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Long-term effect of anti-vascular endothelial growth factor injections on

intraocular pressure

Ashiyana Nariani, Blake Williams, Seenu M Hariprasad

Obijective: There is a substantial debate in the ophthalmology community about whether anti-vascular
endothelial growth factor (VEGF) injections result in a long-term increase in intraocular pressure (IOP).
Design: We performed a retrospective study to investigate how the number and timing of intravitreal
injections in patients with age-related macular degeneration (AMD) and diabetic macular edema (DME)
affect IOP over time. Methods: We collected long-term IOP data on patients receiving anti-VEGF injections
at our institution. Patients over the age of 40 years who received injections for AMD (1 =76) or DME (1 = 55)
were included. Patients were grouped according to indication as well as number of injections received (1-3,
4-6, 7-9, or 10+ injections). IOP measurements were then placed into time points (0-6, 6-12, 12-18, 18-24,
or 24+ months) and compared to the preinjection average IOP. Results: For patients with DME, average
preinjection IOP was 15.7 mmHg. At 24+ months after injection, the average IOP was 15.2 (P = 0.68) for
patients receiving 1-3 injections, 16.8 (P = 0.23) for 4-6 injections, and 14.4 (P = 0.66) for 7-9 injections. For
patients with AMD, average initial IOP was 15.6 mmHg. At 24+ months after injection, the average IOP
was 12.6 (P = 0.97) for 1-3 injections, 14.9 (P = 0.96) for 4-6 injections, 14.8 (P = 0.84) for 7-9 injections, and
15.7 (P = 0.56) for 10+ injections. Conclusions: There was no increase in IOP over time for AMD or DME
patients, regardless of how many injections they received. For patients receiving unilateral injections, there
was no increase in IOP in the injected eye when compared to the noninjected eye.
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anti-vascular endothelial growth factor injections

Vascular endothelial growth factor (VEGF) serves important
roles in ocular homeostasis and is produced by a variety of cell
types.l'l Anincreased level of VEGF can lead to ocular pathology
that can be counteracted by intravitreal anti-VEGFs such as
ranibizumab (Lucentis; Genentech, San Francisco, California),
aflibercept (Eylea; Regeneron, Tarrytown, New York, USA), and
bevacizumab (Avastin; Genentech, San Francisco, California).
Anti-VEGF injection therapy is widely used to treat a variety
of retinochoroidal disorders such as age-related macular
degeneration (AMD), retinal vein occlusion (RVO), and diabetic
macular edema (DME).** For example, the MARINA study™
and ANCHOR study®! showed the efficacy of ranibizumab in
treating AMD.

The effect of anti-VEGF injections on intraocular
pressure (IOP) has been under critical review over the past
few years given the increasing use of these drugs. A short-term
increase in IOP after intravitreal injections has been described
in several papers.®? In each of these studies, a significant
elevation in IOP was found 30 min postinjection but returned
to baseline levels by the first follow-up clinic visit. These
studies challenged the need to perform IOP checks shortly
after injection due to the transient nature of the IOP increase.
This increase has been theorized to be due to an increase in
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volume and most often normalizes after 30 min although eyes
with glaucoma may take longer to normalize. Each of these
studies investigated IOP changes in patients with AMD, while
very little work has been done investigating IOP changes in
patients with DME.

Sustained long-term elevation in IOP has been reported
with several anti-VEGF agents in a variety of diagnoses.*?!
While many hypotheses have been generated regarding the
pathophysiology behind sustained IOP elevation, a clear
understanding of this phenomenon is lacking.!""* Proposed
associations and risk factors for sustained IOP elevation include
total number of injections, interval between injections, and a
history of glaucoma or ocular hypertension.!>!

It is important to note that large clinical trials have shown
that intravitreal injections do not lead to a sustained increase
in IOP.''57 Significant among these studies is the post hoc
analysis of the MARINA and ANCHOR ranibizumab trials
which show that most ranibizumab-treated eyes did not
experience a sustained elevation of IOP over 24 months.['®!
Similarly, a large long-term study of anti-VEGF injections
did not identify a history of multiple intravitreal anti-VEGF
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injections as a significant risk factor for IOP elevation.!'”!
However, a recent survey of retina specialists revealed that 53%
still believe that intravitreal injections may cause sustained
IOP elevation." Thus, debate surrounding long-term
sustained elevation in IOP after intravitreal injections still
persists.

