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Aim: To compare the efficacy of femtosecond laser assisted cataract surgery (FLACS) combined with pars plana vitrectomy (PPV)
and conventional phacoemulsification surgery (CPS) combined with PPV in the treatment of cataract patients with fundus diseases.
Methods: A retrospective analysis was conducted on 379 affected eyes from Shanghai Aier Eye Hospital from 01/02/2022 to 01/02/
2025, divided into group A (n=182, 48%, FLACS+PPV) and group B (n=197, 52%, CPS+PPV), to compare surgical costs, best
corrected visual acuity (BCVA), complications, and surgical time.

Results: Postoperative visual acuity improved significantly in both groups (all P < 0.0001). For vitreous opacity (VO) patients, the
BCVA improvement in group A (0.34+0.51) was significantly better than that in group B (0.15+0.52, P=0.03), with a shorter surgical
time (45.22+8.15 vs 52.72+7.17 min, P < 0.0001) and lower complication rate (7.14% vs 11.68%). Overall, group A had a shorter
surgical time (47.75£10.06 vs 59.22+11.6 min, P < 0.0001) and better postoperative BCVA (0.36+0.45 vs 0.49+0.48, P=0.0001) than
group B, but higher surgical costs (21,600+9180 vs 15,399+2996 yuan, P < 0.0001).

Conclusion: FLACS+PPV has excellent therapeutic effects but is expensive, while CPS+PPV has a high cost-effectiveness, and
clinical selection should be based on the patient’s condition.

Keywords: femtosecond laser-assisted cataract surgery, conventional phacoemulsification surgery, pars plana vitrectomy, fundus
diseases, cataract

Introduction

Cataracts and retinal diseases (eg, age-related macular degeneration [AMD], diabetic retinopathy) are leading causes of
severe visual impairment. A meta-analysis reported 237 million people with moderate-to-severe visual impairment
globally in 2020, including 57.1 million with cataracts, 8.8-32.1 million with AMD, and 3.2—-12.9 million with diabetic
retinopathy,' all requiring surgical intervention for conditions such as non-absorbable vitreous opacity (VO), macular
membrane, or retinal detachment (RD).
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Conventional phacoemulsification surgery (CPS) combined with intraocular lens implantation (IOL) is a standard
treatment for cataracts,” * while pars plana vitrectomy (PPV) is pivotal for the management of retinal diseases.””’
Sequential surgeries for patients with concurrent cataracts and retinal diseases are problematic: prior PPV is hindered by
cataract opacity and increases the subsequent risk of cataract development,® whereas prior cataract surgery leaves visual
impairment caused by vitreous opacity, necessitating repeated PPV. Therefore, combined cataract-PPV has become
a standard approach, which avoids the need for additional ocular surgery in the short term, reduces the risks of corneal
incisions, endophthalmitis, and intraocular pressure fluctuations, shortens postoperative recovery time, and saves medical
costs—particularly benefiting elderly patients with systemic diseases (eg, diabetes, hypertension).” !

Nowadays, CPS+PPV is the most common traditional combined procedure, while femtosecond laser-assisted cataract
surgery (FLACS) represents a key advancement. Gomez-Resa M et al'? first validated FLACS+23g PPV safety and
efficacy in 21 eyes with concurrent fundus diseases in 2014. Unlike CPS— which relies on manual corneal incisions,
capsulorhexis, and ultrasonic lens emulsification—FLACS uses computer-guided laser for precise anterior capsulotomy,
lens nucleus fragmentation, and corneal incisions. This reduces phacoemulsification energy use, minimizes surgical
trauma, and enhances reproducibility.'>'* In contrast, CPS is dependent on surgeon experience, with higher variability in
capsulorhexis quality and greater reliance on ultrasonic energy that may increase endothelial cell loss. Clinically, FLACS
offers potential advantages of shorter surgical time and fewer complications, but its high equipment and consumable
costs limit widespread adoption compared to the cost-effective CPS. Notably, despite its higher cost, FLACS remains
a superior choice for patients with specific needs and high clinical expectations—such as those requiring maximally
precise surgical manipulation, minimizing intraoperative trauma, or pursuing optimal visual and refractive outcomes.

Despite these technical and practical differences, large-sample comparative studies between FLACS+PPV and CPS
+PPV remain scarce. This study aims to provide comprehensive clinical evidence by comparing the two approaches in
terms of surgical cost, visual acuity improvement, complications, and duration—supporting individualized clinical
decision-making for patients with cataract complicated by fundus diseases.

Method
Ethics

This study adheres to the Declaration of Helsinki and was approved by the Ethics Committee of Shanghai Aier Eye
Hospital (approval number: SHAIER2025YNO11). A waiver of informed consent for retrospective data analysis was
granted: the raw data contains only de-identified clinical records, with no personal identifiers. All patients provided
informed consent for their surgical procedures, and data privacy was protected per institutional guidelines.

