Adverse events and
complications
associated with
intravitreal injection
of anti-VEGF agents:
a review of
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Abstract

Intravitreal injection of anti-vascular
endothelial growth factor (VEGF) agents is
increasingly used for the treatment of a

wide variety of retinal diseases, including
age-related macular degeneration, diabetic
retinopathy and retinal vascular occlusions,
and retinopathy of prematurity. Despite
encouraging results in halting the disease and
improving the vision, intravitreal injection of
anti-VEGF agents may be associated with
systemic adverse events and devastating
ocular complications. In this review, we
provide an overview of safety data for
intravitreal injection of common anti-VEGF
agents.
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Introduction

Intravitreal injection of anti-vascular endothelial
growth factor (anti-VEGF) agents have
revolutionized the treatment of common retinal
diseases, including neovascular age-related
macular degeneration (AMD),! diabetic
retinopathy,? and retinal vein occlusions
(RVOs).3 Moreover, promising results were
reported with intravitreal injection of anti-VEGF
agents for other ocular diseases, such as
neovascular glaucoma,* retinopathy of
prematurity (ROP),® and intraocular tumors.
Currently, several anti-VEGF drugs, including
pegaptanib, ranibizumab, bevacizumab,
and aflibercept, are available. Although
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well-designed randomized clinical trials have
shown the efficacy of these agents in visual
improvement in various retinal diseases, each
intravitreal injection poses the risk of post-
injection- and drug-class-associated adverse
events.” The repeated and long-term injections
that are commonly needed may increase the
chance of ocular and systemic complications. In
this article, we briefly review the adverse events
and common complications following
intravitreal injection of anti-VEGF agents

in clinical practice.

Materials and methods

One of the authors (KGF) completed a
systematic search in Pubmed database without
data restriction for articles related to intravitreal
anti-VEGF injections. From January 2005 to
November 2012, articles with the following
keywords were recruited: anti-vascular
endothelial growth factor, pegaptanib,
bevacizumab, ranibizumab, and aflibercept.
All articles were carefully reviewed to select
those that reported complications and adverse
events in intravitreal anti-VEGF injections.

Adverse events following intravitreal
anti-VEGF injections unrelated to the
underlying ocular disease

Some of the complications after intravitreal
injection of anti-VEGFs are similar among the
different agents. This category of adverse events
may be seen after any intravitreal anti-VEGF
injection and is not affected by the underlying
disease.
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Endophthalmitis Infectious endophthalmitis remains one
of the most devastating complications of intravitreal
injections. In multicenter clinical trials with anti-VEGF
therapy the incidence of endophthalmitis per patient has
been reported to range from 0.019 to 1.6%.!%1" However,
the reported rate in the recent studies tends to be lower
than that in early trials.!®'® The rate of endophthalmitis
seems to be the same among different anti-VEGF
agents,!? different injection settings,!®> and different
geographical locations.!”

Recent studies reported that endophthalmitis caused
by Streptococcus species was significantly more frequent
after intravitreal injection than after intraocular surgery.!®
Considering the fact that Streptococcus species comprise
at least 41% culturable adult salivary flora, the difference
in causative organisms in these two settings has
been attributed to the contamination of injection
field by aerosolization or droplet spread.!’

The most important factor in reducing the risk of
endophthalmitis following intravitreal injection is
attention to issues before, during, and after the injection.
Following the recent outbreaks of post-intravitreal
bevacizumab injection endophthalmitis, special attention
has been focused on aseptic preparation of the
bevacizumab syringes.!® Noncompliance with
recognized standards and poor aseptic technique
from the compounding pharmacies were accounted
responsible for these outbreaks, and strict adherence
to the US Pharmacopeia Chapter 797 requirements was
strongly recommended.!® Active external infection,
including significant blepharitis, should be treated before
injection. In addition, eyelid abnormalities such as
ectropion are reported as risk factors for endophthalmitis
and should be considered.!! The use of 5% povidone-
iodine in the conjunctival fornices is an accepted
universal practice and is a strong recommendation for
preventing endophthalmitis.?’ Topical antibiotics have
been demonstrated to significantly reduce ocular surface
bacteria, but have not been proven to have a significant
impact on reducing the risk of endophthalmitis.!! During
the injection procedure, the use of a sterile lid speculum
is recommended to avoid needle contact with lids and
lashes. The use of a sterile drape is optional but gloves,
part of universal precautions, are appropriate.11 Recent
studies emphasize the use of face mask and avoidance of
talking on the reduction of bacterial contamination.?!?2
Those performing intraocular injections should consider
taking precautions against droplet contamination, such
as not talking, talking with the mouth turned away from
the field, or wearing a mask, especially if experiencing an
upper respiratory infection, during intravitreal injection
procedures.!” The use of postoperative antibiotics is
controversial. Although most of the US retina specialists
prefer to use post-injection topical antibiotics, recent
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studies report a significant increase in the antibiotic
resistance of the isolated specimens from ocular flora
and a greater rate of endophthalmitis with the use of
topical antibiotics.!72324

Considering the often devastating outcome of
endophthalmitis after intravitreal injections, and the
importance of immediate treatment, the surgeons should
instruct all patients to return at the first sign of any
visual disturbance, or ocular pain.

