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IMPORTANCE Systemic safety of intravitreal anti-vascular endothelial growth factor
(anti-VEGF) is a matter of debate and regular updates are necessary.

OBJECTIVE To evaluate systemic adverse events (SAEs) associated with intravitreal anti-VEGF
drugs compared with non–anti-VEGF treatments in patients with ocular diseases.

DATA SOURCES Electronic searches were conducted in MEDLINE, Embase, and Cochrane
Central Register of Controlled Trials databases from inception to July 7, 2020.

STUDY SELECTION Randomized clinical trials conducted in adults with retinal diseases who
received intravitreal anti-VEGF drugs.

DATA EXTRACTION AND SYNTHESIS Studies and treatment characteristics and outcome data
were extracted and analyzed, and study quality was evaluated.

MAIN OUTCOMES AND MEASURES Main outcomes were major cardiovascular events (MACEs)
and total mortality. Secondary outcomes included nonocular hemorrhage, components of
MACEs, other cardiovascular outcomes, serious SAEs, and all SAEs.

RESULTS A total of 74 randomized clinical trials were analyzed: 32 trials (43%) included
14 190 patients with age-related macular degeneration (AMD), 24 (32%) included 5424
patients with diabetic retinopathy (diabetic macular edema or proliferative diabetic
retinopathy), 17 trials (23%) included 3757 patients with retinal vein occlusion, and
1 trial (1%) included 122 patients with myopic choroidal neovascularization. Anti-VEGF drug
administration did not increase MACEs compared with control agents (odds ratio [OR],
1.16; 95% CI, 0.85-1.58) or total mortality (OR, 1.27; 95% CI, 0.82-1.96). There was an
interaction (subgroup difference, P = .04) in mortality risk depending on the underlying
disease with an increase (OR, 1.80; 95% CI, 1.03-3.16; P = .04) in the risk of death in patients
with diabetic retinopathy; however, no increase was observed in patients with AMD or
retinal vein occlusion. Administration of anti-VEGF drugs increased the risk of nonocular
hemorrhage (OR, 1.46; 95% CI, 1.01-2.10), mainly in patients with AMD.

CONCLUSIONS AND RELEVANCE Intravitreal anti-VEGF was not associated with an increase
in MACEs in the trials examined herein. Increased mortality in patients with diabetes and
nonocular hemorrhages, especially in those with AMD, could represent a safety signal, but
the evidence was not strong. However, continued surveillance of SAEs remains warranted.
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R etinal diseases may lead to blindness and functional
disability, and represent an important health issue. Age-
related macular degeneration (AMD),1 diabetic macu-

lar edema or proliferative diabetic retinopathy (DME/PDR), and
retinal vein occlusion related edema (RVO)2 are the main causes
of blindness in developed countries. The decrease in visual
acuity is related to macular edema due to overexpression
of vascular endothelial growth factor (VEGF) stimulated by
ischemic or hypoxic conditions.3,4 Intravitreal anti-VEGF
monoclonal antibodies (bevacizumab and ranibizumab) or
fusion proteins (aflibercept) have led to improvement of
visual acuity compared with standard of care.5,6

Use of anti-VEGF drugs in oncology practice may in-
crease the risk of serious cardiovascular, venous thromboem-
bolic, hemorrhagic, or infectious systemic adverse events
(SAEs).7-10 When administered intravitreally, even at low doses,
a small systemic exposure was observed. The exposure was
highest with bevacizumab,11 which was sometimes sufficient
to inhibit plasma VEGF12 and could lead to SAEs.