General Information and Methods

We conducted a systematic retrospective search in the hospital information system from 01/03/2025 to 01/04/2025[This
search period was set to ensure complete collection of clinical data (including preoperative examinations, surgical
records, and postoperative follow-up data) for all eligible patients]. At first, we conducted a retrospective review of the
hospital information system and initially identified 403 patients who underwent combined cataract + PPV surgery at our
hospital from 01/02/2022 to 01/02/2025 (187 for FLACS+PPV, 216 for CPS+PPV). To ensure data reliability, we
prioritized patients with complete clinical data (preoperative examinations, surgical records, postoperative follow-up).
A total of 24 patients (6.0% of initial 403) were excluded due to incomplete postoperative follow-up, resulting in a final
sample of 379 patients (182 FLACS+PPV, 197 CPS+PPV). No data imputation was performed.

Inclusion Criteria

1. Patients diagnosed with both cataract (slit-lamp examination showing lens opacity affecting visual function) and
vitreoretinal diseases requiring simple PPV. Specific diseases include:VO: Confirmed by fundus examination and optical
coherence tomography (OCT), showing non-absorbable vitreous opacities that impair fundus observation;Macular
epiretinal membrane (ERM): Diagnosed by OCT as membrane formation on the retinal surface with or without retinal
thickening;Other fundus diseases: Rhegmatogenous retinal detachment (RRD), proliferative diabetic retinopathy (PDR),
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macular hole (MH), retinal vein occlusion (RVO), vitreomacular traction syndrome (VMTS), vitreous hemorrhage (VH),
myopic foveoschisis (MF), lens dislocation (LD), uveitis, and Retinal Periphlebitis (Eales), all diagnosed by fundus
examination and/or OCT. 2. Patients eligible for one-stage combined IOL (simultaneous IOL implantation during
combined FLACS/CPS and PPV surgery, with no contraindications to IOL implantation). 3. Patients in good general
condition who can tolerate the combined surgery. 4. Patients with no history of ocular trauma or previous ophthalmic

surgeries (including cataract surgery, vitrectomy, glaucoma surgery, etc).

Exclusion Criteria
1. Patients with a history of ophthalmic surgeries that may affect the study outcomes, such as previous cataract surgery,
vitrectomy, corneal transplantation, or glaucoma filtering surgery. 2. Patients with severe systemic diseases unable to tolerate
surgery:Uncontrolled diabetes mellitus: Glycated hemoglobin (HbAlc) >8.0% for more than 3 months despite medical
treatment;Uncontrolled hypertension: Persistent systolic blood pressure >160 mmHg or diastolic blood pressure >100 mmHg
after medication;Other severe systemic diseases (eg, end-stage renal disease, advanced heart failure, malignant tumors) that
may increase surgical risk or affect postoperative recovery. 3. Patients with severe fundus lesions requiring silicone oil
tamponade: Including large-area RRD involving the macula, proliferative vitreoretinopathy (PVR) grade C or above, or other
retinal diseases requiring silicone oil tamponade for retinal reattachment. 4. Patients unable to undergo one-stage IOL
implantation due to anatomical abnormalities (eg, insufficient capsular support, severe ocular hypotony) or patient refusal.
Note: Age was not a predefined inclusion or exclusion criterion; all patients meeting the above criteria were included.
All patients undergo necessary general examinations and detailed eye examinations before and after the operation.
Ocular examination includes best corrected visual acuity (BCVA), spherical equivalent (SE), IOP, slit lamp examination,
axial length (AL), corneal topography, fundus examination and OCT.

Surgical Technique
FLACS Combined with PPV Group (Group A)

All patients underwent femtosecond laser assisted cataract surgery (LenSx laser, Alcon, TX, USA; catalysts, Abbott
Medical Optics Inc., CA, USA). Femtosecond laser is used for anterior capsulotomy and lens nucleus fragmentation. The
diameter of the anterior capsulotomy is 5.1mm, and the lens is pre split into 4 equal parts or 6 equal parts. The main
incision of cataract surgery is handmade with a 2.2 mm corneal scalpel, and the side incision is made with a 15 degree
side scalpel. All patients underwent transparent corneal incision. PPV was performed with 25 gauge vitrectomy machine
(Alcon constellation vision system, Fort Worth, TX, USA) and Volk wide-angle lens or rest (Carl Zeiss meditec AG,
Germany) wide-angle observation system.

Phacoemulsification Combined with PPV Group (Group B)

Patients in group B received phacovitrectomy surgery, including standard phacoemulsification cataract surgery, followed
by three channel vitrectomy. The instruments and techniques used were the same as those of group A, but without
femtosecond laser assistance.

Postoperative Results and Complications

Intraoperative and postoperative complications were recorded. The operation time, complications and results were
recorded in detail. The main complications were endophthalmitis and RD. The best corrected visual acuity, intraocular
pressure, refractive status and fundus of the patients were evaluated three months after surgery.

