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ABSTRACT

Background: Intravitreal anti-vascular endothelial growth factor (anti-VEGF) injections are the backbone of the
treatment of neovascular retinal disorders and among the most frequently performed procedures in ophthalmic practice.
This narrative review aims to summarize the current evidence on systemic and ocular adverse events associated with
intravitreal anti-VEGF therapy and to reiterate their clinical implications in daily practice.

Methods: A structured PubMed/MEDLINE database search was conducted to identify relevant manuscripts published
between 1 January 2004 and 31 March 2026. Search strategies included combinations of keywords and controlled
vocabulary related to intravitreal anti-VEGF therapy and associated adverse events. Evidence from randomized trials,
observational research, meta-analyses, experimental models, and case reports or series were included to provide a broad
perspective.

Results: Systemic adverse events associated with intravitreal anti-VEGF therapy appear to be uncommon; however,
potential cardiovascular events, blood pressure alterations, and renal effects have been reported, particularly in patients
with preexisting vascular risk factors. Ocular complications represent the most frequently discussed as safety concerns.
Sterile intraocular inflammation is among the most clinically relevant events and may range from mild self-limited
reactions to severe inflammatory blinding conditions such as occlusive retinal vasculitis. Distinguishing sterile
inflammation from infectious endophthalmitis is critical, as clinical management and prognosis differ substantially.
Elevation of intraocular pressure is another frequently observed complication and may present either as a transient spike
occurring immediately after the injection or as sustained ocular hypertension following repeated treatments. Additional
ocular complications reported in the literature include rhegmatogenous retinal detachment, retinal tears, retinal vascular
occlusions, cataract formation, and retinal pigment epithelium tears.

Conclusions: Although intravitreal anti-VEGF therapy is generally safe, a wide variety of ocular and systemic adverse
events has been described. Timely recognition and individualized monitoring strategies are key to excel in treatment
safety and achieve better visual outcomes.
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Complications of intravitreal administration of anti-VEGF agents

I

INTRODUCTION

Since its introduction, intravitreal anti-vascular endothelial growth factor (anti-VEGF) therapy has become a key

treatment alternative in the management of macular edema of various etiologies, improving both anatomical and

functional outcomes [1, 2]. In 2004, pegaptanib was the first anti-VEGF agent approved by the U.S. Food and Drug

Administration (FDA) for the treatment of neovascular age-related macular degeneration, but was discontinued in

2019 [3]. Ranibizumab, bevacizumab (off-label), and aflibercept are widely used anti-VEGF agents with proven

efficacy in suppressing pathological angiogenesis [2].

More recently, additional anti-VEGF agents have expanded the therapeutic options available. Brolucizumab was
approved in 2019 for the treatment of neovascular age-related macular degeneration and subsequently in 2022 for
diabetic macular edema [4, 5], although its clinical use has remained limited because of safety concerns. Faricimab
was subsequently approved for neovascular age-related macular degeneration and diabetic macular edema in 2022,
and later for retinal vein occlusion in 2024 [6-8]. Aflibercept 8 mg was also approved in 2024, further broadening the
therapeutic options [3]. Abicipar pegol, another anti-VEGF therapy evaluated for neovascular age-related macular
degeneration, did not receive FDA approval, largely owing to a higher incidence of intraocular inflammatory events
observed in clinical studies [9, 10].

Because of its high efficacy, low risk, and ease of use, anti-VEGF therapy has become a preferred treatment
modality. Despite these advantages, serious systemic and ocular adverse effects have been reported [11-13]. The aim
of this narrative review is to provide an overview of the ocular and systemic complications associated with intravitreal

anti-VEGF therapy and to discuss their clinical relevance.

METHODS

This narrative review was based on a structured search of the PubMed/MEDLINE database, without language
restrictions, to identify articles published between 1 January 2004 and 31 March 2026. Search strategies incorporated
combinations of free-text keywords and Medical Subject Headings (MeSH) related to intravitreal anti-VEGF therapy
and its associated complications, including terms such as “intravitreal injections”, “vascular endothelial growth
factor”, “anti-VEGF agents”, “endophthalmitis”, “intraocular pressure”, “glaucoma”, “retinal detachment”, and
“adverse effects”. Emphasis was placed on clinically meaningful studies addressing systemic and ocular safety
outcomes of intravitreal anti-VEGF therapy. Priority was given to randomized clinical trials, large observational
studies, meta-analyses, and influential experimental investigations, while case reports and case series were also
reviewed to provide additional insight into relatively rare complications. Studies were selected based on their clinical

relevance, methodological rigor, and contribution to the understanding of safety outcomes.

RESULTS and DISCUSSION

1. Systemic Adverse Events

Intravitreal anti-VEGF agents can reach systemic circulation at detectable levels; intravitreal injection may lead to
suppression of systemic VEGF activity, potentially facilitating systemic adverse events [14]. Consequently, even
limited systemic exposure after intravitreal administration has raised systemic concerns [7]. Thromboembolic events,
myocardial infarction, cerebrovascular events, hypertension, and renal dysfunction are among the main systemic
complications attributed to intravitreal anti-VEGF therapy [14]; several rare systemic adverse events associated with
the therapy are also reported in the literature (Table 1) [15-28].

Although controlled trials have not shown a clear increase in major systemic events, real-world data suggest that
patients with significant vascular risk factors may warrant more careful monitoring [29]. The following sections
primarily address cardiovascular and thromboembolic complications, blood pressure alterations and renal effects.
1.1. Cardiovascular Safety and Arterial Thromboembolic Risk
Available systematic reviews and meta-analyses indicate that intravitreal anti-VEGF agents, including bevacizumab,
ranibizumab, and aflibercept, are not associated with an increased risk of major adverse cardiovascular events such
as myocardial infarction, stroke, or cardiovascular death compared with controls [12, 30, 31].

A pharmacovigilance analysis based on the VigiBase database, including over 23 000 reported adverse drug
reactions related to intravitreal anti-VEGF therapy, identified higher reported rates of cardiovascular and
cerebrovascular events compared with the overall database. These events included myocardial infarction, angina,
arrhythmias, hypertension, and hypertensive crisis. In comparative analyses, aflibercept showed lower reporting

odds for myocardial infarction, atrial fibrillation, and cerebrovascular events than ranibizumab [32].
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Author
(Year)
Kasl et al.
(2015) [15]

Cifuentes-
Canorea et
al.

(2016) [16]
Attal et al.
(2018) [17]

Emami et al.

(2020) [18]

Gan et al.
(2022) [19]

Lietal.
(2023) [20]

Rzayev et al.

(2023) [21]

Zhou et al.
(2023) [22]

Fuerte-
Hortigon et
al.

(2023) [23]
Morotti et
al. (2024)
[24]

Nagai et al.
(2017) [25]

Batteux et
al. (2019)
[26]

Ornek et al.
(2021) [27]

Hamadneh
et al. (2021)
[28]

Anti-VEGF
Agent
Ranibizumab

Ranibizumab

Ranibizumab

Ranibizumab

Ranibizumab

Ranibizumab

Ranibizumab

Ranibizumab

Ranibizumab

Ranibizumab

Aflibercept

Aflibercept

Aflibercept

Aflibercept

Age/
Sex
74/ F

75/F

83/F

76 /| F

57 /M

53 /M

43

weeks

/M
53 /F

50 /M

27
weeks
/M

60/M

80/F

62/M

63 /F
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Table 1. Previously reported rare systemic complications associated with intravitreal injections of FDA-approved anti-VEGF

Indication

CSCR

nAMD

nAMD

nAMD

CRVO

nAMD

ROP

BRVO

nAMD

ROP

PCV

nAMD

DME

DME

Complication

Pituitary
apoplexy

Charles Bonnet syndrome

Digital ischemia with
distal phalangeal necrosis

Dental implant failure

Membranoproliferative
glomerulonephritis

Esophageal ulcer

Intestinal perforation

Guillain-Barre syndrome

Guillain-Barre syndrome

Necrotizing enterocolitis

Systemic maculopapular
rash

Ischemic colitis

Sudden sensorineural
hearing loss

Transient ischemic attack
with hypoventilation

Key Clinical Features

Headache, ptosis, diplopia
and vision loss 2 days after
intravitreal injection;
hemorrhage in a pituitary
adenoma compressing the
optic chiasm.

Structured visual
hallucinations starting 10
days after injection.

Acute ischemia of the left
hand with occlusion of radial
and ulnar arteries one month
after injection.

Failure of two immediately
loaded mandibular implants
within 6 weeks despite
adequate primary stability 20
days after injection.
Proteinuria, hematuria and
renal failure 2 weeks after
injection.

Dysphagia and retrosternal
pain 3 days after injection;
endoscopic esophageal ulcer.

Abdominal distension and
free intraperitoneal air 12
hours after injection.

Limb weakness progressing
to respiratory paralysis after
injection.

Paresthesia and gait
instability with
electrophysiologic evidence

of demyelinating neuropathy.

Large bowel necrotizing
enterocolitis episode
occurring within the first
week after injection.
Generalized erythematous
papular eruption with
pruritus 10 hours after
injection.

Abdominal pain and rectal
bleeding 3 days after
injection.

Tinnitus and profound
unilateral hearing loss 4 days
after injection.

Confusion, right-sided
weakness and
hypoventilation 12 hours
after injection.

Management & Outcome

Urgent endoscopic
transsphenoidal tumor
resection with corticosteroid
therapy; ophthalmoplegia
resolved and vision
significantly improved.
Spontaneous resolution.

Endovascular
revascularization and
antithrombotic therapy;
clinical improvement with
auto-amputation of distal
phalanx.

Conversion to single-implant
overdenture; long-term
stable outcome.

Discontinuation of injections;
spontaneous recovery of
renal function.
Discontinuation of
ranibizumab and proton
pump inhibitor therapy;
complete healing without
recurrence.

Surgical bowel resection and
jejunostomy; stabilization.

ICU care and IVIG therapy;
gradual recovery without
relapse.

IVIG therapy; complete
recovery.

Neonatal ICU care.

Oral prednisolone; rash
resolved.

Conservative treatment and
drug discontinuation;
symptoms resolved.

Otorhinolaryngology
evaluation and treatment
(not specified); no
improvement after 10 days.
ICU supportive care;
complete recovery within 24
hours.

Abbreviations: BRVO, branch retinal vein occlusion; CRVO, central retinal vein occlusion; CSCR, central serous
chorioretinopathy; DME, diabetic macular edema; F, female; FDA, Food and Drug Administration; ICU, intensive care unit;
IVIG, intravenous immunoglobulin; M, male; nAMD, neovascular age-related macular degeneration; PCV, polypoidal choroidal
vasculopathy; ROP, retinopathy of prematurity; VEGF, vascular endothelial growth factor
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Differences between these findings may reflect methodological variation, as meta-analyses are based on
controlled trial data, whereas pharmacovigilance studies rely on real-world reporting that may be influenced by bias
and confounding. Nonetheless, the observed safety signals support careful monitoring, particularly in patients with

existing cardiovascular or cerebrovascular disease [12].

1.2. Blood Pressure Alterations and Renal Implications

Beyond its angiogenic role, VEGF is integral to endothelial regulation through its effects on nitric oxide synthesis and
vascular relaxation. Pharmacologic blockade of VEGF may disrupt this pathway, predisposing to vasoconstriction
and hypertension [33]. Reduced VEGF activity can lead to diminished capillary perfusion, commonly termed
microvascular rarefaction, potentially contributing to higher systemic blood pressure. Additional mechanisms may
involve dysregulation of vasoactive mediators, resulting in endothelial dysfunction, as well as renal effects that
promote sodium retention and volume expansion [7, 34, 35].

Despite these potential biological mechanisms, clinical evidence regarding the risk of hypertension following
intravitreal anti-VEGF therapy remains inconsistent. Findings from a recent systematic review and meta-analysis
indicated similar hypertension rates among ranibizumab, bevacizumab, aflibercept, brolucizumab, and faricimab,
and did not demonstrate an increased risk when anti-VEGF therapy was compared with sham control [7].

Current literature suggests that intravitreal anti-VEGF therapy does not appear to cause significant short- to
medium-term renal impairment, even in patients with diabetes or chronic kidney disease. However, careful
monitoring is recommended, particularly in individuals with borderline or severely reduced baseline renal function
[12, 36].

2. Local (Ocular) Adverse Events

Although intravitreal anti-VEGF injections are generally considered safe, a variety of ocular adverse events may occur,
ranging from mild, transient reactions to rare but vision-threatening complications. The most notable ocular
complications include sterile intraocular inflammation, endophthalmitis, transient or sustained elevation of
intraocular pressure (IOP) that may contribute to glaucoma, retinal detachment, retinal tears, retinal vascular
occlusions, and cataract formation [1, 37, 38]. In addition to these well-recognized complications, several rare ocular

adverse events are also described in the literature, as summarized in Table 2 [39-77].

2.1. Inflammatory Complications

2.1.1.  Sterile Intraocular Inflammation

Sterile intraocular inflammation, sometimes accompanied by occlusive retinal vasculitis, has been reported after
intravitreal anti-VEGF injections [78-80]. This inflammation likely reflects a multifactorial process that remains
incompletely understood [11]. Anderson et al. grouped the potential factors into three categories: patient-related,
drug-related, and delivery system factors [81]. Patient-related factors reflect individual immune predisposition,
including anti-drug antibody formation, disruption of the blood-retina barrier, and prior inflammatory eye disease.
Drug-related factors arise from the immunogenic profile of the agent and may be influenced by impurities,
endotoxins, formulation properties, and structural features such as the Fc domain. Delivery-related factors are linked
to syringe components and handling conditions, including silicone oil contamination and mechanical stressors that
can promote protein aggregation and inflammatory cascades [81-84].

The safety profile of anti-VEGF agents is also influenced by their immunogenic potential, which depends on
molecular design, manufacturing processes, and host immune variability [84]. Inmunogenicity differs among agents
[1]. Faricimab'’s bispecific antibody structure is associated with measurable rates of both pre-existing and treatment-
emergent anti-drug antibodies, which may contribute to inflammatory or occlusive retinal events. Its Fc region,
however, has been engineered to reduce receptor binding and may help mitigate systemic and inflammatory effects.
Aflibercept appears to have relatively lower immunogenicity, consistent with its VEGFR1/2-Fc fusion protein
structure [85]. In contrast, brolucizumab has been associated with the highest rates of antibody formation, with pre-
existing anti-drug antibodies reported in approximately 36-52% of clinical trial patients—a finding that may partly
explain its heightened risk of intraocular inflammation and vascular complications [4, 86, 87]. Patient characteristics
may also influence immunogenicity. Repeated intravitreal exposure has been proposed to promote the development

of anti-drug antibodies, which may increase the likelihood of immune reactions with subsequent injections [81].
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Table 2. Previously reported rare ocular complications associated with intravitreal injections of FDA-approved anti-VEGF agents.

