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Abstract: Published studies agree that transient intraocular pressure
(IOP) spikes are common after intravitreal injections of anti–vascular
endothelial growth factor agents. Currently, there is no standard of care
guiding if and when to prevent these IOP spikes. Furthermore, there are
challenges in determining the impact of postinjection IOP elevation on
the health of the retinal ganglion cells, particularly given the often-
existing comorbidities of retinal and glaucoma pathology. This review
highlights the current literature regarding both acute and chronic post-
injection IOP elevations and discusses management of postinjection IOP
elevation, especially in patients at high risk for glaucomatous damage.
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CLINICAL SCENARIO
A patient with a diagnosis of primary open-angle glau-

coma undergoes an anti–vascular endothelial growth factor
(VEGF) intravitreal injection for concomitant wet age-related
macular degeneration (AMD). After injection, the patient
experiences the acute onset of eye pain with a decline in vision.
The intraocular pressure (IOP) is noted to be 45mmHg. The
symptoms rapidly resolve without intervention. How should
this patient be managed during future injections?

Anti-VEGF agents have revolutionized the treatment of
wet AMD, diabetic retinopathy, retinal vein occlusions, and
other retinal pathology.1 A common intravitreal injection
volume is 0.05mL, and serial injections are often needed over
months or years.2 In addition, anti-VEGF therapy is widely
used to manage neovascular glaucoma.3 Bevacizumab has also
been used as an adjunct to rescue failing vascularized blebs.4

Despite its utility in many diseases, a recognized adverse
effect of intravitreal anti-VEGF injections is IOP elevation.1 In

2009, Kahook et al5 published a case series of 6 eyes injected with
bevacizumab that developed sustained elevations in IOP, while
fellow eyes remained at baseline IOP. The IOP elevations
reported by the case series appeared temporally related to injec-
tions. In the past decade, many more studies have examined the
relationship between intravitreal injections and IOP elevation.

This review discusses the current literature regarding acute
and chronic sequelae of postinjection IOP elevations. The defi-
nition of IOP elevation and the timing of IOP measurement in
published studies varies; these variables are sometimes treated as
categorical variables and sometimes continuous. We try to
include relevant definitions when describing individual studies in
this review. Techniques used to measure IOP also vary between
studies. Patients with preexisting glaucoma have often been
excluded from these studies, despite their particular susceptibility
to changes in IOP. We provide data from this subgroup when
available and acknowledge gaps in current literature.

MAGNITUDE OF POSTINJECTION IOP
ELEVATIONS

Published studies agree that transient postinjection IOP
spikes are common after intravitreal injections of anti-
VEGF agents. The average IOP within 1 minute of injection
has been reported to be > 40 mmHg. Felfeli et al6 reported
an IOP rise from mean baseline preinjection of 15.3 mmHg
to postinjection of 41.6 mmHg, ranging broadly from 17 to
81 mmHg. El Chehab et al7 reported a mean IOP spike of
46.4 mmHg 1 minute after injection. In a meta-analysis of
46 articles (2872 eyes), de Vries et al8 reported that the mean
difference in IOP after anti-VEGF injection (rise above
preinjection) was 23.41 mmHg immediately after injection,
2.51 mmHg at 30 minutes, −0.63 one day after injection,
and back to baseline by 1 week. For some patients, the acute
IOP elevation does persist for at least several hours, and so it
might make sense to define 3 categories of postinjection IOP
rise, in particular to capture these sensitive eyes: early (or
acute) is a rise in IOP within minutes, intermediate is a rise
lasting hours, and late is a chronic elevation over months.