Cost Analysis
The materials and intraocular lens types used in the operation were recorded, and the operation costs were recorded.

Analyze the cost-effectiveness of patients.
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Statistical Analysis

Statistical analysis was performed using SPSS 25.0 (IBM Corp., Armonk, NY, USA). Continuous variables were
expressed as mean + standard deviation (SD) and compared using independent samples #-test (for normally distributed
data) or Wilcoxon test (for non-normally distributed data). Categorical variables were compared using the chi-square test.
Normality was tested via the Shapiro—Wilk test, and homogeneity of variance was assessed with Levene’s test—Welch’s
method was used for data violating variance homogeneity. Paired t-tests were applied for intragroup pre- and post-
operative comparisons. A two-tailed P < 0.05 was considered statistically significant.

Result
To ensure the reliability of the results, 379 patients were divided into VO, ERM and other disease groups (including RRD,
PDR, MH, etc). From the overall distribution, VO (188 cases, 49.6%) and ERM (105 cases, 27.7%) were the most common
diagnostic types, while other diseases (86 cases, 22.7%) were relatively rare. There were 182 cases in group A, including 130
cases of VO (71.4%), 28 cases of ERM (15.4%), and 24 cases of other diseases (13.2%); There were 197 cases in group B,
including 58 cases of VO (29.4%), 77 cases of ERM (39.1%), and 62 cases of other diseases (31.5%). See Table 1 for details.
Group A and Group B showed no statistically significant differences in age across all patients (62.45+11.44 vs 64.14+9.37),
VO patients (63.03£11.57 vs 64.9548.14), MRE patients (59.86+12.32 vs 62.60+£10.73), and patients with other diseases
(62.33+9.49 vs 65.31+8.46). Additionally, gender distribution (all P>0.05) and affected eye proportion (all P>0.05 except for
“Other” disease subtype with P=0.002) were generally comparable between the two groups. For details, see Table 2. There was
no statistically significant difference in AL between group A and group B, with AL values of 27.46 & 3.29 mm and 26.97 +
3.64 mm, respectively. The AL values of VO patients in both groups were 27.70 £ 3.32 mm and 28.69 + 3.30 mm, respectively,
with no statistically significant difference; There was no statistically significant difference in AL between the two groups of
MRE patients, with values of 26.70 =+ 3.33 mm and 25.67 £ 3.16 mm, respectively. And here has also been no statistically
significant difference in AL between the two groups of patients with other diseases, with values of 27.02 +2.97 mm and 26.77
+ 3.65 mm, respectively. Refer to Table 3 for details.

There was no statistically significant difference in preoperative and postoperative IOP between group A and group
B patients, as well as in preoperative and postoperative IOP between different diseases. All IOP were within the normal
range, as shown in Table 4 for details.

Table | Number of Patients for Each Disease in the Two Groups

Disease | Group A Group B Statistical Method P value
VO 130 (71.4%) | 58 (29.4%) | Pearson’s Chi-square Test | <0.00|***
ERM 28 (15.4%) | 77 (39.1%) | Pearson’s Chi-square Test | <0.00|*¥*
Other

PDR I (0.5%) 21 (10.7%) Fisher’s Exact Test <0.00 |
VH 6 (3.3%) Il (5.6%) Fisher’s Exact Test 0.34
RRD 4 (2.2%) 6 (3.0%) Fisher’s Exact Test 0.68
MH I (0.5%) 6 (3.0%) Fisher’s Exact Test 0.11
MF 6 (3.3%) 3 (1.5%) Fisher’s Exact Test 0.27
VMTS 3 (1.5%) 5 (2.5%) Fisher’s Exact Test 0.56
RVO 1 (0.5%) 6 (3.0%) Fisher’s Exact Test 0.11
LD 2 (1.1%) | (0.5%) Fisher’s Exact Test 0.55
Uveitis 0 (0.0%) 2 (1.0%) Fisher’s Exact Test 0.20
Eales 0 (0.0%) 1 (0.5%) Fisher’s Exact Test 0.49
Total 182 197 Pearson’s Chi-square Test 0.34

Notes: Group A, FLACS combined with PPV surgery; Group B, CPS combined with PPV
surgery. p< 0.05 indicates a statistical difference.**p<0.001.