Author Anti-VEGF Age/Sex Indication Complication Key Clinical Features Management &
(Year) Agent Outcome
Querques et al. Ranibizumab 79/F nAMD Macular hole Stage 2 macular hole Persistence of macular
(2009) [39] developed 1 month after hole
injection
Georgalas et al. Ranibizumab 71 /M nAMD Filtering bleb leak Positive Seidel test, IOP 2 Surgical repair with
(2009) [40] with severe mmHg with corneal edema | pericardial graft; IOP
hypotony after injection normalized
Meyer et al. Ranibizumab 88/F nAMD Choroidal Asymptomatic Observation;
(2010) [41] detachment inferotemporal choroidal spontaneous resolution
detachment detected 1
month after injection
Grigoropoulos et | Ranibizumab 67 | F nAMD Full-thickness Full-thickness macular hole | Observation
al. (2010) [42] macular hole developed over retinal
pigment epithelium tear 1
month after injection
Micieli et al. Ranibizumab 64 /M nAMD Third nerve palsy Acute ptosis, impaired Observation; complete
(2011) [43] adduction and elevation 2 spontaneous resolution
weeks after injection within 7 weeks
Ranchod et al. Ranibizumab | 81/M nAMD Hyphema Visual decline with red Topical atropine and
(2011) [44] blood cells in the anterior steroid; resolution with
chamber 1-7 days after return to baseline vision
injection
Thoongsuwan et Ranibizumab 41 /M MNV Blebitis Infected filtering bleb with Intravitreal,
al. (2011) [45] secondary to mucopurulent discharge 3 subconjunctival,
radiation days after injection topical, and oral
retinopathy antibiotics
Shienbaum et al. | Ranibizumab 73/F nAMD Orbital hemorrhage Bullous 360° Observation;
(2012) [46] subconjunctival spontaneous resolution
hemorrhage extending into
the orbit 1 day after
injection
Bastion et al. Ranibizumab 28 /F PDR Intraocular Multicolored crystals in Vitrectomy with
(2012) [47] crystallization anterior chamber and removal of crystals
subretinal space 1 day after
injection
Raiji et al. (2013) | Ranibizumab 69/F nAMD Full-thickness Visual decline with full- Vitrectomy with
[48] macular hole thickness macular hole membrane peeling and
overlying retinal pigment gas tamponade; hole
epithelium detachment 1 closure with visual
month after injection improvement
Kon Graversen Ranibizumab 77 | M nAMD Hyphema Anterior chamber bleeding | Observation;
et al. (2013) [49] 66 /M BRVO immediately after injection | spontaneous resolution
with transient IOP rise with recovery of vision
Aslan Bayhan et | Ranibizumab 56 /M DME Marginal keratitis Peripheral subepithelial Topical steroid and
al. (2014) [50] corneal infiltrates with mild | antibiotic therapy;
anterior chamber reaction complete resolution
Al Bdour and Ali | Ranibizumab 50/ M DME Intravitreal cotton Cotton fiber suspended in Observation; no
(2014) [51] fiber foreign body posterior vitreous causing inflammation during
floaters follow-up
Caglar et al. Ranibizumab 55/M DME Isolated sixth nerve Diplopia with abduction Spontaneous resolution
(2016) [52] palsy limitation 4 days after within 2 months
injection
Sluch et al. (2016) | Ranibizumab 54/M DME Scleral abscess Injection-site pain and Incision and drainage
[53] related to erythema starting 10 days alongside topical,
Mycobacterium after injection; progression subconjunctival, and
chelonae to scleral abscess without systemic antibiotics;
intraocular inflammation complete resolution by
return to baseline vision
Kabanarou et al. | Ranibizumab 66 /M nAMD Full-thickness Full-thickness macular hole | Not specified
(2017) [54] Ranibizumab 64 /F macular hole 1-4 months after injection
Aflibercept 67 /M
Ranibizumab 57 /F
Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1) 44



Onda et al. (2019)
[55]

Pan et al. (2021)
[56]

Ozturk et al.
(2021) [57]

Oshiro et al.
2021) [58]

Goel (2022) [59]

Lima-Fontes et
al. (2022) [60]

Kim (2024) [61]

Liang et al. (2024)
[62]

Oshima et al.
(2015) [63]

Kabanarou et al.
(2017) [54]
Hernandez-Pons
et al. (2021) [64]

Hebert et al.
(2022) [65]

Ali Said et al.
(2022) [66]

Ranibizumab

Ranibizumab

Ranibizumab

Ranibizumab

Ranibizumab

Ranibizumab

Ranibizumab

Ranibizumab

Aflibercept

Aflibercept

Aflibercept

Aflibercept

Aflibercept
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63 /M

67 /M

54 /M

66 /M

67 /M

52/M

78 /M

23 /F

94 /M

67 /M

98 /F

51/M

71/F

BRVO

nAMD

DME

BRVO

CRVO

Angioid

streaks-related

MNV

nAMD

Pachychoroid-
related MNV

nAMD

nAMD

nAMD

CRVO

nAMD

Corneal endothelitis
and anterior uveitis
related to human
herpes virus 6

Acute retinal necrosis

related to varicella
zoster virus

Herpetic
keratouveitis

Rapid macular
pucker with partial
traction retinal
detachment

Full-thickness
macular hole

Hypotony
maculopathy

Capsular block
syndrome

Hypotony
maculopathy with
multiple serous
retinal detachments

Full-thickness
macular hole

Full-thickness
macular hole
Necrotizing scleritis

related to Aspergillus

terreus

Posterior scleritis

Full-thickness
macular hole

Corneal edema, keratic
precipitates, IOP 45 mmHg
20 days after injection

Visual decline and
peripheral necrotizing
retinitis with vitritis 3 days
after injection

Corneal edema, dendritic
ulcer and marked IOP rise 1
week after injection

Rapid ERM proliferation
causing retinal folds and
traction

Full-thickness macular hole
with hyperreflective
material 1 month after
injection

Vision loss, low IOP, and
chorioretinal folds 2 days
after injection; recurrence
after second injection with
scleral wound leak.

Posterior capsular
distension with fluid
accumulation 1 week after
injection

Visual decline, hypotony,
multiple serous retinal
detachments, bacillary layer
detachment and
chorioretinal folds with
marked choroidal
thickening mimicking Vogt-
Koyanagi-Harada disease
one day after injection
Visual decline with full-
thickness macular hole after
3 loading injections
Full-thickness macular hole
1 month after injection

Pain and injection-site
scleral necrosis with
purulent discharge 2 weeks
after injection

Severe ocular pain,
photophobia, choroidal
folds and scleral thickening
3 days after injection

Central scotoma with full-
thickness macular hole 4
weeks after injection

Oral and topical
antivirals; inflammation
resolved and vision
returned to baseline

Systemic and
intravitreal antiviral
therapy and vitrectomy;
severe residual visual
loss

Oral antiviral therapy
alongside topical
antiviral and steroid;
complete resolution
Vitrectomy with
membrane removal and
scleral buckle; retina
attached with visual
improvement
Observation;
spontaneous closure
with visual
improvement

First episode treated
with topical steroid and
atropine; second
episode required scleral
suture plus topical
therapy; resulted in IOP
normalization and
visual recovery

Nd:YAG capsulotomy;
visual improvement

Topical and systemic
steroids; IOP
normalized and serous
retinal detachments
resolved with visual
recovery

Observation; macular
hole persisted at 1 year
with stable poor vision
Not specified

Topical antifungal
therapy and surgical
debridement; infection
resolved

Oral and topical
steroids; posterior
scleritis resolved with
improvement of
choroidal folds
Surgery recommended
but declined

45
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Drnovsek and
Lumi (2022) [67]

Radwan et al.
(2022) [68]

Paxton et al.
(2022) [69]

Khoo et al. (2022)
[70]

Gopalakrishnan
et al. (2024) [71]

Sim et al. (2022)
[72]

Schonbach et al.
(2023) [73]

Kitson et al.
(2025) [74]

Sano et al. (2025)
[75]

Kaganovski et al.
(2025) [76]

Tabuenca Del
Barrio et al.
(2020) [77]

Aflibercept

Aflibercept

Aflibercept

Aflibercept

Aflibercept

Brolucizumab

Faricimab

Faricimab

Faricimab

Faricimab

Not specified
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86 /M

48 /M

82 /F

84/F

77 | F

49 /F

71 /M

70/ F

69/F

72| F

78 /M

57/F

nAMD

CRVO

nAMD

nAMD

Myopic MNV

nAMD

nAMD

DME

BRVO

nAMD

nAMD

Intravitreal cotton
fiber foreign body

Acute macular
neuroretinopathy

Nonarteritic anterior
ischemic optic
neuropathy

Submacular
hemorrhage

Progression of
myopic macular
retinoschisis

Choroidal effusion

Suprachoroidal
hemorrhage with
choroidal
detachment
Hypertensive uveitis

Full-thickness
macular hole

Submacular
hemorrhage

Infectious scleritis
related to
Mycobacterium
chelonae

White thread-like fiber in
posterior vitreous after
injection

Central scotoma with
OPL/ONL hyperreflectivity
on optical coherence
tomography 5 days after
injection

Optic disc edema with
inferior altitudinal visual
field defect 1 day after
injection

Large subretinal macular
hemorrhage with visual
decline after injection

Worsening retinoschisis
with perifoveal retinal
detachment after injection

Serous choroidal effusion 3
days after injection

Ocular pain, visual field
defect and hypotony 1 day
after injection

Bilateral episodes with IOP
42 and 35 mmHg 4 weeks
after injections

Developed 1 month after
injection in eye with
vitreomacular traction
Large submacular
hemorrhage spanning
vascular arcades with
sudden vision loss

Severe ocular pain and
scleral abscess at injection
site 1 week after injection

Vitrectomy with
removal of fiber; vision
stabilized

Partial resolution of
scotoma with
spontaneous
improvement

Temporary cessation of
injections

Vitrectomy with
subretinal tPA;
hemorrhage resolved
but vision limited

Pars plana vitrectomy
with ERM/ILM peeling;
anatomical
improvement with
stable vision
Observation;
spontaneous resolution
within 12 days
Conservative
management;
hemorrhage resolved in
2 months

Steroid and
antiglaucoma drops;
complete resolution
Vitrectomy with ILM
peeling; hole closure
and visual recovery
Vitrectomy with tPA
deferred due to
rebleeding risk;
switched to aflibercept;
long-term subretinal
fibrosis with severe
visual loss

Topical and oral
antibiotics; infection
resolved with residual
scleral thinning

Abbreviations: BRVO, branch retinal vein occlusion; CRVO, central retinal vein occlusion; DME, diabetic macular edema; ERM,

epiretinal membrane; F, female; ILM, internal limiting membrane; IOP, intraocular pressure; IV, intravenous; M, male; MNV,

macular neovascularization; nAMD, neovascular age-related macular degeneration; Nd:YAG, neodymium-doped yttrium

aluminum garnet; ONL, outer nuclear layer; OPL, outer plexiform layer; PDR, proliferative diabetic retinopathy; tPA, tissue

plasminogen activator; VEGEF, vascular endothelial growth factor.

Clinically, sterile intraocular inflammation after anti-VEGF therapy generally presents in two patterns: early-onset and

delayed-onset inflammation. The acute form typically occurs within several days of injection and is characterized by ocular

discomfort, reduced vision, and inflammatory cells in the anterior chamber and vitreous [88]. In contrast, delayed

inflammation (reported with agents like brolucizumab and faricimab) usually develops around two weeks after treatment

and may be associated with retinal vasculitis or occlusive vascular events [89]. Occlusive vasculitis is a severe, vision-

threatening form of intraocular inflammation marked by inflammatory retinal vessel occlusion, which leads to capillary

nonperfusion, retinal ischemia, and secondary neovascularization [29]. Acute inflammation is thought to involve IgE-

mediated type I hypersensitivity reactions, whereas delayed presentations are more consistent with type IV hypersensitivity

responses that may intensify with repeated exposure [78].
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Figure 1. Silicone oil droplet detected following intravitreal ranibizumab (Lucentis®, Novartis, Basel, Switzerland)
injection for branch retinal vein occlusion in the right eye of a 54-year-old male patient. Slit-lamp examination
demonstrating a silicone oil droplet (red arrow), presumably originating from the injection syringe, located in the
anterior vitreous cavity.

Hypersensitivity to pharmacological agents may develop through several immunologic pathways. Small molecules
can act as haptens by binding to host proteins and forming neoantigens that are recognized by antigen-presenting cells.
Alternatively, direct interactions with HLA complexes or T-cell receptors may trigger inappropriate T-cell activation [9].

The presence of silicone oil droplets in the vitreous cavity after repeated intravitreal injections was first documented by
Freund et al. in 2006 [90]. Silicone oil microdroplets have been commonly observed in the anterior vitreous following
intravitreal injections, with reported prevalence rates ranging from 68% to 78% (Figure 1). Factors such as freeze-thaw cycles,
mechanical agitation, spray-siliconized low-dead-space syringes, and improper plunger handling may contribute to the
formation of either asymptomatic droplets or symptomatic floaters [91]. In certain cases, silicone oil droplets have also been
proposed as a potential trigger of intraocular inflammatory responses [82, 92]. Mechanical processes during drug
preparation, including syringe agitation and silicone oil contamination, may further promote protein or particulate
aggregation capable of activating innate immune pathways, such as the nucleotide-binding oligomerization domain-like
receptor family pyrin domain containing 3 (NLRP3) inflammasome [83, 92, 93]. Wei et al. [82] also described the potential
benefits of silicone-free prefilled syringes. Lower silicone oil exposure may reduce intraocular accumulation with repeated
injections, a factor associated with increased IOP and occasional inflammatory reactions [82].

Post-marketing surveillance of faricimab identified cases of retinal vasculitis and retinal vascular occlusion, leading to
a safety communication from Genentech in November 2023 [78, 94]. One proposed mechanism involves protein aggregation
within faricimab preparations interacting with residual silicone oil from syringes, potentially triggering inflammatory
responses. In addition, faricimab has been associated with a somewhat higher frequency of severe intraocular inflammation
compared with earlier anti-VEGF agents, which may relate to differences in molecular structure or manufacturing processes
[84].

A population-based observational pharmacovigilance analysis shows increased reporting of inflammatory adverse
events with faricimab compared with aflibercept and ranibizumab. These events primarily involved intraocular
inflammation affecting both anterior and posterior segment structures, including vascular inflammatory manifestations
such as retinal vasculitis. Nevertheless, the overall incidence remained lower than that observed with brolucizumab, which
has been associated with the highest risk of both inflammatory and occlusive complications [1]. Yavari et al. [78] reported

bilateral hemorrhagic occlusive retinal vasculitis with panuveitis after intravitreal faricimab administration. Similarly, to
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brolucizumab-related cases, vitreous analysis revealed a chronic lymphohistiocytic infiltrate, suggesting a possible delayed
type IIl and IV hypersensitivity reaction [78]. Still, real-world evidence suggests that the overall incidence of such events
remains low. In a large real-world study conducted at a tertiary referral center, intraocular inflammation associated with
faricimab was reported in 0.19% of injections, with most cases presenting as mild anterior uveitis and showing favorable
visual outcomes, further supporting its safety profile [95].

Additional pharmacovigilance data from the FDA Adverse Event Reporting System (FAERS) have identified safety
signals for drug-related uveitis associated with several anti-VEGF agents, including aflibercept and faricimab; however,
these data do not provide reliable information on administered doses, limiting dose-specific interpretation [96]. Notably,
faricimab evidenced one of the strongest disproportionality signals among ophthalmic drugs in this database [96]. In
contrast, retrospective multicenter real-world data from the FARTURK study reported only a single mild inflammatory
case, suggesting that clinically significant inflammation remains uncommon in routine practice [6].

Inflammatory complications have also been described with other anti-VEGF agents. Acute sterile intraocular
inflammation following intravitreal aflibercept, bevacizumab, or ranibizumab has been reported with rates ranging from
0.02% to 0.37% [97, 98]. Shortly after its approval in 2011, aflibercept (2 mg) was associated with reports of intraocular
inflammation, with the American Society of Retina Specialists Research and Safety in Therapeutics Committee documenting
66 cases within the first two years [96].

