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Topic: To investigate the effect of antievascular endothelial growth factor (VEGF) therapy on intraocular
pressure (IOP) 12 and 24 months after initiation.

Clinical Relevance: It is unclear whether serial anti-VEGF injections result in sustained IOP increases.
Methods: Randomized controlled trials (RCTs) comparing anti-VEGF agents with each other or with controls

for the treatment of neovascular age-related macular degeneration, retinal vein occlusions, or diabetic macular
edema were included. Pairwise meta-analysis and Bayesian network meta-analysis examined the proportion of
patients whose IOP (1) increased 5 mmHg or more from baseline on consecutive visits, (2) increased 10 mmHg or
more from baseline at any visit, (3) was 21 mmHg or more on consecutive visits, (4) was 25 mmHg or more at any
visit, (5) was 30 mmHg or more at any visit, (6) prompted initiation of IOP-lowering medications, or (7) increased as
per the clinicians’ discretion. Grading of Recommendations Assessments, Development, and Evaluations
methodology informed the certainty of evidence.

Results: Twenty-six RCTs of 12 522 eyes were included. Aflibercept, bevacizumab, ranibizumab (0.3 mg and
0.5 mg), and noninjection controls were analyzed. Eighty-three of 84 network estimates for comparisons between
anti-VEGF agents demonstrated no statistically significant difference (low to moderate certainty of evidence).
Ranibizumab 0.5 mg showed higher rates than bevacizumab of IOP measurements of 30 mmHg or more at 12
months (low certainty of evidence). Fifty-three of 56 network estimates for comparisons between anti-VEGF
agents and controls demonstrated no statistically significant difference (low to moderate certainty of evi-
dence). Ranibizumab 0.5 mg showed higher rates of consecutive IOP increases of 5 mmHg or more at 24 months
(low certainty of evidence) and higher rates of IOP increases as per the clinicians’ discretion at 12 and 24 months
(low and very low certainty of evidence, respectively). The 95% credible intervals in comparisons without sta-
tistically significant effects did not rule out important clinical effects. The certainty of evidence in these com-
parisons is limited by imprecision.

Conclusion: This network meta-analysis does not show any clear difference in IOP increases 12 and 24
months after treatment initiation between anti-VEGF agents and controls. Imprecision precludes definitive
conclusions. Ophthalmology 2022;129:498-508 ª 2021 by the American Academy of Ophthalmology

Supplemental material available at www.aaojournal.org.
Antievascular endothelial growth factor (VEGF) injections
are the standard of care for the treatment of neovascular age-
related macular degeneration (AMD), macular edema result-
ing from retinal vein occlusions (RVOs), and diabetic macular
edema (DME).1e4 Strong evidence demonstrates that anti-
VEGF treatment confers significant benefit to patients with
these conditions,5e7 and as a result, more than 16 million
intravitreal anti-VEGF injections were performed globally in
2016.8 Given the frequency of anti-VEGF intravitreal therapy,
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understanding the different agents’ safety profile is imperative
to delivering optimal patient-centered evidence-based care.

The relationship between anti-VEGF injections and
intraocular pressure (IOP) elevation has not been elucidated
fully.9 Although transient IOP elevations immediately after
injections are an accepted sequela of treatment,9e12 the data
on sustained increases in IOP are conflicting9; several
studies have demonstrated sustained increases,13e16

whereas others have demonstrated no increase.17e19
https://doi.org/10.1016/j.ophtha.2021.11.024
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Multiple theoretical mechanisms have been suggested to
explain the potential relationship between anti-VEGF therapy
and sustained increases in IOP. These include microparticle
obstruction of the trabecular meshwork from medication
packing or delivery equipment,20 inflammatory responses
after injection,21 chronic changes from recurrent
microtrauma caused by transient IOP elevations after
injection,22 and decreased aqueous outflow resulting from
anti-VEGF inhibition of nitric oxide synthase.23 It also has
been hypothesized that the increase in vitreous volume
resulting from intravitreal injections narrows the anterior
chamber angle and potentially decreases aqueous humor
drainage24; however, a recent investigation using anterior
segment OCT found no significant differences in angle
width associated with the number of intravitreal
injections.25 This investigation did not examine patients
with narrow angles, and, thus, a subset of eyes with shallow
angles or with nanophthalmos may be at risk of chronic
angle closure and may be susceptible to sustained increases
in IOP.24,25 Table S1 (available at www.aaojournal.org)
summarizes the current hypotheses for sustained increases
in IOP.

