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ABSTRACT

Introduction: This study investigates factors
associated with recurrent rhegmatogenous reti-
nal detachment (RRD), macular complications,
and visual outcomes after pars plana vitrectomy
(PPV) without perfluorocarbon liquids (PFCLs)
for primary RRD.
Methods: A longitudinal cohort study included
consecutive patients with RRD who underwent
PFCL-free PPV. Postoperative visual acuity and
spectral-domain optical coherence tomography
findings [cystoid macular edema (CME),
epiretinal membrane (ERM), ellipsoid zone/in-
terdigitation zone (EZ/IZ) damage] were col-
lected. Logistic regression and linear mixed

models analyzed rates and risk factors for RRD
recurrence, CME, ERM, EZ/IZ damage, and
visual acuity at 12 months.
Results: 346 eyes with RRD were studied. Sin-
gle-operation success rates were 96% and 93%
for uncomplicated (n = 274 eyes) and compli-
cated (n = 72 eyes) RRD, respectively. Factors
associated with RRD recurrence were posterior
retinal breaks [odds ratio (OR) = 10.7 compared
to peripheral retinal breaks, p = 0.008], silicone
oil tamponade (OR = 5.66 compared to gas,
p = 0.01), and sectorial laser retinopexy (OR =
4.34 compared to 360� laser retinopexy,
p = 0.007). The prevalence of CME, ERM, and
EZ/IZ damage at 12 months was 10%, 9%, and
6%, respectively. Eyes with EZ/IZ defects had
worse postoperative visual acuity in both
uncomplicated and complicated RRD. Prolifer-
ative vitreoretinopathy (OR = 2.95, p = 0.03)
and silicone oil tamponade (OR = 3.70 com-
pared to gas, p = 0.05) were associated with EZ/
IZ damage.
Conclusions: PFCL-free PPV demonstrated sat-
isfactory single-operation success rates for
uncomplicated and complicated RRD, with a
low prevalence of macular complications. Ana-
lyzing factors associated with RRD recurrence
can provide provisional recommendations for
PFCL-free approaches in the absence of ran-
domized trials.

Keywords: Cystoid macular edema; Ellipsoid
zone; Epiretinal membrane; Optical coherence
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Key Summary Points

Why carry out this study?

Retinal reattachment surgeries using
perfluorocarbon liquids (PFCLs) have
potential risks and complications. There is
a need for safer and more cost-effective
techniques in retinal reattachment
surgeries.

The study aimed to evaluate the efficacy
and outcomes of PFCL-free pars plana
vitrectomy (PPV) in uncomplicated and
complicated rhegmatogenous retinal
detachment (RRD).

What was learned from the study?

PFCL-free PPV demonstrated satisfactory
single-operation success rates for both
uncomplicated and complicated RRD
cases.

Macular complications were infrequent
and mainly observed in complex RRD
cases. Outer retinal damage emerged as a
critical predictor of postoperative vision,
emphasizing the importance of careful
assessment of macular morphology.

The study suggests the need for further
research to explore alternative surgical
strategies and refine treatment approaches
for complex RRD cases.

INTRODUCTION

Rhegmatogenous retinal detachment (RRD) is a
sight-threatening condition affecting a signifi-
cant number of individuals, with an annual
incidence of 10 to 20 cases per 100,000 popu-
lation in high-income countries [1, 2]. Pars
plana vitrectomy (PPV) is a widely performed
surgical procedure for RRD repair, with

advancements in surgical techniques and tools
leading to improved visual outcomes and long-
term anatomical success [3].

Perfluorocarbon liquids (PFCLs) have histor-
ically played a critical role in vitreoretinal sur-
gery, facilitating retina flattening, subretinal
fluid (SRF) drainage, macular protection, and
intraocular foreign body removal. However, the
use of PFCLs has been associated with rare but
severe complications, including inflammation,
subretinal migration, and toxicity to the inner
retina or retinal pigment epithelium (RPE) [4].
In recent years, PFCL-free PPV techniques,
involving direct SRF aspiration through retinal
breaks or surgical retinotomy, have gained
popularity [5]. These techniques have demon-
strated comparable visual outcomes and single-
operation success rates to PFCL-assisted PPV for
uncomplicated RRD [6–13]. Nevertheless, data
on PFCL-free PPV in complicated RRD cases are
limited [14], and little is known about factors
associated with RRD recurrence in this
approach.

