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ABSTRACT

Purpose: To review recent literature regarding ocular hypertension following intravitreal antivascular
endothelial growth factors (anti-VEGF). Method: An electronic literature search was performed using
MEDLINE, OVID, and PubMed. Key search terms were elevated IOP, anti-VEGF, sustained IOP elevation in
anti-VEGF, chronic intraocular pressure elevation in anti-VEGF, high IOP with anti-VEGF, acute elevation in
intraocular pressure with anti-VEGF, glaucoma and anti-VEGF. Result: Transient elevation of intraocular
pressure after intravitreal anti-VEGF injection is due to temporary increase in volume, and the acute spike
generally does not affect a healthy eye. Caution should be taken in a glaucomatous eye, and pretreatment with
an IOP-lowering medication is recommended. Persistent elevation of intraocular pressure is more common than
previously thought and may be correlated to several factors including increased number of intravitreal
injections. Conclusion: Persistent ocular hypertension may be associated with intravitreal anti-VEGF injections.
Physicians should be aware of this condition and monitor their patients for persistent ocular hypertension,
especially in eyes with preexisting glaucoma. Prompt diagnosis and treatment can prevent potential loss
of vision.

Keywords: Anti-vascular endothelial growth factor, bevacizumab (Avastin), glaucoma, intraocular pressure,
intravitreal ranibizumab (Lucentis)

INTRODUCTION

Vascular endothelial factor (VEGF) is an important
component of ocular homeostais and is produced by
several cell types, including retinal pigment epithe-
lium, pericytes, Müller cells, and astrocytes. Several
forms of VEGF, including VEGF-A through VEGF-E,
have been identified. The VEGF-A family is respon-
sible for vascular proliferation. Chronic VEGF-A
inhibition may lead to ischemic retina as shown in
several animal models and clinical studies.1–3 On the
other hand, an increased level of VEGF can lead to a
variety of ocular pathologies. To combat this, intravi-
treal antivascular endothelial growth factors (anti-
VEGF), such as pegaptanib sodium (Macugen;
Eyetech Pharmaceuticals/Pfizer, Inc., New York,
NY), bevacizumab (Avastin, Genentech, South San

Francisco, CA), and ranibizumab (Lucentis,
Genentech, South San Francisco, CA) have been
widely used in a variety of ocular disorders, including
choroidal neovascularization and retinal vascular
diseases. Human VEGF-A is composed of eight
exons with six main isoforms of 121, 145, 165, 183,
189, and 206 amino acids. Pegaptanib sodium was the
first form of anti-VEGF approved by Food and Drug
Administration in 2004 for intravitreal injections in
age-related macular degeneration (ARMD).
Pegaptanib is capable of binding all VEGF isoforms
greater than 165 amino acids in length. In 2005,
bevacizumab became available for an off-label use in
treating ARMD. Bevacizumab, originally used to treat
colon carcinoma, is a 150-kDa molecule with two
antigen-binding sites. The advantage of bevacizumab
is its ability to block all six VEGF isoforms and
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therefore control disease more effectively. The Food
and Drug Administration approved ranibizumab in
2006 for treating ARMD. Ranibizumab is a smaller
molecule (approximately 48-kDa) and is a fragment of
VEGF-A recombinant, humanized monoclonal anti-
body. In addition, ranibizumab has a higher affinity
for VEGF, resulting in a 5- to 20-fold greater potency
on a molar basis.4 Although these injections are
relatively safe, one complication is elevated intraocu-
lar pressure (IOP) with acute, transient, delayed,
persistent, or chronic presentation. This paper reviews
and summarizes the recent literature on intraocular
pressure elevation resulting from intravitreal anti-
VEGF injection.

