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Purpose: To compare postoperative changes in central subfield macular thickness (CSMT)
and prevalence of cystoid macular edema (CME) in patients undergoing cataract surgery
with low-energy femtosecond laser versus standard phacoemulsification.

Design: This was a retrospective comparative real-world study.

Methods: Postoperative data of 252 eyes of 165 patients were collected: 138 eyes received
low-energy femtosecond laser-assisted cataract surgery (FLACS) and 114 eyes underwent
conventional phacoemulsification cataract surgery (CPCS). Postoperative changes in CSMT
and prevalence of CME were compared between the two groups.

Results: There was a significant increase in mean CSMT from preoperative to postoperative
values at 2.5 months in both the FLACS and CPCS group (p<0.001). Mean change
(preoperation to 2.5 months postoperation) in CSMT was 6.2+11.5 um in the FLACS
group and 7.3+£26.6 um in the CPCS group, which was statistically significant but clinically
not relevant. Comparison of mean changes in CSMT (preoperation to 2.5 months post-
operation) between the FLACS and CPCS groups revealed no significant differences. The
rate of pseudophakic CME (PCME) development was lower in the FLACS group (1.4%)
than the CPCS group (4.4%; p=0.247). When using PREMED criteria to define clinically
significant PCME, only 0.7% patients in the FLACS group and 1.8% in the CPCS group
showed development of clinically significant PCME (p=0.586).

Conclusion: The mean change in CSMT and occurrence of postoperative CME was lower
in the low-energy FLACS group than the standard-phacoemulsification group; however, the
difference was not statistically significant.

Keywords: cystoid macular edema, low-energy femtosecond laser, femtosecond laser-
assisted cataract surgery, phacoemulsification cataract surgery

Introduction
Phacoemulsification is the standard of care for the surgical removal of cataracts.
Advancements in surgical techniques, biometry, IOL power—calculation methods, and
IOL technology have contributed significantly to achieving excellent visual and refrac-
tive outcomes after cataract surgery. Despite such advancements, development of pseu-
dophakic cystoid macular edema (PCME) in some cases is the most common cause of
unexpected vision loss after uneventful surgery in patients without risk factors.'
Although the pathogenesis of PCME is not fully understood, it is mainly
attributed to intraocular inflammation arising from surgical tissue manipulation

and thermal damage due to the heat generated from the ultrasonic waves during
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phacoemulsification.® The introduction of the femtosecond
laser (FL) to create corneal incisions, capsulorhexis, and
perform nuclear fragmentation has contributed to
a reduction in ultrasound energy and time required for
phacoemulsification, with corresponding reductions in

712 a5 is evident from the

postoperative inflammation,
reduction in anterior-chamber flare following FL-assisted
cataract surgery (FLACS).*'*"'> As such, it was expected
that laser pretreatment may potentially reduce the risk of
postoperative PCME.

There is contrasting evidence on the potential risk of
developing PCME after FLACS relative to conventional
phacoemulsification cataract surgery (CPCS). On one hand
there have been reports documenting no significant differ-
ences in the rate of PCME development between FLACS
and CPCS,'*! but others have reported a trend toward
higher PCME rates after FLACS compared with CPCS.%*
In addition to the inflammation caused by phacoemulsifi-
cation, higher PCME rates following FLACS have been
attributed to inflammation resulting from laser pretreat-
ment itself.

Laser-pulse energy has been associated with the degree of
inflammatory response generated by FLs.'”**%° Studies
assessing the rate of PCME development in FLACS have
employed high-energy laser platforms that emit high-energy
(microjoule) coupled with low-frequency (kHz) pulses.
Laser pretreatment with high-energy FLs has been hypothe-
sized to induce light toxicity, cause mechanical trauma due to
microbubble formation, and thermal tissue damage due to
vibrations or shockwaves, leading to increased prostaglandin
release, which in turn is associated with increased pupillary
miosis during FLACS.>?%%” In contrast, low-energy FLs that
emit energy in the nanojoule range and have a high pulse—
repetition rate (above 1 MHz) have been associated with less
collateral damage to the surrounding ocular tissue and low
release of prostaglandins.”® In this study, we investigated the
risk of postoperative PCME development following FLACS
with a low-energy FL compared with CPCS.

