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The “golden years” are much less so if you lose your central vision to neovascular age-related macular degeneration
(AMD). Approximately 15 out of 1000 individuals over age 75 will have advanced AMD; 66% will have the neovascular
form that is associated with central vision loss. The introduction of anti-VEGF treatment for neovascular AMD 15 years
ago (1) has revolutionized care for these patients, much as pan-retinal photocoagulation (PRP) did for patients with
proliferative diabetic retinopathy (PDR) and ischemic retinal vein occlusions (RVOs) decades earlier. The difference
between these two therapeutic advances is that PRP reduces the ischemic drive by destroying portions of the peripheral
retina while VEGF antagonists do little to relieve underlying hypoxia. In addition to having potent vasopermeability and
some angiogenic activity, VEGF is an important neurovasculotrophic factor that is critical to the survival and function of
neurons and endothelial cells. Because neurovascular cell functions are already compromised by underlying disease
(e.g., AMD, diabetes, RVOs), potent, long-lasting VEGF antagonism may be detrimental to the health of cells dependent
on its trophic activity. Patients with ischemic (e.g., diabetes, ARMD) retinopathies are likely to have ischemia elsewhere
(e.g., heart, brain, kidneys), and the sustained presence of potent VEGF antagonists may prevent adequate
collateralization and function in these tissues as well. While the less potent and long-lasting VEGF antagonist drugs may
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The “golden years” are much less so 
if you lose your central vision to neo-
vascular age-related macular degener-
ation (AMD). Approximately 15 out of 
1000 individuals over age 75 will have 
advanced AMD; 66% will have the neo-
vascular form that is associated with cen-
tral vision loss. The introduction of anti-
VEGF treatment for neovascular AMD 15 
years ago (1) has revolutionized care for 
these patients, much as pan-retinal pho-
tocoagulation (PRP) did for patients with 
proliferative diabetic retinopathy (PDR) 
and ischemic retinal vein occlusions 
(RVOs) decades earlier. The difference 
between these two therapeutic advances 
is that PRP reduces the ischemic drive 
by destroying portions of the peripheral 
retina while VEGF antagonists do little to 
relieve underlying hypoxia. In addition to 
having potent vasopermeability and some 
angiogenic activity, VEGF is an important 
neurovasculotrophic factor that is critical 
to the survival and function of neurons 
and endothelial cells. Because neurovas-
cular cell functions are already compro-
mised by underlying disease (e.g., AMD, 
diabetes, RVOs), potent, long-lasting 
VEGF antagonism may be detrimental to 
the health of cells dependent on its tro-
phic activity. Patients with ischemic (e.g., 
diabetes, ARMD) retinopathies are likely 
to have ischemia elsewhere (e.g., heart, 
brain, kidneys), and the sustained pres-
ence of potent VEGF antagonists may pre-
vent adequate collateralization and func-
tion in these tissues as well. While the less 
potent and long-lasting VEGF antagonist 
drugs may be “just bad enough,” newer 
therapies that are far more potent and/or 
longer lasting may precipitate problems 
from suppressed VEGF activity. We will 
discuss issues to consider when treating 
ocular disease with VEGF antagonists.

Physiological importance  
of VEGF
VEGF’s trophic activities are critical to 
maintaining cardiovascular, renal, and 
nervous tissues. Conditionally knocking 
out Vegfa in adult mouse retinal pigment 
epithelial (RPE) cells led to rapid ablation 
of the choriocapillaris followed by pho-
toreceptor dysfunction and vision loss (2, 
3). Astrocyte/neuron-derived VEGF is also 
important for developing and maintaining 
the retinal vasculature (4).

Systemic VEGF inhibition is likely to 
cause cardiovascular complications, such 
as hypertension and arterial thrombo-
embolic events, or renal dysfunction (5). 
VEGF induces nitric oxide (NO) synthase 
expression by endothelial cells, result-
ing in the release of NO (a vasodilator). 
VEGF inhibition may lead to endothelial 
dysfunction, particularly in patients with 
increased hypertension or cardiovascu-
lar risk (6). Moreover, podocyte-derived 
VEGF is required for health and mainte-
nance of the adjacent glomerular endothe-
lium; its loss is associated with glomerular 
thrombotic microangiopathy (7, 8).

