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Abstract

During the last decade intravitreal bevacizumab has been widely used for 
controlling age related macular degeneration and retinal vascular disease. Since 
then, many reports were published reporting nonvascular ocular complications 
post bevacizumab injection with fewer reports about vascular ocular and systemic 
complications. The aim of this article is to review vascular complications, both 
ocular and systemic which should be considered when selecting this treatment 
modality, in order to reduce the rare chance of devastating events which 
can sometimes lead to blindness and even mortality. Ophthalmologists need 
to consider side effects of bevacizumab on systemic, retrobulbar and ocular 
circulation whenever visual loss is not attributable to progression of retinal or 
choroidal disease. Furthermore, ophthalmologist should be aware of possible 
systemic vascular complications involving the cardiovascular system, central 
nervous system, gastrointestinal tract, kidneys and lungs.

Keywords: Intravitreal bevacizumab; Ocular adverse events; Vascular 
adverse events; Systemic adverse events

The aim of this article is to review vascular complications, both 
ocular and systemic which should be considered when selecting this 
treatment modality, in order to reduce the rare chance of devastating 
events which can sometimes lead to blindness and even mortality.

Methods
The MEDLINE database was searched for the past 10 years using 

the keyword “intravitreal bevacizumab”. 2958 results were obtained. 
The articles list was analyzed and 339 articles were chosen, which 
were thought to be related to this review about ocular and systemic 
intravitreal bevacizumab side effects. After reviewing abstracts of the 
339 chosen articles, 102 of them were found to be directly related to 
the subject. Full texts of the latter articles were obtained and used in 
this review.

Results and Discussion
Intravenous bevacizumab is widely used in treatment of many 

solid cancers [9,25]. Several adverse events have been reported with 
its intravenous administration including Arterial Thromboembolic 
Events (ATE), myocardial infarction, stroke, hypertension, 
gastrointestinal perforations, and kidney disease [10,26-31]. 
Recently, these observations have been extended to patients receiving 
intravitreal VEGF inhibitors [32].

Anti-VEGF agents became one of the main treatments of AMD 
and retinal vascular diseases [1-3]. Due to high cost of FDA approved 
anti-VEGFs, off-label intravitreal bevacizumab is often used in 
practice all over the world as it is very low in cost and as effective as 
other approved anti-VEGFs [5-7].

The incidence of serious ocular and systemic adverse events 
was approximately below 1 per 100 injections for intravitreal 
bevacizumab, intravitreal ranibizumab, and intravitreal pegaptanib. 
Most mild ocular adverse events were below 5 per 100 injections [33].

Abbreviations
AMD: Age Related Macular Degeneration; DR: Diabetic 

Retinopathy; RVO: Retinal Vein Occlusion; CRVO: Central Retinal 
Vein Occlusion; BRVO: Branch Retinal Vein Occlusion; OIS: Ocular 
Ischemic Syndrome; ATE: Arterial Thromboembolic Events; VEGF: 
Vascular Endothelial Growth Factor; SAEs: Serious Adverse Events; 
CVA: Cerebrovascular Accident; DME: Diabetic Macular Edema; 
CDI: Color Doppler Imaging; PSV: Peak Systolic Velocity; EDV: 
End-Diastolic Velocity; PCA: Posterior Ciliary Arteries; BFV: Blood 
Flow Velocity; OA: Ophthalmic Artery; CRA: Central Retinal Artery; 
RI: Resistant Index; CRAO: Central Retinal Artery Occlusion; BRAO: 
Branch Retinal Artery Occlusion; NAION: Nonarteritic Anterior 
Ischemic Optic Neuropathy; LP: Light Perception; NLP: No Light 
Perception; IOP: Intraocular Pressure; RE: Right Eye; LE: Left Eye; 
MI: Myocardial Infarction

Terminology
Half-life time: How long it takes for the body to get rid of half of 

the dose of medicine.

Introduction
Intravitreal injection of anti-Vascular Endothelial Growth Factor 

(VEGF), became the standard of care in many common retinal 
diseases including Age related Macular Degeneration (AMD) [1] 
and retinal vascular diseases such as Diabetic Retinopathy (DR) [2], 
Retinal Vein Occlusions (RVO) and Ocular Ischemic Syndrome (OIS) 
[3]. Due to short intravitreal half-life of bevacizumab [4], repeated 
injections are needed to inhibit angiogenesis and to maintain control 
of activity of sub retinal new vessels in AMD as well as leaking from 
retinal capillaries in retinal vascular diseases [5-8]. Few reports 
were published describing devastating ocular and systemic vascular 
complications post intravitreal bevacizumab injection [9-24].
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Ocular and systemic nonvascular bevacizumab adverse 
events

Adverse nonvascular ocular events following intravitreal 
bevacizumab [34] included: Endophthalmitis [35-41], non infectious 
intraocular inflammation [26,42-44], rhegmatogenous retinal 
detachment [26,45]. Tractional retinal detachment [46], macular 
hole [47], intraocular pressure elevation [48-52], subconjunctival 
hemorrhage [7], massive subretinal hemorrhage [12,53], retinal 
pigment epithelium tear [54-56], intravitreal foreign body [57], Lens 
trauma [58,59], corneal complications [60-62], wound leak [63].

Meyer CH et al. [20] reported 2 cases of transient structured 
visual hallucinations in 2 patients with exudative AMD, one day and 
three days after intravitreal bevacizumab injection. Both patients 
experienced structured hallucinations including trees, faces, and 
water for approximately 15 to 30 minutes. Authors hypothesized that 
reduced retinal edema and realignment of the photoreceptors may 
cause this phenomenon and trigger hallucinatory episodes.

Ocular and Systemic bevacizumab vascular adverse 
events

As the commonly used intravitreal anti-VEGF agents were 
found to transit rapidly into the bloodstream after administration 
[64,65], concern about their systemic side effects was raised by retina 
specialists [64,66]. It was reported that small doses used for eye 
disease seem to be safe, but these agents are very potent, and there 
are several lines of evidence that imply that these small doses could 
potentially have a systemic effect [66,67].

Since treatment trials are designed primarily to assess the prevention 
of vision loss caused by ocular conditions, they are inadequate for 
detecting rare, but potentially serious, systemic side effects [64,68]. A 
number of clinical trials have demonstrated an association between 
anti-VEGF therapies and increased cardiovascular events [32]. There 
is an increased risk of arterial thromboembolism, but not of venous 
thromboembolism, in patients with metastatic carcinoma treated 
with chemotherapy and systemic bevacizumab. Patients with cancer 
are at increased risk of a thrombotic event, which rises further when 
bevacizumab is administered [10,13].

In a retrospective study of 1173 patients receiving intravitreal 
bevacizumab injections [69], 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 death (0.42%) [69]. WY Ng et al. [23] analyzed 1011 individuals 
treated with intravitreal bevacizumab for AMD and found that the 
incidence rate of myocardial infarction, stroke and death in their 
cohort of AMD patients was low and not significantly higher than the 
age adjusted incidence rate of these events in Singapore population.

CATT trial found an increased risk of systemic Serious Adverse 
Events (SAEs) in the bevacizumab treated patients versus the 
ranibizumab treated group [70]: all-cause mortality was 2.8% 
in ranibizumab versus 2.9% in bevacizumab (P = 1.00), arterio-
thrombotic events: 2.2% in ranibizumab versus 1.7% in bevacizumab 
(P = 0.68), Stroke: 1.2% in ranibizumab versus 1.2% in bevacizumab 
(P = 1.00).

Although a meta- analysis published 2 years ago of nine AMD trials 
did not confirm increased incidence in SAEs following bevacizumab 

injection [71], Avery RL performed a more current update of this 
analysis and confirmed the original finding of a significant risk with 
bevacizumab [67]. This finding is consistent with the pharmacokinetic 
data that show much higher systemic exposure from bevacizumab 
than ranibizumab, as well as a much more pronounced reduction in 
plasma and serum VEGF with bevacizumab [65,67,72-74].

Two years data from the IVAN trial [75], demonstrated a 
statistically significant increase in risk of systemic adverse events 
(including cardiovascular) with bevacizumab compared with 
ranibizumab. These findings may, in part, be explained by the 
systemic absorption of these agents, determined by the presence of 
an Fc fragment on bevacizumab and aflibercept, facilitating recycling 
and systemic absorption, whereas ranibizumab lacks an Fc receptor 
and accordingly has a shorter systemic half-life. Avery et al. have 
previously demonstrated marked reductions in plasma VEGF levels 
following bevacizumab and aflibercept injections, but with minimal 
reduction following ranibizumab injections, with corresponding 
systemic absorptions 70 fold higher for bevacizumab and 13 fold 
higher for aflibercept compared with ranibizumab [65]. Taken 
together, these data suggest that systemic absorption of intravitreal 
VEGF inhibitors may determine their adverse cardiovascular effects, 
particularly in those patients at high baseline risk [75].

