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Abstract 

Background  To evaluate the incidence and risk factors for cystoid macular edema (CME) and epiretinal membrane 
(ERM) development after surgery for primary rhegmatogenous retinal detachment (RRD).

Methods  Retrospective observational cohort study involving 62 consecutive patients with primary RRD who 
underwent RRD repair with either scleral buckling (SB) or pars plana vitrectomy (PPV). SB was used in young phakic 
patients without posterior vitreous detachment (PVD), high myopic patients, and RRD associated with either anterior 
or inferior retinal tears. PPV was preferred over SB in pseudophakic patients or those with media opacity and posterior 
breaks that precluded the SB approach. After surgery, the macular changes, including CME and ERM development, 
were evaluated 3 and 6 months postoperatively. Phacoemulsification and intraocular lens (IOL) implantation were 
performed in phakic patients where media opacity or lens bulging did not allow the surgeon to perform surgical 
maneuvers. The inner limiting membrane (ILM) peeling was randomly performed in the macula-off and the macula-
on RRD “pending foveal detachment” subgroup.

Results  Sixty-two eyes affected by RRD who underwent SB or PPV were enrolled. CME occurred in 33.3% of the PPV 
group regardless of the ERM formation. No CME cases were found in the SB group. Macula-off RRD increased the risk 
of CME by odds ratio (OR) = 4.3 times compared to macula-on RRD regardless of the surgical procedure (p = 0.04). 
Macula-off status increased the risk of CME of OR = 1.73 times compared to macula-on in the PPV subgroup (p = 0.4). 
Combined cataract surgery and PPV increased the risk of CME by OR = 3.3 times (p = 0.16) compared to PPV alone, 
and ILM peeling increased the risk of postoperative CME by OR = 1.8 times (p = 0.37). ERM occurred in 28% of patients 
who did not undergo ILM peeling, and 29.42% of those who underwent ILM peeling developed ERM (p = 0.6).

Conclusions  The risk of postoperative CME was higher in patients with macula-off than in macula-on RRD and in 
those with macula-off RRD who underwent PPV. The SB would be advisable in patients with RRD sparing the macula. 
Furthermore, despite having several advantages, the combined phacoemulsification plus IOL implantation and PPV 
highly increased the risk of postoperative CME.

†Lorenzo Motta and Rino Frisina These authors contributed equally to writing 
this work and should be considered equal first authors.

*Correspondence:
Matteo Ripa
matteof12@gmail.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-023-02824-5&domain=pdf
http://orcid.org/0000-0001-7968-1336


Page 2 of 12Motta et al. BMC Ophthalmology           (2023) 23:77 

Keywords  Cystoid macular edema, Epiretinal membrane, Internal limiting membrane, Pars plana vitrectomy, 
Rhegmatogenous retinal detachment, Scleral buckling

Background
Primary rhegmatogenous retinal detachment (RRD) 
repair leads to satisfactory anatomical success with a low 
failure rate, regardless of the surgical approach. Indeed, 
final retinal attachment can be achieved in 93.2 to 99.4% 
of patients with an uncomplicated RRD [1–4].

Over the years, different surgical approaches such as 
scleral buckling (SB), pars plana vitrectomy (PPV), com-
bined SB and PPV, and pneumatic retinopexy (PR) have 
been widely proposed according to the retinal break 
location, posterior vitreous and lens status, and patient 
age [5]. Although SB is recommended for young phakic 
patients without posterior vitreous detachment (PVD), 
PPV still represents the first choice [6].

Despite the treatment, several medium- and long-term 
complications may occur after successful RRD repair 
reducing functional recovery and requiring further medi-
cal or surgical treatment. Postoperative cystoid macular 
edema (CME) and epiretinal membrane (ERM) forma-
tion represent the most common complications after suc-
cessful RRD repair [7–11].

The postoperative CME incidence after an RRD repair 
falls within a wide range of 3–43%, often delaying the 
visual recovery with a frequency peak of 4–12  weeks 
[12–16].

Despite postoperative CME multifactorial etiologies, 
intraocular inflammation plays a crucial role in the devel-
opment of CME. Indeed, the cytotoxic insult secondary 
to the postoperative intraocular inflammation causes 
blood retinal-barrier (BRB) changes, leading to a serous 
exudation of intraretinal capillaries between the retina’s 
outer plexiform and inner nuclear layers, as well as swell-
ing in retinal Muller cells [7–9, 11].

ERM formation after retinal reattachment surgery 
is called “macular pucker,” ranging from 4 to 13%. Ana-
tomic alteration due to epiretinal membrane formation 
after RRD repair often worsens visual acuity and meta-
morphopsia regardless of the surgical approach [8, 17]. 
According to Hirakata et al., an increased risk of macu-
lar pucker after RRD surgery is significantly associated 
with preoperative vitreous hemorrhage, multiple reti-
nal breaks, re-detachment, and retinal detachment area 
regardless of the surgical technique used [13].

This study aims to assess the incidence and risk factors 
of macular pucker and CME formation after SB and PPV 
in patients who developed primary rhegmatogenous reti-
nal detachment and to analyze the anatomical and func-
tional outcomes according to the surgical approach used.

Methods
Patients
In this monocentric retrospective observational cohort 
study, we collected pre-and post-operative data from 62 
consecutive patients with primary RRD who underwent 
PPV or SB for primary RRD repair performed between 1 
January 2020 and 1 June 2021 at the department of Neu-
roscience-Ophthalmology of the University of Padova, 
Italy. In addition, data were retrieved from patients who 
underwent either SB or PPV ± phacoemulsification and 
intraocular lens implantation (IOL). The study was car-
ried out with the approval of the Ethics Committee of 
Ospedale Università Padova and in accordance with the 
1976 Declaration of Helsinki and its later amendments. 
Written informed consent for data collection and analysis 
of collected data from their medical records was obtained 
from all patients.

