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ABSTRACT

Introduction: This study aimed to investigate
the prevalence of cystoid macular edema after
pars plana vitrectomy for the treatment of
pseudophakic rhegmatogenous retinal detach-
ment and identify possible related risk factors.
Methods: A retrospective monocentric study
was conducted within a cohort of pseudophakic
patients undergoing vitrectomy for rheg-
matogenous retinal detachment between Jan-
uary 2019 and December 2022. Demographic
data, initial and intraoperative characteristics of
rhegmatogenous retinal detachment, and post-
operative data were analyzed. Cystoid macular
edema was defined on optical coherence
tomography exclusively.

Results: A total of 164 eyes of 164 patients were
included for analysis. The mean age of the
patients at surgery was 65.7 ± 12.0 years. The
mean best-corrected visual acuity was 2.1 ±

1.0 logMAR preoperatively and 1.0 ± 0.7 log-
MAR postoperatively. The mean follow-up was
13.4 ± 7.7 months. The prevalence of cystoid
macular edema was 17.1% [9.8–26.4]. In multi-
variate analysis, severe proliferative vitreo-
retinopathy (relative risk 3.6 [1.3–9.7]) and laser
retinopexy (relative risk 8.4 [1.1–64.7]) were
independently and significantly associated with
cystoid macular edema.
Conclusion: The prevalence of cystoid macular
edema in pseudophakic rhegmatogenous retinal
detachment after pars plana vitrectomy was
17.1%. Severe proliferative vitreoretinopathy
stage and the use of endolaser retinopexy were
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independent risk factors for development of
cystoid macular edema.

Keywords: Cystoid macular edema; Optical
coherence tomography; Pseudophakic; Retinal
detachment; Vitrectomy

Key Summary Points

Despite the recent improvements in
surgical techniques, cystoid macular
edema remains one of the primary causes
of vision impairment after both cataract
surgery and vitrectomy.

To date, few data are available on the
prevalence of cystoid macular edema after
pars plana vitrectomy for the treatment of
rhegmatogenous retinal detachment.

In the present study, the prevalence of
cystoid macular edema following pars
plana vitrectomy for rhegmatogenous
retinal detachment in pseudophakic
patients was 17.1%.

High grade of proliferative
vitreoretinopathy and laser retinopexy
were associated with the development of
cystoid macular edema.

Cryoretinopexy might be advantageous
over laser retinopexy in order to reduce
the occurrence of postoperative cystoid
macular edema.

INTRODUCTION

Surgical techniques in vitreoretinal surgery have
benefited from significant advances in recent
years [1, 2]. In particular, the development of
minimally invasive pars plana vitrectomy (PPV)
has allowed the use of small diameter trocars, in
particular 25 and 27 gauge, and transconjunc-
tival valves that do not require scleral suture
[1, 2]. Furthermore, modern visualization sys-
tems allow easy visualization of the retinal
periphery and at the same time high-level detail

of the posterior pole [1, 2]. These improvements
made it possible to reduce conjunctival trauma
and scleral manipulation along with postoper-
ative inflammation and patient discomfort
[3, 4]. Rhegmatogenous retinal detachment
(RRD) surgery has equally benefited from these
technological advances [5, 6]. However, post-
operative complications still persist following
these procedures and are associated with poor
visual recovery [7, 8]. Cystoid macular edema
(CME) is a primary cause of visual impairment
after both successful cataract and vitreoretinal
surgeries [7, 8]. Its prevalence and risk factors
after cataract surgery have been largely investi-
gated [9–11]. According to recent studies, CME
occurs in 0.1–2.3% of patients after pha-
coemulsification and is associated with various
risk factors such as vitreous loss, iris trauma, and
posterior capsule rupture [9–11]. To date, few
data are available on the prevalence of CME
following PPV for RRD. Since cataract develop-
ment is a common complication after PPV with
the use of endotamponade agents, it is difficult
to define the cause of CME as it can be consec-
utive to both RRD procedure and secondary
cataract surgery [12, 13]. Moreover, a history of
RRD has been shown to be an independent risk
factor of CME after cataract surgery [14]. Thus,
the aim of this study was to identify the preva-
lence of postoperative CME in pseudophakic
patients with RRD treated by PPV and to eval-
uate potential risk factors.