PREVALENCE OF ELEVATED
INTRAOCULAR PRESSURE

Prevalence of elevated IOP with the use of anti-VEGF
agents is quite variable in the literature. Wehrli et al.,
in a retrospective chart review of 302 eyes treated with
intravitreal anti-VEGF and 224 control eyes without
baseline ocular hypertension, did not find any differ-
ence between the two groups in the incidence of ocular
hypertension. Their definition of ocular hypertension
not only included patients with IOP� 22 mm Hg on
two consecutive visits but also those with IOP spike of
�26 mm Hg on a single visit with concomitant initi-
ation or augmentation of glaucoma therapy.5 On the
other hand, Good et al. found a significant rise in IOP.
They studied 215 eyes of ARMD patients who
received intravitreal anti-VEGF. They separately ana-
lyzed patients with preexisting glaucoma and patients
without a history of glaucoma and found that patients
with preexisting glaucoma had a 33% chance of
sustained elevated IOP vs. 3.1% of patients without
prediagnosed glaucoma.6

PATHOGENESIS OF ELEVATED
INTRAOCULAR PRESSURE

Many factors contribute to elevated IOP after injecting
anti-VEGF. These factors could be innate to a particu-
lar anti-VEGF such as issues surrounding repackaging
of bevacizumab or external such as patient character-
istics. These factors are discussed in detail below.

Intrinsic Anti-VEGF Factors

Several papers have suggested that silicone oil
microdroplets and high-molecular-weight aggregates
in the anti-VEGF can lead to obstruction of aqueous
humor flow and subsequent elevated IOP.7–8

Bevacizumab comes in a single-use, preservative-free
vial of 100 mg/4 ml, and the compounding pharmacy

divides that into 1.25 mg/0.05 cc in plastic syringes.7

Li et al.8 obtained repackaged bevacizumab from four
external compounding pharmacies and looked at
several factors, such as incubation at different tem-
peratures and mechanical shock. They found that
repackaged bevacizumab had a wide range of particle
counts; silicone oil was responsible for most of these
particles. They concluded that repackaged bevacizu-
mab in plastic syringes is contaminated with silicone
oil microdroplets and protein aggregates and freez-
ing-thawing can further increase the level of particle
contaminants.

Extrinsic Factors

Patient presentation and the clinical indication(s) for
receiving anti-VEGF are quite important. Prior to
injecting anti-VEGF, several key factors such as the
presence of glaucoma and its management along with
the underlying pathology requiring injection of anti-
VEGF should be considered. Intravitreal anti-VEGF
injections can be divided into two broad categories:
those given for choroidal neovascularization, and
those given for retinal vascular diseases and the
secondary complications of retinal vascular disease
such as neovascular glaucoma. Though patients suf-
fering from ARMD and the variety of diseases causing
choroidal neovascularization such as toxoplasmosis,
Best’s disease, pathologic myopia, Vogt-Koyanagi-
Harada, angioid streaks, and traumatic choroidal
rupture may have primary open angle glaucoma
as a separate disease, generally they do not have
secondary glaucoma due to neovascularization of the
angle. Nevertheless, it is crucial to consider each
patient’s glaucoma as a comorbidity that could cause
significant and irreversible damage in patients receiv-
ing intravitreal anti-VEGF injection. Patients with a
significantly cupped optic nerve may not be able to
tolerate the slight fluctuation in IOP, and also it may
take a longer time for their IOP to return to baseline.9

On the other hand, patients suffering from retinal
vascular disease are at a greater risk of developing
neovascular glaucoma. Higashide et al. retrospect-
ively reviewed 84 eyes of 70 patients with neovascular
glaucoma who received an intravitreal injection of
bevacizumab for treating anterior chamber neovascu-
larization. The frequency of injections ranged from
one to five injections, and 99% of the injections were
intravitreal. They noted central retinal artery occlu-
sion as a common complication in this group of
patients.10

Another factor to be considered is the angle
anatomy in patients with neovascularization. It must
be noted that, once the angle is completely covered
by neovascularization with contraction of the fibro-
vascular membrane and secondary angle closure,
intravitreal injection of anti-VEGF will not lead to
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opening of the angle. Such patients proceed to
requiring glaucoma surgeries such as glaucoma
drainage devices. Administering an anti-VEGF is
still a reasonable option in such cases to control
intraoperative hemorrhage.

