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Abstract

:

Background: Previous studies have shown that epiretinal membranes (ERMs) may be associated with abnormal outer retinal anatomy. However, long-term morphological and functional results of pars plana vitrectomy (PPV) with ERM and internal limiting membrane (ILM) peeling in eyes with central bouquet (CB) alterations have not yet been investigated. Methods: In a retrospective, consecutive study all patients underwent best corrected visual acuity (BCVA) testing and spectral domain optical coherence tomography (SD-OCT) before and after a mean of 20 months (range 3–70 months) postoperatively. CB abnormalities and ERMs were classified according to Govetto’s staging systems. Results: Of the 67 eyes, 22 (34%) showed CB abnormalities at baseline. The mean BCVA increased from 0.42 at baseline to 0.20 LogMAR at final follow-up (p < 0.001). Neither ERM stage (p = 0.06) nor CB stage (p = 0.939) at baseline were significant predictors of vision improvement following surgery. Conclusions: Our results show that baseline BCVA, but not classification of CB changes and ERM at baseline, seems to be a useful predictor for functional outcomes following PPV with ERM and ILM peeling in the long-term.
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1. Introduction


Epiretinal membrane (ERM) is a common retinal disease with a prevalence ranging from 2.2% to 28.9% [1,2,3]. Fibrocellular proliferation at the vitreoretinal interface, above the internal limiting membrane (ILM), seems to be a key mechanism [4]. ERMs are mainly idiopathic, and are less commonly secondary due to trauma, inflammatory disease, intraocular surgery or retinal detachment [5]. Reduced visual acuity and metamorphopsia are the most frequent symptoms [6]. Tractional stress caused by the ERMs may induce changes, such as increased retinal thickness; the formation of lamellar and full-thickness macular defects; and alterations of the outer foveal region [4,7]. Additionally, other cellular and vascular changes, such as hemodynamic changes in choroidal flow, leakage and disruption from the retinal capillary system, reduced uveal-scleral outflow and breakdown of the retinal pigment epithelium have been reported [8,9,10].



In the last decade, high-resolution spectral-domain coherence tomography (SD-OCT) has emerged as a new non-invasive and reproducible technique for the diagnosis and follow-up treatment of different ocular diseases [11,12,13,14,15,16]. To date, this diagnostic tool is considered an essential component of the pre-operative assessment and allows for quantification of structural changes to the macula and specific retinal layers. Additionally, the possibility to investigate such changes and defining new descriptive terms have improved our pathophysiological understanding significantly, identifying possible prognostic factors, able to predict the functional outcomes in macular diseases [1,17,18,19,20].



The central bouquet (CB) is a small circular island, less than 100 µm in diameter and located centrally at the fovea, detectable by OCT [7,21]. Govetto at al. classified tractional abnormalities of the CB and reported a correlation between morphologic progression and the corresponding best corrected visual acuity (BCVA) [7]. Accordingly, they also developed a staging system for describing ERMs and observed that more severe stages of ERMs correlate with higher reduction of visual acuity [4].



Pars plana vitrectomy (PPV) with ERM and ILM peeling is the gold standard to release tension and restore the normal structure of the retina [22,23,24]. However, despite the progress towards a minimally invasive vitreoretinal surgery and high anatomical success rates, the postoperative visual outcomes are variable [25,26].



To our knowledge, previous studies have already described irregularities of the outer retinal anatomy in the context ERMs [27,28]. However, the influences of their surgical removal on specific changes in the CB morphology and correlations with functional outcome have only been investigated in the short-term [29].



The aim of this study was to evaluate the impacts of different stages of ERM and CB abnormalities on the functional and anatomic outcomes following PPV with ERM and ILM peeling.




2. Materials and Methods


This is a retrospective study including all consecutive patients suffering from idiopathic ERM that underwent PPV with 23 or 27 g and ERM ± ILM peeling at the Triemli City Hospital Zurich between 2014 and 2018 with a minimum follow-up of 3 months. The study was approved by the local Ethics Committee (BASEC ID 2017-02306) and adhered to the tenets of the Declaration of Helsinki. All subjects signed an informed consent statement.



