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Abstract

Objectives: To evaluate the safety, visual outcomes, and complication profile of femtosecond laser-assisted cataract sur-
gery (FLACS) combined with 25-gauge pars plana vitrectomy (PPV) in patients with concurrent cataract and vitreoretinal
disease.

Methods: This retrospective study included 57 eyes of 57 patients who underwent FLACS with a standardized 4.8-mm
capsulotomy followed by 25-gauge PPV at a tertiary referral center in Istanbul, Tiirkiye, between August 2020 and May
2025. Data collected included intraoperative events, postoperative best-corrected visual acuity (BCVA, Snellen converted
to logMAR for analysis), intraocular pressure (IOP), and complication rates over a mean follow-up of 15.8+1.8 months.
Results: Mean BCVA significantly improved from 0.68+0.34 logMAR preoperatively to 0.28+0.14 logMAR at | month,
0.19+0.1 I logMAR at 3 months, and 0.15+0.14 logMAR at the final visit (all p<0.001). All eyes achieved meaningful visual
recovery with stable and well-centered intraocular lenses and attached retinas. On postoperative day |, post-hoc pairwise
analysis revealed a significantly lower IOP in the air tamponade group compared with the SF6 and BSS groups (MD=-4.24,
p<0.001); no significant IOP differences were found between groups at week |, month |, or month 3. Intraoperative
complications included loss of cone suction (n=2, 3.5%) and incomplete capsulorhexis (n=2, 3.5%). Miosis occurred in 6
eyes (10.5%), and sclerotomy leakage requiring suturing in 7 eyes (12.3%).

Conclusion: Combined FLACS and 25-gauge PPV is a safe and effective option for the management of coexisting cataract
and vitreoretinal pathologies. The procedure provides favorable anatomical and visual outcomes with a low incidence of
intraoperative and postoperative complications, supporting its use in appropriately selected patients. Prospective con-
trolled studies are warranted to confirm these findings.

Keywords: Cataract extraction, femtosecond laser-assisted cataract surgery, pars plana vitrectomy, phacovitrectomy,
retinal diseases, vitrectomy

Introduction

The femtosecond laser is among the most significant tech-
nological innovations in modern ophthalmic surgery. Its ap-
plication in cataract extraction was first described by Bali
et al. in a small series of patients with coexisting cataract

and retinal pathologies undergoing combined femtosecond
laser-assisted cataract surgery and sutureless 25-gauge pars
plana vitrectomy (PPV) (1,2). Their encouraging results sup-
ported the feasibility of this technique and highlighted its
potential advantages in phacovitrectomy.

Key Messages: Femtosecond laser-assisted cataract surgery combined with 25-gauge pars plana vitrectomy is a safe and effective surgical procedure with
minimal technical difficulties in various vitreoretinal pathologies when careful, suitable case selection is conducted.
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In the past decade, combined femtosecond laser-assist-
ed phacoemulsification and vitrectomy has gained increasing
acceptance for the management of patients with concurrent
cataract and vitreoretinal disease (3,4). The rationale stems
from the high prevalence of cataract in patients requiring PPV
and the benefits of addressing both anterior and posterior
segment pathologies in a single surgical setting (5-8). Several
studies have demonstrated favorable outcomes with this ap-
proach, reporting improvements in visual acuity and surgical
efficiency while maintaining acceptable complication rates
(9-14). In cataract surgery, femtosecond laser technology
provides reproducible and precisely sized anterior capsulo-
tomies, enhanced capsular stability, and optimized intraocu-
lar lens (IOL) centration, thereby minimizing postoperative
tilt or decentration (15-18). These advantages are especially
relevant in eyes undergoing vitrectomy, where zonular weak-
ness or capsular instability can compromise IOL positioning.
Recent studies confirmed that FLACS in vitrectomized eyes
or in combined phacovitrectomy cases results in improved
capsulotomy quality, reduced intraoperative complications,
and favorable long-term refractive stability (19,20).