In contrast with acute IOP elevations, there is a lack of
consensus on the sequelae of repeated intravitreal injections
relating to eye pressure over a long period of time. In a post
hoc analysis of 2 phase 3 clinical trials of ranibizumab for
AMD, Bakri et al9 found that more (but not most) injected
eyes versus control eyes had an elevation of IOP (defined as
6 or 8 mmHg increase from baseline with concurrent IOP of
at least 21 or 25 mmHg) over 24 months. Foss et al10

demonstrated a very small but statistically significant mean
IOP elevation of < 0.05 mmHg that was sustained in 610
patients receiving ranibizumab or bevacizumab for AMD in
the Alternative Treatments to Inhibit Anti-VEGF inDOI: 10.1097/IJG.0000000000001894
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Age-related Choroidal Neovascularization (IVAN) trial. In
a meta-analysis of 5 randomized controlled trials (mostly
cases of diabetic macular edema rather than AMD), Zhou
et al11 demonstrated an increased risk of sustained IOP
elevation (defined as IOP> 21 or 5 mmHg above baseline
over 2 visits or IOP> 25mmHg requiring treatment) in
injected versus control eyes. They found that the prevalence
of sustained IOP elevation was 4.7%, pooled from 13 non-
randomized controlled trials with significant heterogeneity
between studies.

SEQUELAE OF POSTINJECTION IOP ELEVATION:
GLAUCOMA AND RETINAL NERVE FIBER LAYER

(RNFL) ARCHITECTURE
Although there is a lack of consensus on the chronic

effects of anti-VEGF injections on open-angle glaucoma,
several large studies support a dose-related association. In a
case-control study of over 800 eyes, Eadie et al12 demon-
strated higher incidence of glaucoma surgery in eyes
receiving 7 or more injections per year compared with eyes
receiving 3 or fewer injections per year. Cui et al13 identified
17,113 nonglaucomatous eyes receiving intravitreal injection
from the Clinformatics Data Mart Database (OptumIn-
sight, Eden Prairie, MN). Their group demonstrated that
eyes receiving more injections (14 or more injections at 2 y
follow-up and 20 or more injections at 3 y follow-up) had
higher odds of initiating IOP-lowering therapy or having a
new diagnosis of glaucoma (defined by inclusion of a glau-
coma diagnosis in medical claims data). Cui and colleagues
reported that 1.6% of all included eyes initiated IOP-
lowering therapy within 2 years follow-up, and there was no
difference in age, sex, or history of diabetes or hypertension
between the group requiring IOP-lowering therapy and the
group that did not.

Several case reports describe acute angle-closure glau-
coma temporally related to intravitreal injection. Jeong
et al14 described a case in a hyperopic eye and proposed that
eyes with short axial lengths are at higher risk due to less
space for the injected volume of fluid. They performed a
prophylactic peripheral iridotomy in the contralateral eye to
prevent future postinjection attacks. They also suggested
that prevention of vitreous reflux after injection might
contribute to high IOP. Kim and Baek15 described a case in
an eye that was not hyperopic; they suggested that zonul-
opathy and mydriasis might have contributed. Alkin et al16

suggested that anterior chamber depth might shallow after
intravitreal injection, in correlation with the acute rise in
IOP due to increased intraocular fluid volume. It might be
prudent to assess eyes for risk of angle closure, including
gonioscopy, before initiating intravitreal injections.

Studies conflict on the topic of repeated injections on
RNFL loss. Studies examining the effect of injections on
RNFL architecture are summarized in Table 1.8,17–24 In
their 2020 meta-analysis of intravitreal injections and
RNFL stability, de Vries et al8 included 4 studies on this
topic and concluded that RNFL was significantly reduced
by −3.34 µm at 1 year, but only 1 of the 4 individual studies
(Martinez-de-la-Casa and colleagues) inferred that injec-
tions were associated with thinning. Martinez-de-la-Casa
et al20 completed a prospective study of 49 eyes and 17
control eyes that demonstrated RNFL thinning in injected
eyes over the span of 1 year. Jo et al19 found that RNFL was
not reduced in eyes treated with ranibizumab and suggested
that areas of RNFL thinning might more likely be related to

the macular lesion rather than the injections. Entezari et al17

also found that RNFL was at baseline at 12 months in eyes
injected with bevacizumab and similarly concluded that
RNFL thinning might be related to changes in macular
edema. Parlak et al21 found thinning in both injected eyes
and control eyes without a difference between the groups.
Outside of de Vries and colleagues’ meta-analysis, Soheilian
et al22 suggested that prevention of acute spikes via pro-
phylactic anterior chamber paracentesis prevents RNFL
loss in injected eyes measured 3 months after injection. In
contrast, Valverde-Megias et al24 followed 20 injected eyes
and their contralateral control eyes for 8 years and dem-
onstrated RNFL loss in both groups but no difference in
RNFL thickness or loss between injected and control eyes.
Horsley et al18 reported no RNFL loss in a retrospective
study of injected eyes that underwent RNFL measurement
over the span of at least 1 year. Swaminathan et al23

