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Macular morphology after
cataract surgery with and without
primary posterior continuous
curvilinear capsulorhexis
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and Wenjie Wu®?*

1Shengli Clinical Medical College of Fujian Medical University, Fujian Medical University, Fuzhou,
China, 2Department of Ophthalmology, Fujian Provincial Hospital, Fuzhou University Affiliated
Provincial Hospital, Fuzhou, China

Purpose: To evaluate changes in macular morphology after cataract surgery with
and without primary posterior continuous curvilinear capsulorhexis (PPCCC).
Methods: A prospective, intraindividual, randomized clinical trial was performed
at Fuzhou University Affiliated Provincial Hospital, Fujian, China. A total of 130
eyes of 65 age-related cataract patients with normal macular morphology
and function waiting for bilateral cataract surgery and intraocular lens (IOL)
implantation were enrolled. Cataract surgery combined with PPCCC was
performed in one eye, and routine cataract surgery in the fellow eye (NPCCC
group). Optical coherence tomography (OCT) measurements were performed
in all patients preoperatively and postoperatively on 1 day, 1 week, 1 month, and
3 months.

Results: A total of 120 eyes of 60 patients were capable to complete scheduled
follow-ups and analyzed in the study. There was no statistically significant
difference between the PPCCC group and NPCCC group in terms of subfoveal
central retinal thickness (CRT), central 1-mm subfield (CSF), average retinal
thickness in the middle (1-3 mm) and outer (3—-6 mm) rings (p > 0.05) at all
timepoints after surgery. Three eyes developed cystoid macular edema (CME)
1-month post-surgery. One eye in the PPCCC group recovered in 2 weeks after
topical treatment, while two in the NPCCC group took 8 weeks to recover. In the
NPCCC group, PVD progressed in two eyes, one from stage 2 to 4, and another
from stage 1 to 2. No PVD progression in the PPCCC group. The corrected
distance visual acuity (CDVA) of all patients was logMAR 0.1 or better at the last
visit.

Conclusion: Cataract surgery with combined manual PPCCC does not increase
the risk of CME and PVD in patients. PPCCC is a safe cataract surgery technique.

KEYWORDS

cystoid macular edema, posterior vitreous detachment (PVD), cataract surgery,
posterior capsulorhexis, surgery technique

Introduction

Significant advancements in adult cataract surgery techniques and equipment have
markedly improved postoperative refractive outcomes and patients’ satisfaction (1). However,
posterior capsular opacification (PCO) persists as the predominant complication following
cataract surgery, obscuring the optic zone, and precipitating a decline in visual acuity (2).
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Moreover, the uneven migration and proliferation of lens epithelial
cells (LECs) inside capsular bag may lead to secondary intraocular
lens (IOL) tilt, decentration, and even rotation especially affecting
premium IOLs (3, 4). The primary treatment to PCO is neodymium:
yttrium-aluminum-garnet (Nd:YAG) laser capsulotomy, while it
might damage the anterior hyaloid and carry potential risks such as
cystoid macular edema (CME), spikes in intraocular pressure, and
retinal detachment (5).

Recently, many researchers are actively focused on developing
effective prevention and treatment strategies for PCO (6-12). Among
them, primary posterior continuous curvilinear capsulorrhexis
(PPCCC) in adult cataract surgery has been gaining notable attention
(7-12). Tt is reported that PPCCC has promising potential to
significantly delay PCO and reduce the necessity for Nd:YAG laser
capsulotomy (10, 11). Prior researchers have applied PPCCC on more
than 1,000 patients and achieved a low rate of postoperative
complications, less axial movement, and better centration of IOLs
(12-15). Besides, our previous studies have proved that PPCCC brings
faster posterior capsule adhesion to IOL leading to better centration
and stability of IOLs (7, 9, 16). Despite its advantages, surgeons may
still be concerned about the safety of this technique, although the
PPCCC technique removes only the posterior capsule and retains the
anterior hyaloid membrane intact, some researchers are still concerned
about its potential additional effects on the anterior and posterior
segments (11, 14).

Previous studies have shown that PPCCC and non-PPCCC
(NPCCC) have similar anterior segment safety, with comparable levels
of anterior chamber flare, cell debris, and intraocular pressure (14, 15,
17). In addition, several investigators provided valuable insights into
the posterior segment safety profile of PPCCC, particularly regarding
its effect on the macula (10, 11, 18, 19). Stifter et al. (11) and Yazici
etal. (18) reported no case of CME following PPCCC. However, these
two studies were limited by time domain OCT (TD-OCT), which
offered inferior resolution and detection capabilities than spectral-
domain OCT (SD-OCT). Al-Nashar and Khalil (10) identified two
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cases of CME among 25 patients with SD-OCT, suggesting that
PPCCC would not significantly elevate the risk of CME, but the study
was case series with limited sample size and lack of comparative
control groups. Besides, incomplete posterior vitreous detachment
(PVD) is known to potentially cause vitreomacular traction syndrome,
arisk factor for CME (20, 21). However, past research seldom focused
on the occurrence and progression of PVD after cataract surgery
combined with PPCCC.

To the best of our knowledge, no preceding study has assessed the
impact on macular and PVD of manual PPCCC using SD-OCT with
a rigorous design. Thus, we conducted a prospective intraindividual
randomized controlled trial to evaluate macular morphology changes
in patients with normal macula, providing reliable safety data
for PPCCC.

