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REVIEW ARTICLE

Anti-VEGF Agents and the  
Risk of Arteriothrombotic Events

Marco A. Zarbin, MD, PhD, FACS

Abstract: Blockade of vascular endothelial growth factor (VEGF) sig-
naling, whether via sequestration of free VEGF or via inhibition of the 
tyrosine kinases activated by VEGF, is associated with decreased nitric 
oxide (NO) and prostaglandin-I 2 (PG-I 2) production along with vascular 
endothelial cell death. Systemic administration of drugs that block VEGF 
signaling (eg, for cancer treatment) is associated with systemic complica-
tions such as hypertension and thrombosis. Evidence regarding the risk of 
systemic serious adverse events after intravitreal injection of anti-VEGF 
agents in patients with diabetic macular edema or neovascular age-relat-
ed macular degeneration is inconsistent, in part because of study design 
limitations (eg, bias of ascertainment through strict enrollment criteria 
and/or inadequate power to identify the risk of low frequency events). 
Studies involving patients at high risk of arteriothrombotic events (eg, 
patients with diabetic macular edema) who have high exposure to intra-
vitreal anti-VEGF therapy (eg, monthly aflibercept or ranibizumab injec-
tion) demonstrate an increased risk of all-cause mortality compared with 
randomized controls. The pharmacokinetics of anti-VEGF drug clearance 
from the systemic circulation and the documented sustained reduction in 
free plasma VEGF levels after intravitreal aflibercept and bevacizumab 
injection are consistent with these findings. Although the frequency of 
systemic serious adverse events after intravitreal anti-VEGF therapy is 
low, some patients may be at higher risk (eg, those with recent stroke or 
multiple strokes), and physicians may wish to take special measures with 
these patients to minimize the risk of systemic complications. 
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Blockade of vascular endothelial growth factor (VEGF) sig-
naling, whether via sequestration of free VEGF or via inhi-

bition of the tyrosine kinases activated by VEGF, is associated 
with decreased nitric oxide (NO) and prostaglandin-I 2 (PG-I 2) 
production along with vascular endothelial cell death (Fig. 1).1 

Decreased NO and PG-I 2 production results in vasoconstriction 
and a tendency for hypertension, which occurs in approximately 

33% of patients receiving systemic anti-VEGF therapy for cancer. 
Vascular endothelial death results in exposure of procoagulant 
phospholipids on the luminal plasma membrane and underlying 
extracellular matrix and a tendency for thrombosis [eg, cerebro-
vascular accident (CVA), myocardial infarction (MI), transient 
ischemic attack (TIA), or subarachnoid hemorrhage], which oc-
curs in approximately 4% of patients receiving systemic anti-
VEGF therapy for cancer. 

SyStemic RiSkS ASSociAted With 
intRAvitReAl Anti-veGF theRApy

evidence for Systemic toxicity: dme 
Patients with diabetic macular edema (DME) have an in-

creased risk of macro- and microvascular complications com-
pared with diabetic patients without DME.2 The rates of hospi-
talization of DME patients versus diabetic patients without DME 
are 2-fold higher for CVA and 2.5-fold higher for MI.3 To test the 
hypothesis that intravitreal administration of anti-VEGF agents 
increases the risk of systemic adverse events, Avery and Gordon4 

conducted a meta-analysis of patients in this high-risk group who 
had the highest exposure to intravitreal anti-VEGF therapy and 
that had a randomly assigned control group. Patients from RIDE/
RISE5 and VIVID/VISTA6 registration trials met these inclusion 
criteria. Specifically, patients with monthly exposure to 0.3 mg 
or 0.5 mg ranibizumab or monthly exposure to 2 mg aflibercept 
were compared with their respective control groups. The risk of 
death was increased in patients exposed to monthly 0.5 mg ra-
nibizumab {fixed Peto odds ratio [95% confidence interval (CI)], 
3.24 [1.12‒9.36]} and in patients exposed to monthly 2 mg af-
libercept compared with controls [fixed Peto odds ratio (95% 
CI), 2.76 (1.04‒7.46)]. The overall risk was increased when the 
patient cohorts were combined for the meta-analysis [fixed Peto 
odds ratio, 2.98 (1.44‒6.14)]. Thus, registration-level randomized 
clinical trials demonstrate an increased risk of death among pa-
tients with DME and highest exposure to intravitreal aflibercept 
or ranibizumab versus controls.

