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Purpose: To study the effects of anti-VEGF injections on the prevalence of ocular hypertension (OHT), sustained elevated
intraocular pressure (SE-IOP), and primary open-angle glaucoma (POAG) with age-matched controls.

Methods: A retrospective case-control study was performed with neovascular age-related macular degeneration (AMD) or diabetic
macular edema (DME) against a control group involving atrophic AMD or diabetic retinopathy (DR) without DME. Bevacizumab,
ranibizumab, or a combination of both were used in the treatment group. OHT was defined as IOP>21 mm Hg while SE-IOP was
defined as IOP that increased by > 6 mmHg or was >25 mm Hg on two or more visits, 30 days apart. Patients with a pre-existing
history of glaucoma, vein occlusions, IVI steroids, and pars plana vitrectomy were excluded.

Results: A total of 1312 eyes of 784 patients were included in the study. Using age-matched controls, the treatment and control group
was further refined to 394 eyes of 224 patients compared to 340 eyes from 170 patients respectively. The mean age was 58.4 = 8.7 for
the control versus 58.8 + 8.8 years for the treatment group. The average IOP was higher in the injection group compared to the control
with 25.8 £ 9.3 versus 19.5 £ 5.1 mmHg respectively, P<0.001. Significant increases in POAG (10.7% vs 2.9%, p<0.01), OHT (67.0%
vs 22.4%, p<0.001), and SE-IOP (41.1% vs 7.6%, p<0.001) were seen in the injection group compared to the age-matched control
group. The rates of POAG and OHT were positively associated with the number of injections, R?=0.856, P<0.01 and R?=0.749,
P<0.05, respectively.

Conclusion: Compared to age-matched controls, patients treated with anti-VEGF agents demonstrated an increased rate of OHT, SE-
IOP, and POAG which correlated with the number of IVIs. However, additional prospective studies are needed to determine if there is
a true association between intravitreal anti-VEGF injections and glaucoma.
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Introduction

Anti-vascular endothelial growth factor (VEGF) has revolutionized the treatment of certain retinal pathologies. Landmark
trials have proven the efficacy of anti-VEGF in improving vision in age-related macular degeneration (AMD) and diabetic
macular edema (DME)."™ Although anti-VEGF has a favorable safety profile in these trials, several studies have
documented transient elevation of intraocular pressure (IOP) immediately after intravitreal injection (IVI).””’

However, it is controversial whether repeated IVI can lead to sustained elevated intraocular pressure (SE-IOP),
described as an increase in IOP above baseline by >6 mmHg and/or an IOP elevation to >21-24 mmHg on two or more
consecutive visits beyond 30 days. Two multicenter clinical trials, ANCHOR and MARINA, evaluating anti-VEGF for
the treatment of AMD, did not show SE-IOP with IVI of ranibizumab.®” However, further subgroup analysis by Bakri
et al on both ANCHOR and MARINA studies demonstrated that 26.1% and 13.6% of patients presented with IOP
>21 mmHg and >6 mmHg above the baseline. '

Patients with persistent ocular hypertension (IOP>21 mmHg) are at increased risk of developing primary open-angle
glaucoma (POAG)."" The risk of POAG is significantly associated with regression of the retinal nerve fiber layer (RNFL)

Clinical Ophthalmology 2024:18 3861-3870 3861
Received: 5 September 2024 © 2024 LoBue et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati org/licenses/by-nc/3.0/). By accessing the

Accepted: 28 November 2024
Published: 19 December 2024

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-2899-7730
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

LoBue et al Dove

and an increase in the vertical cup-to-disk ratio.'*'* Thus, elevated IOP from IVI may increase the risk of OHT or SE-
IOP, POAG, and RNFL thinning. To better quantify the possible association between elevated IOP and IVI of anti-VEGF,
we performed a retrospective case-control study comparing the rates of OHT, SE-IOP, POAG, and RNFL thinning
between patients receiving anti-VEGF for wet AMD or DME and a non-injection group involving atrophic AMD or
diabetic retinopathy without DME. The two conditions, OHT and SE-IOP, are sometimes considered a continuum and
can be present in the same patient at different times. However, to better understand the fluctuations in IOP, we chose to
separate these definitions. As a result, we hypothesized that IVI of anti-VEGF is associated with a sustained increase in
IOP along with a higher rate of glaucoma.