Methods
Participants

The prospective, intraindividual, comparative randomized
controlled trial (RCT) included 130 eyes from 65 patients with
age-related cataract who underwent bilateral cataract surgery at Fuzhou
University Affiliated Provincial Hospital in Fujian, China, between
December 2023 and May 2024 (flowchart details in Figure 1). The
study protocol was approved by the institutional review board of
Fuzhou University Affiliated Provincial Hospital and adhered to the
ethical standards of the Declaration of Helsinki. All potential
participants were thoroughly informed about the potential benefits and
risks associated with the study. In compliance with the Declaration of
Helsinki, written informed consent was obtained from each participant.
The clinical trial is registered with the number ChiCTR2300078457.

The inclusion criteria were: (1) a diagnosis of bilateral age-related
cataract; and (2) a planned interval of less than 2 weeks between
surgeries for both eyes. The exclusion criteria were: (1) pre-existing

( Initial Enrollment )

Included patients
n=65 (130 eyes)

 Mobility/distance issues (n=3)
| + Hospitalization (n=1)
« Contact loss (n=1)

A/

( Exclusion )

Excluded patients
n=5 (10 eyes)

Y

Analyszed
n=60 (120 eyes)

( Final Analysis )
FIGURE 1

The study flowchart.
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retinal or macular conditions such as epiretinal membrane, diabetic
retinopathy (DR), macular hole, age-related macular degeneration, or
retinal vascular disease; (2) pre-existing ocular conditions such as
glaucoma, uveitis, or eye trauma; (3) previous intraocular surgery or
laser treatment; (4) use of topical medications; and (5) poor-quality or
unreliable OCT images obtained preoperatively;(6) anisometropia.
Patients who experienced intraoperative complications, such as
iatrogenic posterior capsule rupture or tear, or those with obvious
posterior capsular plaques, were excluded from both groups.

Before enrollment, all patients underwent a series of preoperative
ophthalmologic examinations, including uncorrected distance visual
acuity (UDVA; logMAR), anterior chamber depth (ACD), axial length
(AL), slit lamp microscopy, intraocular pressure (IOP) measured by
non-contact tonometry, optical biometry, and fundus examination
with OCT (Heidelberg Spectralis version 1.10.0.0, Germany).
Postoperatively, all patients were scheduled for routine follow-up at
1 day, 1 week, 1 month, and 3 months. The follow-up examinations
included UDVA, corrected distance visual acuity (CDVA), binocular
automatic refractometry (Auto Refractometer AR-610, Nidek Co.,
Japan), slit lamp microscopy, and fundus examination with
Spectralis OCT.

Randomization

Before the operation, the data researcher randomly selected one
of the two identical envelopes containing the PPCCC or NPCCC
allocation to determine the surgical method of the first operated eye,
and the surgical method of the contralateral eye was then determined.
Cataract surgery with combined PPCCC was performed in one eye,
and routine cataract surgery in the contralateral eye (NPCCC group)
and the posterior lens capsule kept untouched. Throughout the study,
treatment assignment is confidential to the patients and the
investigator, who in charge of the examination, while group
assignment was masked to the surgeon until the surgery commenced.
The surgical procedures and the postoperative medication were
standardized in all patients.

Surgical technique

The same experienced surgeon (WJ.W.) performed all cataract
surgeries using the surgical procedure that has been described
previously (8). A temporal 2.4 mm clear corneal incision was created.
Sodium hyaluronate 15 mg/mL (Shanghai Qisheng Biological
Preparation Co., Ltd.) was used as the ophthalmic viscosurgical device
(OVD). Nuclear removal, cortical aspiration, and posterior capsular
polishing were performed within a well-centered 5.5 mm anterior
continuous curvilinear capsulorhexis, and subsequent procedures
were performed according to group allocation.

In the PPCCC group, the posterior capsule center was punctured
using a 22-gauge needle to create an approximately 2 mm fissure.
Then, the OVD was injected into the capsular bag. Following the
outlines of the anterior continuous curvilinear capsulorhexis (ACCC),
a well-centered about 4.0 mm PPCCC was created. After removing the
central capsule flap, a 1-piece 360-degree square-edge acrylic
TECNIS® IOL (Johnson & Johnson Vision, United States) was then
inserted into the bag. Ultimately, the residual OVD was aspirated
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including that posterior to the IOL and the surgical wounds were
then watertight.

Postoperative medication

All patients were administered Tobramycin and Dexamethasone
Eye Drops (Novartis, Belgium, 15 mg: 5 mg/5 mL) four times daily,
with a gradual reduction by one increment every 5 days until
discontinuation after 20 days. Carbomer Eye Gel (Bausch & Lomb,
Germany, 10 g: 20 mg/10 g) was applied three times daily until the gel
ran out. Pranoprofen Eye Drops (Senju, Japan, 0.1%/5 mL) were
started three times daily from 2 weeks postoperatively until the bottle
was finished. Each medication was instilled 5 min apart, with one
drop at a time. Both eyes received the same postoperative therapy.

Optical coherence tomography
measurements

The OCT examination was performed by an experienced
operator. All scans were acquired in a dark room without mydriasis.
The standard imaging protocol is as follows: A horizontal raster SD
OCT scan of 20 x 20° was taken through the foveal center, consisting
of 25 sections with an automatic real-time (ART) setting of 9
(averaging 9 images). Preoperative scans were marked as the
patient’s baseline and were used for referencing subsequent scans
using the “follow-up” function, ensuring that the scans were
performed at the same location. The scans were conducted
postoperatively on 1 day, 1 week, 1 month, and 3 months (see
Figure 2).