Despite these advantages, robust evidence from larger
patient cohorts remains limited. Although previous stud-
ies have reported outcomes of femtosecond laser-assisted
phacovitrectomy, most involved small case series or hetero-
geneous cohorts (9,10,12-14,20). To our knowledge, the
present investigation represents the largest single-surgeon
cohort from Turkey, providing valuable evidence on the fea-
sibility and safety of FLACS combined with 25-gauge PPV.
Our study contributes practical insights such as the routine
use of manual corneal incisions, delayed intraocular lens im-
plantation, and consistent capsulotomy diameter, which may
improve |OL stability and surgical outcomes. The present
retrospective study aims to evaluate the safety, visual out-
comes, and complication profile of femtosecond laser-assist-
ed cataract surgery (FLACS) combined with 25-gauge PPV in
patients with coexisting cataract and vitreoretinal pathology,
thereby contributing further clinical data to the growing lit-
erature on femtophacovitrectomy.

Methods

The medical records of patients who underwent combined
femtosecond laser-assisted cataract surgery (FLACS) and
25-gauge pars plana vitrectomy (PPV) at our Hospital, Is-
tanbul, Tiirkiye, between August 2020 and May 2025 were
retrospectively reviewed. Institutional Review Board approv-
al was obtained (Date: 31/10/2025, No: 2025/425), and all
patients provided informed consent after receiving detailed
information regarding the procedure. The study adhered to
the tenets of the Declaration of Helsinki. All surgeries were
performed by a single experienced vitreoretinal surgeon.

Demographic and clinical data, including age, sex, laterali-
ty, systemic comorbidities (e.g., diabetes mellitus and hyper-
tension when present), lens status (phakic/pseudophakic),
medical and ophthalmologic history, and pre- and postop-
erative best-corrected visual acuity (BCVA) and intraocular
pressure (IOP) were collected. Cataract severity was graded
preoperatively at the slit lamp according to the Lens Opaci-
ties Classification System Ill (LOCS Ill) (nuclear opalescence
and nuclear color). For eyes with retinal detachment, pre-
operative characteristics were recorded, including etiology
(rhegmatogenous vs tractional), macular status (macula-on
vs macula-off), and extent of detachment (quadrants in-
volved) based on clinical examination and available imaging.

Surgical Technique

Under topical anesthesia (proparacaine hydrochloride 0.5%),
a femtosecond laser system (LENSAR Cataract Laser with
Augmented Reality™, LENSAR Inc., Orlando, FL, USA) was
used to create a standardized 4.8-mm anterior capsuloto-
my and to fragment the crystalline lens. No corneal inci-
sions were created during this step. Subsequently, cataract
extraction and vitrectomy were performed in a separate
operating room. Peribulbar anesthesia (2% lidocaine hydro-
chloride) was administered.

Manual 2.2-mm clear corneal incisions were made in the
superior temporal or superior nasal quadrant. The anterior
chamber was filled with a viscoelastic agent. The capsulot-
omy was completed using forceps, followed by hydrodissec-
tion and phacoemulsification of the nucleus. Cortical rem-
nants were aspirated, and capsule polishing was performed
on both anterior and posterior surfaces (Centurion Vision
System, Alcon Laboratories Inc., Fort Worth, TX, USA). No
corneal wound hydration or suturing was applied.

A standard 25-gauge transconjunctival vitrectomy was
performed using the EVA system (Dutch Ophthalmic Re-
search Center, Zuidland, Netherlands) under a wide-angle
viewing system (Resight, Carl Zeiss Meditec AG, Jena, Ger-
many). Trocars were placed 3.5 mm posterior to the lim-
bus at a 45° transconjunctival angle. After core vitrectomy,
posterior hyaloid detachment was induced, if attached, using
500 mmHg suction above the optic disc. For peripheral vit-
reous shaving, scleral indentation and chandelier illumination
were employed.

In cases of epiretinal membrane or macular hole, mem-
brane blue dye was injected onto the macula with irrigation
pressure reduced to |5 mmHg. The dye was removed after
30 seconds by passive aspiration, and epiretinal/internal lim-
iting membranes were peeled. In retinal detachment cases,
perfluorocarbon liquid was used to flatten the retina, fol-
lowed by endolaser photocoagulation. At the end of surgery,
a one-piece monofocal IOL was implanted into the capsular
bag. After viscoelastic removal, the anterior chamber was
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stabilized, and tamponade was applied with SF6 gas in cas-
es of macular hole or retinal detachment, air tamponade in
selected cases, or balanced salt solution (BSS) in eyes with
epiretinal membrane. The 4.8-mm capsulotomy diameter
was standardized across all tamponade groups to ensure
complete anterior capsule coverage of the IOL optic, there-
by minimizing the risk of IOL decentration; a consideration
of particular importance in gas-tamponade cases where
buoyant forces can displace the IOL posteriorly.