Concerns over the potential for sustained IOP increases
have prompted investigation into the effects of prophylactic
brimonidine plus timolol, acetazolamide, or anterior cham-
ber paracentesis to mitigate the IOP spikes seen after
intravitreal injection.10,11,26 Although these additional
interventions can reduce IOP spikes, they are not without
the potential for adverse events.27e29 Moreover, the clin-
ical impact, specifically, the effect of these measures on
preventing long-term IOP elevations and even glaucoma,
has not been studied.9 Uncertainty regarding the long-term
effects of anti-VEGF therapy on IOP has the potential to
affect practice patterns. Although IOP monitoring is rec-
ommended in patients receiving anti-VEGF therapy, no
consensus exists regarding the timing and frequency of IOP
measurements.30 A better understanding of the effect of
anti-VEGF therapy on IOP can help to guide decisions
regarding monitoring frequency and glaucoma
investigation.

Confounding this issue is that the aging population at risk
of exudative retinal vascular conditions developing that
require anti-VEGF therapy is also at risk of glaucoma
developing.31 Diabetes also is an independent risk factor for
glaucoma, adding to the challenge of determining the effect
of anti-VEGF agents for the treatment of DME on sustained
increases in IOP.32

The lack of consensus is a consequence of the literature
predominantly limited to retrospective reviews without
control groups and studies using a range of definitions for
sustained IOP increases, which limit comparisons across
studies. Moreover, current reviews have been descriptive in
nature or have focused solely on direct comparisons and
thus compare only 2 interventions at a time.8,9,33,34 These
limitations restrict the clinical applications that can be
generated from the currently published reviews.8,9,33

The complexities associated with this topic necessitate
evaluating high-quality randomized controlled trials (RCTs)
to elucidate any underlying effect. Given that multiple
efficacious anti-VEGF agents are available, network meta-
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analysis (NMA) is the ideal statistical method for investi-
gating this topic.35 Network meta-analysis is an extension of
classical pairwise meta-analysis that combines all head-to-
head comparisons, referred to as direct evidence, with evi-
dence obtained through 1 or more common comparators,
known as indirect evidence. Network meta-analysis in-
tegrates relevant data while maintaining the strengths of
randomization from the individual RCTs. This method of
synthesizing information enables comparison of treatments
that have not been compared directly by RCTs to help
inform decision making.34e37 Compared with a classic
pairwise meta-analysis investigating anti-VEGF agents with
control interventions, NMA enables inclusion of additional
published trials that compared different anti-VEGF agents
solely with each other. By integrating direct and indirect
evidence into 1 model, NMA provides more precise effect
estimates for the different agents compared with each other
and with a control.34e37

The focus of the current work was to address the
following question: What is the effect of anti-VEGF intra-
vitreal therapy in eyes with neovascular AMD, macular
edema resulting from RVO, and DME on IOP 12 and 24
months after initiation?

Methods

Protocol and Registration

This review was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis NMA guide-
lines.38 This investigation was registered with the International
Prospective Register of Systematic Reviews of Interventions
(identifier, CRD42020212791). This study was exempt from
ethics approval, as all syntheses were performed utilizing
previous clinical trial data for which informed consent and ethics
approval had been obtained. This investigation adhered to the
tenets of the Declaration of Helsinki.

Eligibility Criteria

We included data from RCTs of patients 18 years of age or older
who received anti-VEGF injections for the treatment of neo-
vascular AMD, RVO, or DME. Studies were included if they
compared different anti-VEGF agents with each other or with a
control; ranibizumab, bevacizumab, and aflibercept were the only
anti-VEGFs examined because they represent the treatments used
most commonly in clinical practice. Laser therapy, photodynamic
therapy, observation, and sham injections were considered appro-
priate control treatments. Only studies reporting at least 1 of the
outcomes of interest were included. Studies were included if they
were conducted for a minimum of 12 months and if the published
report was written in the English language.

Studies were excluded if patients crossed over to receive a
different treatment during the study and did not evaluate outcomes
based on whether the patient crossed over. Studies also were
excluded if they compared an anti-VEGF agent solely with a ste-
roid given the known potential effect of steroids on IOP39,40;
however, if studies compared multiple interventions, one of
which was a steroid, the nonsteroid groups were included.

Information Sources and Search

Searches of Ovid MEDLINE, Ovid Embase, Cochrane Library,
PubMed, Web of Science, and the Cumulative Index to Nursing
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and Allied Health Literature were performed on April 20, 2020,
and were updated on January 5, 2021. The search strategy is shown
in the Appendix (available at www.aaojournal.org). Reference lists
from included articles also were hand searched to identify
additional relevant studies.