Systematic reviews with meta-analyses have studied the
risk of SAEs with intravitreal anti-VEGF drugs, mainly focus-
ing on 1 ocular disease, which limits the power to detect
increased risks.13-15 Previous findings suggested that anti-
VEGF monoclonal antibodies compared with control agents
did not increase SAEs, including major adverse cardiovascu-
lar events (MACEs), myocardial infarction, stroke, or cardio-
vascular mortality.16,17 Nevertheless, an increased risk of
nonocular hemorrhages in patients with AMD treated with
ranibizumab could not be ruled out. Since the publication of
the above-mentioned reviews by Thulliez et al,16,17 several
clinical trials have been published. Our objective was to
update the risk estimation of SAEs, especially mortality and
cardiovascular events, associated with intravitreal anti-
VEGF drugs compared with non–anti-VEGF treatments in
adults.

Methods
We conducted a systematic review and meta-analysis of
randomized clinical trials according to Preferred Reporting
Items for Systematic Review and Meta-analysis Protocols
(PRISMA-P)18 and the PRISMA Harms19 recommendations
(PRISMA harms). The study protocol is registered and accessible
in PROSPERO (CRD42019129864).

Data Sources
We performed electronic searches in MEDLINE, Embase,
and Cochrane Central Register of Controlled Trials from in-
ception to March 7, 2019, with an update in MEDLINE and
Cochrane Central Register of Controlled Trials to July 7, 2020,
without language restrictions. References of eligible trials
and meta-analyses were also searched to identify additional
studies. The query combined Medical Subject Headings and
free terms regarding drugs, administration, and type of study
(eTable 1 in the Supplement). References were managed using
EndNote (Clarivate Analytics). After removal of duplicate stud-
ies, 2 of us (N.N.-N., T.B.-A.) screened articles by title and

abstract and assessed the full text of eligible studies for inclu-
sion, with disagreements resolved through discussion.

Study Selection and Quality
We included parallel-group randomized clinical trials with a
follow-up of at least 6 months that randomized adults treated
with intravitreal anti-VEGF drugs (all regimens) compared with
control agents (sham, no treatment, or non–anti-VEGF stan-
dard of care) or with anti-VEGF drugs. If results from one study
were reported in several publications, data included in the
meta-analysis were extracted from the publication that was
considered the most appropriate to avoid using duplicate data.
The longest follow-up was considered until 10% or more of the
patients (arbitrary threshold) in the control group crossed over
to the active group. We excluded studies that evaluated a single
intravitreal injection without assessment for retreatment or in
the context of ocular surgery, evaluated a combination of anti-
VEGF drugs, included children, did not report any SAE, and
were crossover studies and studies that randomized eyes, un-
less the authors reported adverse events data by participants.

Our main comparison was anti-VEGF agent vs control. Sec-
ondary comparisons were head-to-head, between-doses (low
vs high dose for the same regimen), and between-regimen
(as required, or treat-and-extend compared with a regular
regimen) comparisons.

The Cochrane Risk of Bias version 2 tool20 was used to as-
sess the quality of each included randomized clinical trial by
2 of us (N.N.-N., T.B.-A), with discrepancies resolved through
discussion. The following domains adapted to the assess-
ment of adverse events were considered: randomization pro-
cess, deviations from the intended intervention, missing out-
come, measurement of the outcome, and selective reporting.

Outcomes and Data Extraction
The primary outcomes were total mortality and MACEs using
the Antiplatelet Trialists’ collaboration21 criteria, a composite
of nonfatal myocardial infarction, nonfatal ischemic or hem-
orrhagic stroke, or death due to vascular or unknown causes.
Secondary outcomes included components of MACEs (cardio-
vascular death, myocardial infarction, and stroke), nonocu-
lar hemorrhagic events, other cardiovascular outcomes (car-
diac failure, venous thromboembolism, arterial hypertension,
and proteinuria), serious SAEs and all SAEs.

Key Points
Question What is the systemic safety of intravitreal anti-vascular
endothelial growth factor (anti-VEGF) drugs?

Findings In a systematic review with meta-analysis of 74
randomized clinical trials of adult patients with retinal diseases
who received intravitreal anti-VEGF drugs, anti-VEGF drugs were
not associated with increased arterial or venous thromboembolic
events. Small increases in total mortality were noted in patients
with diabetes and nonocular hemorrhagic events were apparent
in patients with age-related macular degeneration.

