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Introduction 

Pars Plana Vitrectomy (PPV) has become the standard of care in the management of vitreo-
retinal pathology in the last 30 years. Surgical posterior vitreous detachment, epiretinal 
membrane peeling and internal limiting membrane (ILM) peeling are effective at treating these 
pathologies.1 
A full thickness macular hole (FTMH) is a complete defect or tear of the retinal tissue involving 
the foveal neurosensory retina. Visual symptoms include metamorphopsia and diminished 
central visual acuity. Pars plana vitrectomy with ILM peeling and gas tamponade is the 
treatment of choice for FTMH with a >90% primary success closure rate and visual 
improvement.2  
However, the ILM aligns with the end-feet of the Muller cells, forming its basement membrane 
(BM). The Muller cells, main bio-structural cells of the retina, are directly dependent on the 
ILM as every cell is on its own BM, securing its end-feet adhesion to the ILM, an important 
feature of their physiology. PPV and ILM peeling during macula surgery can cause functional 
changes or structural changes that may be related to the extent of final visual acuity recovery.3 
Recent reports demonstrated a significant thinning of the retinal ganglion cell-inner plexiform 
layer (GCIPL) and the appearance of Dissociated optic nerve fibre layer (DONFL) in 70% of 
eyes after 3 months of PPV and ILM peel.4  
The Optical Coherence Tomography-Angiography (OCT-A) is a non-invasive technique that 
allows us to detect microvascular changes in the retina and choroid with details that were not 
possible before with the classic FAG.  
The objective of this project was to study the vascular changes that occur at the retinal capillary 
plexuses in patients with FTMH undergoing PPV with peeling of the ILM. The reason for 
selecting this study population was that the retina at the area of the ILM peel around the FTMH 
can be considered as normal, even before surgery.  
The main hypothesis of this study is that the peeling of the ILM induces vascular changes at the 
Superficial Capillary Plexus (SCP) and Deep Capillary Plexus (DCP) of the retina visible on 
the OCT-A. 
 
Patients and methods 

This study was carried out at a terciary centrum in Martin, Slovakia. The procedures and 
protocols were approved by the Ethics Committee. The study was conducted in accordance with 
principles of the Declaration of Helsinki. All patients provided written informed consent before 
screening or initiation of procedures. 
This was a prospective, observational, non-randomized single centre study. Patients with 
FTMH and undergoing vitrectomy surgery with ILM peeling were recruited. All the patients 



had a comprehensive ophthalmic examination including OCT-A on the day of surgery 
(baseline), 4 weeks and 12 weeks after the vitrectomy.  
All vitreoretinal surgeries were performed by the same experienced surgeon (DSC). 
Each OCT-A imaging of the macula was obtained with the Heidelberg Spectralis II SD-OCTA 
(Heidelberg, Germany). The images of the superficial capillary plexus (SCP) and deep capillary 
plexus (DCP) were generated using automated layer segmentation by the manufacture software 
(Heyex Software, Heidelberg Engineering, Heidelberg, Germany). The SCP is located between 
the ILM and the inner plexiform layer (IPL) (thickness: 80 μm). The DCP is located at the 
boundary between the deep inner nuclear layer (INL) and outer plexiform layer (OPL) 
(thickness: 40 μm). 
The digital processing of the OCT-A images was performed using the software FIJI ImageJ 
1.53f51 (National Institute of Health, USA). For thresholding and binarization was used the 
Local threshold Phansalkar method. The vascular density (VD) was expressed in mean 
percentage of vasculature derived from the ratio of the total vessel area (all white pixels 
obtained after binarization) to the total area of analysed region (size of the image in pixels). The 
vascular length (VL) was expressed in mean pixels length of vessels obtained from the skeleton 
of the binarized image. The exact location of the ILM peeling zone in the OCT-A was obtained 
from the en-face OCT at 1 month post vitrectomy, where the edge of the peeled ILM is clearly 
visible. Using the ROI manager (region of interest), the ILM peeling edge was selected, lately 
overlayed and redrawn in the same location on the other images of OCT-A belonging to the 
same eye. Afterwards, these selected areas were separated in the OCT-A images, obtaining two 
different isolated zones of OCT-A: IN (area within the peeling zone) and OUT (area outside 
the peeling zone).  
 
Results 

A total of 20 eyes from 19 patients were included in the final analysis.  
•Age at surgery: mean 65 years old (range 52 to 79) 
•Genre: Female 68% (13)  /  Male 32% (6) 
•Eye: Right 55% (11)   /  Left 45% (9) 
•Lens status: Phakic 35% (7)  /  Pseudophakic 65% (13) 
•Size of FTMH:  mean 412µm (range 124µm to 700µm) 
•Vitrectomy gauge: 23gauge 40% (8)  /  25gauge 60% (12)  
•ILM peeling technique: Complete 30% (6)   /  Inverted ILM flap 70% (14) 
•Primary success macular hole closure: 100% (20) 
•Mean visual acuity in decimal: baseline 0,22(0,05-0,5), 1-month 0,43(0,05-0,6) 3-month 
0,5(0,05-0,80) 
 
Vascular density (VD) analysis of the Superficial capillary plexus (SCP): 
At baseline, the mean VD of the SCP was 56,45% within the peeling zone (IN) and 57,41% 
outside the peeling zone (OUT) with a mean coefficient IN/OUT of 0,983. At 1-month, the 
mean VD was 55,79% in the IN zone and 57,08% in the OUT zone, with a mean coefficient 
IN/OUT of 0,977. At 3-months follow-up, the mean VD was 55,79% in the IN zone and 57,83% 
in the OUT zone, with a mean coefficient IN/OUT of 0,965. (graph 1 & 2) 



 

 

Graph 1: Vascular density (VD) coefficient’s results in the SCP. The coefficients show a significant reduction from baseline 

to month 3. Although there is a reduction from baseline to month 1, this is not statistically significant. 