Patients were excluded if they had previous a PPV, a retinal photocoagulation procedure, history of ocular trauma, secondary ERM, myopia with an axial length >26 mm, amblyopia, diabetic retinopathy, retinal vascular occlusion or macular disorders potentially affecting surgical outcomes or a follow-up of less than 3 months. Patients with corneal disorders or other ocular pathologic features that could have interfered with the quality of SD-OCT images were also excluded.



All patients received a complete ophthalmologic assessment, including best-corrected visual acuity (BCVA), slit-lamp biomicroscopy, intraocular pressure, dilated fundus examination and SD-OCT at baseline and at each visit during follow-up.



BCVA was measured through Snellen charts by a single, well-trained experienced ophthalmologist (M.B.), and converted into the logarithm of the minimum angle of resolution (LogMAR).



2.1. Image Acquisition


All eyes were evaluated by Heidelberg Spectralis Spectral Domain OCT System (SD-OCT) version 5.1.3.0 (Heidelberg Engineering, Heidelberg, Germany) with Heidelberg Eye Explorer version 1.6.2.0 (Heidelberg Engineering).



Cubic, 20° × 15° 37-line scans with a 120 µm spacing centered on the fovea were obtained for each eye. More than 20 scans were averaged for each measurement. A certified operator (M.P.B.) carried out all OCT examinations. Two masked expert investigators (M.P.B., F.R.) interpreted the SD-OCT images. A third (M.R.) investigator was consulted for the final decision in cases of disagreement.



ERM was defined as a thin highly reflective band either anterior to the neurosensory retina with focal areas of macular attachments or globally adherent to the retinal surface in SD-OCT B-scans [24]. Furthermore, morphological appearance of the retina was evaluated in terms of the stage of ERM and the configuration of the outer retinal layers in the area of the CB.




2.2. Grading of ERM and CB Alterations


We used the classification systems of Govetto et al. for describing CB alterations and ERM (Figure 1 and Figure 2).



CB alterations were graded by severity from stage 1 to stage 3. A small, fuzzy hyperreflective area (cotton ball sign) between the interdigitation zone (IZ) and the ellipsoid zone (EZ) was classified as stage 1. At stage 2 a central hyporeflective pocket of subretinal fluid under the IZ was observed. Stage 3 depicts a larger collection of hyperreflective material somewhere between the retinal pigment epithelium and the EZ (Figure 1).



ERM qualified as stage 1; only mild morphological changes were seen. Foveal depression had to be preserved, and all retinal layers had to be identifiable. At stage 2, a more progressive retinal distortion with loss of the foveal depression was present. In stage 3, ERM was continuous with ectopic inner foveal layers (EIFL) anomalously crossing the central foveal area along with loss of the foveal depression. Finally, in stage 4 significant retinal thickening and remarkable anatomic disruption of the macula was shown (Figure 2).




2.3. Surgical Technique


All patients underwent a three-port PPV with ERM peeling by two vitreoretinal surgeons (S.M. and M.B.), combined with standard phacoemulsification in cases of phakic eyes. In all cases, 23 or 27-gauge instruments and the EVA system (D.O.R.C., The Netherlands) with a cut rate of up to 8000 cuts per minute and up to 650 mmHg of vacuum were used. The Resight viewing system (Zeiss, Germany) was utilized for non-contact visualization of the fundus during vitrectomy and peeling.



After placement of three microcannulas at the pars plana and connection of the infusion line, a core vitrectomy was performed. Triamcinolone was used to check for the presence of a complete posterior vitreous detachment (PVD). If not present, the PVD was induced with the cutter near the optic disc. A peripheral vitrectomy was then performed, followed by search for peripheral breaks by scleral indentation. Cryopexy or endolaser were applied as needed. The ERM was stained with Membrane Blue Dual (D.O.R.C., The Netherlands) and peeled with an end-gripping 27-gauge forceps. The ILM was then equally stained and peeled. After aspiration of any free-floating membrane pieces, the surgeon would either instill an air bubble into the eye or leave it filled with balanced saline solution. The microcannulas were removed and the sclerotomies sutured with Polysorb (Medtronic, USA) as needed. Topical antibiotics and steroids were prescribed for 1 month postoperatively.