Macular measurements were performed using the inbuilt
Spectralis mapping software, Heidelberg Eye Explorer (version
6.0c). (1) Subfoveal central retinal thickness (CRT), which
represents the distance between the vitreo-retinal interface and the
RPE-Bruch membrane junction at the center of the foveal depression
(Figure 2). (2) The area values were extrapolated from the retinal
map: (1) 1-mm inner ring: central 1-mm subfield (CSF), the mean
retinal thickness within the central 1-mm diameter area; (2)
1-3 mm middle ring: mean retinal thickness in 1-3 mm area; (3)
3-6 mm outer ring: mean retinal thickness in 3-6 mm area, with the
average value automatically calculated for all four quadrants. The
average values of the four quadrants were used for data analysis
(Figure 2). All B-scan images were reviewed for potential errors in
automatic segmentation, and all OCT thickness measurements were
manually verified by two experienced operators to avoid
quantitative errors.

Diagnosis of CME

The diagnosis of cystoid macular edema (CME) was defined as a
30% increase in baseline CRT and/or macular thickening associated
with definite cystic changes detected by OCT (22, 23). If CME was
detected by OCT, pranoprofen (a nonsteroidal anti-inflammatory
drug) and prednisolone acetate (a steroidal drug) were administered
four times a day, with an additional follow-up OCT scheduled after
2 weeks of treatment.
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Picture A shows a horizontal raster SD OCT scan, the white arrow points the white line means the distance between the vitreo-retinal interface and the
RPE-Bruch membrane junction at the center of the foveal depression. Picture B shows the retinal map concluding 1 mm central subfield and the

1-3 mm middle and 3—-6 mm outer rings. The retinal thickness of the rings was evaluated in the four quadrants (inferior, superior, nasal, and temporal).
The yellow circle means 1-mm central subfield (CSF). The green circle means the average values of the four quadrants of 1-3 mm middle ring. The
blue circle means the average values of the four quadrants of 3—6 mm outer ring.

Statistical analysis

The sample size was calculated using PASS 15.0. Based on
historical data indicating a CME incidence of 0.1-30% (24) in the
control group and 0-8% (10) in the intervention group, the sample
size estimation assumed a two-sided significance level (a = 0.05)
and 80% statistical power (1 — f = 0.80). Using the formula for
comparing two independent proportions, the calculation yielded
approximately 46 eyes per group. To account for a potential attrition
rate of 10% and ensure robustness, the target sample size was
increased to 65 eyes per group. Descriptive data are presented as the
mean * standard deviation (SD). If the data were normally
distributed, between-group differences were determined using the
paired t-test. If the data were not normally distributed, the Mann-
Whitney rank-sum test was performed. Pearson correlation
coefficients were calculated for normally distributed data, while
Spearman correlation coefficients were used for non-normally
distributed data. Repeated-measures analysis of variance (ANOVA)
was used to compare clinical conditions within individual
participants at different time points. All statistical analyses were
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performed using SPSS (v. 24, SPSS, Inc.). Differences with a p-value
<0.05 were considered statistically significant.

Results
Demographic data

After follow-up for 3 months, five patients did not complete
their scheduled follow-ups: three missed the 3-month follow-up
due to mobility issues or distance inconvenience, one was
hospitalized and unable to attend, and one is unreachable, possibly
due to a changed contact number. In total, 120 eyes of 60 patients
were analyzed in the study, the mean age is 69.17 + 7.30 years
(range, 50 to 85 years). 20 (33.3%) were male and 40 (66.7%) were
female. There are 12 patients with DM and 48 patients without
DM. Patient demographic characteristics are depicted in Table 1,
there was no significant difference between the two groups in
anterior chamber depth (ACD), axial length (AL), intraocular
pressure (IOP) and preoperative CDVA (p > 0.05, Mann-Whitney
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TABLE 1 Demographic data.

Parameter

Eye (right/left) 60/60

Gender (male/ 20/40

female)

Diabetes mellitus 12/48

(with/without)

Age (y) 69.17 £ 7.30

ACD (mm) 3.074 £+ 0.469 3.044 + 0.459 0.922
AL (mm) 23.88 +£1.94 23.82+1.89 0.846
IOP (mm Hg) 16.23 +2.48 16.24 +2.87 0.986
Baseline CDVA 0.589 +0.301 0.558 +£0.319 0.588
(log MAR)

CRT (pm) 218.88 £ 15.049 217.10 £ 15.430 0.523
CSF (pm) 253.08 £13.217 251.70 + 14.105 0.580
3 mme-area (pm) 323.31 +14.079 323.07 + 14.477 0.926
6 mm-area (pum) 287.85 + 14.514 286.27 + 14.605 0.552

PPCCC, primary posterior continuous curvilinear capsulorhexis; NPCCC, no posterior
continuous curvilinear capsulorhexis; ACD, anterior chamber depth; AL, axial length; IOP,
intraocular pressure; Baseline CDVA, baseline of correct distance visual acuity; CRT,
subfoveal central retinal thickness; CSE, central 1-mm subfield; 1-3 mm area, mean retinal
thickness in 1-3 mm middle ring; 3-6 mm area, mean retinal thickness in 3-6 mm outer
ring.

U test). And no difference was found between the two groups in
CRT, CSE, averaged retinal thickness of 1-3 mm and 3-6 mm area
preoperatively (p > 0.05, paired ¢-test). There are no intraoperative
complications such as iatrogenic posterior capsule rupture or tear
occurred in any patient of both groups.

The eyes included in the study were divided into two distinct
subgroups based on the presence of DM, and further categorized into
five subgroups according to the preoperative stage of PVD.