METHODS

Design and Patients

This retrospective, single-center study included
pseudophakic patients treated for RRD at the
OphtalmoPole de Paris, Hôpital Cochin (Paris,
France) between January 2019 and December
2022. Institutional review board approvals for
retrospective chart reviews were obtained com-
mensurate with the respective institutional
requirements prior to the beginning of the
study. Described research was approved by the
ethics committee of the French Society of
Ophthalmology (IRB 00008855) and adhered to
the tenets of the Declaration of Helsinki.
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Consecutive pseudophakic patients that under-
went uneventful PPV for RRD were screened for
enrollment. Exclusion criteria were a follow-up
of less than 12 months, any previous vitreo-
retinal, complicated cataract surgery, ab externo
approach, ocular trauma, uveitis, recurrence of
the disease, any pre-existing ocular disease (e.g.,
amblyopia, diabetic retinopathy, retinal dys-
trophy, central serous chorioretinopathy, and
glaucoma) and previous laser treatment. Fur-
thermore, patients with macular edema in the
preoperative optical coherence tomography
(OCT) scan were also excluded.

Surgical Procedure

All the procedures were performed under
regional anesthesia with peribulbar injection of
6 mL of 2% xylocaine and 2 mL of 0.5% bupi-
vacaine. Three-port 25-gauge PPV was per-
formed using the Alcon Constellation system
(Alcon Laboratories, Inc, Forth Worth, TX) or
Stellaris Elite System (Bausch & Lomb, St. Louis,
MO, USA) and a wide-angle viewing lens. After
central and peripheral vitreous removal, all eyes
underwent 360� scleral indentation to shave the
vitreous base up to the ora serrata, followed by
the removal of vitreous tractions from retinal
tears. Patients presenting with proliferative vit-
reoretinopathy (PVR) grade greater than B
underwent retinal fold removal. According to
surgeon’s preference, perfluorocarbon liquid
(PFCL) was used in selected cases. Subsequently,
a complete fluid–air exchange was performed,
and subretinal fluid was aspirated with a flute
needle. Patients underwent either trans-scleral
cryopexy or endolaser to achieve retinopexy
under air. The sclerotomy was closed at sur-
geon’s discretion with 8.0 Vicryl to avoid gas
leakage. At the end of the procedure patients
had either silicone or a gas tamponade (20%
SF6, 17% C2F6, 14% C3F8). All the patients were
required to adopt a facedown positioning for
6 h. Anatomically, successful surgery was
defined as the complete disappearance of sub-
retinal fluid and flattening of the entire cir-
cumference of the retinal breaks. Eye drops
containing brinzolamide 10 mg/ml and timolol
maleate 5 mg/ml, two times a day, were

prescribed after surgery to all patients to lower
intraocular pressure (IOP) and were discontin-
ued after 1 month if IOP was normal. Follow-up
visits were scheduled at days 1 and 7 after the
surgery and 1, 3, 6, and 12 months after the
surgery.

Data Collection

The following data were collected: Epidemio-
logical characteristics including age, sex, and
ophthalmological history (high myopia, glau-
coma, and other ocular diseases); Preoperative
evaluation including best corrected visual acu-
ity (BCVA) in Snellen, IOP with Goldmann
applanation tonometer, slit lamp biomi-
croscopy, and fundus examination with accu-
rate evaluation of the peripheral retina using a
three-mirror lens. In addition, the presence of
vitreous hemorrhage, PVR, the extent of RRD in
quadrants, the status of the macula, and the
number of retinal breaks were noted. Intraop-
erative procedures including use of PFCL, type
of retinopexy (cryo or laser therapy), tampon-
ade (silicon oil or gas including 20% SF6, 17%
C2F6, and 14% C3F8) were also were retrieved
from medical records. Postoperative evaluations
were performed at 1 and 7 days and 1, 3, 6, and
12 months following the surgical procedure and
included BCVA in Snellen, IOP with Goldmann
applanation tonometer, occurrence of compli-
cations on fundus or OCT examination, pres-
ence of epiretinal membrane (ERM), and
recurrence and existence of PVR. For statistical
analysis, Snellen ratios were converted to log-
MAR (logarithm of the minimum angle of res-
olution) decimal values [15]. The grade of PVR
was staged according with the Retinal Society
classification [16].