All patients with primary uncomplicated RRD treated 
by PPV or SB with no history of previous surgical or laser 
treatment were included in the study. Patients with a his-
tory of ocular trauma or previous ocular surgery on the 
same eye and preoperative conditions that may have been 
related to CME, such as uveitis, severe non-proliferative 
or proliferative diabetic retinopathy, recent cataract sur-
gery, retinal vein occlusion or pan-retinal photocoagu-
lation within six months before surgery were excluded. 
In addition, we further excluded patients with a history 
of ERM, vitreous hemorrhage (VH); full thickness or 
lamellar macular holes (MH); tractional-, serous-, and 
post-traumatic retinal detachments, or any other retinal 
diseases.

Examinations
All patients underwent routine examinations before 
surgery, 3 and 6  months postoperatively, including the 
measurement of best corrected visual acuity (BCVA) in 
the logarithm of the minimum angle of resolution (log-
MAR), the measurement of intraocular pressure (IOP) 
with a non-contact tonometer, a slit lamp biomicroscopy 
evaluation and a dilated fundus evaluation using 90 diop-
ter lens. Furthermore, the spectral domain optical coher-
ence tomography (SD-OCT) using the Nidek RS 3000 
Advance device (Nidek, Gamagori, Japan) was performed 
at baseline and every twelve weeks postoperatively, to 
evaluate the macular changes, including CME and ERM 
formation (Fig.  1). Central foveal thickness (CFT) was 
automatically measured by OCT. Two investigators 
reviewed all OCT images independently (L.M. and R.F.). 
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The diagnosis of CME was made if the macular OCT 
image showed cystoid spaces within the inner or outer 
retina with or without subretinal fluid (SRF) between 
the photoreceptor layer and retinal pigment epithelium 
(RPE), whereas the ERM was defined as a hyperreflec-
tive line above the retinal nerve fibers layer (RNFL) in 
the macular area and it was staged according to a 4-grade 
OCT classification [18]. Disagreements were resolved by 
the consensus of the investigators.

The demographic and preoperative data such as age, 
gender, lens status (phakic Vs. pseudophakic), IOP, 
BCVA, and macula status (on or off), as well as postop-
erative data including BCVA, IOP, fundoscopy at each 
follow-up visit, OCT imaging to detect the presence of 
CME and ERM, treatment and response in cases with 
CME, were recorded, retrieved, and collected. All sub-
jects in this study underwent OCT every twelve weeks 
after surgery.

Macula status was defined according to the macula and 
fovea involvement: To be specific, we defined: 1) “macula-
off” RRD as an RRD involving the macular area including 
the fovea; 2) “macula-on RRD” as an RRD that did not 
involve the macular area. Furthermore, “macula-on RRD” 
was further divided into two subgroups: 2a) the “properly 
so-called” RRD, which did not involve the macular area 
but extended outside the temporal vascular arcades, and 
2b) the “pending foveal detachment," which involved the 
macular area with a still attached fovea. In both types of 
macula-on RRD, the central vision was intact (Fig. 1).

Surgical techniques
The surgical approach was undertaken according to 
RRD characteristics, patient demographics, and clini-
cal parameters. Notably, SB was used in young pha-
kic patients without PVD, high myopic patients (axial 
length > 29 mm), and RRD associated with either anterior 
or inferior retinal tears.

All patients underwent the same surgical technique 
that included the following steps: 1) 360° conjunctival 
peritomy and isolation of the four rectus muscles, 2) cir-
cumferential buckle placement, 3) retinal breaks locali-
zation (if possible) with indirect ophthalmoscopy and 
scleral marking with a diathermy probe 4) Cryotherapy 
to induce a chorioretinal scar 5) 20% Sulfur-hexafluoride 
(SF6) intravitreal injection (0.4 ccs) previous subreti-
nal fluid drainage that was performed at the surgeon’s 
discretion.

PPV was preferred over SB in pseudophakic patients or 
those with media opacity and posterior breaks that pre-
cluded the SB approach. All patients underwent a three-
port 23-gauge core, and peripheral PPV performed using 
a noncontact wide viewing system (Constellation Vision 
System, Alcon Laboratories, Inc., Fort Worth, TX, USA), 
followed by endolaser photocoagulation using a curved 
probe that was performed around the retinal tears and 
circumferentially (360°). Perfluorocarbon liquid was 
used to flatten the retina during the procedure. Finally, 
patients received only 20% SF6 as intraocular tampon-
ade. Phacoemulsification and IOL implantation were 

Fig. 1  Macula status rhegmatogenous retinal detachment (RRD) patterns A: macula-on “properly so-called”; B: macula-on “pending foveal 
detachment”; C: macula-off ) and postoperative complications (D: Cystoid macular edema with subretinal fluid; E. Cystoid macular edema with 
epiretinal membrane; F: Epiretinal membrane)
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performed in phakic patients, whether media opacity or 
lens bulging did not allow the surgeon to perform surgi-
cal maneuvers such as vitreous base shaving adequately. 
The inner limiting membrane (ILM) peeling was ran-
domly performed in the macula-off RRD group and the 
macula-on RRD “pending foveal detachment” subgroup.