Visual acuity

Figure 3 showed the number of patients with visual acuity less than
0.1 CDVA (logMAR) gradually increased, over time postoperatively.
And all patients in both groups had the CDVA of 0.10 or better at last
follow up. After a three-month postoperative period, there was a
marked improvement in CDVA from 0.59 + 0.30 preoperatively to
0.02 + 0.04 (p < 0.001) in PPCCC group, and 0.56 + 0.32 t0 0.01 £ 0.03
(p <0.001) in NPCCC group (Table 2). There was no significant
difference in CDVA between the two groups at any visit (Table 2).

Retinal thickness

There was no difference between the two groups in CDVA, CRT,
CSE, averaged retinal thickness of 1-3 mm and 3-6 mm area during
scheduled follow-up. Figure 4 demonstrated the changes in retinal
thickness of patients with or without DM in PPCCC and NPCCC
group. No significant change in retinal thickness was found between
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FIGURE 3

Changes in corrected distance visual acuity (CDVA, logMAR) in the
PPCCC and NPCCC groups at 1-day, 1-week, 1-month, and
3-month follow-ups after surgery. CDVA > 0.1: visual acuity worse
than 0.1 logMAR. CDVA < 0.1: visual acuity of 0.1 logMAR or better.

TABLE 2 CDVA, CRT, CSF, averaged retinal thickness of 1-3 mm middle
and 3—-6 mm outer rings.

Parameters PPCCC NPCCC p-value
group group
CDVA (logMAR)
1 day 0.2+0.18 0.23+0.16 0.23
1 week 0.06 + 0.08 0.05 + 0.07 0.49
1 month 0.03 % 0.06 0.03 % 0.06 0.75
3 months 0.02 % 0.04 0.01 +0.03 0.63
CRT
1 day 2158+ 15.8 2162+ 16.0 0.90
1 week 21324157 2154+ 16.6 0.46
1 month 2226+21.8 22724259 0.29
3 months 222.0+17.3 2239+ 165 0.54
CSF
1 day 2502+ 13.2 250.98 + 15.3 0.75
1 week 2516+ 14.6 251.8+ 16.4 0.95
1 month 2625+ 19.8 264.8 +26.7 0.59
3 months 258.8 + 16.3 259.1+17.8 0.92
1-3 mm area
1 day 320.1 +13.3 321.3 + 14.0 0.61
1 week 325.7 £13.5 325.7 £ 15.4 0.97
1 month 330.8 +15.7 332.1+19.3 0.69
3 months 330.4 +13.5 331.8 +15.0 0.90
3—-6 mm area
1 day 285.0 + 14.5 2859+ 14.2 0.75
1 week 288.8 + 13.7 2883 + 14.5 0.86
1 month 293.9 + 15.0 294.6 + 15.3 0.82
3 months 293.7 + 14.3 292.7 +15.7 0.87

The CDVA, CRT, CSF, averaged retinal thickness of 1-3 mm middle and 3-6 mm outer rings
change between PPCCC group and NPCCC group at 1 day, 1 week, 1 month, and 3 months
postoperatively.
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FIGURE 4

Retinal thickness comparisons between patients with diabetes mellitus (DM) and non-diabetic patients in the PPCCC and NPCCC groups at 1-day,
1-week, 1-month, and 3-month follow-ups. CRT, subfoveal central retinal thickness; DM-PPCCC: diabetes mellitus patients in PPCCC group; NDM-
PPCCC: non-diabetic patients in PPCCC group: DM-NPCCC: diabetes mellitus patients in NPCCC group; NDM-NPCCC: non-diabetic patients in
NPCCC group: CSF, central 1-mm subfield; 1-3 mm area, mean retinal thickness in 1-3 mm middle ring; 3—-6 mm area, mean retinal thickness in 3—6

mm outer ring.

PPCCC group and NPCCC group in either DM or non-DM patients
at all postoperative visits (p > 0.05, repeated measures ANOVA).

Cystoid macular edema

No cases of clinically significant CME were observed, but CME
was observed in three eyes of two patients (2.5% of eyes) (two females,
one is 74 years old, and the other is 85) without visual impairment
occurring 1 month postoperatively. Neither patient had a history of
DM, and both are female. After application of pranoprofen and
prednisolone acetate, one eye (PPCCC group) returned to normal
with 2 weeks, and two eyes (NPCCC group) recovered 8 weeks
(Figure 5).

Occurrence and progression of PVD
We excluded three eyes before surgery due to excessive noise
impedes the observation of PVD. Table 3 illustrated the comparative

changes in the number of patients at various stages of PVD
preoperatively and at 1day, 1week, 1 month, and 3 months
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postoperatively between the two study groups. No significant
difference in PVD occurrence across five stages was found between
the PPCCC and NPCCC groups preoperatively or at any follow-up
visit (p > 0.05, repeated measures ANOVA, Figure 6). In the NPCCC
group, two eyes experienced progression of PVD: one advanced
from stage 2 to stage 4 at 1 month after surgery, and another
progressed from stage 1 to stage 2 at 3 months postoperatively. In
contrast, no progression of PVD was observed in the PPCCC group
(Figure 7).