evidence Against Systemic toxicity: dme
To explore the risk of systemic toxicity, Zarbin et al7 exam-

ined the cardio- and cerebrovascular safety profiles of ranibi-
zumab 0.3 mg and 0.5 mg relative to sham/control patients us-
ing an individual patient-level meta-analysis of 6 randomized, 
double-masked, sham injection-/laser-controlled phase 2 and 3 
clinical trials. This analysis involved 1767 total patients, 1186 
of whom were treated with ranibizumab. These trials involved 
different posologies (eg, monthly versus pro re nata injections), 
different study durations, and different enrollment criteria (Fig. 
2). Patient-level data provide greater depth of insight than typi-
cal meta-analyses derived from published literature. Information 
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FiGuRe 1. Known adverse effects of VEGF signaling blockade.

FiGuRe 2. Clinical trials included in the individual patient-level meta-analysis of systemic risk associated with intravitreal ranibizumab in nAMD. Adapted 
from Zarbin et al.7  

*After month 1, dose-doubling was permitted (protocol-defined criteria, injection volume increased from 0.05 to 0.1 mL and remained at 0.1 mL 
thereafter unless no treatment was required for more than 45 days). The patients from both groups were analyzed in the RBZ 0.5 mg group.  
†Study duration before switch was permitted. LD indicates loading doses; M, month; PRN, as needed; RBZ, ranibizumab.
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regarding timing of all adverse events relative to study initiation, 
detailed dosing information, demographics, and key baseline risk 
factors allow one to adjust for differences in relevant baseline 
characteristics (eg, smoking history, CVA, MI) and drug exposure 
(using individual patient “person-time”). One can also analyze 
time-related events (ie, timing of adverse events with respect to 
drug exposure, patient drop out, and so on) using methods such as 
Kaplan-Meier and Cox proportional hazards regression. For cases 
in which there is a question regarding the diagnosis (eg, stroke 
versus TIA), one can carry out focused interrogation across stud-
ies on individual events of clinical interest. In contrast, meta-anal-
yses based on summary study-level data (ie, those typically pub-
lished) cannot easily adjust for differences in trial length, patient 
drop out, demographic differences, and so on, which creates a 
greater chance for spurious/false-positive findings due to the lack 
of granularity in the underlying data. Nonetheless, individual pa-
tient-level meta-analyses suffer from limitations associated with 
meta-analyses generally [eg, one may not be able to reconcile dif-
ferences in the way risk factors were collected in different trials 
or resolve the fact that different trials have different enrollment 
criteria and different types of controls groups (eg, laser treatment 
versus sham injection)]. The use of patient-level data allows one 
to adjust for some of these differences but not all of them.

Zarbin et al7 found no meaningful differences between pa-
tients treated with 0.3 mg or 0.5 mg intravitreal ranibizumab 

versus control with regard to the risk of stroke or TIA, stroke 
excluding TIA, MI, vascular death, or Anti-Platelet Trialists Col-
laboration (APTC) events (which include vascular and unknown 
death, MI, and stroke) as the 95% CI for the hazard ratios all 
included the value of 1.0, meaning no increased risk (Fig. 3). The 
95% CIs for the hazard ratios involving risk of vascular death and 
stroke excluding TIA were large, however, indicating an impreci-
sion in the measure arising from the small number of observed 
events in these categories. In contrast to the findings of Avery 
and Gordon,4 Zarbin et al7 found no increased risk of all-cause 
mortality among DME patients exposed to 0.3 mg [hazard ratio 
(95% CI), 1.72 (0.50‒5.88)] or 0.5 mg ranibizumab [hazard ratio, 
2.19 (0.85‒5.61)].

The underlying reasons for the discrepancies in these 2 meta-
analyses are as follows. First, RIDE/RISE had different enrollment 
criteria from some of the studies included in the individual patient-
level meta-analysis. In RIDE/RISE, for example, patients were ex-
cluded from enrolling if they had experienced a stroke or MI within 
the previous 3 months. In contrast, patients were not allowed to 
enroll in RELATION, RESTORE, or REVEAL [866 (49%) of 
the 1767 patients included in the analysis] if they had ever had a 
stroke. Second, patients enrolled in RIDE/RISE and randomized to 
ranibizumab were treated with monthly injections. In the individual 
patient-level meta-analysis conducted by Zarbin et al,7 688 (58%) 
of the 1186 patients exposed to ranibizumab were treated accord-
ing to a pro re nata regimen (RELATION, RESOLVE, RESTORE, 
REVEAL), which is associated with lower drug exposure. 

