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Abstract. Purpose: The aim of the study is to detect the effect of the different intravitreal therapies 
(anti-VEFG drugs and corticosteroids) on the single layer of retinal ganglion cells (GCL) in patients 
affected by macular edema. 
Methods: Forty (17 males/23 females) Caucasian patients (40 eyes) affected by macular edema  treated 
with intravitreal injections (anti-VEGF and steroids) are included. Spectralis HRA-OCT device with 
a specific protocol for the acquisition and evaluation of the GCL layer has been used. Macular GCL 
thickness is assessed with automated retinal segmentation based on ETDRS grid rings. Retinal layer 
automated segmentation is carefully assessed and manually corrected for any misalignment. GCL 
measurements are correlated with best-corrected visual acuity (BCVA) measured with Early 
Treatment Diabetic Retinopathy Study (ETDRS), central macular thickness (CMT) and intraocular 
pressure (IOP). All patients have been evaluated at baseline and at the subsequent follow-up: 4 
weeks, 8 weeks and 12 weeks. 
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Results: Neither anti-VEFG drugs (Bevacizumab, Ranibizumab and Aflibercept) nor corticosteroids 
(Dexametasone) has a significant effect on GCL layers during three months of follow up compared 
to long-term treatments. A significant correlation between GCL and ETDRS has found (p=0.0453, 
R2=0.023).  
Conclusions: This study shows that anti-VEFG drugs and corticosteroids do not significantly affect 
GCL layer over three months of treatment. This study also demonstrates that the ganglion cell layer 
is correlated to visual acuity, an important factor for future investigations on the effects of new 
treatments. 
 
 
Keywords: retinal ganglion cells; macular edema; intravitreal injections; anti-VEGF; corticosteroids; 
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Introduction  
 
   Macular edema (ME) is caused from an exceptional fluid accumulation in the central retina. It 
represents a common event to several retinal and ocular disorders [1-5]. The development of macular 
edema affects visual function, causes a persistent visual loss and impairs the quality of life in working 
age patients even if it results very difficult to correlate the occurrence and extent of macular edema 
with altered visual function.  
Significant progress has been made in the last few years in the treatment of macular disorders by 
introducing intravitreal injections of anti-VEGF and corticosteroids [6-8], trying to actually deal with 
the symptoms. However, only few studies aimed to analyze the potential toxicity of these intravitreal 
therapies on retinal cells, and the possibility of creating alternative rehabilitation therapies [9]. 
   The measurement of the thickness of the layer of the retinal ganglion cells is gaining great interest 
as a sensitive index of early retinal damage. Quigley and colleagues have shown that large ganglion 
cells predominantly localized in the macular region and their large axons are more susceptible to the 
adverse effects of glaucoma than smaller ganglionic cells and thinner nerve fibers [10]. In addition, 
death of ganglionic cells causes alterations in the retinal nerve fiber layer (RNFL), constituted by the 
axons of the ganglion cells [11,12].  
In humans, the reduction in the thickness of the RFNL was evaluated by optical coherence 
tomography after a series of intravitreal injections of ranibizumab [13]. However, at the end of the 
treatment, no alteration of the function of the retinal ganglion cells at the macular and peripheral 
levels, and no electroretinography alterations were observed [14,15]. 
   Based on these data, we analyzed the thickness variations of the single layer of retinal ganglion 
cells (GCL) in the macular region in patients undergoing intravitreal therapy with different drug 
molecules (Bevacizumab, Ranibizumab, Aflibercept and Dexamethasone). The aim was to detect the 
effect of the different intravitreal therapies on the single layer of GCL, since a deterioration of retinal 
GCL would result in an alteration of the spatial frequency contrast discrimination. We used the 
Spectralis HRA-OCT device of Heidelberg Engineering (version 6.1) with a specific protocol for the 
acquisition and evaluation of the GCL layer. In addition, we correlated the GCL measurements with 
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best-corrected visual acuity (BCVA) measured with Early Treatment Diabetic Retinopathy Study 
(ETDRS), central macular thickness (CMT) and intraocular pressure (IOP) values in order to establish 
the presence of positive or negative correlation among these parameters. 
 