While previous studies, including the
ELLIPSOID study, have explored macular com-
plications associated with different SRF drainage
techniques in PPV for primary RRD, none have
specifically evaluated factors linked to outer
retinal damage, cystoid macular edema (CME),
and other macular complications in PFCL-free
PPV [12]. At our center, PFCL-free PPV has been
routinely performed for uncomplicated RRD
since 2015, and this study aims to investigate
factors related to RRD recurrence in PFCL-free
PPV for both complicated and uncomplicated
RRD cases. Additionally, the study seeks to
estimate the prevalence of macular complica-
tions detected by spectral-domain optical
coherence tomography (SD-OCT) and their
associations with visual outcomes at
12 months.

The findings from this study are expected to
serve as a valuable reference for surgeons
adopting PFCL-free PPV approaches and provide
provisional treatment recommendations for
uncomplicated and complicated RRD cases. By
shedding light on the factors influencing RRD
recurrence and macular complications, this
research contributes to a broader understanding
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and refinement of surgical strategies for
managing RRD.

METHODS

This longitudinal cohort study was conducted
at a tertiary referral center, San Gerardo Hospi-
tal, Monza, Italy, from March 2017 to June
2021. The study included patients with RRD
repaired using PFCL-free PPV. To be eligible,
patients had to have at least one postoperative
SD-OCT scan and a minimum follow-up dura-
tion of 6 months. Exclusion criteria comprised
previous intraocular surgery (except uncompli-
cated phacoemulsification), other retinal or
optic nerve diseases, ocular trauma, or prior
retinal detachment.

Patients were categorized into two groups:
complicated RRD and uncomplicated RRD.
Complicated RRD encompassed cases with high
myopia (B - 6.00 diopters or axial
length[26.5 mm) prior to cataract extraction,
RRD originating from a macular hole or macular
schisis, giant retinal tears, choroidal detach-
ment, or proliferative vitreoretinopathy (PVR)
worse than grade A [14, 15]. The remaining eyes
were classified as uncomplicated RRD. The
study adhered to the Declaration of Helsinki
and received approval from the local Institu-
tional Review Board (CE-MILAN-V1, approval
date 01/28/2022).

Data, including patient demographics, con-
comitant cataract extraction, surgery duration,
macular involvement, retinal break characteris-
tics (e.g., presence of multiple breaks, location,
and size), PVR grade, tamponading agent used,
preoperative and postoperative visual acuity
(converted into LogMAR), RRD recurrences, and
complications, were extracted from the hospi-
tal’s electronic medical records. All available
preoperative and postoperative SD-OCT scans
were evaluated by a retina specialist (MVC).

Surgical Procedure

All surgeries were performed by a single vitreo-
retinal surgeon (MC). Simultaneous pha-
coemulsification with aspheric intraocular lens
implantation (RayOne Aspheric RAO 600 C) was

performed when lens opacity was considered
visually impairing. At the end of phacoemulsi-
fication, 0.1 ml of intracameral cefuroxime
(1 mg/0.1 ml) was injected.

A three-port PPV was performed using the
Constellation vitrectomy system (Alcon, Fort
Worth, TX) and a binocular indirect oph-
thalmo-microscope for a non-contact, wide-an-
gle view. Core vitrectomy and peripheral
vitreous shaving were performed, and retinal
breaks were identified with scleral depression. If
no tear could be seen, a small retinotomy was
performed. Subretinal fluid was evacuated
through retinal breaks under air, followed by
laser retinopexy around the breaks. Laser pho-
tocoagulation was extended to 360� at the sur-
geon’s discretion. In cases of PVR, proliferative
membrane peeling was performed, with surgical
retinotomy if necessary. No episcleral buckle
was used.

The eye was filled with a tamponade agent
[C3F8 16%, SF6 20%, or silicone oil (100%
polydimethylsiloxane, PDMS, 1000 cS)] based
on the surgeon’s clinical judgment. Sclero-
tomies were sutured with 8/0 Vicryl, and a
combination of 2 mg dexamethasone/1 mg
gentamycin was injected into the subconjunc-
tival space. Patients received a fixed steroid/an-
tibiotic combination for the first month after
surgery. Face-down posturing was maintained
for the first postoperative day, followed by
10 days of positioning based on retinal break
location.