Study Selection

The results from all databases searched were compiled, and the
abstracts were screened independently by 2 initial reviewers (K.N.
and G.S.S.) to determine which articles would receive a full-text
review. Reviewers were masked to each other’s decisions. Dis-
agreements were resolved through discussion. The eligibility
criteria to receive full-text review were the correct population,
intervention, and control. The correct outcome was determined
through full-text review. Covidence (Melbourne, Australia) was
used to compile abstracts and track triage decisions.

Data Collection

All information was extracted independently in duplicate by 2 re-
viewers (K.N. and G.S.S.) using a standardized pilot-tested data
collection form. Reviewers collected data pertaining to the study
design, patient demographics, and outcomes. Information was
collected from published manuscripts, published data sets, and
unpublished data obtained from corresponding authors. Disagree-
ments were resolved through discussion. Any unclear information
from the published manuscripts was clarified with the corre-
sponding author or sponsoring pharmaceutical company.

Data Items

Extracted data for the study design included the study title, journal
of publication, year of publication, indication for treatment, as well
as dosing and frequency of treatment. Extracted data for patient
information included the number of participants, the age of the
participants, and ocular comorbidities.

Outcome information included the proportion of patients at 12
and 24 months whose IOP before injection (1) increased by 5
mmHg or more compared with baseline on consecutive visits, (2)
increased by 10 mmHg or more at any visit compared with base-
line, (3) was 21 mmHg or more on consecutive visits, (4) was 25
mmHg or more at any visit, (5) was 30 mmHg or more at any visit,
(6) prompted initiation of IOP-lowering medications, and (7)
increased as per the clinicians’ discretion without providing a
specific definition. This final outcome captured data from RCTs
that reported rates of IOP increases without a prespecified threshold
but rather at the discretion of the investigator.

Risk of Bias

For each eligible trial, 2 review authors (K.N. and G.S.S.) assessed
the risk of bias using the Cochrane Risk of Bias Tool for Sys-
tematic Reviews version 141 across the following domains: random
sequence generation, allocation concealment, selective reporting,
masking of participants and personnel, masking of outcome
assessment, incomplete outcome data, and other biases. Each
domain was rated as having a low, high, or unclear risk of bias.
Disagreements were resolved through discussion. We rated trials
as having a high risk of bias overall if more than 1 domain was
rated as having a high risk of bias or if more than 2 domains
were deemed to have an unclear risk of bias.

Statistical Analysis

We evaluated direct comparisons for each outcome at 12 and 24
months. Pairwise meta-analyses were performed on Cochrane
500
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Review Manager version 5.4 software via random-effects modeling
using the DerSimonian and Laird method to estimate odds ratios
(OR) and corresponding 95% confidence intervals (CIs). We
assessed heterogeneity between RCTs for each direct comparison
with visual inspection of forest plots and the I2 statistic. Hetero-
geneity of 0% to 40% was classified as “might not be important,”
heterogeneity of 30% to 60% was classified as moderate, hetero-
geneity of 50% to 90% was classified as substantial, and hetero-
geneity of 75% to 100% was classified as considerable.

A random-effect Bayesian NMA was performed for each
outcome at 12 and 24 months. All analyses were performed in R
software version 4.0.3 (The R Project) using the gemtc, rjags, and
dmetar packages. Estimates were obtained using the Markov
chains Monte Carlo method with noninformative priors. Five
thousand initial iterations were used as adaptation, followed by
100 000 iterations for calculation of ORs and their corresponding
95% credible intervals (CrIs). Convergence was assessed via the
BrookseGelmaneRubin statistic.42 We used node-splitting models
to assess local incoherence and consistency of results from direct
and indirect evidence and to obtain indirect estimates.43

Quality Assessment

We appraised the geometry of the networks for each outcome
separately at 12 and 24 months. Transitivity was assessed by
comparing baseline characteristics and treatment comparisons
across studies. For each outcome at 12 and 24 months, the certainty
of evidence was evaluated using the Grading of Recommendations
Assessments, Development, and Evaluations (GRADE) approach
for NMA. For each direct estimate, the risk of bias, inconsistency,
indirectness, and publication bias were assessed. For each indirect
estimate, intransitivity was assessed; this rating was incorporated
with the lowest rating from the 2 direct comparisons forming the
most dominant first-order loop to determine the certainty of the
indirect evidence. At the network level, incoherence and impreci-
sion were assessed, and these ratings were incorporated with the
rating for either the direct or indirect estimate to determine a final
rating for the network estimate. The rating for the indirect estimate
was not incorporated into the rating of the network estimate if the
certainty of the direct evidence was high and the contribution of the
direct evidence to the network estimate was at least as great as that
of the indirect evidence. Ultimately, the certainty of evidence for
each network estimate was graded as high, moderate, low, or very
low.44,45

Subgroup Analyses

Subgroup analyses were performed excluding studies with an
overall high risk of bias, as well as for each of the disease types.