 
 
Methods 
 
Patients 
   The present study retrospectively included 40 (17 males/23 females) Caucasian patients (40 eyes) 
with mean age 63 years (SD: 17), affected by macular edema and treated with intravitreal injections 
(anti-VEGF and steroids), examined at the Department of Ophthalmology of the University Sapienza 
in Rome from April 2009 to September 2015 (Table 1). The study was performed in accordance with 
the tenets of the Declaration of Helsinki for research in human subjects and informed consent was 
obtained for all patients. 
 

 
Table 1. Demographic characteristics and treatments.  

Demographic 

characteristics 
Treatment 

Bevacizumab 

(Bevacizumab) 

Ranibizumab 

(Ranibizumab ) 

Aflibercet 

(Aflibercept) 

Dexamethasone 

(Dexametasone ) 

Number 10 10 10 10 

Age (years) 73±11.35 78.4±5.42 73.4±8.69 66.3±16.35 

Sex 3F/7M 8F/2M 7F/3M 5F/5M 

Data are the mean ±standard deviation. F=female; M=male 

 
 
 
Inclusion criteria 
   Criteria for inclusion were the following: (i) subjects older than 18 years affected by macular 
edema; (ii) CMT  285 m measured by optical coherence tomography (OCT); (iii) BCVA between 5 
and 40 letters to the ETDRS at T0; (iv) Naïve patients, who had not undergone any previous nor 
intravitreal or laser treatment.  
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Exclusion criteria 
   The exclusion criteria were as follows: intravitreal injections with anti-VEGF and steroids before 
macular edema, bilateral exudative AMD, or atrophic AMD in the treated or similar eye; ocular 
hypertension; corneal abnormalities such as corneal leucomas, Fuchs corneal endothelial dystrophy; 
glaucoma; severe cataract with lens opacity in agreement with Lens Opacity Classification System 
(LOCS) > 2; retinal photocoagulation laser; any intraocular surgery within 6 months. , or any systemic 
disease, eye disease or drug therapy which could affect thickness values and spherical equivalent 
over 3 diopters. 
 
 
Group of treatment 
   Each group consisted of 10 eyes and was homogeneous for age, sex, and pathology (Table 1). In 
particular, patients treated with bevacizumab 1.25 mg, ranibizumab 0.5 mg and aflibercept 2 mg were 
affected by AMD, with ongoing anti-VEGF therapy administered with a pro-rata regimen in one eye 
only. Patients treated with dexamethasone 0.7 mg, had macular edema following retinal vein 
occlusion (RVO).  
 
 
Evaluations 
   All patients at the time of enrollment (T0) and subsequent follow-up T1 (4 weeks), T2 (8 weeks) 
and T3 (12 weeks) were subjected to the following examinations: Evaluation of BCVA through ETDRS 
tables placed at a distance of 4 m, by slit lamp biomicroscopy; ocular tonometry (using a Goldman 
applanation tonometer); fundus biomicroscopy; optical coherence tomography (OCT) for 
measurement of macular thickness and Ganglionar Cells Layer (GCL) layer thickness, using a 
Spectralis HRA-OCT produced by Heidelberg  Eye Explorer V1.9.10.0. 
SD-OCT (Spectralis OCT Family Acquisition Module, V 6.0.11.0 Heidelberg Engineering, Germany) 
records included near infrared images and macular scans with the raster 20°x 20°, 25-line scan 
protocol with an interval between scans of 250 µmand 100 frames averaged for each scan. The 
automated segmentation protocol of the Spectralis OCTwas used to measure GCL thickness [16], 
from the area delineated between the outer border of the macular retinal nerve fibre layer and the 
inner border of the inner plexiform layer (Figure 1). 
   Two experienced investigators evaluated the automated segmentation and manually corrected for 
any misalignment. The average of measurements was recorded with the ETDRS macular grid at 1, 3, 
and 6 mm, and color fundus photography. 
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Figure 1. Retinal ganglion cell layer (GCL) in patients affected by macular edema and treated with anti-VEFG 

drugs (Bevacizumab, Ranibizumab and Aflibercept) or corticosteroids (Dexametasone) over three months. 