All trocars were removed at the end of the procedure,
and sclerotomy sites were checked for leakage. In eyes with
persistent leakage, 8-0 sutures were placed. Intracameral an-
tibiotics were administered before closure.

Postoperative Care

Patients with gas tamponade were observed for two hours
postoperatively and instructed to avoid supine positioning
for three days. Topical moxifloxacin 0.5% (Vigamox, Alcon,
Fort Worth, TX, USA) and prednisolone acetate |% (Pred
Forte, Allergan, Irvine, CA, USA) were prescribed five times
daily for one week. Antibiotic drops were discontinued after
one week, while steroids were tapered over three weeks
(3x/day). Antiglaucoma drops were added when IOP ex-
ceeded 21 mmHg on two consecutive measurements or
when a single measurement exceeded 30 mmHg. Follow-up
examinations included refraction, BCVA, IOP measurement,
slit-lamp biomicroscopy, dilated fundus examination, and SD-
OCT imaging. Sutures, when present, were removed during
the first postoperative week under topical anesthesia.

Statistical Analysis

Data analysis was performed using IBM SPSS Statistics for
Windows, version 21.0 (IBM Corp., Armonk, NY, USA). De-
scriptive statistics were used for demographic and clinical
variables. Pre- and postoperative BCVA values (logMAR)
were compared. As BCVA differences were not normally
distributed, the Wilcoxon signed-rank test was applied. A
p-value <0.05 was considered statistically significant. Effect
sizes (r) for Wilcoxon signed-rank tests were calculated as
Z/WN to quantify the magnitude of changes, with values of
0.1, 0.3, and 0.5 considered small, medium, and large, re-
spectively. Postoperative |IOP values were compared across
the three tamponade groups (SFé6 gas, air, and BSS) using
the Kruskal-Wallis test, with post-hoc pairwise comparisons
performed using the Mann-Whitney U test where applicable.
A p-value <0.05 was considered statistically significant.

Results

Descriptive characteristics, diagnoses, and ophthalmologic
data of the patients are summarized in Table |. The mean
age of 57 patients (32 females [56.1%], 25 males [43.9%])
was 63.6+6.6 years (range, 52-78) at the time of surgery. A

total of 30 left eyes (52.7%) and 27 right eyes (47.3%) were
included. The mean postoperative follow-up was 15.8%1.8
months (range, 6-24).

The mean BCVA (logMAR + SD), which was 0.68+0.34
preoperatively, improved to 0.28+0.14, 0.19+0.11, and
0.15£0.14 logMAR at |, 3, and the final visit postoperatively,
respectively (Table ). The Wilcoxon signed-rank test indi-
cated statistically significant differences between preopera-
tive and postoperative BCVA at | month (p<0.05), 3 months
(p<0.05), and final follow-up (Z=-5.39, p < 0.001, r=0.71).
All patients (100%, n=57) demonstrated improvement in
logMAR BCVA. The corresponding effect size was r=0.71,
representing a large effect according to Cohen’s criteria,
thereby confirming the clinical relevance of the observed vi-
sual improvement.

Preoperative mean IOP was 15.48+3.22 mmHg (range,
12-22). Postoperative IOP was 18.29+£2.17 mmHg (range,
8-26) on day |, 15.46+4.38 mmHg (range, 12-25) at week
I, 14.24+3.02 mmHg (range, |1-21) at week 2, 15.48+2.62
mmHg (range, 12-20) at month |, and 15.97+1.78 mmHg
(range, 13-21) at month 6. When comparing the three tam-
ponade groups (SF6 gas, air, and BSS), no statistically sig-
nificant overall difference in postoperative |IOP was found
across groups at postoperative week | (p=0.71), month |
(p=0.33), or month 3 (p=0.35). However, post-hoc pairwise
comparison at postoperative day | revealed a significant-
ly lower IOP in the air tamponade group compared with
the other groups (MD=-4.24, p<0.001). In the BSS group,
mean |IOP was 16.3+7.9 mmHg on postoperative day | and
15.5£4.9 mmHg at postoperative week |.