Age-Related macular degeneration
Attempts to identify an association between age-related mac-

ular degeneration (AMD) and an increased risk of cardiovascular 
and cerebrovascular disease have yielded mixed results.8,9 There 
does seem to be an increased risk of stroke, however, among pa-
tients with neovascular AMD (nAMD).10‒13 Patients with nAMD 
who received clinically relevant intravitreal doses of aflibercept, 
bevacizumab, or ranibizumab demonstrated varying serum drug 
levels for as long as 1 month after injection with lowest systemic 
exposure for ranibizumab versus aflibercept and bevacizumab.14 
As expected based on these results, aflibercept and bevacizumab 
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FiGuRe 3. Risk of systemic complications associated with intravitreal ranibizumab in DME. Adapted from Zarbin et al.7 CV indicates cardiovascular; HTN, 
hypertension.

reduce free plasma VEGF levels to a greater degree and for a  
longer period of time compared with ranibizumab.14‒19 Thus, it 
seems reasonable to question whether the use of intravitreal anti-
VEGF agents might increase the risk of cardiovascular events in 
patients with nAMD.

Analyses of systemic vascular safety of anti-VEGF agents 
in patients with nAMD have not definitively demonstrated an in-
creased risk of stroke, major cardiovascular events, arteriothrom-
botic events, or mortality compared with controls although the 
confidence intervals in some of these studies were rather large, 
indicating imprecision in the measurement likely due to a low 
number of events.20‒22 Claims data from Canada did not show an 
increased risk of stroke or acute MI in nAMD patients treated with 
ranibizumab or bevacizumab.23 Data from the Centers for Medi-
care and Medicaid Services showed that nAMD patients treated 
with ranibizumab or bevacizumab did not have an increased risk 
of mortality, MI, stroke, or bleeding compared with patients treat-
ed with verteporfin or pegaptanib.24 In fact, patients treated with 
ranibizumab had significantly lower risk of MI or mortality com-
pared with verteporfin-treated controls. All of these analyses are 
limited by issues of bias of ascertainment and power (see below).

inFluence oF Study deSiGn  
on RiSk ASSeSSment

Limitations in study design that influence one’s ability to 
assess the systemic risks associated with intravitreal anti-VEGF 
injection include power and bias of ascertainment. 

power 
Registration trials are powered to assess efficacy but not low 

frequency events such as systemic serious adverse events after 
intravitreal anti-VEGF agent injection. This limitation may also 
be true for meta-analyses depending on the event rates and the 
magnitude of the treatment effect. In the study by Zarbin et al,7 
if one assumes a 1% stroke rate in the control group, there was a 
25% power to detect a doubling of the risk of stroke with intra-
vitreal 0.5 mg ranibizumab (2-sided, 5% significance level) and 
a 72% power to detect a tripling of the stroke risk (2-sided, 5%  

significance level). To increase the number of events and the power 
of the analysis, events with similar etiology can be combined into 
a composite endpoint, such as the combination of MI, stroke, and 
vascular death into the APTC endpoint. For a risk rate of 3.5%, 
which would be in line with the sham rate of APTC events, the 
ranibizumab meta-analysis had an ~80% power to detect a dou-
bling of the risk for ranibizumab 0.5 mg (2-sided, 5% significance 
level).7 Unfortunately, this approach may mask potentially impor-
tant changes in specific components of the composite endpoint 
(eg, a potential adverse effect on stroke alone may be masked by 
a neutral or even lowering effect on the rate of MIs, as suggested 
by trends observed in previously published results).21

Bias of Ascertainment
For various reasons, patients enrolled in randomized clinical 

trials may not be fully representative of the population that phy-
sicians treat in their offices. In addition, the sponsors of clinical 
trials have some latitude in determining whether an adverse event 
was related to drug exposure. In the VIVID and VISTA trials, for 
example, serious adverse events were not attributed to aflibercept 
if they occurred more than 30 days after intravitreal injection. This 
adjudication may not be reasonable based on the pharmacokinet-
ics of aflibercept clearance from the eye and systemic circulation, 
as detailed below. As noted above, in some ranibizumab trials (eg, 
RESTORE), exclusion criteria reduced the likelihood of systemic 
serious adverse events occurring in the study population.