Abbreviations: VO, Vitreous opacity; ERM, Epiretinal membrane; PDR, Proliferative diabetes
retinopathy; VH, Vitreous hemorrhage; RRD, Rhegmatogenous retinal detachment; MH, Macular
hole; MF, Myopic foveoschisis; VMTS, Vitreous macular traction syndrome; RVO, Retinal vein
occlusion; LD, Lens dislocation; Eales, Retinal Periphlebitis.
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Table 2 The Age Comparison of the Two Groups of Patients Among Different Disease Types

Disease | Baseline Characteristic Group A Group B Statistical Parameter | P value
ALL Age(years) 62.45%11.44 | 64.14+9.37 Mean * SD/t-test 0.11
Gender (n, %) Chi-square test 0.12
Male 79 (43.4%) 102 (51.8%)
Female 103 (56.6%) | 95 (48.2%)
Affected Eye (n, %) Chi-square test 0.98
Right eye 83 (45.6%) 88 (44.7%)
Left eye 99 (54.4%) 109 (55.3%)
VO Age(years) 63.03x11.57 | 64.95+8.14 Mean * SD/t-test 0.26
Gender (n, %) Chi-square test 0.65
Male 55 (42.3%) 25 (43.1%)
Female 75 (57.7%) 33 (56.9%)
Affected Eye (n, %) Chi-square test 0.19
Right eye 57 (43.8%) 29 (50.0%)
Left eye 73 (56.2%) 29 (50.0%)
MRE Age(years) 59.86+12.32 | 62.60+10.73 Mean * SD/t-test 0.27
Gender (n, %) Chi-square test 0.72
Male 14 (50.0%) 38 (49.4%)
Female 14 (50.0%) 39 (50.6%)
Affected Eye (n, %) Chi-square test 0.8l
Right eye 12 (42.9%) 31 (40.3%)
Left eye 16 (57.1%) 46 (59.7%)
Other Age(years) 62.33£9.49 65.31£8.46 Mean * SD/t-test 0.16
Gender (n, %) Chi-square test 0.11
Male 10 (29.4%) 39 (62.9%)
Female 14 (41.2%) 23 (37.1%)
Affected Eye (n, %) Chi-square test 0.002**
Right eye 10 (29.4%) 39 (62.9%)
Left eye 10 (29.4%) 23 (37.1%)

Notes: Group A, FLACS combined with PPV surgery; Group B, CPS combined with PPV surgery. p < 0.05 indicates a statistical
difference, **p<0.01.
Abbrevaitions: VO, Vitreous opacity; ERM, Epiretinal membrane.

Table 3 The AL Comparison of the Two Groups
of Patients Among Different Disease Types (mm)

Disease Group A Group B p value

All 27.46 + 3.29 | 26.97 + 3.64 0.16
VO 27.70 + 3.32 | 28.69 + 3.30 0.06
MRE 26.70 £ 3.33 | 25.67 + 3.16 0.17

Other 27.02 £ 2.97 | 26.77 + 3.65 0.77

Notes: Group A, FLACS combined with PPV surgery; Group B,
CPS combined with PPV surgery. p < 0.05 indicates a statistical
difference.

Abbreviations: AL, Axial length; VO, Vitreous opacity; ERM,
Epiretinal membrane.

The SE of both group A and group B after surgery was significantly higher than that before surgery. There was no
statistical difference in SE between group A and group B before surgery. However, after surgery, except for patients with
VO, the SE of all patients, MRE, and patients with other diseases in group B was significantly lower than that in group
A. Furthermore, there was no significant difference in the difference between postoperative SE and preoperative SE in all

types of disease patients between the two groups. Details are shown in Table 5.
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Table 4 The IOP Comparison of the Two Groups of

Patients Among Different Disease Types (mmHg)

Group A | Group B | p value

All Pre-operation | 13.88%3.12 | 13.93+3.46 0.8l1
Postoperation | 13.64+5.19 | 14.03£5.38 0.31

p value 0.25 0.83
VO Pre-operation | 13.85+3.18 | 13.99+3.34 0.90
Postoperation | 13.74+5.37 | 14.09£6.22 0.77

p value 031 0.72
MRE Pre-operation | 13.69+3.45 | 14.01+3.82 0.85
Postoperation | 13.26+3.84 | 13.54+5.28 0.80

p value 0.86 0.26
Other | Pre-operation | 14.29+2.43 | 13.78+3.18 0.51
Postoperation | 13.53+5.85 | 14.54+4.64 0.44

p value 0.51 0.29

Notes: Group A, FLACS combined with PPV surgery; Group B, CPS com-
bined with PPV surgery; p< 0.05 indicates a statistical difference.

Abbreviations: IOP, Intraocular pressure; VO, Vitreous opacity; ERM,
Epiretinal membrane.

Table 5 The SE Comparison of the Two Groups of Patients
Among Different Disease Types (D)

Group A Group B p value
All Pre-operation | —8.86+6.58 | —7.61+6.69 0.052
Postoperation | —1.95£1.56 | —1.33%x1.80 | <0.000|****
p value <0.000 [*##% | <0.000 | *¥¥¥*
Difference 6.91£6.05 6.30+£5.74 0.78
VO Pre-operation | —9.43+6.87 | —10.73£7.09 0.27
Postoperation | —1.91+1.49 | —1.91+2.27 0.50
p value <0.000 [*##* | <0.000 | *¥¥*
Difference 7.52+6.28 8.83+5.81 0.14
MRE Pre-operation | —7.11+5.26 | —5.71+5.28 0.23
Postoperation | —1.93£1.55 | —0.96+1.52 —0.002**
p value <0.000 |*##* | <0.000 | *¥H*
Difference 5.18+4.46 4.74+4.49 0.66
Other | Pre-operation | —7.79+6.05 | —7.07+6.92 0.65
Postoperation | —2.20+1.89 | —1.19+1.45 —0.005%*
p value 0.000 | ##* <0.000 | ###%
Difference 5.59£5.90 5.88+6.32 0.85