Material and Methods

A retrospective case-control study was conducted at the Acuity Eye Group medical centers in Southern California, United
States. The study was approved by the Advarra Institutional Review Board (IRB) and was conducted according to the tenets of
the Declaration of Helsinki. All patients provided verbal and written informed consent before participating in the study. The
study population included consecutive eligible patients with neovascular AMD, diabetic retinopathy (DR) with or without
DME, or atrophic AMD who had received treatment for at least one year at the center.

Patients who were actively treated from July 1, 2018, to October 1, 2019, were consecutively selected for the study to
avoid selection bias. A chart review examined up to four years of data for each patient being reviewed in this time period
with a mean of 3.1 + 0.5 years. IVI of anti-VEGF agents, either bevacizumab, ranibizumab, or a combination of the two,
were administered by a single clinician. Patients with neovascular AMD or DR with DME were included in the treatment
group and received anti-VEGF IVIs. Patients with atrophic AMD or DR without DME served as the control group and did
not receive any anti-VEGF agents. Patients were consecutively included in this study. As a result, the time points for anti-
VEGF treatment were random and not identical between patients.

IOP was measured using a handheld tonometer (Tono-Pen XL, Haag-Streit, Koniz, Switzerland) before every IVI of
anti-VEGF or clinic visit in the treatment and non-treatment groups, respectively. IOP was compared with a chart review of
patients followed up in the clinic for at least 1 year with a maximum duration of 5 years. Data from serial IOP were used to
create an average for each patient. All IOP measurements involve patients without treatment of glaucoma medication. OHT
was defined as an elevation of IOP>21 on two or more office visits 30 days apart. SE-IOP was classified as an increase in
average [OP> 6 mmHg or a maximum IOP>25 mmHg on two or more office visits 30 days apart.

Patients were seen by glaucoma specialists for full glaucoma screening, including a Humphrey visual field 24-2
(HVF), optic nerve optical coherence tomography (OCT) via Stratus OCT (Carl Zeiss Meditec Inc)., gonioscopy, IOP
measurement with Goldmann applanation tonometry, and full anterior and posterior examination.

POAG was defined as RNFL defects with corresponding visual field (VF) loss, without other known secondary causes
of glaucoma. A glaucoma suspect was defined as a patient with or without OHT who had either RNFL defects or VF loss
(not both) without any known secondary cause. RNFL progression was defined as a decrease of at least 8 um at any
clock hour on reliable testing (eg, good signal strength, no artifacts, and repeatability).

Inclusion Criteria

Patients eligible for the study included men and women aged > 18 years who were treatment-naive and eligible for anti-
VEGEF injections (bevacizumab, ranibizumab, or a combination of both) in one or both eyes. All patients were evaluated
by an ophthalmologist using baseline optic nerve OCT and HVF.

Exclusion Criteria

Patients excluded from the study involved a pre-existing history of glaucoma, ocular pathology that limited the patient’s
visual acuity to perform HVF, insufficient data secondary to unreliable HVF or OCT, patients with inadequate media
clarity, patients eligible for anti-VEGF injections but who had prior treatment with panretinal photocoagulation or IVI
triamcinolone (steroid), history of central retinal vein occlusion (CRVO), and patients with a history of vitrectomy.
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The primary study aimed to compare the differences in average IOP, OHT, SE-IOP, and POAG between the control
and IVI groups. The secondary study aimed to identify the relationship between POAG, OHT, and RNFL thinning and
the number of injections.

Descriptive statistics with a two-tailed Student’s #-test were used to compare age and mean IOP between the study and
control groups (+ standard deviation). The chi-square test was used to determine the significance of the association
between OHT, SE-IOP, POAG, and glaucoma suspects between the control and injection groups. ANOVA and regression
analysis were used to determine the association between the number of injections with POAG and OHT.

Results

A total of 1516 eyes from 928 consecutive patients eligible for anti-VEGF injections were analyzed. Patients treated for
vein occlusions (93), prior vitrectomy (2), prior history of IVI triamcinolone (29), prior history of anti-VEGF injections
in the control group (36), or insufficient or poor data quality (44) were excluded from this study. Thus, 1312 eyes of 784
consecutive patients (411 females and 373 males) with DR and AMD were included in the study (Table 1).

