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Purpose: To study the anatomic outcome of leaving vitreous cortex remnants (VCR) during pars plana vitrectomy (PPV) for primary 
rhegmatogenous retinal detachment (RRD).
Methods: The study comprised patients with RRD who had PPV by a single surgeon between January 2019 and December 2020 and 
followed for 6 months. After intravitreal injection of triamcinolone acetonide, the topographic pattern of VCR at the periphery (p) and 
macula (m) was divided into 2 types by extent: complete or 4 quadrants (pVCR4Q), and between 2 and 4 quadrants ≥2 quadrants 
(pVCR>2Q), or by location >1 inferior retinal quadrant (pVCR>1InfQ), and at the macula (mVCR). Anatomical failure or retinal re- 
detachment within 6 months after surgery was the primary outcome measures. The occurrence of grade C proliferative vitreoretino
pathy (PVR) and epiretinal membrane (ERM) were used as secondary outcome indicators.
Results: A 6-month prospective follow-up was performed on 103 patients. pVCR4Q was detected in 31 eyes, pVCR>2Q in 40 eyes, 
pVCR>1InfQ in 40 eyes and mVCR in 54 eyes. Recurrent RRD developed in 9 (8.7%) eyes, PVR grade C in 6 (5.8%) eyes and ERM 
in 11 (10.7%) eyes. According to multivariate regression analysis, the existence of any type of VCR did not correlate with anatomical 
failure, PVR or ERM.
Conclusion: The initial success rate of PPV and the growth of PVR or ERM do not appear to be impacted by keeping VCR.
Keywords: vitreous cortex remnants, pars plana vitrectomy, primary rhegmatogenous retinal detachment, epiretinal membrane, 
proliferative vitreoretinopathy

Introduction
Vitreoschisis is underdiagnosed due to the lack of routine use of triamcinolone acetonide (TA) during pars plana 
vitrectomy (PPV). As a result of vitreoschisis, vitreous cortical remnants (VCR) can occur at the retinal periphery 
(pVCR) and above the macula (mVCR).1–16 During an anomalous posterior vitreous detachment (PVD), the thickness of 
VCR changes depending on the plane of cleavage.17–27 Thick VCR can be removed in one piece, while thin diaphanous 
VCR can be removed in patches with more difficulty. The imaging of transparent VCR requires repeated injections of TA 
in the vitreous cavity. Preliminary data reported a high incidence of VCR in patients undergoing vitrectomy for RRD3 

while other investigators suggested a link between VCR and the higher rate of PVR development,4–7 implying the need 
for more complete VCR removal during the initial PPV. The evidence for vigorous VCR removal in the hopes of 
improving the final anatomic outcome is currently counterbalanced by the necessity for more time and effort, as well as 
the increased risk of inner retinal trauma from retinal stretching or development of retinal breaks. Hereby, we discuss the 
results of a conservative approach for primary rhegmatogenous retinal detachment (RRD) that included documenting the 
presence of VCR and leaving VCR untouched throughout PPV. The 6-month outcome measures (surgical failure or 
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retinal redetachment, PVR and ERM formation) after surgery will be correlated with the intraoperative VCR topogra
phical distribution.

Methods
This was a prospective consecutive nonrandomized noncomparative study of acute primary uncomplicated RRD cases 
treated and followed by one surgeon (AA) between January 2019 and December 2020. Preoperatively, a non-contact 
SuperField NC slit-lamp lens (Volk, Mentor, OH) was used to look for the presence of a Weiss ring and confirm the 
presence of a so called clinically evident PVD. The extent of the detachment as well as the number of breaks were noted. 
But a more detailed documentation was made from the intraoperative findings using intraocular wide-angle illumination. 
Preoperatively in macula-on RRD and postoperatively in macula-off RRD, axial length (AL) measurements were taken 
using optical biometry (Aladdin Topcon, Tokyo, Japan). Eyes with AL>26mm were considered as high myopia, while 
eyes with AL 24–25.9mm were considered as low to moderate myopia.