Notes: Group A, FLACS combined with PPV surgery; Group B, CPS combined with
PPV surgery; p< 0.05 indicates a statistical difference. **p<0.01, ***p<0.00l,

*H%p<0.0001.
Abbreviations: SE, Spherical equivalent; VO, Vitreous opacity; ERM, Epiretinal
membrane.

The postoperative Logmar BCVA in both group A and group B was significantly lower than before surgery. There
was no statistically significant difference in BCVA between group A and group B before surgery. However, after surgery,
among all patient groups and VO patients, the BCVA of group A was significantly smaller than that of group B. The
postoperative BCVA of group A and B patients were 0.36+0.45 and 0.49+0.48, respectively (p=0.0001), while that of VO
patients was 0.29+0.37 and 0.45+0.50, respectively (p=0.01); In addition, the difference between postoperative SE and
preoperative SE of VO patients in groups A and B, 0.34+0.51 in group A, was significantly greater than 0.15+0.52 in
group B (p=0.03), while no differences in other diseases and all patients. For details, refer to Table 6 for details.
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Table 6 The BCVA Comparison of the Two Groups of Patients
Among Different Disease Types (Logmar)

Group A Group B p value

All Pre-operation | 0.66x0.61 0.71+0.51 0.06

Postoperation | 0.36+0.45 0.49+0.48 0.000 | *#*

p value <0.000 ¥+ | <0.000 | **#*

Difference 0.30+0.55 0.22+0.59 0.25
VO Pre-operation | 0.63+0.63 0.60+0.51 0.82

Postoperation | 0.29+0.37 0.45+0.50 0.01%*

p value <0.000 [*#+* | 0.04*

Difference 0.34+0.51 0.15+0.52 0.03*
MRE Pre-operation | 0.65+0.45 0.61+0.39 0.74

Postoperation | 0.45+0.42 0.45+0.43 0.10

p value 0.01** <0.000 | *##x

Difference 0.20+0.35 0.16+0.45 0.66
Other | Pre-operation | 0.87+0.61 0.94+0.56 0.70

Postoperation | 0.36+0.45 0.49+0.48 0.86

p value 0.22 0.000 | *#*

Difference 0.22+0.87 0.36+0.77 0.48

Notes: Group A, FLACS combined with PPV surgery; Group B, CPS combined
with PPV surgery. *p<0.05, **p<0.0l, **p<0.001, ****p<0.0001 (all indicate

statistical differences).

Abbreviations: BCVA, Best corrected visual acuity; VO, Vitreous opacity; ERM,

Epiretinal membrane.

Table 7 The Complications of the Two Groups of Patients

Among the 182 patients in Group A, 13 (7.14%) developed complications, while the complication rate in Group
B (197 patients) was 11.68% (23 cases), with no statistically significant difference in the overall complication rate
between the two groups (Pearson’s chi-square test, P=0.12). RRD was the most common complication, with 9 cases
(4.95%) in Group A and 3 cases (1.52%) in Group B (almost all were HM patients, with more severe axial length in
Group A but no statistical difference; Fisher’s exact test, P=0.04); Irvine-Gass syndrome occurred in 2 (1.10%) and 3
(1.52%) cases in Groups A and B, respectively (P=0.73), and posterior capsular rupture was reported in 1 case (=0.5%) in
each group (P=0.97). Notably, cefuroxime-induced toxic macular edema was exclusive to Group B (4 cases, 2.03%;
P=0.02), and Group B also had 2 cases of recurrent vitreous hemorrhage and NVG, plus 1 case each of persistent corneal
edema, ERM, ophthalmic artery occlusion, MHRD, BRVO, and endophthalmitis—none of these complications were
observed in Group A (all P > 0.05 for these subtypes, Fisher’s exact test). For detailed data, see Table 7.