Intraocular inflammation Intraocular inflammation is
one of the main ocular adverse events associated
with intraocular anti-VEGF pharmacologic agents.

In the large clinical trials of intravitreal injection of
ranibizumab for AMD, the rates of significant ocular
inflammation were 1.4-2.9%.2% The reported rate after
bevacizumab injection is lower (0.09-0.4); however,
several lot-specific severe ocular inflammatory events
were reported.?

It may be difficult to differentiate sterile intraocular
inflammation from infectious endophthalmitis. In one
study the time of presentation, presence of pain, and the
severity of clinical findings were helpful.?® The
symptoms began at an average of 2.55 days (range, 1-6
days) after injection in the endophthalmitis group and
less than 1 day in the acute intraocular inflammation
group. Seven of nine patients with endophthalmitis and
two of five patients with acute intraocular inflammation
had a painful eye on presentation. The anterior chamber
reaction was severe in all endophthalmitis cases with
seven of them presenting with at least one of the
following: keratic precipitates, hypopyon, fibrin, or
anterior synechia. None of these conditions was present
in five acute intraocular inflammation cases. Other
studies, however, could not find the presence or absence
of pain, vitritis, decreased vision, or hypopyon, and the
interval between injection and presentation helpful to
distinguish culture-positive from culture-negative
cases.”’?8 Intraocular inflammation has also been
reported with intravitreal aflibercept. In a letter sent to
the US Food and Drug Administration dated 13 February
2012, Regeneron Pharmaceuticals (Tarrytown, NY, USA),
the manufacturer of aflibercept, reported that as of 9
February 2012, 30000 injections of aflibercept have been
performed in the US. During that period, 14 cases of
adverse events consistent with sterile intraocular
inflammation (an approximate rate of 0.05% per
injection), following the use of aflibercept, have been
reported to Regeneron Pharmaceuticals (http://
investor.regeneron.com/secfiling.cfm?filingID=1206774-
12-566&CIK=872589, last accessed 18 September 2012).

Although the presentation of symptoms in
endophthalmitis may be more severe than in acute
intraocular inflammation, the surgeons should consider


http://investor.regeneron.com/secfiling.cfm?filingID=1206774-12-566&amp;CIK=872589
http://investor.regeneron.com/secfiling.cfm?filingID=1206774-12-566&amp;CIK=872589
http://investor.regeneron.com/secfiling.cfm?filingID=1206774-12-566&amp;CIK=872589
http://investor.regeneron.com/secfiling.cfm?filingID=1206774-12-566&amp;CIK=872589

every case of uveitis after intravitreal anti-VEGF injection
as suspected endophthalmitis and should administer
intravitreal antibiotics whenever there are high clinical
suspicions.?0%7

Rhegmatogenous retinal detachment The overall incidence
of rhegmatogenous retinal detachment (RRD) after
intravitreal injection of anti-VEGF agents is low

(0 to 0.67%).252 In a study on Medicare database, the
differences in rates of RRD and retinal tear were not
statistically significant between eyes with intravitreal
anti-VEGF injection and a matched control group.?®
The etiology of RRD after intravitreal injection have
been proposed to be an induction of posterior vitreous
detachment or an incorrect technique of injection.?’
Paying attention to the surgical technique has been
advocated to decrease the rate of RRD. This includes
the precise site of injection (3.5-4 mm posterior to the
limbus), using smaller gauge needles, and tunnelled
insertion of the needle for avoiding vitreous wick

and reflux.?’

Intraocular pressure elevation ~Acute rise of intraocular
pressure (IOP) after intravitreal injection is injection-
procedure-related and lasts a few hours at most.33!
Recent studies, however, have reported a significant
number of intravitreal anti-VEGF injections is associated
with an increased risk for IOP elevation.3>* Patients
with pre-existing glaucoma have higher rates of IOP
elevation compared with those without pre-existing
glaucoma.34 Several theories, including a pharmacologic
effect of VEGF blockade, an inflammatory mechanism/
trabeculitis, impaired outflow owing to protein
aggregates/silicone droplet debris, and damage to
outflow pathways due to the repeated trauma and/or
IOP spikes associated with the injection procedure,
have been proposed for the possible cause of sustained
IOP elevation after intravitreal anti-VEGF injections.??