Recently, concerns have been raised regarding a possible increase in intraocular inflammation and retinal vasculitis
among patients receiving aflibercept 8 mg [99, 100]. Matsumoto et al. [100] suggested that the higher incidence of intraocular
inflammation with aflibercept 8 mg may reflect its more pronounced VEGF-A inhibition relative to the 2-mg dose [100].
Excessive VEGF inhibition may impair endothelial stability, potentially increasing the risk of inflammatory complications
[99]. A large pharmacovigilance analysis using FAERS data further reported that aflibercept 8 mg showed the strongest
association with intraocular inflammatory events, including vitritis, retinal vasculitis, and sterile endophthalmitis,
compared with aflibercept 2 mg and faricimab [92]. Real-world data suggest that sterile intraocular inflammation with
aflibercept 8 mg may occur more frequently than in clinical trials, with significantly lower rates observed when prefilled
syringes are used instead of vial preparations [101]. However, both faricimab and aflibercept 8 mg carry a low but clinically
meaningful risk of immune-mediated intraocular inflammation, with no clear difference between them [92].

Transient dense vitreous opacity has been reported after combined injection of pegcetacoplan and faricimab.
Experimental findings suggest that this phenomenon may result from reversible formulation incompatibility, most likely
related to faricimab, with spontaneous resolution as the material disperses within the vitreous cavity [102]. Similar vitreous
opacity is observed with brolucizumab injections alone, without concurrent intravitreal therapy [103]. The relatively high
rate of treatment-emergent antidrug antibodies observed with brolucizumab has been attributed to its unique structural

properties, including its low molecular weight, single-chain antibody fragment design, and high molar concentration [104].

2.1.2.  Infectious Endophthalmitis

Post-injection endophthalmitis represents a rare yet clinically devastating complication with an incidence rate of 0.056%
(Figure 2) [105]. In some studies, the reported incidence of endophthalmitis reached 0.3% [106, 107]. Both the pattern and
severity of clinical findings play a key role in assessing post-injection inflammation. The key clinical features distinguishing
sterile intraocular inflammation from infectious endophthalmitis are summarized in Table 3 [108]. Severe pain, hypopyon,
and rapid visual decline tend to indicate an infectious origin, while mild, transient inflammatory changes typically reflect a
sterile reaction [108]. Post-injection endophthalmitis is typically related to contamination from the patient’s skin or

conjunctival flora, most commonly involving coagulase-negative staphylococci and streptococcal species [107, 109].

Table 3. Comparative clinical features of sterile intraocular inflammation and infectious endophthalmitis following
intravitreal anti-VEGF injections [108]

Feature Sterile Intraocular Inflammation Endophthalmitis

Onset 1-7 days (or delayed ~2 weeks) 2-5 days

Pain Mild or absent Severe

Vision loss Mild to moderate Severe and rapid

Hypopyon Rare Common

Redness Mild Marked conjunctival injection

Ante.rl or chamber/vitreous Variable, usually mild to moderate Severe and diffuse

reaction

Management Steroids, observation Urgent intravitreal antibiotics + pars plana vitrectomy
Prognosis Generally favorable Variable, often poor

Abbreviations; VEGF, vascular endothelial growth factor.
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Figure 2. Endophthalmitis occurring after intravitreal bevacizumab (Avastin®, F. Hoffmann-La Roche AG, Basel,
Switzerland) injection for neovascular age-related macular degeneration in the left eye of a 55-year-old female patient.
(A) Slit-lamp examination displaying marked conjunctival hyperemia accompanied by hypopyon (red arrow). (B) Color
fundus photograph (VISUCAM 500%, Carl Zeiss Meditec, Jena, Germany) showing severely impaired visualization of
the posterior segment secondary to dense vitritis.

In a multicenter study comparing dexamethasone implant and anti-VEGF injections over a 5-year period in U.S.
outpatient centers, dexamethasone implants were associated with a significantly higher incidence of endophthalmitis [107].
A French nationwide cohort of more than 3.5 million injections also reported a higher endophthalmitis rate with
corticosteroids (0.067%) than with anti-VEGF agents (0.020%) [110].

A large retrospective cohort study including 43 393 eyes and 652 421 intravitreal anti-VEGF injections (ranibizumab,
aflibercept, and bevacizumab) reported an overall endophthalmitis incidence of 0.035% per injection (approximately 1 in
2857 injections). The authors observed that the cumulative risk of endophthalmitis increased with the number of injections,
with a steeper rise during earlier injections and a more gradual increase later in the treatment course. However, subsequent
correspondence suggests that alternative statistical approaches incorporating censoring (e.g., Kaplan-Meier analysis) might
yield different estimates of cumulative incidence [111].

Findings from the IRIS® Registry suggest that endophthalmitis following the first anti-VEGF injection most often
develops within the first week, typically between days 3 and 8. The likelihood of occurrence seems to vary depending on
patient-related factors, particularly prior intravitreal corticosteroid exposure and underlying clinical or demographic
characteristics, while non-smoking status may be protective. Earlier symptom onset has been observed in older individuals,
as well as in those with diabetic retinopathy or a history of corticosteroid treatment [112].

In a retrospective cohort analysis, Patel et al. [113] assessed whether systemic immunosuppressive therapy influences
the risk of endophthalmitis after intravitreal anti-VEGF injections. The study included over 270 000 injections and
demonstrated that patients receiving systemic immunosuppressive medications had a markedly higher likelihood of
developing post-injection endophthalmitis compared with non-immunosuppressed individuals. Furthermore, the onset of
symptoms occurred earlier in this group. Still, despite the increased risk of infection, visual acuity outcomes at six months
were similar between the two groups [113].

No significant differences in endophthalmitis incidence have been observed among anti-VEGF agents [114]. The risk
of endophthalmitis appears to be greater in patients receiving treatment for diabetic retinopathy or age-related macular
degeneration compared with those treated for branch or central retinal vein occlusion. Reduced immune competence in
diabetic and elderly patients may partly explain this finding [115].

Povidone-iodine antisepsis remains the most effective measure to reduce bacterial load during intravitreal injections.
Additional precautions may further reduce risk, whereas routine prophylactic topical antibiotics are not recommended due
to lack of efficacy and potential for antimicrobial resistance [116, 117]. According to a recent systematic review and meta-
analysis, topical antibiotic prophylaxis is not associated with a reduced risk of endophthalmitis and may even increase the
risk in patients receiving intravitreal anti-VEGF injections [118]. Eyelids, eyelashes, and the associated glands may act as
potential reservoirs of infection. An eyelid speculum may help minimize contamination during needle insertion [114].
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Recent evidence suggests that injection technique and drug preparation methods may also influence the risk of
endophthalmitis. A large meta-analysis showed that the use of prefilled syringes was associated with a 47-48% reduction
in endophthalmitis risk compared with glass vial preparations, highlighting the importance of procedural factors in
improving injection safety [119]. This reduction likely reflects the elimination of manual preparation steps, thereby
minimizing contamination risk and particulate exposure during drug handling [120]. In addition, the use of prefilled
syringes has been linked to lower rates of culture-positive endophthalmitis [121]. Consistently with these observations, good
manufacturing practice (GMP)-grade prefilling, involving preparation under controlled conditions by specialized
pharmacies, is also shown to reduce endophthalmitis risk [122].

2.2. Pressure-Related Complications

221.  Acute IOP Elevation
Several factors have been associated with severity of acute IOP elevation following intravitreal injection, including absence

of subconjunctival reflux, smaller needle size, tunneled injection techniques, phakic lens status, corneal biomechanical
properties, and a history of glaucoma [123]. Among these, the lack of subconjunctival reflux appears to be the most
important risk factor [124]. Previous studies suggest that eyes without subconjunctival vitreous reflux are more likely to
experience IOP elevations above 25 mmHg within 30 minutes of injection [125, 126]. Both injection technique and needle
size play a role in the development of reflux. Needles with a larger bore create a wider scleral entry tract, which raises the
likelihood of reflux [127].

Another important risk factor for severe acute ocular hypertension and delayed recovery after intravitreal injection is
a prior history of glaucoma [128]. Although glaucoma is associated with impaired aqueous humor drainage, evidence
linking a diagnosis of glaucoma to post-injection IOP elevation remains inconsistent [124].

Lens status appears to influence early IOP fluctuations after intravitreal injection. Pseudophakic eyes, characterized by
a deeper anterior chamber and wider angle after cataract surgery, may exhibit less pronounced pressure elevations than
phakic eyes. However, existing evidence on this topic is conflicting [126, 129, 130]. Eyes with shorter axial length and smaller
vitreous volume have also been identified as a potential risk factor for immediate IOP elevation following intravitreal
injection [126, 129].

Currently available anti-VEGF therapies are generally administered at an intravitreal volume of 0.05 mL. However,
aflibercept 8 mg is delivered at a volume of 0.07 mL, which has raised concerns regarding the potential risk of IOP elevation
[3, 131]. Paris et al. [132] evaluated IOP 30 seconds after intravitreal injection and observed a smaller pressure spike with
faricimab than with aflibercept, while the 2-mg and 8-mg aflibercept doses showed no significant difference [132].

Prefilled syringes have become the preferred method for administering contemporary anti-VEGF therapy. Their
advantages include simpler handling, shorter injection time, reduced risk of infectious endophthalmitis, and improved
dosing accuracy. Aflibercept 2 mg, brolucizumab, and ranibizumab biosimilars are available in this format. However,
compared with vial formulations of aflibercept 2 mg, prefilled syringes are associated with more frequent immediate IOP
spikes and an approximately fivefold higher risk of transient visual acuity reduction [3]. The larger barrel diameter of
prefilled syringes may increase dosing alignment errors, while the lower injection force may promote more rapid delivery
of the injected solution [133].

A retrospective cohort study evaluated whether the use of filtered anti-VEGF agents administered with silicone-free
syringes influences the incidence of ocular hypertension following intravitreal injections. Compared with conventional
insulin syringes containing non-filtered medication, the use of filtered anti-VEGF in silicone-free syringes was associated
with significantly lower rates of IOP elevation. Notably, no cases of severe IOP increase or need for pressure-lowering
therapy were observed in the silicone-free syringe group. These findings suggest that filtration of anti-VEGF agents and the
use of silicone-free syringes may help reduce the risk of post-injection ocular hypertension [134].

222.  Sustained IOP Elevation and Glaucoma

Repeated intravitreal anti-VEGF injections have been linked to chronic ocular hypertension in some patients, which is
distinct from the transient IOP elevation observed immediately after each injection [124]. In an analysis of the Minimally
Classic/Occult Trial of the Anti-VEGF Antibody Ranibizumab in the Treatment of Neovascular Age-Related Macular
Degeneration (MARINA) and Anti-VEGF Antibody for the Treatment of Predominantly Classic Choroidal
Neovascularization in Age-Related Macular Degeneration (ANCHOR) trials, Bakri et al. [135] reported higher rates of IOP
elevation in patients treated with ranibizumab compared with control groups. These findings suggest that repeated anti-
VEGEF therapy may lead to sustained ocular hypertension in a subset of patients and may also indicate a possible dose-
related effect [135]. Moreover, a population-based study from Canada reported that patients receiving seven or more
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injections per year were more likely to undergo glaucoma drainage surgery [136].

Several mechanisms have been suggested to explain sustained IOP elevation after repeated anti-VEGF injections,
including possible obstruction of the trabecular meshwork by microparticles such as silicone oil droplets or protein
aggregates [137]. It has also been suggested that intravitreal anti-VEGF agents may directly affect trabecular meshwork cells
[124]. Protein aggregates or other high-molecular-weight molecules may induce inflammation in the trabecular meshwork,
leading to trabeculitis and decreased aqueous outflow [138, 139].

Anti-VEGF agents may also affect aqueous outflow directly, as VEGF receptors are expressed in the trabecular
meshwork and Schlemm’s canal endothelial cells [140]. VEGF signaling promotes endocytosis of vascular endothelial
cadherin, whereas its inhibition may disrupt endothelial barrier function and reduce cellular permeability [141]. In addition,
anti-VEGF therapy may lower nitric oxide bioavailability through inhibition of nitric oxide synthase, which can alter
potassium and calcium ion dynamics in trabecular meshwork cells and affect their contractile properties [142]. Together
with stabilization of endothelial junctions, decreased endothelial fenestrations, and reduced nitric oxide production, these
mechanisms may contribute to impaired aqueous humor outflow and sustained IOP elevation during anti-VEGF therapy
[124].

Wen et al. [143] proposed a potential “2-hit” hypothesis, suggesting that eyes with underlying outflow dysfunction
may be more susceptible to sustained ocular hypertension following repeated anti-VEGF injections [143]. This hypothesis
may partly explain why sustained ocular hypertension occurs only in a minority of patients [124].

2.3. Structural Complications

2.3.1. Cataract Formation

Cataract formation reported during anti-VEGF therapy is generally attributed to the injection procedure rather than to a
direct pharmacological effect of the agents [1]. Most cases arise from inadvertent lens injury during injection, an uncommon
complication with an estimated incidence of approximately 0.006%, and appear to occur more frequently in hyperopic eyes
[144]. In these cases, traumatic cataracts typically develop following accidental contact between the injection needle or
intravitreal implant and the crystalline lens during the procedure [145]. Quiescent posterior capsular injuries have also been

documented after intravitreal injections (Figure 3) [146, 147].

Figure 3. Posterior capsule injury following the fifth intravitreal bevacizumab (Avastin®, F. Hoffmann-La Roche AG,
Basel, Switzerland) injection for neovascular age-related macular degeneration in the left eye of a female patient. Slit-
lamp examination showing a focal posterior capsular defect consistent with needle-related injury.
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Figure 4. Retinal pigment epithelium (RPE) tear occurring one month after the second intravitreal ranibizumab
(Lucentis® Novartis, Basel, Switzerland) injection for neovascular age-related macular degeneration in the right eye of
a 70-year-old female patient. (A) Pre-injection transfoveal spectral-domain optical coherence tomography (OCT,
Heidelberg Spectralis®, Heidelberg Engineering, Heidelberg, Germany) demonstrating a large RPE detachment
accompanied by intraretinal hyperreflective foci, as well as intraretinal and subretinal fluid. (B) Post-injection
transfoveal spectral-domain OCT revealing a marked reduction in intraretinal and subretinal fluid, along with the
development of an RPE tear (red arrow).

A recent retrospective study reported that long-term intravitreal anti-VEGF therapy was associated with a higher risk
of cataract surgery. The 10-year cumulative incidence of cataract surgery was 40.7% in injected eyes compared with 7.2% in
fellow untreated eyes, with injected eyes showing an approximately eightfold increased risk [148].

2.3.2.  Retinal Pigment Epithelium Tears

Retinal pigment epithelium tears are identified by distinct, sharply bordered areas of exposed choroid alongside retracted
retinal pigment epithelium. On optical coherence tomography, they appear as a discontinuity in the hyperreflective retinal
pigment epithelium layer, accompanied by elevation of the torn flap and increased choroidal signal beneath the defect
(Figure 4) [149]. The risk of early retinal pigment epithelium tears may increase after anti-VEGF injections, particularly at
higher doses [150]. Real-world studies on neovascular age-related macular degeneration report an incidence of 5.3-7.9%,
with most cases occurring within the first year of anti-VEGF therapy [151, 152].

Several structural features have been associated with an increased risk of retinal pigment epithelium tear formation,
including the presence and increased height of pigment epithelial detachment, particularly when exceeding 400
micrometers, as well as a larger pigment epithelial detachment diameter [153]. Spectral-domain optical coherence
tomography has shown that, preceding a retinal pigment epithelium tear, eyes frequently display a vascularized pigment
epithelial detachment, with choroidal neovascularization attached to the undersurface of the retinal pigment epithelium
producing contractile folds [154]. During anti-VEGF treatment, contraction of the choroidal neovascular membrane can
generate mechanical stress on the retinal pigment epithelium, thereby predisposing to tear development and potentially
resulting in sudden and severe vision loss [155].