Inclusion criteria included: fresh cases of RRD with symptoms of less than 10 days, presence of PVD by slit lamp 
biomicroscopy, a minimum follow-up of 6 months. Exclusion criteria included: absence of PVD, bilateral RRD, previous 
operation (laser retinopexy; pneumatic retinopexy, prior intravitreal injections), history of ocular trauma, presence of 
giant retinal tear, dialysis of the retina, cataract, maculopathy, diabetic retinopathy, keratoconus, uveitis, and vitreous 
hemorrhage. Cases of existent PVR grade>B28 were also excluded.

On all patients, a 3-port 23-gauge sutureless pars plana core vitrectomy (Geuder S4 HPS, Heidelberg, Germany) 
under local anesthesia was performed 3 to 4 mm from the limbus. No attempts were done to extend PVD to the periphery. 
Posterior vitrectomy was followed by thorough vitreous base shaving using 360° scleral depression. Then, 1 mL of 
triamcinolone acetonide (TA) (40 mg/mL Kenacort-A, Bristol-Myers Squibb, Spain) was injected anteriorly towards each 
retinal quadrant and then posteriorly and let to settle for 2 minutes. To clarify the retina view, the vitreous cavity was 
washed out thoroughly with a balanced salt solution. The topography of the VCR was documented in detail after the TA 
granules attached to it. The topographic pattern of VCR was divided into four types: by extent-4 quadrants (pVCR4Q, 
complete) and >2 quadrant (pVCR>2Q, incomplete or 2–4 quadrants); or by location >1 inferior retinal quadrant 
(pVCRinf, 1–2 inferior quadrants), and at the macula (mVCR). Perfluorocarbon liquid was not used, internal limiting 
membrane was not peeled and VCR around the retinal breaks or elsewhere were not removed. Internal drainage of 
subretinal fluid and complete fluid-air exchange was done using a flute silicone-tip needle. One row of endolaser 
photocoagulation surrounded the retinal tears, and this was followed by vitreous tamponade. In patients with attached 
retina, silicone oil was removed 3–6 months after initial surgery.

All patients underwent a complete ophthalmological evaluation by the same surgeon (AA) 1 day, 1 week, 1 month, 3 
months, and 6 months after surgery. SD-OCT (3D-OCT 2000 Topcon, Topcon, Tokyo, Japan) was performed by the same 
operator (AA) at 1 month, 3 months and 6 months following vitrectomy.

The research protocol was authorized by Beirut Eye Specialty Hospital’s Institutional Review Board. The study 
adhered to the Declaration of Helsinki’s ethical requirements. A written informed consent was obtained from all patients.

Statistical Analyses
Continuous variables were expressed as mean ± standard deviation. Visual acuity data were converted to LogMAR values 
for statistical analysis. Chi-squared and Kruskal–Wallis tests were used to compare various clinical results in the absence 
and presence of VCR. Multivariate logistic regression analysis using ANOVA was performed to assess the effects of 
factors (primary anatomic failure or re-detachment within 6 months of PPV, PVR, and ERM formation) that were 
significant in the chi-squared or Kruskal–Wallis tests. The data were analyzed using the SPSS 24.0 software. Results 
with p<0.05 were considered statistically significant.

Results
A total of 134 eyes from 134 people who were treated in this trial were assessed. We eliminated 24 eyes due to a lack of 
complete follow-up (follow-up < 6 months) and another 7 eyes due to missing data. The 6-month clinical data on 103 
eyes are summarized in Table 1. VCR was noted in a total of 61 eyes (59.2%): VCR was observed over the macula 
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Table 1 Clinical Data on 103 Patients That Underwent 
Pars Plana Vitrectomy for Acute Primary Rhegmatogenous 
Retinal Detachment

Male:Female Gender 76:27

Age (years) (mean ±SD) 59.6 ± 9.9

Age 32–48 18 (17.5%)

Age 50–59 31 (30.1%)

Age 60–69 40 (38.8%)

Age 70–81 14 (13.6%)

Diabetes mellitus 26 (25.2%)

Right:Left eye 46:57

AL 26–31.1mm 22 (21.4%)

AL 24–25.9mm 39 (37.9%)

AL 22.3–23.9mm 42 (40.8%)

Phakia 57 (55.3%)