As some eyes with IOP elevation after intravitreal anti-
VEGEF injections need topical or surgical anti-glaucoma
interventions, routine monitoring of IOP in all patients
receiving intravitreal anti-VEGF therapy is

recommended.32-34

Ocular hemorrhage There have been several reports of
ocular hemorrhage following the use of intravitreal anti-
VEGF drugs. Subconjunctival hemorrhage has been
reported to occur in nearly 10% of injections, with higher
frequency in patients who were receiving aspirin.> There
has been a report of a massive choroidal detachment/
hemorrhage following intravitreal bevacizumab
injection.3® Massive subretinal hemorrhage has

been reported after ranibizumab and bevacizumab
injections.37/38
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In patients who were under treatment with
anticoagulants, no new intraocular hemorrhages
or other hemorrhagic complications were reported.3*40
Considering the increased risk of thromboembolic events
after stopping anticoagulant therapy, discontinuation
of the anticoagulants for intravitreal injections is not
recommended.*?

Systemic safety Anti-VEGF agents are used widely in
treatment protocols of many solid cancers. Several
adverse events have been reported with the systemic
administration of anti-VEGF monoclonal antibodies,
including thromboembolic events, myocardial infarction,
stroke, hypertension, gastrointestinal perforations, and
kidney disease.?>*1#3 As all of the intravitreal anti-VEGF
agents have been reported to be associated with
detectable levels in the systemic circulation that may
significantly suppress systemic VEGF levels, there is a
scientific rationale for the occurrence of potential
systemic adverse events.®3

Large-scale clinical trials have demonstrated that
pegaptanib has an excellent safety profile, with no
systemic adverse effects attributable to VEGF
inhibition.?> Although the primary ranibizumab trials
individually did not show a significant increase in
systemic risks and the overall incidence of systemic
adverse events was low, other studies suggest a potential
increase in rates of systemic diseases associated with
ranibizumab injection, especially in elderly patients.+4
Intraocular injection of ranibizumab was linked to a
significant increase in nonocular hemorrhagic events,
including ecchymosis, gastrointestinal hemorrhages,
hematoma, vaginal hemorrhages, and subdural
hematomas.?>*® The rates of any cause of deaths,
myocardial infarctions, and cerebrovascular events were
not significantly increased.*® Considering the limited
details concerning the systemic adverse events associated
with intravitreal bevacizumab reported within the
articles, the data regarding the systemic safety of
intravitreal bevacizumab are less conclusive. In
comparison with the ranibizumab clinical trials,
intravitreal bevacizumab injections may or may not be
associated with an increased risk of nonocular
hemorrhage.” In a retrospective study of 1173 patients
receiving bevacizumab injections, the reported systemic
events included acute blood pressure elevations (0.59%),
cerebrovascular accidents (0.5%), myocardial infarctions
(0.4%), iliac artery aneurysms (0.17%), and five deaths.*8
Different results were reported in the recent head-to-
head trials and meta-analyses comparing intravitreal
injections of bevacizumab and ranibizumab. Analysis of
the Medicare claims database indicated an 11% higher
risk in all-cause mortality and 57% higher risk of
hemorrhagic stroke with bevacizumab, with no
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statistically significant differences among the risks

of either myocardial infarction or ischemic stroke.*’

A recent meta-analyses reported higher proportion

of patients with serious systemic infections and
gastrointestinal disorders with bevacizumab than with
ranibizumab (RR=1.3; 95% CI 1.0-1.7); the arterial
thromboembolic events were similar between the two
groups.?” Contrary to these studies, other reports could
not find significant differences between ranibizumab
and bevacizumab safety profile. Van der Reis et al®
systematically assessed and compared the incidences
of adverse effects of ranibizumab, bevacizumab, and
pegaptanib, and concluded that there is no sufficient
evidence to show a difference between the safety
profiles of different VEGF inhibitors. The Royal College
of Ophthalmologists, United Kingdom, also stated

that both drugs have a similar safety profile.>!

Rare ocular and systemic side effects There are few reports
of ocular and systemic adverse events associated with
intravitreal anti-VEGF agents. Rare ocular adverse events
include anterior ischemic optic neuropathy after
bevacizumab injection,>?5? retinal venous occlusions
after bevacizumab injection,54 retinal artery occlusions,
hemorrhagic macular infarction,®® development or
exacerbation of ocular ischemic syndrome,57 and sixth

55

nerve palsy following bevacizumab injec’cion.58 Rare
systemic events include formed visual hallucinations,”
erectile dysfunction,®” and acute decrease in kidney
function.®! The causative role of anti-VEGF agents in
these cases remains to be established.