Data are the mean± SEM. Values are expressed in mm. 

 
 

 
Intravitreal Injections 
   The same operator performed intravitreal injections in the operating room, with the patient in the 
supine position. Following the placement of a sterile drape and sterile blepharostat to spread the 
eyelids, the periocular and conjunctival skin were disinfected with topical solution of 5% 
iodopovidone solution and topical anesthesia with ossibuprocain ocular 0.4 %. 
Intravitreal injections were performed via pars-plana in the inferior-temporal area, 4 mm apart from 
the limbus being all phakic patients, leading to the center of the eye in the vitreous chamber. No 
complications such as retinal tears, detachment or endophthalmitis occurred during the course of 
anti-VEGF and corticosteroid treatment. 
   Each patient was subjected from the day before the injection and for the following seven days to 
the following topical therapy according to the guidelines: antibiotic eye drops netilmicin 0.3% in the 
eye affected. 
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Statistical analysis  
   Data were analyzed by ANOVA with repeated measures. Post-hoc comparisons were performed 
with Fisher's Protected Least Significant Difference (PLSD) post-hoc test. Correlation analysis 
between the measurement of retinal ganglion cell layers and the other visual parameters (EDTRS, 
IOP, and CMT) was performed with simple regression. 
A p-value <0.05 was considered statistically significant. Statistical analysis was performed using the 
Statview software from SAS Institute. 
 
 

Results 

Retinal cell layer measurement in patients treated with anti-VEFG and dexamethasone drugs 

   Retinal cell layer measurements in patients treated with anti-VEFG and dexamethasone drugs are 
shown in Fig. 1. ANOVA for repeated measures showed that Dexametasone (p=0.812), Bevacizumab 
(p=0.531), Ranibizumab (p=0.219) and Aflibercept (p=0.354) treatments had no significant effect over 
time on retinal cells.  
 
 
Early Treatment Diabetic Retinopathy Scale (ETDRS) in patients treated with anti-VEFG and 
dexamethasone drugs 
 
   ETDRS in patients treated with anti-VEFG and dexamethasone drugs are shown in Fig. 2. ANOVA 
for repeated measures showed a significant effect of Dexametasone (p=0.0064), Bevacizumab 
(p=0.0067), Ranibizumab (p=0.010) and Aflibercept (p=0.0002) over time on ETDRS values.  
Post-hoc comparison showed that Dexametasone increased ETDRS at T1 (p=0.034), T2 (p=0.006), and 
T3 (p=0.031) as compared to baseline (T0). Similarly, Ranibizumab also induced an increase in ETDRS 
at T1 (p=0.021), T2 (p=0.013), and T3 (p=0.0015) as compared to T0.  
Bevacizumab increased ETDRS at T3 as compared to T0 (p=0.0063) and T1 (p=0.0012). Aflibercept 
induced an increase in ETDRS at T2 (p=0.0008) and T3 (p<0.0001) as compared to T0. 
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Figure 2. Early Treatment Diabetic Retinopathy Study (EDTRS) in patients affected by macular edema and 

treated with anti-VEFG drugs (Bevacizumab, Ranibizumab and Aflibercept) or corticosteroids 

(Dexametasone) over three months. Data are the mean± SEM. Values are expressed in letters. 