TRANSIENT ELEVATED
INTRAOCULAR PRESSURE

It is a well-known fact that a transient elevation in IOP
occurs with intravitreal injection. The most commonly
injected volume of anti-VEGF into the vitreous cavity
is 0.05 cc; this volume can elevate IOP by approxi-
mately 10 to 20 mm Hg from the patient’s baseline and
can last 30–60 min. However, normalization is
rapid.11–13 Falkenstein et al. reviewed 122 injections
of intravitreal Avastin for ARMD with the majority of
eyes (59%) having a single injection. IOP measured
at 3, 10, and 15 min showed an increase with a mean
IOP of 36 mm Hg at 3 min with a spontaneous fall to
a mean of 24 mm Hg at 10 min. All eyes had an IOP
below 30 mm Hg at 15 min.14 Acute angle-closure
glaucoma immediately following intravitreal injection
of bevacizumab has also been reported.15

LABILE INTRAOCULAR PRESSURE

Although this phenomenon is rare, severe fluctuations
in IOP are possible. Martel et al. reported a case
involving a patient with unilateral ARMD who
received intravitreal ranibizumab. The patient initially
presented with hypotony and shallow choroidal
detachment five days after the intravitreal injection
followed by an acute increase in IOP resulting from
focal atrophic area in the ciliary body from 7 to
9 O’clock (corresponding to the site of intravitreal
injection). The authors noted that injury to the angle
structure, although rare, is a serious complication and
recommended ultrasound biomicroscopy to elucidate
angle changes in the instance of labile IOP.16

PERSISTENTLY ELEVATED
INTRAOCULAR PRESSURE

In contrast to transiently elevated IOP, more contro-
versy surrounds persistently elevated IOP. The two
major prospective multicenter clinical trials, MARINA
and ANCHOR, evaluating anti-VEGF for treating
ARMD did not show any sustained IOP with
ranibizumab use.17–18 The VISION and PACORES
trials also failed to show any elevated IOP with
pegaptanib and bevacizumab treatments, respect-
ively.19–20 Wehrlie reported that in ARMD patients
without glaucoma the incidence of developing
delayed ocular hypertension was 0.51% per eye-year

vs. 1% per eye-year for the control group. In eyes with
ARMD and glaucoma, the incidence of delayed ocular
hypertension was 3.1% per eye-year vs. 5.7% inci-
dence per eye-year for control eyes. Neither of these
differences was significant, and the authors reported a
lack of significant difference between elevated IOP in
control vs. eyes receiving anti-VEGF.5 On the other
hand, several case reports and retrospective chart
reviews have reported sustained elevation of IOP after
intravitreal injections.6,12,21–25 A subgroup analysis by
Bakri et al. showed that 2.1% of eyes in the MARINA
and 3.6% of the eyes in the ANCHOR trials had
at least a 6 mm Hg increase in IOP from baseline.26

In a retrospective review by Tseng et al., 25 eyes of
23 patients with ARMD who had increased IOP while
on intravitreal ranibizumab and/or bevacizumab
were studied. They reported a mean IOP of
29.8 mm Hg after a mean of 20 intravitreal anti-
VEGF injections. The authors hypothesized that
serial anti-VEGF injections could lead to sustained
IOP elevation.27 A similar paper by Hoang et al.
reviewed 207 charts with a six-month follow-up
period. They reported that on two or more consecu-
tive visits, 11.6% of treated vs. 5.3% of control eyes
experienced IOP elevation of greater than 5 mm Hg.
Patients with higher IOP had a greater number of
intravitreal injections. Therefore, the authors con-
cluded that a greater number of intravitreal injections
are associated with IOP elevation of greater than
5 mm Hg.28