Macula off (macula-involving) RRD 75 (72.8%)

Macula on RRD 28 (27.2%)

Inferior RRD>1 Quadrant 59 (57.3%)

Quadrant RRD 1Q 19 (18.4%)

Quadrant RRD 2Q 53 (51.4%)

Quadrant RRD 3Q 18 (17.5%)

Quadrant RRD 4Q 13 (12.6%)

Gas Tamponade 77 (74.8%)

Silicone Oil Tamponade 26 (25.2%)

Follow-up (months) (Mean ± SD) 9.7 ± 2.5

6–7 23 (22.3%)

8–9 31 (30.1%)

10–11 23 (22.3%)

12–16 26 (25.2%)

Recurrent RRD 9 (8.7%)

Postoperative PVR Grade C 6 (5.8%)

Postoperative ERM macula 11 (10.7%)

VCR absent 42 (40.8%)

VCR present 61 (59.2%)

(Continued)
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(mVCR) in 54 eyes (52.4%), and over the periphery (pVCR) in 40 eyes (38.8%); in other words, 37 eyes had combined 
mVCR with pVCR, 17 eyes had mVCR alone, and 3 eyes had pVCR alone.

The primary outcome measure, ie, anatomic failure (retinal redetachment) occurred in 9 eyes (8.7%), while secondary 
outcome measures, ie, PVR Grade C and ERM occurred in 6 eyes (5.8%) and 11 eyes (10.7%) respectively. All 6 eyes 
with PVR developed retinal redetachment. Anatomic outcome did not correlate with any combination of VCR by 
ANOVA. However, anatomic outcome correlated with female gender (p=0.034) and macula off RRD (p=0.017) by 
ANOVA (Table 2): by gender, recurrent RRD occurred in 5 women (18.5%) vs 4 men (5.3%), while PVR occurred in 4 
women (14.8%) vs 2 men (2.6%); by macular status, none (0%) of the 28 eyes with macula on developed anatomic 
failure or PVR. Out of 75 eyes with macula off, 8 (10.7%) had recurrent RRD and 6 (8.0%) had PVR. ERM in the 
macula did not correlate with mVCR (VCR macula) (p=0.345). ERM correlated inversely with age (p=0.01) by ANOVA 
(Table 2). PVR did not correlate with p-VCR but correlated with female gender (p=0.016) and marginally with macula 
off RRD (p=0.056).

Discussion
The current study is noncomparative and mostly observational since it follows eyes with (61 eyes) or without VCR (42 
eyes) and tries to correlate the presence and topography of VCR to the 6-month anatomic outcome. Surgically, VCR was 
detected in 44–75% of cases undergoing various gauges of PPV for RRD.3,8 Histologically, Kishi et al9 found VCR in 
44% of eyes with complete PVD. It has been postulated that vitreoschisis can induce various diseases related to the 
vitreoretinal interface including ERM.9–15 In our study, anatomic failure was recorded in 9 eyes (8.7%) with a significant 
(2.3-fold) female predilection. In other larger studies, the single operation success rate of small-gauge PPV was 95% in 

Table 2 Correlation Between Vitreous Cortex Remnant and Both Anatomic Outcome and Proliferative Vitreoretinopathy Using 
Multiple Regression Analysis by ANOVA

pVCR>2Q pVCR4Q pVCRinf>1Q Macula Off Female Gender mVCR Young Age <50 
Years

Anatomic 
Outcome

P=0.145 P=0.124 P=0.145 OR 1.424  
(95% CI 1.249–1.625)  

P=0.017

OR 0.215  
(95% CI 0.049–0.950)  

P=0.034

P=0.990 P=0.327

PVR P=0.482 P=0.215 P=0.215 OR 0.711  
(95% CI 0.627–0.807)  

P=0.056

OR 7.1  
(95% CI 1.1–43.7)  

P=0.016

P=0.79 P=0.83

ERM P=0.301 P=0.687 P=0.421 OR 0.777  
(95% CI 0.618–0.977)  

p=0.055

P=0.404 OR=0.946  
(95% CI 0.533–1.680)  

P=0.345

OR 0.901  
(95% CI 0.835–0.971)  

P=0.007

Abbreviations: PVR, proliferative vitreoretinopathy; pVCR, peripheral vitreous cortex remnant; mVCR, macular vitreous cortex remnant; Q, quadrant; inf, inferior; ERM, 
epiretinal membrane; P, p-value.