reported no difference in RNFL thinning per year in a ret-
rospective study of 53 injected eyes versus fellow eye con-
trols. If there is an association between injections and
RNFL loss, then it is likely that some but not all eyes are
susceptible, and small studies might bias the data and miss
susceptible eyes. Unlike IOP monitoring, monitoring of
RNFL health is not currently standard of care in patients
receiving anti-VEGF injections and might be impacted by
injections as well as the underlying retinal pathology.

PATHOPHYSIOLOGY
It is reasonable to suspect that injection of a volume of

fluid in a relatively closed space contributes to the acute
elevation in pressure. In 1 case report, an acute IOP spike
following intravitreal injection in a posttrabeculectomy eye
resulted in bleb rupture.25 The authors noted that the acute
volume effect of an intravitreal injection could be enough to
elevate IOP by 90 mmHg. While the mechanism of acute
IOP rise postintravitreal injection is agreed upon—a volume
effect that is short-lasting—the mechanism of chronic IOP
rise is more controversial.

Wen et al26 used electronic Schiøtz tonography to
compare aqueous outflow in control eyes versus eyes that
received up to 10 injections and eyes that received at least
20. They demonstrated reduced aqueous outflow in eyes
receiving a greater number of injections. Chronic elevation
in IOP might relate to repeated and ongoing injury to the
trabecular meshwork from the repeated injection of high
volume, alterations in levels of trabecular meshwork vaso-
dilating modulators such as nitric oxide, toxic effects of
drugs or drug delivery, or inflammatory damage.

In one proposed mechanism, anti-VEGF agents might
decrease nitric oxide levels via inhibition of nitric oxide
synthase, resulting in downstream movement of potassium
and calcium in trabecular meshwork cells, alteration of
trabecular meshwork cell contractility, and ultimately
decreased aqueous outflow through intercellular spaces27–29

(Fig. 1). Connections have been drawn between the systemic
effect and intraocular effect of nitric oxide on smooth
muscle and cell contractility. For example, systemic hyper-
tension secondary to anti-VEGF agents has been described,
possibly due to decreased activity of nitric oxide synthase
resulting in blood vessel constriction, and it has been pro-
posed that anti-VEGF agents similarly increase outflow
resistance in the eye.30

Animal studies demonstrate retention of injected
materials in ocular structures that could affect aqueous
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TABLE 1. Summary of Studies Evaluating Postinjection Changes to RNFL

References Study Design Anti-VEGF Drug
Retinal

Pathology N Length of Follow-up
Eyes With
Glaucoma Summary of Results

de Vries et al8 Meta-analysis Anti-VEGF,
dexamethasone

AMD 5 studies included in RNFL
meta-analysis; 4 studies

included in anti-VEGF RNFL
meta-analysis

NA NA RNFL thinning was significant only
at 12 mo

Entezari et al17 Prospective Bevacizumab AMD 18 injected eyes, no controls Measurements at 12 wk
and 24 wk postinjection

Excluded RNFL thinning was present in the
temporal quadrant at 12 wk but
back at baseline at 24 wk; RNFL
thinning might be related to
decreased macular edema

Horsley et al18 Retrospective Pegaptanib,
bevacizumab,
ranibizumab

AMD 41 eyes Mean: 27mo Excluded There was no RNFL thinning in any
group

Jo et al19 Prospective Ranibizumab AMD 20 injected eyes compared with
fellow eyes

Measurements at 6 and
12mo postinjection

Excluded RNFL thinning was present in the
clock hours of the macular lesion;
RNFL might more likely be related
to the macular lesion (eg, decreased
macular edema) rather than
injections

Martinez-de-la-
Casa et al20

Prospective Ranibizumab AMD 49 injected eyes, 17 control
eyes

12 mo Excluded There was significant RNFL thinning
in the injection group but not the
control group at 12mo