Methods

This retrospective comparative pilot study analyzed the
data of 252 eyes of 165 patients who had undergone
FLACS with the low-energy Femto LDV Z8 laser plat-
form (Ziemer Ophthalmic Systems, Port, Switzerland) or
CPCS in a real world setting between 01/10/2015 to 20/10/
2018 at the Okulus Eye Clinic (Kortrijk, Belgium).
Patients were counseled about the two treatment modal-
ities, their pros and cons and costs involved, and offered

both modalities of surgery. Written informed consent for
undergoing surgery was obtained from all patients based
on their choice of surgical modality. A total of 138 con-
secutive eyes chosen for FLACS and 114 consecutive eyes
chosen for CPCS were included.

Deidentified data of patients were collected and ana-
lyzed in accordance with the tenets of the Declaration of
Helsinki and its amendments. The study was approved by
the Commission for Medical Ethics of Okulus Eye Clinic
on September 25, 2015. All patients underwent preopera-
tive optical coherence tomography (OCT imaging) to
check for retinal pathology. In the CPCS group, one
patient had a history of a branch retinal venous occlusion
and four had an epiretinal membrane. These patients were
not excluded. One patient was excluded because of
a macular hole. In the FLACS group, one patient had an
epiretinal membrane and was not excluded.

Surgical Technique

The Infiniti system (Alcon Laboratories) was used for pha-
coemulsification. In the CPCS group, a clear corneal incision
of 2.2 mm was made. In the FLACS group, the Femto LDV
Z8 system was employed for the creation of a 2.2 mm inci-
sion, capsulorhexis, and lens-fragmentation (an eight-piece
pie-cut pattern). All surgeries were performed by the same
surgeon (MC). None of the patients received topical nonster-
oidal anti-inflammatory (NSAIDs) preoperatively. Dilation
on the day of surgery was done with tropicamide, pheny-
lephrine, and cyclopentolate drops. Postoperatively, patients
were prescribed combination drops of tobramycin 3 mg/mL
and Dexamethasone 1 mg/mL three times per day and ketor-
olac 5 mg/mL drops three times per day. This regimen was
applied for 4 weeks in nondiabetic patients and 6 weeks in
diabetic patients.

OCT Measurements and Study Variables

Macular spectral-domain OCT was performed on undilated
eyes with a modular ophthalmic imaging platform (Spectralis,
Heidelberg Engineering) and central subfield macular thick-
ness (CSMT) extracted from the software. Measurements
were taken preoperatively, on postoperative day 1 and at 2.5
months (£15 days) postoperatively. The CSMT was defined as
the mean of the measurement in the central 1 mm area around
the foveal centre. Presence of CME was assessed using two
criteria: OCT imaging — appearance of cystoid changes near
fovea; and PREMED study criteria — clinically significant
CME, defined as occurrence of cystoid changes near the fovea
accompanied with a change in CSMT of 10% or more and
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lower-than-expected best-corrected visual acuity on one or
more postoperative controls.

Statistics

Statistical analyses were performed with SPSS version 26.0
(IBM, Armonk, NY, USA). Continuous variables were
expressed as means + standard deviation. Categorical data
were analyzed using x* tests and Fisher’s exact test in cases
where assumptions of the ¥ test were not met. Normality of
the scale data was checked with the Shapiro-Wilk test. For
normally distributed data, Student’s #-test for paired data was
used for comparisons between preoperative and postopera-
tive data and the Wilcoxon signed-rank test to assess the
significance of such differences when data were not nor-
mally distributed. For comparing means between the two
groups, independent-sample t-tests or their nonparametric
counterpart Mann—Whitney U was used. Differences were
considered statistically significant at p<0.05.