The mean age of the patients in the study was 70.6 £14.7 years of age. In the control group, the mean age was 65.7 £
12.5 compared to 73.2 + 15.1 years of age in the injection group, P<0.05. The injection group had a bimodal distribution
of patients aged 60—65 and 85-90 years of age (Figure 1). Female gender were equally divided between the study and
control groups at 51% and 53%, respectively P>0.05 (Table 1). The mean average ocular pressure for all combined
patients was 23 + 8.2 mmHg.

The anti-VEGF group included 772 eyes of 514 patients (272 females, 242 males).

A total of 452 patients had neovascular AMD versus 320 with DR and DME. In the anti-VEGF group, 405 eyes
received bevacizumab only, 125 received bevacizumab plus ranibizumab, and 242 received ranibizumab only with a total
mean IVI of 10.2 + 8.3 for the entire study (Table 1). Thus the average interval dosing was approximately every 3
months. In the injection group, 76.3% were phakic (Table 1). The average ocular pressure in the anti-VEGF group was
24.9 + 8.8 mmHg (Figure 2).

The control group included 540 eyes of 270 patients (139 females and 131 males). A total of 500 eyes had DR
without DME, and 40 had atrophic AMD. In the control group, 81.1% of patients were phakic (Table 1). The average
ocular pressure in the control group was 19.4 + 5.3 mmHg (Figure 2).

The average IOP was significantly greater in the treatment group compared to the control, 24.9 + 8.8 versus 19.4 +
5.3 mmHg respectively, p<0.001 (Figure 2). The anti-VEGF group had significantly more patients with OHT and SE-IOP

Table | Demographic Data Between the Control and Study
(Anti-VEGF) Group with and Without Age-Match Controls

Study Control P value

N (Total Eyes) 772 540

Mean Age 732 £ 15.1 | 65.7 £ 125 <0.05
Female Gender 53% 51% >0.5
DR 320 500 >0.5
AMD 452 40 <0.05
Mean VI (£ SD) 102 £ 83 0

Phakic 76.26 8l.11 >0.5
N (Age Matched Eyes) 394 340

Mean Age 58.8 + 8.8 584 + 87 >0.5
Female Gender 58% 46% >0.5
DR 271 310 >0.5
AMD 123 30 <0.05
Mean VI (£ SD) 94+78 0

Phakic 84.38 90 >0.5

Abbreviations: AMD, age-related macular degeneration; DR, diabetic retino-
pathy; IV, intravitreal injection; SD, standard deviation.
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Figure | The mean age was 65.7 + 12.5 in the control compared to 73.2 + 15.1 years of age in the injection group. The injection group had a bimodal distribution of patients
at 60-65 and 85-90 years of age.
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Figure 2 Mean IOP changes between all groups. All IOPs were treatment naive patients, not on glaucoma medication.
Notes: £ P < 0.001.

than the control group 65.9% vs 21.5% and 37.6% versus 5.9%, respectively; (P<0.001, Table 2). Compared to the
control group, more patients in the anti-VEGF group had POAG, 3.7% versus 12.3%, respectively (P<0.001, Table 2). In
addition, more patients were categorized as glaucoma suspects in the treatment group than in the control, 18.7% versus
13.3%, respectively (P<0.05, Table 2).

Among the glaucoma suspects in the anti-VEGF IVI group, 69.8% had OHT, 62.5% had RNFL thinning, and 17.7%
had RNFL thinning without OHT. Among glaucoma suspects who had RNFL thinning without OHT, 17.2% had an optic
nerve cup/disc ratio (C/D) of <0.4, 41.4% had a C/D of <0.5, and 37.9% had a C/D >0.6.

The number of IVIs was grouped as 1-5, 6-10, 11-15, 1620, and 21+. Regression analysis was used to determine
whether repeat IVI was associated with increased rates of OHT and POAG. The regression model showed that POAG
(R*=0.857, ANOVA P<0.01) and OHT (R*=0.749, ANOVA P<0.05) were correlated positively with the number of IVI
(Figures 3 and 4).
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Table 2 Comparison of the Rates of Glaucoma Suspect, Primary
Open Angle Glaucoma, Ocular Hypertension, and Sustained
Elevated Intraocular Pressure Between the Control and Study
Group Without Age-Matched Controls

All N GS POAG OHT SE-IOP

Study | 772 | 96 (18.7%) | 63 (12.3%) | 335 (65.9%) | 193 (37.6%)

Control | 540 | 72 (13.3%) | 20 3.7%) | 116 (21.5%) | 32 (5.9%)

P-value p<0.05 p<0.001 p<0.001 p<0.001

Abbreviations: GS, glaucoma suspect; POAG, primary open angle glaucoma; OHT,
ocular hypertension; SE-IOP, sustained elevated intraocular pressure.