Parlak et al21 Prospective Ranibizumab AMD 22 injected eyes compared with
fellow eyes

3 mo Excluded There was RNFL thinning in injected
eyes and control eyes, but there was
no difference between these groups

Soheilian et al22 Prospective,
randomized

Bevacizumab AMD, DME 45 eyes with prophylactic
paracentesis, 45 control eyes

3 mo after injection Excluded Mean RNFL decreased more in eyes
without paracentesis (−2 µm) than
in eyes with paracentesis (0 µm)

Swaminathan
et al23

Retrospective Not specified AMD 53 eyes compared with fellow
eyes

Mean: 3.7 y Included Injected eyes with glaucoma did not
have more RNFL thinning than
control eyes with glaucoma

Valverde-Megias
et al24

Prospective Ranibizumab AMD 20 eyes 96mo Excluded There was no difference in RNFL
thickness or loss between injected
eyes and contralateral eyes

AMD indicates age-related macular degeneration; DME, diabetic macular edema; NA, not available; RNFL, retinal nerve fiber layer; VEGF, vascular endothelial growth factor.
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outflow either by mechanical or other mechanisms. Gal-Or
et al31 injected bevacizumab into the vitreous of rats with
choroidal neovascularization to demonstrate that bev-
acizumab interacts with trabecular meshwork. At time
points from immediately after injection to 6 hours later,
bevacizumab was identified by immunofluorescence in the
trabecular meshwork and Schlemm canal. At 24 hours,
immunoreactivity to bevacizumab was still detectable in
outflow tracts, clearing by 48 hours. Huet et al32 identified
retained intraocular foreign material consistent with silicone
oil droplets in eyes of monkeys given intravitreal injections.
The silicone oil is theorized to originate in coatings on
syringes used for injection. Silicone oil and protein particles
have been found in anti-VEGF samples.33,34 Presumed sil-
icone oil from syringes has also been described in multiple
studies of injected human eyes.35 To prevent silicone reten-
tion in injected eyes, Lode et al36 described a method of
compounding anti-VEGF agents in silicone-free syringes.

RISK FACTORS
Multiple factors are theorized to modulate the magni-

tude and duration of an acute IOP spike. Studies reporting
risk factors are summarized in Table 2.7,10,37–47 For many of
these factors, published studies can be found both to support
and to contradict their effects on postinjection pressure.
Factors related to the effect of increased volume in a closed
space include axial length and lens status. Karakurt et al38

suggested a negative correlation between axial length and
the immediate postinjection IOP spike. El Chehab et al7

reported no association of acute spike with axial length or
lens status. Another group found Nd:YAG capsulotomy to
be a risk factor for sustained postinjection IOP elevation but
no difference between phakic and pseudophakic eyes, pro-
posing that capsulotomy alters the interaction between the
injected drug and the trabecular meshwork.40 In a study of
ocular rigidity in eyes receiving anti-VEGF injections,
Sayah et al39 suggested that increased ocular rigidity was
associated with increased postinjection IOP.

Several studies associate an increased number of
injections with an increased risk of sustained IOP elevation.
In a study of 140 eyes without a history of glaucoma, 7%

were reported to develop sustained IOP elevation of
> 6mmHg above their preinjection IOP, and IOP elevation
was reported to be associated with a number of injections.45

In a study of over 200 patients, eyes with elevated IOP
sustained over 2 visits had received more injections than
eyes without sustained IOP elevation.37 As discussed earlier
in this review, Cui and colleagues reported an association
between a greater number of injections and the risk of ini-
tiating IOP-lowering therapy based on claims data from
17,113 nonglaucomatous eyes.