Meaning The findings of this systematic review with
meta-analysis suggest that intravitreal anti-VEGF drugs were not
associated with an increase in major cardiovascular events.
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One of us (N.N.-N.) extracted data from the original pub-
lication or from the ClinicalTrials.gov database into the Rev-
Man, version 5.3 (Cochrane) file and an Excel 2018 (Microsoft
Corp) spreadsheet that was checked for accuracy by another
one of us (T.B.-A.). Data extracted included information about
study design, population, anti-VEGF drugs, and SAEs. For the
main comparison, we pooled data from arms evaluating sev-
eral doses of the same anti-VEGF agent into a single treat-
ment arm.

Statistical Analysis
We estimated intervention effects for each study by calculat-
ing odds ratios (ORs) with 95% CIs. We used a fixed-effects
model for pooling ORs using the Peto method. Heterogeneity
between studies was assessed using the Cochrane Q statistic
(χ2 P values) and the inconsistency I2 statistic. Subgroup analy-
ses by anti-VEGF drug, ocular disease, study quality, and fol-
low-up duration were systematically performed for the main
outcomes and whenever needed for secondary outcomes. We
assessed publication bias by visually inspecting the funnel plots
and using asymmetry tests for the main outcomes. We per-
formed sensitivity analyses by changing the statistical method
and model. All analyses were performed with RevMan and
RStudio, version 1.2.5033, version (R Foundation for Statisti-
cal Computing) software.

Results

Study Characteristics and Quality
We retrieved 4403 references (Figure 1), assessed 309 full-
text articles for eligibility, and selected 94 articles reporting
results for 74 trials with 82 comparisons (1 study could par-
ticipate in more >1 comparison). Among these comparisons,
37 evaluated an anti-VEGF agent vs control, 24 evaluated
several doses or regimens of the same anti-VEGF agent, and
21 evaluated several doses or regimens of 2 anti-VEGF agent
treatments (Figure 2).

In the qualitative analysis, 32 studies (43%) included 14 190
patients (60%) with AMD, 24 studies (32%) included 5424
patients (23%) with DME/PDR, and 17 studies (23%) included
3757 patients (16%) with RVO. Mean age was 77 years (range,
50-101 years), in the AMD studies, 61 years (range, 21-91 years)
in the DME/PDR studies, and 64 years (range, 20-91 years)
years in the RVO studies. One small study22 included 122 pa-
tients with myopic choroidal neovascularization (mean age,
58 years [range, 27-83 years) (eTable 2 in the Supplement). For
the quantitative analysis, 32 comparisons were conducted in
25 AMD studies, 28 comparisons in 23 DME/PDR studies, and
21 comparisons in 17 RVO studies (eFigures 1, 2, and 3 in the
Supplement).

Figure 1. Flow Diagram of Study Selection Process

343 Additional records identified in July 2020
230 Cochrane Central Register
113 MEDLINE

4060 Records identified in March 2019
206 Embase

1655 Cochrane Central Register
2199 MEDLINE

3179 Records screened262 Records screened

82 Duplicates excluded 881 Duplicates excluded

281 Full-text articles assessed for eligibility

74 RCTs (94 articles) included in qualitative synthesis

66 RCTs (86 articles) included in quantitative synthesis

28 Full-text articles assessed for eligibility

234 Records excluded based
on title and abstract

3 RCTs excluded because comparisons
were out of study scope

5 RCTs excluded because comparisons
were out of study scope

2898 Records excluded based
on title and abstract

10 RCTs (11 articles) included
in qualitative synthesis

64 RCTs (83 articles) included
in qualitative synthesis

17 Full-text articles excludeda

47% No adverse events
29% Eyes randomized
29% Crossover studies
12% Other reasons

198 Full-text articles excludeda

67% No adverse events
18% Eyes randomized
14% Post hoc/substudies
11% Other reasons