Due to the lack of macular involvement, ILM peeling 
was avoided in the macula-on “properly so-called" sub-
group. All surgeries were performed by an expert sur-
geon (R.F.)

Statistical analysis
All data were collected using the REDCap platform [19], 
and all statistical analyses were performed using the SPSS 
version 27 (IBM-SPSS, Chicago, IL, USA).

All variables included in the study were summarized 
by descriptive statistics techniques. In-depth, qualitative 
(gender, eye, lens status, macula status, CME, and ERM 
incidence) variables were expressed as absolute and per-
centage frequency. As for quantitative variables (age, IOP, 
BCVA, CFT), we performed the Shapiro–Wilk test to 
assess their distribution. Then, whether normally distrib-
uted, they were described as mean and standard devia-
tion (SD), otherwise, as the median and interquartile 
range (IQR).

Between groups differences for each parameter con-
sidered were assessed, as for qualitative variables, either 
by the Fisher Exact test or the Chi-square test, with Yates 
correction, as appropriate. Quantitative variables were 
instead either evaluated by one-way ANOVA or Student 
t-test if normally distributed; otherwise, either Mann 
Whitney U test or Kruskal–Wallis test were applied.

Analysis of Maximum Likelihood Estimates was used 
to evaluate the risk of CME and ERM in surgical groups, 
macula status groups (macula-off Vs. macula-on), phaco-
emulsification plus IOL implantation, and ILM sub-
groups (yes/no). All correlations were evaluated at 3- and 

6  months postoperatively by a linear regression model. 
In addition, risk factors for CME and ERM were assessed 
with logistic regression analysis employing the estimation 
of Odds-Ratios (OR) and their 95% confidence interval. A 
p-value < 0.05 was considered statistically significant.

Results
Demographics and clinical data
Sixty-two eyes of sixty-two patients with a mean age 
of 56.23 ± 13.2  years fulfilled the inclusion criteria and 
were enrolled in the study. Of these, 20 patients under-
went SB and 42 PPV. All patients did not develop any 
surgical complications during and after surgery, and the 
retinal reattachment was obtained with a single surgery. 
Demographic and preoperative clinical data of surgical 
groups (SB group = 20 eyes, PPV groups = 42 eyes) are 
shown in Table  1. Overall, SB and PPV groups signifi-
cantly differed for age (p = 0.0005), BCVA (p = 0.0002), 
and macula status (p = 0.0001). Therefore, patients who 
underwent SB were younger, with a better BCVA and a 
higher percentage of macula-on RRD than patients who 
underwent PPV. In the SB group, SRF drainage was per-
formed in 9 out of 20 patients (three macula-off, five 
macula-on “properly so-called,” one macula-on “pending 
fovea detachment"). In the PPV group, phacoemulsifica-
tion plus IOL implantation was performed in 30 out of 42 
patients (twenty-one macula-off, seven macula-on “prop-
erly so-called,” two macula-on “pending foveal detach-
ment"). ILM peeling was performed in 17 patients (15 out 
of 30 with macula-off and two out of four with macula-on 
“pending foveal detachment").

Figure  2 highlights BCVA changes in SB and PPV 
groups stratified for macula-off and macula-on status. 
BCVA improved in both surgical groups (SB and PPV) 
and macular status groups (macula-on and macula-off), 
with a significant improvement from baseline to 3- and 
6-month follow-ups in the PPV group compared to the 

Table 1  Demographic and preoperative clinical data

 Abbreviations SB Scleral buckling, PPV Pars plana vitrectomy, BCVA  Best-corrected visual acuity

IOP Intraocular pressure, P  Phakic, PP Pseudophakic, SD Standard deviation

Parameters SB PPV Total p

N. of patients (eyes) 20 42 62 -

Age (years) mean ± SD (range) 46.7 ± 14.9 (17–72) 60.8 ± 9.5 (36–78) 56.23 ± 13.2 (17–78) 0.0005

Gender (female/male) number (%) 24(60) /16(40) 38(45.3) /46(54.)8 31(50)/31(50) 0.12

Eye (right/left) number (%) 6(30) /14 (70) 20(47.6) /22(52.4) 26(41.9) /36(58.1) 0.24

BCVA (logMAR) mean ± SD (range) 0.3 ± 0.7 (0–2.8) 1.4 ± 1 (0–3) 1 ± 1 (0–3) 0.0002

IOP (mmHg) mean ± SD (range) 16.1 ± 5.3 (8–23) 15.2 ± 4.6 (4–28) 15.8 ± 6.2 (4–28) 0.32

Lens status P/PP number (%) 20 (100) /- 33 (78.6) / 9 (21.4) 53 (80.6) /9 (19.4) -

Macula status number (%) ON properly so-
called pending foveal detachment OFF

16 (80) 1 (5) 3 (15) 8 (19.1) 4 (9.5) 30 (71.4) 24 (38.7) 5 (8.1) 33 (53.2) 0.0001
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SB group (p = 0.0003 and p = 0.0027, respectively) and in 
macula-off compared to macula-on groups (p = 0.0001 
and p < 0.001, respectively).

CME features:
CME occurred in 33.3% (14/42) of the PPV group regard-
less of the ERM formation. No CME cases were found in 
the SB group. (p = 0.001) (Fig. 3a). The mean onset time 
was 72.71 ± , 31.5 days, ranging from 24 to 141 days.