Results

There was no significant difference in mean keratometry,
spherical equivalent, or axial length between the FLACS
and the CPCS groups. Mean age was significantly different
between the two groups (FLACS 68.73 vs CPCS 75.43
years, p<0.001). In patients receiving FLACS, there was
a significant increase in mean CSMT from preoperatively
to 2.5 months postoperatively (p<0.001) (Figure 1). A similar
trend was observed in the CPCS group (p<0.001, Figure 1);
however, the increases of 6.2+11.5 um in the FLACS group
and 7.3+26.6 pm in the CPCS group were not clinically
relevant. Comparison of mean changes in CSMT (from pre-
operatively) between the FLACS and the CPCS group
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Figure | In patients receiving FLACS, there was a significant increase in mean
central subfield macular thickness from preoperation to 2.5 months postoperation
(blue line, p<0.001). A similar trend was observed in the CPCS group (orange line,
p<0.001).
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Figure 2 Comparison of mean changes in central subfield macular thickness
(preoperative) between the FLACS (blue histogram) and CPCS groups (orange

histogram) revealed no significant differences at day | or at 2.5 months
postoperatively.
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Figure 3 On the left, the rate of postoperative cystoid macular edema develop-
ment is depicted as per OCT imaging only for the FLACS (blue histogram) and
CPCS groups (orange histogram). On the right, the rate of postoperative cystoid
macular edema development is depicted as per the PREMED criteria, for the FLACS
(blue histogram) and CPCS groups (orange histogram).

revealed no significant difference at day 1 (p=0.135) or 2.5
months postoperatively (p=0.902, Figure 2).

The rate of PCME development was 3% lower in the
low-energy FLACS group than the CPCS group (1.4% vs
4.4%), although the difference did not reach statistical
significance (p=0.247, Figure 3). When PREMED criteria
were used to define clinically significant PCME, only
0.7% patients in the FLACS group and 1.8% patients in
the CPCS group showed the development of clinically
significant PCME. Although the risk of developing clini-
cally significant PCME was 1.1% lower in the low-energy
FLACS group than the CPCS group, the difference was
not statistically significant (p=0.586).

Discussion

The exact pathogenesis of PCME remains unclear; however,
the proposed etiological factors include surgical trauma to
intraocular tissue, release of prostaglandins, inflammation,

vitreous traction on the macula, and ocular hypotony.'>2°

Clinical Ophthalmology 2020:14

submit your manuscript

2875

Dove


http://www.dovepress.com
http://www.dovepress.com

Van Nuffel et al

Dove

Phacoemulsification uses ultrasonic waves to fragment and
emulsify the cataract and in turn generates thermal and
mechanical stimuli into the eye, leading to the production
of prostaglandins.?’ These prostaglandins and other inflam-
matory mediators diffuse posteriorly into the vitreous and
disrupt the blood-retinal barrier. Subsequently, the patholo-
gical hyperpermeability of retinal blood vessels allows leak-
age of fluid across the retinal vessel wall, which in turn
causes cystic accumulation of fluid in the extracellular spaces
of the retina’s outer plexiform and inner nuclear layers,
resulting in impairment of visual function, despite achieving
excellent visual acuity in the early postoperative period.**'

Prefragmentation of the lens with FLs reduces the ultra-
sound energy/time required for phacoemulsification, and
thus it was expected that trauma due to ultrasonic waves
and thermal injury due to phacoemulsification would be
reduced, causing less release of inflammatory mediators.
Contrary to this expectation, eyes that underwent laser pre-
treatment were found to have higher levels of prostaglandins
in the aqueous humor than eyes that underwent manual
phacoemulsification.'”* Intraoperative miosis of the pupil
observed in some studies following pretreatment with the FL
has also been attributed to increased prostaglandin levels
after laser treatment.”®>> Constricted pupils may increase
surgical ~ manipulation  during  phacoemulsification.
Correspondingly, some studies have found a trend of higher
risk of PCME development following FLACS compared
with manual phacoemulsification. Ewe et al* found a higher
trend of clinical CME development in the FLACS group
(0.8% of 833 eyes) than the manual phacoemulsification
group (0.2% of 458 eyes), as confirmed by OCT imaging in
patients presenting with deteriorating visual acuity 3— 4
weeks postoperatively compared to previous visits.
A subgroup analysis of eyes that had undergone FLACS
after speed upgrade to the FL platform revealed that the
rate of CME development was higher — 1.05%. Similarly,

Levitz et al*

also reported a trend toward higher rates of
clinical CME following FLACS compared with manual pha-
coemulsification (1.18% vs 0.98%, p=0.680).