When stratified by diagnosis, mean postoperative BCVA
improved significantly in all groups. Eyes with epiretinal
membrane improved from 0.48+0.21 to 0.131£0.09 logMAR,
macular hole cases from 1.03+£0.26 to 0.24+0.12 logMAR,
retinal detachment from 0.91+0.32 to 0.2810.14 logMAR,
and vitreous hemorrhage from 1.08+0.25 to 0.11+0.08 log-
MAR (all p<0.05). Differences in baseline BCVA between di-
agnostic groups reflected variations in underlying pathology
and surgical indication; for example, some epiretinal mem-
brane cases underwent surgery primarily for symptomatic
metamorphopsia and OCT-confirmed traction despite rela-
tively preserved Snellen acuity.

The summary of demographic characteristics, diagnosis,
and outcomes of patients is given in Table 2. During femto-
second laser application, loss of cone suction occurred in
two patients (3.5%), and there was an incomplete capsulo-
tomy/capsulorhexis in two patients (3.5%). As a result of
femtosecond laser application, six patients developed miosis
(10.5%). An 8/0 suture was applied to seven patients (12.3%)
with continued leakage from the sclerotomy. Postoperative-
ly, twelve patients developed subconjunctival hemorrhage
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Table |. Patients’ demographic and ophthalmologic data

Patient No Age Eye (R/L) Sex Diagnosis Pre-op BCVA (logMAR) Post-op BCVA (logMAR) Follow-up (months)
I 64 L F MH 1.3 0.5 16
2 67 L F ERM 0.7 0.2 18
3 58 R F MH 1.0 0.4 14
4 54 R M VH 1.0 0.1 7
5 52 R F RD 1.0 0.0 18
6 77 L M ERM 0.4 0.1 16
7 60 R M RD 0.7 0.1 12
8 75 L F ERM 0.5 0.2 12
9 62 R F MH 1.0 0.3 20
10 60 R M ERM 0.2 0.0 12
I 59 L M MH 0.7 0.2 22
12 72 R F ERM 0.4 0.1 18
I3 60 L F VH 1.0 0.0 12
14 57 L F RD 1.3 0.2 14
I5 62 L M ERM 0.2 0.0 8
16 64 R F ERM 0.3 0.1 14
17 65 R M RD 0.7 0.2 16
18 78 L M ERM 0.3 0.1 18
19 63 L F VH 0.7 0.1 12
20 65 R F MH 1.0 0.4 20
21 62 L M ERM 0.2 0.0 14
22 68 R F ERM 0.3 0.0 16
23 55 R F RD 1.0 0.1 24
24 72 R M ERM 0.3 0.1 18
25 66 L M ERM 0.3 0.0 14
26 56 L F RD 0.4 0.0 22
27 71 L F ERM 0.5 0.3 19
28 60 R F VH 1.3 0.1 14
29 59 L M RD 0.5 0.1 20
30 66 L F MH 1.0 0.4 14
31 6l R M MH 0.7 0.3 16
32 70 L F ERM 0.5 0.1 19
33 68 L M MH 1.3 0.7 16
34 53 R M VH 1.0 0.0 24
35 66 R F ERM 0.3 0.1 14
36 71 L F ERM 0.5 0.2 12
37 54 L F VH 1.0 0.1 12
38 66 R M ERM 0.2 0.0 16
39 63 L F ERM 04 0.1 14
40 67 R M RD 0.8 0.2 18
41 58 L F MH 1.0 03 16
42 72 R F ERM 0.5 0.2 12
43 64 R M VH 0.9 0.1 24
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Table I. Continued

Patient No Age Eye (R/L) Sex Diagnosis Pre-op BCVA (logMAR) Post-op BCVA (logMAR) Follow-up (months)