The mean 3-month CFT in the CME sub-
group was 404.5 ± 106.80  µm (range 263–623  µm), 
whereas the mean 6-month CFT in the CME sub-
group was 364.86 ± 88.2  µm (range 274–626  µm). The 
mean 3-month CFT in the non-CME subgroup was 
285.19 ± 37.8  µm (range 169–367  µm), whereas the 
mean 6-month CFT in the non-CME subgroup was 
292.27 ± 34.9  µm (range 190–352  µm). Therefore, the 
mean CFT was significantly higher in patients with 
CME compared to patients without CME three months 
(p < 0.001) and six months postoperatively (p < 0.0001), 
regardless of the surgical approach (Table  2). Three 
months postoperatively (highest CME incidence), CFT 
was significantly inversely correlated to BCVA, i.e., 
the higher the CFT, the worse the BCVA (R2 = 0.0019, 
p < 0.05), whereas six months postoperatively (lowest 
CME incidence) it was not significantly correlated to 
BCVA. (R2 = 0.0002, p > 0.05) (Fig. 3b and c). The analysis 

of maximum likelihood estimates demonstrated that 
macula-off status increased the risk of CME of OR = 4.3 
times compared to macula-on regardless of the proce-
dure (p = 0.04) (Fig.  4a). Furthermore, the analysis of 
maximum likelihood estimates demonstrated that mac-
ula-off status increased the risk of CME of OR = 1.73 
times compared to macula-on in patients who underwent 
PPV (p = 0.4). Regarding the combined surgical proce-
dures, PPV plus phacoemulsification plus IOL implanta-
tion increased the risk of postoperative CME by OR = 3.3 
times (p = 0.16), and ILM peeling increased the risk of 
postoperative CME by OR = 1.8 times (p = 0.37) (Fig. 4b 
and c).

At the end of the follow-up, resolution of CME was 
observed in 13 out of 14 patients (92.86%). Despite the 
treatment (indomethacin three times daily up to resolu-
tion), CME did not resolve in one patient.

ERM features:
Postoperative ERM occurred in both surgical groups 
(SB = 3 out of 20, 15%, and PPV = 12 out of 42, 28.57%) 
with no significant differences (p = 0.24). (Fig.  5a) No 
significant relationship was demonstrated between SRF 
drainage combined with SB and ERM development. 
Regarding the PPV group, combined phacoemulsifica-
tion plus IOL implantation did not affect the frequency 
of postoperative ERM development.

Fig. 2  Changes of best-corrected visual acuity (LogMar) in surgical groups (scleral buckling Vs. pars plana vitrectomy) stratified for macula status 
(macula-on and macula-off )
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However, ERM occurred in 28% of patients (7 out of 
25) who did not undergo ILM peeling and 29.42% (5 out 
of 17) of the patients who underwent ILM peeling devel-
oped ERM (p = 0.6) (Fig.  5c). There was no significant 
relationship between macula status and postoperative 
ERM occurrence (p = 0.54) (Fig.  5b). Six cases of CME 

were associated with ERM: None of them occurred in 
the SB group, but only in the PPV group. (6 out of 42, 
14.28%). The CME incidence in the PPV group without 
an associated epiretinal membrane was 19.04% (Fig. 3a). 
Despite tractional components in 3 out of 20 patients, no 
CME was associated with ERM in the SB subgroup.

Fig. 3  Cystoid Macular Edema (CME) characteristics. A Incidence of CME in surgical groups; B Relation between best-corrected visual acuity and 
central foveal thickness; C Best-corrected visual acuity in patients with or without CME)
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Discussion
Our study’s main purpose was to evaluate the incidence 
and risk factors for CME and ERM development after 
surgery for primary RRD.

Despite several clinical trials’ results, there is no con-
sensus on the surgical management of primary RRD [1, 
2, 4, 5], and the treatment choice is often related to the 
surgeon’s experience. Therefore, RRD repair is not often 
“standardizable.” Notably, there is still no strong current 
evidence supporting the superiority of one surgical for 
surgical management of phakic patients with moderately 
complex primary RRDs [20]. Moreover, different surgical 
variations have been proposed for SB and PPV. In-depth, 
different buckles, such as circumferential or segmental 
buckles, may be used, and the chorioretinal scar may be 
achieved by either using an endo-laser or cryotherapy. 
In addition, the trans-scleral fiber-optic-assisted SB is 
widely used as it permits an easy identification and treat-
ment of retinal breaks using a non-contact wide-angle 
PPV-style viewing apparatus [21–23]. Similarly, several 
alternative procedures may be performed during PPV, 
such as 360° endolaser, lens removal (regardless of its 
opacity), and ILM peeling [24, 25]. In addition, many 
surgeons still prefer the PPV/SB procedure because 
it theoretically offers the advantages of both PPV and 
SB and has been shown to produce excellent anatomic 
results [26].

Despite several studies’ results, in patients with uncom-
plicated rhegmatogenous RRD, the most beneficial sur-
gical maneuvers are still controversial. Therefore, we 
applied restrictive criteria to avoid surgical technique bias 
and performed the utmost standard procedure. Indeed, 
PPV was always performed along with a 360° laser and 
20% SF6 tamponade use. Nonetheless, ILM peeling (a 
non-standard surgical procedure for RRD repair) was 
randomly performed according to macula status. Nota-
bly, ILM peeling was only alternatively performed in 
the macula-OFF group and macula-ON “pending foveal 

detachment” subgroup. In addition, the SB technique was 
performed using only the circumferential buckle, cryoco-
agulation, and 20% SF6 intravitreal injection. Finally, only 
the SRF drainage was performed according to the sur-
geon’s choice.