Results

Study Selection

Figure 1 reports the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis flow diagram for study analysis.
Fifteen thousand three hundred thirty-four articles were identified
through electronic literature searches, 5579 of which remained
after removal of duplicates. A total of 411 articles proceeded to
full-text screening. The NMA analyzed data from 26 RCTs that
included 12 522 eyes; these data include 22 individual RCTs,46e66

1 study reporting pooled IOP results from 2 similarly designed
RCTs,67 and 1 post hoc IOP review of 2 similarly designed
RCTs.16 The mean age of patients was 68.3 years, and 49.2% of
included patients were men. Table 1 reports the characteristics of
all selected studies. The specific anti-VEGF agents and doses
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow diagram showing the study selection process. RCT ¼ randomized
controlled trial.

Nanji et al � Effects of Anti-VEGF Therapy on IOP
included are as follows: aflibercept, 2.0 mg; bevacizumab, 1.25
mg; and ranibizumab, 0.3 mg and 0.5 mg. Other doses of these
agents were not analyzed because of insufficient data. Eight of the
included RCTs provided relevant outcome data at both 12 and 24
months, 10 RCTs provided relevant outcome data at only 12
months, and 8 RCTs provided relevant outcome data at only 24
months. Ten of the RCTs evaluated treatments in patients with
neovascular AMD, 4 in patients with RVOs and 12 in patients with
DME. Table S2 (available at www.aaojournal.org) reports the
number of studies with data at 12 and 24 months for the
outcomes of interest. Table S3 (available at www.aaojournal.org)
reports which studies provided data for each outcome at 12 and
24 months. Nineteen studies compared 2 interventions, and 7
studies compared 3 interventions. The data from the Anti-VEGF
Antibody for the Treatment of Predominantly Classic Choroidal
Neovascularization in Age-Related Macular Degeneration and
Minimally Classic/Occult Trial of the Anti-VEGF Antibody
Ranibizumab in the Treatment of Neovascular Age-Related
Macular Degeneration trials reported the number of patients
experiencing consecutive IOP increases of 6 mmHg or more
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Librar
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compared with baseline rather than 5 mmHg or more. As a
result, the level of evidence for comparisons involving these data
was downgraded because of indirectness among outcomes. All
other studies reported outcomes exactly as defined by this review.

Network Structure and Geometry

Figure S1 (available at www.aaojournal.org) demonstrates the
network plot of the treatment comparisons at 12 and 24 months.
Direct comparisons are indicated by lines with the thickness
corresponding to the number of studies.

Risk of Bias

The summary of the risk of bias assessments across all included
studies is illustrated in Figure S2 (available at www.aao
journal.org). Most studies showed a low risk of bias in all
domains, 3 studies showed unclear risks of selection bias, 7
studies showed high risks of performance bias, 1 study showed a
high risk of detection bias, 1 study showed a high risk of
501

y of Health and Social Security de ClinicalKey.es por Elsevier en mayo 24, 
ización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

http://www.aaojournal.org
http://www.aaojournal.org
http://www.aaojournal.org
http://www.aaojournal.org
http://www.aaojournal.org


Table 1. Baseline Characteristics of Included Studies

Study No. Primary Author Trial Name
Year

Published Disease Interventions
No.

of Eyes
Mean

Age (yrs)
No. of

Men (%)

1 Baker Protocol V 2019 DME A 226 59 131 (58)
C 336 60 307 (64)

2 Brown ANCHOR 2009 AMD R3 140 77 73 (52)
R5 140 76 75 (54)
C 93 79 42 (45)

3 DRCR Network
Writing Committee

Protocol I 2010 DME R5 375 62 212 (57)

C 293 63 170 (58)
4 Regillo PIER 2008 AMD R3 60 79 26 (43)

R5 61 79 28 (46)
C 63 78 20 (32)