Discussion

Previous studies have evaluated posterior segment safety of
cataract surgery with manual PPCCC (10, 11, 18, 19). However, there
are some limitations, including the low resolution of OCT (TD-OCT),
small sample size and lack of controlled group. Additionally, Schojai
et al. (19) reported no postoperative CME in patients undergoing
femtosecond laser-assisted PPCCC with SD-OCT, but the high cost
and limited availability of femtosecond lasers, restrict its broader
application and may limit the generalizability of the results. In this
randomized controlled trial study, we employed SD-OCT to assess the
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PPCCC group

FIGURE 5

NPCCC group

Cystoid macular edema (CME) in three patients from the PPCCC and NPCCC groups, indicated by white arrows on spectral-domain optical coherence
tomography (SD-OCT). All cases occurred at 1-month postoperatively. Pre-op, preoperative; 1 mo, 1 month; 1.5 mos, 1.5 months; 3 mos, 3 months

pre-op

1 mo

1.5 mos

3 mos

NPCCC group

changes in macular and PVD in patients with normal macula after
cataract surgery combined with PPCCC over 3-months follow-up.
In our study, no statistically significant difference was found
between the PPCCC group and NPCCC group in CRT, CSF,
1-3 mm middle ring and 3-6 mm outer rings preoperatively and at
any postoperative visits. This result suggested that the macular
thickness between cataract surgery with and without PPCCC is
comparable. At 1 month postoperatively, we observed three eyes
developed subtle CME (two were in NPCCC group, and one was in
PPCCC group). Retinal thickness of one PPCCC eye and one
NPCCC eye increased by 30% in the CRT, CSF, and 1-3 mm inner
ring. Though the other NPCCC eye exhibited a significant 30%
increase in CSF and 1-3 mm inner ring, the CRT did not show a
30% increase from baseline. The difference may be attributed to an
early involvement of the parafoveal area (25). Past macular-related
studies have largely focused on CRT and CSF (24, 26). However,
prior scholars suggested that CME can also present as diffuse
thickening, excluding parafoveal region might prone to false-
negative results (22). In our study, we measured both point retinal
thickness (CRT) and regional retinal thickness within a 6-mm area
around the macula (including the CSE 1-3 mm middle, and
3-6 mm outer rings). These parafoveal parameters may provide a
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more comprehensive assessment of macular thickness and help
prevent underestimation of pathology (25).

In our study, after topical administration, the recovery time was
2 weeks for the PPCCC eye, compared to 8 weeks for the two NPCCC
eyes. Previous studies reported that incomplete PVD progression could
lead to vitreomacular traction syndrome, which is considered as a risk
factor of CME (20, 21). It is important to noted that several studies have
found that phacoemulsification may cause or accelerate previous PVD
(27). However, the effect of combining PPCCC with cataract surgery on
PVD is still unclear. In our study, we compared different PVD stage
distributions preoperatively and at postoperative follow-ups. There are
no significant differences in PVD progression between the PPCCC and
NPCCC groups. Two eyes progressed PVD in the NPCCC group, and
no PVD progression in the PPCCC group. This might suggest that
cataract surgery performed with PPCCC does not increase the risk of
vitreous macular traction and PCCC might associate with less PVD
progression compared with traditional cataract surgery. A possible
explanation for these observations is that PPCCC creates a window in
the posterior capsule, allowing more surgical fluid flow into the Berger
space through this opening (28). A study suggested that traditional
cataract surgery process could result in the opening of the Berger space
(29). We hypothesize that PPCCC allows even more fluid flow into the
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TABLE 3 Postoperative changes in PVD stage distribution.

10.3389/fmed.2025.1687460

PVD stage PPCCC group NPCCC group p-value
Pre-op

Stage 0 44 (74.58%) 41 (71.93%) 0.98
Stage 1 11 (18.64%) 11 (19.30%) 0.98
Stage 2 1(1.69%) 2 (3.51%) 0.98
Stage 3 3 (5.08%) 2(3.51%) 0.98
Stage 4 1(1.67%) 1(1.72%) 0.98
1 day

Stage 0 44 (73.33%) 41 (71.93%) 0.98
Stage 1 11 (18.33%) 11 (19.30%) 0.98
Stage 2 1(1.67%) 2(3.51%) 0.98
Stage 3 3 (5.00%) 2(3.51%) 0.98
Stage 4 1(1.67%) 1(1.72%) 0.98
1 week

Stage 0 44 (73.33%) 41 (71.93%) 0.93
Stage 1 11 (18.33%) 11 (19.30%) 0.93
Stage 2 1(1.67%) 2(3.51%) 0.93
Stage 3 3 (5.00%) 2(3.51%) 0.93
Stage 4 1(1.67%) 1(1.72%) 0.93
1 month

Stage 0 44 (73.33%) 41 (71.93%)

Stage 1 11 (18.33%) 11 (19.30%) 0.83
Stage 2 1(1.67%) 1(1.72%) 0.83
Stage 3 3 (5.00%) 2(3.51%) 0.83
Stage 4 1(1.67%) 2(3.51%) 0.83
3 months

Stage 0 44 (73.33%) 41 (71.93%) 0.81
Stage 1 11 (18.33%) 10 (17.54%) 0.81
Stage 2 1(1.67%) 2(3.51%) 0.81
Stage 3 3 (5.00%) 2(3.51%) 0.81
Stage 4 1(1.67%) 2(3.51%) 0.81

Comparative variations in the number of different PVD stage at pre-surgery and at 1 day, 1 week, 1 month, and 3 months postoperatively between the two study groups.