Our results showed significant differences in CME inci-
dence when comparing patients who underwent PPV and 
SB. Specifically, only 33% of patients who underwent PPV 
developed a postoperative CME. Previous studies have 
reported a wide range of incidence rates (5.6–43%) of 
CME following surgical primary RRD repair [8, 27].

Chatziralli et al. reported a post-PPV and gas tampon-
ade CME incidence of 16.3% [28]. Pole et  al. analyzed 
CME incidence in a sample of 97 patients who under-
went SB, PPV, or a combination of both. Despite the 
study’s retrospective nature, CME incidence was 4% after 
SB, 28% after PPV, and 68% after PPV plus SB [8]. In a 
case series of 128 patients who underwent SB or PPV or 
a combination of both for RRD, Gebler et al. reported a 
CME incidence of 18.7% [17].

Our study detected no CME after SB surgery, whereas 
a higher incidence of CME was seen in patients who 
underwent PPV.

Furthermore, according to the CME morphology, only 
six cases of CME were associated with ERM. Notably, 
none of them occurred in the SB group but only in the 
PPV group. (6 out of 42, 14.28%). However, it is challeng-
ing to recognize the real etiology of CME due to the dif-
ferent possible coexisting mechanisms. (inflammatory/
exudative component Vs. tractional component). None-
theless, 19.04% of patients who underwent PPV in the 
absence of ERM developed CME. There was no signifi-
cant relationship between ILM peeling and postoperative 
ERM occurrence (p = 0.6).

Pole et al. highlighted a significant correlation between 
CME and ERM after SB for RRD repair. Nonetheless, 
after the ERM removal, the CME resolution was achieved 
in only one case, thus stating that CME had an inflam-
matory/exudative nature rather than a tractional one 
[8]. In our study, none of the patients who underwent SB 
developed CME. Therefore, SB may be safer than PPV 
in achieving surgical RRD repair, consistent with other 
research that reported a higher risk of CME associated 
with any ab-Interno macular surgery [29].

The combined procedure of phacoemulsification and 
the IOL implantation plus PPV (“phacovitretomy”) was 
associated with approximately threefold higher odds of 
developing the CME. Nonetheless, the combined phaco-
vitrectomy has several advantages. First, in patients with 
significant cataracts, a combined procedure in which the 
surgeon addresses the cataract first optimizes the view 
and surgical access to the retina, thus improving the visu-
alization for more detailed retinal work [30]. Second, it 

Table 2  Central foveal thickness (μm) in patients with or without 
cystoid macular edema

Abbreviations CME: Cystoid Macular Edema; SD: Standard Deviation; µm: 
micrometre

3 months 6 months

CME sub-
group mean 
SD range

404.5 ± 106.8 (263–623) µm 364.86 ± 88.2 (274–626) µm

NO CME 
subgroup 
mean SD 
range

285.19 ± 37.8 (169–367) µm 292.27 ± 34.9 (190–352) µm

P-value  < 0.0001  < 0.0001
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Fig. 4  Frequency (%) of cystoid macular edema (CME) in patients with macula-on and macula-off rhegmatogenous retinal detachment (A); in 
patients who underwent pars plana vitrectomy (PPV) with or without phacoemulsification and intraocular (IOL) implantation (B); in patients who 
underwent PPV with or without internal limiting membrane (ILM) peeling (C)
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Fig. 5  Epiretinal membrane (ERM) frequency (%) in surgical groups (scleral buckling Vs. pars plana vitrectomy) (A); in patients affected by 
macula-on and macula-off rhegmatogenous retinal detachment (RRD) (B); in patients who underwent pars plana vitrectomy with and without 
internal limiting membrane (ILM) peeling (C)



Page 10 of 12Motta et al. BMC Ophthalmology           (2023) 23:77 

leads to an overall faster recovery time as PPV can induce 
lens opacification that is most likely to occur in a reason-
ably short time, thus affecting postoperative visual recov-
ery [31]. Third, it eases surgical maneuvers reducing the 
“lens touch” that may lead to increased complication rates 
in subsequent cataract surgery [32]. Moreover, despite a 
high risk of “refractive surprise,” many surgeons remove 
the natural lens in combination with the PPV, regardless 
of the cataract [33]. Despite these several advantages, the 
higher risk of CME after combined surgeries cannot be 
underrated, as the postoperative inflammation can com-
promise irreversible functional recovery [34].

ILM peeling has become a crucial step in treating vari-
ous macular diseases during PPV. Representing a scaf-
fold for cell proliferation, ILM removal has been shown 
to decrease the recurrence rate of idiopathic ERMs, and 
their development after successful vitrectomy for RRD 
repair ranges from 6 to 48% [35]. Despite the advantages, 
it is still a risky procedure that can cause unpredictable 
macular damage. Indeed, ILM removal is a maneuver 
that stresses the macular structure and may induce a 
weakening of the retinal cellular architecture [36, 37].

In our study, we performed ILM peeling in some cases 
according to the advantages reported in recent studies 
that highlight the rationale of providing a greater elastic-
ity to the macula during its reattachment [38]. Specifi-
cally, we only performed the ILM peeling on macula off 
and macula-on “pending foveal detachment” but not in 
macula-on "properly so-called," as in these patients, the 
macular structure was intact, and ILM peeling could 
induce a retinal displacement with subsequent metamor-
phopsia and visual disturbances. Nonetheless, according 
to our results, the ILM peeling was not significantly asso-
ciated with postoperative CME.