Imaging Evaluation

SD-OCT scans were obtained using the Spec-
tralis OCT (Heidelberg Engineering GmbH,
Heidelberg, Germany). An SD-OCT raster mac-
ular volume of 26 scans centered on the fovea
was evaluated. Additional SD-OCT scans were
inspected if available. Parameters assessed on
postoperative SD-OCT included:

• CME (defined as a central subfield macular
thickness increase of at least 10% from the
baseline, together with cystoid changes at
the fovea)

• Epiretinal membrane (ERM) involving the
fovea
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• Ellipsoid zone/interdigitation zone (EZ/IZ)
damage, defined as a focal optical attenua-
tion or interruption of the EZ and/or the IZ
under the fovea or juxtafoveally

• Residual SRF
• Full-thickness retinal folds
• Outer retinal folds (ORF), seen as hyper-

reflective partial thickness folds created by
EZ/IZ infolding [16]

• Macular hole.

Statistical Analysis

Statistical analyses were performed with the
open-source programming language R [16].
Descriptive statistics for continuous data were
presented as mean ± standard deviation (SD) or
median and interquartile range (IQR). Baseline
characteristics were compared between uncom-
plicated and complicated RRD eyes using logis-
tic regression models.

The rate of RRD recurrence was determined
using Kaplan–Meier statistics. Logistic regres-
sion models were employed to investigate fac-
tors associated with RRD recurrences, CME,
ERM, EZ/IZ loss, residual SRF, and ORF. The
reported results included odds ratios (ORs) and
95% confidence intervals (CIs). Significant
covariates were included in the multivariable
models. Factors related to visual acuity at
12 months were examined using linear regres-
sion models, incorporating available data
beyond the minimum 6 months follow-up per-
iod. Regression estimates and standard errors
(SE) were calculated. Recurrent RRD eyes were
excluded from this analysis to avoid con-
founding, and missing data on visual acuity
were addressed using the last observation car-
ried forward approach.

All the models were corrected for a history of
phacoemulsification at the time of PPV or dur-
ing follow-up to account for potentially worse
vision in eyes developing postoperative lens
opacity. Statistical significance was set at
p = 0.05 unless specified otherwise.

RESULTS

A total of 346 eyes from 333 patients who
underwent PFCL-free PPV for primary RRD were
included in the study. Among them, 274 eyes
(79%) had uncomplicated RRD, while 72 eyes
(21%) had complicated RRD. The complicated
RRD group comprised eyes with various com-
plicating factors, including pathologic myopia
(39 eyes, 54%), PVR grade B or worse (15 eyes,
21%), giant tears (15 eyes, 21%), RRD starting
from a macular hole (11 eyes, 15%), and chor-
oidal detachment (3 eyes, 4%). Notably, some
patients with complicated RRD had multiple
complicating factors. Peripheral schisis-associ-
ated RRD was not observed.

The clinical characteristics of the patients are
summarized in Table 1. Sixty-five eyes (24%)
with uncomplicated RRD and 25 eyes (35%)
with complicated RRD had macula-off RRD
(p = 0.06). Eyes with complicated RRD were
more myopic (- 8.60 ± 3.73 vs. - 2.40 ± 2.22
diopters, p\ 0.001) and had longer PPV surgery
durations (49.6 ± 17.8 vs. 43.3 ± 11.9 min,
p = 0.005) than eyes with uncomplicated RRD.
Silicone oil was used more frequently as a tam-
ponading agent in complicated RRD cases (10%
vs. 4%, p = 0.04), while 360� laser retinopexy
was performed more often in uncomplicated
RRD cases (88% vs. 75%, p = 0.005). There were
no significant differences in other
characteristics.

The mean postoperative follow-up dura-
tion was similar for uncomplicated and com-
plicated patients with RRD (p = 0.8):
11 ± 2.0 months (range 6–44). A higher per-
centage of complicated RRD eyes underwent
cataract extraction during follow-up (21% vs.
9%, p = 0.01).