Berger space, this not only results in a wider burger space but also causes
the anterior vitreous surface to further detach from the central posterior
capsule. This detachment could potentially weaken anteriorly oriented
traction forces due to postoperative capsular fibrosis and facilitate the
vitreous collapsing more backward (11). This may also explain why the
CME eye in the PPCCC group had a shorter recovery time.
Furthermore, in our study, we included 22 diabetic patients with
normal macula and found no CME cases in both groups postoperatively.
Different with our result, Juki¢ et al. (23) has reported that the CME
incidence is 22.0% in DM patients after cataract surgery. We assume that
this difference is because Kim et al. (30) included DM patients with
diabetic retinopathy (DR), whereas our study excluded. Moreover, it is
known that DM patients have a higher prevalence of early-onset
cataracts and experience more rapid formation of PCO, which
necessitates early cataract surgery and subsequent postoperative Nd:YAG
laser capsulotomy (31, 32). This population is more likely benefit from

Frontiers in Medicine

PPCCC. Notably, compared to non-diabetic patients, DM patients
without diabetic retinopathy (DR) exhibit a potentially 1.8-fold elevated
risk of CME following cataract surgery (24). However, whether PPCCC
further exacerbates this risk in this specific population remains unclear
and is needed to further investigate (24). Though prior researchers had
evaluated the macula-related safety of PPCCC, they generally excluded
DM patients (10, 17-19). In our study, we assessed the safety of PPCCC
specifically for the posterior segment of the eye in early DM patients
without DR. There are also no significant changes in retinal thickness in
early DM patients without DR between two groups at any scheduled
visit. This may suggest that PPCCC does not elevate the risk of CME and
can be safely utilized in DM patients with a normal macula.

The strength of this randomized clinical trial is the
prospective, intraindividual randomized controlled trial design
which brings convincing clinical evidence. Furthermore,
we extend the macular thickness evaluation, broadening the
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FIGURE 6
Retinal thickness across posterior vitreous detachment (PVD) stages at 1-day, 1-week, 1-month, and 3-month postoperative follow-ups.

macular thickness from horizontal CRT, CSF to the 1-3 mm
middle and 3-6 mm outer rings. Lastly, we included patients with
preoperative PVD and DM, and further analyzed the posterior
segment safety of PPCCC for these population, which might
broaden the application of PPCCC.

Frontiers in Medicine

The present study has several limitations. First, as this is a single
center randomized controlled trial involving 65 patients, a multicenter
trial with larger sample size may be necessary to validate our findings.
Second, we only observed for 3 months. Though based on previous
studies showing that CME typically peaks around 5-6 weeks
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NPCCC group

FIGURE 7

from stage 1 to 2. No PVD progression occurred in the PPCCC group

pre-op

1d

1 mo

3 mos

NPCCC group

Posterior vitreous detachment (PVD) progression was observed in two eyes in the NPCCC group: one eye progressed from stage 2 to 4, and another

postoperatively (24), a longer follow-up should be required to assess
long-term outcomes in future study. Third, the surgeon could not
be masked to the intervention during the procedure, which could
introduce bias. However, as the surgeon was not involved in
subsequent evaluations or data analysis, the potential for bias in the
randomization process is mitigate.

In conclusion, cataract surgery with stand-alone PPCCC does
not increase the risk of postoperative CME and PVD progression
in patients with a normal macula, including those with
DM. PPCCC can be considered a safe cataract surgery technique
option.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Frontiers in Medicine

Ethics statement

The studies involving humans were approved by Fujian
Provincial Hospital Ethics Committee. The studies were conducted
in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this
study was provided by the participants’ legal guardians/next of kin.
Written informed consent was obtained from the individual(s) for
the publication of any potentially identifiable images or data
included in this article.

Author contributions

CK:  Methodology, Data  curation,
Conceptualization, Writing - review & editing, Formal analysis,

Investigation,

Writing - original draft. KL: Writing - review & editing,

frontiersin.org


https://doi.org/10.3389/fmed.2025.1687460
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Kang et al.

Conceptualization, Data curation, Investigation. YH: Writing - review
& editing, Methodology, Formal analysis. MY: Writing — review &
editing, Supervision, Validation, Project administration, Visualization.
WW: Funding acquisition, Conceptualization, Resources, Writing —
review & editing, Supervision, Investigation.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. Publication of this article
was supported by research grants from Medical Innovation Program
of Fujian Province (2023CXA001), Natural Science Foundation of
Fujian Province (2022J011006), National Natural Science Foundation
of China (grant numbers 82501330) and Joint Funding Initiative for
Advanced Technological Innovation Project of Fujian Province
(2024Y9031).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Hecht I, Kanclerz P, Tuuminen R. Secondary outcomes of lens and cataract surgery:
more than just “best-corrected visual acuity.. Prog Retin Eye Res. (2023) 95:101150. doi:
10.1016/j.preteyeres.2022.101150

2. Kaur M, Titiyal JS, Rawat J. Long-term assessment of PC-IOL optic apposition in
surface modified IOL and its impact on Nd:YAG capsulotomy rate and visual quality.
Am ] Ophthalmol. (2024) 270:113-9. doi: 10.1016/j.2j0.2024.09.029

3. Fan C, Yang Y, You M, Chen Z, Jiang J. Mefunidone inhibits inflammation, oxidative
stress, and epithelial-mesenchymal transition in lens epithelial cells. Invest Ophthalmol
Vis Sci. (2024) 65:17. doi: 10.1167/i0vs.65.14.17

4. Kim KH, Kim WS. Intraocular lens stability and refractive outcomes after cataract
surgery using primary posterior continuous curvilinear capsulorrhexis. Ophthalmology.
(2010) 117:2278-86. doi: 10.1016/j.0phtha.2010.03.053