The possibility that a higher number of repeated
injections confers more risk raises the question of whether
long-acting anti-VEGF injections confer less risk than
repeated injections over the same period of time. At the time
of this review, brolucizumab is the only Food and Drug
Administration (FDA)-approved long-acting anti-VEGF
injection for retinal disease. Brolucizumab dosed at 12-week
intervals was compared with aflibercept for AMD in the
phase 3 HAWK and HARRIER trials; IOP was included as
an ocular adverse event.48 Eyes with potentially confound-
ing intraocular conditions or uncontrolled glaucoma were
excluded. IOP measurements were done before injection,
immediately after injection, and 30 minutes after injection.
Incidence of increased IOP was reported to be similar in the
brolucizumab and aflibercept groups (2.5% to 3.2% and
2.2% to 2.4%, respectively). Trends in IOP over the 48-week
follow-up were not specifically reported in the clinical trial.
Trends in IOP over longer follow-up and RNFL measure-
ments would be interesting to evaluate in ongoing studies of
long-acting anti-VEGF injections.

Several studies suggest eyes with a history of glaucoma
are at a higher risk for postinjection IOP elevation. Foss
et al10 found that eyes with preexisting glaucoma have a
high postinjection IOP spike. Kim et al47 found that eyes
with preexisting glaucoma take longer to recover from the
acute spike; fewer eyes with glaucoma had reached an IOP
< 30mmHg at 5, 10, and 15 minutes after injection com-
pared with nonglaucomatous eyes. Good et al42 reported
higher prevalence of sustained postinjection IOP in eyes
with glaucoma. Elevation of IOP in more susceptible
patients receiving these injections has motivated some
ophthalmologists to recommend more intensive pressure
monitoring before and after injections in this specific sub-
group. Surgical alterations to aqueous outflow might also
affect postinjection IOP. Lam et al46 found that eyes with
prior incisional glaucoma surgery have a smaller spike and
recover more quickly. Mean postinjection spike was at least
15 mmHg lower in postsurgical glaucomatous eyes and
returned to baseline at least 5 minutes faster. It would be
interesting to know whether minimally invasive glaucoma
surgery (MIGS) mitigates the effect of intravitreal injections
on IOP. Rezkallah et al49 reported a case series of MIGS for
treatment of elevated IOP related to intravitreal steroid
injections. We are not aware of any studies of MIGS to
prevent IOP elevation associated with intravitreal anti-
VEGF injections in our review of the literature.

In addition to the ocular volume and glaucoma history,
other potential variables include the type of retinal pathol-
ogy, volume of injected medication, and intraocular fluid
dynamics.

PREVENTION
Most studies agree that pretreatment with topical IOP-

lowering drops decreases acute postinjection IOP spikes.

FIGURE 1. It has been proposed that vascular endothelial growth
factor (VEGF) increases nitric oxide production in trabecular
meshwork (TM), with downstream alteration of TM cell structure.
These changes in cell structure open the TM lumen through
which aqueous flows. Anti-VEGF agents would inhibit this
mechanism and decrease aqueous outflow.
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TABLE 2. Summary of Studies Evaluating Risk Factors for Postinjection IOP Elevation

References Study Design Anti-VEGF Drug Retinal Pathology Total (N) Summary of Results

Anterior segment anatomy
Cui et al13 Retrospective Not specified AMD, retinal vein occlusion,

other
17,113 patients Patients that initiated IOP-lowering therapies after

receiving injections were less likely to be pseudophakic
than patients that did not initiate IOP-lowering
therapy

El Chehab et al7 Prospective Ranibizumab AMD 250 injections Phakic status and axial length were not associated with
acute IOP elevation

Foss et al10 Randomized controlled
clinical trial

Bevacizumab, ranibizumab AMD 610 patients Postinjection IOP spike was reduced in pseudophakic/
aphakic eyes (compared with phakic eyes)

Hoang et al37 Retrospective Bevacizumab, ranibizumab AMD 207 eyes Phakic status, status of YAG capsulotomy, and history
of peripheral iridotomy were not statistically
associated with sustained IOP elevation

Karakurt et al38 Retrospective Bevacizumab, ranibizumab,
dexamethasone

AMD, retinal vein occlusion,
diabetic retinopathy

188 patients Acute IOP elevation at 1 min postinjection was
negatively correlated with axial length

Sayah et al39 Prospective Anti-VEGF, not otherwise
specified

AMD, retinal vein occlusion,
diabetic retinopathy, other

18 eyes Greater ocular rigidity is associated with greater
postinjection IOP spike