Despite several research evaluating the risk factors 
and incidence rate of either ERM or CME after RRD 
repair using either SB or PPV [20, 28], our article’s main 
strength is the qualitative and quantitative data analysis 
that compares the CME and ERM rates after SB and PPV 
as data comparing their rates between these two surgi-
cal groups are limited. Nevertheless, this study has sev-
eral limitations. First, this was a retrospective study and 
a non-randomized investigation involving a small sam-
ple size. Therefore, our conclusion should be interpreted 
with caution. Second, we did not consider the retinal 
tears numbers and their location as a deciding factor for 
the surgical technique. Third, we randomly performed 
the ILM peeling on macula-off and macula-on “pend-
ing foveal detachment” but not in macula-on "properly 
so-called." A final drawback of the present study is that 
6-month outcomes may not necessarily indicate long-
term outcomes, as ERM and CME may arise long after 
a successful RRD repair. Therefore, further studies with 

more extended follow-up periods and more significant 
numbers of randomized patients are recommended.

Conclusion
The risk of postoperative CME was higher in patients 
with macula-off RRD than in macula-on RRD, regard-
less of the surgical technique, and in those with macula-
off RRD who underwent PPV. Therefore, the SB would 
be advisable in patients with RRD sparing the macula. 
Furthermore, despite having several advantages, the 
combined phacovitrectomy highly increased the risk of 
postoperative CME.

Abbreviations
CME	� Cystoid macular edema
ERM	� Epiretinal membrane
RRD	� Rhegmatogenous retinal detachment
SB	� Scleral buckling
PPV	� Pars plana vitrectomy
PVD	� Posterior vitreous detachment
IOL	� Intraocular lens
PR	� Pneumatic retinopexy
BRB	� Blood retinal-barrier
VH	� Vitreous hemorrhage
MH	� Macular hole
BCVA	� Best corrected visual acuity
LogMar	� Logarithm of the minimum angle of resolution
SD-OCT	� Spectral Domain-Optical Coherence Tomography
CFT	� Central foveal thickness
RPE	� Retinal pigment epithelium
RNFL	� Retinal nerve fibers layer
SF6	� Sulfur-hexafluoride
SD	� Standard deviation
IQR	� Interquartile range
OR	� Odds-Ratios
ILM	� Inner limiting membrane
SRF	� Subretinal fluid

Acknowledgements
Not applicable

Authors’ contributions
Concept and design (M.R., R.F., A.M., and L.M), analysis and interpretation (M.R.; 
I.G., and A.G.), writing the article (M.R, L.M.), critical revision of the article (G.D.S., 
A.M., R.F., and L.M), final approval of the article (A.M., M.R.), data collection (I.G., 
L.T., A.G.), provision of materials, patients, or resources (I.G., L.T., A.G.), statisti-
cal expertise (M.R.), literature research (M.R.), and administrative, technical, 
or logistic support (M.R., L.M., R.F.). The authors read and approved the final 
manuscript.

Funding
The authors declare that no funds, grants, or other support were received dur-
ing the preparation of this manuscript.

Availability of data and materials
The datasets used and/or analyzed during thecurrent study are available from 
the corresponding author upon reasonablerequest.

Declarations

Ethics approval and consent to participate
The study was carried out with the approval of the Ethics Committee of 
Ospedale Università Padova and in accordance with the 1976 Declaration 
of Helsinki and its later amendments. Written informed consent for data 



Page 11 of 12Motta et al. BMC Ophthalmology           (2023) 23:77 	

collection and analysis of collected data from their medical records was 
obtained from all patients.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Ophthalmology, William Harvey Hospital, East Kent Hospitals 
University NHS Foundation Trust, Ashford, UK. 2 Department of Guglielmo da 
Saliceto Hospital, Ophthalmology Unit of Surgery, Piacenza, Italy. 3 Ophthal-
mology Unit, Fondazione Policlinico Universitario A. Gemelli IRCCS”, Rome, 
Italy. 4 Catholic University “Sacro Cuore”, Rome, Italy. 5 Ophthalmology Depart-
ment, University of Padova, Padova, Italy. 6 Ophthalmology department, San 
Martino Hospital, Belluno, Italy. 7 Eye Unit, University Hospital Southampton 
NHS Foundation Trust, Southampton, UK. 8 Department of Biomedical Sci-
ences, Eye Clinic, University of Messina, Messina, Italy. 

Received: 11 September 2022   Accepted: 17 February 2023

References
	1.	 Kawano S, Imai T, Sakamoto T. Scleral buckling versus pars plana vit-

rectomy in simple phakic macula-on retinal detachment: a propensity 
score-matched, registry-based study. Br J Ophthalmol. 2022;106:857–62.

	2.	 Ryan EH, Ryan CM, Forbes NJ, Yonekawa Y, Wagley S, Mittra RA, et al. 
Primary Retinal Detachment Outcomes Study Report Number 2: Phakic 
Retinal Detachment Outcomes. Ophthalmology. 2020;127:1077–85.

	3.	 Frisina R, Forlini M, Date P, Meduri A, Pinackatt JS, Sborgia L, et al. 
Microscope-Assisted ab externo Surgery for the Treatment of Primary 
Rhegmatogenous Retinal Detachment - New Tech Meets Old Art. Oph-
thalmic Res. 2020;63:34–40.

	4.	 Heimann H, Bartz-Schmidt KU, Bornfeld N, Weiss C, Hilgers RD, Foerster 
MH. Scleral Buckling versus Primary Vitrectomy in Rhegmatogenous 
Retinal Detachment Study Group. Scleral buckling versus primary vitrec-
tomy in rhegmatogenous retinal detachment: a prospective randomized 
multicenter clinical study. Ophthalmology. 2007;114(12):2142–54. https://​
doi.​org/​10.​1016/j.​ophtha.​2007.​09.​013.