44 70 M ERM
45 62 R F MH
46 56 L M RD
47 68 R F ERM
48 6l L M VH
49 74 R F ERM
50 59 L M MH
51 66 R F RD
52 55 L M ERM
53 73 R F ERM
54 60 L M VH
55 65 R F MH
56 57 L M RD
57 69 R F ERM

0.3 0.0 14
1.1 0.4 20
0.7 0.1 16
0.4 0.1 18
1.0 0.0 12
0.3 0.1 14
0.9 0.2 22
1.0 0.1 12
0.2 0.0 16
0.5 0.2 12
1.1 0.1 I8
1.0 0.3 14
0.8 0.2 12
0.4 0.1 16

L: Left; R: Right; F: Female; M: Male; ERM: Epiretinal membrane;VH:Vitreous hemorrhage; RD: Retinal detachment; MH: Macular hole; BCVA: Best corrected visual

acuity

(21.1%) and fifteen patients developed posterior capsular
opacification (26.3%). Cystoid macular edema occurred in
four eyes (7.0%), and retinal detachment occurred in one
eye (1.8%). No cases of endophthalmitis or intraocular lens
dislocation were observed. All patients had clear corneas,
well-centered and stable |OLs, and attached retinas at final
follow-up.

Discussion

Combined phacovitrectomy has become an increasingly ad-
opted approach for eyes with concomitant visually significant
cataract and vitreoretinal pathology, as it enables single-ses-
sion rehabilitation and avoids the challenges of cataract pro-
gression following pars plana vitrectomy (5,7,8). In this study,
femtosecond laser—assisted cataract surgery (FLACS) com-
bined with 25-gauge pars plana vitrectomy (PPV) resulted in
significant and clinically meaningful improvements in visual
acuity across all diagnostic subgroups, with a low rate of se-
rious intraoperative and postoperative complications.

A principal advantage of FLACS in combined surgery
is the ability to create a consistently sized, circular, and
well-centered capsulotomy (15,17,18). We intentionally used
a 4.8-mm capsulotomy to promote complete anterior cap-
sule overlap of the intraocular lens (IOL) optic. This consid-
eration is particularly relevant in cases in which gas or air
tamponade is used (e.g., macular hole and many retinal de-
tachment cases), where the postoperative buoyant force and
altered anterior—posterior segment dynamics may predis-
pose to |OL displacement (21-23). In our series, no cases of

IOL decentration, tilt, or dislocation were observed during
follow-up, supporting the stability of this strategy in the
setting of combined vitreoretinal surgery. Nevertheless, we
acknowledge that objective refractive outcomes (e.g., spher-
ical equivalent, astigmatism) were not uniformly available in
this retrospective dataset; future prospective studies should
incorporate standardized refraction and imaging-based cen-
tration metrics.

Our cohort included epiretinal membrane, macular hole,
retinal detachment, and vitreous hemorrhage, reflecting re-
al-world indications for combined surgery (6,8,24). As ex-
pected, the magnitude of postoperative visual improvement
varied by diagnosis. Eyes with vitreous hemorrhage demon-
strated marked gain due to removal of media opacity and
clearance of vitreous pathology, whereas macular hole eyes,
despite significant improvement, may show relatively limited
recovery because final acuity depends on foveal restoration.
In epiretinal membrane, surgery may be indicated due to
symptomatic metamorphopsia and OCT-confirmed traction
even when baseline Snellen acuity is relatively preserved;
therefore, heterogeneity in baseline BCVA among subgroups
is clinically plausible and consistent with contemporary sur-
gical decision-making.

Early postoperative IOP behavior is clinically important
after combined procedures, particularly in tamponade cases.
In our study, IOP was transiently higher in the early postop-
erative period overall, and subgroup analysis across the three
tamponade groups (SF6é gas, air, and BSS) demonstrated no
significant overall difference in IOP at postoperative week
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Table 2. Demographic characteristics, diagnosis, outcomes of
patients, and complications