Higher rates of CME following FLACS in these studies
have been attributed to the increased release of prostaglan-
dins arising from the laser pretreatment. In addition to the
inflammatory response generated due to surgical manipula-
tion of intraocular tissue, laser treatment itself has been
hypothesized to trigger inflammation. The vaporization of
tissue by FLs generates a microplasma of gas and water
followed by expanding cavitation bubbles, which have been
hypothesized to induce shockwaves in the surrounding

ocular structures or alter tissue temperature.’’** Although
the exact location of prostaglandin release during laser treat-
ment remains unclear, gas and shockwaves arising during
each laser pulse may irritate the ciliary body and trigger
prostaglandin release by the unpigmented epithelial layer of
the ciliary body.*’** Another potential reason for laser-
induced trigger of inflammation could be light-induced toxi-
city. The near-infrared laser beam used in FLs may get
absorbed by pigmented retina and choroid tissue, causing
thermal damage during laser treatment.”

There have also been reports stating that the risk of CME
development is similar following FLACS and CPCS. For

l,16 Conrad-Hengerer et al,14 Berk et 31,35

instance, Ecsedy et a
and Ye et al* found no significant changes in CSMT (macu-
lar thickening) and similar rates of CME development
between the two procedures. Nitianandan et al,36 in contrast,
reported CME to be more prevalent in eyes treated with
manual phacoemulsification (1.1% vs 0.4%) than FLACS
(»p=0.03). This variation in findings of the studies discussed
might be due to the interplay of various different factors,
including energy used, software versions, and laser settings.
Overall duration of the surgery and patient-population demo-
graphics and presence/absence of additional risk factors (dia-
betic
membrane, uveitis) may also influence the rate of CME

retinopathy, cardiovascular diseases, epiretinal
development after cataract surgery.

Laser-pulse energy is thought to play an important role
in the degree of inflammatory response generated by the
FL.">%*2% While the cutting process of high pulse energy
(microjoule) laser involves expanding cavitation bubbles, it
is driven primarily by the plasma itself with low-energy
(nanojoule) FLs potentially decreasing the risk of collateral
damage to the surrounding ocular tissue and releasing lesser
inflammatory mediators.>’ Low-energy FL use has been
reported to produce no meaningful increase in prostaglandin
levels in the aqueous humor.*® Correspondingly, less pupil
constriction with the use of low-energy FLs has been attrib-
uted to less release of prostaglandins.?®® Therefore, it can
be postulated that low-energy laser platforms may induce
low inflammation due to laser pretreatment.

The findings of the present study with the Femto LDV
low-energy FL are in alignment with these reports. CSMT
change following FLACS and CPCS was found to be
comparable. The risk of CME development showed
a trend toward lower CME rates in the FLACS group
than the CPCS group, whether defined as appearance of
cystoid changes near fovea on OCT imaging (p=0.247) or
using PREMED study criteria (p=0.586). It is important to
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note that none of the patients in the present study received
any topical NSAIDs preoperatively. As it is well docu-
mented in the literature that administering preoperative
NSAIDs slows the release of inflammatory mediators,
including prostaglandins, and reduces intraoperative mio-
sis, it is expected that supplementary topical NSAIDs
preoperatively will further improve the results obtained
in the present study.

There are a few limitations of this pilot study. There was
a significant difference in mean age of patients between the
groups, with comparatively younger patients (mean age 68.7
years) in the FLACS group and older (mean age 75.4 years) in
the CPCS group. Additional analysis was carried out to check
if the difference in age between the groups could confound the
findings of the present study. Logistic regression between age
and risk of CME revealed an odds ratio of 0.970 (p=0.327),
suggesting that lower age was likely associated with margin-
ally increased risk of developing CME. As such, the lower rate
of CME in the low-energy FLACS group (with lower mean
age) was an outcome of the difference in the treatment mod-
alities. Additionally, the present study did not directly compare
the difference in effective phacoemulsification time between
the two groups. In conclusion, FLACS with low-energy FL
and CPCS groups were comparable with regard to changes in
mean CSMT (p=0.902). There were no significant differences
in the occurrence of PCME between the FLACS and CPCS
groups, although the low-energy FLACS group showed
a trend toward lower rates of CME, whether defined using
PREMED criteria (p=0.586) or OCT imaging showing cystic
changes near the fovea (p=0.247). Future studies with larger
data sets are required to evaluate the efficacy of low-energy
FLs in reducing the risk of postoperative CME.
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