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Abstract
Premacular membranes developing following pars plana vitrectomy (PPV) can cause sig-
nificant anatomical and functional deficits to the macula. Recent reports showed that post-
operative premacular membranes are a localized presentation of macular proliferative vit-
reoretinopathy (mPVR). Here, we report retrospectively a case series of 5 patients with severe 
mPVR which developed following uneventful PPV and were followed up to 32 months in the 
Department of Ophthalmology, Hadassah-Hebrew University Medical Center, Jerusalem, 
between October 2016 and February 2020. All patients underwent primary repair of rheg-
matogenous retinal detachment (RRD) before mPVR developed. Mean best-corrected vi-
sual acuity (BCVA) at presentation was 20/76 Snellen (0.58 LogMAR). Median duration of the 
retinal detachment time until surgery was 1.5 days (range 1–21 days). Mean interval time 
from last normal follow-up exam to diagnosis of mPVR was 19 days (range 10–28). BCVA 
dropped from a mean of 20/38 Snellen (0.28 LogMAR) prior to mPVR development to 20/166 
Snellen (0.92 LogMAR) following its development, recovering to 20/57 Snellen (0.45 Log-
MAR) after peeling of membranes. Mean central macular thickness measured by optical co-
herence tomography decreased from 711 to 354 μm postsurgery. In conclusion, short-term 
mPVR is a different entity from macular pucker in terms of rapid development, structural 
distortion, and visual compromise. Surgical treatment significantly restores macular function 
and anatomy.
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Introduction

Premacular membranes can cause devastating anatomical damages to the macula, leading 
to functional deficits including decreased visual acuity, central scotoma, color and contrast 
abnormalities, and metamorphopsia [1]. The traction effect created by these membranes leads 
to retinal wrinkling, schesis, detachment, macular edema, photoreceptor atrophy, and even 
macular holes. For a very long time, postoperative premacular membranes were considered to 
be macular pucker, known also as epiretinal membrane (ERM). Alternatively, recent reports 
showed membranes with extreme presentation are proliferative vitreoretinopathy (PVR) [2, 3]. 
Specific risk factors for PVR have been identified including uveitis, large, giant, or multiple tears, 
vitreous hemorrhage, preoperative or postoperative choroidal detachments, aphakia, multiple 
previous surgeries, and large detachments involving >2 quadrants of the eye [4].

The molecular composition of the premacular membranes was discovered several decades 
ago [5–8]. Interestingly, both ERM and PVR membranes express integrins, α-SMA, galectin, 
EMMPRIN, RCS, IBA1, and collagen-type I. Idiopathic membranes are composed of myofibro-
blasts, glial cells, and fibroblasts, while PVR membranes are composed predominantly of 
retinal pigment epithelial (RPE) cells, glial cells, and myofibroblasts [3, 7, 9].

Over the past few decades, many attempts have been made to develop various PVR inhib-
itors but with unsatisfactory efficacy including anti-inflammatory components [10, 11], anti-
growth factors [12–14], antiproliferative components, and others [15–17]. Surgical peeling is 
considered the accepted treatment following significant advancements in vitrectomy tech-
niques. However, it is highly important to accurately differentiate between ERM and PVR, as 
this may have implications in case management and prognosis. Here, we report 5 unrelated 
cases with severe macular PVR (mPVR) which developed following uneventful pars plana 
vitrectomy (PPV) for rhegmatogenous retinal detachment (RRD) repair and were followed 
up to 32 months in the Department of Ophthalmology, Hadassah-Hebrew University Medical 
Center, between October 2016 and February 2020.

The mean best-corrected visual acuity (BCVA) at presentation of the 5 cases was 20/76 
Snellen (0.58 LogMAR) which dropped from a mean of 20/38 Snellen (0.28 LogMAR) prior to 
mPVR development to 20/166 Snellen (0.92 LogMAR) following its development, recovering 
to 20/57 Snellen (0.45 LogMAR) after peeling of the mPVR membranes.