Given the higher baseline risk for ATEs in patients with diabetes 
[32,76], most Diabetic Macular Edema (DME) trials have excluded 
patients with recent Cerebrovascular Accidents (CVAs) or Myocardial 
Infarctions (MIs). Several recent meta-analyses of patients treated for 
DME have not shown a statistically significant increased risk of ATEs 
or death across all treatment regimens, but one did raise concerns 
about a dose-dependent increased risk of death in a subset of patients 
[67,77-79].

Other reported bevacizumab vascular systemic side effects 
included rupture of abdominal aortic aneurysm [80].

Pathogenesis of bevacizumab vascular adverse events
Several studies showed reduced systemic VEGF levels after 

intravitreal anti-VEGF injections. Elevated levels of anti-VEGF 
drugs in the bloodstream were correlated with the decreased VEGF 
levels [65,67,72-74]. Systemic and ocular side effects of intravitreal 
anti-VEGF injections are mainly vascular, related to the inhibition of 
Vascular Endothelial Growth Factor (VEGF) [10,14,81,82]. Concerns 
about its side-effects on the retrobulbar and systemic circulatory 
system were raised [10,14].

Mete et al. [83] studied the effect of intravitreal bevacizumab 
in AMD on retrobulbar blood flow using Color Doppler Imaging 
(CDI) at 1 day post injection. They found that Peak Systolic Velocity 
(PSV) and End-Diastolic Velocity (EDV) of Posterior Ciliary Arteries 
(PCA) were significantly decreased, whereas Blood Flow Velocity 
(BFV) of Ophthalmic Artery (OA) and Central Retinal Artery (CRA), 
as well as Resistant Index (RI) of OA, PCA and CRA did not show any 
statistically significant difference at 1 day post injection.

 Bonnin et al. [84] also analyzed the effect of intravitreal 
bevacizumab in AMD patients on retrobulbar blood flow, at 4 weeks 
post injection and found a decrease in mean BFV of CRA, PCA and 
OA.
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Tolku et al. [85] found a decrease in BFV of CRA and PCA and 
increased RI of CRA and PCA with no significant change in the BFV 
of OA at the end of 1st week after intravitreal bevacizumab for AMD. 
These parameters returned to preoperative values at the end of 1st 
month post injection.

In spite of some differences between the 3 previous studies [83-
85] regarding effect of intravitreal bevacizumab in AMD patients on 
retrobulbar blood flow in PCA, CRA and OA, all of them confirmed 
the effect of intravitreal bevacizumab on decreasing the blood flow 
in PCA in the early post injection period starting from 1 day till 4 
weeks post injection. These changes in choroidal circulation may be 
attributed to different factors including:

•	 VEGF is involved in several cellular signaling pathways 
that are important in the regulation and maintenance of the 
microvasculature [86].

•	 VEGF acts as a vessel dilator by stimulating nitric oxide 
synthesis and influencing the auto regulation in microcirculation 
[87]. Bevacizumab leads to retinal vasoconstriction [88], similar to 
the vasoconstriction seen after intravitreal triamcinolone (95% for 
retinal artery diameter and 89% for retinal vein diameter) [89].

•	 It was hypothesized that VEGF has a protective and a 
regenerative effect on endothelial cells [90,91].

•	 Bevacizumab may induce arterial thromboembolism by 
exposing subendothelial procoagulant phospholipids by inhibiting 
VEGF-induced endothelial regeneration [82], and by reducing the 
production of nitric oxide and prostacyclin, thus predisposing to 
thromboembolic events [81]. This may lead to thrombus formation 
and occlusion of choriocapillaris lumen and decrease in blood flow 
velocities with increase in RI of choroidal vessels.

•	 Peters et al. [92] studied ultra structural effects of intravitreal 
bevacizumab in the primate eye, and found significant changes in the 
choriocapillaris as early as 24 hours after injection which normalized 
or partly normalized at day 14.

•	 Bevacizumab may reduce the number of fenestrations in 
normal choriocapillaris in rat eyes [93]. This reduction may be the 
reason for increased resistance to blood flow on CDI noticed as 
increased RI and decreased BFV in PCA.

Bevacizumab ocular vascular side effects are more prominent in 
elderly patients [81,82], due to evolving compromise in retrobulbar 
blood flow rates with age [94]. In addition, Dimitrova et al. [95] 
reported a reduction in choroidal perfusion is in patients with AMD. 
Avunduk et al. [96] found a significantly lower average blood flow 
velocity in the ophthalmic and central retinal arteries of patients 
with ischemic Central Retinal Vein Occlusion CRVO compared with 
their fellow eyes and also compared with patients with non-ischemic 
CRVO.

Retinal artery occlusion following intravitreal bevacizumab
The International Intravitreal bevacizumab Safety Survey 

analyzed the rates of optionally announced adverse events from 7113 
injections given to 5228 patients and found a single report of central 
retinal artery occlusion CRAO [97].

Mansour A.M et al. [17] recorded in their Collaborative multi-

center retrospective case series study published in 2010, four cases 
of CRAO and one case of branch retinal occlusion BRAO following 
intravitreal bevacizumab.

Von Hanno et al. [13] reported one case of retinal artery 
occlusion after intravitreal bevacizumab injection to reduce macular 
edema secondary to CRVO. Their patient developed macular BRAO 
2 days after injection, as he experienced further vision loss to finger 
counting. Fundus exam revealed BRAO just superior to the fovea. 
The macular edema almost resolved within 1 week post injection 
and did not recur; final VA was 0.6. As visual loss occurred within 
days of injection, it is therefore unlikely that the arterial occlusion 
was secondary to the rise in IOP usually seen immediately after 
the procedure. Authors postulated [13] that an eye with CRVO 
has a variable degree of ischemia. This causes oxidative stress and, 
consequently, the inhibition of VEGF may be unfavorable for 
endothelial cells in terms of their ability to survive and regenerate. 
This may in turn facilitate arterial thrombosis by both the activation 
of platelets and the initiation of a coagulation cascade [98]. They 
concluded [13] that anti-VEGF therapy may be associated with an 
increased risk of retinal arterial occlusion in eyes with CRVO.

Retinal vein occlusion following intravitreal bevacizumab
Mansour A.M et al. [17] recorded in their Collaborative multi-

center retrospective case series study published in 2010, one case of 
CRVO and one case of BRVO following intravitreal bevacizumab.

Hemorrhagic macular infarction following intravitreal 
bevacizumab

Furino C et al. [18] reported a case of dramatic deterioration of 
CRVO condition 3 weeks after intravitreal injection of bevacizumab 
secondary to hemorrhagic macular infarction.

Nonarteretic Anterior Ischemic Optic Neuropathy (NAION) 
following intravitreal bevacizumab

Hosseini H et al. [16] reported a case of 72-year-old woman who 
had vision loss in her right eye to Light Perception (LP) related to 
exudative AMD and an episode of NAION 10 years earlier. She had 
active subfoveal choroidal neovascularization in her left eye with 
visual acuity finger counting at 1 m. The left eye was treated with 
intravitreal bevacizumab injection. Four weeks later, visual acuity 
became finger counting at 2 m in the left eye, with decreased activity 
of the neovascular complex. Additional intravitreal bevacizumab 
injection was done. One week after second injection, she reported 
visual loss in the left eye. Examination revealed visual acuity of 
LP in both eyes. Left fundus exam revealed optic disc edema with 
peripapillary hemorrhages. Authors proposed that impaired auto-
regulation of optic nerve microcirculation due to VEGF inhibition 
might be the cause of NAION. Ameri et al. showed that a sudden 
drop in VEGF concentration may cause closure of normal capillaries 
[99].

Ganssauge M et al. [15] reported another case of NAION 
following intravitreal injection of bevacizumab of a 51-year-old 
male with pseudoxanthoma elasticum who presented with NAION 
2 weeks after treatment with intravitreal bevazicumab for choroidal 
neovascularization secondary to angioid streaks.

The above reported 2 cases draw the attention to the fact that risk 
of NAION should be taken into consideration when using intravitreal 
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bevacizumab in the treatment of retinal vascular diseases. Given the 
widespread use of intravitreal anti-VEGF agents, a possible effect of 
VEGF blockade on optic nerve circulation require further exploration 
[16].

Acute ocular ischemic syndrome associated with acute 
stroke following intravitreal bevacizumab

Huang ZL et al. [14] reported a case of diabetic 55 year old patient 
with unilateral rubeosis who suffered acute OIS and acute stroke 3 days 
after intravitreal injection of bevacizumab. Best corrected visual acuity 
before injection in the treated left eye was 6/60. He had underlying 
left carotid artery stenosis combined with bilateral preproliferative 
diabetic retinopathy. His visual acuity became no light perception in 
the left eye, with a dilated, unresponsive pupil and deepened chamber 
angle but no obvious rubeosis. The patient had high Intraocular 
Pressure (IOP 51 mm Hg) in the left eye. The fundus showed diffuse 
retinal hemorrhages, cherry-red spot and pale but nonedematous 
optic disc. Fluorescein angiography demonstrated delayed choroidal 
flush and artery perfusion (50 seconds after fluorescein injection). 
Ultrasound imaging of the carotid and ophthalmic arteries showed a 
total occlusion of the left internal carotid artery and a retrograde flow 
of the ophthalmic artery, favoring a diagnosis of left-side OIS with 
stealing phenomenon. Brain magnetic resonance angiography showed 
total left internal carotid artery occlusion. The final visual acuity was 
No Light Perception (NLP) in the treated eye. Authors concluded that 
acute ocular ischemic syndrome may be associated with intravitreal 
injection of bevacizumab in patients with compromised ocular and 
systemic vascular conditions, such as carotid insufficiency and poorly 
controlled diabetes mellitus. Their case has alerted to the possibility of 
acute vision loss and stroke after intravitreal injection of bevacizumab.

