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INTRODUCTION

Bevacizumab is a full‑length humanized monoclonal 
antibody which binds to all subtypes of the vascular 
endothelial growth factor  (VEGF). [1] Intravitreal 
injection of bevacizumab  (IVB), as an off‑label agent, 
has shown beneficial therapeutic effects on several 
retinal diseases such as neovascular age‑related macular 
degeneration (ARMD).[2‑7] However, IVB has a limited 
duration of effect, hence repeated injections are required 
to maintain its therapeutic effect. While the use of IVB 
has gained increased popularity, the long‑term safety 
of repeated injections of this drug remains unclear.[8] 
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Abstract
Purpose: To evaluate the effect of two intravitreal bevacizumab (IVB) injections on peripapillary retinal 
nerve fiber layer (RNFL) thickness in patients with wet type age‑related macular degeneration (ARMD).
Methods: This prospective interventional case series included 18 eyes of 18 patients receiving two IVB 
injections within a 6 weeks interval for treatment of wet type ARMD. Peripapillary RNFL thickness was 
measured prior to the first injection, and 12 and 24 weeks afterwards by optical coherence tomography (3D 
OCT‑1000, Topcon Corporation, Tokyo, Japan). Mean RNFL thickness and values in the four peripapillary 
quadrants were compared at baseline, and 12 and 24 weeks after initial injection.
Results: Mean RNFL thickness was 89 ± 21 μm at baseline which was significantly reduced to 82 ± 15 μm 
at 12 weeks (P = 0.021). At final follow‑up (week 24), mean RNFL thickness reached 87 ± 23 μm and was 
comparable to baseline values (P = 0.356). Only the temporal quadrant showed a significant reduction in 
RNFL thickness at 12 weeks (P = 0.033); this quadrant followed the same pattern of change as the mean 
RNFL thickness, becoming comparable to pre‑injection values at 24 weeks (P = 0. 298).
Conclusion: RNFL thickness may decrease temporarily following two IVB injections in patients with wet 
type ARMD; however, in the long‑term no significant change was detectable from baseline values.
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Moreover, there are a few reports on reduction of visual 
acuity, enlargement of the foveal avascular zone 
and aggravation of macular ischemia following IVB 
injections.[9]

Vascular endothelial growth factor is known to 
be neurotrophic. Theoretically, chronic suppression 
of a neurotrophic cytokine may result in deleterious 
downstream effects on the retinal nerve fiber layer (RNFL). 
Furthermore, there are several reports on both transient 
and sustained elevation of intraocular pressure  (IOP) 
following IVB.[10‑16] Therefore, repeated IVB injections, 
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through both inhibition of the neurotrophic properties of 
VEGF and IOP fluctuations, may alter RNFL thickness. 
Herein, we report changes in RNFL thickness in the 
peripapillary region in the eyes with neovascular ARMD 
following two IVB injections 6 weeks apart.

METHODS

This prospective interventional case series was performed 
from August 2008 to February 2011 and included patients 
with neovascular ARMD who received two IVB injections 
within a 6 weeks interval. Subjects with other major 
retinal disorders including diabetic retinopathy, retinal 
occlusive disease, inflammatory retinal disease, toxic 
retinopathies and neuropathies, glaucoma and media 
haziness were excluded. Patient characteristics such 
as age, gender, laterality, history of diabetes mellitus, 
hypertension, cardiac disease, smoking, fellow eye 
condition, as well as visual acuity and IOP were recorded.
In addition to ancillary tests commonly performed to 

evaluate eyes with neovascular ARMD, such as optical 
coherence tomography (OCT), fluorescein angiography 
and indocyanine green angiography, all eyes underwent 
measurement of peripapillary RNFL thickness which 
was performed on a circle 3.4 mm in diameter centered 
around the optic disc in the superior, temporal, inferior 
and nasal quadrants at baseline (prior to IVB injections) 
and repeated 12 and 24 weeks after the first injection. All 
measurements were performed using a spectral domain 
OCT machine  (3D OCT‑1000, Topcon Corporation, 
Tokyo, Japan). The thickness of each quadrant and global 
mean values were used for analysis.
All eyes received two 1.25  mg  (0.05 cc) IVB 

injections (Avastin, Genentech, Inc., San Francisco, CA, 
USA) within a 6 weeks interval. The injections were 
performed under sterile conditions in the operating room 
by one ophthalmologist. The patients were visited on day 
1, and 1 and 6 weeks after each injection, and 18 weeks 
after the second injection.
Based on a pilot study, we observed a standard 

deviation  (SD) of 7 microns for the change in RNFL 
thickness at week 24, thus, we included 18 patients to be 
able to detect a 5 microns change in RNFL with study 
power of 85% when type I error was assumed to be 0.05. To 
describe data, we used mean ± standard deviation (SD), 
median  (range) and frequency  (percent) values. To 
evaluate changes within the same eyes, we used Wilcoxon 
signed‑ranked test. All statistical analyses were performed 
using SPSS software (Version 17.0, SPSS Inc., Chicago, IL, 
USA). Statistical level of significance was present at 0.05.