RRD Recurrences

RRD recurrences were observed in 15 eyes (4%).
Among these, 10 eyes (4%) belonged to the
uncomplicated RRD group and 5 eyes (7%)
belonged to the complicated RRD group
(p = 0.2). In the complicated RRD group, recur-
rent RRD occurred in 2 out of 39 patients with
pathologic myopia (5%), 1 out of 15 eyes with
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Table 1 Baseline demographic and clinical characteristics of patients with rhegmatogenous retinal detachment who
underwent perfluorocarbon liquid (PFCL)-free pars plana vitrectomy (PPV)

All (n = 346) Uncomplicated RRD
(n = 274)

Complicated RRD
(n = 72)

p value

Age (years) 58.1 ± 10.6 58.6 ± 10.4 56.2 ± 11.3 0.08

Gender

Male (%) 235 (68) 191 (70) 44 (61) 0.2

Female (%) 111 (32) 83 (30) 28 (39)

Refraction (diopters) - 4.62 ± 4.12 - 2.40 ± 2.22 - 8.60 ± 3.73 \ 0.001*

Pseudophakia (%) 80 (23) 66 (24) 14 (19) 0.7

Combined FACO ? PPV

(%)

103 (30) 80 (29) 23 (32) 0.6

FACO on follow-up 41 (12) 26 (9) 15 (21) 0.01*

Surgery time (min.)

PPV 44.6 ± 13.5 43.3 ± 11.9 49.6 ± 17.8 0.005*

FACO ? PPV 58.2 ± 16.6 57.5 ± 16.2 60.7 ± 17.9 0.5

Gauge

23 (%) 15 (4) 10 (4) 5 (7) 0.2

25 (%) 330 (95) 263 (95) 67 (93)

27 (%) 1 (0) 1 (0) 0 (0)

Macula off (%) 90 (26) 65 (24) 25 (35) 0.06

Multiple tears (%) 136 (39) 104 (38) 32 (44) 0.3

Tear location (%)

Superior 151 (44) 121 (44) 30 (42) 0.7

Nasal/temporal 77 (22) 60 (22) 17 (24)

Inferior 105 (32) 87 (32) 18 (25)

Posterior 8 (2) 5 (2) 3 (4)

Not found 5 (0) 1 (0) 4 (6)

PVR pre

Grade A 13 (4) 13 (5) 0 (0) N/A

Grade B–D 15 (4) 0 (0) 15 (21)

Tamponade agent (%)

Gas 329 (95) 264 (96) 65 (90) 0.04*

Silicon oil 17 (5) 10 (4) 7 (10)
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PVR grade B or worse (7%), none of the 15 eyes
with giant tears (0%), 2 out of 11 eyes with RRD
starting from a macular hole (18%), and 2 out of
3 eyes with choroidal detachment (67%). It is
important to note that one patient had con-
current myopia and a macular hole, and
another patient had myopia and choroidal
detachment.

Among the eyes with recurrent RRD, 12 eyes
underwent one surgery, while 3 eyes required
two surgeries for RRD repair. Median time to
RRD recurrence was 31 days (interquartile
range: 15.5 to 75.5), with similar median values
observed for uncomplicated RRD (24.5 days,
interquartile range: 15 to 83.4) and complicated
RRD (31 days, interquartile range: 24 to 36).

Due to the small number of events, a subset
analysis for risk factor analysis between com-
plicated and uncomplicated RRD was not feasi-
ble. Logistic regression analysis in the entire
cohort revealed that eyes with posterior retinal
breaks (OR = 10.7 vs. peripheral retinal breaks,
95% CI 1.43 to 55.6, p = 0.008), silicone oil
tamponade (OR = 5.66 vs. gas, 95% CI 1.19 to
20.41, p = 0.01), and an absence of 360� laser
retinopexy (OR = 4.34, 95% CI 1.40 to 12.66,
p = 0.007) had a higher likelihood of RRD
recurrence.

The presence of a macular hole or choroidal
detachment was associated with a high risk of
RRD recurrence, though with wide confidence
intervals due to the small numbers (95% CI 1.78
to 224.2, p = 0.045 for a macular hole; 95% CI
4.59 to 1,135, p = 0.001 for choroidal detach-
ment). Longer surgeries (OR = 2.08 for each
30 min increase, 95% CI 0.85 to 4.76, p = 0.07)
showed an association with a higher risk of RRD
recurrence at a confidence level of a = 0.1.