5 and 6 Freund VIEW 1 and 2 2015 AMD R5 595 76 254 (43)
A 1219 76 498 (41)

7 Schmidt-Erfuth EXCITE 2011 AMD R3 235 75 99 (42)
R5 118 76 45 (38)

8 Scott SCORE2 2018 RVO A 159 69 86 (54)
B 134 69 80 (60)

9 Wei BLOSSOM 2020 RVO R5 190 57 89 (47)
C 26 57 15 (58)

10 Wells Protocol T 2016 DME A 224 60 114 (51)
B 218 62 115 (53)
R3 218 60 124 (57)

11 Berger RESPOND 2015 DME R5 148 61 89 (60)
C 74 63 43 (58)

12 Michaelides BOLT 2010 DME B 42 65 30 (71)
C 38 64 25 (66)

13 Bakri MARINA 2006 AMD R3 238 77 79 (33.2)
R5 240 77 85 (35.7)
C 238 77 88 (36.2)

14 Chakravarthy IVAN 2013 AMD R5 314 78 129 (41)
B 296 78 115 (39)

15 Boyer RISE 2012 DME R3 125 62 73 (58)
R5 125 63 65 (52)
C 127 62 74 (58)

16 Boyer RIDE 2012 DME R3 125 63 73 (58)
R5 127 62 80 (63)
C 130 64 66 (51)

17 Gillies RIVAL 2019 AMD R5 142 77 70 (49)
A 139 79 63 (45)

18 Brown VISTA 2015 DME A 307 63 167 (54)
C 154 62 78 (52)

19 Brown VIVID 2015 DME A 271 63 171 (63)
C 133 64 78 (59)

20 Hykin LEAVO 2019 RVO R5 155 69.2 85 (55)
A 154 68.7 94 (61)
B 154 69.3 86 (56)

21 Mitchell RESTORE 2011 DME R5 235 63 143 (61)
C 110 64 58 (52)

22 Ishibashi REVEAL 2015 DME R5 265 61 148 (56)
C 128 62 75 (57)

23 ClinicalTria ls.gov SALT N/A AMD R5 353 77 143 (41)
A 354 78 136 (38)

24 Li REFINE 2019 DME R5 307 59 139 (45)
C 77 59 38 (49)

25 Tadayoni BRIGHTER 2017 RVO R5 363 66 189 (52)
C 26 67 30 (46)

26 CATT Team CATT 2011 AMD R5 599 79 231 (39)
B 586 80 222 (38)

A ¼ aflibercept 2.0 mg; AMD ¼ age-related macular degeneration; ANCHOR ¼ Anti-vascular endothelial growth factor Antibody for the Treatment of Pre-
dominantly Classic Choroidal Neovascularization in Age-Related Macular Degeneration; B ¼ bevacizumab 1.25 mg; BLOSSOM ¼ Ranibizumab Intravitreal
Injections Versus Sham Control in Patients with Branch Retinal Vein Occlusion; BOLT¼ Bevacizumab or Laser Therapy in the Management of Diabetic Macular
Edema; BRIGHTER ¼ Efficacy and Saftey of Ranibizumab With or Without Laser in Coparison to Laser in Branch Retinal Vein Occlusion; CATT ¼ Com-
parison of Age-Related Macular Degeneration Treatments Trials; C¼ control; DME¼ diabetic macular edema; DRCR¼ Diabetic Retinopathy Clinical Research;
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R5¼ ranibizumab 0.5 mg; EXCITE¼ Efficacy and Safety of Monthly versus Quarterly Ranibizumab Treatment in Neovascular Age-related Macular Degeneration;
IVAN ¼ Inhibition of VEGF in Age-Related Choroidal Neovascularization; LEAVO ¼ Lucentis, Eylea, Avastin in Vein Occlusion Study; MARINA ¼
Minimally Classic/Occult Trial of the Anti-VEGF Antibody Ranibizumab in the Treatment of Neovascular Age-Related Macular Degeneration; PIER study ¼ A
Phase IIIb, Multicenter, Randomized, Double-Masked, Sham Injection-Controlled Study of the Efficacy and Safety of Ranibizumab in Subjects with Subfoveal
Choroidal Neovascularization [CNV] with or without Classic CNV Secondary to Age-Related Macular Degeneration R3 ¼ ranibizumab 0.3 mg; REFINE ¼
Efficacy and Safety of Ranibizumab 0.5mg in Chinese Patients with Visual Impairment Due to Diabetic Macular Edema; RESPOND ¼ Efficacy/Safety of
Ranibizumab Monotherapy or With Laser Versus Laser Monotherapy in DME; REVEAL ¼ Ranibizumab Monotherapy or Combined with Laser versus Laser
Monotherapy in Asian Patients with Diabetic Macular Edema; RIDE¼ Ranibizumab Injection in Subjects with Clinically Significant Macular EdemaWith Center
Involvement Secondary to Diabetes Mellitus; RISE ¼ Ranibizumab Injection in Subjects with Clinically Significant Macular Edema with Center Involvement
Secondary to Diabetes Mellitus; RIVAL ¼ The Development of Macular Atrophy in Patients with Neovascular Age-Related Macular Degeneration: A Com-
parison of Ranibizumab and Aflibercept; RVO ¼ retinal vein occlusion; SALT ¼ Efficacy of Ranibizumab PRN Treatment Compared to Aflibercept Bimonthly
Intravitreal Injections on Retinal Thicknes Stability in Patients With Wet AMD; SCORE2 ¼ Study of Comparative Treatments for Retinal Vein Occlusion 2;
VIEW ¼ VEGF Trap-Eye: Investigation of Efficacy and Safety in Wet AMD; VISTA ¼ Study of Intravitreal Aflibercept Injection in Patients with Diabetic
Macular Edema; VIVID¼ Intravitreal Aflibercept Injection in Vision Impairment due to DME; RESTORE study¼ A 12 Month Core Study to Assess the Efficacy
and Safety of Ranibizumab in Patients with Visual Impairment Due to Diabetic Macular Edema and a 24 Month Open-label Extension Study