RCTs indicates randomized clinical
trials.
a More than 1 reason for each article.
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Among the included studies, safety was the prespecified
primary outcome in 3 (4%) and was the secondary outcome
in 7 studies (9%); 10 studies (14%) specifically assessed MACEs.
All studies prespecified the time frame of SAE monitoring that
was the study duration, on average, 16 months for AMD trials,
14 months for DME trials, 9 months for RVO trials, and 6 months
for myopic choroidal neovascularization trials. Patients with
a history of cardiovascular events were excluded in 33 stud-
ies (45%) and information was not reported in 6 studies (8%)
(eTable 3 in the Supplement). Two studies23 comparing afliber-
cept with ranibizumab in AMD were considered together in the
qualitative and quantitative analysis because they had simi-
lar protocols and reported pooled events.

Only 1 study (1%) was considered to be at low overall risk
of bias for all criteria. The other studies were considered to
be at high (89%) or some concern (8%) overall risk of bias
(Figure 3). One study was at high risk for selection bias; 22
(30%) of the studies were at high risk for performance bias, 39
(53%) were at high risk for detection bias, and 58 (78%) were

at high risk for attrition bias. No study was at high risk for se-
lective reporting bias (eFigure 4 in the Supplement). Forty-
three (58%) of the studies were industry sponsored.

Main Outcomes
Comparisons of anti-VEGF drugs with controls for major car-
diovascular events are shown in Figure 4.22,24-50 Anti-VEGF
drugs did not increase the risk of MACEs compared with con-
trol agents in 29 trials, with no heterogeneity (OR, 1.16; 95%
CI, 0.85-1.58; P = .36; I2 = 0%, P = .99 for heterogeneity)
(Figure 4). Follow-up duration, type of drug, disease, and study
quality did not influence treatment effect (subgroup differ-
ences: duration, P = .91; type of drug, P = .78; disease, P = .82;
and study quality, P = .60) (eTable 4 in the Supplement). The
result did not change in sensitivity analyses (eTable 5 in the
Supplement). No asymmetry was observed in the funnel plot
(eFigure 5, eTable 6 in the Supplement).

Comparisons of anti-VEGF drugs with controls for total
mortality are shown in Figure 5.24-34,36-57 Anti-VEGF drugs did

Figure 2. Network of Anti–Vascular Endothelial Growth Factor (anti-VEGF) Studies

1524 Patients
4 StudiesdAflibercept636 Patients

2 Studiesc Bevacizumab

Control
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18 Studiesa

3253 Patients
5 Studiesb

1112 Patients
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6 Studies

4753 Patients
13 Studies

Ranibizumab

7243 Patients
28 Studies

Comparisons (anti-VEGF vs control, anti-VEGF vs another anti-VEGF, and dose
or regimen comparison for the same anti-VEGF) for the 66 included studies
(some studies participated in more than 1 comparison) with the number of
patients randomized for the comparison. The thickness of each line is
proportional to the number of studies in each comparison.
a Studies with ranibizumab vs ranibizumab dose or regimen comparisons;

8 studies participated in other comparisons (7 ranibizumab vs control,
1 bevacizumab vs ranibizumab).

b Two studies participated in another comparison (bevacizumab vs
ranibizumab).

c Studies with bevacizumab vs bevacizumab regimen comparisons; 1 study
participated in another comparison (bevacizumab vs ranibizumab).

d Studies with aflibercept vs aflibercept dose or regimen comparisons; 3 studies
participated in other comparisons (2 aflibercept vs ranibizumab and
1 aflibercept vs control).