RESULTS

Initially 25 eyes of 25  patients with neovascular 
ARMD entered the study. One eye developed sterile 
endophthalmitis which was treated successfully with 

topical and systemic steroids but excluded from the 
study; six other cases did not attend follow‑up visits and 
were thus excluded. Eventually, data from 18 eyes of 18 
subjects including, 5 female and 13 male patients, with 
mean age of 76.1 ± 1.6 years were analyzed. During the 
study period, no subject developed ocular hypertension. 
Baseline patient of the patients are detailed in Table 1.
Mean peripapillary RNFL thickness decreased 

significantly from 89 ± 21 μm at baseline to 82 ± 15 μm at 
12 weeks (P = 0.021). However, mean thickness increased 
to 87 ± 23 μm at 24 weeks which was comparable to 
baseline values (P = 0.356). Comparing RNFL thickness in 
four quadrants reveals that changes in RNFL thickness in 
each quadrant were not significant except in the temporal 
quadrant at 12 weeks in which the thickness diminished 
significantly by − 8 ± 16 μm (P = 0.033) [Table 2]. This 
quadrant followed the same pattern of change as mean 
RNFL thickness, becoming comparable to pre‑injection 
values at 24 weeks (P = 0. 298).

DISCUSSION

In addition to its angiogenic role, VEGF‑A has a 
neuroprotective function. Zachary described both 

Table 1. Baseline characteristics of patients

Number Percentage

Sex
Male 13 72.2
Female 5 27.8

Eye
OD 9 50.0
OS 9 50.0

DM 1 5.6
HTN 3 16.7
Hyperlipidemia 2 11.8
Smoking 5 27.8
IHD 4 23.5
Fellow eye
Other 1 5.6
Drusen 6 33.3
Geographic atrophy 2 11.1
CNV 0 0.0
Scar 9 50.0

Lens status
Phakic 12 64.7
Aphakic 1 5.9
Pseudophakic 5 29.4

CNV
Predominantly classic 9 50.0
Occult 4 22.2
Minimally classic 5 27.8

OD, right eye; OS, left eye; DM, diabetes mellitus; HTN, 
hypertension; IHD, ischemic heart disease; CNV, choroidal 
neovascularization
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neurotrophic and neuroprotective effects for VEGF‑A in 
glial cells.[17] Another study has implicated that decreased 
levels of VEGF may cause neuronal degeneration 
possibly due to decreased perfusion as well as reduced 
neuroprotective properties. Therefore, the chronic use 
of anti‑VEGF agents could potentially lead to RNFL 
thinning by inhibiting VEGF‑A.[18,19] The present study 
showed a temporary decline in peripapillary RNFL 
thickness at 12 weeks in eyes with neovascular ARMD 
following two IVB injections but thickness was restored 
to pre‑intervention levels at 24 weeks.
In a retrospective observational case series, 

Horsley et  al demonstrated that repeated intravitreal 
injections (more than 10 episodes) of anti‑VEGF drugs, 
including pegaptanip, bevacizumab and ranibizumab, 
did not have any significant effect on RNFL thickness 
in patients with neovascular ARMD. However, they 
compared the initial thickness with one measured at 
final follow‑up which was not <12 months, therefore they 
were unable to detect early transient changes.[8]

It has been shown that IOP elevation is associated 
with intraocular injections of anti‑VEGF agents. This 

IOP elevation falls below 30 mmHg by 30 min and 
returns to baseline values by 30–60 min in most patients. 
These episodic IOP fluctuations can be a potential risk 
factor for the progression of glaucomatous damage to 
the optic nerve head. Therefore, repeat injections of 
bevacizumab at 4–6 weeks intervals, for instance, could 
potentially damage the RNFL.[13‑15] The present study, 
however, did not support this theory since no permanent 
effect of bevacizumab injections was observed on 
RNFL thickness. Nonetheless, it should be noted that 2 
injections may be insufficient to cause lasting damage.
There have been some reports on sustained IOP 

elevations weeks and months after initial or frequent 
intravitreal injections of anti‑VEGF agents. It has been 
postulated that sustained IOP elevation could be related 
to trabecular meshwork obstruction due to anti‑VEGF 
agents or impurities within the injection fluid or the 
result of an inflammatory response.[9‑16] None of the 
patients in our study had episodes of sustained increase 
in IOP.
Any intravitreal injection, through transient increase 

of IOP may be harmful to the optic nerve. However, this 

Table 2. Peripapillary RNFL thickness in microns at baseline, and 12 and 24 weeks after the first IVB injection in 4 quadrants