Given that aflibercept targets VEGF-A, VEGF-B, and placental growth factor, it may theoretically induce stronger
contraction of choroidal neovascularization, which could predispose to retinal pigment epithelium tears. However, in the

absence of randomized controlled trials comparing anti-VEGF agents, the role of drug type remains unclear [156].
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In a recent meta-analysis, Shi et al. [157] evaluated the incidence of retinal pigment epithelium tears associated with
anti-VEGF therapy in patients with neovascular age-related macular degeneration. Based on 24 studies involving 17 354
patients, the pooled incidence of retinal pigment epithelium tears was estimated at 1.9%. The authors reported that most
retinal pigment epithelium tear cases developed shortly after treatment initiation, particularly within the first month or after
the first intravitreal injection. Although continued anti-VEGF therapy did not result in statistically significant visual
improvement, it was associated with stabilization of visual acuity [157].

Current clinical recommendations support ongoing anti-VEGF therapy following RPE tear when signs of active
disease persist and functional stabilization is anticipated [152]. A recent meta-analysis evaluating eyes with retinal pigment
epithelium tears found no significant visual improvement after continued intravitreal anti-VEGF therapy over 12 months,
regardless of injection frequency. Although a slight decline in visual acuity was observed over longer follow-up, continued
treatment appeared to help maintain overall visual stability [158].

2.3.3.  Rhegmatogenous Retinal Detachment

Proper localization of the injection site is essential for intravitreal injections. Entry is generally recommended at about 3.54
mm posterior to the limbus, since more posterior penetration beyond 4.5 mm may lead to damage to the anterior vitreous
base and the ora serrata [159]. Improper needle angulation or overly posterior placement may lead to transretinal
penetration, whereas an oblique approach helps reduce vitreous incarceration and subsequent rhegmatogenous retinal
detachment [38].

In retrospective studies, the incidence of rhegmatogenous retinal detachment following intravitreal injections is
reported to range from 0% to 9.5%, though most of these studies included fewer than 10 000 injections [37, 160, 161]. In
another study evaluating over 35 000 intravitreal injections performed with 30-gauge needles, retinal detachment occurred
in one out of 7188 injections (0.013%) [162].

Experimental studies show that a 31-gauge needle may require almost twice the penetration force compared with 27-
or 30-gauge needles, which could influence vitreous traction or accuracy of scleral needle entry [163, 164]. On the other hand,
smaller-gauge needles create smaller puncture wounds, potentially reducing the risk of retinal tears or vitreous prolapse
(Figure 5) [37]. In a large single-center retrospective analysis of over 180 000 intravitreal anti-VEGF injections, the incidence
of rhegmatogenous retinal detachment was approximately 0.013% (1 in 7500 injections; 1 in 530 patients), with no significant
association observed between rhegmatogenous retinal detachment risk and injection number, needle gauge, or injection site
[37].

The occurrence of posterior vitreous detachment after intravitreal injections has been documented [165, 166]. This

finding may partly account for the observed temporal association between the injection procedure and the development of

rhegmatogenous retinal detachment [13].

Figure 5. Retinal tear identified seven weeks after the eighth intravitreal ranibizumab (Lucentis®, Novartis, Basel,
Switzerland) injection administered for exudative age-related macular degeneration in the left eye of a 57-year-old
female patient. (A) Transfoveal spectral-domain optical coherence tomography (Heidelberg Spectralis®, Heidelberg
Engineering, Heidelberg, Germany) obtained prior to the injection, showing retinal pigment epithelium detachment
accompanied by subretinal fluid. (B) Post-injection color fundus photograph (VISUCAM 500%, Carl Zeiss Meditec, Jena,
Germany) revealing a retinal tear adjacent to a hyperpigmented area in the temporal peripheral retina, with surrounding
laser photocoagulation scars.

53 Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1)



Complications of intravitreal administration of anti-VEGF agents
I ——

Gabrielle et al. [167] analyzed data from the Fight Retinal Blindness! registry to investigate the incidence, risk factors,
and outcomes of rhegmatogenous retinal detachment following intravitreal anti-VEGF injections in routine clinical practice.
Among 16 915 treated eyes receiving more than 265 000 injections, only 36 cases of rthegmatogenous retinal detachment
were reported, corresponding to an estimated incidence of 0.77 cases per 1000 patients per year (1.36 per 10 000 injections).
Importantly, the probability of rhegmatogenous retinal detachment did not significantly increase with successive injections.
Older age was identified as a risk factor, whereas better baseline visual acuity was associated with a lower risk. Despite its
low incidence, rhegmatogenous retinal detachment was associated with unfavorable visual outcomes, with an average loss
of approximately three lines of vision at one year [167].

In proliferative diabetic retinopathy, anti-VEGF therapy may rarely precipitate “crunch syndrome”, characterized by
rapid contraction of fibrovascular tissue that can increase retinal traction and lead to tractional retinal detachment. Therefore,

intravitreal injections should be used cautiously in eyes with advanced fibrovascular proliferation [168].

2.4. Non-inflammatory Retinal Vascular Occlusions

VEGEF plays a central role in pathways maintaining microvascular integrity and regulating the coagulation cascade [169].
Vascular endothelial growth factor stimulates endothelial nitric oxide production, a key mediator of vasodilation. Hence
inhibition of VEGF signaling may decrease nitric oxide availability, potentially resulting in vasoconstriction and increased
peripheral vascular resistance [170]. Intravitreal anti-VEGF therapy has been associated with a potential risk of arterial or
venous occlusive events, particularly in patients with preexisting vascular risk factors [171].

Rare cases of central retinal vein occlusion without associated inflammation or vasculitis have been reported following
intravitreal injections [172]. Retinal artery occlusion has also been reported after intravitreal anti-VEGF therapy [173]. Given
the small number of documented cases, the underlying mechanism remains uncertain; however, a prior study indicates that
bevacizumab may reduce retinal vessel caliber [174]. Sustained VEGF inhibition could theoretically promote endothelial
impairment and thrombotic events [173].

Analysis of recent pharmacovigilance data suggests that brolucizumab is associated with the highest reporting odds of
retinal artery and vein occlusions [1]. Ranibizumab, in contrast, has been more specifically linked to retinal artery embolism.
Although faricimab and aflibercept display a greater propensity for retinal artery occlusion compared with ranibizumab,

their overall vascular risk profile appears less pronounced than that observed with brolucizumab [1].

Table 4. Ocular adverse events and clinical features of intravitreal anti-VEGF injections.

Complication Incidence Risk Factors Clinical Importance
Sterile inflammation [97, 98] 0.02- Drug immunogenicity, repeated exposure, Usually, self-limited
0.37% protein aggregates, silicone oil exposure, and
injection-related factors
Endophthalmitis [105] ~0.02 - Poor aseptic technique, contamination, Vision-threatening
0.05% immunosuppression
Acute IOP elevation [126] Common Absence of subconjunctival reflux, injection Transient
technique and needle size, silicone oil
exposure, syringe characteristics, history of
glaucoma, small ocular volume, lens status,
and injection volume
Sustained IOP elevation [143] Variable Repeated injections, cumulative dose, impaired Chronic ocular
aqueous outflow, silicone oil/protein hypertension and
aggregates, and history of glaucoma progressive glaucomatous
optic nerve damage
Cataract formation [144] ~0.006% Accidental lens injury during injection, May require cataract
hyperopic eyes, and cumulative exposure to surgery
intravitreal therapy
RPE tear [151, 152] ~1.9-7% PED height and size, vascularized PED, Often associated with poor
contraction of choroidal neovascularization visual prognosis
following anti-VEGF therapy
Retinal detachment [162] ~0.01% Injection technique, vitreous traction/posterior Vision-threatening
vitreous detachment, and older age
Retinal vascular occlusion Rare Pre-existing vascular risk factors, drug-related Potentially severe vision

[171]

effects

loss

Abbreviations: IOP, intraocular pressure; PED, pigment epithelial detachment; RPE, retinal pigment epithelium; VEGF, vascular

endothelial growth factor.
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3. Clinical Implications and Risk-Based Practical Approach

The expanding use of intravitreal anti-VEGF agents across a wide range of retinal disorders underscores the need to consider
not only their therapeutic efficacy but also their safety profiles in routine clinical practice, with the aim of preventing or
minimizing potential adverse events. In this context, a structured, risk-based, and individualized approach is essential to
minimize adverse events and optimize treatment outcomes. The key ocular complications associated with intravitreal anti-
VEGEF therapy, together with their incidence, risk factors, and clinical relevance, are summarized in Table 4 [97, 98, 105, 126,
143, 144, 151, 152, 162, 171].

3.1. Risk Stratification

Before initiating therapy, a comprehensive pre-injection evaluation is essential to identify patients at increased risk for ocular
or systemic adverse events associated with anti-VEGF treatment. Particular attention should be paid to individuals with
pre-existing glaucoma or ocular hypertension, as repeated intravitreal injections have been linked to both transient and
sustained elevations in IOP [134]. Likewise, a history of intraocular inflammation may predispose patients to post-injection
inflammatory responses [80].

Beyond ocular factors, systemic conditions such as uncontrolled hypertension, diabetes mellitus, and a history of
thromboembolic events—especially stroke and myocardial infarction—should also be carefully evaluated, as these may
influence both treatment selection and the overall safety profile of anti-VEGF therapy [12]. Integrating both ocular and
systemic risk factors into the pre-treatment assessment is therefore essential for individualized and safe treatment planning,.
3.2. Drug Selection
Treatment selection should be based on the individual risk profile. As currently available anti-VEGF agents demonstrate
broadly comparable efficacy across a range of retinal pathologies, differences in their molecular structure and
pharmacodynamic profiles may result in subtle yet clinically relevant variations in safety [97]. Accordingly, treatment
selection should be individualized rather than applied uniformly across all patients.

Emerging evidence indicates variability among agents with respect to immunogenicity and incidence of intraocular
inflammation, which may have direct implications for clinical decision-making. Notably, reports of occlusive retinal
vasculitis and intraocular inflammation associated with certain newer agents like brolucizumab have reinforced the need
for careful patient selection and thorough risk assessment [79]. Hence in patients with a known history of intraocular
inflammation, agents with a well-established safety record and lower reported rates of inflammatory adverse events may
be preferred [108]. Conversely, in individuals for whom treatment adherence is a concern, longer-acting agents that permit
extended dosing intervals may provide practical advantages by reducing treatment burden [2]. Treatment decisions should
balance disease characteristics, patient risk factors, and evolving evidence from clinical trials and real-world data.

A comparative overview of currently available anti-VEGF agents, including their molecular characteristics, therapeutic

targets, advantages, and key safety considerations, is summarized in Table 5 [2].

Table 5. Comparative characteristics, therapeutic targets, and safety profiles of currently available anti-VEGF agents [2]

Agent Structure Target Key Advantage Main Safety Concern

Bevacizumab Humanized monoclonal VEGEF-A Cost-effective (off-label) Compounding/repackaging-
IgG1 antibody related contamination risk

Ranibizumab Fab fragment of VEGF-A Well-established efficacy Favorable safety profile;
humanized IgG1 antibody and safety requires more frequent dosing

Aflibercept (2 Fusion protein (VEGFR1/2 VEGF-A High binding affinity with Favorable safety profile with

mg) extracellular domains VEGF-B good durability low rates of intraocular
fused to human IgGl1 Fc) PIGF inflammation

Aflibercept (8 Fusion protein (VEGFR1/2 VEGF-A Extended durability with Intraocular pressure spikes

mg) extracellular domains VEGF-B longer dosing intervals (higher injection volume),
fused to human IgGl1 Fc) PIGF intraocular

inflammation/retinal vasculitis

Brolucizumab Single-chain antibody VEGF-A High molar concentration Intraocular inflammation,

fragment and tissue penetration retinal vasculitis, and vascular
(small molecular size) occlusion

Faricimab Bispecific monoclonal VEGF-A Dual pathway inhibition Intraocular inflammation and

antibody Ang-2 retinal vascular events

Abbreviations: Ang-2, angiopoietin 2; PIGF, placental growth factor; VEGF, vascular endothelial growth factor.
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3.3. Monitoring and Follow-up

Careful, structured follow-up after injection is essential to ensure safe and effective anti-VEGF therapy. Although follow-up
intervals are generally individualized based on the underlying disease and preferred treatment regimen, particular attention
should be directed to the early post-injection period. While routine examination the day after injection is not universally
necessary, patients should be properly instructed about warning symptoms and encouraged to seek prompt evaluation in
the presence of ocular pain, decreased vision, or increasing redness. Serious complications, such as endophthalmitis, have
been reported to occur most frequently within the first few days after injection, particularly during the first week [105].

Clinical assessment should include measurement of best-corrected visual acuity, IOP measurement, and a thorough
fundus examination. Transient increases in IOP typically tend to return to baseline levels within a relatively brief period in
most patients. However, in susceptible individuals such as those with pre-existing glaucoma or ocular hypertension, closer
monitoring may be warranted, as repeated injections and cumulative treatment burden have been associated with sustained
IOP elevation [126]. Accordingly, individualized follow-up strategies should take into account both baseline risk factors and
the potential for pressure-related complications. A balanced approach combining patient education, timely access to care,
and risk-based follow-up is essential for the early detection and management of post-injection complications [1].

3.4. Management of Post-injection Complications

Complications following intravitreal anti-VEGF injections require prompt recognition and appropriate management. Mild
sterile inflammatory reactions can often be managed conservatively with topical corticosteroids and close observation.
However, distinguishing these from infectious endophthalmitis is of critical importance, as the latter represents a vision-
threatening condition that necessitates urgent intervention, including intravitreal and systemic antibiotic administration,
and in selected cases vitreous sampling and pars plana vitrectomy [29].

Even though acute post-injection increases in IOP typically return to baseline within a short period, significant or
persistent elevations may necessitate medical antiglaucoma therapy, laser treatment, or surgical intervention [124]. In
addition, procedure-related complications such as crystalline lens injury, retinal tears, or retinal detachment may require
timely surgical management depending on severity and clinical presentation [13, 148].

3.5. Preventive Strategies

Preventive measures are fundamental to minimizing complications associated with intravitreal anti-VEGF injections.
Current evidence consistently supports the use of povidone-iodine as the most effective antiseptic agent for reducing ocular
surface bacterial load and lowering the risk of endophthalmitis, although alternative agents like chlorhexidine have also
been explored [175, 176]. Notably, routine use of prophylactic topical antibiotics, both before and after injection, has been
increasingly questioned, with accumulating evidence indicating limited clinical benefit [177, 178].

Beyond antisepsis, adherence to strict aseptic technique and meticulous procedural execution are essential. This
includes appropriate selection of the injection site, typically 3.5 mm posterior to the limbus in pseudophakic eyes and 4.0
mm in phakic eyes, to reduce the risk of crystalline lens injury and retinal tears [159]. Furthermore, patient education on
expected post-injection symptoms and clear instructions to seek prompt evaluation in the presence of pain or visual changes
remain critical components of an effective preventive strategy.