Complication Group A | Group B | Total Statistical Method P value
Total 13(7.14%) | 23(11.68%) 36 Pearson’s Chi-square Test 0.12
Posterior capsular rupture 1(0.54%) 1(0.51%) 2 Fisher’s Exact Test 0.97
RRD 9(4.95%) 3(1.52%) 12 Fisher’s Exact Test 0.04*
Irvine-Gass Syndrome 2(1.10%) 3(1.52%) 5 Fisher’s Exact Test 0.73
Recurrent vitreous hemorrhage 0(0.00%) 2(1.02%) 2 Fisher’s Exact Test 0.16
NVG 0(0.00%) 2(1.02%) 2 Fisher’s Exact Test 0.16
Transient macular edema after intracameral cefuroxine | 0(0.00%) 4(2.03%) 4 Fisher’s Exact Test 0.02*
ERM recurrence 0(0.00%) 2(1.02%) 2 Fisher’s Exact Test 0.16
ERM 0(0.00%) 1(0.51%) | Fisher’s Exact Test 0.49
Persistent corneal edema 0(0.00%) 1(0.51%) | Fisher’s Exact Test 0.49
Outer retinal disruption 1(0.54%) 0(0.00%) | Fisher’s Exact Test 0.49
(Continued)
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Table 7 (Continued).

Complication Group A | Group B | Total Statistical Method P value
MHRD 0(0.00%) 1(0.51%) | Fisher’s Exact Test 0.49
Ophthalmic artery occlusion 0(0.00%) 1(0.51%) | Fisher’s Exact Test 0.49
BRVO 0(0.00%) 1(0.51%) | Fisher’s Exact Test 0.49
Endophthalmitis 0(0.00%) 1(0.51%) | Fisher’s Exact Test 0.49

Notes: Group A, FLACS combined with PPV surgery; Group B, CPS combined with PPV surgery. *p<0.05.
Abbreviations: RRD, Rhegmatogenous retinal detachment; ERM, Epiretinal membrane; NVG, Neovascular glaucoma; MHRD, Macular hole retinal
detachment; BRVO, Branch retinal vein occlusion.

The comparison of operation time between the two groups of patients showed that the operation time of group A was
47.75+10.06min, which was 11.47min less than that of group B (59.22+11.6min) (p < 0.0001). The operation time of the
two groups of VO patients was 45.2248.15min and 57.72+7.17min respectively. The operation time of group A was
7.5min less than that of group B (p < 0.0001). And the operation time of MRE patients in the two groups was 52.50
+5.25min in group A, which was approximately 6.14min shorter than 58.97+11.13 min in group B (p=0.004). Besides,
the operation time of other diseases was 55.58+16.10 min in group A and 65.60+£12.17min in group B, group A was
10.02min less than group B (p=0.0007). For detailed information, please refer to Table 8, It can be seen that the operation
duration of group A is significantly shorter than that of Group B.

In terms of treatment costs, among all patients, the cost in group A was 21,600 + 9180 yuan, significantly higher than
that in group B, which was 15,399 + 2996 yuan (p<0.0001), approximately 6201 yuan higher. The values of the two
groups of VO patients were 22,152 + 9538 yuan and 17,113 & 3716 yuan respectively. The average value of group A was
5039 yuan higher than that of group B (p=0.004). The cost for MRE patients in the two groups was 20,332 + 7950 yuan
in group A, which was 5739 yuan higher than 14,593 + 2273 yuan in group B (p<0.0001); The costs of other diseases
were 20,089 + 8525 yuan and 14,797 + 2349 yuan respectively, group A was 5292 yuan higher than group B (p=001).
Details are shown in Table 9. It can be seen that FLACS combined with PPV surgery is relatively expensive.

Table 8 The Duration of Surgery Comparison of the
Two Groups of Patients Among Different Disease
Types (min)

Disease | Group A Group B p value

All 47.75+10.06 | 59.22+11.6 <0.000 | 3
VO 45.22+8.15 52.72%7.17 <0.000 | 3
MRE 52.50£5.25 58.97x11.13 | 0.004**

Other 55.58+16.10 | 65.60+12.17 | 0.0007**

Notes: Group A, FLACS combined with PPV surgery; Group B,
CPS combined with PPV  surgery. *p<0.01, **p<0.00l,
###%p<0.0001 (all indicate statistical differences).

Abbreviations: VO, Vitreous opacity; ERM, Epiretinal membrane.

Table 9 The Cost Comparison of the Two Groups
of Patients Among Different Disease Types (Yuan)

Disease Group A Group B p value
All 21600+9180 | 15,39942996 | <0.000 |+
VO 2215249538 | 17,113£3716 0.004%**
MRE 20332+7950 | 14,593£2273 | <0.000 |+
Other 2008948525 | 14,797+2349 0.00 |##*

Notes: Group A, FLACS combined with PPV surgery; Group B, CPS
combined with PPV surgery. p< 0.05 indicates a statistical difference.
**p<0.01, ¥*p<0.001, ****p<0.0001.