Prevalence of SD-OCT Features

The prevalence of SD-OCT features was also
evaluated. Cystoid macular edema was the most
common finding, occurring in 36 eyes (10%).
Older age (61.9 ± 10.7 vs. 57.7 ± 10.6,
p = 0.02), posterior retinal tears (8% vs. 2%,
p = 0.04), preoperative presence of PVR (17% vs.
3% for grade B-D PVR, p\0.001), silicone oil
tamponade (17% vs. 4%, p = 0.002), and RRD
recurrence (19% vs. 3%, p\0.001) were asso-
ciated with postoperative CME. Postoperative
SD-OCT scans revealed an association between
CME and EZ/IZ damage (17% vs. 5%, p = 0.01)
as well as ERM (32% vs. 11%, p = 0.003) (Sup-
plementary Material Table 1, Fig. 1).

Epiretinal membrane was the second most
common finding, detected in 32 eyes (9%). The
use of larger-gauge instruments (19% vs. 3% for
23-gauge, p = 0.001) and the presence of giant
tears (13% vs. 4%, p = 0.02) and preoperative
PVR (13% vs. 4% for grade B–D PVR, p = 0.03)
were associated with ERM detection during fol-
low-up. Multivariable logistic regression analy-
sis identified the presence of giant tears
(OR = 5.88, 95% CI 1.10 to 28.4, p = 0.03) and
the use of 23-gauge vitrectomy probes (OR =
5.18, 95% CI 1.03 to 31.11, p = 0.045) as
independent associations with ERM (Supple-
mentary Material Table 2).

EZ/IZ damage was observed in 21 eyes (6%).
The presence of PVR (14% vs. 3% for grade A
PVR, OR = 2.95, 95% CI 1.10 to 8.75, p = 0.03)
and silicone oil tamponade (14% vs. 4%, OR =
3.70, 95% CI 0.80 to 12.57, p = 0.05) were
associated with postoperative EZ/IZ damage
(Supplementary Material Table 3).

Outer retinal folds were seen in 17 eyes (5%),
with the development of ERM after the surgery

Table 1 continued

All (n = 346) Uncomplicated RRD
(n = 274)

Complicated RRD
(n = 72)

p value

360� laser retinopexy (%) 296 (86) 242 (88) 54 (75) 0.005*

*represents levels of statistical significance: if a p-value is less than 0.05, it is flagged with one star *
RRD rhegmatogenous retinal detachment, FACO phacoemulsification, PVR proliferative vitreoretinopathy, VA visual
acuity, N/A not assessed
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(35% vs. 13%, OR = 3.80, 95% CI 1.22 to 10.90,
p = 0.01) being the only associated factor
(Fig. 2). Residual fluid was observed in 14 eyes
(4%), but no cases persisted at the last available
SD-OCT, and no significant associations were
found. No ORF or residual SRF was found at the
fovea.

Macular hole development occurred in 10
eyes (3%), with 60% associated with macular
hole-associated RRD and 10% with preoperative
ERM. Three eyes (1%) developed a full-thickness
macular fold.

Visual Acuity at 12 Months

Visual acuity at 12 months showed improve-
ments from baseline (1.25 ± 1.17 LogMAR) to

month 3 (0.46 ± 0.58 LogMAR, p\0.001),
month 6 (0.34 ± 0.38 LogMAR, p\ 0.001), and
month 12 (0.39 ± 0.45 LogMAR, p\ 0.001). At
12 months, uncomplicated RRD eyes had sig-
nificantly better visual acuity compared to
complicated RRD eyes (0.29 ± 0.31 vs.
0.51 ± 0.65 LogMAR, p = 0.002). Multivariable
analysis showed that in the uncomplicated RRD
group, eyes with EZ/IZ damage had significantly
worse vision [regression estimate (SE) = 0.35
(0.09) LogMAR, p = 0.002], while in the com-
plicated RRD group, the use of silicone oil as
tamponading agent [regression estimate (SE) =
1.28 (0.30) LogMAR vs. gas, p = 0.001] and EZ/
IZ damage [regression estimate (SE) = 0.64
(0.40) LogMAR, p = 0.02] were independently