Artificial intelligence (Al) is increasingly being integrated into ophthalmology [179, 180] and is poised to optimize anti-
VEGEF therapy across multiple aspects of retinal care [181]. By incorporating OCT-derived biomarkers with clinical data, Al
can improve prediction of treatment response, stratify patients according to risk of ocular and systemic adverse events, and
personalize retreatment intervals. In addition, automated retinal image analysis enables efficient detection and longitudinal
monitoring of DME, AMD, and other retinal diseases, while Al-assisted decision support may further optimize therapeutic
selection and injection scheduling [182-184]. Although anti-VEGF therapy remains highly effective and generally safe, its
use is not without potential ocular and systemic complications [12]. The integration of Al into anti-VEGF management
therefore holds substantial promise for enhancing precision, safety, and individualized patient care [185]. Continued
investigation into Al-driven applications in this domain is warranted and may meaningfully advance the future of retinal

therapeutics.

Future Directions

The field of intravitreal anti-VEGF treatment continues to advance rapidly, driven by efforts to enhance therapeutic efficacy,
reduce treatment burden, and optimize safety while minimizing potential complications. In this context, the development
of novel long-acting agents and sustained-release delivery systems aims to lower injection frequency and improve patient

adherence [186]. Nevertheless, the long-term safety profiles of these approaches remain to be fully clarified.
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Emerging therapeutic strategies that extend beyond VEGF inhibition, including dual-pathway targeting and
combination regimens, are expected to broaden the current therapeutic landscape for various retinal disorders [187]. These
modalities offer the potential for improved durability and superior functional outcomes. However, they may also introduce
distinct safety concerns, underscoring the need for rigorous evaluation in both controlled clinical trials and real-world
clinical settings.

Personalized treatment strategies are likely to gain importance, with management methods tailored to individual
patient characteristics and disease profiles. Accordingly, advances in artificial intelligence and multimodal retinal imaging
are anticipated to facilitate earlier detection of complications, enhance the prediction of therapeutic response, and support
more precise, individualized follow-up strategies. Moreover, real-world evidence and large-scale pharmacovigilance
studies will remain critical for identifying rare, delayed, or previously unrecognized adverse events, thereby contributing

to a more comprehensive understanding of the long-term safety of both established and emerging anti-VEGF agents.

Strengths and Limitations

A major strength of the present review lies in its comprehensive and up-to-date synthesis of both systemic and ocular
adverse events associated with intravitreal anti-VEGF therapy. By integrating evidence from pharmacovigilance data,
randomized controlled trials, real-world studies, and rare case reports, the review provides a broad and clinically relevant
perspective. The inclusion of recently approved agents and emerging safety concerns enhances its relevance to current
clinical practice.

Certain limitations should be acknowledged. As a narrative review, it may be subject to selection bias. In addition,
heterogeneity among the included studies in terms of methodology, patient selection, and outcome definitions limits the
ability to provide definitive conclusions regarding causality and incidence rates. Despite these limitations, this review
provides a comprehensive overview of the potential complications associated with anti-VEGF therapy, which may aid in

risk assessment and patient management in daily practice.

CONCLUSIONS
Although intravitreal anti-VEGF therapy is generally well tolerated, a wide spectrum of ocular and systemic adverse events
may occur. Accordingly, a structured and individualized approach based on patient risk is essential to optimize safety and

visual outcomes in routine clinical practice.

ETHICAL DECLARATIONS

Ethical approval: This narrative review did not require formal ethical committee approval, as it was a review study. All
figures presented were obtained from the patient documentation archives of our unit, and informed consent was obtained
from each patient prior to inclusion in the review.

Conflict of interest: None.

FUNDING
None.

ACKNOWLEDGMENTS
None.

REFERENCES

1. Lakhani M, Kwan ATH, Kundapur D, Popovic MM, Damji KF, Hurley BR. Association of Anti-VEGF Therapy with
Reported Ocular Adverse Events: A Global Pharmacovigilance Analysis. Ophthalmol Retina. 2026 Mar;10(3):265-282. doi:
10.1016/j.0ret.2025.08.018. Epub 2025 Sep 1. PMID: 40902799.

2. Koksaldi S, Karti O, Saatci AO. Anti-vascular endothelial growth factor therapies in ophthalmology. Med Hypothesis
Discov Innov Ophthalmol. 2025 Sep 27;14(3):107-135. doi: 10.51329/mehdiophthal1526. PMID: 41111635; PMCID:
PMC12528764.

3. Itoh K, Negishi M. Measurement of Acute Intraocular Pressure Elevation Immediately After Intravitreal Anti-VEGF
Injection and Analysis of Prefilled Syringe Accuracy. Clin Ophthalmol. 2026 Mar 4;20:589783. doi: 10.2147/OPTH.S589783.
PMID: 41804317; PMCID: PMC12967582.

4. Dugel PU, Koh A, Ogura Y, Jaffe GJ, Schmidt-Erfurth U, Brown DM, Gomes AV, Warburton J, Weichselberger A, Holz FG;
HAWK and HARRIER Study Investigators. HAWK and HARRIER: Phase 3, Multicenter, Randomized, Double-Masked

57 Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1)



Complications of intravitreal administration of anti-VEGF agents
I ——

Trials of Brolucizumab for Neovascular Age-Related Macular Degeneration. Ophthalmology. 2020 Jan;127(1):72-84. doi:
10.1016/j.0phtha.2019.04.017. Epub 2019 Apr 12. PMID: 30986442.

5. Brown DM, Emanuelli A, Bandello F, Barranco ]JJE, Figueira J, Souied E, Wolf S, Gupta V, Ngah NF, Liew G, Tuli R,
Tadayoni R, Dhoot D, Wang L, Bouillaud E, Wang Y, Kovacic L, Guerard N, Garweg JG. KESTREL and KITE: 52-Week
Results From Two Phase III Pivotal Trials of Brolucizumab for Diabetic Macular Edema. Am ] Ophthalmol. 2022
Jun;238:157-172. doi: 10.1016/j.2j0.2022.01.004. Epub 2022 Jan 14. PMID: 35038415.

6. Cakir A, Akkan F, Kapran Z, Unal M, Serif N, Uzundede T, Karatas G, Oztiirk M, Diindar H, Erakgiin T, Alp MN, Kogak
N, Saatci AO, Cetin EN, Durukan AH, $ahin M, Muhacir F, Yesiltas YS, Uyar OM, Emre S, Sekeroglu MA, Onen M, Bulut
M, Karalezli A, Kadayif¢ilar S, Ozdek S, Doganay S, Kaya M, Oz O, Kaderli ST, Ava R, Sermet F, Demirel S,
Kiugiikerdonmez C, Yildirim C, ipek SC, Ayhan Z, Altan T, Giirelik iG, Gorgiin E, Yenerel NM, Seymenoglu G, Vural E,
Sal S, Citirk M, Ozdemir HB, Cémerter D, Karabag VL, Ozdemir H. Real-World 6-Month Treatment Outcomes of
Faricimab in Turkey: The FARTURK Study. Ophthalmol Ther. 2026 Mar;15(3):1165-1177. doi: 10.1007/s40123-026-01338-9.
Epub 2026 Feb 25. Erratum in: Ophthalmol Ther. 2026 Apr 4. doi: 10.1007/s40123-026-01369-2. PMID: 41739393; PMCID:
PMC12976323.

7. Balas M, Jhaveri A, Khalid F, Abdelaal A, Popovic MM, Kertes PJ, Muni RH. Association between intravitreal anti-vascular
endothelial growth factor agents and hypertension: a meta-analysis. Can ] Ophthalmol. 2025 Dec;60(6):e888-e897. doi:
10.1016/j.jcjo.2025.05.014. Epub 2025 Jun 16. PMID: 40456283.

8.  Plasencia C, Eschle ], Hatz K. Management and safety of same day bilateral intravitreal anti-VEGF injections in a treat-and-
extend regimen. BMC Ophthalmol. 2025 Aug 14;25(1):459. doi: 10.1186/s12886-025-04293-4. PMID: 40814089; PMCID:
PMC12351889.

9. LooY, Lim ], Chew MCY, Chan ASY, Wiryasaputra S. Intraocular Inflammation After Intravitreal Faricimab Injections: A
Case Series. Clin Exp Ophthalmol. 2026 Jan 23. doi: 10.1111/ce0.70058. Epub ahead of print. PMID: 41578433.

10. Khurana RN, Kunimoto D, Yoon YH, Wykoff CC, Chang A, Maturi RK, Agostini H, Souied E, Chow DR, Lotery A]J, Ohji
M, Bandello F, Belfort R Jr, Li XY, Jiao J, Le G, Kim K, Schmidt W, Hashad Y; CEDAR and SEQUOIA Study Groups. Two-
Year Results of the Phase 3 Randomized Controlled Study of Abicipar in Neovascular Age-Related Macular Degeneration.
Ophthalmology. 2021 Jul;128(7):1027-1038. doi: 10.1016/j.ophtha.2020.11.017. Epub 2020 Nov 19. PMID: 33221326.

11. Bagheri S, Ntentakis DP, Emfietzoglou M, Ashourizadeh H, Grinspan N, Ploumi I, Armstrong GW, Miller JB. Sterile
Intraocular Inflammation Following Intravitreal Injections: Pathogenesis, Clinical Features, and Management. Int
Ophthalmol Clin. 2025 Jul 1;65(3):63-70. doi: 10.1097/110.0000000000000580. Epub 2025 Jul 2. PMID: 40601512.

12. Banerjee M, Moharana S, Padhy SK. Systemic Effects of Intravitreal Anti-VEGF Therapy: A Review of Safety across Organ
Systems. Ophthalmol Ther. 2025 Aug;14(8):1661-1684. doi: 10.1007/s40123-025-01157-4. Epub 2025 Jun 6. PMID: 40478389;
PMCID: PMC12271010.

13. Brown KR, Yannuzzi NA, Smiddy WE, Gregori NZ, Berrocal AM, Haddock L], Schwartz SG, Lee WH, Sridhar ], Wu DM,
Flynn HW Jr, Townsend JH. Rhegmatogenous Retinal Detachment after Intravitreal Injection. Ophthalmol Retina. 2021
Feb;5(2):178-183. doi: 10.1016/j.0ret.2020.07.007. Epub 2020 Jul 14. PMID: 32673672.

14. Xu Y, Tan CS. Safety and complications of intravitreal injections performed in an Asian population in Singapore. Int
Ophthalmol. 2017 Apr;37(2):325-332. doi: 10.1007/s10792-016-0241-4. Epub 2016 May 28. PMID: 27236451.

15. Kasl RA, Kistka HM, Turner JH, Devin JK, Chambless LB. Pituitary Apoplexy After Intravitreal Injection of Vascular
Endothelial Growth Factor Inhibitor: A Novel Complication. ] Neurol Surg Rep. 2015 Nov;76(2):e205-10. doi: 10.1055/s-
0035-1554909. Epub 2015 Aug 24. PMID: 26623228; PMCID: PMC4648717.

16. Cifuentes-Canorea P, Ventura-Abreu N, Garcia-Feijoo ], Santos-Bueso E. Sindrome de Charles Bonnet secundario a
ranibizumab intravitreo en un paciente con degeneracion macular asociada a la edad [Charles Bonnet syndrome secondary
to intravitreal ranibizumab in a patient with exudative age-related macular degeneration]. Med Clin (Barc). 2016 Jun
3,;146(11):516-7. Spanish. doi: 10.1016/j.medcli.2015.11.024. Epub 2015 Dec 31. PMID: 26749347.

17. Attal R, Lazareth I, Angelopoulos G, Priollet P. Ranibizumab and digital ischemia. ] Med Vasc. 2018 Feb;43(1):65-69. doi:
10.1016/j.jdmv.2017.11.006. Epub 2018 Jan 3. PMID: 29425544.

18. Emami E, de Grandmont P, Menassa M, Audy N, Durand R. Anti-Vascular Endothelial Growth Factors as a Potential Risk
for Implant Failure: A Clinical Report. Case Rep Med. 2020 Feb 1,2020:6141493. doi: 10.1155/2020/6141493. PMID: 32089703;
PMCID: PMC7021462.

19. Gan G, Michel M, Max A, Sujet-Perone N, Zevering Y, Vermion JC, Zaidi M, Savenkoff B, Perone JM.
Membranoproliferative glomerulonephritis after intravitreal vascular growth factor inhibitor injections: A case report and
review of the literature. Br J Clin Pharmacol. 2023 Jan;89(1):401-409. doi: 10.1111/bcp.15558. Epub 2022 Nov 12. PMID:
36208427.

Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1) 58



Complications of intravitreal administration of anti-VEGF agents

I

20. Li XQ, Zhu KW, Lai ], Wu ], Guo XF. Esophageal Ulcer After Intravitreal Ranibizumab Injection in a Patient With Age-
Related Macular Degeneration. Gastroenterology Res. 2023 Apr;16(2):118-124. doi: 10.14740/gr1603. Epub 2023 Apr 28.
PMID: 37187551; PMCID: PMC10181341.

21. Rzayev T, Celiker H, Aykut A, Cerit K, Koyuncuer A, Gucyetmez S, Ozdemir H, Memisoglu A, Bilgen H, Ozek E. Intestinal
perforation after intravitreal low dose ranibizumab injection for the treatment of type 1 retinopathy of prematurity: A case
report. Eur ] Ophthalmol. 2023 Jul;33(4):NP70-NP74. doi: 10.1177/11206721221099249. Epub 2022 May 2. PMID: 35491668.

22. Zhou F, Lin X, Zhong ], Zhu L, Deng ], Zheng Z. Severe Guillain-Barre syndrome induced by intravitreal injection of
ranibizumab for branch retinal vein occlusion: a case report. AME Case Rep. 2024 Aug 19;8:96. doi: 10.21037/acr-23-107.
PMID: 39380879; PMCID: PMC11459426.

23. Fuerte-Hortigén A, Garcia-Campos C, Sanchez-Sanchez V. Acute inflammatory demyelinating polyneuropathy shortly
after administration of intravitreal ranibizumab. Neurologia (Engl Ed). 2023 May;38(4):309-311. doi:
10.1016/j.nrleng.2022.04.004. PMID: 37169473.

24. Morotti F, Aversa S, Barbieri F, Risso FM. Delayed episode of necrotising enterocolitis in an ex-preterm infant after
intravitreal administration of low-dose ranibizumab for the treatment of retinopathy of prematurity. BMJ Case Rep. 2024
Jun 5;17(6):€259537. doi: 10.1136/bcr-2023-259537. PMID: 38839401.

25. Nagai N, Ibuki M, Shinoda H, Kameyama K, Tsubota K, Ozawa Y. Maculopapular rash after intravitreal injection of an
antivascular endothelial growth factor, aflibercept, for treating age-related macular degeneration: A case report. Medicine
(Baltimore). 2017 May;96(21):e6965. doi: 10.1097/MD.0000000000006965. PMID: 28538392; PMCID: PMC5457872.

26. Batteux B, Gras V, Mahboud Y, Liabeuf S, Bennis Y, Masmoudi K. Ischaemic colitis associated with intravitreal
administration of aflibercept: A first case report. Br ] Clin Pharmacol. 2019 Apr;85(4):845-848. doi: 10.1111/bcp.13853. Epub
2019 Feb 1. PMID: 30610744; PMCID: PMC6422656.

27. Ornek K, Temel E, Kocans O, Asikgarip N. Sudden hearing loss after intravitreal aflibercept injection. Arq Bras Oftalmol.
2021 Nov-Dec;84(6):622-623. doi: 10.5935/0004-2749.20210121. PMID: 34817029; PMCID: PMC11884372.

28. Hamadneh T, Shehadeh M, Yasin A, Akkawi M, An M, Yamin H, Azamtta M. Transient Ischemic Attack and
Hypoventilation 12 Hours After Intra-vitreal Aflibercept Injection. Cureus. 2021 Feb 22;13(2):e13488. doi:
10.7759/cureus.13488. PMID: 33777575; PMCID: PMC7990083.