A spectral domain OCT (SD-OCT, Spectralis
Heidelberg Engineering, Heidelberg Germany)
scan encompassing the macula was performed
at each visit and CME was defined as more than
three circular or ovoid intraretinal hyporeflec-
tive spaces in the inner and/or outer layers in
the central millimeter of the Early Treatment
Diabetic Retinopathy Study grid. The presence
of CME was evaluated by two independent
observers (I.M. and F.B).
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Statistical Analysis

Statistical analysis was performed using SAS 9.4
statistical software (SAS Institute Inc., Cary, NC,
USA). Quantitative data are expressed as
mean ± standard deviation (SD), qualitative
data with confidence intervals of ± 95%. The
Shapiro–Wilk’s test was used to assess normality
of data. Comparisons of quantitative data were
performed using the Wilcoxon signed rank test
or Student’s t test. Comparisons of qualitative
data were performed using the chi-square test or
the Fisher’s exact test when appropriate. A
P value less than 0.05 was considered statisti-
cally significant. To identify risk factors of the
occurrence of CME we compared the clinical
and paraclinical characteristics of the patients
who presented this complication to those who
did not. All variables with a P value less than
0.15 in univariate analysis or clinically relevant
according to investigators and literature data
were included in a multivariate logistic regres-
sion model.

RESULTS

Of the 657 patients who underwent surgical
procedure for RRD during the study period, 408
were phakic at baseline and not eligible. Of the
249 pseudophakic patients, 85 were excluded
for the following reasons: ab externo approach
(n = 13), history of ocular trauma (n = 16),
recurrence of RRD (n = 9), and less than
12 months of postoperative follow-up (n = 47).

Finally, a total of 164 eyes of 164 pseu-
dophakic patients including 62 women and 102
men were included in the study. The mean time
between cataract surgery and retinal detach-
ment was 39.0 ± 26.9 months. Demographic
and baseline characteristics are reported in
Table 1.

The mean age at surgery was 65.7 ±

12.0 years. The mean follow-up time was
13.4 ± 7.7 months. The mean BCVA was 2.1 ±

1.0 logMAR preoperatively and 1.0 ± 0.7 log-
MAR postoperatively.

During follow-up period 28 of 164 eyes
(17.1% [9.8–26.4]) had CME. Median time to

onset of CME was 2.8 months (interquartile
range [1.8–6.3]).

Of the 164 patients included in the study, 36
(22%) received trans-scleral cryotherapy and
128 (78%) received retinopexy by endolaser.
Among patients who received cryotherapy, one
patient (2.7%) developed CME. Among those
who received endolaser, 27 (21%) developed
CME. Eight patients underwent posterior
retinotomy during the surgical procedure. None
of these patients developed macular edema. Six
patients received internal limiting membrane
(ILM) peeling in the setting of eyes with
PVR[B with macular pucker. These such
patients developed CME.

During the follow-up, 56 patients (34.1%)
developed ERM. Of these, 13 had concomitant
CME.

Univariate analysis showed that the variables
statistically associated with CME were (1)
PVR[B (32.1% [14.8–49.4] vs. 10.3%
[5.2–15.4]; P = 0.003) and (2) retinopexy per-
formed by endolaser (96.4% [89.6–100.0] vs.
74.3% [66.9–81.6; P = 0.009]). The presence of a
macula off RRD was not significantly different
between the two groups (61.8% [53.6–69.9] in
the group without CME and 53.6% [35.1–72.0]
in the group with CME; P = 0.4) as well as in the
time from the loss of central vision to surgery
(3.8 ± 3.9 days in the group without CME and
2.3 ± 1.5 days in the group with CME, P = 0.44)
and in the type of endotamponade agent
(P = 0.11).