	5.	 Znaor L, Medic A, Binder S, Vucinovic A, Marin Lovric J, Puljak L. Pars plana 
vitrectomy versus scleral buckling for repairing simple rhegmatogenous 
retinal detachments. Cochrane Database Syst Rev. 2019;3(3):CD009562. 
https://​doi.​org/​10.​1002/​14651​858.​CD009​562.​pub2.

	6.	 McLaughlin MD, Hwang JC. Trends in Vitreoretinal Procedures for Medi-
care Beneficiaries, 2000 to 2014. Ophthalmology. 2017;124:667–73.

	7.	 Starr MR, Cai L, Obeid A, Ryan EH, Eliott D, Ryan C, et al. Risk Factors for 
Presence of Cystoid Macular Edema following Rhegmatogenous Retinal 
Detachment Surgery. Curr Eye Res. 2021;46:1867–75.

	8.	 Pole C, Chehaibou I, Govetto A, Garrity S, Schwartz SD, Hubschman JP. 
Macular edema after rhegmatogenous retinal detachment repair: risk 
factors, OCT analysis, and treatment responses. Int J Retina Vitreous. 
2021;7(1):9. https://​doi.​org/​10.​1186/​s40942-​020-​00254-9.

	9.	 Romano V, Angi M, Scotti F, del Grosso R, Romano D, Semeraro F, Vin-
ciguerra P, Costagliola C, Romano MR. Inflammation and macular oedema 
after pars plana vitrectomy. Mediators Inflamm. 2013;2013:971758. 
https://​doi.​org/​10.​1155/​2013/​971758.

	10.	 Steel DHW, West J, Campbell WG. A randomized controlled study of the 
use of transscleral diode laser and cryotherapy in the management of 
rhegmatogenous retinal detachment. Retina. 2000;20:346.

	11.	 Coppola M, Marchese A, Cicinelli MV, Rabiolo A, Giuffrè C, Gomarasca S, 
et al. Macular optical coherence tomography findings after vitreoretinal 
surgery for rhegmatogenous retinal detachment. Eur J Ophthalmol. 
2020;30:805–16.

	12.	 Catier A, Tadayoni R, Paques M, Erginay A, Haouchine B, Gaudric A, et al. 
Characterization of macular edema from various etiologies by optical 
coherence tomography. Am J Ophthalmol. 2005;140:200.e1-200.e9.

	13.	 Hirakata T, Hiratsuka Y, Yamamoto S, et al. Risk factors for macular 
pucker after rhegmatogenous retinal detachment surgery. Sci Rep. 
2021;11:18276. https://​doi.​org/​10.​1038/​s41598-​021-​97738-x.

	14.	 Fallico M, Alosi P, Reibaldi M, Longo A, Bonfiglio V, Avitabile T, Russo A. 
Scleral Buckling: A Review of Clinical Aspects and Current Concepts. J Clin 
Med. 2022;11(2):314. https://​doi.​org/​10.​3390/​jcm11​020314.

	15.	 Ripa M, Schipa C, Kopsacheilis N, et al. Comparison Of Pain Experi-
ence In Patients Undergoing Sub-Tenon ’ S Anesthesia Versus 
Peribulbar Anesthesia During Elective vitreoretinal surgery. Retina. 
2022;42(10):1852–8.

	16.	 Ripa M, Motta L, Florit T, Sahyoun JY, Matello V, Parolini B. The Role of 
Widefield and Ultra Widefield Optical Coherence Tomography in the 
Diagnosis and Management of Vitreoretinal Diseases. Diagnostics 
(Basel). 2022;12(9):2247.

	17.	 Gebler M, Pfeiffer S, Callizo J, Hoerauf H, Feltgen N, Bemme S. Incidence 
and risk factors for macular oedema after primary rhegmatogenous 
retinal detachment surgery: a prospective single-centre study. Acta 
Ophthalmol. 2022;100:295–301.

	18.	 Govetto A, Lalane RA, Sarraf D, Figueroa MS, Hubschman JP. Insights 
Into Epiretinal Membranes: Presence of Ectopic Inner Foveal Layers and 
a New Optical Coherence Tomography Staging Scheme. Am J Ophthal-
mol. 2017;175:99–113.

	19.	 Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The 
REDCap consortium: Building an international community of software 
platform partners. J Biomed Inform. 2019;95:103208.

	20.	 Lai TT, Huang JS, Yeh PT. Incidence and risk factors for cystoid macular 
edema following scleral buckling. Eye. 2017;31:566.

	21.	 Kita M, Kusaka M, Yamada H, Hama S. Updated chandelier illumination-
assisted scleral buckling using 3D visualization system. Clin Ophthal-
mol. 2019;13:1743–8.

	22.	 Li H, Zhang C, Wei J, Keyal K, Wang F. Six-Year Outcomes of 25-Gauge 
Chandelier Illumination-Assisted Scleral Buckling. Biomed Res Int. 
2021;2021:4628160. https://​doi.​org/​10.​1155/​2021/​46281​60.

	23.	 Seider MI, Nomides REK, Hahn P, Mruthyunjaya P, Mahmoud TH. 
Scleral Buckling with Chandelier Illumination. J Ophthalmic Vis Res. 
2016;11:304–9.

	24.	 Frisina R, Gius I, Frascogna G, Pizzolon T, Greggio A, Tozzi L, et al. A possi-
ble strategic role of air during pars plana vitrectomy for macula-involving 
rhegmatogenous retinal detachment. Int Ophthalmol. 2021;41:421–31.