Table 1 (Continued). 

pVCR4Q (EXTENT) 31 (30.1%)

pVCR>2Q (EXTENT) 40 (38.8%)

pVCRinf (LOCATION) 40 (38.8%)

mVCR (LOCATION macula) 54 (52.4%)

Notes: silicone oil was used in patients living in high altitude or on 
travel. The first 7 rows refer to number of patients and the rest refer to 
number of eyes. 
Abbreviations: AL, axial length; SD, standard deviation; RRD, rhegma
togenous retinal detachment; PVR, proliferative vitreoretinopathy; 
mVCR, macular vitreous cortex remnant; pVCR, peripheral vitreous 
cortex remnant; Q, quadrant, inf, inferior; ERM, epiretinal membrane.

https://doi.org/10.2147/OPTH.S408871                                                                                                                                                                                                                               

DovePress                                                                                                                                                                 

Clinical Ophthalmology 2023:17 1492

Assi et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


312 eyes16 using wide-angle viewing system without scleral-depressed shaving of the vitreous base, and 84.4% in 615 
eyes17 using a similar conservative approach.

The current investigation suggests no link between VCR and either anatomic failure or PVR development. The 
macula was found to be the most common site for VCR, followed by the peripheral vitreous. The presence of macula 
VCR (mVCR) did not correlate with subsequent formation of ERM, and likewise, peripheral VCR (pVCR) did not 
correlate with either anatomical failure or PVR. We believe that these preliminary findings indicating VCR and PVR are 
unrelated will be helpful to surgeons doing PPV, allowing for a quicker, safer, and less challenging surgery. Leaving VCR 
does not seem to prevent good anatomical results.

If our findings are confirmed, aggressive VCR shaving may not be necessary. Because PVR is unusual, a high number 
of eyes is needed to detect a pattern, the small number of eyes in the current series could have missed a trend for PVR. 
Again, the current data and findings from Tabandeh et al16 do not support the dogma that aggressive shaving of the 
vitreous base is essential for anatomic success. The vitreous base was previously thought to operate as a scaffold for 
anterior PVR, with base contraction leading to additional tears. It might be argued that cutting the vitreous base reduces 
vitreous volume, but it might also traumatize the retina, bringing the possible scaffold for future PVR closer to the retina. 
Peeling of the VCR produces considerable stretching of the vitreoretinal interface and might also damage the ILM and 
Muller cell footplate, leading to glial cell activation,18,19 which may predispose to formation of PVR membranes.20 

Collagen type I, a key component of PVR, can be synthesized by these activated glial cells. One additional argument for 
a dissociation between VCR and PVR is the difference in collagen type between VCR and PVR membranes. VCR is 
made up of densely packed heterotypic fibrils primarily made up of type II collagens, with a tiny quantity of type V/XI 
and IX collagens,21 while In PVR membranes, collagen types I and III predominate.22

Rizzo et al4 collected 413 eyes with indications of p-VCR during PPV for primary RRD over a three-year period. The 
primary anatomical success rate in the first group without VCR removal was 91.5%, with re-detachment due to PVR 
occurring in 7.6% of eyes during the first three months (Table 3). Anatomical success was 95.4% in the second set of 190 
eyes that had p-VCR removed, while PVR developed in 2.1% of eyes (p=0.01). This was the first and only comparative 

Table 3 Anatomic Outcomes in Eyes with Rhegmatogenous Retinal Detachment That Had VCR Removed Vs VCR Not Removed- 
Literature Review

Author Rizzo (2021) Wakabayashi Cho (2018) Chen (2006) Rizzo (2021) Assi (Current)