Nanji et al � Effects of Anti-VEGF Therapy on IOP
reporting bias, and 6 studies showed a high risk of other bias.
Overall, 5 studies were graded as having high risks of bias: 1 as
an unclear risk of bias and the remainder as having low risks of
bias.

Pairwise Meta-analysis

Table S4 (available at www.aaojournal.org) presents the detailed
results of all pairwise meta-analysis and heterogeneity estimates
for direct comparisons across all outcomes. Four and 12 significant
comparisons at 12 and 24 months, respectively, were available. At
12 months, 39 outcomes (56%) had 1 direct comparison, 28 out-
comes (40%) had 0 direct comparisons, 2 outcomes (3%) had 2
direct comparisons, and 1 outcome (1%) had 5 direct comparisons.
At 24 months, 51 outcomes (73%) had 1 direct comparison, 9
outcomes (13%) had 2 direct comparisons, 9 outcomes (13%) had
0 direct comparisons, and 1 outcome (1%) had 3 direct
comparisons.

NMA

Table S5 (available at www.aaojournal.org) presents the results of
the NMA with the corresponding assessment of inconsistency for
each outcome at 12 and 24 months. Forest plots for each
outcome are displayed in Figure S3 (available at
www.aaojournal.org). All simulations showed adequate
convergence, as demonstrated in Table S6 (available at
www.aaojournal.org).

When evaluating comparisons between anti-VEGF agents, 83
of 84 network estimates demonstrated no statistically significant
difference between groups (low to moderate certainty of evidence).
Ranibizumab 0.5 mg showed higher rates of IOP measurements of
30 mmHg or more at 12 months than bevacizumab (OR, 91; 95%
CrI, 1.1e28 000; low certainty of evidence). The 95% CI of
comparisons with no statistically significant effect included
potentially clinically relevant effects, and, thus, the certainty of
evidence for each of these comparisons was downrated by 1 or 2
levels for imprecision (Table S7, available at www.aao
journal.org).45,68,69

For comparisons between anti-VEGF agents and control in-
terventions, 53 of 56 network estimates demonstrated no statistically
significant difference between groups (low to moderate certainty of
evidence). Ranibizumab 0.5 mg showed higher rates of consecutive
IOP increases of 5 mmHg or more at 24 months (OR, 1.5; 95% CrI,
1.1e2.2; low certainty of evidence) and higher rates of IOP increases
as per the clinicians’ discretion at 12 months (OR, 6.0; 95% CrI,
1.8e71; low certainty of evidence) and at 24 months (OR, 4.1; 95%
CrI, 1.3e24; very low certainty of evidence). As with the compari-
sons between anti-VEGF agents, the 95% CI of comparisons be-
tween agents and control interventions with no statistically
significant difference included potentially clinically relevant effects.
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Consequently, the certainty of evidence for each of these compari-
sons was downrated by 1 or 2 levels for imprecision (Table S7).