Massive choroidal hemorrhage and contralateral 
sympathetic ophthalmia following intravitreal 
bevacizumab

Brouzas D et al. [11] reported a case of 75-year-old male with no 
previous history of ocular surgery, which had an intravitreal injection 
of 1.25 mg bevacizumab in the right eye RE because of exudative AMD. 
The patient had mild hypertension, and was not on anticoagulants. 
Ten days after injection, he manifested acute loss of vision with severe 
pain in the RE. On presentation, his best-corrected visual acuity was 
NLP in the RE and 0.3 in the left eye LE. Examination of the RE 
revealed congestive conjunctiva, corneal edema, elevated intraocular 
pressure (55 mmHg) and collapsed anterior chamber. An extensive 
choroidal detachment was evident in close contact with the lens. The 
intraocular pressure of LE was 14 mmHg and fundus examination of 
the LE revealed extensive confluent soft drusen at the posterior pole. 
Intravenous administration of carbonic anhydrase inhibitor and 
hyper osmotic agent failed to reduce the intraocular pressure and to 
alleviate the pain. An emergency sclerotomy with reconstruction of 
the anterior chamber with viscoelastic was performed two days later. 
Four months later, RE proceeded to phthisis bulbi. Five months post 
injection, the patient complained of mild pain, photophobia, and 
visual acuity deterioration in his fellow left eye. His best-corrected 
visual acuity in the LE was 1/20, and the fundus examination 
revealed extensive confluent drusen at the posterior pole with edema 
of the optic disc and flare and cells in the vitreous. The diagnosis 
of sympathetic ophthalmia was suggested. Since the patient had a 
subtotal gastrectomy for uncontrollable bleeding from peptic ulcer 15 

years ago, activated by an excessive salicylates intake, only topical and 
peribulbar steroids were used. Ten days later, the patient experienced 
significant visual improvement. Three months later, his best-
corrected visual acuity in LE was 2/10. Later patient was controlled 
by intravitreal triamcinolone acetonide injections every three months 
with a good response. His IOP became elevated and was managed 
with an Ahmed valve implantation. 11 months later, his best corrected 
vision was 1/10. Authors concluded that serious ocular complications 
after intravitreal bevacizumab cannot be excluded, including massive 
choroidal hemorrhage in the treated eye and sympathetic ophthalmia 
of the fellow eye.

Kidney toxicity following intravitreal bevacizumab
With the wide use of intravenous anti- angiogenesis drugs in 

cancer treatment, several renal related complications including 
proteinuria, hypertension and thrombotic microangiopathies have 
been reported [22]. Because of intravitreal bevacizumab absorption 
to the systemic bloodstream, there is risk of kidney injury in patients 
with previous kidney disease, as the kidney vasculature is reliant on 
VEGF [22]. 

Sato et al. [100] reported a case of nephrotic syndrome relapse 
(previously treated with prednisolone and remained in remission) 
after intravitreal bevacizumab in 16 years old girl. The patient 
was treated with intravitreal bevacizumab for myopic choroidal 
neovascularization. 9 days post injection the patient had relapse 
of her nephrotic syndrome with positive proteinuria caused by 
bevacizumab. Steroid was given again and proteinuria resolved. 
Authors concluded that special care should be taken in patients with 
nephrotic syndrome when treated with bevacizumab.

Ischemic colitis and gastrointestinal bleeding following 
intravitreal bevacizumab

Onoda Y et al. [101] reported a case of 78 year old woman with 
past history of surgical treatment for colon carcinoma. The day 
after intravitreal bevacizumab, the patient developed acute severe 
abdominal pain with massive lower gastrointestinal bleeding. Further 
investigations revealed the diagnosis of ischemic colitis. The authors 
concluded that alternative treatments should be used instead of 
intravitreal bevacizumab in patients with history of gastrointestinal 
cancer.

Alveolar hemorrhage following intravitreal bevacizumab
Seto et al. [102] reported a case of acute respiratory failure 

after intravitreal bevacizumab for BRVO. Chest CT scan and 
bronchoalveolar lavage fluid revealed alveolar hemorrhage. Authors 
suggested that intravitreal bevacizumab may be associated with 
diffuse alveolar hemorrhage and acute lung injury.

Conclusion
In case of any visual loss post intravitreal bevacizumab not 

attributed to reactivation of the underlying retinal or choroidal disease, 
one should think about the possible side effects of bevacizumab on 
systemic, retrobulbar and ocular circulation. Eyes have different 
risk profiles according to the underlying pathology which is treated 
by intravitreal bevacizumab. This should be considered in patients 
with compromised ocular and systemic vascular conditions, such 
as old patient’s age, carotid insufficiency, poorly controlled diabetes 
mellitus, Ischemic CRVO, Ischemic ocular syndrome, previous MI, 
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previous stroke, early kidney disease and history of gastrointestinal 
cancer.

References
1.	 Rich RM, Rosenfeld PJ, Puliafito CA, Dubovy SR, Davis JL, Flynn HW Jr, 

et al. Short-term safety and efficacy of intravitreal bevacizumab (Avastin) for 
neovascular age-related macular degeneration. Retina. 2006; 26: 495-511.

2.	 Avery RL, Pearlman J, Pieramici DJ, Rabena MD, Castellarin AA, Nasir 
MA, et al. Intravitreal bevacizumab (Avastin) in the treatment of proliferative 
diabetic retinopathy. Ophthalmology. 2006; 113: 1695-1705.

3.	 Amselem L, Montero J, Diaz-Llopis M, Pulido JS, Bakri SJ, Palomares P, et 
al. Intravitreal bevacizumab (Avastin) injection in ocular ischemic syndrome. 
Am J Ophthalmol. 2007; 144: 122-124.

4.	 Bakri SJ, Snyder MR, Reid JM, Pulido JS, Singh RJ. Pharmacokinetics of 
intravitreal bevacizumab (Avastin). Ophthalmology. 2007; 114: 855-859.

5.	 Chakravarthy U, Harding SP, Rogers CA, Downes SM, Lotery AJ, Wordsworth 
S, et al. IVAN Study Investigators. Ranibizumab versus bevacizumab to treat 
neovascular age-related macular degeneration: one-year findings from the 
IVAN randomized trial. Ophthalmology. 2012; 119: 1399-1411.

6.	 CATT Research Group, Martin DF, Maguire MG, Ying GS, Grunwald JE, 
Fine SL, et al. Ranibizumab and bevacizumab for neovascular age-related 
macular degeneration. N Engl J Med. 2011; 364: 1897-1908.

7.	 Ladas ID, Karagiannis DA, Rouvas AA, Kotsolis AI, Liotsou A, Vergados I. 
Safety of repeat intravitreal injections of bevacizumab versus ranibizumab: 
our experience after 2,000 injections. Retina. 2009; 29: 313-318.

8.	 Diabetic Retinopathy Clinical Research Network, Wells JA, Glassman 
AR, Ayala AR, Jampol LM, Aiello LP, et al. Aflibercept, bevacizumab, or 
ranibizumab for diabetic macular edema. N Engl J Med. 2015; 372: 1193-
1203.

9.	 Karth PA, Feldman BH, Tripathy K, Shah VA. Bevacizumab. EYEWIKI. 
American Academy Ophthalmology. Updated December. 2014.

10.	 Scappaticci FA, Skillings JR, Holden SN, Gerber HP, Miller K, Kabbinavar F, 
et al. Arterial thromboembolic events in patients with metastatic carcinoma 
treated with chemotherapy and bevacizumab. J Natl Cancer Inst. 2007; 99: 
1232-1239.

11.	 Brouzas D, Koutsandrea C, Moschos M, Papadimitriou S, Ladas I, 
Apostolopoulos M. Massive choroidal hemorrhage after intravitreal 
administration of bevacizumab (Avastin) for AMD followed by contralateral 
sympathetic ophthalmia. Clin Ophthalmol. 2009; 3: 457-459.

12.	 Karagiannis DA, Mitropoulos P, Ladas ID. Large subretinal haemorrhage 
following change from intravitreal bevacizumab to ranibizumab. 
Ophthalmologica. 2009; 223: 279-282.

13.	 von Hanno T, Kinge B, Fossen K. Retinal artery occlusion following 
intravitreal anti-VEGF therapy. Acta Ophthalmol. 2010; 88: 263-266.