The median duration of the retinal detachment time until surgery was 1.5 days (range 
1–21 days). Following primary RRD repair, mPVR developed between 10 and 28 days (mean 
19 days). Mean central  macular thickness (CMT) measured by spectral-domain optical coherence 
tomography (SD-OCT) (Spectralis; Heidelberg Engineering, Inc., Carlsbad, CA, USA), decreased 
from 711 μm at mPVR diagnosis to 354 μm post-mPVR peeling surgery. mPVR development 
in this series appeared much faster than idiopathic ERM and was treated with good results.

All the PPV surgeries were operated on by 3 vitreoretinal surgeons, T.J., S.K., and M.H. 
using 23 g Stellaris Elite PPV system (Bausch & Lomb, 400 Somerset Corporate Blvd., Bridge-
water, NJ, USA). Following PPV, the membranes were stained using dual blue dye and peeled-
off from the entire posterior pole and the periphery when present.

Cases Presentation

Patient I
A 47-year-old (YO) male, known to have myopia (spherical equivalent −2.5 D), presented 

3 months following cataract surgery with localized RRD and mild vitreous hemorrhage in the 
left eye (LE). BCVA at presentation was 20/25 Snellen (0.10 LogMAR). Ocular examination 
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showed unremarkable anterior segment and in fundoscopy 2 superio-temporal retinal breaks 
associated with macula-on RRD were found. He underwent laser retinopexy to the localized 
detachment. At the 1-month follow-up visit, his BCVA remained stable, while a significant 
progression of the retinal detachment was observed. SD-OCT images confirmed sparing of the 
macula and absence of any macular pathology. He underwent uneventful 23 g PPV with air 
tamponade leading to successful anatomical repair while BCVA remained unchanged 
(Table 1).

Eight weeks post-PPV, he presented with blurred vision and a BCVA of 20/200 Snellen 
(1.00 LogMAR), while his last postoperative BCVA at 6-week visit was 20/20 Snellen (0 
LogMAR) (Fig. 1a). Anterior segments remained unremarkable but fundoscopy showed flat 
retina and premacular membranes, confirmed by SD-OCT with CMT of 613 μm (Fig. 1b). He 
underwent another PPV, membranes peel, air tamponade, and intravitreal injection of 0.4 mg 
Triamcinolone acetonide. The BCVA recovered to 20/32 Snellen (0.2 LogMAR), and CMT 
decreased to 411 μm 8 months later (Fig. 1c, d, 2a).

Patient II
A 53 YO female, with a history of microcystic meningioma World Health Organization 

(WHO) grade I, presented complaining of reduced vision in the LE of 20/2000 Snellen equiv-
alent visual acuity (2.00 LogMAR). On examination, unremarkable anterior segment, superior-
temporal horseshoe at 12 o’clock, and 2 small holes nasally associated with macula-off RRD 
were observed (Fig. 1e; Table 1). Two days later, she underwent uneventful combined cataract 
extraction and 23 g PPV including 15% perfluoropropane (C3F8) gas tamponade. Postoper-
ative BCVA of 20/100 Snellen (0.70 LogMAR) dropped to 20/2000 Snellen equivalent 
(2.00 LogMAR) about 2-month post-PPV. Anterior segment was still unremarkable, while 
fundoscopy showed premacular fibrosis confirmed by SD-OCT (Fig. 1f, 2b).

A second PPV, membrane peel, and silicone oil tamponade were performed resulting in 
BCVA of 20/200 Snellen (1.00 LogMAR). Subsequent examination showed macular pucker 
associated with thickening of 521 μm measured by SD-OCT and stable BCVA; hence, a third 
PPV, membrane peel, and air tamponade surgery were performed. The last follow-up exami-
nation revealed BCVA of 20/80 Snellen (0.60 LogMAR), CMT of 338 μm, and intact macular 
structure (Fig. 1g, h, 2b).