A multivariate analysis using a logistic
regression model was performed with adjust-
ment for PVR[B, retinopexy by endolaser, and
the presence of more than one retinal tear. The
presence of more than one retinal tear was used
in the multivariate analysis to investigate the
role of endolaser independently, as surgeons are
more like to do endolaser retinopexy when a
high number of retinal tears is present. The
results of the multivariate analysis are reported
in Table 2. The presence of PVR[B and a
retionopexy performed by endolaser were sig-
nificantly associated with CME (relative risk 3.6
[1.3–9.7]) and 8.4 [1.1–64.7], respectively).
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DISCUSSION

The development of small-diameter, sutureless
PPV provided advantages to both surgeons and
patients, allowing shorter operating time, less
surgical trauma, decreased postoperative dis-
comfort, and faster visual recovery. However,
postoperative complications may occur despite
anatomically successful RRD repair, resulting in
patients’ visual impairment. CME after PPV is

one of the main postoperative complications
leading to reduced vision after surgery [1–3].

The pathophysiology of CME post RRD
repair remains unclear. The most plausible the-
ory refers to an inflammatory reaction since
cytokines and prostaglandins have been found
to be increased in such patients. These could
lead to a breakdown of the blood–aqueous bar-
rier and consequent fluid accumulation [17].

To date, few authors evaluated the preva-
lence and risk factors of postoperative CME after

Table 1 Demographic and clinical data of patients with pseudophakic retinal detachment

Characteristics Total (n = 164) CME2 (n = 136) CME1 (n = 28) P value

Age (years, mean ± SD) 65.7 ± 12.0 65.4 ± 11.9 67.3 ± 12.7 0.4

Sex, n (M/F) 102/62 82/54 20/8 0.3

Follow-up (months, mean ± SD) 13.4 ± 7.7 12.9 ± 7.2 15.9 ± 9.5 0.1

Preoperative visual acuity

(logMAR, mean ± SD)

2.1 ± 1.0 2.1 ± 1.0 2.1 ± 0.9 0.9

Retinal tears[ 1 32.9% 31.6% 35.7% 0.4

Extent of RD (quadrants, mean ± SD) 2.2 ± 1.0 2.2 ± 1.0 2.3 ± 1.0 1.0

RD macula off 60.4% (52.9–67.9) 61.8% (53.6–69.9) 53.6% (35.1–72.0) 0.4

PVR[B 14.0% (8.7–19.3) 10.3% (5.2–15.4) 32.1% (14.8–49.4) \ 0.01

Retinopexy by endolaser 78.0% (71.7–84.4) 74.3% (66.9–81.6) 96.4% (89.6–100.0) \ 0.01

Tamponade gas 84.8% (79.3–90.3) 86.8% (81.1–92.5) 75.0% (59.0–91.0) 0.1

n number, M male, F female, CME cystoid macular edema, RD retinal detachment, PVR proliferative vitreoretinopathy

Table 2 Multivariable analysis

CME2
(n = 136)

CME1 (n = 28) P value
univariate

P value
multivariate

Relative risk

Retinal tears[ 1 31.6% 35.7% 0.4 0.5 1.3 [0.5–3.2]

PVR[B 10.3% (4.2–15.4) 32.1%

(14.8–49.4)

0.003 0.01 3.6 [1.3–9.7]

Retinopexy by

endolaser

70.3%

(66.9–81.6)

96.4%

(89.6–100)

0.009 0.04 8.4

[1.1–64.7]

n number, M male, F female, CME cystoid macular edema
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RRD repair with PPV [18]. Recently, three stud-
ies showed a prevalence between 10% and 17%
of patients undergoing PPV [17–19]. Our results
are in agreement with those reported. In par-
ticular, in the present study CME occurred in
17.1% of the operated eyes.

To the best of our knowledge, our study is
the first one including only pseudophakic
patients. This is a crucial element that allowed
us to exclude an important bias of CME related
to cataract surgery. In fact, the development of
cataract after PPV for RRD is very common and
is strongly related to the interaction between
the posterior lens surface and tamponade agents
[12, 13]. Thus, the cause of the CME can be
difficult to identify, as it can be consecutive
either to RRD or to subsequent cataract surgery.
Indeed, Merad et al. demonstrated that cataract
surgery performed within 6 months of PPV for
RRD was significantly associated with CME in
multivariate analysis [19]. Furthermore, Starr
et al. showed that the most important risk fac-
tors for CME following RRD repair were subse-
quent cataract surgery and recurrent RRD [18].
Thus, the state of the lens plays a key role in the
evaluation of risk factors of postvitrectomy
CME and it must be taken into account to per-
form an accurate analysis.