Ocular effects of intravitreal 
anti-VEGF
Geographic atrophy. AMD-associated geo-
graphic atrophy (GA) is characterized by 
progressive and irreversible loss of pho-
toreceptors, RPE, and choriocapillaris. 
Five years of follow-up in the Comparison 
of AMD Treatments Trials showed that, 
among the 1011 participants who did not 
have GA at baseline and had follow-up 
images gradable for GA, the cumulative 
incidence was 12% at one year, 17% at 
two years, and 38% at five years (9). Both 
the IVAN and HARBOR trials showed an 
increased risk of GA in eyes treated for two 
years with monthly dosing compared with 

those receiving treatment as needed (10, 
11). The SEVEN-UP study that followed 
ranibizumab treatment for neovascular 
AMD for up to eight years showed fundus 
autofluorescence–detected macular atro-
phy in 98% of eyes (12). Thus, emerging 
evidence suggests that anti-VEGF treat-
ment can potentially increase the devel-
opment of GA. Similarly, laboratory stud-
ies show that intravitreal bevacizumab 
injection into rats or nonhuman primates 
reduced fenestration of the normal chorio-
capillaris, which can lead to GA (13). VEGF 
deletion in mouse RPE was character-
ized by choriocapillaris atrophy and RPE/
Bruch’s membrane abnormalities, similar 
to that observed in GA (2, 3).

Ocular hypertension. Injection of 
anti-VEGF into the eye is associated with 
short-term ocular hypertension caused by 
a transient, volume-dependent elevation 
of intraocular pressure (IOP) that typical-
ly resolves within 30 to 60 minutes. How-
ever, post hoc analysis of several clinical 
trials indicates that a small portion of 
patients (3% to 11%) receiving repeated 
anti-VEGF injections developed ocular 
hypertension lasting several months or 
longer (14). Risk factors for chronic ocu-
lar hypertension were the total number of 
injections, a higher frequency of injection, 
and preexisting glaucoma. A significant 
decrease in outflow facility in patients 
receiving a higher number of intravitre-
al injections was also reported, perhaps 
explained by microparticle obstruction, 
toxic/inflammatory effects on trabecu-
lar meshwork, or loss of VEGF-mediated 
trabecular meshwork–secreted factors 
that regulate conventional outflow facil-
ity in response to mechanical stress (14). 
To date, there does not appear to be any 
long-term damage to the nerve fiber lay-
er, although this should be monitored.

Less common adverse events. Anterior 
ischemic optic neuropathy, retinal vas-
cular occlusions, hemorrhagic macular 
infarction, and development/exacerba-
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zumab may be safer in infants. Studies of 
neurodevelopmental outcomes after intra-
vitreal bevacizumab treatment for ROP 
have variable outcomes, with one study 
showing no difference in mean cognitive, 
language, or motor scores, while another 
reported lower median motor composite 
scores and 3.1 times higher incidence of 
neurodevelopmental disabilities in bevaci-
zumab-treated infants. However, as these 
studies were not randomized, further 
research is needed to distinguish between 
prematurity itself and anti-VEGF treat-
ment as the causative factor for neurode-
velopmental abnormalities (28).

Concluding remarks
Systemic and ocular complications associ-
ated with intravitreal anti-VEGF therapies 
are uncommon in the general population, 
but careful observation and continuous 
assessment of dosing and frequency should 
be routine for at-risk populations. Post-
marketing surveillance of the serious AEs 
are difficult because the medical team 
caring for a patient with a serious medical 
condition would not typically associate it 
with injections of VEGF antagonists. In 
AMD patients, VEGF antagonists do not 
prevent underlying disease progression 
and may accelerate GA development. Dia-
betics, elderly patients with widespread 
ischemic disease, and premature infants 
may be at particularly high risk for exac-
erbation of their underlying neurovascular 
dysfunction and, as such, should be care-
fully monitored if placed on anti-VEGF 
therapy. The next generation of more 
potent, longer-lasting anti-VEGF thera-
pies will heighten concerns about poten-
tial AEs. Completely neutralizing vasculo/
neurotrophic activities of VEGF with these 
drugs may severely compromise collat-
eralization that is a critical component of 
ischemic myocardial and CNS disease in 
the at-risk populations and lead to serious 
AEs in an elderly and/or critically ill group 
of patients. Combination therapies that 
reduce the dose of VEGF antagonists and 
minimize the risk of compensatory upreg-
ulation of other, non-VEGF–driven angio-
genic pathways may provide lower risk for 
high-risk patients.
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the retinal and glomerular microvascula-
ture, not only through VEGFR2-mediated 
vasculotrophism, but also through modu-
lation of local proteins that could protect 
against complement-mediated damage (7, 
8). The association of intravitreal admin-
istration of anti-VEGF with renal dys-
function, (e.g., worsening proteinuria in 
chronic kidney disease patients; ref. 21), 
is largely anecdotal to date and limited to 
case reports.