Figure 3. Assessment of Percentage of Each Risk of Bias Across Included Studies
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not increase the risk of total mortality compared with control
agents in 35 trials, with no heterogeneity (OR, 1.27; 95% CI,
0.82-1.96; P = .29; P = .85 for heterogeneity; I2 = 0%) (Figure 5).
The result did not change in sensitivity analyses (eTable 5
in the Supplement). Some asymmetry was apparent in the
funnel plot (eFigure 6 in the Supplement), with no asymme-

try test in favor of a significant publication bias (eTable 6
in the Supplement). Type of anti-VEGF drug, study quality,
and the follow-up duration did not influence treatment
effect (subgroup differences: type of anti-VEGF drug, P = .56;
study quality, not applicable; and follow-up duration, P = .60)
(eTable 4 in the Supplement). There was an interaction

Figure 4. Comparisons of Anti–Vascular Endothelial Growth Factor (Anti-VEGF) Drugs With Controls for Major Cardiovascular Events
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Major cardiovascular outcomes assessed with Antiplatelet Trialists’ collaboration21
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with the points of the diamonds representing 95% CIs. OR indicates odds ratio.

Cardiovascular Adverse Events With Intravitreal Anti–Vascular Endothelial Growth Factor Drugs Original Investigation Research

jamaophthalmology.com (Reprinted) JAMA Ophthalmology Published online April 15, 2021 E5

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by CHRISTINA FASSER on 04/16/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.0640?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.0640
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.0640?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.0640
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.0640?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.0640
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.0640?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.0640
http://www.jamaophthalmology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.0640


Figure 5. Comparisons of Anti–Vascular Endothelial Growth Factor (Anti-VEGF) Drugs With Controls for Total Mortality
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Test for overall effect: z = 0.66 (P = .51)

ABC,44 2010
BEVORDEX,45 2014
BOLT,46 2010
Subtotal (95% CI)
Total events

Aflibercept
CLARITY,47 2017
COPERNICUS,48 2012
DA VINCI,49 2011
GALILEO,57 2013
MYRROR,22 2015

Heterogeneity: χ 2 = 4.32 (P >.23); I2 = 31%
Test for overall effect: z = 0.50 (P = .62)

Subtotal (95% CI)
Total events

Total (95% CI) 100
Total events

Peto OR
Peto fixed (95% CI)

1.3VIBRANT,50 2015

RESPOND,39 2015
RESTORE,40 2011 6.4
REVEAL,41 2015 1.1
RIDE,42 2012 13.0
RISE,42 2012

Control
Events  Total

2489

2
0
0
0
2
0
0
0
2
2
1
0
1
6
0
0
0
0
0
0

1

143
92
131
181
153
118
119
129
186
20
56
13
11
236
63
46
42
75
43
49

21

116
74
44
57
31

414

1
2
1
0
0

5

27

0
0
0

0

28
19
38
85

22

2988

921

0 74
2 110
0 128
2 127
1 123

Peto OR
Peto fixed (95% CI)

1.35 (0.84-2.17)

1.28 (0.27-6.18)
Not estimable
4.46 (0.07-286.93)
Not estimable
0.14 (0.01-2.20)
Not estimable
Not estimable
Not estimable
1.83 (0.48-6.89)
1.00 (0.13-7.69)
0.51 (0.03-9.43) 
4.13 (0.06-303.44) 
0.46 (0.02-9.14)
0.90 (0.33-2.51)
Not estimable
Not estimable
4.48 (0.07-286.49)
3.48 (0.11-114.56)
Not estimable
4.39 (0.07-289.07)

0.18 (0.00-9.60)

0.73 (0.21-2.49) 

1.96 (0.20-19.02)
0.08 (0.00-1.34)
1.45 (0.22-9.46)
Not estimable
Not estimable

4.18 (0.06-299.89) 
Not estimable
Not estimable
4.18 (0.06-299.89)

1.27 (0.82-1.96)

0.14 (0.00-6.90)

Not estimable
0.93 (0.17-5.27)
4.41 (0.07-288.67)
2.20 (0.65-7.41)
2.74 (0.67-11.18) 9.7