 

 
Central macular thickness (CMT) in patients treated with anti-VEFG and dexamethasone drugs 
 
   CMT in patients treated with anti-VEFG and dexamethasone drugs are shown in Fig.3. ANOVA 
for repeated measures showed a significant effect of Ranibizumab (p=0.0444) and Aflibercept 
(p=0.0001) over time on CMT values. Post-hoc comparison showed that Ranibizumab reduced CMT 
at T2 (p=0.0098) and T (p=0.0211) as compared to T0. Aflibercept reduced CMT at T1 (p=0.0048), T2 
(p=0.0001), and T3 (p=0.0001) as compared to T0. No significant effects of Dexametasone (p=0.095) 
and Bevacizumab (p=0.308) on CMT over time were observed.  
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Figure 3. Central macular thickness (CMT) in patients affected by macular edema and treated with anti-VEFG 

drugs (Bevacizumab, Ranibizumab , and Aflibercept) or corticosteroids (Dexametasone ) over three months. 

Data are the mean± SEM. Values are expressed in m.  

 

 

Intraocular pressure (IOP) in patients treated with anti-VEFG and dexamethasone drugs 
 
   IOP in patients treated with anti-VEFG and dexamethasone drugs are shown in Fig.4. IOP was 
not significantly altered over time by Aflibercept (p=0.941), Bevacizumab (p=0.383), Ranibizumab 
(p=0.885) and Dexametasone  (p=0.142).  
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Figure 4. Intraocular pressure (IOP) in patients affected by macular edema and treated with anti-VEFG drugs 

(Bevacizumab, Ranibizumab , and Aflibercept) or corticosteroids (Dexametasone ) over three months. Data 

are the mean± SEM. Values are expressed in mmHg. Asterisk (*) indicates significant difference between the 

groups. **p<0.01; ***p<0.001. 

 

 

Correlation analysis between Retinal cell layer measurement and the other visual parameters 
(ETDRS, IOP, and CMT) 
 
   Correlation plots are shown in Fig. 5. Simple regression analysis showed a significant correlation 
between Retinal cell layer and ETDRS (p=0.0453, R2=0.023). No correlation of retinal cell layer and 
IOP (p=0.813, R=0.00029). or CMT (p=0.09, R2=0.014). was found.  
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Figure 5. Correlation plots of retinal ganglion cell layer (GCL) with Early Treatment Diabetic Retinopathy 

Study (EDTRS), central macular thickness (CMT), and intraocular pressure (IOP). R2=coefficient of 

correlation. 

 
 
Discussion 
 
   This study was performed to determine whether different intravitreal pharmacological agents 
(Anti-VEGF and Corticosteroids) for the treatment of macular edema might affect the layer of retinal 
ganglion cells (GCL) over time. The measurement of GCL layer in the macular area has become an 
important index of toxicity during pharmacological treatment and of early damage in retinal 
pathologies. To achieve this goal, we used a device of Optical Coherence Tomography, the Spectralis 
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HRA-OCT device of Heidelberg Engineering (version 6.1) with a specific protocol that makes possible 
a precise and automatic segmentation for the acquisition of retinal layers.  
   Our results showed that neither anti-VEFG drugs (Bevacizumab, Ranibizumab , and Aflibercept) 
nor corticosteroids (Dexametasone ) had a significant effect on GCL layers during three months of 
follow up. Our data are in line with those of other studies that demonstrated both the efficacy and 
safety of anti-VEGF and corticosteroid drugs used for the treatment of macular disorders. 
   Although in some experimental studies, a decrease in the thickness of ganglion cells has been 
observed after intravitreal injections of certain drugs such as Ranibizumab (Bevacizumab) [15], in our 
study and others these effects were not found, with intravitreal therapies for short periods. 
This difference between human and animal experimentation has not yet been clarified. In any case, 
Quigley studies have clearly shown that ganglionic retinal cells are susceptible to glaucoma damage 
and that their disappearance is reflected on the thickness of the layer of these cells [10]. 
Our data on GCL layer are important if referred to the other evaluation parameters examined. In fact, 
in absence of effects on ganglion cells, we observed an improvement in visual acuity measured with 
ETDRS in patients treated with these drugs. In addition, a reduction in CMT was observed and, 
therefore, a reduction in macular edema while intraocular pressure remained constant. These data 
do not significantly add much to the literature on the efficacy of these drugs, but it is important to 
note that the positive effects on macular disorders are associated with maintenance of the retinal 
ganglion layer [17].  
   In particular, GCL modifications may be closely dependent on the toxic action of anti-VEGF drugs 
due to the inhibition of the neuroprotective function of VEGF-A, or to temporarily increase 
intraocular pressure (IOP) caused by intravitreal injection. In fact, it is known that the increase in IOP 
is due to the increase in the ocular volume, and ischemic events occurring in ganglionic cells are 
complications of intravitreal injections [18-20]. Nonetheless, it has been observed that usually, after 
an intravitreal injection, only few minutes (around 30 min) are needed to gain a normalization of IOP 
without the need for therapy [21].  
In our study, IOP values were stable from 24 hours after injection and the successive follow-up (T1, 
T2 and T3). In addition, the OCT examination showed that the thickness of the retinal ganglion layer 
did not change significantly at the end of follow-up, confirming the safety of these drugs. 
   Another important factor is the positive correlation between visual acuity measured by ETDRS 
and the ganglion cell layer. We observed that increasing the ETDRS value corresponds to an increase 
in the thickness of the retinal ganglion cells. This confirms the importance of maintaining a correct 
thickness of these cells for better visual acuity. 