Characteristics Values
No. of Patients 57
Sex (M/F) 25/32
Mean Age (years) + SD 63.616.6
Eye (Left/Right) 30/27
Pre-surgery diagnostic
Epiretinal membrane (ERM) 25
Macular hole (MH) 12
Retinal detachment (RD) 13
Vitreous hemorrhage (VH) 7
Pre-op BCVA (LogMar) (mean * SD) 0.68+0.34
Post-op BCVA (LogMar) (mean * SD) 0.15+0.14
Post-op follow-up (months) 15.8+1.8
Type of femtolaser Lensar
Type of vitrectomy dorc
Intraocular tamponade
BSS 25
Gas (SF,) 22
Air 10
Endolaser 16
Suture for sclerotomy 7 (12.3%)
Miosis 6 (10.5%)
Subconjunctival hemorrhage 12 (21.1%)
Posterior capsular opacification 15 (26.3%)
Cystoid macular edema 4 (7.0%)
Retinal detachment (postop) I (1.8%)
Endophthalmitis 0
IOL dislocation 0

BCVA: Best corrected visual acuity; F: Female; M: Male; BSS: Balanced salt

solution

I, month |, or month 3 (p=0.71, 0.33, and 0.35, respective-
ly); however, post-hoc pairwise comparison at postoperative
day | revealed a significantly lower IOP in the air tampon-
ade group compared with the other groups (MD=-4.24,
p<0.001) while no significant differences were detected at
7 days, | month, or 3 months. These findings are consistent
with the known early |OP effects of tamponade choice and
underscore the importance of close IOP monitoring during
the first postoperative week.

In terms of wound integrity, sclerotomy leakage requiring
suturing occurred in 12.3% of eyes. This rate is within the
range reported for 25-gauge PPV in routine clinical practice
(12,13) and may reflect factors such as case complexity, sur-
gical duration, ocular rigidity, and individual wound architec-
ture rather than an FLACS-specific effect. Importantly, no

endophthalmitis was observed, and all eyes had attached ret-
inas and stable IOL position at final follow-up.

The observed intraoperative events related to FLACS,
such as suction loss and incomplete capsulotomy, were in-
frequent. Intraoperative miosis occurred in a minority of
cases and is a recognized phenomenon associated with fem-
tosecond laser application, likely mediated by prostaglandin
release (I,12); this may require additional pharmacologic pu-
pil expansion or mechanical strategies during surgery. These
potential disadvantages should be weighed against the bene-
fits of capsulotomy precision and lens fragmentation (25,26).
Additional disadvantages of FLACS in combined phacovitrec-
tomy include increased cost, longer procedural time, and the
need for coordination between laser and operating room
workflows; these considerations may influence adoption in
resource-limited settings.

Several limitations of this study warrant acknowledg-
ment. First, the absence of a concurrent manual phacovit-
rectomy comparison group prevents definitive conclusions
regarding the superiority of FLACS over conventional
phacoemulsification in the setting of combined vitreoretinal
surgery; our findings can only be contextualized against out-
comes reported in prior series of conventional combined
phacovitrectomy (6-8,21,23,24), where differences in pa-
tient populations, surgical technique, tamponade selection,
and follow-up duration limit direct comparison. Second, the
retrospective design introduces inherent selection bias and
precludes standardized data collection across all variables.
Third, the cohort is diagnostically heterogeneous, compris-
ing epiretinal membrane, macular hole, retinal detachment,
and vitreous hemorrhage, which limits the generalizability of
pooled visual acuity outcomes to any single pathology and
contributes to the wide range of preoperative BCVA values
observed. Fourth, standardized postoperative refractive data
(spherical equivalent, cylinder, and biometric prediction er-
ror) were not uniformly available in this retrospective data-
set, precluding formal evaluation of refractive predictability.
Future prospective studies with a concurrent control group,
stratified analysis by diagnosis, and standardized refractive
outcome reporting are needed to more definitively establish
the role of FLACS in combined phacovitrectomy. Despite
these limitations, our results support that FLACS combined
with 25-gauge PPV is a safe and effective approach, with fa-
vorable visual and anatomical outcomes across common vit-
reoretinal indications.

Conclusion

Femtosecond laser-assisted cataract surgery combined with
25-gauge pars plana vitrectomy provides high anatomical
success and significant visual improvement in eyes with con-
current cataract and vitreoretinal disease. The procedure
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demonstrated a low rate of intraoperative and postopera-
tive complications, supporting its role as a safe and effective
option in appropriately selected patients.
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