16

21

Anti-VEGF 
Events  Total

5
0
1
0
0
0
0
0
8
2
1
1
1
11
0
0
1
2
0
1

0

277
190
264
182
150
126
124
261
375
20
105
31
22
477
120
41
84
307
85
102

15
4506 

57

1

2
0
6
0
0

116
114
175
97
91

684
8

66

0
0

65
42
42

1
149

5339

0 91

0 148
4 235
1 265
10 249
8 251

2

Heterogeneity: χ 2  = 14.43 (P >.85); I2 = 0%
Test for overall effect: z = 1.05 (P = .29)
Test for subgroup differences: χ2 = 1.152 (P = .56); I2 = 0%

 

3

0.01 101 1000.1

Squares represent mean values, with the size of the squares indicating weight and horizontal lines representing 95% CIs. Diamonds represent the pooled mean,
with the points of the diamonds representing 95% CIs. OR indicates odds ratio.
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(subgroup difference: P = .04) in mortality risk depending on
the underlying disease, with an increase (OR, 1.80; 95% CI, 1.03-
3.16; P = .04) in the risk of death in patients with DME/PDR,
but no increase was observed in patients with AMD or RVO.

Secondary Outcomes
Anti-VEGF drugs compared with control agents did not in-
crease the risks of components of MACEs: cardiovascular mor-
tality (OR, 1.21; 95% CI, 0.69-2.10; 33 trials), myocardial in-
farction (OR, 0.86; 95% CI, 0.55-1.33; 26 trials), or stroke (OR,
1.50; 95% CI, 0.91-2.48; 30 trials). Anti-VEGF drugs also did not
increase other cardiovascular outcomes: cardiac failure (OR,
0.93; 95% CI, 0.54-1.58; 17 trials), venous thromboembolism
(OR, 1.23; 95% CI, 0.40-3.79; 9 trials), arterial hypertension (OR,
0.94; 95% CI, 0.76-1.17; 28 trials), proteinuria (OR, 2.30; 95%
CI, 0.47-11.23; 9 trials with ranibizumab only), all serious SAEs
(OR, 0.99; 95% CI, 0.83-1.18; 19 trials), and all SAEs (OR, 0.93;
95% CI, 0.78-1.10; 11 trials) (eTable 4 in the Supplement).

Anti-VEGF drugs, mainly ranibizumab, increased the risks
of nonocular hemorrhage compared with control agents (OR,
1.46; 95% CI, 1.01-2.10; P = .04; P = .81 for heterogeneity;
I2 = 0%). This association was stronger in patients with AMD
(OR, 1.57; 95% CI, 1.01-2.44), but the underlying disease did not
seem to influence the risk (subgroup difference: P = .88). Type
of anti-VEGF drug, study quality, and follow-up duration did not
influence the risk of nonocular hemorrhage (subgroup differ-
ences: type of anti-VEGF drug, P = .78; study quality, P = .47 and
follow-up duration, P = .57) (eTable 4 in the Supplement). The
overall quality of evidence for the main outcomes and for non-
ocular hemorrhage risk was considered low, mainly owing to the
risk of bias and indirectness (eTable 7 in the Supplement).

Secondary Comparisons and Post Hoc Analyses
Few studies compared one anti-VEGF with another, with the
exception of bevacizumab vs ranibizumab (eTable 8 in the
Supplement). No drug was associated with an increased or de-
creased risk of mortality, MACEs, or the components of MACEs
when compared. Arterial hypertension seemed to be lower
(OR, 0.69; 95% CI, 0.50-0.95; P = .02; I2 = 0%) in patients who
received bevacizumab compared with those who received ra-
nibizumab. There was a small increase in serious SAEs in beva-
cizumab vs ranibizumab studies (OR, 1.19; 95% CI, 1.03-1.39;
P = .02, I2 = 0%).