Exploration for Local Inconsistency

The results of the node-splitting analyses are summarized in Table
S5, and the full node-splitting analyses are shown in Figure S4.
The node-splitting assessment of inconsistency revealed incoher-
ence in 3 comparisons (P < 0.05): aflibercept compared with
bevacizumab for the outcome of rate of IOP measurements of 30
mmHg or more at 24 months (P ¼ 0.039), aflibercept compared
with ranibizumab 0.5 mg regarding rate of increased IOP of 10
mmHg or more compared with baseline at 24 months (P ¼ 0.043),
and ranibizumab 0.5 mg compared with control when evaluating
the rates of IOP of 30 mmHg or more at 24 months (P ¼ 0.039).

Subgroup Analyses

Subgroup analyses excluding all studies deemed to have a high risk
of bias as well as for the different disease types were performed for
each outcome at 12 and 24 months. Table S8 (available at
www.aaojournal.org) displays the detailed results. Limited data
precluded network estimates for many outcomes when examining
patients treated for AMD at 12 months, as well as for RVOs at
12 and 24 months. Higher rates in IOP increases as per the
clinicians’ discretion were found when comparing ranibizumab
0.5 mg with a control intervention for patients with DME and
when excluding studies with a high risk of bias. No other
significant differences were found across outcomes at both 12
and 24 months across all groups.

Discussion

Summary of Evidence

The effects of anti-VEGF injections on IOP were evaluated
at 12 and 24 months using an NMA of data derived from
RCTs. We used a partially contextualized framework,
GRADE’s proposed approach to drawing conclusions from
NMA, and summarized our results in Figure 2.69 Table S8
displays the NMA results sorted based on GRADE
certainty of evidence and effect estimates for the
comparisons between anti-VEGF agents and control in-
terventions at 12 and 24 months.

Five examined outcomes were defined precisely and
were standardized across all trials: the rate of IOP consec-
utive increases of 5 mmHg or more compared with baseline,
consecutive IOP measurements of 21 mmHg or more, IOP
increases of 10 mmHg or more compared with baseline, IOP
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Figure 2. Tables showing network meta-analysis results sorted based on Grading of Recommendations Assessments, Development, and Evaluations
certainty of evidence and effect estimate for the comparisons between antivascular endothelial growth factor agents and control interventions at 12 and 24
months. CrI ¼ credible interval; IOP ¼ intraocular pressure; OR ¼ odds ratio.
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measurements of 25 mmHg or more, and IOP measurements
of 30 mmHg or more. For these outcomes, the only com-
parisons with significant effects were ranibizumab 0.5 mg,
which showed higher rates than bevacizumab of IOP mea-
surements of 30 mmHg or more at 12 months, and ranibi-
zumab 0.5 mg, which showed higher rates than control
interventions for the rate of consecutive IOP increases of 5
mmHg or more at 24 months. A low certainty of evidence
was found for both comparisons. All other comparisons at
12 and 24 months for these 5 outcomes did not show a
statistically significant effect. This result was found when
pooling all studies, examining the different disease types,
and excluding studies with a high risk of bias; however, the
certainty of evidence for these comparisons was down-
graded because of the imprecision in the estimates.

For the outcome examining increases in IOP as per the
clinicians’ discretion, ranibizumab 0.5 mg was found to
have higher rates of IOP increases at 12 and 24 months
compared with control interventions. The certainties of ev-
idence for these estimates were low and very low, respec-
tively. This was because of the substantial imprecision in
estimates resulting from the sparse networks and the trials
with a high risk of bias in the 24-month comparison. All
other comparisons for this outcome were not significant and
504

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Librar
2022. Para uso personal exclusivamente. No se permiten otros usos sin autor
similarly were limited by imprecision. The implications of
any difference between groups for this specific outcome are
of highly uncertain clinical importance given the level of
certainty associated with the significant findings, the
inherent limitations of this outcome (i.e., no standardization
across trials for what constituted an increase in IOP), and the
lack of significant effects across the other more precise
outcomes.

The outcome examining rates of initiation of IOP-
lowering therapy is of particular interest given its clinical
relevance. No significant effect was found for this outcome
across all comparisons when examining all studies and each
subgroup. For each intervention compared with control in-
terventions at 24 months, moderate certainty of evidence in
the network effect estimate was found.