	25.	 Wang X, Zhu Y, Xu H. Inverted multi-layer internal limiting membrane 
flap for macular hole retinal detachment in high myopia. Sci Rep. 
2022;12(1):10593. https://​doi.​org/​10.​1038/​s41598-​022-​14716-7.

	26.	 Nichani PAH, Dhoot AS, Popovic MM, Eshtiaghi A, Mihalache A, Sayal 
AP, Yu HJ, Wykoff CC, Kertes PJ, Muni RH. Scleral Buckling Alone or in 
Combination with Pars Plana Vitrectomy for Rhegmatogenous Retinal 
Detachment Repair: A Meta-Analysis of 7,212 Eyes. Ophthalmologica. 
2022;245(4):296–314. https://​doi.​org/​10.​1159/​00052​4888.

	27.	 Minnella AM, Savastano MC, Zinzanella G, Mazzone G, Federici M, Gari 
M, et al. Spectral-domain optical coherence tomography in Irvine-Gass 
syndrome. Retina. 2012;32:581–7.

	28.	 Chatziralli I, Theodossiadis G, Dimitriou E, Kazantzis D, Theodossiadis P. 
Macular Edema after Successful Pars Plana Vitrectomy for Rhegmatog-
enous Retinal Detachment: Factors Affecting Edema Development and 
Considerations for Treatment. Ocul Immunol Inflamm. 2021;29:187–92.

	29.	 Tunc M, Lahey JM, Kearney JJ, Lewis JM, Francis R. Cystoid macular 
oedema following pneumatic retinopexy vs scleral buckling. Eye (Lond). 
2007;21:831–4.

	30.	 Le NT, Marshall B, Houser K, Khandelwal SS. Combined Pars Plana Vitrec-
tomy, Phacoemulsification and Intraocular Lens Implantation: A review 
on the Advantages and Limitations of Phacovitrectomy. touchREVIEWS in 
Ophthalmology. 2022;16:8.

	31.	 Chung TY, Chung H, Lee JH. Combined surgery and sequential surgery 
comprising phacoemulsification, pars plana vitrectomy, and intraocular 
lens implantation: Comparison of clinical outcomes. J Cataract Refract 
Surg. 2002;28:2001–5.

	32.	 Elhousseini Z, Lee E, Williamson TH. INCIDENCE OF LENS TOUCH DURING 
PARS PLANA VITRECTOMY AND OUTCOMES FROM SUBSEQUENT CAT​ARA​
CT SURGERY. Retina. 2016;36:825–9.

	33.	 Kim YK, Woo SJ, Hyon JY, Ahn J, Park KH. Refractive outcomes of com-
bined phacovitrectomy and delayed cataract surgery in retinal detach-
ment. Can J Ophthalmol. 2015;50:360–6.

https://doi.org/10.1016/j.ophtha.2007.09.013
https://doi.org/10.1016/j.ophtha.2007.09.013
https://doi.org/10.1002/14651858.CD009562.pub2
https://doi.org/10.1186/s40942-020-00254-9
https://doi.org/10.1155/2013/971758
https://doi.org/10.1038/s41598-021-97738-x
https://doi.org/10.3390/jcm11020314
https://doi.org/10.1155/2021/4628160
https://doi.org/10.1038/s41598-022-14716-7
https://doi.org/10.1159/000524888


Page 12 of 12Motta et al. BMC Ophthalmology           (2023) 23:77 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	34.	 Frisina R, Pinackatt SJ, Sartore M, Monfardini A, Baldi A, Cesana BM, et al. 
Cystoid macular edema after pars plana vitrectomy for idiopathic epireti-
nal membrane. Graefes Arch Clin Exp Ophthalmol. 2015;253:47–56.

	35.	 Fallico M, Russo A, Longo A, Pulvirenti A, Avitabile T, Bonfiglio V, Castel-
lino N, Cennamo G, Reibaldi M. Internal limiting membrane peeling 
versus no peeling during primary vitrectomy for rhegmatogenous 
retinal detachment: A systematic review and meta-analysis. PLoS One. 
2018;13(7):e0201010. https://​doi.​org/​10.​1371/​journ​al.​pone.​02010​10.

	36.	 Akiyama K, Fujinami K, Watanabe K, Tsunoda K, Noda T. Internal Limiting 
Membrane Peeling to Prevent Post-vitrectomy Epiretinal Membrane 
Development in Retinal Detachment. Am J Ophthalmol. 2016;171:1–10.

	37.	 Ishida Y, Iwama Y, Nakashima H, Ikeda T, Emi K. Risk Factors, Onset, and 
Progression of Epiretinal Membrane after 25-Gauge Pars Plana Vitrec-
tomy for Rhegmatogenous Retinal Detachment. Ophthalmol Retina. 
2020;4:284–8.

	38.	 Abdullah ME, Moharram HEM, Abdelhalim AS, Mourad KM, Abdelkader 
MF. Evaluation of primary internal limiting membrane peeling in cases 
with rhegmatogenous retinal detachment. Int J Retina Vitreous. 2020;6:8. 
https://​doi.​org/​10.​1186/​s40942-​020-​00213-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0201010
https://doi.org/10.1186/s40942-020-00213-4

	Postoperative complications after successful primary rhegmatogenous retinal detachment repair
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Patients
	Examinations
	Surgical techniques
	Statistical analysis

	Results
	Demographics and clinical data
	CME features:
	ERM features:

	Discussion
	Conclusion
	Acknowledgements
	References