Comparison between low and high doses for the monthly
regimen could be analyzed in ranibizumab and aflibercept stud-
ies (eTable 9 in the Supplement). There were no statistically
significant differences in mortality, MACEs or the compo-
nents of MACEs, and other cardiovascular outcomes in low-
dose (0.3 and 0.5 mg) compared with high-dose (0.5 and 2 mg)
studies except for the risk of stroke and all serious SAEs. These
risks were lower with lower dose ranibizumab (OR, 0.55; 95%
CI, 0.33-0.93 for stroke, and OR, 0.70; 95% CI, 0.52-0.96 for
all serious SAEs). With aflibercept, we observed an increased
risk of myocardial infarction with the lower dose (0.5 mg) com-
pared with the higher dose (2 mg) (OR 2.43; 95% CI, 1.03-
5.75), but the number of events was low (21); therefore, this
result should be interpreted with caution. The as-needed or
treat-and-extend regimen was not associated with a lower risk

of MACEs, mortality, or other outcomes compared with the
monthly regimen (eTable 10 in the Supplement).

A post hoc analysis of subgroups in trials that excluded or
included patients with cardiovascular diseases showed no
potential enrollment bias for the MACEs, total mortality, and
nonocular hemorrhage (subgroup differences: MACEs, P = .58;
total mortality, P = .37; and nonocular hemorrhage, P = .48)
(eTable 4 in the Supplement).

Discussion
This systematic review and meta-analysis investigated sev-
eral cardiovascular SAEs associated with intravitreal anti-
VEGF drugs in a large population of patients with ocular dis-
eases included in clinical trials. Our findings suggest that
intravitreal anti-VEGF agents were not associated with an in-
creased risk of MACEs or its components compared with non–
anti-VEGF controls, with no influence of type of drug, ocular
disease, study quality, or duration of follow-up. These results
are consistent with other systematic reviews.16 The inci-
dence of overall mortality was low, 0.9% in the control group,
which is in accordance with previous data.58,59 An increase in
overall mortality was only observed in patients with diabe-
tes, a high-risk population, but these outcomes were not
adjusted for in multiple analyses. One recent retrospective
cohort study suggested that, in patients with a history of myo-
cardial infarction, use of intravitreal bevacizumab was asso-
ciated with an increase in overall mortality compared with
age- and sex-matched controls who experienced a myocar-
dial infarction but did not receive bevacizumab.60 Our meta-
analysis was based on aggregated data, and no adjustment for
the history of cardiovascular disease was possible. We in-
cluded studies with a minimum of 6 months follow-up and can-
not ascertain whether an increased risk was apparent in short-
term studies. A recent meta-analysis61 evaluating the risk of
death associated with intravitreal anti-VEGF drugs described
similar results with fewer studies, and studies with more than
30% crossover between groups, which might have influ-
enced the risk estimate in the control group.

Our results support previous finding of an increased risk
of nonocular hemorrhagic events,16,62 mainly with ranibi-
zumab in patients with AMD. The prevalence of nonocular
hemorrhagic events was 2.4% and most of these events were
considered serious. However, we could not adjust our find-
ings on treatments that may increase hemorrhagic risk, such
as antithrombotic drugs, that are commonly prescribed in
patients with diabetes and people older than 60 years at high
cardiovascular risk.

Direct comparisons between bevacizumab and ranibi-
zumab showed an increased risk of SAEs and a decreased risk
of hypertension with bevacizumab. No significant differences
were observed between aflibercept and bevacizumab or ranibi-
zumab, but the number of studies was low. Pharmacokinetics
and pharmacodynamics data after intravitreal administration
in humans and monkeys reported that serum levels were higher
for bevacizumab than for ranibizumab, with a corresponding
persistent and more important decrease in VEGF plasma lev-
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els for bevacizumab than for ranibizumab.11,12,63 The in-
creased risk of SAEs with bevacizumab was, however, not ob-
served in a meta-analysis based on individualized data in
patients with AMD.64 In this meta-analysis, the risk of SAEs was
lower than that reported in original publications, possibly be-
cause of the process of data check before pooling. Further-
more, in our main comparison, the type of drug did not appear
to influence the risks of MACEs, total mortality, and nonocular
hemorrhage of anti-VEGF agents compared with controls. This
finding is in accordance with real-world data58,59,65 and a re-
cent head-to-head comparison meta-analysis.66 In addition, our
between-doses comparisons found no significant differences in
risks except for a lower stroke and serious SAEs risk with low
dose (0.3 mg) ranibizumab compared with standard dose (0.5
mg). Stroke risks were low (1.2% for 0.3 mg and 1.6% for 0.5 mg)
with few events, mainly owing to the Safety Assessment of
Intravitreous Lucentis for AMD (SAILOR)67 and RISE-RIDE68