14.	 Huang ZL, Lin KH, Lee YC, Sheu MM, Tsai RK. Acute vision loss after 
intravitreal injection of bevacizumab (avastin) associated with ocular 
ischemic syndrome. Ophthalmologica. 2010; 224: 86-89.

15.	 Ganssauge M, Wilhelm H, Bartz-Schmidt KU, Aisenbrey S. Nonarteritic 
anterior ischemic optic neuropathy (NA-AION) after intravitreal injection of 
bevacizumab (Avastin) for treatment of angoid streaks in pseudoxanthoma 
elasticum. Graefes Arch Clin Exp Ophthalmol. 2009; 247: 1707-1710.

16.	 Hosseini H, Razeghinejad MR. Anterior ischemic optic neuropathy after 
intravitreal injection of bevacizumab. J Neuroophthalmol. 2009; 29: 160-161.

17.	 Mansour AM, Bynoe LA, Welch JC, Pesavento R, Mahendradas P, 
Ziemssen F, et al. Retinal vascular events after intravitreal bevacizumab. 
Acta Ophthalmol. 2010; 88: 730-735.

18.	 Furino C, Boscia F, Cardascia N, Alessio G, Sborgia C. Hemorrhagic 
macular infarction after intravitreal bevacizumab for central retinal vein 
occlusion. Ophthalmic Surg Lasers Imaging. 2010; 9: 1-2. 

19.	 Cakmak HB, Toklu Y, Yorgun MA, Simsek S. Isolated sixth nerve palsy after 
intravitreal bevacizumab injection. Strabismus. 2010; 18: 18-20.

20.	 Meyer CH, Mennel S, Hörle S, Schmidt JC. Visual hallucinations after 
intravitreal injection of bevacizumab in vascular age-related macular 
degeneration. Am J Ophthalmol. 2007; 143: 169-170.

21.	 Yohendran J, Chauhan D. Erectile dysfunction following intravitreal 
bevacizumab. Middle East Afr J Ophthalmol. 2010; 17: 281-284.

22.	 Pellé G, Shweke N, Duong Van Huyen JP, Tricot L, Hessaïne S, Frémeaux-
Bacchi V, et al. Systemic and kidney toxicity of intraocular administration 
of vascular endothelial growth factor inhibitors. Am J Kidney Dis. 2011; 57: 
756-759.

23.	 Ng WY, Tan GS, Ong PG, Cheng CY, Cheung CY, Wong DW, et al. 
Incidence of myocardial infarction, stroke, and death in patients with 
age-related macular degeneration treated with intravitreal anti-vascular 
endothelial growth factor therapy. Am J Ophthalmol. 2015; 159: 557-564.

24.	 Dedania VS, Bakri SJ. Systemic safety of intravitreal anti-vascular 
endothelial growth factor agents in age-related macular degeneration. Curr 
Opin Ophthalmol. 2016; 27: 224-243.

25.	 Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, Heim 
W, et al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for 
metastatic colorectal cancer. N Engl J Med. 2004; 350: 2335-2342.

26.	 Tolentino M. Systemic and ocular safety of intravitreal anti-VEGF therapies 
for ocular neovascular disease. Surv Ophthalmol. 2011; 56: 95-113.

27.	 Gordon MS, Cunningham D. Managing patients treated with bevacizumab 
combination therapy. Oncology. 2005; 69: 25-33.

28.	 Csaky K, Do DV. Safety implications of vascular endothelial growth factor 
blockade for subjects receiving intravitreal anti-vascular endothelial growth 
factor therapies. Am J Ophthalmol. 2009; 148: 647-656.

29.	 Nalluri SR, Chu D, Keresztes R, Zhu X, Wu S. Risk of venous 
thromboembolism with the angiogenesis inhibitor bevacizumab in cancer 
patients: a meta-analysis. JAMA. 2008; 300: 2277-2285.

30.	 Zhu X, Wu S, Dahut WL, Parikh CR. Risks of Proteinuria and Hypertension 
With Bevacizumab, an Antibody Against Vascular Endothelial Growth 
Factor: Systematic Review and Meta-Analysis. American Journal of Kidney 
Diseases. 2007; 49: 186-193

31.	 Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, Dowlati A, et al. 
Paclitaxel-carboplatin alone or with bevacizumab for non-small-cell lung 
cancer. N Engl J Med. 2006; 355: 2542-2550.

32.	 Arnott C, Punnia-Moorthy G, Tan J, Sadeghipour S, Bursill C, Patel S. The 
vascular endothelial growth factor inhibitors ranibizumab and aflibercept 
markedly increase expression of atherosclerosis-associated inflammatory 
mediators on vascular endothelial cells. 

33.	 van der Reis MI, La Heij EC, De Jong-Hesse Y, Ringens PJ, Hendrikse F, 
Schouten JS. A systematic review of the adverse events of intravitreal anti-
vascular endothelial growth factor injections. Retina. 2011; 31: 1449-1469.

34.	 Falavarjani KG, Nguyen QD. Adverse events and complications associated 
with intravitreal injection of anti-VEGF agents: a review of literature. Eye 
(Lond). 2013; 27: 787-794.

35.	 McCannel CA. Meta-analysis of endophthalmitis after intravitreal injection 
of anti-vascular endothelial growth factor agents: causative organisms and 
possible prevention strategies. Retina. 2011; 31: 654-661.

36.	 Scott IU, Flynn HW Jr. Reducing the risk of endophthalmitis following 
intravitreal injections. Retina. 2007; 27: 10-12.

37.	 Fintak DR, Shah GK, Blinder KJ, Regillo CD, Pollack J, Heier JS, et al. 
Incidence of endophthalmitis related to intravitreal injection of bevacizumab 
and ranibizumab. Retina. 2008; 28: 1395-1399.

38.	 Diago T, McCannel CA, Bakri SJ, Pulido JS, Edwards AO, Pach JM. 
Infectious endophthalmitis after intravitreal injection of antiangiogenic 
agents. Retina. 2009; 29: 601-605.

39.	 Mason JO 3rd, White MF, Feist RM, Thomley ML, Albert MA, Persaud 
TO, et al. Incidence of acute onset endophthalmitis following intravitreal 
bevacizumab (Avastin) injection. Retina. 2008; 28: 564-567.