2.4. Statistical Analysis


The data were analyzed using IBM SPSS (version 24.0, Chicago, IL, USA). Snellen BCVA was converted to logarithm of the minimum angle of resolution (LogMAR). A paired samples test (T-test) was performed to compare means of BCVA, CB and ERM grading before and after surgery. ANOVA analysis was used to evaluate influences of different CB and ERM stages on BCVA difference (BCVA before surgery—BCVA after surgery). A multiple linear regression was calculated to predict BCVA improvement at final follow-up based on BCVA before surgery, and ERM and CB alteration stages at baseline. A p value of <0.05 was considered statistically significant.





3. Results


For this study 151 patient records were reviewed. According to inclusion and exclusion criteria, 84 patients were excluded. Therefore, 67 subjects were considered in the statistical analysis. The cohort consisted of 23 (34%) females and 44 (66%) males. The mean age was 67 (61–87) years. The mean follow-up time was 20 months (3–70). Most surgeries were performed without phacoemulsification and implantation of a posterior chamber intraocular lens (n = 45; 67%). Prior to surgery, all patients presented with ERM (Figure 2). The stages of ERM were homogenously distributed. At baseline, most patients did not show alterations of the CB (n = 45; 66%). CB alterations were detected in 22 eyes (34%) prior to surgery, with stage 1 alterations being the most common (Table 1, Figure 1).



Mean BCVA before was 0.42 (±0.26) LogMAR before surgery and 0.20 (±0.22) LogMAR after surgery (p < 0.001). A mean improvement of 0.22 LogMAR units was reached, indicating a significant mean gain in vision of almost 2.5 lines (Table 2).



The mean CB stage at baseline was 0.55 (±0.93) and improved to 0.27 (±0.59) following surgery (p = 0.002). Of all the patients with foveal changes at baseline (n = 22, 34%), a significant amount (n = 15, 68%) had lower grading of CB alteration after the surgery than before (p = 0.002). Only three (4.5%) eyes showed any increase in CB alteration stage. For the five eyes (7.5%) showing the most severe form of CB abnormality (Stage 3), four eyes (80%) showed improvements in their respective stages and one stayed the same. Most eyes with stage 1 originally showed no signs of CB alteration after surgery was performed (n = 6, 50%).



All eyes showed an improvement in ERM grading, with 98.5% reaching stage 0 (n = 66 vs. n = 67; p < 0.001). Remaining ERM fragments were detected in the OCT follow-up exam after surgery in only one patient. In this case, the ERM stage improved from stage 4 to stage 1 after surgery. At baseline, the mean ERM stage was 2.45 (±1.12), and it improved to 0.01 (±0.12) after surgery (p < 0.001).



No significant difference in BCVA changes was observed when comparing surgeries including cataract removal to those without (−0.16 vs. −0.25 LogMAR, p = 0.196). No significant difference in BCVA improvement following surgery was found amongst different stages of ERM (p = 0.528) and CB alterations (p = 0.841) at baseline (Table 3).



Neither ERM stage (p = 0.06) nor CB stage (p = 0.939) at baseline were statistically significant predictors of vision improvement following surgery.



A multiple linear regression was calculated to predict BCVA improvement at final follow-up based on BCVA before surgery, and ERM and CB alteration stages at baseline. A significant regression equation was found (F(3, 63) = 16.126, p < 0.000) with an R2 of 0.434.



Participant’s predicted BCVA improvement was equal to −0.051 to 0.652 (BCVA at baseline), 0.042 (ERM stage at baseline) or 0.002 (CB grade at baseline), where BCVA is measured in LogMAR. BCVA at baseline was a significant predictor of BCVA improvement after surgery, whereas ERM and CB stages at baseline were not.




4. Discussion


The aim of this study was to evaluate the long-term functional and anatomical outcomes after PPV with ERM and ILM peeling in patients with alterations of the CB. A significant overall mean gain in BCVA of 2.5 lines (0.22 LogMAR units) was achieved, and ERM was completely removed in the central macular region in 98.5% of eyes. After a mean follow-up of 20 months, the mean CB stage improved significantly (p = 0.002) from 0.55 to 0.27 and the mean ERM stage was reduced significantly from 2.45 to 0.01.



Confirming the results of our short-term follow-up study [29], the preoperative stage of ERM did not have a statistically significant impact on the mean BCVA change following surgery (p = 0.528). Looking at the presented long-term results, CB stage at baseline did not prove to be a significant predictor of BCVA change after surgery (p = 0.939). This is contrary to the findings of our earlier results, where we found that the presence of alterations of the CB appeared to be an indicator for poorer functional outcomes in short-term follow-up [29]. According to the results of the present study, the observed short-term effect of CB alterations on BCVA diminishes in the long-term.