 
Graph 2: Vascular density (VD) absolute % value results in the SCP. The VD within the peeling zone (IN) shows a reduction 

at month 1 and month 3 compared to baseline. The VD outside the peeling zone (OUT) presents a drop at month 1 that 
recovers to pre-op. levels at month 3. The results obtained from absolute values of % VD are not conclusive but suggest that 

the changes observed in coefficients at the SCP are due to a reduction of VD within the peeling zone. These results were 
contrasted using the ANOVA general linear model for repeated measures. 

 
 
Vascular length (VL) analysis of the Deep capillary plexus (DCP): 
At baseline, the mean VL of the DCP was 4,55 pixels within the peeling zone (IN) and 11,97 
pixels outside the peeling zone (OUT) with a mean coefficient IN/OUT of 0,379. At 1-month, 
the mean VL was 4,70 pixels in the IN zone and 11,91 pixels in the OUT zone, with a mean 
coefficient IN/OUT of 0,394. At 3-months follow-up, the mean VL was 4,66 pixels in the IN 
zone and 11,86 pixels in the OUT zone, with a mean coefficient IN/OUT of 0,393. (graph 3 & 
4) 
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Graph 3: Vascular length (VL) coefficient’s results in the DCP. The coefficients show significant increase from baseline to 

month 1 that persist up to month 3. This increase in VL was statistically significant at the DCP. 

 
Graph 4: Vascular length (VL) absolute pixel values results in the DCP. The vascular length increases within the peeling 

zone (IN) and shortens outside the peeling area (OUT). The results obtained from absolute values of VL in pixels are not 

conclusive, but the enlargement in the vascular lengths at the peeling zone is consistent with the increase of VL coefficients 

at the DCP (see below). 

 
 
 
Discussion 

From these correlations, two different effects were observed after the removal of the ILM: 
1.Direct effect caused by the ILM peeling. 
The decrease of VD’s coefficients at the SCP after ILM peeling was the most robust result 
obtained in our studied group. A correlation analysis of the coefficients IN/OUT with the VD’s 
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values was performed, showing how the reduction in coefficients were due to a drop of vascular 
density withing the ILM peeling zone at the SCP. On the contrary, the area without ILM peeling 
(OUT), was not affected by significant changes in vascular density during follow up. In our 
studied eyes, the reduction in coefficients were more significant at the 3rd month but looking 
more carefully at the absolute density values, the reduction in vascular density within the IN 
zone was statistically significant from the first month post-op (p:0,009). Although the ratio 
IN/OUT was reduced at the first month, it was not statistically significant since it was 
masqueraded by the slight decrease in vascular density at the OUT zone (not-significant 
p:0,064). Therefore, the reduction of vascular density induced by ILM peeling at the SCP were 
evident in the early post-operative period.  
The studies published until the date of this review, were not able to precisely identify the 
location of the ILM peeling edge and therefore have thrown confusing VD results after ILM 
peeling, since they might had been mixing peeling and non-peeling zones in the vascular 
metrics analysis. Cho et al. have described a decrease of the VD at the DCP with no change at 
the SCP 5. Lauermann et al. reported the VD to have a decrease at the SCP but an increase in 
the DCP 6. Finally, D’Aloisio et al. described an increase of VD at both the SCP and DCP 7. It 
is difficult to find a consensus from these later studies. 
 
2.Collateral effect caused by the ILM peeling. 
Another significant vascular change observed in the OCT-A of our studied population was the 
increase of the VL’s coefficients at the DCP. This increase was statistically significant at month 
1 (p:0,015) and at month 3 (p:0,012). This coefficient’s patterns were correlated with the 
behaviour of the vascular lengths (in pixels) in the IN and OUT zone. After the removal of the 
ILM, the blood vessels in the IN zone experienced an increased length that was significant in 
the first month post-operative (p:0,042), and maintained up to the 3rd month. Although, the 
changes of blood vessels length in the OUT zone were not statistically significant, they did 
show a moderate shortening of the vasculature. Paradoxically, the VL’s coefficients and vessels 
lengths remained unchanged in the SCP, indicating that the increase of blood vessels lengths 
was due to some deep reorganization of the neuroepithelium rather than a direct effect or 
physical trauma of the BM removal. 
Several studies have shown how the retina is displaced after PPV with ILM peeling.8–11 The 
shifting of the vasculature was described in both the SCP and the DCP, but these reports were 
not able to differentiate the IN and OUT zones. Our results are in line with these studies. The 
closure of the FTMH will theoretically induce a centripetal traction or displacement of the 
surrounding retina. On the other hand, the retina in the OUT zone still presents an intact ILM 
that might exert some tangential traction in the opposite direction, away from the fovea. These 
two opposite forces might explain not only the longer vasculature observed in our study, but as 
well the thinner retinas described after ILM peeling12, and in a sense, the reason why the FTMH 
is able to close in the first place. However, and contrary to our results, Lauermann et al. 
described a shortening of the VL in the DCP and a longer VL at the SCP; but no distinction was 
made for the IN or OUT zone, using only the ETDRS grid overlapped on the OCT-A.6  
 

Conclusion 

In our cohort, removing the ILM induced changes at the vascular plexuses of the retina observed 
on the OCT-A. Firstly, the direct effect or physical trauma induced by the ILM peeling caused 
a reduction of the vascular density at the SCP in the retina. Secondly, as a collateral effect, the 
vasculature was stretched with longer blood vessels at the DCP after FTMH closing. No other 
significant vascular changes were observed. 
The clinical impact of the vascular changes induced by ILM peeling are difficult to conclude 
from our study. Further studies with larger cohorts are necessary to confirm these results. 
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