http://www.ncbi.nlm.nih.gov/pubmed/16770255
http://www.ncbi.nlm.nih.gov/pubmed/16770255
http://www.ncbi.nlm.nih.gov/pubmed/16770255
http://www.ncbi.nlm.nih.gov/pubmed/17601432
http://www.ncbi.nlm.nih.gov/pubmed/17601432
http://www.ncbi.nlm.nih.gov/pubmed/17601432
http://www.ncbi.nlm.nih.gov/pubmed/17467524
http://www.ncbi.nlm.nih.gov/pubmed/17467524
http://www.ncbi.nlm.nih.gov/pubmed/22578446
http://www.ncbi.nlm.nih.gov/pubmed/22578446
http://www.ncbi.nlm.nih.gov/pubmed/22578446
http://www.ncbi.nlm.nih.gov/pubmed/22578446
http://www.ncbi.nlm.nih.gov/pubmed/21526923
http://www.ncbi.nlm.nih.gov/pubmed/21526923
http://www.ncbi.nlm.nih.gov/pubmed/21526923
http://www.ncbi.nlm.nih.gov/pubmed/19287287
http://www.ncbi.nlm.nih.gov/pubmed/19287287
http://www.ncbi.nlm.nih.gov/pubmed/19287287
http://www.ncbi.nlm.nih.gov/pubmed/25692915
http://www.ncbi.nlm.nih.gov/pubmed/25692915
http://www.ncbi.nlm.nih.gov/pubmed/25692915
http://www.ncbi.nlm.nih.gov/pubmed/25692915
http://www.ncbi.nlm.nih.gov/pubmed/17686822
http://www.ncbi.nlm.nih.gov/pubmed/17686822
http://www.ncbi.nlm.nih.gov/pubmed/17686822
http://www.ncbi.nlm.nih.gov/pubmed/17686822
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2732055/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2732055/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2732055/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2732055/
http://www.ncbi.nlm.nih.gov/pubmed/19390227
http://www.ncbi.nlm.nih.gov/pubmed/19390227
http://www.ncbi.nlm.nih.gov/pubmed/19390227
http://www.ncbi.nlm.nih.gov/pubmed/19416108
http://www.ncbi.nlm.nih.gov/pubmed/19416108
http://www.ncbi.nlm.nih.gov/pubmed/19707032
http://www.ncbi.nlm.nih.gov/pubmed/19707032
http://www.ncbi.nlm.nih.gov/pubmed/19707032
http://www.ncbi.nlm.nih.gov/pubmed/19916212
http://www.ncbi.nlm.nih.gov/pubmed/19916212
http://www.ncbi.nlm.nih.gov/pubmed/19916212
http://www.ncbi.nlm.nih.gov/pubmed/19916212
http://www.ncbi.nlm.nih.gov/pubmed/19491650
http://www.ncbi.nlm.nih.gov/pubmed/19491650
http://www.ncbi.nlm.nih.gov/pubmed/20039854
http://www.ncbi.nlm.nih.gov/pubmed/20039854
http://www.ncbi.nlm.nih.gov/pubmed/20039854
http://www.ncbi.nlm.nih.gov/pubmed/20337314
http://www.ncbi.nlm.nih.gov/pubmed/20337314
http://www.ncbi.nlm.nih.gov/pubmed/20337314
http://www.ncbi.nlm.nih.gov/pubmed/20230202
http://www.ncbi.nlm.nih.gov/pubmed/20230202
http://www.ncbi.nlm.nih.gov/pubmed/17188061
http://www.ncbi.nlm.nih.gov/pubmed/17188061
http://www.ncbi.nlm.nih.gov/pubmed/17188061
http://www.ncbi.nlm.nih.gov/pubmed/20844689
http://www.ncbi.nlm.nih.gov/pubmed/20844689
http://www.ncbi.nlm.nih.gov/pubmed/21295897
http://www.ncbi.nlm.nih.gov/pubmed/21295897
http://www.ncbi.nlm.nih.gov/pubmed/21295897
http://www.ncbi.nlm.nih.gov/pubmed/21295897
http://www.ncbi.nlm.nih.gov/pubmed/25497143
http://www.ncbi.nlm.nih.gov/pubmed/25497143
http://www.ncbi.nlm.nih.gov/pubmed/25497143
http://www.ncbi.nlm.nih.gov/pubmed/25497143
http://www.ncbi.nlm.nih.gov/pubmed/26871657
http://www.ncbi.nlm.nih.gov/pubmed/26871657
http://www.ncbi.nlm.nih.gov/pubmed/26871657
http://www.ncbi.nlm.nih.gov/pubmed/15175435
http://www.ncbi.nlm.nih.gov/pubmed/15175435
http://www.ncbi.nlm.nih.gov/pubmed/15175435
http://www.ncbi.nlm.nih.gov/pubmed/21335144
http://www.ncbi.nlm.nih.gov/pubmed/21335144
http://www.ncbi.nlm.nih.gov/pubmed/16301833
http://www.ncbi.nlm.nih.gov/pubmed/16301833
http://www.ncbi.nlm.nih.gov/pubmed/19712924
http://www.ncbi.nlm.nih.gov/pubmed/19712924
http://www.ncbi.nlm.nih.gov/pubmed/19712924
http://www.ncbi.nlm.nih.gov/pubmed/19017914
http://www.ncbi.nlm.nih.gov/pubmed/19017914
http://www.ncbi.nlm.nih.gov/pubmed/19017914
http://www.ncbi.nlm.nih.gov/pubmed/17261421
http://www.ncbi.nlm.nih.gov/pubmed/17261421
http://www.ncbi.nlm.nih.gov/pubmed/17261421
http://www.ncbi.nlm.nih.gov/pubmed/17261421
http://www.ncbi.nlm.nih.gov/pubmed/17167137
http://www.ncbi.nlm.nih.gov/pubmed/17167137
http://www.ncbi.nlm.nih.gov/pubmed/17167137
http://www.ncbi.nlm.nih.gov/pubmed/26959822
http://www.ncbi.nlm.nih.gov/pubmed/26959822
http://www.ncbi.nlm.nih.gov/pubmed/26959822
http://www.ncbi.nlm.nih.gov/pubmed/26959822
http://www.ncbi.nlm.nih.gov/pubmed/21817960
http://www.ncbi.nlm.nih.gov/pubmed/21817960
http://www.ncbi.nlm.nih.gov/pubmed/21817960
http://www.ncbi.nlm.nih.gov/pubmed/23722722
http://www.ncbi.nlm.nih.gov/pubmed/23722722
http://www.ncbi.nlm.nih.gov/pubmed/23722722
http://www.ncbi.nlm.nih.gov/pubmed/21330939
http://www.ncbi.nlm.nih.gov/pubmed/21330939
http://www.ncbi.nlm.nih.gov/pubmed/21330939
http://www.ncbi.nlm.nih.gov/pubmed/17218909
http://www.ncbi.nlm.nih.gov/pubmed/17218909
http://www.ncbi.nlm.nih.gov/pubmed/18827737
http://www.ncbi.nlm.nih.gov/pubmed/18827737
http://www.ncbi.nlm.nih.gov/pubmed/18827737
http://www.ncbi.nlm.nih.gov/pubmed/19357558
http://www.ncbi.nlm.nih.gov/pubmed/19357558
http://www.ncbi.nlm.nih.gov/pubmed/19357558
http://www.ncbi.nlm.nih.gov/pubmed/18398358
http://www.ncbi.nlm.nih.gov/pubmed/18398358
http://www.ncbi.nlm.nih.gov/pubmed/18398358


J Ophthalmol & Vis Sci 1(1): id1004 (2016)  - Page - 06

Azmeh AM Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

40.	 Pilli S, Kotsolis A, Spaide RF, Slakter J, Freund KB, Sorenson J, et al. 
Endophthalmitis associated with intravitreal anti-vascular endothelial growth 
factor therapy injections in an office setting. Am J Ophthalmol. 2008; 145: 
879-882.

41.	 Moshfeghi AA, Rosenfeld PJ, Flynn HW Jr, Schwartz SG, Davis JL, Murray 
TG, et al. Endophthalmitis after intravitreal vascular [corrected] endothelial 
growth factor antagonists: a six-year experience at a university referral 
center. Retina. 2011; 31: 662-668.

42.	 Orozco-Hernández A, Ortega-Larrocea X, Sánchez-Bermúdez G, García-
Aguirre G, Cantón VM, Velez-Montoya R. Acute sterile endophthalmitis 
following intravitreal bevacizumab: case series. Clin Ophthalmol. 2014; 9: 
1793-1799.

43.	 Agrawal S, Joshi M, Christoforidis JB. Vitreous inflammation associated with 
intravitreal anti-VEGF pharmacotherapy. Mediators Inflamm. 2013; 2013: 
943409.

44.	 Cunningham MA, Tlucek P, Folk JC, Boldt HC, Russell SR. Sequential, 
acute noninfectious uveitis associated with separate intravitreal injections 
of bevacizumab and ranibizumab. Retin Cases Brief Rep. 2013; 7: 355-358.

45.	 Meyer CH, Michels S, Rodrigues EB, Hager A, Mennel S, Schmidt JC, 
et al. Incidence of rhegmatogenous retinal detachments after intravitreal 
antivascular endothelial factor injections. Acta Ophthalmol. 2011; 89: 70-75.

46.	 Zlotcavitch L, Flynn HW Jr, Avery RL, Rachitskaya A. Progression to 
macula-off tractional retinal detachment after a contralateral intraoperative 
intravitreal bevacizumab injection for proliferative diabetic retinopathy. Clin 
ophthalmol. 2015; 9: 69-71.

47.	 Tufan HA, Gencer B, Kara S. Macular hole after intravitreal bevacizumab 
injection for choroidal neovascularisation. Clin Exp Optom. 2014; 97: 178-
180.

48.	 Bakri SJ, Pulido JS, McCannel CA, Hodge DO, Diehl N, Hillemeier J. 
Immediate intraocular pressure changes following intravitreal injections of 
triamcinolone, pegaptanib, and bevacizumab. Eye. 2009; 23: 181-185.

49.	 Gismondi M, Salati C, Salvetat ML, Zeppieri M, Brusini P. Short-term effect 
of intravitreal injection of Ranibizumab (Lucentis) on intraocular pressure. J 
Glaucoma. 2009; 18: 658-661.

50.	 Kahook MY, Kimura AE, Wong LJ, Ammar DA, Maycotte MA, Mandava 
N. Sustained elevation in intraocular pressure associated with intravitreal 
bevacizumab injections. Ophthalmic Surg Lasers Imaging. 2009; 40: 293-
295.

51.	 Hoang QV, Mendonca LS, Della Torre KE, Jung JJ, Tsuang AJ, Freund KB. 
Effect on intraocular pressure in patients receiving unilateral intravitreal anti-
vascular endothelial growth factor injections. Ophthalmology. 2012; 119: 
321-326.

52.	 Good TJ, Kimura AE, Mandava N, Kahook MY. Sustained elevation of 
intraocular pressure after intravitreal injections of anti-VEGF agents. Br J 
Ophthalmol. 2011; 95: 1111-1114.

53.	 Modarres M, Naseripour M, Falavarjani KG, Nikeghbali A, Hashemi M, 
Parvaresh MM. Intravitreal injection of 2.5 mg versus 1.25 mg bevacizumab 
(Avastin) for treatment of CNV associated with AMD. Retina. 2009; 29: 319-
324.

54.	 Sarraf D, Joseph A, Rahimy E. Retinal pigment epithelial tears in the era 
of intravitreal pharmacotherapy: risk factors, pathogenesis, prognosis 
and treatment (an American Ophthalmological Society thesis). Trans Am 
Ophthalmol Soc. 2014; 112: 142-159.

