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Abstract
Purpose: This study was designed to investigate retinal nerve fiber layer (RNFL) and radial peripapillary capillaries (RPC)

changes on optical coherence tomography (OCT) angiography and OCT thickness alterations associated with acutely

increased intraocular pressure after intravitreal injections.

Methods: This observational clinical study was conducted on 35 eyes (35 patients) with treatment-naïve age-related

macular degeneration (AMD) and type 1 or type 2 MNV were enrolled. All patients underwent anti-vascular endothelial

grow factor (VEGF) intravitreal injections with 0.05-mL aflibercept (2 mg) between January 2022 and October 2022.

Peripapillary OCT angiography perfusion density, retinal nerve fiber layer thickness, and intraocular pressure (IOP)

were measured before and immediately after intravitreal injections. In particular, the analysis was performed at the fol-

lowing visits: (T0) 5 to 15 min before the injection of aflibercept; (T1) 2 to 5 min after the injection of aflibercept. Paired

t-test was used to compare pre-injection and post-injection values.

Results: The mean baseline IOP (T0) value was 17.26± 2.4 mmHg and the immediate post-injection IOP (T1) mean value

was 34.7± 11.50 mmHg (P < 0.01). The mean global RNFL thickness before and immediately after the injection was 100.9

± 18.8 m and 98.6± 17.4 m (P= 0.001). Furthermore, the topographical RNFL analysis showed significant thickness

reduction of the nasal and inferior sectors after the procedure when compared to T0 (P= 0.046 and P= 0.001). On

the contrary, the mean RCP density changes at T1 did not reach statistically significant (P= 0.636). Furthermore, we

found a significant negative correlation between the retinal nerve fiber layer global thickness and the IOP changes

(Pearson’s correlation=−0.126; P= 0.031). In particular, the nasal RNFL region showed a significant negative correlations

with IOP values (Pearson’s correlation=−0.198, P= 0,046).

Conclusions: We reported acute IOP changes that are associated with reduced RNFL thickness in a group of patients under-

going intravitreal injections of anti-VEGF drugs for neovascular age-related macular degeneration. Moreover, topographical sub-ana-

lysis revealed that the nasal RNFL region is most prone to IOP fluctuations. This finding may explain the sudden visual acuity change

in patients immediately after injection and may sustain injuries to optic nerve head structures producing glaucomatous damage.
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Introduction
The intravitreal injections debut has drastically modified
the prognosis of patients with several retinal disorders. In
particular, intravitreal anti-vascular endothelial growth
factor (VEGF) injections have become the ordinary treat-
ment for neovascular age-related macular degeneration
(nAMD), diabetic macular edema (DME), and retinal
vein occlusion (RVO).1

Although the procedure is considered relatively safe, it can
be rarely related to post injection and drug-class-associated
adverse events.2,3 Acute rise of intraocular pressure
(IOP) (which is considered normal in a range between 12
and 21 mmHg) after intravitreal injection is a well-known
condition, and appears to be related to the procedure,
lasting from half to few hours according to different
studies.4 Numerous mechanisms have been suggested to
describe the correlation between intravitreal injections
and elevation of IOP including trabecular meshwork con-
tracture, intraocular hydrostatic pressure eleva-tion sec-
ondary to volume excess, anterior chamber (AC) angle
narrowing and trabecular clogging with large molecules
and proteins.5,6 Furthermore, it is well studied a relation-
ship between elevated IOP and anatomic damage of the
retinal nerve fiber layer (RNFL).7 Repeated intravitreal
injections can lead to IOP spikes with subsequent RNFL
injury. In addition, the chronic suppression of VEGF
through intraocular injections may have negative effects
on the RNFL.8 Although, previous papers did not find dif-
ference in the retinal nerve fiber layer in patients treated
with Aflibercept at 12 months or with Ranibizumab/afli-
bercept at 1 month.9