BioloGicAl plAuSiBility oF SyStemic toxicity 
AFteR intRAvitReAl Anti-veGF theRApy

evidence of plausibility 
Biologically relevant drug levels are present in the serum for 

at least 1 month after intravitreal injection of clinically relevant 
doses of aflibercept and bevacizumab (Fig. 4).25 Thirty days after 
intravitreal injection of aflibercept or bevacizumab, serum drug 
levels are close to their respective IC50, which is the concentration  
needed to inhibit 50% of the biological activity of VEGF. As 
expected, there is an associated substantial reduction in the free 
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FiGuRe 4. Serum concentration of anti-VEGF agents after intravitreal 
injection. Patients received 3 monthly intravitreal injections 
(retreatment could be given within 21–35 days from previous injection) 
of aflibercept 2.0 mg, bevacizumab 1.25 mg, or ranibizumab 0.3 mg 
for DME. Biologically relevant drug levels in serum are present for at 
least 1 month after intravitreal injection of clinically relevant doses of 
aflibercept and bevacizumab. Adapted from Avery et al.25 

FiGuRe 5. Free plasma VEGF levels after intravitreal injection of 
anti-VEGF agents. Patients received 3 monthly intravitreal injections 
(retreatment could be given within 21–35 days from previous 
injection) of aflibercept 2.0 mg, bevacizumab 1.25 mg, or ranibizumab 
0.3 mg for DME. Free plasma VEGF levels are substantially reduced 
for several weeks after intravitreal injection of clinically relevant 
doses of aflibercept and bevacizumab. LLOQ indicates lower limit of 
quantitation. Adapted from Avery et al.25 

plasma VEGF levels for several weeks after intravitreal injection 
of clinically relevant doses of aflibercept and bevacizumab (Fig. 
5).25 In contrast, ranibizumab is cleared quickly from the systemic 
circulation due to the fact that it does not have an Fc component26 
and thus is not subject to recirculation by the neonatal Fc recep-
tor,27‒29 which prolongs the systemic half-life of aflibercept and 
bevacizumab, both of which have Fc components. These facts 
lend plausibility to the concept that intravitreal anti-VEGF thera-
py may be associated with systemic adverse events.

evidence Against plausibility 
If systemic VEGF levels are lowered in almost everyone re-

ceiving systemic anti-VEGF therapy for cancer (and in many pa-
tients after intravitreal anti-VEGF therapy14‒19,30), why does only 
a subset of patients develop complications such as hypertension 
(~33%), APTC events (~4%), and other systemic complications? 
One might argue that the incidence of systemic complications 
should be much higher if lowered systemic VEGF levels were 
the cause of the observed systemic adverse events. One possible 
resolution to this paradox may be that there is pathway redun-
dancy that protects some patients from systemic complications. 
Many factors (eg, endostatin, galectins, epidermal growth fac-
tor, VEGF) influence the angiogenic response to ischemic stress. 
Galectin-induced platelet activation, for example, can trigger a 
VEGF-independent proangiogenic response.31 Thus, one may 
hypothesize that patients vary in their capacity to activate these 
alternative pathways, resulting in varying susceptibility to sys-
temic adverse events. If this hypothesis is correct, a challenge that 
clinicians must confront is that they do not know a priori which 
of their patients is more or less susceptible to the consequences 
of systemic VEGF signaling blockade. Perhaps some risk factors 
such as a history of previous stroke and/or MI or a history of 
DME might serve as an indicator of this susceptibility, but even 
if this conjecture is valid, the positive predictive value of the in-
formation is not clear.

SummARy And concluSionS
The risk of systemic serious adverse events after intravitreal 

anti-VEGF injection for DME is biologically plausible given the 
increased risk of APTC events in this population, the known ef-
fects of VEGF signaling blockade, the persistence of anti-VEGF 
agents in the blood after intravitreal injection, and the associ-
ated lowering of plasma VEGF levels (particularly in the case 
of aflibercept and bevacizumab). There is credible evidence of 
increased risk of all-cause mortality among patients with DME 
and the greatest exposure to intravitreal aflibercept or ranibizum-
ab compared with randomized controls. Study design limitations 
(eg, power, bias of ascertainment), however, prevent accurate as-
sessment of the magnitude of the risk after intravitreal injections, 
which seems to be low. Although patients with nAMD may be at 
increased risk for cerebrovascular events such as stroke, there is 
no clear evidence that intravitreal anti-VEGF therapy increases 
that risk although limitations in clinical trial design preclude de-
finitive conclusions in this regard.