MANAGEMENT

Following intravitreal injection of anti-VEGF, a tran-
sient increase in IOP occurs. In a normal, nonglauco-
matous eye with healthy optic nerve, this transient
IOP fluctuation is unlikely to cause permanent
damage.29 Such spikes in a patient with significant
underlying glaucoma, however, can have detrimental
effects. According to Aref, given that glaucoma is a
common comorbidity in patients who are being
treated with anti-VEGF for a variety of retina diseases,
it is critical that the treating physician pays particular
attention to the optic nerve by doing a careful slit-
lamp biomicroscopy examination of the optic nerve
head. Any generalized cupping, focal rim thinning, or
presence of disc hemorrhages should raise concern.
A patient’s refractive error should also be noted since
patients with shorter axial length are at greater risk of
IOP elevation.30 In a study by Kotlier et al., short-term
volume changes in myopic, hyperopic, and emme-
tropic eyes were calculated. In this study, though, the
authors looked at 0.1-cc injection of intravitreal
triamcinolone. They concluded that hyperopic eyes
were more prone to higher IOP fluctuation.31 It should
be noted that the majority of intravitreal anti-VEFG
injections are half the volume of intravitreal
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triamcinolone injections. Finally, phakic vs. aphakic or
pseudophakic status of the patient may make a
difference in pressure fluctuation. Hollands et al.
conducted a prospective study looking at changes in
short-term IOP in patients receiving bevacizumab.
Regression analysis of their data showed a trend
toward phakic patients having a higher intraocular
pressure after 30 min of anti-VEGF injection.32

Theoretically, a pseudophakic or aphakic eye has
more space for distribution of medication, and the eye
has a greater chance of coping with the immediate
fluctuation of intraocular pressure. Also, there is a
higher percentage of liquefied vitreous and a more
direct route from the vitreous cavity to the anterior
chamber.

If a patient is suffering from moderate to severe
glaucoma, it is advisable to pretreat the patient with
IOP-lowering medications 30 to 60 min prior to
injecting an anti-VEGF. Checking visual acuity imme-
diately after the injection or checking the IOP follow-
ing the injection would also help to determine a
patient’s status. If the pre-injection IOP is high, one
can consider an anterior chamber tap before injecting
an intravitreal anti-VEGF. After the anterior chamber
tap, placing the intravitreal injection should be done
with care since the eye may be slightly soft.

Many studies have reported that delayed, sus-
tained IOP elevation in patients receiving anti-VEGF
is not uncommon. Furthermore, an increasing body
of evidence correlates the delayed and sustained IOP
to the frequency of injections. Several steps can be
taken to decrease the risk of this complication. First, a
thorough glaucoma work-up and examination are
recommended in patients with ocular hypertension.
Also, physicians can consider switching the patients
from fixed-interval treatment to as-needed regimen.
Some patients’ IOP may be stabilized by the change in
frequency of intravitreal anti-VEGF. If the patient
continues to have elevated IOP, medical/surgical
management is usually necessary.

CONCLUSION

An overwhelming body of evidence points to both
short-term and long-term elevation in IOP following
injection of intravitreal anti-VEGF. Patients with
shorter axial length, previous diagnosis of glaucoma,
and repeated anti-VEGF injections seem to be at a
higher risk for developing persistent, elevated IOP.
In such cases, prophylactic use of IOP-lowering
medications and administering anti-VEGF injections
on an ‘‘as needed’’ basis may be beneficial. Prompt
recognition and treatment of patients can prevent
permanent visual loss. The Food and Drug
Administration recently approved aflibercept (Eylea,
VEGF-Trap Eye, Regeneron, Inc., Tarrytown, NY) for
treating ARMD. One advantage of aflibercept, a

fusion protein, is that it requires less frequent injec-
tions. Because several studies have shown a positive
correlation between the number of intravitreal injec-
tions and IOP elevation, the advent of aflibercept is of
great interest and further studies are needed to
elucidate its influence on IOP behavior.
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