Our study was designed to investigate the effects of multiple
anti-VEGF injections for AMD and DME on IOP over a period of
>2 years. Given the relatively high risk for developing glaucoma
after RVO, our study excludes patients with this diagnosis. We
also used a control group containing patients with dry AMD
or diabetes mellitus without proliferative diabetic retinopathy
or macular edema. This study is unique in that it tracks IOP
measurements for >2 years and includes both wet AMD and
DME as indications for injections. In addition, a literature
review will be presented.

Methods

Study patients

This retrospective chart review was approved by the
Institutional Review Board at our institution. Patients who were
treated with intravitreal injections of anti-VEGF agents for wet
AMD or DME before May 1, 2013, were selected for review of
their medical records. Any patient with RVO was excluded
as well as any patient younger than the age of 40 years.
Patients in this study received between 1 and 20 intravitreal
injections and IOP measurements were performed with a
Tonopen (Haag-Streit, Cincinnati, Ohio, USA). The average age
of patients receiving injections was 75.5 years, and the average
age of control patients was 68.5 years.

IOP measurements were followed over time for as long as
data were available before May 1, 2013. The range of follow-up
across all patients was between 6 months and 10 years. IOP
measurements were stratified according to how many months
after the first injection, the measurement was taken. The
following time points were used for stratification: 0-6 months,
6-12 months, 12-18 months, 18-24 months, and 24+ months
after the first injection. In addition, patients were stratified
by total number of injections received per eye: 1-3 injections
(n =33 for DME, n =29 for AMD), 4-6 injections (n = 18 for
DME, n =22 for AMD), 7-9 injections (1 = 6 for DME, n = 8 for
AMD), and 10+ injections (1 = 17 for AMD). A total of 76 eyes
with AMD and 55 eyes with DME were included in the study.
There were no patients in the DME cohort who received ten
or more injections.

One set of controls comprised two patient types:
diabetics (either without ocular complications or only with
nonproliferative diabetic retinopathy) or dry AMD. Neither
group had received anti-VEGF injections. This control group
included 125 eyes, and its purpose was to characterize any
change in IOP that may occur in these chronic conditions
over time.

The second set of controls was patient who only received
unilateral injections. By using the noninjected eye as a control
eye and comparing IOP over time, we minimized the number
of variables —both known and unknown — that affect IOP. This
control group included 72 eyes, and its purpose was to detect
IOP changes that could be attributed with more certainty to
the intravitreal injections received.

Intravitreal injections of anti-vascular endothelial growth
factor agents

Intravitreal injections of either ranibizumab (0.5 mg/0.05 mL
or 0.3 mg/0.05 mL), bevacizumab (1.25 mg/0.05 mL) or
aflibercept (2.0 mg/0.05 mL) were administered at our
institution using an aseptic technique after the administration
of topical anesthesia. Tetracaine drops and cotton-tipped
applicators soaked in 4% lidocaine chloride were applied to
the superotemporal conjunctival surface. Ten percent of the
povidone-iodine solution was then applied to the injection
site and allowed to dry for approximately 60 s before
administration of the intravitreal injection. Bevacizumab was
compounded by the hospital pharmacy on the site before
administration. Ranibizumab and aflibercept were drawn up
using a filtered needle immediately before use. A lid speculum
and nonsterile gloves were used during the injection procedure.
After injection, two drops of moxifloxacin hydrochloride
ophthalmic solution (Vigamox, Alcon, Fort Worth, TX, USA)
were applied.

The scheduled regimen for the various anti-VEGF agents
varied from patient to patient depending on disease state,
aggressiveness of condition, visual status of the other eye,
and patient ability to return for repeated injections. The most
commonly used injection protocol was treat-and-extend.
Injections were typically given at 4-6-week intervals, but
variability existed. In general, if optical coherence tomography
confirmed resolution of intraretinal and subretinal fluid and
clinical examination did not show macular subretinal fluid
and/or hemorrhage (in wet AMD patients), then the treatment
interval was extended by 1-2 weeks. If fluid or hemorrhage
recurred, the interval was shortened.

No prophylactic therapies for IOP elevation (e.g., the use
of IOP-lowering eye drops, ocular compression, or anterior
chamber paracentesis) were performed before or after
intravitreal injection. Central retinal artery perfusion was
assessed following injection by confirming a minimum vision
of hand motion. Patients with glaucoma were asked to not
use their glaucoma drops in the injected eye the night of the
injection but to resume the following day.

Analysis

The following variables were recorded for each patient: Age,
sex, diagnosis, baseline IOP, IOP measurement before each
injection, refraction, injection dates, total follow-up period,
glaucoma history, total number of anti-VEGF agent injections,
and anti-VEGF agent administered. As mentioned above,
patients were grouped according to diagnosis (DME vs. wet
AMD) and number of injections received. IOP measurements
were grouped into the appropriate time periods. The univariate,
one-tailed #-test was performed to test the null hypothesis
that IOP does not change over time as a result of receiving
intravitreal anti-VEGF injections.

