoid macular edema

ECC Endothelial cell count

ELM External limiting membrane

ETDRS  Early Treatment of Diabetic Retinopathy Study
FLACS  Femtosecond laser-assisted cataract surgery
GCL Ganglion cell layer

ILM Internal limiting membrane

INL Inner nuclear layer

IOP Intraocular pressure

IPL Inner plexiform layer

IRL Inner retinal layer

oCT Optical coherence tomography

ONL Outer nuclear layer

OPL Outer plexiform layer

ORL Outer retinal layer

PG Prostaglandin

RNFL Retinal nerve fiber layer

TRL Total retinal layer
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