In the present study, a multivariate analysis
showed two independent risk factors associated
with the occurrence of CME, in particular the
presence of severe PVR and the use of laser
retinopexy. Our results are consistent with pre-
vious studies that investigated the development
of CME after PPV showing that PVR is one of the
major risk factors involved [17–19]. Addition-
ally, three studies that exclusively included RRD
with severe stages of PVR showed higher rates of
CME, ranging from 33% to 52% [20–22]. This
finding confirms the role of inflammation as a
leading process involved in CME development
since PVR occurs in response to tissue damage
caused by RRD and subsequent inflammatory
reaction [19, 23, 24]. It has been shown that
several inflammatory cells and cytokines, such
as interleukin (IL)-1, IL-6, tumor necrosis factor
alpha (TNFa), interferon gamma (IFNc), and
intercellular adhesion molecule 1 (ICAM-1), are
involved in PVR development [25–28]. Inflam-
matory mediators lead to a breakdown of the

blood–retinal barrier and blood–aqueous bar-
rier, causing an increased vascular permeability
[29, 30]. Interestingly, these pro-inflammatory
factors were also found in higher concentra-
tions in the aqueous humor of patients with
CME after cataract surgery [30].

In the present study, the use of endolaser
retinopexy was associated with a significantly
higher risk of postoperative CME compared to
cryotherapy retinopexy. Recently, Merad et al.
reported the same finding investigating risk
factors for CME after PPV for RRD in a cohort of
both phakic and pseudophakic patients [19]. In
that study, laser retinopexy was used only for
severe RRD with multiple retinal breaks, while
cryotherapy was used for less extensive or sin-
gle-break detachments [19]. Thus, those authors
hypothesized that the CME is mainly related to
the extensive use of retinopexy for the treat-
ment of these types of RRD rather than the type
of retinopexy itself [19].

To avoid this bias and to investigate the use
of laser retinopexy as an independent risk factor
regardless the extension of RRD, we included
the number of retinal breaks in the multivariate
analysis. Interestingly we found that laser reti-
nopexy was an independent risk factor for the
development of CME.

The mechanism of post-laser macular edema
remains still unclear. Previous studies that
investigated this issue suggested that autoregu-
latory changes in distribution of retinal blood
flow could be involved in this pathogenesis
[31, 32]. In particular, retinal photocoagulation
seems to raise inner retinal oxygen levels by
destroying photoreceptors. This would result in
an arteriolar vasoconstriction and a reduction
in blood flow to the treated midperipheral
retina, causing an increased blood flow to the
macula. It is possible that if the increased flow
exceeds the ability of the macular arterioles to
self-regulate, edema may occur [32].

As might be expected some patients devel-
oped ERM after the surgical procedure. The rate
of patients who developed this complication
was in agreement with that reported in previous
studies [33]. This finding is not surprising since
it is known that the two complications share
pathogenic mechanisms and risk factors [33]. It
is possible that in some eyes the presence of
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CME was in part related to a traction exerted by
the ERM. However, only less than half of the
eyes with CME had this complication.

The present study has several strengths such
as the large sample size, the long follow-up
period, and the fact that only pseudophakic
patients were included. However, it suffers from
some limitations that need to be acknowledged.
In particular, its retrospective nature may have
resulted in selection or indication bias, making
it difficult to obtain definitive conclusions.
Furthermore, our definition of CME was based
exclusively on SD-OCT and not on fluorescein
angiography, which still remains the gold
standard for some authors. Thus, the rate of
CME might include both inflammatory CME
with intraretinal leakage on dye angiography
and macular cystoid degeneration without
intraretinal leakage [34, 35]. However, our strict
criteria for including patients with CME, as well
as double reading of OCT, limit this possibility.

CONCLUSION

CME represents a significant side effect after
PPV for the treatment of RRD that could lead to
a lack of visual recovery. Evaluation of the
macula with SD-OCT plays a key role in the
follow-up of patients after PPV, particularly
those with severe PVR, as they are at higher risk
of developing CME. Additionally, our results
suggest that cryoretinopexy might be advanta-
geous over the laser retinopexy in order to
reduce the risk of postoperative CME. A better
knowledge of the risk factors of CME after PPV
would improve the understanding of the
pathophysiology in order to find a prevention
to reduce the visual consequences of this
complication.
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