5. Dot C, Schweitzer C, Labbé A, Lignereux F, Rozot P, Goguillot M, et al. Incidence
of retinal detachment, macular edema, and ocular hypertension after
neodymium:yttrium-aluminum-garnet capsulotomy: a population-based nationwide
study-the French YAG 2 study. Ophthalmology. (2023) 130:478-87. doi:
10.1016/j.ophtha.2022.12.022

6. Wormstone IM, Wormstone YM, Smith AJO, Eldred JA. Posterior capsule
opacification: What’s in the bag? Prog Retin Eye Res. (2021) 82:100905. doi:
10.1016/j.preteyeres.2020.100905

7. Liu X, Yu M, Huang Y, Li Q, Wu W. Intraocular lens tilt and decentration after
cataract surgery with and without primary posterior continuous curvilinear
capsulorhexis. ]  Cataract  Refract  Surg. (2023) 49:492-8. doi:
10.1097/j.jcrs.0000000000001152

8. Yu M, Huang Y, Wang Y, Xiao S, Wu X, Wu W. Three-dimensional assessment of
posterior capsule-intraocular lens interaction with and without primary posterior
capsulorrhexis: an intraindividual randomized trial. Eye. (2022) 36:2130-6. doi:
10.1038/s41433-021-01815-4

9. Huang Y, Yu M, Liu X, Cai Y, Kang C, Wu W. Intraocular lens rotational stability after
cataract surgery with and without primary posterior continuous curvilinear capsulorhexis.
] Cataract Refract Surg. (2025) 51:147-55. doi: 10.1097/j.jcrs.0000000000001579

10. Al-Nashar HY, Khalil AS. Primary posterior capsulotomy in adults with posterior
capsule opacification. J Cataract Refract Surg. (2016) 42:1615-9. doi: 10.1016/j.
jcrs.2016.08.026

11. Stifter E, Menapace R, Neumayer T, Luksch A. Macular morphology after cataract
surgery with primary posterior capsulorhexis and posterior optic buttonholing. Am J
Ophthalmol. (2008) 146:15-22.e2. doi: 10.1016/j.2j0.2008.02.022

Frontiers in Medicine

11

10.3389/fmed.2025.1687460

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1687460/
full#supplementary-material

12. Menapace R. Posterior capsulorhexis combined with optic buttonholing: an
alternative to standard in-the-bag implantation of sharp-edged intraocular lenses? A
critical analysis of 1,000 consecutive cases. Graefes Arch Clin Exp Ophthalmol. (2008)
246:787-801. doi: 10.1007/s00417-008-0779-6

13. Menapace R. Routine posterior optic buttonholing for eradication of posterior
capsule opacification in adults: report of 500 consecutive cases. ] Cataract Refract Surg.
(2006) 32:929-43. doi: 10.1016/j.jcrs.2006.02.046

14. Stifter E, Menapace R, Luksch A, Neumayer T, Vock L, Sacu S. Objective
assessment of intraocular flare after cataract surgery with combined primary posterior
capsulorhexis and posterior optic buttonholing in adults. Br J Ophthalmol. (2007)
91:1481-4. doi: 10.1136/bjo.2007.120535

15. Stifter E, Menapace R, Kriechbaum K, Luksch A. Posterior optic buttonholing prevents
intraocular pressure peaks after cataract surgery with primary posterior capsulorhexis.
Graefes Arch Clin Exp Ophthalmol. (2010) 248:1595-600. doi: 10.1007/500417-010-1454-2

16. Meng J, He W, Rong X, Miao A, Lu Y, Zhu X. Decentration and tilt of plate-haptic
multifocal intraocular lenses in myopic eyes. Eye Vis. (2020) 7:17. doi:
10.1186/540662-020-00186-3

17. Stifter E, Menapace R, Luksch A, Neumayer T, Sacu S. Anterior chamber depth
and change in axial intraocular lens position after cataract surgery with primary
posterior capsulorhexis and posterior optic buttonholing. J Cataract Refract Surg. (2008)
34:749-54. doi: 10.1016/j.jcrs.2007.12.035

18. Yazici AT, Bozkurt E, Altan CD, Albayrak S, Cakir M, Alagoz N, et al. Macular
thickness changes after phacoemulsification combined with primary posterior curvilinear
capsulorhexis. Eur ] Ophthalmol. (2010) 20:376-80. doi: 10.1177/112067211002000218

19. Schojai M, Schultz T, Haeussler-Sinangin Y, Boecker J, Dick HB. Safety of
femtosecond laser-assisted primary posterior capsulotomy immediately after cataract
surgery. ] Cataract Refract Surg. (2017) 43:1171-6. doi: 10.1016/j.jcrs.2017.06.041

20. Meyer PS, Kammann MT, Meyer CH. Vitrectomy in full thickness macular holes
on top of a pigment epithelial detachment in age-related macular degeneration (AMD).
Surgical consideration and review of the literature. Am | Ophthalmol Case Rep. (2021)
23:101154. doi: 10.1016/j.aj0c.2021.101154

21.Liu RZ, Hu YJ, Wang TE Yu JC, Wang YX, Zhang YL, et al. A novel recombinant
human microplasminogen induced complete posterior vitreous detachment without
morphological change of retina in juvenile rabbits. Exp Eye Res. (2023) 230:109465. doi:
10.1016/j.exer.2023.109465