studies. These results were in agreement with individual pa-
tient data pooled analyses,69,70 even if inclusion criteria and the
method used to estimate these risks could vary and explain some
apparent differences. An unexpected increase in the risk of myo-
cardial infarction was observed with low-dose aflibercept (0.5
mg) compared with the standard (2 mg) dose, but this finding
should be considered with caution given the low number of
studies (3) and events (21). Furthermore, the between-doses
direct comparisons may be of limited validity, especially in the
absence of knowledge regarding the plasma concentration, be-
cause the dose is sometimes poorly associated with plasma con-
centrations, obscuring an existing concentration-response
relationship. No differences in risks were observed for an as-
needed regimen compared with a monthly regimen.

Strengths and Limitations
Oneofthestrengthsofoursystematicreviewwithmeta-analyses
is that, contrary to previously published meta-analysis, we did
not restrict our analyses to a single ocular disease.16 Instead, we
consideredalladultpatientsincludedintrialsthatevaluatedanti-
VEGF drugs to increase the power to detect safety signals. Some
of these diseases are also associated with a high cardiovascular
risk,71 a population in whom SAEs of anti-VEGF drugs are more
likely to be detected. Although cardiovascular risks may differ
between populations, randomization allows group comparabil-
ity and OR estimation.

There are several limitations of our meta-analysis. The in-
cidence of SAEs was considered as primary outcome in only 3
studies, leaving the other studies open to potential detection
bias, which was difficult to evaluate because of limited infor-
mation on SAEs monitoring and on the safety outcome asses-
sor’s blinding was available. Methods for SAE reporting were
heterogeneous and data reported by using the MedDRA sys-
tem could not be always included in our meta-analysis, since
MedDRA focus on event reporting without analyzing this event
in the context of a patient’s diagnosis. A number of studies re-
ported no events for different outcomes, which could also in-
crease the difficulty of analysis, but our results did not vary
when different methods to pool the data were tested. We only
used published data, with no unpublished trials retrieved;
therefore, a publication bias cannot be excluded. The aver-
age follow-up of the included studies was 16 months, which
could be too short to detect an increase in rare SAEs. Exclu-
sion of patients with a history of cardiovascular disease from
several clinical trials, the absence of data regarding patients’
comorbidities, and the impossibility to adjust for such comor-
bidities, limit the validity of the risk assessment for patients
in clinical practice. Because of the low incidence, the lack of
adequate power to show an increased risk, the absence of ad-
judication of SAEs, exclusion of patients with cardiovascular
disease history, and potential attrition bias in included stud-
ies (loss to follow-up), our results should be interpreted with
caution and considered as safety signals.

Conclusions
The findings of our systematic review with meta-analysis
suggest that intravitreal anti-VEGF drugs were not associated
with an increase in MACEs. Increased mortality in patients with
diabetes and nonocular hemorrhages, especially in patients
with AMD, could represent a safety signal, but the evidence
is not strong and the studies were not sufficiently powered to
correctly assess a small increase in the incidence of SAEs.
Cardiologists and ophthalmologists should be aware of these
safety signals, especially in patients at high risk. Continued
surveillance for SAEs in patients treated with intravitreal anti-
VEGF drugs by means of population-based studies remains
warranted.
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