29. Venkatesh R, Biradar P, Malwe G, Prabhu V, Hande P, Kathare R, Raj P, Roy R, Yadav NK, Jayadev C. Anti-VEGF safety
in evolution: A comprehensive review of ocular and systemic considerations. Indian ] Ophthalmol. 2026 Feb 11. doi:
10.4103/1JO.1JO_3284_25. Epub ahead of print. PMID: 41669763.

30. Ngo Ntjam N, Thulliez M, Paintaud G, Salvo F, Angoulvant D, Pisella P], Bejan-Angoulvant T. Cardiovascular Adverse
Events With Intravitreal Anti-Vascular Endothelial Growth Factor Drugs: A Systematic Review and Meta-analysis of
Randomized Clinical Trials. JAMA Ophthalmol. 2021 Apr 15;139(6):1-11. doi: 10.1001/jamaophthalmol.2021.0640. Epub
ahead of print. PMID: 33856414; PMCID: PMC8050790.

31. Maloney MH, Payne SR, Herrin J, Sangaralingham LR, Shah ND, Barkmeier A]J. Risk of Systemic Adverse Events after
Intravitreal Bevacizumab, Ranibizumab, and Aflibercept in Routine Clinical Practice. Ophthalmology. 2021 Mar;128(3):417-
424. doi: 10.1016/j.ophtha.2020.07.062. Epub 2020 Aug 8. PMID: 32781110.

32. Yang JM, Jung SY, Kim MS, Lee SW, Yon DK, Shin JI, Lee JY. Cardiovascular and Cerebrovascular Adverse Events
Associated with Intravitreal Anti-VEGF Monoclonal Antibodies: A World Health Organization Pharmacovigilance Study.
Ophthalmology. 2025 Jan;132(1):62-78. doi: 10.1016/j.ophtha.2024.07.008. Epub 2024 Jul 14. PMID: 39004231.

33. Facemire CS, Nixon AB, Griffiths R, Hurwitz H, Coffman TM. Vascular endothelial growth factor receptor 2 controls blood
pressure by regulating nitric oxide synthase expression. Hypertension. 2009 Sep;54(3):652-8. doi:
10.1161/HYPERTENSIONAHA.109.129973. Epub 2009 Aug 3. PMID: 19652084; PMCID: PMC2746822.

34. Baffert F, Le T, Sennino B, Thurston G, Kuo CJ, Hu-Lowe D, McDonald DM. Cellular changes in normal blood capillaries
undergoing regression after inhibition of VEGF signaling. Am J Physiol Heart Circ Physiol. 2006 Feb;290(2):H547-59. doi:
10.1152/ajpheart.00616.2005. Epub 2005 Sep 19. PMID: 16172161.

35. Vigneau C, Lorcy N, Dolley-Hitze T, Jouan F, Arlot-Bonnemains Y, Laguerre B, Verhoest G, Goujon JM, Belaud-Rotureau
MA, Rioux-Leclercq N. All anti-vascular endothelial growth factor drugs can induce "pre-eclampsia-like syndrome': a RARe
study. Nephrol Dial Transplant. 2014 Feb;29(2):325-32. doi: 10.1093/ndt/gft465. Epub 2013 Dec 2. PMID: 24302609.

36. Huang RS, Balas M, Jhaveri A, Popovic MM, Kertes PJ, Muni RH. Comparison of Renal Adverse Events Between
Intravitreal Anti-Vascular Endothelial Growth Factor Agents: A Meta-Analysis. Am ] Ophthalmol. 2025 Mar;271:466-477.
doi: 10.1016/j.aj0.2024.12.023. Epub 2024 Dec 31. PMID: 39746595.

59 Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1)



Complications of intravitreal administration of anti-VEGF agents
_——e ¥ -7 e b .. , .. ... ........o.....vo..pv;-oonm
37. Storey PP, Pancholy M, Wibbelsman TD, Obeid A, Su D, Borkar D, Garg S, Gupta O. Rhegmatogenous Retinal Detachment

after Intravitreal Injection of Anti-Vascular Endothelial Growth Factor. Ophthalmology. 2019 Oct;126(10):1424-1431. doi:
10.1016/j.0phtha.2019.04.037. Epub 2019 Apr 28. PMID: 31042567.

38. Karabag RY, Parlak M, Cetin G, Yaman A, Osman Saatci A. Retinal tears and rhegmatogenous retinal detachment after
intravitreal injections: its prevalence and case reports. Digit ] Ophthalmol. 2015 Mar 23;21(1):8-10. doi:
10.5693/djo.01.2014.07.001. PMID: 27330458; PMCID: PMC4902634.

39. Querques G, Souied EH, Soubrane G. Macular hole following intravitreal ranibizumab injection for choroidal neovascular
membrane caused by age-related macular degeneration. Acta Ophthalmol. 2009 Mar;87(2):235-7. doi: 10.1111/j.1755-
3768.2008.01226.x. PMID: 19292858.

40. Georgalas I, Papaconstantinou D, Tservakis I, Koutsandrea C, Ladas I. Severe hypotony and filtering bleb leak after
intravitreal injection of ranibizumab. Ther Clin Risk Manag. 2009 Feb;5(1):17-9. Epub 2009 Mar 26. PMID: 19436608; PMCID:
PMC2697510.

41. Meyer CH, Brinkmann CK, Helb HM. Choroidal detachment after an uneventful intravitreal injection. ] Ocul Pharmacol
Ther. 2010 Jun;26(3):305-7. doi: 10.1089/jop.2009.0128. PMID: 20565320.

42. Grigoropoulos V, Emfietzoglou J, Nikolaidis P, Theodossiadis G, Theodossiadis P. Full-thickness macular hole after
intravitreal injection of ranibizumab in a patient with retinal pigment epithelium detachment and tear. Eur ] Ophthalmol.
2010 Mar-Apr;20(2):469-72. doi: 10.1177/112067211002000235. PMID: 20037902.

43. Micieli JA, Santiago P, Brent MH. Third nerve palsy following intravitreal anti-VEGF therapy for bilateral neovascular age-
related macular degeneration. Acta Ophthalmol. 2011 Feb;89(1):€99-100. doi: 10.1111/j.1755-3768.2009.01778.x. PMID:
19925526.

44. Ranchod TM, Walsh MK, Capone A Jr, Hassan TS, Williams GA. Hyphema after intravitreal injection of ranibizumab or
bevacizumab. Retin Cases Brief Rep. 2011 Winter;5(1):87-90. doi: 10.1097/ICB.0b013e3181e1802d. PMID: 25389692.

45. Thoongsuwan S, Dawn Lam HH, Bhisitkul RB. Bleb-associated infections after intravitreal injection. Retin Cases Brief Rep.
2011 Fall;5(4):315-7. doi: 10.1097/ICB.0b013e3181f66bba. PMID: 25390423.

46. Shienbaum G, Kaiser RS, Goldstein SM. Orbital hemorrhage after intravitreal injection. Retin Cases Brief Rep. 2012
Summer;6(3):307-8. doi: 10.1097/ICB.0b013e3182378bc6. PMID: 25389740.

47. Bastion ML, Mustapha M, Ho I. Brilliant crystallisation in the anterior chamber and subretinal space following adjunctive
intravitreal ranibizumab for diabetic vitrectomy. BMJ Case Rep. 2012 Oct 22;2012:bcr2012007260. doi: 10.1136/bcr-2012-
007260. PMID: 23093508; PMCID: PM(C4544292.

48. Raiji VR, Eliott D, Sadda SR. Macular hole overlying pigment epithelial detachment after intravitreal injection with
ranibizumab. Retin Cases Brief Rep. 2013 Winter;7(1):91-4. doi: 10.1097/ICB.0b013e31826f090d. PMID: 25390533.

49. Kon Graversen VA, Meredith T, Landers MB 3rd, Garg S. Immediate hyphema after intravitreal injections of ranibizumab.
Retin Cases Brief Rep. 2013 Summer;7(3):242-4. doi: 10.1097/ICB.0b013e31828eeef8. PMID: 25391114.

50. Aslan Bayhan S, Bayhan HA, Adam M, Giirdal C. Marginal keratitis after intravitreal injection of ranibizumab. Cornea.
2014 Nov;33(11):1238-9. doi: 10.1097/ICO.0000000000000255. PMID: 25222003.

51. Al Bdour MD, Ali ZR. Intravitreal foreign body following intravitreal anti-VEGF injection: a case report. Eye (Lond). 2014
Feb;28(2):244-5. doi: 10.1038/eye.2013.250. Epub 2013 Dec 20. PMID: 24357842; PMCID: PMC3930262.

52. Caglar C, Kocamis SI, Durmus M. Isolated sixth nerve palsy after intravitreal ranibizumab injection. Cutan Ocul Toxicol.
2016 Sep;35(3):248-50. doi: 10.3109/15569527.2015.1075998. Epub 2015 Aug 24. PMID: 26340018.

53. Sluch IM, Siatkowski RL, Shah VA. Mycobacterium chelonae Scleral Abscess After Intravitreal Ranibizumab Injection.
Cornea. 2016 Aug;35(8):1136-7. doi: 10.1097/IC0O.0000000000000879. PMID: 27227391.

54. Kabanarou SA, Xirou T, Mangouritsas G, Garnavou-Xirou C, Boutouri E, Gkizis I, Chatziralli I. Full-thickness macular hole
formation following anti-VEGF injections for neovascular age-related macular degeneration. Clin Interv Aging. 2017 May
26;12:911-915. doi: 10.2147/CIA.S135364. PMID: 28603410; PMCID: PMC5457126.

55. Onda M, Niimi Y, Ozawa K, Shiraki I, Mochizuki K, Yamamoto T, Sugita S, Ishida K. Human Herpesvirus-6 corneal
Endotheliitis after intravitreal injection of Ranibizumab. BMC Ophthalmol. 2019 Jan 16;19(1):19. doi: 10.1186/s12886-019-
1032-2. PMID: 30651089; PMCID: PMC6335734.

56. Pan Y, Huang X, Wu Z, Lu S, Chen T, Zou W. Case Report: Acute Retinal Necrosis after Intravitreal Ranibizumab for
Exudative Macular Degeneration. Optom Vis Sci. 2021 Mar 1;98(3):206-211. doi: 10.1097/OPX.0000000000001649. PMID:
33633018.

57. Ozturk T, Arikan G, Oner H. Herpetic Keratouveitis following Intravitreal Ranibizumab Injection in a Case with Diabetic
Macular Edema. Ocul Immunol Inflamm. 2021 Nov 17;29(7-8):1645-1647. doi: 10.1080/09273948.2020.1767793. Epub 2020
Jul 13. PMID: 32657646.

Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1) 60



Complications of intravitreal administration of anti-VEGF agents

I

58. Oshiro A, Imanaga N, Koizumi H. Rapid formation of macular pucker following intravitreal ranibizumab injection for
branch retinal vein occlusion. Am J Ophthalmol Case Rep. 2021 Aug 10;23:101192. doi: 10.1016/j.ajoc.2021.101192. PMID:
34430758; PMCID: PMC8365331.

59. Goel N. FULL-THICKNESS MACULAR HOLE FORMATION AND SPONTANEOUS CLOSURE DURING
INTRAVITREAL RANIBIZUMAB THERAPY FOR CENTRAL RETINAL VEIN OCCLUSION. Retin Cases Brief Rep. 2022
Nov 1;16(6):678-680. doi: 10.1097/ICB.0000000000001074. PMID: 33165304.

60. Lima-Fontes M, Godinho G, Cunha AM, Madeira C, Falcao M, Falcao-Reis F, Carneiro A. Hypotony Maculopathy Related
to Anti-VEGF Intravitreal Injection. Int Med Case Rep J. 2022 Sep 19;15:517-520. doi: 10.2147/IMCR].5382421. PMID:
36164320; PMCID: PMC9507979.

61. Kim JS. Capsular Block Syndrome after an Intravitreal Injection of Ranibizumab: A Case Report. Case Rep Ophthalmol.
2024 Mar 12;15(1):196-201. doi: 10.1159/000537755. PMID: 38476863; PMCID: PMC10932552.

62. Liang H, Xu Z, Huang D, Cao D. Multiple serous retinal detachments after Anti-VEGF Intravitreal Injection for
pachychoroid related choroidal neovascularization. Am ] Ophthalmol Case Rep. 2024 Oct 18;36:102195. doi:
10.1016/j.aj0c.2024.102195. PMID: 39498146; PMCID: PMC11533484.

63. OshimaY, Apte RS, Nakao S, Yoshida S, Ishibashi T. Full thickness macular hole case after intravitreal aflibercept treatment.
BMC Ophthalmol. 2015 Mar 29;15:30. doi: 10.1186/s12886-015-0021-3. PMID: 25881212; PMCID: PMC4381494.

64. Hernandez-Pons A, Ortiz-Seller A, Lopez-Cruz I, Camarena JJ, Comin-Pérez A, Ferrandez-Pérez MA, Martinez-Costa L.
Fungal Necrotizing Scleritis After Intravitreal Injection Therapy. Cornea. 2021 Dec 1;40(12):1617-1619. doi:
10.1097/1C0O.0000000000002670. PMID: 34749383.

65. Hébert M, You E, Gravel JF, Dirani A, Bourgault S. Posterior scleritis after biweekly aflibercept intravitreal injections. Am
J Ophthalmol Case Rep. 2022 Sep 6;28:101696. doi: 10.1016/j.ajoc.2022.101696. PMID: 36118279; PMCID: PMC9474326.

66. Ali Said Y, Vanwynsberghe D, Jacob J. Macular Hole Formation Following Intravitreal Aflibercept for Neovascular Age-
Related Macular Degeneration. Case Rep Ophthalmol. 2022 Apr 4;13(1):247-252. doi: 10.1159/000521975. PMID: 35611008;
PMCID: PMC9082178.

67. Drnovsek F, Lumi X. Intravitreal Cotton Fiber Foreign Body after Intravitreal Injection. Case Rep Ophthalmol. 2022 Jul
8;13(2):529-533. doi: 10.1159/000525178. PMID: 36160497; PMCID: PMC9386412.

68. Radwan LM, Bou Ghanem GO, Daye GN, Ghazi NG. Acute macular neuroretinopathy associated with intravitreal anti-
VEGEF injection: A case report. Am ] Ophthalmol Case Rep. 2022 Aug 18;28:101687. doi: 10.1016/j.ajoc.2022.101687. PMID:
36046518; PMCID: PMC9421172.

69. Paxton AB, Christakis PG, Micieli JA. NONARTERITIC ANTERIOR ISCHEMIC OPTIC NEUROPATHY AFTER
INTRAVITREAL AFLIBERCEPT FOR AGE-RELATED MACULAR DEGENERATION. Retin Cases Brief Rep. 2022 Sep
1;16(5):653-657. doi: 10.1097/ICB.0000000000001053. PMID: 32969978.

70. Khoo C, Flynn E, Sohal P, Al Shabeeb R, El Khatib B, Patronas M. Submacular Hemorrhage Following Aflibercept
Intravitreal Injection: A Report of Two Cases. Cureus. 2022 Jul 25;14(7):e27255. doi: 10.7759/cureus.27255. PMID: 36039253;
PMCID: PMC9402395.

71. Gopalakrishnan N, Joshi A, Kumar Yadav N, Prabhu V, Bavaskar S, Chhablani J, Venkatesh R. Progression of macular
retinoschisis following intravitreal aflibercept injection for myopic macular neovascularization-a case report and review of
literature. BMC Ophthalmol. 2024 May 28;24(1):224. doi: 10.1186/s12886-024-03497-4. PMID: 38807066, PMCID:
PMC11134714.