Structural optical coherence tomography (OCT) has
provided the ability to examine metrics reflecting the
optic nerve head vitality (e.g. RNFL thickness). With the
OCT angiography (OCTA) development, a non-invasive
infrared imaging technique,10 it has become possible to
image vascular structures like the radial peripapillary capil-
lary (RPC) network, whose function is most likely to
nourish the inner portion of the retinal nerve fiber layer
in its distribution around the optic nerve head (ONH).
Because of their unique pattern and distribution, RPC
might be more vulnerable to increase in the intraocular
pressure (IOP) than other retinal capillaries.11 Barash
et al. showed acute macular and peripapillary angiographic
variations after intravitreal injections using OCTA.12,13

The authors suggested that the intravitreal injections may
stress the same structures that get damaged in glaucomat-
ous eyes. However, the current literature lacks evidence
regarding the possible correlation between IOP and ana-
tomical ONH damage immediately after intravitreal injec-
tions of anti-VEGF.

Investigating this acute correlation may shed light on
other cases of acute IOP elevation, such as those in acute
angle closure or during intraocular surgery.

Therefore, our study aimed to investigate RNFL and
radial peripapillary capillaries (RPC) acute changes after
anti- VEGF injections and possible correlation with
acutely increased IOP using OCT structural imaging and
OCT angiography. An in-depth optic nerve analysis of
the short-term impact of anti- VEGF injections could
allow us to identify pa-tients who are at risk of developing
long-term neurodegenerative damage.

Methods

Study design and participants
This observational study was conducted at the Department
of Translational Bio-medicine Neuroscience, University of
Bari “Aldo Moro”. This study respected the tenets of the
Helsinki Declaration and was approved by our institutional
review board of Department of Translational Biomedicine
Neuroscience, University of Bari “Aldo Moro”. Patients
gave their written consent to be included in the study.

Thirty-five eyes of 35 patients older than 18 years with
treatment-naïve age-related macular degeneration (AMD)
and type 1 or type 2 MNV were registered. All patients
underwent anti-VEGF intravitreal injections with 0.05-mL
aflibercept (2 mg) between January 2022 and October 2022.

The exclusion criteria included: (i) presence of type 3
MNV; (ii) glaucoma history ; (iii) significant cataract;
(iv) myocardial infarction or cerebrovascular disease
within the last 6 months; (iv) myopia greater than 3.00
diopters; (v) inflammation or infection of both eyes; (vi)
previous anti-VEGF injection or retinal laser therapy;
(vii) presence of other comorbid retinal and/or macular dis-
eases (e.g. diabetic retinopathy and retinal venous occlu-
sion); and (viii) any optic neuropathy.

Intravitreal injections were performed in the Arc Sterile
of our hospital, the same described by previous papers.14,15

The intravitreal procedures were performed by the same
well- trained surgeon (F. B.) After informed consent was
obtained, patient’s eyelids and ocular surfaces were steri-
lized with 5% topical povidone–iodine, a lid speculum
was placed, and topical benoxinate anesthesia was given.
The anti-VEGF drugs were prepared by the treating phys-
ician immediately before the injections, which were per-
formed using a sterile 30-gauge (0.255 mm) needle
through the infero-temporal pars plana, 3.5 to 4 mm poster-
ior to the limbus, depending on the lens status of the
patient. The needle was introduced into the vitreous
cavity aiming posteriorly and slightly inferiorly, toward
the optic disc. After the removal of the needle from the
eye, a cotton-tip applicator simultaneously was rolled
over the injection site. We did check for hand motion
immediately to be sure that there was no IOP elevation
high enough to occlude the central retinal artery; there
were no such events. None of the eyes in our study required
anterior chamber paracentesis.
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Outcome measures
The main outcome measures were: (i) intraocular pressure
(IOP); (ii) RNFL thickness, and (iii) RPC density.