Abbreviations: VO, Vitreous opacity; ERM, Epiretinal membrane.
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Discussion

For patients with cataracts combined with fundus diseases, combined surgery is a safe and effective option.'> There have
been many reports in the early stage confirming the efficacy of combined surgery. For example, in 2005, Hsu SY et al'®
compared the efficacy of phacoemulsification and extracapsular excision combined with PPV and IOL surgery, they
found that compared with extracapsular surgery, phacoemulsification combined with PPV could significantly improve the
visual acuity of patients, reduce astigmatism, and have fewer postoperative complications. In addition, Axer-Siegel
R et al'” also performed phacoemulsification combined with PPV surgery on 35 patients, confirming that this combined
surgical method can better improve the vision of patients and is safe and effective. Nowadays, with the progress of
technology, extracapsular cataract extraction has been gradually eliminated, phacoemulsification has become
a conventional method of cataract surgery, and FLACS is a major progress in recent cataract surgery.'® Both CPS and
FLACS can effectively treat cataract, while the latter has the advantages of short operation time and less endothelial cell
loss.'” Unlike CPS, FLACS is a non-invasive surgical method. It uses a computer connected to an optical imaging system
to guide the laser to perform corneal incision, cystectomy and lens fragmentation steps, etc., improving the tearing of the
anterior capsule, reducing the time and effort of the surgery, and is a safer surgical method.?® Similarly, vitrectomy
system has also made rapid development in the new century. With the continuous miniaturization of instruments, the
vitrectomy system from 23g to 25g and then to 27g has become more and more minimally invasive.*' ** Compared with
the traditional 20g PPV system, the minimally invasive vitrectomy system can achieve less injury and faster post-
operative recovery. These technological advances not only improve the operation efficiency and reduce the surgical
trauma, but also provide patients with better postoperative visual prognosis and quality of life. The application of these
innovative technologies makes vitrectomy show greater potential and advantages in the treatment of complex fundus
diseases. Although CPS remains the gold standard for cataract surgery at present, FLACS, as a new type of surgery, has
become relatively mature. It has good visual and refractive effects, a low complication rate, a shorter operation time, and
precise capsule incision, however, due to the high cost of lasers and surgical consumables, the overall expense is
higher.”*** Currently, FLACS has high potential and prospects, but its application in PPV combined surgery is still
relatively limited, and there is a lack of large-sample clinical studies.

Statistical test (Table 1) showed that there was a significant difference in the distribution of major diseases between the
two groups - the VO proportion of group A was significantly higher (p<<0.001), while the ERM (p<0.001) and other diseases
(p<0.001) of group B, especially the PDR subtype, accounted for a higher proportion (p<0.001); This distribution feature
suggests that group B is more likely to deal with complex fundus diseases (such as PDR and MH), while group A is mainly
for VO with relatively simple treatment. Notably, among the rare subtypes of other diseases, only PDR showed
a statistically significant intergroup difference (Group A: 0.5% vs Group B: 10.7%, p<0.001), while VH, RRD, MH and
other subtypes had no significant differences (all p>0.05). This indicates that although Group B undertakes more complex
cases, the distribution of most rare diseases is balanced, which reduces the impact of disease severity on the comparative
results of the two surgical methods. Moreover, baseline characteristic analysis (Table 2) confirmed that the two groups were
balanced in age, gender, and most ocular parameters (eg, AL, IOP), except for the affected eye distribution in the “other
diseases” subtype (p=0.002), which did not affect the core outcome comparison.

Besides, our study also compared FLACS combined PPV with CPS combined PPV in terms of cost, visual
improvement, complications, and procedure time. The average surgical cost of group A was significantly higher than
that of group B. This may limit widespread use of FLACS in resource-limited medical settings. The high cost mainly
stems from the expensive technical equipment of FLACS, which increases the economic burden of patients. In terms of
postoperative visual acuity improvement, group A showed a slight advantage, mainly in VO patients, the improvement of
BCVA (logmar) in group A was 0.34+0.51, while that in group B was 0.15+0.52 (p=0.03), while there was no significant
difference in BCVA improvement in all patients and other disease groups, although there was no significant difference
between the two groups. Existing study also suggests that FLACS may have some advantages in visual improvement,”®
but most studies indicate that the effect of FLACS on BCVA enhancement is comparable to CPS.?’?° Visual improve-
ment is an important indicator of surgical success, although FLACS performs slightly better in this regard, and patients
may need to weigh it based on financial circumstances. In addition, the average surgical time of group A was significantly
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shorter than that of group B. A shorter surgical time may have a positive impact on patient comfort and operating room
utilization, not only improving surgical efficiency but also potentially reducing intraoperative discomfort for patients.
However, FLACS surgery also has certain limitations. For example, due to small pupils and poor negative pressure
suction, some patients are unable to complete the femtosecond laser procedure and switch to traditional phacoemulsifica-
tion surgery. In this case, the surgical outcome may be affected, and detailed preoperative screening and intraoperative
caution are required.