Owing to the bimodal distribution of the injection group, a statistical difference in the mean population was found
between the study and control group (P<0.05, Figure 1). To equalize the mean ages between the groups, a cut-off in max-
age was set at 70 years of age to reflect the first bimodal peak of the injection group (Figure 1). Means with this new cut-
off were 58.4 £ 8.7 for the control versus 58.8 + 8.8 years of age for the injection group (P>0.05, Table 1). In addition,
58% of the patients in the control group were female, compared to 46% in the injection group (Table 1). The total number
of control patients was 340 eyes from 170 patients, comprising 155 patients with DR without DME and 15 with atrophic
AMD. Within the control group, 90% of the patients were phakic compared with 84.4% in the injection group (Table 1).

The total number of patients in the age-matched injection group were 394 eyes of 224 patients, consisting of 123 with
neovascular AMD and 271 with DME (Table 1). The average IOP was still significantly higher in the injection group
compared to the control with 25.8 + 9.3 versus 19.5 £ 5.1 mmHg respectively, p<0.001 (Figure 2). Significant increases
in POAG (10.7% versus 2.9%), OHT (67% versus 22.4%), and SE-IOP (41.1% versus 7.6%) were seen in the injection
compared to the control group (P<0.01, P<0.001, and P<0.001, respectively, Table 3). The rate of glaucoma suspects was
similar between the injection and control groups (P>0.05, Table 3). The mean number of injections was 9.4 = 7.8 for the
duration of the study (Table 1).

Discussion
Landmark trials have reported that IVI of anti-VEGF is effective in treating neovascular AMD and DME.'>'® However,
anti-VEGF treatment is associated with a range of sequelae including an acute rise in IOP, intraocular inflammation,

Association of POAG with IVI of Anti-VEGF
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Figure 3 The number of IVIs were grouped from 1-5, 6-10, 11-15, 16-20, and 2|+. Regression analysis demonstrated a positive correlation with the number of injections
and POAG, R?=0.857, P<0.01.
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Figure 4 The number of IVIs were grouped from 1-5, 6-10, 11-15, 16-20, and 21+. Regression analysis demonstrated a positive correlation with the number of injections

and OHT, R?=0.749, P<0.05.

endophthalmitis, ocular hemorrhage, and rarely, ischemic optic neuropathy (ION).'” Among these sequelae, ocular
inflammation and acute rise in IOP are the most frequent.'®

Although transient OHT, occurring 0 to 60 min after IVI of anti-VEGF, has been abundantly reported in the
literature,'® > controversy exists as to whether patients can develop SE-IOP or increased rates of OHT. In our study,
the mean IOP was significantly greater in the injection group than in the age-matched and non-matched controls
(P<0.001). In addition, the anti-VEGF group had significantly more patients with OHT and SE-IOP than both age-
matched and non-matched controls (p<0.01, Tables 2 and 3).

In a large study by Freund et al** involving analyses from two Phase III randomized clinical trials, IOP >21 mmHg
was observed in 10% of patients at 52 weeks and in 15% of patients at 96 weeks. A meta-analysis of five randomized
controlled trials (RCTs, N=1428) and 17 non-RCTs (N=8358) in patients with wet AMD or DME reported a two-fold
increase in the risk of SE-IOP after multiple anti-VEGF IVIs.>> The analysis of the RCTs showed an increased risk of
SE-IOP in the anti-VEGF IVI group compared with the laser or sham injection group (risk ratio (RR)) = 3.00, 95%
confidence interval ((CI):1.63-5.53). The increased SE-IOP risk correlated with the follow-up duration. The relative risk
(RR) of SE-IOP was 2.14 (95% CI 0.69—6.57) at six months, 3.15 (95% CI 0.99—-10.09) at 12 months, and 3.48 (95% CI
1.38-8.78) at 23 months. Pooled analysis of the data from non-RCTs showed that the prevalence of SE-IOP was 4.7%
(95% CI 3.7-5.8), irrespective of the diagnostic criteria.”> The RR of SE-IOP was higher when pre-existing glaucoma
patients were included in the analysis (RR (excluding glaucoma patients)=2.6 (CI, 1.16-5.81; p=0.02) vs RR (including
glaucoma patients)=3.48 (CI, 1.38-8.78; p=0.008).%