Adverse events following intravitreal anti-VEGF
injections: considerations in specific diseases

Diabetic retinopathy and retinal vascular occlusions
Several studies have shown the efficacy of intravitreal
anti-VEGF injections in patients with diabetic macular
edema, neovascular complications of diabetic
retinopathy, diabetic vitrectomy, and retinal vascular
occluions.> #8962

There are several reports of development or
progression of tractional retinal detachment (TRD)
after intravitreal injection of bevacizumab before
vitrectomy for advanced proliferative diabetic
retinopathy (PDR).%3 In a retrospective series, 5.2%
of eyes developed or had progression of TRD following
injection. Time from injection to TRD was a mean of
13 days (range 3-31 days), and 9 out of 11 (81.8%) TRDs
developed or progressed at 5 days or more after the
injection.?® Although no definitive interval between
the injection and vitrectomy surgery was defined, some
authors suggest that shorter interval is safer.5>% This
should also be considered in eyes with active PDR with
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extensive new vessels at risk for progression of TRD that
might involve the fovea. The risk factors for the
development and progression of TRD were suggested
to be more than 15 years from the onset of the diabetes
mellitus, more than 13 days from the injection, and
the use of higher doses of bevacizumab (2.5 mg).®”
Intravitreal injection of anti-VEGF agents should be used
with extreme caution in extensive neovascularization
secondary to diabetic retinopathy or RVO, and the
patient should be followed closely for the possible
need for vitrectomy.

Ghost cell glaucoma has been reported following
the use of bevacizumab as an adjunct to vitrectomy
for PDR.%8

There are reports of decrease in retrobulbar blood
flow parameters, retinal arteriolar vasoconstriction, and
worsening of macular ischemia after intravitreal injection
of anti-VEGF agents.®*”7! Although the clinical
consequences of these effects are not known, it has been
recommended that prolonged anti-VEGF therapy in eyes
with significant macular ischemia should be monitored
by repeated fluorescein measurements.”!

Age-related macular degeneration Retinal pigment
epithelium (RPE) tears may occur spontaneously or
after therapeutic intervention in patients with AMD.
Several recent publications have reported RPE tears
associated with the use of intravitreal anti-VEGFs in
choroidal neovascularization associated with AMD.”%74
The reported incidence of RPE tear after anti-VEGF
therapy varies from 0.06 to 27% and seems to be
higher than the incidence in the natural course of the
disease.”®

Pre-existing RPE detachment (PED) or fibrovascular PED
is considered the major risk factor for RPE tear.”> Large
PED diameter and vertical height on optical coherence
tomography have been shown to be predictive of RPE
tear.”® In a recent study on three major AMD trials, no
statistically significant differences were observed in the
incidence of RPE tears within a 2-year treatment period
in patients who received ranibizumab versus control
treatment.”” In patients with RPE tears, better visual
acuity outcomes were observed in those treated with
anti-VEGF agents.”>””

Other retinal diseases Several studies reported successful
use of bevacizumab in the eyes with severe ROP.>78
However, caution is necessary when bevacizumab is
used in advanced stages of ROP. Similar to what happens
in PDR, the fibrotic component of neovascularization
may accelerate after inhibition of angiogenesis and the
retinal detachment might worsen.” The surgeon should
be ready for vitrectomy within 1 week after intravitreal
injection of bevacizumab in eyes with ROP stage



4 and 5.% Late recurrence of ROP and TRD may
occur 4-35 weeks after initial regression with intravitreal
bevacizumab and long-term follow-up of these patients
is warranted.182

There are several reports of successful treatment of
Coats’ disease with intravitreal bevacizumab alone
or in combination with other treatment modalities.83-8
However, the patients treated with intravitreal
bevacizumab are at risk for vitreoretinal fibrosis and
TRD despite resolution of the retinopathy.®®

Intraocular injection of bevacizumab has been
reported to cause rapid regression of anterior segment
neovascularization in the eyes with neovascular
glaucoma.*%¢ In the subset of patients that neovascular
glaucoma was secondary to ocular ischemic syndrome,
intraocular injection of bevacizumab may lead to central
retinal artery occlusion.

Intravitreal bevacizumab injections may be associated
with the development of secondary RRD in patients of
Fales’ disease within 7 days of injection.?”

Conclusions

Anti-VEGF therapy is the mainstay for the treatment of
many retinal diseases. Despite its promising efficacy in
halting the disease and improving the vision for the
patients, intravitreal injection of anti-VEGF agents may
be associated with devastating complications.
Ophthalmologists who employ anti-VEGF agents for
their patients should consider the potential systemic and
ocular risks and benefits of intravitreal anti-VEGF
therapy and closely monitor the patients for adverse
effects that may occur in the immediate or subsequent
periods after administration of the drugs.
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