Country Italy USA Korea Taiwan Italy Lebanon

VCR removed Yes Yes Yes No No No

Prospective study Yes No No Yes Yes Yes

Number of eyes 190 86 80 33 223 103

Follow-up (months) 6 28.7 20.7 12 6 6

% Retinal re-detachment 4.6 10 NA 6.1 8.5 8.7

%PVR 2.1 9 NA NA 7.6 5.8

%ERM NA 21 30 21.2 NA 10.7

%VCR in total study 80.6 46 NA 69.2 80.6 59.2

High myopia (<-6D or >26mm 37.4 NA NA 36.1 33.2 21.4

Mean age (years) 63 65.1 58.5 49.1 61 59.6

%Female 57.4 43 NA 15.5 36.8 26.2

mVCR% NA NA 60 10 NA 52.4

Abbreviations: VCR, vitreous cortex remnant; mVCR, macular vitreous cortex remnant; NA, not assessed; ERM, epiretinal membrane; PVR, proliferative 
vitreoretinopathy.

Clinical Ophthalmology 2023:17                                                                                                   https://doi.org/10.2147/OPTH.S408871                                                                                                                                                                                                                       

DovePress                                                                                                                       
1493

Dovepress                                                                                                                                                              Assi et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


study of its kind, as well as the largest in terms of number of participants. In a retrospective comparative study by 
Wakabayashi et al,26 VCR removal in 86 eyes resulted in favorable functional and anatomic outcomes (90% single 
surgery success; PVR 9%) quite similar to their series of 101 eyes without any VCR (91% single surgery success; PVR 
6%) in patients with RRD (Table 3). In a prospective non-consecutive case series of more complex RRD, van 
Overdam et al27 removed 23 membranes from the peripheral retinal surface just posterior to the vitreous base. The 
clinical aspect of the membranes varied from loose-meshed membranes suggestive of VCR (paucicellular, collagen-rich 
areas, with hyalocytes in primary RRD) to more fibrotic and adherent membranes resembling PVR (high cellularity 
comprising activated macrophages, and RPE cells in recurrent RRD). These authors suggest that VCR is the missing link 
to PVR formation.

ERM development following vitrectomy for RRD has been estimated to range between 15% and 30% (Table 3).8 

Similar to our current findings, Chen et al10 prospective investigation revealed no evidence that RRD patients with VCR 
will later develop ERM. Cho et al8 did provide data suggesting a potential relationship (2.3-fold) between ERM and 
VCR. They followed 80 eyes with RRD that were subject to PPV. While 3 of 20 eyes (15%) without mVCR developed 
ERM, 21 of 60 eyes (35%) with mVCR went on to develop ERM (p=0.091).

Strong evidence supports removing VCR in cases of RRD and high myopia because it may lessen retinal stiffness and 
enable stretching of the retina over a large globe. First, VCR seems to be more prevalent among high myopes.6,15,23,24 

Second, it is generally accepted that removing VCR causes the retina to flatten, especially over a staphyloma.7

We contend that preserving the VCR in eyes with straightforward RRD may not promote the growth of PVR. This is 
because separating the VCR from the tightly adherent retina may cause retinal breaks to form or at the very least 
traumatize the inner retina, which would cause glial cells to become activated and proliferate, which would contribute to 
the formation of the PVR membrane.20 Eyes with RRD caused by round holes and without PVD rarely develop PVR.25

The number of lost to follow-up cases in this study was considered acceptable view a combination of COVID 19 
pandemic (follow-up visit dropped by as much as 88% in a tertiary eye care center29), Beirut Port Ammonium Nitrate 
Explosion,30 and economic collapse.

The major limitations of this study include (a) a small sample size not allowing to detect a low rate PVR or ERM; (b) 
short follow-up; (c) selection bias for fresh simple RRD; (d) absence of an objective grading for VCR and absence of 
tools to measure VCR thickness; (e) absence of a comparative group where VCR was removed; (f) relatively large 
number of lost to follow-up. VCR can act as a source of hyalocytes and a scaffold for RPE cells, but the current data does 
not implicate the presence of VCR as a definite precursor for PVR and retinal re-detachment. It is still uncertain whether 
removing VCR reduces the rate of surgical success of PPV from re-detachment, PVR or ERM. In conclusion, additional 
research is needed to determine the exact role of VCR in either retinal protection or in the development of PVR.
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