Table 3 Comparison of the Rates of Glaucoma Suspect, Primary Open
Angle Glaucoma, Ocular Hypertension, and Sustained Elevated Intraocular
Pressure Between the Control and Study Group with Age-Matched

Controls
Age Matched | N GS POAG OHT SE-IOP
Study 394 | 48 (12.2%) | 42 (10.7%) | 264 (67.0%) | 162 (41.1%)
Control 340 | 52 (15.3%) | 10 (2.9%) | 76 (22.4%) | 26 (7.6%)
P-value p>0.05 p<0.01 p<0.001 p<0.001

Abbreviations: GS, glaucoma suspect; POAG, primary open angle glaucoma; OHT, ocular
hypertension; SE-IOP, sustained elevated intraocular pressure.
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Similarly, the study by Good et al showed that the rate of elevated IOP was significantly higher in patients with pre-
existing glaucoma than in those without (33% versus 3.1%, respectively, p < 0.001).%° In our study, patients with a prior
diagnosis of glaucoma or vein occlusion were excluded from the analysis due to their increased risk of OHT.

However, some reports in the literature do not find a significant association between IVI of anti-VEGF and sustained
OHT.?’° Compared to the above studies, the studies that found no association contained a smaller sample size, ranging
from 40 to 302 eyes receiving IVI. The largest study by Wehrli et al*' (N= 302 injected vs 226 control eye) showed that
the per eye-year incidence of developing SE-IOP in injected vs control eyes was low and not statistically significant
between groups (0.51% vs 1.00%; hazard ratio = 0.48; 95% CI:0.11-2.23). Boyer et al documented equal rates of OHT
between patients treated with IVI of anti-VEGF and untreated patients.”’ In their study, 24.5% of the treated group
compared to 21.5% of the untreated group had at least one measurement of IOP above 22 mmHg over a mean follow-up
period of 38.5 weeks, p=0.63. Among subjects with SE-IOP, 10.7% had a history of glaucoma.

Contrasting data is also seen regarding the association between IVI of anti-VEGF with glaucoma and RNFL thinning.
In a recent study, Filek et al,'? reported a significant increase in cup volume and vertical C/D (P<0.001) after 24 months
in DME patients receiving anti-VEGF IVI (N=30) versus controls not receiving anti-VEGF (N=21). However, another
study (N=21) found that the mean change in C/D between the anti-VEGF and control group was not statistically
significant, P=0.90.? The mean change in C/D also did not correlate significantly with the number of injections (P=0.33
for <5 injections and P=0.70 for >5 injections).’> Another prospective observational cohort study (N=30) found no
correlation between pre- and post-anti-VEGF RNFL thickness.™

However, our study documented a higher rate of POAG (12.26% versus 3.70%) and glaucoma suspects (18.68%
versus 13.33%) in patients receiving anti-VEGF than in controls, P<0.001 and p<0.05 respectively. Initially, in the first
review, the higher rate of POAG in the injection group may have been associated with the significantly older mean age of
individuals in the treatment group, as age has been documented as a risk factor for glaucoma.** However, after analysis
with age-matched controls, the rate of POAG (10.7% vs 2.9%) was still significantly higher in the injection group
compared to the control group (P<0.001). Discrepancies in age between the groups were likely due to the higher
proportion of AMD patients in the injection group than in the control group. Nevertheless, the mean age difference
between the treatment and control groups poses a problem in that the prevalence of glaucoma is associated with age. As
a result, the age difference between groups is a limitation and weakness of this study, which we attempted to resolve with
age-matched groups.

Martinez-de-la-Casa et al documented the effects of intravitreal ranibizumab on RNFL thickness in patients with no
prior history of OHT or POAG.*> Compared with baseline, thickness reductions were 5.6 + 9.1 um in the injection group
(P<0.001) and 1.3 + 9.6 um in the control group (P=0.477), amounting to 5.2% loss of RNFL in the study group over the
course of a year.