Fig. 1 Clinical example of macular complications after
rhegmatogenous retinal detachment repair. A Optical
coherence tomography (OCT) structural B-scan of a
patient 5 days after perfluorocarbon-liquid-free vitrectomy
for superior RRD. The OCT shows diffuse disruption of
the ellipsoid zone (EZ) and the interdigitation zone (IZ)
(white arrow), and intraretinal cysts (asterisk). The co-
registered near-infrared image shows the shadow from the
gas bubble superiorly. B OCT structural B-scan acquired 3

months after vitrectomy shows an epiretinal membrane
(white arrowhead), increased intraretinal cysts (white
asterisk), and a focal interruption in the EZ/IZ under
the fovea (white arrow). C Blue-light fundus autofluores-
cence (FAF) shows a hyper-FAF signal corresponding to
intraretinal cysts. D Late-frame fluorescein angiography
shows dye leakage in the macula and late pooling
corresponding to the intraretinal cysts
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associated with worse visual acuity at
12 months (Table 2).

DISCUSSION

The present study adds to the increasing body of
evidence supporting the adoption of PFCL-free
techniques in vitreoretinal surgery for retinal
reattachment. PFCL-free procedures have
gained popularity among vitreoretinal surgeons
due to several potential advantages, such as
avoiding retinal toxicity, reducing surgery times
and costs, and minimizing intraoperative
manipulations. Furthermore, procedures
involving PFCLs carry a notable risk of acci-
dental PFCL migration into the subretinal
space, a potentially serious event that can lead
to decreased visual acuity and scotomata. This
global trend is evident in reports from various
countries, including Canada [12], the United
States [11], Italy [10], Israel [7], India [13], China
[8], and Japan [9], all of which have shown
widespread adoption of PFCL-free techniques.

This study contributes to the existing litera-
ture by presenting one of the largest series
(n = 346) of PFCL-free PPV surgeries for both
uncomplicated and complicated RRD. Previous
studies have reported favorable outcomes with
PFCL-free PPV, showing high single-operation
success rates. For instance, Chen et al. con-
ducted a small prospective study on uncompli-
cated RRD eyes managed with PPV and partial
PFCL-free subretinal fluid drainage, achieving a

single-operation success rate of 91.6% at
3 months [8]. Subsequent retrospective case
series have further supported the positive out-
comes of PFCL-free PPV. Additionally, it is
important to consider the impact of surgeons’
experience and skills over time as well as the
thoughtful selection of cases when analyzing
surgical outcomes.

The main objective of this study was to
investigate factors associated with RRD recur-
rence. In the analysis of uncomplicated RRD
eyes, previous studies indicated that intraoper-
ative 360� prophylactic laser photocoagulation
was linked to a reduced risk of re-detachment
[17, 18], suggesting its potential to prevent re-
detachment from overlooked breaks. However,
due to the small number of events, we could not
perform a subset analysis of uncomplicated and
complicated RRD regarding the role of 360�
prophylactic laser photocoagulation. We
acknowledge that 360� retinopexy was more
commonly performed in cases perceived to have
a higher risk of re-detachment compared to eyes
where focal laser was used, leading to a poten-
tial selection bias that might have influenced
the observed association between 360� retino-
pexy and a lower re-detachment rate. Moreover,
the drawbacks of intraoperative 360� laser reti-
nopexy include increased total operating time
and the need for scleral depression to coagulate
peripheral retinal locations. A navigated pattern
laser (Navilas) could also have been used post-
operatively [19]. A higher rate of RRD recur-
rence was observed in eyes filled with silicone
oil, but this could also be attributed to a selec-
tion bias, as silicone oil is typically used in eyes
perceived to be at a higher risk of re-
detachment.