In addition, the results of this study showed that the incidence of complications in the FLACS+PPV group (Group A)
was lower (7.14% vs 11.68% in Group B), although the overall difference was not statistically significant (Pearson’s chi-
square test, p=0.12) (Table 7). However, subtype analysis revealed meaningful differences: RRD, the most common
complication, was more frequent in Group A (4.95% vs 1.52%, p=0.04), which may be related to the more severe axial
length in HM patients of Group A (though not statistically significant). In contrast, cefuroxime-induced toxic macular
edema was exclusive to Group B (4 cases, 2.03%, p=0.02), and Group B also had multiple rare complications (eg,
persistent corneal edema, ophthalmic artery occlusion, endophthalmitis) that were not observed in Group A. These results
suggest that FLACS may reduce the risk of certain iatrogenic complications (eg, drug-induced macular edema) through
precise surgical manipulation, while Group A’s higher RRD rate may be associated with baseline ocular characteristics
rather than surgical technique. From the perspective of CPS clinical practice, certain specific issues may arise post-
operatively: for instance, some patients may experience an increase in foveal macular thickness, but this can be
effectively prevented by using cold irrigating solution during surgery.>® Additionally, although the incidence of retained
lens fragments in the anterior chamber after CPS is low, such an occurrence can cause significant damage to corneal
endothelial cells. Early Nd:YAG laser treatment serves as an optimal approach to promptly remove residual fragments,
which not only reduces the persistent damage to endothelial cells caused by the fragments but also avoids the discomfort
and additional costs associated with secondary surgery for patients. Simultaneously, it lowers the risk of delayed
inflammatory complications potentially induced by retained lens fragments—these complications may occur several
years after the initial surgery, leading to aggravated visual impairment due to endothelial cell damage from the
fragments.”' These targeted management strategies provide effective safeguards for the safe application of CPS.
Existing studies also suggest that FLACS possesses unique potential in reducing intraoperative and postoperative
complications. Its characteristic of precise laser manipulation can minimize the risks arising from variations in manual
operation. Meta-analyses have further confirmed that compared with CPS, FLACS is associated with a lower incidence
of certain complications. Most of these complications can be prevented through adequate preoperative preparation and
standardized surgical procedures; even if they occur, they typically resolve spontancously within a short period without
affecting the final visual outcomes.>” In summary, FLACS reduces the risk of complications at the source through its
technical characteristics. Although CPS may be accompanied by certain specific issues, the risks can also be effectively
controlled with mature intraoperative preventive measures and postoperative intervention protocols.

Our study has a relatively sufficient sample size. In previous reports, a larger sample size of FLACS combined with
PPV was 34 eyes.> At present, our study is the largest clinical report in terms of sample size. We found that FLACS
combined with PPV surgery has certain advantages in improving vision and reducing complications, but its high cost is
its main disadvantage. CPS combined with PPV has greater cost-effectiveness advantages, although its visual improve-
ment effect and incidence of complications are slightly inferior to FLACS combined with PPV. Taking into account the
higher cost of FLACS surgery, this surgical method does not have significant advantages over CPS combined with PPV.
The choice of surgical approach should be balanced based on specific clinical conditions and patient needs. Future
research should focus on technological improvements and cost reduction to evaluate the long-term clinical and economic
benefits of FLACS combined with PPV surgery.

This study has made certain improvements in providing control group data and increasing the number of cases
compared to existing reported studies. These improvements not only make our research results more convincing, but also
provide a more solid foundation for future research and clinical practice. We hope that the results of this study can
provide reference for the selection and optimization of ophthalmic surgery, promote the progress of clinical practice, and
improve patient prognosis. Although this study provides important data support, there are still some limitations. Firstly,
this study is a retrospective analysis and there may be selection bias, which is a retrospective analysis of secondary
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clinical data: 403 eyes undergoing combined cataract+PPV surgery were initially identified, with 24 (6.0%) excluded due
to incomplete follow-up data, resulting in a final sample of 379 eyes with comprehensive records, inherent limitations
include potential selection bias, unmeasured confounders, and marginal impacts on generalizability, mitigated by the
large sample size and strict eligibility criteria;. Secondly, the follow-up time is relatively short, making it impossible to
comprehensively evaluate the long-term effects of the surgery. Future research should focus on multicenter, large-scale
prospective randomized controlled trials to validate the results of this study. In addition, further exploration should be
conducted on the specific application and effects of FLACS combined with PPV surgery for patients with different types
of fundus diseases, in order to provide more accurate treatment plans for clinical practice.

Conclusion

In conclusion, both FLACS+PPV and CPS+PPV effectively improve visual acuity in patients with cataract complicated
by fundus diseases, with comparable overall safety. FLACS+PPV offers distinct advantages for vitreous opacity (VO)
patients, including better visual improvement, shorter surgical time, and avoidance of certain complications (eg,
cefuroxime-induced toxic macular edema), making it a preferred choice for this subgroup. CPS+PPV, however,
demonstrates superior cost-effectiveness, suitable for resource-limited settings or non-VO cases. Clinical selection should
be tailored to the patient’s disease type, economic status, and medical resources. Notably, this study is a retrospective
analysis with potential selection bias. Clinical surgical selection should be based on the patient’s condition, economic
status, and medical resources. Future prospective randomized controlled trials are needed to validate these findings.
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