Superior Temporal Inferior Nasal Mean

Baseline
Mean±SD 95±31 71±19 95±24 93±38 89±21
Median (range) 90 (53 to 147) 66 (52 to 120) 91 (59 to 139) 86 (42 to 211) 83 (58 to 150)

Week 12
Value
Mean±SD 93±26 62±10 89±27 83±25 82±15
Median (range) 89 (59 to 137) 60 (44 to 83) 91 (49 to 136) 80 (40 to 120) 83 (58 to 111)

Change from baseline
Mean±SD −3±22 −8±16 −5±12 −10±28 −7±14
Median (range) −4 (−57 to 44) −4 (−60 to 11) −6 (−20 to 27) −4 (−91 to 22) −5 (−56 to 13)
95% CI −13 to 8 −16 to−1 −10 to 1 −24 to 3 −13.4 to 0.3

Percentage of change from baseline
Mean±SD 2±27 −9±17 −5±14 −6±24 −6±12
Median (range) −5 (−39 to 83) −7 (−50 to 21) −5 (−26 to 33) −4 (−47 to 32) −6 (−38 to 16)
95% CI −11 to 15 −17 to−1 −12 to 1 −17 to 6 −11.4 to 0.4
P 0.393 0.033 0.057 0.227 0.021

Week 24
Value
Mean±SD 99±40 69±22 97±31 82±20 87±23
Median (range) 100 (49 to 211) 64 (42 to 135) 92 (52 to 168) 82 (45 to 121) 83 (59 to 156)

Change from baseline
Mean±SD 4±36 −2±18 2±23 −11±52 −2±25
Median (range) −4 (−49 to 117) −3 (−28 to 51) 7 (−42 to 54) −11 (−161 to 59) −4 (−68 to 62)
95% CI −13 to 20 −10 to 6 −9 to 13 −35 to 13 −13 to 10

Percentage of change from baseline
Mean±SD 8±43 −2±23 3±26 4±48 0±24
Median (range) −3 (−39 to 124) −4 (−31 to 61) 6 (−34 to 47) −12 (−76 to 95) −4 (−45 to 66)
95% CI −12 to 28 −12 to 9 −8 to 15 −18 to 26 −11 to 10
P 0.711 0.298 0.811 0.727 0.356

RNFL, retinal nerve fiber layer; IVB, intravitreal bevacizumab; SD, standard deviation; CI, confidence interval



Retinal Nerve Fiber Layer after Intravitreal Bevacizumab; Entezari et al

452 Journal of Ophthalmic and Vision Research 2014; Vol. 9, No. 4 Journal of Ophthalmic and Vision Research 2014; Vol. 9, No. 4 PB

might not be the case in the present study, since our cases 
received only two injections and the possible short period 
of ocular hypertension following the injections probably 
was not severe enough to cause RNFL damage. In a case 
report, Chen et al noticed acute loss of visual acuity and 
an enlargement of the foveal avascular zone following 
IVB injection for treatment of diabetic macular edema. 
They postulated that bevacizumab may have disturbed 
an already tenuous state of vascular perfusion leading to 
worsening of macular ischemia and the resultant loss of 
visual acuity.[1] In our study, no acute visual acuity loss 
following IVB injections was observed.
In the current study, changes in mean RNFL thickness 

in the four quadrants was not significant except in 
the temporal quadrant at week 12 in which RNFL 
thickness was diminished significantly but restored to 
normal levels over 24 weeks. This change may be due 
to decreased retinal edema in response to bevacizumab 
at 12 weeks.
The present study was limited by small sample size 

and the few numbers of IVB injections; however, it 
demonstrated a temporary decline in RNFL thickness 
even after two consecutive IVB injections. This finding 
may raise caution in the era of growing interest for 
intravitreal drug injections. Whatever the exact cause of 
this transient damage is, anti‑VEGF drug or the injection 
per se, it would be noteworthy for ophthalmologists to 
be cautious about administering multiple intravitreal 
injections. Furthermore, use of higher bevacizumab 
doses as well as sustained‑release formulations which 
might affect the RNFL more drastically and in ways 
not observed with current treatment regimens, should 
be undertaken with care. Further studies with larger 
sample size looking at more frequent injections and 
comparing various drugs are warranted. They should 
address whether certain patient groups, such as those 
with open angle glaucoma, may be more susceptible to 
such damage.
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