Given the imprecision of the data sets and the biological 
plausibility of risk, one might consider the following approach 
to the use of intravitreal anti-VEGF agents in treating patients 
with DME or nAMD. First, one should consider using the lowest 
effective dose of anti-VEGF agent. Second, one should consider 
using treatment paradigms that minimize injection frequency 
without compromising clinical benefit (eg, treat and extend, pro 
re nata posology versus strict monthly injections). One also might 
consider the pharmacokinetics of the particular agent one is using 
in patients who seem to be at high risk of a cardio- or cerebrovas-
cular event. In patients with a very recent history of stroke or MI 
or with high risk of such and an urgent need for treatment, one 
might also consider alternative treatment approaches such as in-
travitreal steroid injection (eg, for DME), laser photocoagulation 
(eg, for DME), or the lowest effective dose of anti-VEGF agent 
(eg, 0.3 mg ranibizumab instead of 0.5 mg ranibizumab).

ReFeRenceS
Kamba T, McDonald DM. Mechanisms of adverse effects of anti-VEGF 
therapy for cancer. Br J Cancer. 2007;96:1788‒1795.
Camici PG, Crea F. Coronary microvascular dysfunction. N Engl J Med. 
2007;356:830‒840.

1.

2.

Zarbin Asia-Pacific Journal of Ophthalmology • Volume 7, Number 1, January/February 2018

© 2018 Asia-Pacific Academy of Ophthalmology

Copyright © 2018 Asia-Pacific Academy of Ophthalmology. Unauthorized reproduction of this article is prohibited.