Sternfeld et al40 Retrospective Bevacizumab, ranibizumab AMD, diabetic macular
edema, other

119 eyes Postcapsulotomy eyes had higher rates of IOP elevation
than either phakic or pseudophakic eyes without
capsulotomy. There was no difference in IOP
elevation between phakic vs. pseudophakic eyes

Anti-VEGF drug and dosing
Choi et al41 Retrospective Bevacizumab, ranibizumab,

pegaptanib
AMD 155 eyes There was no relationship between IOP measurements

and frequency of injections, total number of
injections, or agents used

Cui et al13 Retrospective Not specified AMD, retinal vein occlusion,
other

17,113 patients Eyes with more injections had a higher odds of initiating
IOP-lowering therapy

Foss et al10 Randomized controlled
clinical trial

Bevacizumab, ranibizumab AMD 610 patients Bevacizmub-treated eyes had a postinjection IOP that
was lower than in ranibizumab-treated eyes but this
reduction was not statistically significant

Good et al42 Retrospective Bevacizumab, ranibizumab AMD 215 eyes There was not enough statistical significance to
determine a difference in elevation of IOP between
bevacizumab and ranibizumab groups

Hoang et al37 Retrospective Bevacizumab, ranibizumab AMD 207 eyes Greater number of injections was weakly associated with
development of sustained IOP elevation

Mathalone et al43 Retrospective Bevacizumab AMD 201 eyes Shorter interval between injections (< 8 wk) was
associated with sustained IOP elevation

Tseng et al44 Series of eyes with
postinjection IOP

elevation

Bevacizumab, ranibizumab AMD 25 eyes Eyes received mean: 20 (median: 17) injections before
sustained IOP elevation developed

Vo Kim et al45 Retrospective Ranibizumab, aflibercept Diabetic macular edema 140 eyes Eyes with sustained postinjection IOP elevation had
received more injections than eyes without elevation;
there was no difference in interval between injections
or injection drug
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In a randomized cross-over trial, eyes pretreated with bri-
monidine (1 drop 20 min before injection) had a lower mean
IOP immediately after injection and 20 minutes after
injection.6 Fewer pretreated eyes versus control eyes reached
an IOP > 50 mmHg and fewer required therapeutic anterior
chamber paracentesis after injection. In a randomized
double-masked placebo-controlled study, mean IOP in eyes
pretreated with combination brimonidine/timolol (dosed
twice daily on the day prior and the day of injection) was
28 mmHg 5 minutes postinjection versus 34mmHg in eyes
pretreated with artificial tears.50 At 15 minutes post-
injection, all pretreated eyes but only a third of control eyes
had resolved to an IOP < 20 mmHg. Another option to
control acute elevation in IOP in this setting is to perform an
anterior chamber paracentesis. In a study of eyes random-
ized to anterior chamber paracentesis (immediately after
injection), brimonidine (90 min before injection), acetazo-
lamide (90 min before injection), or no pretreatment, only
anterior chamber paracentesis prevented postinjection IOP
elevation entirely.51 All pretreated groups returned to
baseline more quickly than the control group. While the
data strongly suggest that pretreatment is beneficial, there is
no consensus around preinjection protocols to prevent acute
IOP elevation. In addition, glaucoma patients who are
already on IOP-lowering drops might not receive the same
magnitude of mitigation as a patient who is naïve to drops.
This has not been specifically studied.

In contrast, the data on how to mitigate chronic IOP
elevation or impact on RNFL after injections are sparse.
Methods might include minimizing injections via “treat and
extend” protocols, using sustained-release anti-VEGF
injections to avoid repeated injections, avoiding syringes at
risk of leaving particles, or even decreasing injection vol-
ume, but in our review of the current literature, these have
yet to be rigorously studied. It is difficult to study methods
of mitigating chronic effects when the chronic effects are not
well understood.

CHALLENGES IN RESEARCH
The interplay between glaucoma and retinal diseases as

well as the complexity of each disease makes this a difficult
topic to study. Some retinal nerve fiber damage is expected
in retinal pathologies—regardless of injections—such as
ischemic etiologies involved with retinal vein occlusions,
diabetes, or retinal disease that results in neovascular glau-
coma. There are likely subgroups of eyes, such as eyes with
severe RNFL loss versus nonglaucomatous eyes, that are
affected differently by chronic injections. The many factors
theorized to modulate the magnitude and duration of the
IOP spike might confound studies of this topic, thus making
a homogeneous patient population hard to define.