 

Conclusions 
 
   In conclusion, this study shows that anti-VEFG drugs and corticosteroids do not significantly 
affect GCL layer over three months of treatment. This study also demonstrates that the GCL 
measurement is correlated to visual acuity. Thus, our data suggest that the measurement of the retinal 
ganglion cell layer through OCT represents a valid method of evaluation to determine the efficacy 
and safety of present and future drugs for macular pathologies. 
 



 
                                                 Pacella, Turchetti, Piraino et al. Senses Sci 2019; 2: 767-780 

 
 

 
Acknowledgements 
 
None 
 
Conflicts of Interest 
 
The authors declare that there is no conflict of interest regarding the publication of this article. 

 
 

References 

 
1. Badaró E, Novais E, Prodocimo LM, Sallum JM. Spectral-domain optical coherence tomography 

for macular edema. ScientificWorldJournal. 2014;2014:191847. 
2. Tomkins-Netzer O, Ismetova F, Bar A, Seguin-Greenstein S, Kramer M, Lightman S. Functional 

outcome of macular edema in different retinal disorders. Prog Retin Eye Res. 2015 Sep;48:119-
36.  

3. Cunha-Vaz J. Mechanisms of Retinal Fluid Accumulation and Blood-Retinal Barrier Breakdown. 
Dev Ophthalmol. 2017;58:11-20. doi: 10.1159/000455265. Epub 2017 Mar 28. 

4. Coscas G, Cunha-Vaz J, Soubrane G. Macular Edema: Definition and Basic Concepts. Dev 
Ophthalmol. 2017;58:1-10. doi: 10.1159/000455264. Epub 2017 Mar 28. 

5. Midena E, Bini S. Multimodal retinal imaging of diabetic macular edema: toward new 
paradigms of pathophysiology. Graefes Arch Clin Exp Ophthalmol. 2016 Sep;254(9):1661-8. doi: 
10.1007/s00417-016-3361-7. Epub 2016 May 7.  

6. Kaldırım HE, Yazgan S. A comparison of three different intravitreal treatment modalities of 
macular edema due to branch retinal vein occlusion. Int Ophthalmol. 2017 Jun 23. doi: 
10.1007/s10792-017-0618-z. [Epub ahead of print] 

7. Pacella E, Pacella F, La Torre G, Impallara D, Malarska K, Brillante C, Turchetti P, De Giusti M. 
Testing the effectiveness of intravitreal ranibizumab during 12 months of follow-up in venous 
occlusion treatment. Clin Ter. 2012 Nov;163(6):e413-22. 