All patients were imaged with RTVue XR Avanti
spectral-domain (SD)-OCT (Optovue, Inc., Fremont,
CA). Images with a strength index less than 40, with sig-
nificant motion artifact or shadowing effect were excluded
from the analysis. OCT and OCTA acquisitions were per-
formed at the following visits: (T0) 5 to 15 min before the
injection of aflibercept; (T1) 2 to 5 min after the injection
of aflibercept. Furthermore, poor quality images (SSI:
<6/10) or images with significant motion artifact and/or
incorrect segmentation were excluded.16,17

Intraocular pressures were checked with Perkins MK3
tonometer (Haag-Streit) at T0 and T1.

Imaging analysis
Optic nerve head imaging was performed as a 4.5×
4.5 mm OCT angiography scan (Figure 1). The peripa-
pillary region was defined as a 750-μm wide annulus
extending from the optic disc boundary. For radial peri-
papillary capillaries (RPC) analysis, the RTVue XR
Avanti AngioVue built-in software automatically seg-
ments the inner limiting membrane (ILM) and the pos-
terior boundary of retinal nerve fiber layer (RNFL)
providing vessel density (VD) measurements, both in
the peripapillary region and in the whole scan
(Figure 1). We applied a manual correction when the
segmentation was altered.

Peripapillary retinal nerve fiber layer thickness was
obtained with a disc map software using RTvueXR
Avanti (Optovue, Inc., Fremont, CA) (Figure 2). Using
disc map data, peripapillary RNFL was compared in
terms of total thickness and the thickness in each of the
superior, inferior, nasal, and temporal quadrants.

Statistical analysis
All quantitative variables were reported as mean and stand-
ard deviation (SD). To detect departures from normality
distribution, a Shapiro-Wilk test was performed for all
variables. A paired t-test was used to compare the variables
before and after the intravitreal injection. Pearson’s correl-
ation was computed to analyze the degree of correlation
between retinal nerve fiber layer thickness, radial peripapil-
lary capillaries density at different region of interest (ROI)
and IOP changes at T0-T1. All statistical analyses were
performed using Statistical Package for Social Sciences
(version 20.0; SPSS Inc., Chicago, IL). The chosen level
of statistical significance was P < 0.05. The sample size
of the study was tested to be proper for a mean difference
between groups of almost 10%, a power of 80% and type I
error rate (α) of 5%.

Results

Characteristics of subjects included in the analysis
Thirty - five patients were included in this study. The mean
age of the patients was 78.10± 10 years, and the median
age was 81 years (range, 55–93). Fifteen patients
(42.8%) were male, and twenty (57.2%) were female.
Twenty – one patients were affected by type 1 MNV
(60%), 14 patients were affected by type 2 MNV (40%).
Ten patients (29%) had been smokers for more than 5
years. The characteristics of subjects analyzed are shown
in Table 1.

Outcomes analysis
Intra-ocular pressure analysis. The mean baseline IOP
(T0) value was 17.26± 2.4 mmHg and the immediate post-
injection IOP (T1) mean value was 34.7± 11.50 mmHg (P

Figure 1. Representation of peripapillary OCT angiography before and after injection in nAMD eye. OCTA scan 4,5× 4,5 mm

centered on ONH before and after treatment. Color-coded density maps and automatized vessel density measurements of the RPC

before and after Injection.
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< 0.01). Mean change of IOP from T0 at T1 was 17.43±
11.06 mmHg.

Retinal nerve fiber layer analysis. The mean global
RNFL thickness before and immediately after the injection
was 100.9± 18.8 μm and 98.6± 17.4 μm, respectively.
This difference was statistically significant (P= 0.001).
Furthermore, the topographical retinal nerve fiber layer
analysis showed significant thickness reduction of the
nasal and inferior sectors after the procedure when com-
pared to T0 (P= 0.046 and P= 0.001). On the contrary,
the superior and the temporal regions did not show signifi-
cant modifications (P > 0.05) (Figure 3).

Radial peripapillary capillaries analysis. The mean
RPC global density changes did not reach statistically sig-
nificant after anti-VEGF injection (P= 0.636) (Table 2).
Likewise, all quadrants examined did not show relevant
variations at T1 (Figure 4).