In comparisons with no statistically significant effects, it
is important to consider which comparisons have a 95% CI
precise enough to rule out clinically important differences.
Without an established minimally important difference,
GRADE suggests using a default threshold of a 25% change
in relative risk for identifying potentially clinically relevant
results.68 Consequently, because all the comparisons with
no significant effect in this review have 95% CrIs that
cross this threshold, the level of imprecision downgraded
y of Health and Social Security de ClinicalKey.es por Elsevier en mayo 24, 
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the certainty of evidence and precludes definitive
conclusions with the available data. Additional evidence is
needed to improve the precision of the estimates and to
improve the certainty of evidence.

Previous reviews investigating this topic have shown
conflicting results. Bracha et al,8 in their 2017 narrative
review, concluded that, although many studies found no
sustained effect, the post hoc analyses of the Anti-VEGF
Antibody for the Treatment of Predominantly Classic
Choroidal Neovascularization in Age-Related Macular
Degeneration trial, the Minimally Classic/Occult Trial of
the Anti-VEGF Antibody Ranibizumab in the Treatment
of Neovascular Age-Related Macular Degeneration trial,
and Protocol I provide the best-quality evidence suggest-
ing that patients may experience long-term IOP increases
after anti-VEGF injections. We were able to build on these
results by performing a quantitative analysis and incorpo-
rated the risk of bias involved with post hoc analyses to
provide a certainty of evidence for an effect. Zhou et al33 in
their 2016 systematic review and meta-analysis suggested
that sustained elevations in IOP occurred as a result of anti-
VEGF agents; however, the study was limited by the
available literature at the time and included only 5 RCTs of
varying durations. Given these limitations, they were unable
to separate studies by the definition of IOP increases used.
By incorporating the more recent literature, our meta-
analysis demonstrated that it is likely that no sustained in-
creases in IOP result from anti-VEGF use. More recently,
the American Academy of Ophthalmology published a
report in 2019 summarizing the current state of the litera-
ture.9 They concluded that the results were mixed, and, thus,
a possibility exists for long-term IOP elevations resulting
from anti-VEGF agents. No meta-analysis was performed in
this review, and given that many of the referenced studies
were retrospective, their results may have been influenced
by publication bias. Finally, in 2020, de Vries et al70

published a systematic review and meta-analysis of obser-
vational and interventional studies and concluded that at 12
months, the longest interval they examined, no increase in
IOP occurred with anti-VEGF use.

The results of this investigation can aid in informing
patients regarding the risks and benefits of anti-VEGF
therapy, can assist in providing clarity regarding the need
for prophylactic IOP-lowering therapy, and can help guide
practice patterns to inform the frequency of IOP monitoring
in patients receiving anti-VEGF therapy. Furthermore, it is
feasible that future anti-VEGF therapy may have a different
IOP safety profile. This NMA provides evidence for the
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current anti-VEGF agents and can inform future guideline
development and decision making.

Our investigation is not without limitations. Given that
IOP was not the primary outcome of the included trials, no
standardized method of measuring IOP or standardized time
at which IOP was measured was found across included
trials. The follow-up frequency varied across, and occa-
sionally within, trials; consequently, the rates of IOP in-
creases may be biased by more frequent measurement. The
definition of IOP increases also varied across the 26 RCTs,
limiting the power of each outcome assessment. Although
the current study found no conclusive evidence of IOP in-
creases in patients receiving anti-VEGF therapy, the anal-
ysis was limited by imprecision and may not be sensitive
enough to identify small proportions of patients who do
experience clinically meaningful increases in IOP. These
limitations highlight the need for future studies including
RCTs with IOP as the primary outcome and large obser-
vational studies using electronic medical records or other
health databases. We propose that future studies use the
recommended thresholds for defining ocular hypertension as
defined by the National Institute for Health and Care
Excellence of 24 mmHg.71 We also propose further
standardization in IOP measurement protocols to help
unify future studies and suggest that future studies include
measurements related to glaucomatous disease to facilitate
evidence synthesis to inform clinical decision making.

In conclusion, to summarize, we systematically reviewed
all eligible RCTs comparing anti-VEGF agents with each
other or with a control intervention for the management of
neovascular AMD, RVOs, and DME. We examined the 7
most frequently reported IOP outcomes before injection at
both 12 and 24 months and used GRADE NMA guidelines
to provide a certainty of evidence for each outcome. Our
results suggest that no clear effect on IOP exists among anti-
VEGF agents and between anti-VEGF agents and control
interventions; however, the level of imprecision precludes
definitive conclusions with the currently available data.
Additional evidence is needed to improve the precision of
the estimates and the certainty of evidence.
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