66 | www.apjo.org



Nguyen-Khoa BA, Goehring EL, Werther W, et al. Hospitalized 
cardiovascular events in patients with diabetic macular edema. BMC 
Ophthalmol. 2012;12:11.
Avery RL, Gordon GM. Systemic safety of prolonged monthly anti-vascular 
endothelial growth factor therapy for diabetic macular edema: a systematic 
review and meta-analysis. JAMA Ophthalmol. 2016;134:21‒29.
Nguyen QD, Brown DM, Marcus DM, et al. Ranibizumab for diabetic 
macular edema: results from 2 phase III randomized trials: RISE and RIDE. 
Ophthalmology. 2012;119:789‒801.
Korobelnik JF, Do DV, Schmidt-Erfurth U, et al. Intravitreal aflibercept for 
diabetic macular edema. Ophthalmology. 2014;121:2247‒2254.
Zarbin MA, Dunger-Baldauf C, Haskova Z, et al. Vascular safety of 
ranibizumab in patients with diabetic macular edema: a pooled analysis of 
patient-level data from randomized clinical trials. JAMA Ophthalmol. 2017; 
135:424‒431.
Fernandez AB, Wong TY, Klein R, et al. Age-related macular degeneration 
and incident cardiovascular disease: the Multi-Ethnic Study of 
Atherosclerosis. Ophthalmology. 2012;119:765‒770.
Thomas J, Mohammad S, Charnigo R, et al. Age-related macular 
degeneration and coronary artery disease in a VA population. South Med J. 
2015;108:502‒506.
Tan JS, Wang JJ, Liew G, et al. Age-related macular degeneration and 
mortality from cardiovascular disease or stroke. Br J Ophthalmol. 2008;92: 
509‒512.
Ikram MK, Mitchell P, Klein R, et al. Age-related macular degeneration and 
long-term risk of stroke subtypes. Stroke. 2012;43:1681‒1683.
Wieberdink RG, Ho L, Ikram MK, et al. Age-related macular degeneration 
and the risk of stroke: the Rotterdam Study. Stroke. 2011;42:2138‒2142.
Hu CC, Ho JD, Lin HC. Neovascular age-related macular degeneration and 
the risk of stroke: a 5-year population-based follow-up study. Stroke. 2010; 
41:613‒617.
Avery RL, Castellarin AA, Steinle NC, et al. Systemic pharmacokinetics 
following intravitreal injections of ranibizumab, bevacizumab or aflibercept 
in patients with neovascular AMD. Br J Ophthalmol. 2014;98:1636‒1641.
Wang X, Sawada T, Sawada O, et al. Serum and plasma vascular endothelial 
growth factor concentrations before and after intravitreal injection of 
aflibercept or ranibizumab for age-related macular degeneration. Am J 
Ophthalmol. 2014;158:738‒744.e731.
Carneiro AM, Costa R, Falcao MS, et al. Vascular endothelial growth factor 
plasma levels before and after treatment of neovascular age-related macular 
degeneration with bevacizumab or ranibizumab. Acta Ophthalmol. 2012;90:
e25‒e30.
Yoshida I, Shiba T, Taniguchi H, et al. Evaluation of plasma vascular 
endothelial growth factor levels after intravitreal injection of ranibizumab 
and aflibercept for exudative age-related macular degeneration. Graefes 
Arch Clin Exp Ophthalmol. 2014;252:1483‒1489.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Zehetner C, Kirchmair R, Huber S, et al. Plasma levels of vascular 
endothelial growth factor before and after intravitreal injection of 
bevacizumab, ranibizumab and pegaptanib in patients with age-related 
macular degeneration, and in patients with diabetic macular oedema. Br J 
Ophthalmol. 2013;97:454‒459.
Zehetner C, Kralinger MT, Modi YS, et al. Systemic levels of vascular 
endothelial growth factor before and after intravitreal injection of 
aflibercept or ranibizumab in patients with age-related macular 
degeneration: a randomised, prospective trial. Acta Ophthalmol. 2015;93:
e154‒e159.
Bressler NM, Boyer DS, Williams DF, et al. Cerebrovascular accidents 
in patients treated for choroidal neovascularization with ranibizumab in 
randomized controlled trials. Retina. 2012;32:1821‒1828.
Thulliez M, Angoulvant D, Le Lez ML, et al. Cardiovascular events and 
bleeding risk associated with intravitreal antivascular endothelial growth 
factor monoclonal antibodies: systematic review and meta-analysis. JAMA 
Ophthalmol. 2014;132:1317‒1326.
Ueta T, Noda Y, Toyama T, et al. Systemic vascular safety of ranibizumab 
for age-related macular degeneration: systematic review and meta-analysis 
of randomized trials. Ophthalmology. 2014;121:2193‒2203.e2191‒e2197.
Campbell RJ, Gill SS, Bronskill SE, et al. Adverse events with intravitreal 
injection of vascular endothelial growth factor inhibitors: nested case-
control study. BMJ. 2012;345:e4203.
Curtis LH, Hammill BG, Schulman KA, et al. Risks of mortality, 
myocardial infarction, bleeding, and stroke associated with therapies for 
age-related macular degeneration. Arch Ophthalmol. 2010;128:1273‒1279.
Avery RL, Castellarin AA, Steinle NC, et al. Systemic pharmacokinetics 
and pharmacodynamics of intravitreal aflibercept, bevacizumab, and 
ranibizumab. Retina. 2017;37:1847‒1858.
Xu L, Lu T, Tuomi L, et al. Pharmacokinetics of ranibizumab in patients 
with neovascular age-related macular degeneration: a population approach. 
Invest Ophthalmol Vis Sci. 2013;54:1616‒1624.
Andersen JT, Pehrson R, Tolmachev V, et al. Extending half-life by indirect 
targeting of the neonatal Fc receptor (FcRn) using a minimal albumin 
binding domain. J Biol Chem. 2011;286:5234‒5241.
Kim H, Robinson SB, Csaky KG. FcRn receptor-mediated pharmacokinetics 
of therapeutic IgG in the eye. Mol Vis. 2009;15:2803‒2812.
Powner MB, McKenzie JA, Christianson GJ, et al. Expression of neonatal 
Fc receptor in the eye. Invest Ophthalmol Vis Sci. 2014;55:1607‒1615.
Chakravarthy U, Harding SP, Rogers CA, et al. Ranibizumab versus 
bevacizumab to treat neovascular age-related macular degeneration: one-
year findings from the IVAN randomized trial. Ophthalmology. 2012;119: 
1399‒1411.
Etulain J, Negrotto S, Tribulatti MV, et al. Control of angiogenesis by 
galectins involves the release of platelet-derived proangiogenic factors. 
PLoS One. 2014;9:e96402.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Asia-Pacific Journal of Ophthalmology • Volume 7, Number 1, January/February 2018 Risk of Anti-VEGF Agents

© 2018 Asia-Pacific Academy of Ophthalmology

Copyright © 2018 Asia-Pacific Academy of Ophthalmology. Unauthorized reproduction of this article is prohibited.

www.apjo.org | 67