Relationship between OCT and OCTA parameters with
IOP changes. To concern the association between

parameters analyzed, we found a significant negative correl-
ation between the RNFL global thickness and the IOP
changes (Pearson’s correlation=−0.126; P= 0.031). In par-
ticular, the nasal retinal nerve fiber layer region showed a sig-
nificant negative correlations with IOP values (Pearson’s
correlation=−0.198, P= 0. 046) (Figure 5). However, the
other areas did not show significant correlation with IOP
changes. Likewise, both the global optic nerve head perfu-
sion and the topographic sub-analysis showed no relevant
correlation with the IOP modifications (Table 3).

Discussion
This observational study described acute changes in intrao-
cular pressure, retinal nerve fiber layer and radial peripapil-
lary capillaries using structural OCT imaging and OCT
angiography, focusing on the association of IOP, structural
and vascular optic nerve head changes in a group of
patients undergoing intravitreal injections of anti-VEGF
drugs for neovascular AMD. We found significant IOP
and RNFL modifications immediately after aflibercept
injection. In detail, this study showed significant acute
IOP increase and significant total RNFL thinning after
anti-VEGF drug injection. Furthermore, the topographical
sub-analysis displayed that the nasal and in-ferior RNFL
regions appear to be more affected by intraocular injec-
tions. On the contrary, no vascular optic nerve head
changes were found. Importantly, we also reported a
close negative correlation between increased IOP and
RNFL thinning at T1 (P= 0.04). Topographical sub-
analysis revealed that the nasal RNFL region is most
prone to IOP fluctuations (P= 0.002).

Figure 2. Representation of peripapillary RNFL thickness before and after injection in nAMD eye.

Table 1. The clinical and medical characteristics of subjects

included in the analysis.

Variables nAMD (n= 35)

Age (years) 78.10± 10

Gender (female,%) 20 (57.2%)

Type 1 MNV 21 (60%)

Type 2 MNV 14 (40%)

Hypertension (%) 6 (17%)

Smoking (%) 10 (29%)

Data are presented as Mean± SD. nAMD, neovascular age-related macular

degeneration; MNV, macular neovascularization.
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The anti-VEGF injections have become the ordinary
treatment for the most common retinal diseases (neovas-
cular age-related macular degeneration and diabetic
macular edema). However, there are side effects to con-
sider, including ocular hypertension, in-traocular hemor-
rhage, and endophthalmitis . Numerous studies have
addressed these complications and a major concern in

this regard is acute and sustained IOP increases after the
intravitreal procedure.18–20

In this observational study, all post-injection IOP mea-
surements displayed signifi-cantly higher values if com-
pared to baseline with a mean change in IOP from T0 to
T1 of 17.43± 11.06 mmHg. This is readily understandable
since the injection of a volume of fluid in a relatively
closed space contributes to the acute elevation in pressure.
Previous studies19,20 have reported transient intra-ocular
pressure spikes immediately after the in-travitreal ranibizu-
mab or bevacizumab due to an increase in the vitreous
volume, altering aqueous outflow. Furthermore, this transi-
ent IOP increase seems to be related with altered visual
acuity. Another cause of short-term IOP elevations is the
injection technique itself. Indeed, we performed all the
injections using 30-gauge sterile needles, whom small
dimension does not allow a considerable vitreous reflux
from the injection site, as already reported.21–23

Importantly, the intravitreal injections of anti-vascular
endothelial grow factor (VEGF) were carried out by a
single surgeon (F.B.) to achieve a regular analysis.

Regarding the effects on RNFL thickness of intravitreal
injections, contradictory results have been previously pub-
lished. In contrast to our results, in literature most studies
have shown that RNFL does not change significantly
after the intravitreal injection of anti-VEGF drugs,24,25

while other reports showed significant RNFL loss only
after multiple intravitreal injections.26–28 This discrepancy
across studies may be due to different baseline characteris-
tics of patients, follow-up times, or the number of injec-
tions, or different injection techniques.