72. Sim HE, Kim ]S, Hwang JH. Choroidal Effusion following Intravitreal Brolucizumab Injection: A Case Report. Case Rep
Ophthalmol. 2022 Mar 17;13(1):166-171. doi: 10.1159/000522531. PMID: 35611023; PMCID: PMC9082156.

73.  Schonbach EM, Freeman WR. Choroidal Detachment After Intravitreal Injection of Faricimab. JAMA Ophthalmol. 2023
Sep 1;141(9):€231067. doi: 10.1001/jamaophthalmol.2023.1067. Epub 2023 Sep 21. PMID: 37733048.

74. Kitson S, McAllister A. A CASE OF HYPERTENSIVE UVEITIS WITH INTRAVITREAL FARICIMAB. Retin Cases Brief
Rep. 2025 Mar 1;19(2):187-188. doi: 10.1097/ICB.0000000000001527. PMID: 38091600.

75. Sano H, Yanai R, Mitamura Y. Full-Thickness Macular Hole After Faricimab Treatment for Branch Retinal Vein Occlusion-
Associated Macular Edema with Vitreomacular Traction: A Case Report. Am ] Case Rep. 2025 Nov 25;26:€950495. doi:
10.12659/AJCR.950495. PMID: 41289231; PMCID: PMC12683986.

76. Kaganovski A, Rostomian N, Shrier E. Massive Submacular Hemorrhage Following Intravitreal Faricimab Injection for
Neovascular Age-Related Macular Degeneration. Cureus. 2025 Dec 19;17(12):€99652. doi: 10.7759/cureus.99652. PMID:
41556037, PMCID: PMC12812418.

61 Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1)



Complications of intravitreal administration of anti-VEGF agents
I ——

77. Tabuenca Del Barrio L, Mozo Cuadrado M, Compains Silva E, Plaza Ramos P. Severe ocular pain after anti-VEGF
intravitreal injection. Enferm Infecc Microbiol Clin (Engl Ed). 2020 Feb;38(2):86-87. English, Spanish. doi:
10.1016/j.eimc.2019.07.002. Epub 2019 Jul 26. PMID: 31353187.

78. Yavari N, Gupta AS, Mitsios A, Hung JH, El-Feky D, Nguyen CD, Yasar C, Anover FA, Saengsirinavin AO, Mobasserian
A, Akhavanrezayat A, Elaraby O, Zhang X, Than NTT, Toth AB, Agarwal D, Lin J, Or C, Nguyen QD. Bilateral hemorrhagic
occlusive retinal vasculitis and panuveitis following intravitreal faricimab injection: A clinicopathologic case study. Am J
Ophthalmol Case Rep. 2026 Jan 29;41:102532. doi: 10.1016/j.ajoc.2026.102532. PMID: 41675446; PMCID: PMC12887652.

79. Witkin AJ, Hahn P, Murray TG, Arevalo JF, Blinder KJ, Choudhry N, Emerson GG, Goldberg RA, Kim S]J, Pearlman J,
Schneider EW, Tabandeh H, Wong RW. Occlusive Retinal Vasculitis Following Intravitreal Brolucizumab. J Vitreoretin Dis.
2020 Jul;4(4):269-279. doi: 10.1177/2474126420930863. Epub 2020 Jul 1. PMID: 32789284; PMCID: PMC7418897.

80. KayalM, Oner FH, Akbulut Yaga1 B, AtasF, Oztiirk T. Non-infectious Intraocular Inflammation Following Intravitreal Anti-
Vascular Endothelial Growth Factor Injection. Turk ] Ophthalmol. 2021 Feb 2551(1):32-37. doi:
10.4274/tjo.galenos.2020.84042. PMID: 33631912; PMCID: PMC7931657.

81. Anderson WJ, da Cruz NFS, Lima LH, Emerson GG, Rodrigues EB, Melo GB. Mechanisms of sterile inflammation after
intravitreal injection of antiangiogenic drugs: a narrative review. Int ] Retina Vitreous. 2021 May 7;7(1):37. doi:
10.1186/s40942-021-00307-7. PMID: 33962696; PMCID: PMC8103589.

82. Wei L, Lee E, Fan X, Thompson ]JT. Silicone oil microdroplets from syringes with intravitreal anti-vascular endothelial
growth factor and complement inhibitor injections. Retina. 2025 May 6. doi: 10.1097/IAE.0000000000004512. Epub ahead of
print. PMID: 40359347.

83. Melo GB, Dias Junior CS, Morais FB, Cardoso AL, Figueiredo AGA, Lima Filho AAS, Rodrigues EB, Emerson GG, Maia M.
Prevalence of silicone oil droplets in eyes treated with intravitreal injection. Int ] Retina Vitreous. 2019 Sep 11,5:34. doi:
10.1186/s40942-019-0184-9. PMID: 31528356, PMCID: PMC6737593.

84. Kim HM, Woo SJ. Immunogenicity and Potential for Intraocular Inflammation of Intravitreal Anti-VEGF Drugs. Curr Ther
Res Clin Exp. 2024 Mar 14;100:100742. doi: 10.1016/j.curtheres.2024.100742. PMID: 38617894; PMCID: PMC11015331.

85. Sahni J, Dugel PU, Patel SS, Chittum ME, Berger B, Del Valle Rubido M, Sadikhov S, Szczesny P, Schwab D, Nogoceke E,
Weikert R, Fauser S. Safety and Efficacy of Different Doses and Regimens of Faricimab vs Ranibizumab in Neovascular
Age-Related Macular Degeneration: The AVENUE Phase 2 Randomized Clinical Trial. JAMA Ophthalmol. 2020 Sep
1;138(9):955-963. doi: 10.1001/jamaophthalmol.2020.2685. PMID: 32729888; PMCID: PMC7393587.

86. Sharma A, Kumar N, Parachuri N, Sharma R, Bandello F, Kuppermann BD, Loewenstein A. Brolucizumab and
immunogenicity. Eye (Lond). 2020 Oct;34(10):1726-1728. doi: 10.1038/s41433-020-0853-9. Epub 2020 Apr 6. PMID: 32251366;
PMCID: PMC7608337.

87. Busch M, Pfeil JM, Ddhmcke M, Brauckmann T, Groffjohann R, Chisci V, Hunfeld E, Eilts S, Omran W, Morawiec-Kisiel E,
Schulz D, Paul S, Tayar A, Brilnder MC, Grundel B, Kiistner M, Stahl A. Anti-drug antibodies to brolucizumab and
ranibizumab in serum and vitreous of patients with ocular disease. Acta Ophthalmol. 2022 Dec;100(8):903-910. doi:
10.1111/a0s.15124. Epub 2022 Feb 28. PMID: 35225432.

88. Witkin A]J, Jaffe GJ, Srivastava SK, Davis JL, Kim JE. Retinal Vasculitis After Intravitreal Pegcetacoplan: Report From the
ASRS Research and Safety in Therapeutics (ReST) Committee. ] Vitreoretin Dis. 2023 Dec 21;8(1):9-20. doi:
10.1177/24741264231220224. Erratum in: J Vitreoretin Dis. 2024 Feb 29;8(3):363. doi: 10.1177/24741264241238212. PMID:
38223782; PMCID: PMC10786078.

89. Witkin AJ, Hahn P, Murray TG, Arevalo JF, Blinder KJ, Choudhry N, Emerson GG, Goldberg RA, Kim SJ, Pearlman J,
Schneider EW, Tabandeh H, Wong RW. Brolucizumab-associated intraocular inflammation in eyes without retinal
vasculitis. J Vitreoretin Dis. 2021 Jul;5(4):326-332. doi: 10.1177/2474126420975303. Epub 2020 Dec 15. PMID: 34604691;
PMCID: PM(C8486264.

90. Freund KB, Laud K, Eandi CM, Spaide RF. Silicone oil droplets following intravitreal injection. Retina. 2006 Jul-
Aug;26(6):701-3. doi: 10.1097/01.iae.0000223177.08438.2b. PMID: 16829818.

91. RahmaniK, Rajeswaren V, Im J], Hodges B, Yoganathan P. Silicone Oil Migration During Intravitreal Anti-VEGF Injections:
A Review of Clinical Evidence and Factors Related to Transmission. Retina. 2026 Mar 9. doi: 10.1097/IAE.0000000000004829.
Epub ahead of print. PMID: 41802172.

92. Lakhani M, Popovic MM, Al-Ani A, Kundapur D, Gholamian T, Chaudry E, Nanji K, Patil N, Feo A, Sadda S, Sarraf D, Ip
MS, Kertes PJ, Muni RH, Adatia F, Damji KF, Chaudhary V, Hurley BR. Comparative Analysis of Ocular Adverse Events
between Aflibercept 8 mg and Faricimab: A Global Population-Based Study across 65 Countries. Ophthalmol Retina. 2026
Apr;10(4):373-384. doi: 10.1016/j.0ret.2025.10.019. Epub 2025 Nov 4. PMID: 41197714.

Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1) 62



Complications of intravitreal administration of anti-VEGF agents

I

93. Thompson JT. Prospective Study of Silicone Oil Microdroplets in Eyes Receiving Intravitreal Anti-Vascular Endothelial
Growth Factor Therapy in 3 Different Syringes. Ophthalmol Retina. 2021 Mar;5(3):234-240. doi: 10.1016/j.oret.2020.07.021.
Epub 2020 Jul 28. PMID: 32735904.

94. LiY, Chong R, Fung AT. Association of Occlusive Retinal Vasculitis With Intravitreal Faricimab. JAMA Ophthalmol. 2024
May 1;142(5):489-491. doi: 10.1001/jamaophthalmol.2024.0928. PMID: 38517431.

95. Montesel A, Sen S, Preston E, Patel P], Huemer ], Hamilton RD, Nicholson L, Papasavvas I, Tucker WR, Yeung I.
INTRAOCULAR INFLAMMATION ASSOCIATED WITH FARICIMAB THERAPY: One-Year Real-World Outcomes.
Retina. 2025 May 1;45(5):827-832. doi: 10.1097/IAE.0000000000004394. PMID: 39761510.

96. Yan B, Wu SN, Chen XD, Yang ZX, Zeng DX, Huang C, Hu J, Liu Z. Drug-Related Uveitis: A Real-World Study Based on
the Food and Drug Administration Adverse Event Reporting System Database. ] Ocul Pharmacol Ther. 2026 Feb
24:10807683261421744. doi: 10.1177/10807683261421744. Epub ahead of print. PMID: 41733487.

97. Cox JT, Eliott D, Sobrin L. Inflammatory Complications of Intravitreal Anti-VEGF Injections. J Clin Med. 2021 Mar
2;10(5):981. doi: 10.3390/jcm10050981. PMID: 33801185, PMCID: PMC7957879.

98. Durmaz Engin C, Ayhan Z, Men S, Yaman A, Saatci AO. Bilateral Severe Sterile Inflammation with Hypopyon after
Simultaneous Intravitreal Triamcinolone Acetonide and Aflibercept Injection in a Patient with Bilateral Marked Rubeosis
Associated with Ocular Ischemic Syndrome. Case Rep Ophthalmol Med. 2017;2017:5123963. doi: 10.1155/2017/5123963.
Epub 2017 Mar 13. PMID: 28386497; PMCID: PMC5366781.

99. Stoehr LN, Wakili P, Darwisch W, Seufert F, Finger RP, Szurman P, Stanzel BV. Intraocular inflammation following
aflibercept 8 mg: real-world data from a multicentre retrospective observational study. Int ] Retina Vitreous. 2025 Dec
8,12(1):6. doi: 10.1186/s40942-025-00768-0. PMID: 41354935; PMCID: PMC12781524.

100. Matsumoto H, Hoshino ], Numaga S, Mimura K, Asatori Y, Akiyama H. Retinal vasculitis after intravitreal aflibercept 8
mg for neovascular age-related macular degeneration. Jpn ] Ophthalmol. 2024 Sep;68(5):531-537. doi: 10.1007/s10384-024-
01107-w. Epub 2024 Aug 20. PMID: 39162906, PMCID: PMC11420316.

101. Hoffmann L, Hatz K. Lower Rates of Intraocular Inflammation with Aflibercept 8 mg Delivered via Pre-Filled Syringe
Versus Vial. Ophthalmol Ther. 2026 Apr;15(4):1499-1508. doi: 10.1007/s40123-026-01349-6. Epub 2026 Mar 14. PMID:
41832302; PMCID: PMC13046896.

102. Zhang Y, Wei C, Stewart JM. Transient vitreous opacity following combined intravitreal injection of pegcetacoplan and
faricimab-svoa in patients with neovascular age-related macular degeneration and geographic atrophy. Am ] Ophthalmol
Case Rep. 2026 Feb 12;42:102545. doi: 10.1016/j.ajoc.2026.102545. PMID: 41755917, PMCID: PMC12934209.

103. Lee KH, Lee SC, Lee MW. Vitreous Opacity Following Intravitreal Brolucizumab Injection: A Case Series Review. Korean
J Ophthalmol. 2024 Apr;38(2):113-121. doi: 10.3341/kjo.2023.0133. Epub 2024 Feb 14. PMID: 38351484; PMCID:
PMC11016686.

104. Kearns JD, Wassmann P, Olgac U, Fichter M, Christen B, Rubic-Schneider T, Koepke S, Cochin de Billy B, Ledieu D, Andre
C, Hawtin S, Fischer B, Moretti F, Hug C, Bepperling A, Brannetti B, Mendez-Garcia C, Littlewood-Evans A, Clemens A,
Grosskreutz CL, Mehan P, Schmouder RL, Sasseville V, Brees D, Karle AC. A root cause analysis to identify the mechanistic
drivers of immunogenicity against the anti-VEGF biotherapeutic brolucizumab. Sci Transl Med. 2023 Feb;15(681):eabq5068.
doi: 10.1126/scitranslmed.abq5068. Epub 2023 Feb 1. PMID: 36724241.

105. Tao BK, Hwang ], Park S, Mikhail D, Hanna A, Huang RS, Mihalache A, Xie JS, Popovic MM, Jin Y, Grewal P, Hurley B,
Kertes P, Kherani A, Tennant M, Chen J, Navajas EV, Lam WC, Muni RH, Yan P. Prefilled syringes and post-intravitreal
injection endophthalmitis: A network meta-analysis. Surv Ophthalmol. 2025 Oct 1:50039-6257(25)00184-5. doi:
10.1016/j.survophthal.2025.09.025. Epub ahead of print. PMID: 41043517.

106. VanderBeek BL, Bonaffini SG, Ma L. The Association between Intravitreal Steroids and Post-Injection Endophthalmitis
Rates. Ophthalmology. 2015 Nov;122(11):2311-2315.e1. doi: 10.1016/j.0phtha.2015.07.005. Epub 2015 Aug 15. PMID:
26281823; PMCID: PMC4623879.

107. Zabaneh ID, Dunn T, Dunn K, Williams P. Comparative incidence of endophthalmitis after intravitreal dexamethasone
implant versus anti-VEGF injections: a retrospective study. Int ] Retina Vitreous. 2026 Feb 23;12(1):50. doi: 10.1186/s40942-
026-00824-3. PMID: 41724954; PMCID: PMC13036943.

108. Ferreira AM, Mendes AF, Beato JN, Pedrosa AC, Penas S, Torres-Costa S, Ferreira CO, Maia C, Falcao M, Carneiro A.
Intraocular inflammation following intravitreal injections of anti-vascular endothelial growth factor drugs. Graefes Arch
Clin Exp Ophthalmol. 2025 Oct;263(10):2885-2892. doi: 10.1007/s00417-025-06875-w. Epub 2025 Jun 16. PMID: 40522452;
PMCID: PMC12583367.