Results

The first division of patients involved grouping them by disease
condition: wet AMD or DME.

Fig. 1 shows the IOP measurements over time in wet AMD
eyes based on number of injections received. In each subset
of eyes (1-3 injections, 4-6 injections, 7-9 injections, and
10+ injections), there was no statistically significant increase in
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pressure at any time point, when compared to the baseline IOP,
represented as the cumulative average IOP before injections
began. The P values obtained in this analysis are listed in
Table 1.

Fig. 2 shows the IOP measurements over time in DME eyes
based on number of injections received. Similar to the wet
AMD patients, in each subset of eyes, there was no statistically
significant increase in pressure at any time point when
compared to the IOP before injections began. The P values
obtained in this analysis are listed in Table 2.

Fig. 3 summarizes the IOP over time of patients who only
received injections to one eye. The eye that did not receive
injections served as the control eye. Only the subgroup
undergoing 7-9 injections showed an increase in IOP, but
that increase was not statistically significant. The other groups
showed a decrease in IOP in the injected eye at the end of the
evaluation period (May 1, 2013). The P values obtained in this
analysis are listed in Table 3.

Finally, an analysis of 115 control eyes was performed.
Patients from the control group carried a diagnosis of either
diabetes mellitus (without proliferative diabetic retinopathy or
macular edema) or dry AMD, and their eyes did not require
anti-VEGF injections. The mean baseline IOP was 16.0, and the
mean IOP after 2 years of follow-up was 15.6 (P = 0.10), which
was not significantly different than baseline.

Discussion

The purpose of our study was to determine whether intravitreal
anti-VEGF injections used for wet AMD or DME result in a
sustained increase in IOP, a controversial topic within the
vitreoretinal community. We used two primary methods
to answer this question. The first was to analyze patients
who received unilateral injections with the noninjected eye
serving as the control eye and measure the difference in IOP
between the injected and noninjected eyes at the end of the
evaluation period. The second was to divide all injected eyes by
indication (wet AMD or DME) and to measure IOP over time
within different categories (number of injections received). In
all cases, there was no statistically significant increase in IOP
noted in our analysis. Therefore, we sought to compare our
findings with those reported in the literature.

The first papers investigating IOP elevation after intravitreal
anti-VEGF agents were published in late 2007 and looked at
short-term effects on IOP. The previous studies had already
shown that short-term IOP elevations occurred after intravitreal
triamcinolone acetonide injections,!"*! and the safety of
intravitreal anti-VEGF injections became fundamentally
important as their use had increased exponentially. Studies
by Falkenstein et al.l! and Hollands et al.”"! showed a transient
spike in IOP that was presumably due to the increased
intraocular volume after injection. However, IOP returned
to baseline after the respective follow-up time (15 min!! and
30 min!).

Two studies by Mojica et al., investigating ranibizumab!®!
and bevacizumab,” respectively, confirmed a spike in IOP
shortly after injection but continued to monitor patients after
injections. Despite an increased IOP at 30 min, neither of
these studies found a significant difference between pre- and
post-injection IOP at future follow-up visits. They concluded
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Figure 1: Intraocular pressure measurements over time in patients
with wet age-related macular degeneration
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Figure 2: Intraocular pressure measurements over time in patients
with diabetic macular edema
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Figure 3: Unilateral injections: comparing treated eye to control eye

that intravitreal injections of ranibizumab and bevacizumab
seem to be safe from an IOP standpoint in the short-term, and
that IOP monitoring may not be necessary after injections.
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Table 1: Intraocular pressure over time in patients with wet age-related macular degeneration
IOP measurements over time in patients with wet AMD
Number of injections IOP (P values)
Baseline IOP 0-6 months 6-12 months 12-18 months 18-24 months 24+months
1-3 14.5 14.4 (0.590) 15.0 (0.234) 14.8 (0.409) 14.4 (0.696) 12.6 (0.962)
4-6 16.6 15.5 (0.955) 15.1 (0.981) 14.6 (0.904) 15.7 (0.983) 14.9 (0.963)
7-9 16.9 15.5 (0.866) 15.1 (0.892) 14.6 (0.986) 14.8 (0.970) 14.8 (0.837)
10+ 15.8 14.0 (0.999) 14.4 (0.987) 15.2 (0.790) 15.9 (0.422) 15.7 (0.558)
IOP: Intraocular pressure, AMD: Age-related macular degeneration
Table 2: Intraocular pressure over time in patients with diabetic macular edema
IOP measurements over time in patients with DME
Number of injections IOP (P values)
Baseline IOP 0-6 months 6-12 months 12-18 months 18-24 months 24+months
1-3 15.6 15.1 (0.859) 13.8 (0.989) 15.4 (0.571) 14.0 (0.964) 15.2 (0.683)
4-6 16.2 16.1 (0.542) 15.1 (0.973) 14.8 (0.923) 14.6 (0.933) 16.8 (0.228)
7-9 14.6 14.4 (0.617) 14.6 (0.245) 12.0 (0.939) 14.5 (0.516) 14.4 (0.656)