Table 2. Comparison between pre (T0) and post-injection (T1)

parameters for IOP, RNFL thickness and RPC.

Total n= 35

T0 T1 P value

IOP, mmHg 17,26± 2,4 34,7± 11,50 0,001
RNFL Thickness (μm)

Global 100,9± 18,8 98,6± 17.4 0,001
Superior 113,9± 46,08 111,5± 43,6 0,586

Inferior 126,9± 22,1 124,7± 22,6 0,001
Temporal 75,5± 22,5 71,33± 15,7 0,128

Nasal 90,2± 18,7 88,7± 18,8 0,046
RPC Density (%)

Global 46,6± 4,9 46,9± 4,8 0,636

Superior 46,2± 6,7 45,9± 7,9 0,709

Inferior 48,2± 8,9 49,4± 7,1 0,089

Temporal 49,5± 4,6 48,9± 5,6 0,405

Nasal 43,03± 5,2 43,8± 5,4 0,164

Data are presented as Mean± SD. IOP, intraocular pressure; RNFL, retinal

nerve fibre layer; RCP, radial peripapillary capillaries.

T0 before anti-VEGF therapy; T1 after anti-VEGF therapy, Values in bold

are statistically significant (P < 0.05).

Figure 3. Comparison of pre- injection and post-injection RNFL thickness.
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Our analysis displayed a significant acute global RNFL
loss after anti-VEGF injection. Moreover, investigating the
different fields of the optic nerve head, the nasal and infer-
ior regions appeared to be more affected by intraocular
injection of anti-vascular endothelial grow factor.
According to our results, in a prospective interventional
case series, Entezari et al.29 showed that RNFL thickness
may decrease temporarily following two intravi-treal injec-
tions in patients with neovascular AMD. These observa-
tions suggested the acute effect of anti-VEGF therapy on

the RNLF thickness. However, in the long-term analysis
no significant changes were detectable from baseline
values.

Concerning the intraocular pressure analysis, it’s well-
known that intravitreal injection, through increase of IOP
may be harmful to the optic nerve.30 Moreover, short-term
IOP fluctuations has been considered a potential risk factor
for the progression of glaucomatous damage to the optic
nerve head.31 Indeed, the cumulative effect of the initial
injections could potentially damage the layers of nerve

Figure 4. Comparison of pre-injection and post-injection optic nerve angiographic density.

Figure 5. (A) Scatterplots illustrating the correlation between Δ IOP (T0-T1) and Δ RNFL global thickness (T0-T1). (B) Scatterplots

illustrating the correlation between Δ IOP (T0-T1) and Δ RNFL nasal thickness (T0-T1). We have excluded the outlier observation. A

value of P < 0.05 was considered statistically significant. Correlation coefficient from the Pearson rank correlation analysis.
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fibers. However, these are long term analysis that cannot be
achieved by the results of the present study since our cases
received only one injection.

Besides, we found sectoral changes that may indicate
more susceptibility to glaucomatous damage from repeated
spikes in IOP due to injections. In particular, the nasal and
inferior regions of the optic nerve head should be particu-
larly monitored for evidence of early retinal nerve fiber
layer thinning after anti-VEGF injections. This effect
might be important in cases with advanced glaucoma, in
which even the slightest change in IOP could have a detri-
mental effect on the optic nerve.