Furthermore, BCVA at baseline was a significant predictor of BCVA improvement after surgery (p < 0.001). As expected, patients with higher BCVA at baseline reached better BCVA results in the long-term follow-up. Confirming the results of the short-term follow-up, when comparing the procedures that included cataract removal to those without, no significant difference could be observed in the in the visual and morphological outcome (p = 0.196).



Other studies have already described modifications of the outer retinal morphology [27,28]. Additionally, these changes were categorized into progressive stages beginning with the cotton ball sign, followed by foveolar detachment and resulting in an acquired vitelliform lesion as the final stage [7]. While a progression in the stage of CB alteration has already been linked to a decrease in BCVA [7], the influences of surgical removal of ERM on specific changes in the CB and the associated functional outcome have, to our knowledge, only been evaluated for short-term follow-up [29]. Comparing the composition of our cohort to that of Govetto et al., CB alterations were more frequent (34% vs. 22%); however, the distribution of the different stages of CB alterations was comparable to their group (stage 1: 55% vs. 62.1%; stage 2: 23% vs. 17.2%; and stage 3: 23% vs. 20.7%).



In the present study, we did not detect a significant correlation between BCVA and the stage of ERM at baseline. This is contrary to the findings of other groups, which reported that higher ERM stages at baseline correlated with lower BCVA at baseline and after surgery respectively [4,30,31].



As expected, most of the ERMs could be removed completely in the central foveal region (98.5%, p < 0.001), leading to a significant gain in vision of almost 2.5 lines (p < 0.001). These findings are coherent with those of other groups which have evaluated the influence of ERM removal on visual acuity outcome [25,26]. Kim et al. and Dawson et al. similarly described improvements in BCVA of more than two lines in 77% and 70% of their patients respectively [29,30].



Examination of the anatomical changes showed that 68% of the patients with changes of CB had lower grading of their CB alteration after the surgery (p = 0.002), which is identical to the short-term results [29].



Another important point that has not yet been discussed much regards the impacts of vessel and perfusion alterations caused by the ERM. The tangential and anteroposterior forces of the ERM typically lead to a thickening of the macular with displacement of the retinal vessels, leading to a decreased size of the foveal avascular zone (FAZ) and a reduced parafoveal vessel density (VD) [31,32]. However, vessel analyses of retinal substructures especially are quite different among studies, probably due to the error-prone retinal layer segmentation in ERM patients [33]. After ERM-ILM peeling, the parafoveal VD seems to increase, whereas the foveal density decreases due to reorganization and enlargement of the FAZ [17,34]. However, in both cited studies the postoperative increase of VD did not correlate with BCVA improvement. In a recent study of our own group, we found a significant increase of choriocapillaris perfusion and a decrease in Sattler’s layer perfusion 3 months after ERM surgery [35]. Interestingly, in multiple regression analysis the preoperative perfusion state of Sattler’s layer was a statistically significant predictor of the postoperative BCVA. We assumed that the preoperative Sattler’s layer perfusion could reflect the capacity of choroidal blood flow, which is able to shift into the smaller vessels of the choriocapillaris after release of the ERM forces. However, future research should focus on preoperative and postoperative vascular alterations in ERM eyes with the presence of CB lesions and the influence of postoperative BCVA.



The main limitation of our study is its retrospective design. However, we would like to highlight the strengths of this study, which include a mean follow-up of 20 months (range 3–70 months) and a homogenous distribution of ERM and CB alteration stages in pseudophakic and phakic eyes in a cohort of representative sample size. Further prospective, randomized studies with larger cohorts and longer follow-ups are demanded to verify the impacts of abnormalities of the CB on short-term and long-term postoperative morphological and functional outcomes.