22.Pollack A, Staurenghi G, Sager D, Mukesh B, Reiser H, Singh RP. Prospective
randomised clinical trial to evaluate the safety and efficacy of nepafenac 0.1% treatment
for the prevention of macular oedema associated with cataract surgery in patients with

frontiersin.org


https://doi.org/10.3389/fmed.2025.1687460
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1687460/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1687460/full#supplementary-material
https://doi.org/10.1016/j.preteyeres.2022.101150
https://doi.org/10.1016/j.ajo.2024.09.029
https://doi.org/10.1167/iovs.65.14.17
https://doi.org/10.1016/j.ophtha.2010.03.053
https://doi.org/10.1016/j.ophtha.2022.12.022
https://doi.org/10.1016/j.preteyeres.2020.100905
https://doi.org/10.1097/j.jcrs.0000000000001152
https://doi.org/10.1038/s41433-021-01815-4
https://doi.org/10.1097/j.jcrs.0000000000001579
https://doi.org/10.1016/j.jcrs.2016.08.026
https://doi.org/10.1016/j.jcrs.2016.08.026
https://doi.org/10.1016/j.ajo.2008.02.022
https://doi.org/10.1007/s00417-008-0779-6
https://doi.org/10.1016/j.jcrs.2006.02.046
https://doi.org/10.1136/bjo.2007.120535
https://doi.org/10.1007/s00417-010-1454-2
https://doi.org/10.1186/s40662-020-00186-3
https://doi.org/10.1016/j.jcrs.2007.12.035
https://doi.org/10.1177/112067211002000218
https://doi.org/10.1016/j.jcrs.2017.06.041
https://doi.org/10.1016/j.ajoc.2021.101154
https://doi.org/10.1016/j.exer.2023.109465

Kang et al.

diabetic  retinopathy. Br ] 101:423-7.  doi:

10.1136/bjophthalmol-2016-308617

Ophthalmol.  (2017)

23.Juki¢ A, Kasalica Zuzul R, Pavan J, Lovri¢ M, Kozmar A, Plavec D, et al.
Pseudophakic cystoid macular oedema (PCME) prevention in patients with non-
proliferative diabetic retinopathy (NPDR)-randomized controlled trial. Medicina. (2022)
58:1667. doi: 10.3390/medicina58111667

24. Han JV, Patel DV, Squirrell D, McGhee CN. Cystoid macular oedema following
cataract surgery: a review. Clin Exp Ophthalmol. (2019) 47:346-56. doi: 10.1111/ce0.13513

25. Hollé G, Aung T, Cantor LB, Aihara M. Cystoid macular edema related to cataract
surgery and topical prostaglandin analogs: mechanism, diagnosis, and management.
Surv Ophthalmol. (2020) 65:496-512. doi: 10.1016/j.survophthal.2020.02.004

26. Gharbiya M, Cruciani F, Cuozzo G, Parisi F, Russo P, Abdolrahimzadeh S. Macular
thickness changes evaluated with spectral domain optical coherence tomography after
uncomplicated phacoemulsification. Eye. (2013) 27:605-11. doi: 10.1038/eye.2013.28

27. Hayashi S, Yoshida M, Hayashi K, Tsubota K. Progression of posterior vitreous
detachment after cataract surgery. Eye. (2022) 36:1872-7. doi: 10.1038/s41433-021-01732-6

Frontiers in Medicine

12

10.3389/fmed.2025.1687460

28. Studeny P, Benda T. Primary posterior continuous circular capsulorhexis without
the use of ophthalmic viscosurgical device. Clin Ophthalmol. (2023) 17:441-4. doi:
10.2147/OPTH.S386925

29. Scarfone HA, Rodriguez EC, Rufiner MG, Riera JJ, Fanego SE, Charles M, et al.
Vitreous-lens interface changes after cataract surgery using active fluidics and active
sentry with high and low infusion pressure settings. ] Cataract Refract Surg. (2024)
50:333-8. doi: 10.1097/j.jcrs.0000000000001359

30. Kim SJ, Equi R, Bressler NM. Analysis of macular edema after cataract surgery in
patients with diabetes using optical coherence tomography. Ophthalmology. (2007)
114:881-9. doi: 10.1016/j.0phtha.2006.08.053

31. Chancellor J, Soliman MK, Shoults CC, Faramawi MF, al-Hindi H, Kirkland K,
et al. Intraoperative complications and visual outcomes of cataract surgery in diabetes
mellitus: a multicenter database study. Am J Ophthalmol. (2021) 225:47-56. doi:
10.1016/j.aj0.2020.12.027

32. Go JA, Mamalis CA, Khandelwal SS. Cataract surgery considerations for diabetic
patients. Curr Diab Rep. (2021) 21:67. doi: 10.1007/s11892-021-01418-z

frontiersin.org


https://doi.org/10.3389/fmed.2025.1687460
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1136/bjophthalmol-2016-308617
https://doi.org/10.3390/medicina58111667
https://doi.org/10.1111/ceo.13513
https://doi.org/10.1016/j.survophthal.2020.02.004
https://doi.org/10.1038/eye.2013.28
https://doi.org/10.1038/s41433-021-01732-6
https://doi.org/10.2147/OPTH.S386925
https://doi.org/10.1097/j.jcrs.0000000000001359
https://doi.org/10.1016/j.ophtha.2006.08.053
https://doi.org/10.1016/j.ajo.2020.12.027
https://doi.org/10.1007/s11892-021-01418-z

	Macular morphology after cataract surgery with and without primary posterior continuous curvilinear capsulorhexis
	Introduction
	Methods
	Participants
	Randomization
	Surgical technique
	Postoperative medication
	Optical coherence tomography measurements
	Diagnosis of CME
	Statistical analysis

	Results
	Demographic data
	Visual acuity
	Retinal thickness
	Cystoid macular edema
	Occurrence and progression of PVD

	Discussion

	References