55.	 Singh SK, Deka S. Retinal pigment epithelial tear after intravitreal 
bevacizumab injection for exudative age-related macular degeneration. 
Oman J Ophthalmol. 2014; 7: 104-106.

56.	 Doguizi S, Ozdek S. Pigment epithelial tears associated with anti-VEGF 
therapy: incidence, long-term visual outcome, and relationship with pigment 
epithelial detachment in age-related macular degeneration. Retina. 2014; 
34: 1156-1162.

57.	 Al Bdour MD, Ali ZR. Intravitreal foreign body following intravitreal anti-VEGF 
injection: a case report. Eye (Lond). 2014; 28: 244-245.

58.	 Felcida V, Habal S, Tyagi AK. Posterior lens nucleus displacement following 
intravitreal injection. Eye (Lond). 2013; 27: 1103-1104.

59.	 Khalifa YM, Pantanelli SM. Quiescent posterior capsule trauma after 
intravitreal injection: implications for the cataract surgeon. J Cataract Refract 
Surg. 2011; 37: 1364.

60.	 Colombres GA, Gramajo AL, Arrambide MP, Juarez SM, Arevalo JF, Bar 
J, et al. Delayed Corneal Epithelial Healing after Intravitreal Bevacizumab: 
A Clinical and Experimental Study. J Ophthalmic Vis Res. 2011; 6: 18-25.

61.	 Sakarya Y, Sakarya R, Yildirim A. Herpetic epithelial keratitis after intravitreal 
injection of bevacizumab. Cornea. 2010; 29: 840.

62.	 Khalili MR, Mehdizadeh M, Mehryar M. Herpetic epithelial keratitis after 
intravitreal injection of bevacizumab (avastin). Cornea. 2009; 28: 360-361.

63.	 Wickremasinghe SS, Michalova K, Guymer RH, Harper CA. Wound leak 
after intravitreal injection of bevacizumab. Retin Cases Brief Rep. 2008; 2: 
245-246.

64.	 Colucciello M. Systemic safety of intravitreal anti-VEGF therapy: are 
concerns real or theoretical? Retinal Physician. 2015; 12: 14-16.

65.	 Avery RL, Castellarin AA, Steinle NC, Dhoot DS, Pieramici DJ, See R, et al. 
Systemic pharmacokinetics following intravitreal injections of ranibizumab, 
bevacizumab or aflibercept in patients with neovascular AMD. Br J 
Ophthalmol. 2014; 98: 1636-1641.

66.	 Avery RL. What is the evidence for systemic effects of intravitreal anti-VEGF 
agents, and should we be concerned? Br J Ophthalmol. 2014; 98: 7-10.

67.	 Avery RL. Are there systemic safety concerns with anti-VEGF injections? 
Retinal physician. 2015; 12: 14-16.

68.	 Ramsey DJ, Haddock LJ, Young LH, Eliott D. Complications of subspecialty 
ophthalmic care: systemic complications from the intravitreal administration 
of agents that target the vascular endothelial growth factor pathway. Semin 
Ophthalmology. 2014; 29: 263-275.

69.	 Wu L, Martinez-Castellanos MA, Quiroz-Mercado H, Arevalo JF, Berrocal 
MH, Farah ME, et al. Twelve-month safety of intravitreal injections of 
bevacizumab (Avastin): results of the Pan-American Collaborative Retina 
Study Group (PACORES). Graefes Arch Clin Exp Ophthalmol. 2008; 246: 
81-87.

70.	 Comparison of Age-related macular degeneration Treatments Trials (CATT) 
Research Group, Martin DF, Maguire MG, Fine SL, Ying GS, Jaffe GJ, et 
al. Ranibizumab and bevacizumab for treatment of neovascular age-related 
macular degeneration: two-year results. Ophthalmology. 2012; 119: 1388-
1398.

71.	 Moja L, Lucenteforte E, Kwag KH, Bertele V, Campomori A, Chakravarthy U, 
et al. Systemic safety of bevacizumab versus ranibizumab for neovascular 
age-related macular degeneration. Cochrane Database Syst Rev. 2014; 9: 
CD011230.

72.	 Wang X, Sawada T, Sawada O, Saishin Y, Liu P, Ohji M. 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.

73.	 Yoshida I, Shiba T, Taniguchi H, Takahashi M, Murano T, Hiruta N, 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.

74.	 Zehetner C, Kralinger MT, Modi YS, Walt I, Ulmer H, Kirchmair R, 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: 154-159.

75.	 Chakravarthy U, Harding SP, Rogers CA, Downes SM, Lotery AJ, Culliford 
LA, et al. Alternative treatments to inhibit VEGF in age-related choroidal 
neovascularisation: 2-year findings of the IVAN randomised controlled trial. 
Lancet. 2013; 382: 1258-1267. 

http://www.ncbi.nlm.nih.gov/pubmed/18329624
http://www.ncbi.nlm.nih.gov/pubmed/18329624
http://www.ncbi.nlm.nih.gov/pubmed/18329624
http://www.ncbi.nlm.nih.gov/pubmed/18329624
http://www.ncbi.nlm.nih.gov/pubmed/21836400
http://www.ncbi.nlm.nih.gov/pubmed/21836400
http://www.ncbi.nlm.nih.gov/pubmed/21836400
http://www.ncbi.nlm.nih.gov/pubmed/21836400
http://www.ncbi.nlm.nih.gov/pubmed/25228797
http://www.ncbi.nlm.nih.gov/pubmed/25228797
http://www.ncbi.nlm.nih.gov/pubmed/25228797
http://www.ncbi.nlm.nih.gov/pubmed/25228797
http://www.ncbi.nlm.nih.gov/pubmed/24307762
http://www.ncbi.nlm.nih.gov/pubmed/24307762
http://www.ncbi.nlm.nih.gov/pubmed/24307762
http://www.ncbi.nlm.nih.gov/pubmed/25383816
http://www.ncbi.nlm.nih.gov/pubmed/25383816
http://www.ncbi.nlm.nih.gov/pubmed/25383816
http://www.ncbi.nlm.nih.gov/pubmed/21176118
http://www.ncbi.nlm.nih.gov/pubmed/21176118
http://www.ncbi.nlm.nih.gov/pubmed/21176118
http://www.ncbi.nlm.nih.gov/pubmed/25609907
http://www.ncbi.nlm.nih.gov/pubmed/25609907
http://www.ncbi.nlm.nih.gov/pubmed/25609907
http://www.ncbi.nlm.nih.gov/pubmed/25609907
http://www.ncbi.nlm.nih.gov/pubmed/23331251
http://www.ncbi.nlm.nih.gov/pubmed/23331251
http://www.ncbi.nlm.nih.gov/pubmed/23331251
http://www.ncbi.nlm.nih.gov/pubmed/17693999
http://www.ncbi.nlm.nih.gov/pubmed/17693999
http://www.ncbi.nlm.nih.gov/pubmed/17693999
http://www.ncbi.nlm.nih.gov/pubmed/20010243
http://www.ncbi.nlm.nih.gov/pubmed/20010243
http://www.ncbi.nlm.nih.gov/pubmed/20010243
http://www.ncbi.nlm.nih.gov/pubmed/19485295
http://www.ncbi.nlm.nih.gov/pubmed/19485295
http://www.ncbi.nlm.nih.gov/pubmed/19485295
http://www.ncbi.nlm.nih.gov/pubmed/19485295
http://www.ncbi.nlm.nih.gov/pubmed/22054994
http://www.ncbi.nlm.nih.gov/pubmed/22054994
http://www.ncbi.nlm.nih.gov/pubmed/22054994
http://www.ncbi.nlm.nih.gov/pubmed/22054994
http://www.ncbi.nlm.nih.gov/pubmed/20702430
http://www.ncbi.nlm.nih.gov/pubmed/20702430
http://www.ncbi.nlm.nih.gov/pubmed/20702430
http://www.ncbi.nlm.nih.gov/pubmed/19287288
http://www.ncbi.nlm.nih.gov/pubmed/19287288
http://www.ncbi.nlm.nih.gov/pubmed/19287288
http://www.ncbi.nlm.nih.gov/pubmed/19287288
http://www.ncbi.nlm.nih.gov/pubmed/25646033
http://www.ncbi.nlm.nih.gov/pubmed/25646033
http://www.ncbi.nlm.nih.gov/pubmed/25646033
http://www.ncbi.nlm.nih.gov/pubmed/25646033
http://www.ncbi.nlm.nih.gov/pubmed/25136244
http://www.ncbi.nlm.nih.gov/pubmed/25136244
http://www.ncbi.nlm.nih.gov/pubmed/25136244
http://www.ncbi.nlm.nih.gov/pubmed/24296398
http://www.ncbi.nlm.nih.gov/pubmed/24296398
http://www.ncbi.nlm.nih.gov/pubmed/24296398
http://www.ncbi.nlm.nih.gov/pubmed/24296398
http://www.ncbi.nlm.nih.gov/pubmed/24357842
http://www.ncbi.nlm.nih.gov/pubmed/24357842
http://www.ncbi.nlm.nih.gov/pubmed/23807382
http://www.ncbi.nlm.nih.gov/pubmed/23807382
http://www.ncbi.nlm.nih.gov/pubmed/21700115
http://www.ncbi.nlm.nih.gov/pubmed/21700115
http://www.ncbi.nlm.nih.gov/pubmed/21700115
http://www.ncbi.nlm.nih.gov/pubmed/22454702
http://www.ncbi.nlm.nih.gov/pubmed/22454702
http://www.ncbi.nlm.nih.gov/pubmed/22454702
http://www.ncbi.nlm.nih.gov/pubmed/20574238
http://www.ncbi.nlm.nih.gov/pubmed/20574238
http://www.ncbi.nlm.nih.gov/pubmed/19387245
http://www.ncbi.nlm.nih.gov/pubmed/19387245
http://www.ncbi.nlm.nih.gov/pubmed/25390100
http://www.ncbi.nlm.nih.gov/pubmed/25390100
http://www.ncbi.nlm.nih.gov/pubmed/25390100
http://www.retinalphysician.com/articleviewer.aspx?articleID=112767
http://www.retinalphysician.com/articleviewer.aspx?articleID=112767
http://www.ncbi.nlm.nih.gov/pubmed/25001321
http://www.ncbi.nlm.nih.gov/pubmed/25001321
http://www.ncbi.nlm.nih.gov/pubmed/25001321
http://www.ncbi.nlm.nih.gov/pubmed/25001321
http://www.ncbi.nlm.nih.gov/pubmed/24326326
http://www.ncbi.nlm.nih.gov/pubmed/24326326
http://www.ncbi.nlm.nih.gov/pubmed/25325852
http://www.ncbi.nlm.nih.gov/pubmed/25325852
http://www.ncbi.nlm.nih.gov/pubmed/25325852
http://www.ncbi.nlm.nih.gov/pubmed/25325852
http://www.ncbi.nlm.nih.gov/pubmed/17674014
http://www.ncbi.nlm.nih.gov/pubmed/17674014
http://www.ncbi.nlm.nih.gov/pubmed/17674014
http://www.ncbi.nlm.nih.gov/pubmed/17674014
http://www.ncbi.nlm.nih.gov/pubmed/17674014
http://www.ncbi.nlm.nih.gov/pubmed/22555112
http://www.ncbi.nlm.nih.gov/pubmed/22555112
http://www.ncbi.nlm.nih.gov/pubmed/22555112
http://www.ncbi.nlm.nih.gov/pubmed/22555112
http://www.ncbi.nlm.nih.gov/pubmed/22555112
http://www.ncbi.nlm.nih.gov/pubmed/25220133
http://www.ncbi.nlm.nih.gov/pubmed/25220133
http://www.ncbi.nlm.nih.gov/pubmed/25220133
http://www.ncbi.nlm.nih.gov/pubmed/25220133
http://www.ajo.com/article/S0002-9394(14)00356-0/abstract
http://www.ajo.com/article/S0002-9394(14)00356-0/abstract
http://www.ajo.com/article/S0002-9394(14)00356-0/abstract
http://www.ajo.com/article/S0002-9394(14)00356-0/abstract
http://www.ncbi.nlm.nih.gov/pubmed/25030237
http://www.ncbi.nlm.nih.gov/pubmed/25030237
http://www.ncbi.nlm.nih.gov/pubmed/25030237
http://www.ncbi.nlm.nih.gov/pubmed/25030237
http://www.ncbi.nlm.nih.gov/pubmed/25030237
http://www.ncbi.nlm.nih.gov/pubmed/25488124
http://www.ncbi.nlm.nih.gov/pubmed/25488124
http://www.ncbi.nlm.nih.gov/pubmed/25488124
http://www.ncbi.nlm.nih.gov/pubmed/25488124
http://www.ncbi.nlm.nih.gov/pubmed/25488124
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)61501-9/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)61501-9/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)61501-9/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)61501-9/abstract