There were no eyes with DME that underwent more than 10 injections. DME: Diabetic macular edema, IOP: Intraocular pressure

Table 3: Unilateral injections: Comparing treated eye to control eye

Unilateral injections: Comparing treated eye to control eye

Number of injections

IOP (P value)

Baseline (treatment)

Baseline (control)

Post-injection (treatment) Post-injection (control)

1-3 15.6 14.9
4-6 15.8 15.2
7-9 141 141
10+ 14.5 14.0

15.5 (0.47) 14.8 (0.45)
15.1 (0.22) 14.8 (0.43)
14.5 (0.34) 14.4 (0.38)
13.9 (0.42) 13.8 (0.78)

I0P: Intraocular pressure

A study by Bakri et al. was the first to show a sustained
increase in IOP after intravitreal anti-VEGF injections; they
published a case series of four patients with persistent elevation
of IOP after ranibizumab injections. None of the patients had
any identifiable risk factor, and the elevated IOP was controlled
in all eyes with medical therapy.” A number of case series
have been published since identifying a subset of patients
experiencing a sustained elevation of IOP after ranibizumab
and/or bevacizumab injections.??! These cases supported the
need for further studies investigating the incidence of sustained
elevated IOP after intravitreal anti-VEGF injections.

The recent studies have shown conflicting results concerning
the existence of sustained IOP elevation after injections. Freund
published three papers in support of the phenomenon of sustained
IOP elevation. He described a series of 25 eyes experiencing
sustained IOP elevation after ranibizumab and/or bevacizumab
injections,®! and two retrospective studies finding that a greater
number of injections was associated with increased risk for
IOP elevation. One of these studies found that 7.1% of eyes
experienced sustained IOP elevation, while the other found this
value to be 11.6% in treated eyes versus 5.3% in untreated eyes."

Despite numerous studies describing a subset of patients
with sustained IOP elevation, we found three studies that

found no correlation between intravitreal injections and
sustained IOP elevation.[”?%?"I Rates of sustained IOP elevation
were found to be 3/270 injected eyes (0.5% incidence)™! and
20/629 (3.2%)!""" in studies by Brucker and Yoon, respectively.
Kim et al. measured average IOP at baseline and after 6, 12, 18,
and 24 months and found no significant increase of IOP during
the follow-up period.*!

The recent extensive literature on the topic has produced a
wide range of results. While it has been consistently shown that
injections cause a short-term spike in IOP, most early papers
saw this spike return to baseline and found no evidence of a
sustained IOP elevation. However, a number of studies have
found that a low percentage (ranging from 3.0% to 11.6%) of
eyes experience a sustained increase in IOP. Some potential
risk factors identified in these studies include male gender,
short duration of time between injections, higher number of
total injections, and history of glaucoma. Other studies have
found no increased risk of sustained IOP elevation compared to
noninjected eyes. It should be noted that although most studies
cited by this paper specifically investigated ranibizumab and
bevacizumab, our clinic began also using aflibercept in 2011.
There is currently no evidence to suggest that any of these
three treatments are more likely than the other to cause an
increase in IOP.
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It is clear that more research is needed on the topic,
particularly in identifying risk factors that may put patients
at increased risk for sustained IOP elevation. While many
possible mechanisms have been proposed for IOP elevation
after anti-VEGEF injections, none have been proven. Our data
are consistent with other studies that have failed to show an
effect on IOP when using mean IOP as the metric to measure
change over time.

Conclusions

Our data suggest that a treat-and-extend dosing regimen for
anti-VEGF intravitreal injections is not a significant risk factor
for an increase in IOP, regardless of how many injections the
patient receives. Clinicians should use anti-VEGF agents with
the confidence that long-term IOP elevations are of minimal
concern and routine evaluation specifically for IOP elevation
may not be necessary.
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