Hypertension is associated with the use 
of VEGF antagonists in oncology, although 
the mechanism for this remains unknown. 
Similarly, intravitreal bevacizumab injec-
tion in hypertensive patients significant-
ly increases the risk for increasing blood 
pressure, while intravitreal ranibizumab 
does not (22). Although hypertension is 
a risk factor for cardio-/cerebrovascular 
accidents (CVA), the relationship between 
intravitreal anti-VEGF and the risk of these 
events is still controversial. In most clinical 
trials using intravitreal anti-VEGF therapy, 
the incidence of CVA, myocardial infarc-
tion (MI), and death is not significantly 
elevated, but these studies are underpow-
ered for assessing small differences in rare 
events (23). Similarly, the incidence of sys-
temic AEs did not differ between various 
anti-VEGF drugs, although one diabetic 
macular edema (DME) trial reported more 
arterial thrombotic events with ranibizum-
ab versus aflibercept (24). Nevertheless, 
for some risk populations, such as patients 
with diabetes or a history of recent MI or 
CVA, there may be an increased risk with 
sustained suppression of systemic VEGF 
levels. One meta-analysis reported an 
increase in the risk of CVA and vascular 
death in diabetic patients receiving month-
ly anti-VEGF agents for two years (25). 
Moreover, the risk of MI after intravitreal 
bevacizumab injections was significantly 
associated with a history of CVA or MI (26).

Anti-VEGF therapy has emerged as a 
preferred treatment of infants with reti-
nopathy of prematurity (ROP), a popula-
tion at particularly high risk for sustained 
VEGF suppression due to VEGF’s role in 
organogenesis and neurodevelopment. In 
ROP infants treated with bevacizumab, 
serum VEGF levels were significantly sup-
pressed for up to 2 months after injection 
(27). Serum VEGF levels were less affected 
after intravitreal ranibizumab than after 
bevacizumab (27), suggesting that ranibi-

tion of ocular ischemic syndrome have 
been reported as rare adverse events (AEs) 
after intravitreal injection of anti-VEGF 
agents (15). While there are reports of 
decreased retrobulbar blood flow param-
eters, retinal arteriolar vasoconstriction, 
and worsening of macular ischemia after 
intravitreal injection of anti-VEGF agents, 
further studies are needed to understand 
the association between these effects and 
VEGF blockage (16). Other ocular AEs 
associated with anti-VEGF agents include 
traction retinal detachment (TRD) in PDR, 
RPE tears in choroidal neovascularization, 
and polypoidal choroidal vasculopathy. In 
a retrospective series, 5.2% of eyes devel-
oped or had progression of TRD follow-
ing intravitreal bevacizumab injection for 
PDR (17). The incidence of RPE tears is 
inconsistently observed, with one study 
showing no significant increase with anti-
VEGF treatments while another observed 
that 7.9% of treatment-naive eyes treated 
with three monthly ranibizumab injections 
developed RPE tears by 12 months (18, 
19). A higher risk of RPE tears was seen in 
patients with fibrovascular pigment epi-
thelial detachment (19).

Systemic effects of intravitreal 
anti-VEGF
Systemic pharmacokinetics of intravitreal 
anti-VEGF. Although the dosage of anti-
VEGF for intravitreal injections is more 
than 100-fold lower than that used in 
oncology, aflibercept and bevacizumab 
injected intravitreally results in serum 
drug levels above IC50 concentrations 
(20). Ranibizumab (an Fab-based drug) 
is removed from the bloodstream more 
quickly than bevacizumab (intact immu-
noglobulin) or aflibercept because it has a 
single Fab fragment without the Fc region 
(20). Intravitreal aflibercept or bevacizum-
ab treatment significantly reduced plas-
ma-free VEGF relative to baseline, with 
aflibercept suppressing plasma-free VEGF 
levels below the lower detectable limit as 
early as three hours after injection and 
lasting more than seven days (20).

Systemic adverse effects. Two of the most 
common AEs of systemic bevacizumab 
therapy in oncology are proteinuria (18% 
of patients) and hypertension (25.3%; ref. 
5). Human pathological studies and ani-
mal models using podocyte-specific VEGF 
deletion suggest that VEGF protects both 
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