Patient III
Patient III is a 64 YO male suffering from multiple systemic diseases including diabetes, 

hypertension, ischemic heart disease, chronic renal failure, obstructive sleep apnea, 
pulmonary hypertension, and obesity, with no previous eye morbidity. He presented 
complaining of floaters and blurred vision in the LE for 3 days. BCVA measured 20/50 Snellen 
(0.40 LogMAR). Eye examination showed a mild nuclear sclerosis cataract. Funduscopic exam 
showed signs of mild nonproliferative diabetic retinopathy and a RRD due to a superior 
horseshoe retinal tear (12–2 clock hours) (Fig. 1i; Table 1). Preoperative SD-OCT showed the 
presence of split macula RRD and absence of diabetic macular edema.

He underwent uneventful combined cataract extraction and 23 g PPV including 20% 
sulfur hexafluoride (SF6) gas tamponade with a postoperative BCVA of 20/32 Snellen (0.20 
LogMAR) that dropped to 20/100 Snellen (0.70 LogMAR) 3 months postsurgery. The anterior 
segment examination was unremarkable while his fundus exam showed premacular fibrotic 
tissue (Fig. 1j, s) causing significant macular thickening with a CMT of 904 μm (Fig. 2c).

A second PPV, membrane peel, and silicone oil tamponade were performed resulting in 
BCVA of 20/200 Snellen (1.00 LogMAR) with CMT of 512 μm 1 month following the surgery 
(Fig. 1k). The last follow-up examination 6 months after the first surgery revealed BCVA of 
20/100 Snellen (0.70 LogMAR), CMT of 380 μm, and intact macular structure (Fig. 1l, 2c).
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Patient IV
Patient IV is a 47 YO male with unremarkable systemic medical history and 15 years after 

refractive surgery due to high myopia. He presented complaining of superior visual field 
defect for 1 day. On examination, BCVA was 20/20 Snellen (0 LogMAR). The anterior segment 
was within normal limits, while the funduscopic exam showed an inferior retinal horseshoe 
tear associated with localized macula-on inferior RRD. He underwent uneventful 23 g PPV, 
endolaser, and intravitreal tamponade of 20% SF6 gas (Table  1). His postoperative BCVA 

Fig. 1. Horizontal cross-sections and en face scan of SD-OCT of the macular area for the 5 patients included 
in the case series: Patient I (a–d), patient II (e–h), patient III (i–l, s), patient IV (m–o), and patient V (p–r). 
Horizontal OCT cross-sections demonstrate macula-on RRD at presentation (a), developing mPVR leading to 
macular thickening and disruption of the inner retinal layers (b). Panels (c, d) show restoration of the macu-
lar structure following membranes peeling 1 month and in the last follow-up visits, respectively. Patient II 
presented with macula-off RRD initially (e) followed by mPVR development after 2 PPV surgeries (f). Scans 
(g, h) show decrease in the macular thickening and restoration of the retinal layers 1 month and as seen in 
the last follow-up visits post-peeling. Patient III presented with split macula RRD (i), underwent surgical re-
pair followed by severe mPVR (j) seen as macular thickening, hypo-reflective intraretinal cysts, and thick 
hyper-reflective premacular fibrotic tissue. Surgical repair led to remodeling of the foveal structure as ob-
served 1 month (k) and in the last follow-up visit (l). Patient IV had Macula-on RRD (no scan at presentation) 
and developed thick mPVR membrane disrupting the inner retinal layers 6 weeks later (m), which resolved 
almost completely 1 month (n) and 5 months (o) post-op. s En face scan of the macula of patient IV demon-
strating unique star-like shape of the PVR membrane encroaching on the posterior pole. Patient V presented 
macula-on RRD (p) in his LE underwent SB followed by PPV. Three weeks later presented with mPVR (q) 
causing thickening of the macula without hydration. Membranes peeling restored the macular structure as 
seen 7 weeks later (r). PVR, proliferative vitreoretinopathy; BCVA, best-corrected visual acuity; SD-OCT, 
spectral-domain optical coherence tomography; PPV, pars plana vitrectomy; RRD, rhegmatogenous retinal 
detachment; mPVR, macular proliferative vitreoretinopathy; LE, left eye.
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dropped from 20/25 Snellen (0.10 LogMAR) to 20/2000 Snellen equivalent visual acuity 
(2.00 LogMAR) 6-week post-PPV. Fundoscopy showed premacular membranes confirmed by 
SD-OCT with CMT 684 μm (Fig. 1m, 2d). Nine-week post-PPV, he underwent 23 g PPV, 
membrane stripping, and air tamponade. The BCVA recovered nicely to 20/32 Snellen (0.20 
LogMAR) and CMT to 355 μm at 6-week follow-up (Fig. 1n, 2d). Five months later, his cataract 
was extracted and BCVA of 20/25 Snellen (0.10 LogMAR) was measured, while SD-OCT 
showed intact macular structure and CMT of 309 μm (Fig. 1o, 2d).