Another more recent study supporting our findings was a retrospective study by Wingard et al, which analyzed the
association between unilateral POAG and OHT in patients receiving unilateral IVI of anti-VEGF for AMD. Unilateral
glaucoma or sustained OHT developed in 42 patients over the course of follow-up, with 40 events in the injected eye
only.*® Statistical modeling predicted elevated risk for onset of POAG with a higher maximum frequency of injections
(P<0.0001, odds ratio (OR) 2.18) and with phakic lens status (P=0.0009, OR 0.33 for pseudophakia).*® However, we
found no association for developing glaucoma in phakic compared to pseudophakic patients in the injection group.
A pharmacoepidemiologic study suggested that the risk of glaucoma surgery was higher in patients who received seven
or more bevacizumab IVI annually (RR 2.48; 95% CI, 1.25—4.93).37 However, four to six IVI annually correlated non-
significantly with the risk of glaucoma surgery. Both of these studies reinforce our findings regarding a positive
association between the number of injections of POAG and OHT.

Nevertheless, there are several hypotheses regarding the mechanism by which repeat IVI leads to SE-IOP, RNFL loss,
and glaucoma. A plausible hypothesis for acute RNFL loss leading to glaucoma may be transient IOP spikes after I[VI. In
an alternative study, we analyzed a series of 617 patients and noted significant changes in IOP ten minutes after [VI. The
average pre-injection IOP was 16 +5 mmHg which increased to 25 + 10 mmHg at 10 minutes, P<0.0001.%* However,
2.8% of patients had a clinically significant elevation of IOP >35 mmHg at 30 minutes after the initial injection. Patients
receiving a smaller 31-gauge IVI, history of glaucoma, and a pre-injection IOP > 25 mmHg had a greater association of
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developing a significant pressure spike > 35 mmHg after 30 minutes.”® Thus, repeated pressure spikes in susceptible
patients after IVI may increase the association of RNFL loss and glaucoma.

A positive correlation with SE-IOP may be explained by decreased aqueous outflow through the obstruction of the
trabecular meshwork (TM). Several possible mechanisms of IVI can cause obstruction of the TM, including large protein
aggregates within bevacizumab,® silicone oil contamination from needles and syringes used for injections,*” decrease in
aqueous outflow from reduced levels of nitric oxide in the anterior chamber,*® and disruption of VEGF signaling in the
TM, impairing endothelial function and outflow.*'

However, RNFL loss may be due to other possible mechanisms besides transient spikes in IOP or SE-IOP. For example, in
our anti-VEGF group, 17.7% of glaucoma suspects showed RNFL thinning without OHT. Of the glaucoma suspects with
documented RNFL thinning without OHT, 37.9% had cupping progression with a C/D of > 0.6. It is important to note that
these patients were individually reviewed and did not have systemic findings consistent with chronic low vascular perfusion
such as Raynaud’s, migraines, or cold intolerance. Although VEGF plays a significant role in the pathophysiology of
neovascularization, it has been discovered in animal models to be a neurotrophic factor responsible for cell viability, repair,
and function in the RNFL.**** Inhibition of the VEGF pathway accelerated loss of the RNFL in a glaucoma model of rats.*’
The reduction of neurotrophic cytokines responsible for retinal ganglion cell survivability may be a contributing factor for
glaucomatous progression outside of elevated IOP.

Nevertheless, our study had several limitations. First, multiple glaucoma specialists within the clinical setting were
involved; therefore, there could be judgment bias in various assessments and POAG diagnosis. In addition, IOP
measurements were not standardized by Goldmann applanation tonometry by a single provider at a similar time
of day. As a result, there is potential for increased levels of intra-patient variability in IOP measurements, possibly
clouding the association between IVI and IOP. Finally, a retrospective study may be limited in determining our
hypotheses. Although we used strict inclusion and exclusion criteria, it is possible that other factors influenced the
rates of OHT and POAG between the groups including axial length and anterior chamber depth. Although we found
a strong association between I'VI and subsequent OHT, SE-IOP, or POAG, we recommend caution as the correlation does
not equal causation. Discrepancies in age as well as other underlying factors not addressed may have biased our data.
Overall, additional larger prospective randomized studies are needed to determine if there is a true association exists
between intravitreal anti-VEGF, OHT, SE-IOP, or POAG.

Conclusions

We present a consecutive series of patients treated with anti-VEGF agents compared to age-matched controls, noting an
increased rate of mean IOP, OHT, SE-IOP, and POAG in the IVI group. The rates of POAG and OHT strongly correlated with
the number of IVIs. We hypothesize that repeated pressure spikes occurring immediately after IVI may be associated with
long-term RNFL loss and elevated IOP in susceptible patients. However, this study had several limitations. More under-
standing is needed regarding the mechanism of POAG with IVI as well as the effect of anti-VEGF on the RNFL thickness.
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