J Ophthalmol & Vis Sci 1(1): id1004 (2016)  - Page - 07

Azmeh AM Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

76.	 Nguyen QD, Brown DM, Marcus DM, Boyer DS, Patel S, Feiner L, et 
al. Ranibizumab for diabetic macular edema: results from 2 phase III 
randomized trials: RISE and RIDE. Ophthalmology. 2012; 119: 789-801.

77.	 Virgili G, Parravano M, Menchini F, Evans JR. Anti-vascular endothelial 
growth factor for diabetic macular oedema. Cochrane Database Syst Rev. 
2014; 10: CD007419.

78.	 Ford JA, Lois N, Royle P, Clar C, Shyangdan D, Waugh N. Current treatments 
in diabetic macular oedema: systematic review and meta-analysis. BMJ 
Open. 2013; 3.

79.	 Yanagida Y, Ueta T. Systemic safety of ranibizumab for diabetic macular 
edema: meta-analysis of randomized trials. Retina. 2014; 34: 629-635.

80.	 Baek SU, Kwon SI. Rupture of abdominal aortic aneurysm after intravitreal 
bevacizumab injection: a case report. J Med Case Rep. 2014; 8: 48.

81.	 Zachary I. Signaling mechanisms mediating vascular protective actions of 
vascular endothelial growth factor. Am J Physiol Cell Physiol. 2001; 280: 
C1375-1386.

82.	 Kilickap S, Abali H, Celik I. Bevacizumab, bleeding, thrombosis, and 
warfarin. J Clin Oncol. 2003; 21: 3542.

83.	 Mete A, Saygili O, Mete A, Bayram M, Bekir N. Effects of intravitreal 
bevacizumab (Avastin) therapy on retrobulbar blood flow parameters 
in patients with neovascular age-related macular degeneration. J Clin 
Ultrasound. 2010; 38: 66-70.

84.	 Bonnin P, Pournaras JA, Lazrak Z, Cohen SY, Legargasson JF, Gaudric 
A, et al. Ultrasound assessment of short-term ocular vascular effects of 
intravitreal injection of bevacizumab (avastin) in neovascular age-related 
macular degeneration. Acta Ophthalmol. 2010; 88: 641-645.

85.	 Toklu Y, Cakmak HB, Raza S, Anayol A, Asik E, Simsek S. Short-term effects 
of intravitreal bevacizumab (Avastin(®)) on retrobulbar hemodynamics 
in patients with neovascular age-related macular degeneration. Acta 
Ophthalmol. 2011; 89: e41-45.

86.	 Ferrara N. Vascular endothelial growth factor: basic science and clinical 
progress. Endocr Rev. 2004; 25: 581-611.

87.	 DeLeve LD, Wang X, Hu L. Rat liver sinusoidal endothelial cell phenotype is 
maintained by paracrine and autocrine regulation. Am J Physiol Gastrointest 
Liver Physiol. 2004; 287: 757-763.

88.	 Soliman W, Vinten M, Sander B, Soliman KA, Yehya S, Rahman MS, et 
al. Optical coherence tomography and vessel diameter changes after 
intravitreal bevacizumab in diabetic macular oedema. Acta Ophthalmol. 
2008; 86: 365-371.

89.	 Vinten M, Larsen M, Lund-Andersen H, Sander B, La Cour M. Short-term 
effects of intravitreal triamcinolone on retinal vascular leakage and trunk 
vessel diameters in diabetic macular oedema. Acta Ophthalmol Scand. 
2007; 85: 21-26.

90.	 Gonzalez-Pacheco FR, Deudero JJ, Castellanos MC, Castilla MA, Alvarez-
Arroyo MV, Yague S, et al. Mechanisms of endothelial response to oxidative 
aggression: protective role of autologous VEGF and induction of VEGFR2 by 
H2O2. Am J Physiol Heart Circ Physiol. 2006; 291: H1395-1401.

91.	 Infanger M, Kossmehl P, Shakibaei M, Baatout S, Witzing A, Grosse J, 
et al. Induction of three-dimensional assembly and increase in apoptosis 
of human endothelial cells by simulated microgravity: impact of vascular 
endothelial growth factor. Apoptosis. 2006; 11: 749-764.

92.	 Peters S, Heiduschka P, Julien S, Ziemssen F, Fietz H, Bartz-Schmidt KU, 
et al. Ultrastructural findings in the primate eye after intravitreal injection of 
bevacizumab. Am J Ophthalmol. 2007; 143: 995-1002.

93.	 Shimomura Y, Hirata A, Ishikawa S, Okinami S. Changes in choriocapillaris 
fenestration of rat eyes after intravitreal bevacizumab injection. Graefes Arch 
Clin Exp Ophthalmol. 2009; 247: 1089-1094.

94.	 Greenfield DS, Heggerick PA, Hedges TR 3rd. Color Doppler imaging of 
normal orbital vasculature. Ophthalmology. 1995; 102: 1598-1605.