Here in this study, we found that IOP spikes recorded
immediately after the injection and the global RNFL
thickness were inversely related: as IOP increased, the
global RNFL thickness decreased (Table 3). In addition,
the topographical RNFL thickness sub analysis showed a
close correlation between nasal sector reduction and IOP
increased (Table 3). We might hypothesize two
co-existing mechanisms behind the latter finding: 1) A
hypothesis could be that as the RNFL is a part of the
retina, the structural changes like intraretinal fluid due
to nAMD may affect the measurements of RNFL thick-
ness. Hwang et al.21 reported that the peripapillary
RNFL thickness was increased in patients with DME,
and the increment correlated with the degree of macular
edema. They hypothesized that an increase in the RNFL
thickness in the temporal sector in patients with acute dia-
betic macular edema might be related to the change in
macular tomography due to diabetic macular edema.
Because the nasal sector RNFL is less affected by
macular lesion change even in neovascular age-related
macular degeneration, it can better reflect the damage
caused by anti-VEGF injection and justify the statistically
significant change of RNFL thickness in this sector. 2)
The injection procedure itself may be a possible

explanation for the changes only in the nasal and inferior
RNFL. Indeed, all the injections were performed using a
temporal approach, directing the flow towards these
sectors. Definitely, these results indicates the nasal
ONH region most susceptible to re-peated injections,
thus we should contemplate to prepare the patients most
susceptible to neurodegenerative damage with IOP low-
ering drug.

On the other hand, several studies pointed out that the
adverse effects of the increased IOP are not limited to
RNFL loss and glaucoma damages. OCT angiography
was used to measure acute peripapillary changes in perfu-
sion density resulting from intravitreal injections28,32–34

Wen et al.31 observed acute reductions in optic nerve
head perfusion parameters after intravitreal injections due
to IOP increase. The authors measured RPC perfusion
approximately 2 min after the injection. According to our
results, Arumuganathan et al.35 reported no significant
alterations in OCT angiography parameters in eyes mea-
sured at 5 min post-intravitreal therapy. Likewise, in our
study we did not find any difference between the pre-
injection and the post-injections RPC perfusion density.
Probably, the analysis performed at 5 min after
anti-VEGF drug injection did not show the transient ische-
mic vasculature damage.

We acknowledge that this study has several limitations.
First, the limited number of patients included in this study.
Second, short-term evaluation of IOP and RNFL thickness
and the absence of follow-up. Additionally, the patient
population may contain people with undiagnosed glau-
coma which could alter the data analysis. Another limita-
tion to acknowledge is that we did not conduct OCT and
OCTA assessments after the normalization of intraocular
pressure. This aspect could be significant in comprehend-
ing whether RNFL thinning is a transient phenomenon or
not. A larger randomized controlled study with follow-up
time is required to assess the effect of intravitreal injections
on these parameters.

In conclusion, our study reports acute intra- ocular pres-
sure and retinal nerve fiber layer changes in a group of
patients undergoing intravitreal injections of anti-VEGF
drugs for neovascular AMD. We demonstrated that the
intravitreal injections induce increased IOP and RNFL
thinning. This preliminary study of 35 eyes shows that
the inferior and nasal RNFL regions are more affected by
these changes after anti-VEGF injection. In addition, we
found significant negative close correlation between
increased IOP and RNFL thinning at T1. Topographical
sub-analysis revealed that the nasal RNFL region is most
prone to IOP fluctuations. Given these peripapillary
changes, it may be prudent to follow nasal areas with
RNFL measurements, and visual fields to assess the intra-
vitreal injection effects. Further studies with prospective
design including longer follow-up duration are needed to
confirm the findings of our study.

Table 3. Results of Pearson correlation between intraocular

pressure (IOP) and other variables.

IOP

RNFL total thickness (μm) −0.126 (p= 0.031)
RNFL nasal thickness (μm) −0.198 (p= 0.046)
RNLF inferior thickness (μm) −0.391

RNFL superior thickness(μm) −0.314
RNFL temporal thickness (μm) −0.403
RPC total density (%) −0.481
RPC nasal density (%) −0.474
RPC inferior density (%) −0.446
RPC superior density (%) −0.396
RPC temporal density (%) −0.297

Pearson correlation values and p-values are specified in the table as

followed: (p-value), P-values are specified only if < 0.05. Parameter

acronyms: RNFL, retinal nerve fiber layer; RPC, radial peripapillary

capillaries. Significant values are placed in brackets.
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