In cases of complicated RRD, including
traumatic RRD, high myopia, choroidal
detachment, recurrent RRD, a macular hole,
high-grade PVR, and giant tears, the recurrence
rate was estimated to be 7%, which aligns with a
previous study by Bai et al. reporting a recur-
rence rate of 13% in complicated RRD managed
with PFCL-free PPV [14]. While certain sub-
groups of complicated RRD, such as pathologic
myopia, PVR, and giant tears, showed single-
operation success rates similar to uncompli-
cated RRD, poorer outcomes were observed in

bFig. 2 Occurrence and follow-up of an outer retinal fold
(ORF) after rhegmatogenous retinal detachment (RRD)
repair. A Optical coherence tomography (OCT) structural
B-scan of a patient with superior rhegmatogenous retinal
detachment showing subretinal fluid superiorly. B OCT
structural B-scan of the same patient after perfluorocar-
bon-liquid-free vitrectomy, showing a partial-thickness
hyperreflective roundish lesion in the outer retina due to
the EZ/IZ infold (white arrowhead). C, D Repeated OCT
structural B-scan in the first 12 postoperative months,
showing progressive flattening of the outer retinal fold.
E OCT structural B-scan showing resolution of the outer
retinal fold (white arrowhead); the patient also developed
an epiretinal membrane (white arrow)
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cases with posterior retinal breaks, a macular
hole, or concurrent choroidal detachment.

These findings suggest that alternative surgical
strategies may be necessary for such cases.

Table 2 Factors associated with visual acuity at 12 months for uncomplicated and uncomplicated rhegmatogenous retinal
detachment (RRD)

Uncomplicated RRD Complicated RRD

Regression estimate (SE) p value Regression estimate (SE) p value

Age (for 10 years) 0.05 (0.02) 0.04* 0.04 (0.12) 0.7

Female gender (ref: male) 0.01 (0.05) 0.8 - 0.01 (0.21) 0.9

Refraction (diopters) - 0.004 (0.01) 0.7 0.03 (0.03) 0.3

Pseudophakia (ref: no) - 0.03 (0.11) 0.8 - 0.41 (0.46) 0.4

Surgery time (for minute)

PPV 0.001 (0.002) 0.6 0.02 (0.004) 0.002*

FACO ? PPV 0.00 (0.002) 0.7 0.00 (0.003) 0.5

Gauge (ref: 23 gauge) 0.02 (0.12) 0.9 - 1.19 (0.34) 0.001*

Macula off (ref: macula on) 0.08 (0.06) 0.2 0.38 (0.20) 0.07

Multiple tears (ref: no) 0.04 (0.06) 0.4 - 0.11 (0.21) 0.6

Tear location (ref: superior)

Nasal/temporal - 0.03 (0.07) 0.6 - 0.39 (0.23) 0.09

Inferior - 0.01 (0.06) 0.8 - 0.32 (0.23) 0.2

Posterior - 0.01 (0.06) 0.4 0.83 (0.59) 0.4

Not found - 0.28 (0.31) 0.3 0.55 (0.59) 0.4

Macular hole NA 1.23 (0.59) 0.04*

PVR pre (ref: no)

Grade A 0.10 (0.16) 0.5 NA

Grade B N/A 0.42 (0.23) 0.08

Silicon oil tamponading (ref: gas) 0.12 (0.13) 0.3 1.28 (0.3) 0.001*

360� laser retinopexy (ref: no) 0.05 (0.08) 0.6 - 0.53 (0.21) 0.02*

CME (ref: no) 0.18 (0.08) 0.03* 0.04 (0.30) 0.9

ERM (ref: no) 0.04 (0.08) 0.6 0.11 (0.23) 0.6

EZ/IZ damage (ref: no) 0.35 (0.09) 0.002* 0.64 (0.40) 0.02*

ORF (ref: no) 0.09 (0.1) 0.4 0.65 (0.45) 0.1

*represents levels of statistical significance: if a p-value is less than 0.05, it is flagged with one star *
RRD rhegmatogenous retinal detachment, SE standard error, CME cystoid macular edema; EZ/IZ ellipsoid zone/inter-
digitation zone, ERM epiretinal membrane, FACO phacoemulsification, ORF outer retinal fold; PVR proliferative vitre-
oretinopathy, N/A not assessed
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Optical coherence tomography imaging was
utilized to assess postoperative outcomes in this
study. Common findings after retinal reattach-
ment surgery, as observed in previous studies
[20], include residual pockets of SRF, CME, ORF,
a macular hole, ERM, and EZ/IZ damage
[21, 22]. The prevalence rates of these compli-
cations in PFCL-free PPV eyes were estimated to
be 4% for SRF, 5% for ORF, 6% for EZ/IZ dam-
age, and 3% for a macular hole. These rates are
in line with previous reports, although caution
should be exercised when comparing studies
due to potential variations in the timing of OCT
assessments [7–10]. Nevertheless, these findings
underscore the importance of vigilant postop-
erative monitoring and timely intervention to
address macular complications in PFCL-free PPV
cases.