Patient V
Patient V is a 52 YO male with unremarkable previous medical or ocular history presented 

complaining of inferior visual field defect for 2 days in the LE. On examination, BCVA was 

Fig. 2. BCVA and CMT progression at critical time points of the PVR development and removal. BCVA is pre-
sented in LogMAR (blue line) and CMT in µm (orange line). a–e represents patients I–V, respectively. Overall, 
some inverse correlation between BCVA and CMT was observed, indicating to some extent the importance 
of membrane stripping in order to improve BCVA. PVR, proliferative vitreoretinopathy; BCVA, best-correct-
ed visual acuity; CMT, central macular thickness.

a b

c

e

d
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20/32 Snellen (0.20 LogMAR). The anterior segment was within normal limits in both eyes, 
while his funduscopic exam showed 3 superior retinal tears associated with localized macula-
on superior RRD in the LE. SD-OCT confirmed sparing of the macula and excluded the presence 
of any macular pathology (Fig 1p;  Table  1). He underwent uneventful scleral buckle and 
cryopexy surgery. During the 1-month follow-up visit after the scleral buckle surgery, a 
persistent superior retinal detachment was noticed while the SD-OCT confirmed absence of 
any macular involvement or pathology.

He underwent a combined cataract surgery with 23 g PPV, endolaser, and intravitreal 
tamponade of 20% SF6 (Table 1). Three-week post-PPV, BCVA dropped from 20/63 Snellen 
(0.50 LogMAR) to 20/200 Snellen (1.00 LogMAR). The anterior segment was unremarkable 
while fundoscopy showed premacular membranes confirmed by SD-OCT with CMT 691 µm 
(Fig.  1q). He underwent PPV, membrane stripping, and silicone oil tamponade. The BCVA 
recovered to 20/40 Snellen (0.30 LogMAR), and CMT decreased to 321 μm at 7-week follow-
up (Fig. 1r, 2e).