8. Khan Z, Kuriakose RK, Khan M, Chin EK, Almeida DR. Efficacy of the Intravitreal Sustained-
Release Dexamethasone Implant for Diabetic Macular Edema Refractory to Anti-Vascular 
Endothelial Growth Factor Therapy: Meta-Analysis and Clinical Implications. Ophthalmic Surg 
Lasers Imaging Retina. 2017 Feb 1;48(2):160-166. doi: 10.3928/23258160-20170130-10 

9. Pacella E, Pacella F, Mazzeo F, Turchetti P, Carlesimo SC, Cerutti F, Lenzi T, De Paolis G, Giorgi 
D. Effectiveness of vision rehabilitation treatment through MP-1 microperimeter in patients with 
visual loss due to macular disease. Clin Ter. 2012 Nov;163(6):e423-8. 

10. Quigley HA, Nickells RW, Kerrigan LA, Pease ME, Thibault DJ, Zack DJ. Retinal       ganglion 
cell death in experimental glaucoma and after axotomy occurs by apoptosis. Invest Ophthalmol 
Vis Sci. 1995 Apr;36(5):774-86. 

11. Airaksinen P.J., Nieminen H.: Retinal nerve fiber layer photography in glaucoma. 
Ophthalmology 1985; 92 (7):877-9. 



                                                      Evaluation of retinal ganglion cell layer in patients with macular edema 
 

 

   

12. Huang-Link YM, Al-Hawasi A, Lindehammar H. Acute optic neuritis: retinal ganglion cell loss 
precedes retinal nerve fiber thinning. Neurol Sci. 2015 Apr;36(4):617-20. doi: 10.1007/s10072-014-
1982-3.  

13. Martinez-de-la-Casa JM, Ruiz-Calvo A, Saenz-Frances F et al. Retinal nerve fiber layer thickness 
changes in patients with age-related macular degeneration treated with intravitreal 
ranibizumab. Invest Ophthalmol Vis Sci. 2012 Sep 14;53(10):6214-8 

14. Nishimura T, Machida S, Harada T, Kurosaka D.Retinal ganglion cell function after repeated 
intravitreal injections of ranibizumab in patients with age-related macular degeneration. Clin 
Ophthalmol. 2012;6:1073-82. 

15. Abdolrahimzadeh S, Gharbiya M, Formisano M, et al. .Anti-Vascular Endothelial Growth Factor 
Intravitreal Therapy and Macular Ganglion Cell Layer Thickness in Patients with Neovascular 
Age-Related Macular Degeneration. Curr Eye Res. 2019 Apr 18:1-6. doi: 
10.1080/02713683.2019.1610179.  

16. Staurenghi G, Sadda S, Chakravarthy U, Spaide RF. Proposed lexicon for anatomic landmarks 
in normal posterior segment spectral-domain optical coherence tomography.     
Ophthalmology 2014;121:1572-8.      

17. Kim KE, Park KH, Yoo BW, Jeoung JW, Kim DM, Kim HC. Topographic localization of macular 
retinal ganglion cell loss associated with localized peripapillary retinal nerve fiber layer defect. 
Invest Ophthalmol Vis Sci. 2014 May 6;55(6):3501-8. doi: 10.1167/iovs.14-13925. 

18. Wu L, Martínez-Castellanos MA, Quiroz-Mercado H, Arevalo JF, Berrocal MH et al. Twelve-
month safety of intravitreal injections of bevacizumab (Bevacizumab): results of the Pan-
American Collaborative Retina Study Group (PACORES). Graefes Arch Clin Exp Ophthalmol. 
2008 Jan;246(1):81-7. 

19. Kim JE1, Mantravadi AV, Hur EY, Covert DJ. Short-term intraocular pressure changes 
immediately after intravitreal injections of anti-vascular endothelial growth factor agents. Am J 
Ophthalmol. 2008 Dec;146(6):930-4. 

20. Pacella E, Pacella F, La Torre G, Impallara D, Malarska K, Brillante C, Turchetti P, De Giusti M. 
Testing the effectiveness of intravitreal ranibizumab during 12 months of follow-up in venous 
occlusion treatment.Clin Ter. 2012 Nov;163(6):e413-22. 

21. Flammer J. The concept of visual field indices. Graefes Arch Clin Exp Ophthalmol. 
1986;224(5):389-92. 

 