5. Conclusions


In conclusion, the results of this study show that in the long-term, neither ERM, nor CB alteration staging seem to be relevant predictors for functional outcomes following PPV with ERM and ILM peeling. However, BCVA at baseline appears to be a strong predictor for BCVA improvement following surgery. Therefore, precise evaluation of the fovea and classification of possible CB abnormalities appears to be a valuable tool in in the short-term, but not in the long-term.
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Figure 1. Tractional abnormalities of the central bouquet. Panels (A1–C1) and the corresponding magnifications (yellow boxes) (A2–C2) show SD-OCT scans through the fovea the different stages of central bouquet (CB) alterations, as proposed by Govetto et al. [7]. (A1,A2) Stage 1 CB alteration: a small, fuzzy hyperreflective area (cotton ball sign, green arrowheads), associated with a stage 3 epiretinal membrane (ERM) (white arrowhead). (B1,B2) Stage 2 CB alteration: a central hyporeflective pocket of subretinal fluid under the interdigitation zone (green arrowheads), associated with a stage 2 ERM (white arrowhead). (C1,C2) Stage 3 CB alteration: a thick, dome-shaped, hyperreflective, acquired vitelliform lesion between the retinal pigment epithelium and the ellipsoid zone (green arrowheads), associated with a stage 3 ERM (white arrowhead). Scaling is identical in all images. Scale bars are displayed in the bottom right corners of panels (A1–C1). For improved readability, units are only shown once in panel (C1). CB = central foveal bouquet; ERM = epiretinal membrane; RNFL = retinal nerve fiber layer; INL = inner nuclear layer; ONL = outer nuclear layer; Ch = choroid. 
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Figure 2. Staging scheme for epiretinal membranes. Panels (A1–D1) show near-infrared images, (A2–D2) display the corresponding OCT-B scans of ERM stages [4]. (A1,A2) Stage 1. Mild ERM (white arrowhead) with few anatomical changes. The foveal depression is preserved, and all retinal layers are well identified (selected layers labeled). (B1,B2) Stage 2. ERM with more advanced anatomical alterations. The foveal depression is lost, but all retinal layers are well defined. (C1,C2) Stage 3. The foveal floor is covered by continuous ectopic inner foveal layers (EIFL, teal arrowhead). As in Stage 2 ERMs, foveal depression is lost, but all retinal layers are well defined. (D1,D2) Stage 4. Advanced ERM with complete foveal disorganization. Thick EIFLs cover the foveal area, there is no foveal depression and all retinal layers are disrupted [30]. Scaling is identical in all images. Scale bars are displayed in the bottom right corner of panels (A2–D2). For improved readability, units are only shown once in panel (D2). 
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Table 1. Baseline characteristics of study cohort.
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	Cohort Criteria

(N = 67)
	N (%/Range)
	Mean BCVA

(LogMAR)





	Gender
	
	



	Female
	23 (34)
	0.419



	Male
	44 (66)
	0.412



	Age (years)
	67 (61–87)
	



	ERM
	
	



	Stage 1
	19 (28)
	0.392



	Stage 2
	13 (20)
	0.408



	Stage 3
	21 (31)
	0.392



	Stage 4
	14 (21)
	0.486



	CB alteration stages
	
	



	Stage 0
	45 (66)
	0.468



	Stage 1
	12 (18)
	0.310



	Stage 2
	5 (8)
	0.280



	Stage 3
	5 (8)
	0.320



	Surgery
	
	



	With phaco
	22 (33)
	0.365



	Without phaco
	45 (67)
	0.439



	Follow-up time (months)
	20 (3–70)
	







ERM = epiretinal membrane; CB = central foveal bouquet; phaco = phacoemulsification and implantation of posterior chamber intraocular lens.
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Table 2. Influences of surgery on different parameters.
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	Before Surgery (Mean; ±SD)
	After Surgery (Mean; ±SD)
	p-Value *





	BCVA
	0.42 ± 0.26
	0.20 ± 0.22
	<0.001



	CB stage
	0.55 ± 0.93
	0.27 ± 0.59
	0.002



	ERM stage
	2.45 ± 1.12
	0.01 ± 0.12
	<0.001







* Paired samples test (T-Test).
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Table 3. Influence of surgery on best corrected visual acuity (BCVA) difference stratified by baseline parameters.
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	BCVA Difference before vs. after Surgery
	Mean
	p-Value *





	ERM before surgery
	
	0.528



	Stage 1
	−0.258
	



	Stage 2
	−0.251
	



	Stage 3
	−0.183
	



	Stage 4
	−0.197
	



	CB before surgery
	
	0.841



	Stage 0
	−0.254
	



	Stage 1
	−0.175
	



	Stage 2
	−0.080
	



	Stage 3
	−0.168
	







* ANOVA analysis (Tukey HSD).
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