Most published studies are indeed limited by small size
and the heterogeneity of the study populations. Studies that
include eyes with retinal vein occlusions might be
confounding the results due to the eyes having RNFL
damage secondary to the vein occlusions rather than injec-
tions. These eyes might also develop neovascular glaucoma,
also confounding the results. Several studies suggest that
treatment with ranibizumab increases the risk of elevated
IOP when compared with bevacizumab or aflibercept.52

This difference in risk limits the interpretation of studies that
mix eyes receiving a variety of different agents in a single
study population. Many studies treat IOP as a categorical
variable. There might be value in examining IOP as aTA
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continuous variable instead. Furthermore, the larger more
homogeneous clinical studies intended for drug development
and regulatory approval excluded glaucomatous eyes. In
studies that do include glaucomatous eyes, it is difficult to
confidently associate chronic IOP or RNFL changes with
injections in eyes that are already at risk of glaucomatous
progression.

Large prospective trials would be useful to determine
whether prevention of acute postinjection IOP spikes pro-
tects eyes from glaucomatous damage. But even without
large prospective studies, it seems intuitive that monitoring
of RNFL health should be considered in eyes at risk for
glaucoma while receiving chronic anti-VEGF treatment.
Optic nerves in glaucomatous eyes might be particularly
sensitive to variations in IOP. In future studies and in clinical
practice, eyes with preexisting glaucoma should be consid-
ered a unique group with regard to postinjection IOP spikes.

CONCLUSIONS
In summary, acute IOP elevations are common after

intravitreal injections; chronic IOP elevations related to
injections likely occur in some eyes, and data seem to sug-
gest that prevention of postinjection IOP spikes should be
considered as part of a standardized management approach.
This approach would likely vary based on individual risk
factors, with vigilance in at-risk eyes more vulnerable to
glaucoma damage. Vigilant monitoring of eyes receiving
injections might likely include IOP and RNFL monitoring.
For example, in the clinical scenario provided in this paper,
management might reasonably include monitoring of
RNFL imaging and prevention of future IOP spikes with
topical therapies. The acute IOP elevation is likely due to an
acute increase in volume in a relatively closed space; chronic
IOP elevations are less understood but are theorized to
result from the reduced aqueous outflow. It has been sug-
gested that incisional glaucoma surgery mitigates the effect
of intravitreal injections on IOP. Effects from MIGS on
postinjection IOP is not yet well studied. In addition, the
effects of long-acting anti-VEGF agents on IOP are not yet
well studied.

Pretreatment with IOP-lowering drops is not a unique
approach to the prevention of acute IOP spikes and is
widely used before laser procedures like YAG capsulotomy
and selective laser trabeculoplasty. Pretreatment should be
routinely considered before intravitreal injections, partic-
ularly in eyes with glaucoma or known history of sustained
IOP elevation, in whom the chronic effects are not yet
known. As more attention is paid to the patient experience
in healthcare valuations, the physical discomfort of post-
injection IOP spikes such as acute loss of vision and eye pain
are also reason to consider prevention of postinjection IOP
spikes.

There are many challenges to rigorously studying the
relationship between repeated intravitreal anti-VEGF
injections and long-term IOP and RNFL trends. Retinal
ischemia resulting in RNFL thinning or neovascular glau-
coma potentially confounds our understanding of this
relationship.

Indications for intravitreal injections are expanding,
with studies such as the PANORAMA trial showing benefit
in eyes with nonproliferative diabetic retinopathy that pre-
viously did not receive injections.53 Thus, more and more
patients are likely to be impacted by the acute and chronic
effects of postinjection IOP elevation. Collateral damage to

the RNFL should be avoided and the impact of elevated
IOP associated with intravitreal injections should be
addressed. The development of intravitreal injection proto-
cols that address both retinal and optic nerve health are
perhaps long overdue.
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