95.	 Dimitrova G, Tamaki Y, Kato S. Retrobulbar circulation in patients with age-
related maculopathy. Eye (Lond). 2002; 16: 580-586.

96.	 Avunduk AM, Dinc H, Kapicioglu Z, Ugurlu S, Dayanir V, Korkmaz E. Arterial 
blood flow characteristics in central retinal vein occlusion and effects of 
panretinal photocoagulation treatment: an investigation by colour Doppler 
imaging. Brit J Ophthalmol. 1999; 83: 50-53.

97.	 Fung AE, Rosenfeld PJ, Reichel E. The International Intravitreal 
Bevacizumab Safety Survey: using the internet to assess drug safety 
worldwide. Br J Ophthalmol. 2006; 90: 1344-1349.

98.	 Verheul HM, Pinedo HM. Possible molecular mechanisms involved in the 
toxicity of angiogenesis inhibition. Nat Rev Cancer. 2007; 7: 475-485.

99.	 Ameri H, Chader GJ, Kim JG, Sadda SR, Rao NA, Humayun MS. The effects 
of intravitreous bevacizumab on retinal neovascular membrane and normal 
capillaries in rabbits. Invest Ophthalmol Vis Sci. 2007; 48: 5708-5715.

100.	Sato T, Kawasaki Y, Waragai T, Imaizumi T, Ono A, Sakai N, et al. Relapse 
of minimal change nephrotic syndrome after intravitreal bevacizumab. 
Pediatr Int. 2013; 55: e46-48.

101.	Onoda Y, Shiba T, Hori Y, Maeno T, Takahashi M. Two cases of acute 
abdomen after an intravitreal injection of bevacizumab. Case Rep 
Ophthalmol. 2015; 6: 110-114.

102.	Seto R, Yamada H, Wada H, Osawa M, Nagao T, Nakano Y. Diffuse alveolar 
haemorrhage may be associated with intravitreal injection of bevacizumab in 
a patient with systemic risk factors. BMJ Case Rep. 2011.

Citation: Azmeh AM. Ocular and Systemic Vascular Adverse Events Following Intravitreal Bevacizumab 
Injection. J Ophthalmol & Vis Sci. 2016; 1(1): 1004.

J Ophthalmol & Vis Sci - Volume 1 Issue 1 - 2016
ISSN: 2573-8593 | www.austinpublishinggroup.com 
Azmeh. © All rights are reserved

http://www.ncbi.nlm.nih.gov/pubmed/22330964
http://www.ncbi.nlm.nih.gov/pubmed/22330964
http://www.ncbi.nlm.nih.gov/pubmed/22330964
http://www.ncbi.nlm.nih.gov/pubmed/25342124
http://www.ncbi.nlm.nih.gov/pubmed/25342124
http://www.ncbi.nlm.nih.gov/pubmed/25342124
http://www.ncbi.nlm.nih.gov/pubmed/23457327
http://www.ncbi.nlm.nih.gov/pubmed/23457327
http://www.ncbi.nlm.nih.gov/pubmed/23457327
http://www.ncbi.nlm.nih.gov/pubmed/24667549
http://www.ncbi.nlm.nih.gov/pubmed/24667549
http://www.ncbi.nlm.nih.gov/pubmed/24520842
http://www.ncbi.nlm.nih.gov/pubmed/24520842
http://www.ncbi.nlm.nih.gov/pubmed/11350732
http://www.ncbi.nlm.nih.gov/pubmed/11350732
http://www.ncbi.nlm.nih.gov/pubmed/11350732
http://www.ncbi.nlm.nih.gov/pubmed/12972536
http://www.ncbi.nlm.nih.gov/pubmed/12972536
http://www.ncbi.nlm.nih.gov/pubmed/19953626
http://www.ncbi.nlm.nih.gov/pubmed/19953626
http://www.ncbi.nlm.nih.gov/pubmed/19953626
http://www.ncbi.nlm.nih.gov/pubmed/19953626
http://www.ncbi.nlm.nih.gov/pubmed/19563370
http://www.ncbi.nlm.nih.gov/pubmed/19563370
http://www.ncbi.nlm.nih.gov/pubmed/19563370
http://www.ncbi.nlm.nih.gov/pubmed/19563370
http://www.ncbi.nlm.nih.gov/pubmed/21232081
http://www.ncbi.nlm.nih.gov/pubmed/21232081
http://www.ncbi.nlm.nih.gov/pubmed/21232081
http://www.ncbi.nlm.nih.gov/pubmed/21232081
http://www.ncbi.nlm.nih.gov/pubmed/15294883
http://www.ncbi.nlm.nih.gov/pubmed/15294883
http://www.ncbi.nlm.nih.gov/pubmed/15191879
http://www.ncbi.nlm.nih.gov/pubmed/15191879
http://www.ncbi.nlm.nih.gov/pubmed/15191879
http://www.ncbi.nlm.nih.gov/pubmed/18028237
http://www.ncbi.nlm.nih.gov/pubmed/18028237
http://www.ncbi.nlm.nih.gov/pubmed/18028237
http://www.ncbi.nlm.nih.gov/pubmed/18028237
http://www.ncbi.nlm.nih.gov/pubmed/17244205
http://www.ncbi.nlm.nih.gov/pubmed/17244205
http://www.ncbi.nlm.nih.gov/pubmed/17244205
http://www.ncbi.nlm.nih.gov/pubmed/17244205
http://www.ncbi.nlm.nih.gov/pubmed/16899768
http://www.ncbi.nlm.nih.gov/pubmed/16899768
http://www.ncbi.nlm.nih.gov/pubmed/16899768
http://www.ncbi.nlm.nih.gov/pubmed/16899768
http://www.ncbi.nlm.nih.gov/pubmed/16528471
http://www.ncbi.nlm.nih.gov/pubmed/16528471
http://www.ncbi.nlm.nih.gov/pubmed/16528471
http://www.ncbi.nlm.nih.gov/pubmed/16528471
http://www.ncbi.nlm.nih.gov/pubmed/17449002
http://www.ncbi.nlm.nih.gov/pubmed/17449002
http://www.ncbi.nlm.nih.gov/pubmed/17449002
http://www.ncbi.nlm.nih.gov/pubmed/19221780
http://www.ncbi.nlm.nih.gov/pubmed/19221780
http://www.ncbi.nlm.nih.gov/pubmed/19221780
http://www.ncbi.nlm.nih.gov/pubmed/9098249
http://www.ncbi.nlm.nih.gov/pubmed/9098249
http://www.ncbi.nlm.nih.gov/pubmed/12194073
http://www.ncbi.nlm.nih.gov/pubmed/12194073
http://www.ncbi.nlm.nih.gov/pubmed/10209435
http://www.ncbi.nlm.nih.gov/pubmed/10209435
http://www.ncbi.nlm.nih.gov/pubmed/10209435
http://www.ncbi.nlm.nih.gov/pubmed/10209435
http://www.ncbi.nlm.nih.gov/pubmed/16854824
http://www.ncbi.nlm.nih.gov/pubmed/16854824
http://www.ncbi.nlm.nih.gov/pubmed/16854824
http://www.ncbi.nlm.nih.gov/pubmed/17522716
http://www.ncbi.nlm.nih.gov/pubmed/17522716
http://www.ncbi.nlm.nih.gov/pubmed/18055823
http://www.ncbi.nlm.nih.gov/pubmed/18055823
http://www.ncbi.nlm.nih.gov/pubmed/18055823
http://www.ncbi.nlm.nih.gov/pubmed/23782377
http://www.ncbi.nlm.nih.gov/pubmed/23782377
http://www.ncbi.nlm.nih.gov/pubmed/23782377
http://www.ncbi.nlm.nih.gov/pubmed/25960733
http://www.ncbi.nlm.nih.gov/pubmed/25960733
http://www.ncbi.nlm.nih.gov/pubmed/25960733
http://www.ncbi.nlm.nih.gov/pubmed/22714606
http://www.ncbi.nlm.nih.gov/pubmed/22714606
http://www.ncbi.nlm.nih.gov/pubmed/22714606

	Title
	Abstract
	Abbreviations
	Terminology
	Introduction
	Methods
	Results and Discussion
	Ocular and systemic nonvascular bevacizumab adverse events
	Ocular and Systemic bevacizumab vascular adverse events
	Pathogenesis of bevacizumab vascular adverse events
	Retinal artery occlusion following intravitreal bevacizumab
	Retinal vein occlusion following intravitreal bevacizumab
	Hemorrhagic macular infarction following intravitreal bevacizumab
	Nonarteretic Anterior Ischemic Optic Neuropathy (NAION) following intravitreal bevacizumab
	Acute ocular ischemic syndrome associated with acute stroke following intravitreal bevacizumab
	Massive choroidal hemorrhage and contralateral sympathetic ophthalmia following intravitreal bevaciz
	Kidney toxicity following intravitreal bevacizumab
	Ischemic colitis and gastrointestinal bleeding following intravitreal bevacizumab
	Alveolar hemorrhage following intravitreal bevacizumab

	Conclusion
	References