The ELLIPSOID study, which included 300
eyes with RRD that underwent PPV with dif-
ferent SRF drainage techniques, reported a lower
proportion of EZ/IZ damage at 12 months in
eyes undergoing PFCL-free PPV [12]. These
findings support the idea that PFCL-free PPV
may be associated with less retinal turbulence,
SRF currents, and forced retinal repositioning
compared to PFCL-assisted PPV [23]. However,
it is important to note that the occurrence of
CME, ERM, and EZ/IZ damage together suggests
that outer retinal damage is multifactorial, and
epiretinal traction may also contribute to outer
retinal disruption. The dynamic changes in EZ/
IZ reflectivity after retinal reattachment and the
timing of SD-OCT assessment can influence the
rate of EZ/IZ damage [21].

The presence of PVR preoperatively and RRD
recurrence were identified as risk factors for
CME, consistent with previous studies [24].
ERM was found more frequently in eyes with
giant tears, likely due to the higher chances of
RPE dispersion and vitreous hemorrhage in
these cases [25]. ERM was also associated with
the use of large-caliber vitrectomy probes (23-
gauge), which may be related to the complexity
of the cases operated using these probes [26].
ORF was more frequently observed in associa-
tion with ERM, suggesting that epiretinal trac-
tion could impede retinal relaxation after
reattachment, favoring ORF formation.

Visual acuity significantly improved from
baseline to 12 months in this study, and final
VA scores were comparable to those reported in
other PFCL-free cohorts [7, 11]. Postoperative
EZ/IZ damage was associated with worse vision
after adjusting for confounding variables such
as cataract extraction during or after PPV. These
results align with previous studies, indicating a
link between functional outcomes of RRD repair
and the integrity of photoreceptors on SD-OCT
[27, 28].

The present study has several strengths,
including a relatively large sample size and the
comprehensive availability of SD-OCT data for
all study eyes, allowing for objective and
repeatable functional and prognostic assess-
ments. However, there are some limitations that
need to be acknowledged. The retrospective
design of the study may introduce selection bias
due to loss to follow-up, favoring more com-
plicated or recurrent RRD cases. Additionally,
the dropout rate limited the use of more
sophisticated statistical analyses, and certain
functional and anatomical outcomes, such as
metamorphopsia and retinal vessel displace-
ment, were not evaluated. The analysis focused
on a 26-scan macular volume, potentially
underestimating extra-macular pathology.
Clinically relevant details, including the time
elapsed between RRD and repair surgery, were
missing, and this factor could have influenced
visual outcomes, especially in cases with mac-
ular detachment at the time of surgery. The
classification of pseudophakic eyes based on
refraction status prior to cataract surgery was
not possible for all patients due to unavailable
data. Furthermore, postoperative SD-OCT data
were analyzed at different postoperative times,
which may have led to an underestimation of
some postoperative complications, such as ERM
or CME development.

CONCLUSION

In conclusion, the study contributes valuable
insights into the efficacy of PFCL-free PPV for
both uncomplicated and complicated RRD. The
prevalence of macular complications was low,
and they were predominantly observed in
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complicated RRD cases. Outer retinal damage
was identified as a crucial predictor of postop-
erative vision. The analysis of risk factors for
RRD recurrence provided provisional recom-
mendations for PFCL-free approaches, suggest-
ing that heavy liquid retinal reattachment may
be necessary in cases with posterior retinal
breaks, macular holes, and concurrent chor-
oidal detachment. The use of SD-OCT imaging
allowed for an objective assessment of postop-
erative outcomes and confirmed the association
between EZ/IZ damage and visual outcomes.
However, the retrospective design and limita-
tions of the study warrant further prospective
investigations to validate these findings and
explore additional functional and anatomical
outcomes.
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