Discussion

Premacular fibrosis can be caused either by unknown reasons (idiopathic/primary) or 
secondary to diverse ocular conditions following multiple surgical procedures including cataract 
extraction, trabeculectomy, scleral buckle, PPV, laser and cryoretinopexy, and also due to nonsur-
gical causes including blunt trauma, uveitis, diabetes, posterior vitreous detachment, and other 
retinal vascular diseases. The incidence is 7–12% for idiopathic epiretinal membrane, with 
similar rates observed following retinal detachment repair, but this is expected to be even higher 
in the era of OCT imaging due to the significantly increased ability to identify subtle changes such 
as thin membranes. Older age, increasing myopic refraction and narrower retinal arteriolar 
diameter, was highly associated with increased primary ERM prevalence. Previous histologic 
studies showed various components of ERM, including hypocellular extracellular matrix compo-
nents, monocytes, gliotic tissue elements and collagen, and RPE cells [18, 19]. The ocular impli-
cations, both functional and structural, can vary from no loss to severe loss, while the latter is 
uncommon and affects visual acuity, color vision, metamorphopsia, diplopia, and central scotoma. 
For years, post-vitrectomy premacular fibrosis was categorized as part of macular pucker 
spectrum [20]. Recently, few reports distinguished a unique subgroup with premacular fibrosis 
to be mPVR rather than ERM [2, 3]. Macular PVR was highly associated with retinal breaks 
compared to idiopathic ERM [2]. Here, we report a series of 5 cases who, following PPV, developed 
severe premacular fibrosis over a very short-term compatible with mPVR. In general, PVR is 
considered the most common cause of retinal detachment repair failure accounting for 10% of 
cases. Macular PVR is a specific condition which should be differentiated from the general 
process. The pathophysiology of the PVR involves migration of RPE and inflammatory cells to 
the retinal surface [2]. It was shown that mPVR patients present with worse visual acuity 
compared to idiopathic ERM patients. Our patients presented here showed significant decrease 
in their mean BCVA 20/38 Snellen (0.28 LogMAR) prior to mPVR development to 20/166 Snellen 
(0.92 LogMAR) following its development with very good improvement of 4 ETDRS lines 
following membrane stripping surgery (BCVA of 20/57 Snellen, 0.45 LogMAR). Of note, a 
previous report showed greater BCVA improvement for patients undergoing mPVR stripping 
compared to idiopathic ERM peeling (0.31 ± 0.23 vs. 0.09 ± 0.42) [2]. One main clinical difference 
is that mPVR seems to be progressive, while macular pucker remains stable and does not become 
progressively worse. OCT is highly helpful in characterizing these different subgroups. Idio-
pathic ERM was found to be globally adherent to the retinal surface while post-retinal detachment 
repair ERM is more focally adherent [21]. On the other hand, mPVR cases demonstrated fingerlike 
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projections that extend from the inner retinal surface to the posterior vitreous cortex. Macular 
PVR tissue can span the retinal surface and the posterior border of silicone oil or can extend from 
the retinal surface into optically empty vitreous cavity in previously vitrectomized eyes [2]. Our 
patients presented in this case series showed thick fibrotic membranes tightly and diffusely 
adhered to the retina, lacking these fingerlike projections. A possible explanation for the 
difference in membrane appearance may be presence of posterior vitreous cortex. In our series, 
this posterior interphase was absent as posterior vitreous detachment is induced at the beginning 
of PPV and the vitreous is removed, while in the series published by Sigler et al. [2], patients 
developed mPVR secondary to retinal break while the posterior vitreous cortex still exists which 
constitutes a scaffold to the RPE and glial cells to create these fingerlike structures. Also, previous 
reports showed that epimacular membranes after retinal detachment repair have a focal 
adherence pattern rather than global adherence seen in idiopathic ERM patients [21]. These 
different features indicate a wider spectrum of tomographic presentations seen by the OCT. The 
membranes were more prominent and presented dramatically compared to idiopathic ERM. In 
addition, the SD-OCT demonstrated a significant decrease in the macular thickness post-
membrane stripping (711–354 μm) which was inversely related to BCVA (Fig. 2), emphasizing 
the importance of mPVR peeling to achieve a better visual prognosis. Histological studies demon-
strated that both idiopathic ERM and PVR membranes share similar proteinaceous components 
but differ in the cellular components [3].

To conclude, here, we present a case series of 5 patients who developed mPVR following 
PPV surgery to repair RRD. Our patients demonstrate unique clinical presentation and OCT 
features spanning the clinical spectrum known to-date, which distinguish mPVR from idio-
pathic ERM. Surgical removal of mPVR should be considered at an early stage and seems to 
improve BCVA significantly.
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