63 Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1)



Complications of intravitreal administration of anti-VEGF agents
_——e ¥ -7 e b .. , .. ... ........o.....vo..pv;-oonm
109. Karahan E, Acan D, Toprak MK. Posterior vitreous attachment as a risk factor for endophthalmitis following intravitreal

antivascular endothelial growth factor injection. Int Ophthalmol. 2024 May 15;44(1):225. doi: 10.1007/s10792-024-03101-0.
PMID: 38748185.

110. Baudin F, Benzenine E, Mariet AS, Bron AM, Daien V, Korobelnik JF, Quantin C, Creuzot-Garcher C. Association of Acute
Endophthalmitis With Intravitreal Injections of Corticosteroids or Anti-Vascular Growth Factor Agents in a Nationwide
Study in France. JAMA Ophthalmol. 2018 Dec 1;136(12):1352-1358. doi: 10.1001/jamaophthalmol.2018.3939. PMID:
30242325; PMCID: PMC6583044.

111. Israilevich RN, Mansour H, Patel SN, Garg SJ, Klufas MA, Yonekawa Y, Regillo CD, Hsu J. Risk of Endophthalmitis Based
on Cumulative Number of Anti-VEGF Intravitreal Injections. Ophthalmology. 2024 Jun;131(6):667-673. doi:
10.1016/j.ophtha.2023.12.033. Epub 2024 Jan 3. PMID: 38182029.

112. Ghauri SY, Ross C, Gilbert JB, Hu DJ, Gong D, Greenberg PB, Eliott D, Elze T, Lorch A, Miller JW, Krzystolik MG; IRIS®
Registry Analytic Center Consortium. Timing and Determinants of Post-Injection Endophthalmitis After First-Time Anti-
VEGF Administration: A Retrospective National Study in the American Academy of Ophthalmology IRIS® Registry
(Intelligent Research in Sight). Ophthalmol Retina. 2026 Mar 24:52468-6530(26)00119-3. doi: 10.1016/j.oret.2026.03.015. Epub
ahead of print. PMID: 41887330.

113. Patel SN, Storey PP, Kim JS, Obeid A, Pancholy M, Hsu ], Garg SJ. Systemic Immunosuppression and Risk of
Endophthalmitis After Intravitreal Anti-Vascular Endothelial Growth Factor Injections. Ophthalmic Surg Lasers Imaging
Retina. 2021 Jul;52(S1):517-522. doi: 10.3928/23258160-20210518-04. Epub 2021 Jul 1. PMID: 34310237.

114. Zehden JA, Mortensen XM, Reddy A, Zhang AY. Systemic and Ocular Adverse Events with Intravitreal Anti-VEGF
Therapy Used in the Treatment of Diabetic Retinopathy: a Review. Curr Diab Rep. 2022 Oct;22(10):525-536. doi:
10.1007/s11892-022-01491-y. Epub 2022 Sep 2. PMID: 36053385.

115. Rayess N, Rahimy E, Shah CP, Wolfe ]JD, Chen E, DeCroos FC, Storey P, Garg SJ, Hsu ]. Incidence and clinical features of
post-injection endophthalmitis according to diagnosis. Br ] Ophthalmol. 2016 Aug;100(8):1058-61. doi:
10.1136/bjophthalmol-2015-307707. Epub 2015 Nov 19. PMID: 26584579.

116. Storey P, Dollin M, Pitcher J, Reddy S, Vojtko J, Vander J, Hsu J, Garg SJ; Post-Injection Endophthalmitis Study Team. The
role of topical antibiotic prophylaxis to prevent endophthalmitis after intravitreal injection. Ophthalmology. 2014
Jan;121(1):283-289. doi: 10.1016/j.ophtha.2013.08.037. Epub 2013 Oct 18. PMID: 24144453.

117. Bhavsar AR, Glassman AR, Stockdale CR, Jampol LM; Diabetic Retinopathy Clinical Research Network. Elimination of
Topical Antibiotics for Intravitreous Injections and the Importance of Using Povidone-lodine: Update From the Diabetic
Retinopathy  Clinical Research  Network. JAMA  Ophthalmol. 2016 Oct  1;134(10):1181-1183.  doi:
10.1001/jamaophthalmol.2016.2741. PMID: 27533136.

118. Aleksander-Ivanov Y, Cheidde L, Zago Filho LA. ANTIBIOTIC PROPHYLAXIS FOR PREVENTING
ENDOPHTHALMITIS AFTER INTRAVITREAL INJECTIONS: An Updated Systematic Review and Meta-analysis. Retina.
2026 Apr 1;46(4):575-586. doi: 10.1097/IAE.0000000000004743. PMID: 41349005.

119. Zhang C, Lai DA, AbouKasm G, Ersan S, Leung N, Zhu D, Patel NA, Flynn HW Jr, Yannuzzi NA. Rates of Endophthalmitis
in Prefilled versus Nonprefilled Syringes for Intravitreal Injections: A Systematic Review and Meta-Analysis. Ophthalmol
Retina. 2026 Feb;10(2):165-175. doi: 10.1016/j.0ret.2025.08.006. Epub 2025 Aug 13. PMID: 40816641.

120. Subhi Y, Kjer B, Munch IC. Prefilled syringes for intravitreal injection reduce preparation time. Dan Med ]. 2016
Apr;63(4):A5214. PMID: 27034182.

121. Storey PP, Tauqgeer Z, Yonekawa Y, Todorich B, Wolfe JD, Shah SP, Shah AR, Koto T, Abbey AM, Morizane Y, Sharma P,
Wood EH, Morizane-Hosokawa M, Pendri P, Pancholy M, Harkey S, Jeng-Miller KW, Obeid A, Borkar DS, Chen E,
Williams P, Okada AA, Inoue M, Shiraga F, Hirakata A, Shah CP, Prenner ], Garg S; Post-Injection Endophthalmitis (PIE)
Study Group. The Impact of Prefilled Syringes on Endophthalmitis Following Intravitreal Injection of Ranibizumab. Am J
Ophthalmol. 2019 Mar;199:200-208. doi: 10.1016/;.2j0.2018.11.023. Epub 2018 Dec 13. PMID: 30552891.

122. Finkelstein M, Katz G, Zur D, Rubowitz A, Moisseiev E. The Effect of Syringe-Filling Technique on the Risk for
Endophthalmitis after Intravitreal Injection of Anti-VEGF Agents. Ophthalmologica. 2022;245(1):34-40. doi:
10.1159/000518236. Epub 2021 Jul 23. PMID: 34348344.

123. Sumi S, Asaoka R, Aoki S, Kitamoto K, Terao R, Kawata M, Inoue T, Obata R, Azuma K. Corneal biomechanical predictors
of intraocular pressure elevation after intravitreal anti-VEGF injection. PLoS One. 2025 Aug 22;20(8):e0330574. doi:
10.1371/journal.pone.0330574. PMID: 40845040; PMCID: PMC12373209.

124. Bracha P, Moore NA, Ciulla TA, WuDunn D, Cantor LB. The acute and chronic effects of intravitreal anti-vascular
endothelial growth factor injections on intraocular pressure: A review. Surv Ophthalmol. 2018 May-Jun;63(3):281-295. doi:
10.1016/j.survophthal.2017.08.008. Epub 2017 Sep 5. PMID: 28882597.

Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1) 64



Complications of intravitreal administration of anti-VEGF agents

I

125. Benz MS, Albini TA, Holz ER, Lakhanpal RR, Westfall AC, Iyer MN, Carvounis PE. Short-term course of intraocular
pressure after intravitreal injection of triamcinolone acetonide. Ophthalmology. 2006 Jul;113(7):1174-8. doi:
10.1016/j.ophtha.2005.10.061. Epub 2006 May 2. PMID: 16647122.

126. Arikan G, Osman Saatci A, Hakan Oner F. Immediate intraocular pressure rise after intravitreal injection of ranibizumab
and two doses of triamcinolone acetonide. Int ] Ophthalmol. 2011;4(4):402-5. doi: 10.3980/j.issn.2222-3959.2011.04.16. Epub
2011 Aug 18. PMID: 22553690; PMCID: PMC3340857.

127. Pang CE, Mrejen S, Hoang QV, Sorenson JA, Freund KB. ASSOCIATION BETWEEN NEEDLE SIZE, POSTINJECTION
REFLUX, AND INTRAOCULAR PRESSURE SPIKES AFTER INTRAVITREAL INJECTIONS. Retina. 2015 Jul;35(7):1401-
6. doi: 10.1097/TAE.0000000000000476. PMID: 25650712.

128. 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 (Lond). 2009 Jan;23(1):181-5. doi:
10.1038/sj.eye.6702938. Epub 2007 Aug 10. PMID: 17693999.

129. Gismondi M, Salati C, Salvetat ML, Zeppieri M, Brusini P. Short-term effect of intravitreal injection of Ranibizumab
(Lucentis) on intraocular pressure. ] Glaucoma. 2009 Dec;18(9):658-61. doi: 10.1097/1JG.0b013e31819c4893. PMID: 20010243.

130. Kerimoglu H, Ozturk BT, Bozkurt B, Okka M, Okudan S. Does lens status affect the course of early intraocular pressure
and anterior chamber changes after intravitreal injection? Acta Ophthalmol. 2011 Mar;89(2):138-42. doi: 10.1111/.1755-
3768.2009.01656.x. PMID: 19799586.

131. Hashiya N, Maruko I, Maruko R, Kakehashi M, Kawahara K, Nishihara S, lida T. Increased intraocular pressure
immediately after aflibercept 8 mg intravitreal injection for neovascular age-related macular degeneration. Graefes Arch
Clin Exp Ophthalmol. 2026 Feb 11. doi: 10.1007/s00417-026-07117-3. Epub ahead of print. PMID: 41670698.

132. Paris A, Volpe G, Perruchoud-Ader K, Casanova A, Menghini M, Grimaldi G. Short-term intraocular pressure changes
after intravitreal aflibercept 2 mg, aflibercept 8 mg and faricimab: a prospective, comparative study. Br ] Ophthalmol. 2025
Apr 22;109(5):600-605. doi: 10.1136/bjo-2024-326053. PMID: 39532510; PMCID: PMC12171477.

133. Lee DJ, Scruggs BA, Sanchez E, Thomas M, Faridi A. Transient Vision Loss Associated with Prefilled Aflibercept Syringes:
A Case Series and Analysis of Injection Force. Ophthalmol Sci. 2022 Jun;2(2):100115. doi: 10.1016/j.xops.2022.100115. Epub
2022 Jan 21. PMID: 36211641; PMCID: PMC9541561.

134. Bae SS, Koenigstein D, Weaver T, Merkur A, Albiani D, Pakzad-Vaezi K, Kirker A. Incidence of ocular hypertension after
anti-VEGEF injections: examining the effect of drug filtration and silicone-free syringes. Can ] Ophthalmol. 2023 Feb;58(1):66-
72. doi: 10.1016/j.j¢jo.2021.06.025. Epub 2021 Jul 28. PMID: 34331870.

135. Bakri SJ, Moshfeghi DM, Francom S, Rundle AC, Reshef DS, Lee PP, Schaeffer C, Rubio RG, Lai P. Intraocular pressure in
eyes receiving monthly ranibizumab in 2 pivotal age-related macular degeneration clinical trials. Ophthalmology. 2014
May;121(5):1102-8. doi: 10.1016/j.ophtha.2013.11.029. Epub 2014 Jan 6. PMID: 24393349.

136. Eadie BD, Etminan M, Carleton BC, Maberley DA, Mikelberg FS. Association of Repeated Intravitreous Bevacizumab
Injections With Risk for Glaucoma Surgery. JAMA Ophthalmol. 2017 Apr 1;135(4):363-368. doi:
10.1001/jamaophthalmol.2017.0059. PMID: 28301639; PMCID: PMC5470402.

137. Liu L, Ammar DA, Ross LA, Mandava N, Kahook MY, Carpenter JF. Silicone oil microdroplets and protein aggregates in
repackaged bevacizumab and ranibizumab: effects of long-term storage and product mishandling. Invest Ophthalmol Vis
Sci. 2011 Feb 22;52(2):1023-34. doi: 10.1167/i0vs.10-6431. PMID: 21051703; PMCID: PMC3053093.

138. Sniegowski M, Mandava N, Kahook MY. Sustained intraocular pressure elevation after intravitreal injection of
bevacizumab and ranibizumab associated with trabeculitis. Open Ophthalmol J. 2010 Jun 22;4:28-9. doi:
10.2174/1874364101004010028. PMID: 20871754; PMCID: PM(C2944993.

139. Georgopoulos M, Polak K, Prager F, Priinte C, Schmidt-Erfurth U. Characteristics of severe intraocular inflammation
following intravitreal injection of bevacizumab (Avastin). Br ] Ophthalmol. 2009 Apr;93(4):457-62. doi:
10.1136/bj0.2008.138479. Epub 2008 Nov 25. PMID: 19033289.

140. Perkumas KM, Stamer WD. Protein markers and differentiation in culture for Schlemm's canal endothelial cells. Exp Eye
Res. 2012 Mar;96(1):82-7. doi: 10.1016/j.exer.2011.12.017. Epub 2011 Dec 22. PMID: 22210126; PMCID: PMC3296889.

141. Gavard J, Gutkind ]JS. VEGF controls endothelial-cell permeability by promoting the beta-arrestin-dependent endocytosis
of VE-cadherin. Nat Cell Biol. 2006 Nov;8(11):1223-34. doi: 10.1038/ncb1486. Epub 2006 Oct 22. PMID: 17060906.

142. Levin AM, Chaya CJ, Kahook MY, Wirostko BM. Intraocular Pressure Elevation Following Intravitreal Anti-VEGF
Injections: ~ Short- and Long-term  Considerations. ] Glaucoma. 2021 Dec 1;30(12):1019-1026.  doi:
10.1097/1JG.0000000000001894. PMID: 34086610; PMCID: PMC8635259.

143. Wen JC, Reina-Torres E, Sherwood JM, Challa P, Liu KC, Li G, Chang JY, Cousins SW, Schuman SG, Mettu PS, Stamer WD,
Overby DR, Allingham RR. Intravitreal Anti-VEGF Injections Reduce Aqueous Outflow Facility in Patients With

65 Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1)



Complications of intravitreal administration of anti-VEGF agents
_——e ¥ -7 e b .. , .. ... ........o.....vo..pv;-oonm
Neovascular Age-Related Macular Degeneration. Invest Ophthalmol Vis Sci. 2017 Mar 1;58(3):1893-1898. doi:

10.1167/i0vs.16-20786. Erratum in: Invest Ophthalmol Vis Sci. 2017 May 1;58(5):2816. doi: 10.1167/iovs.16-20786a. PMID:
28358961; PMCID: PMC6022414.

144. Meyer CH, Rodrigues EB, Michels S, Mennel S, Schmidt JC, Helb HM, Hager A, Martinazzo M, Farah ME. Incidence of
damage to the crystalline lens during intravitreal injections. ] Ocul Pharmacol Ther. 2010 Oct;26(5):491-5. doi:
10.1089/jop.2010.0045. PMID: 20874500.

145. Santos-Oliveira ], Teixeira-Martins R, Ferreira AM, Macedo JP, Oliveira-Ferreira C. Anterior Segment Optical Coherence
Tomography Evaluation of a Dexamethasone Intravitreal Implant in the Crystalline Lens: A Case Report. Int Med Case
Rep J. 2025 Jan 7;18:27-32. doi: 10.2147/IMCR].5486866. PMID: 39801605; PMCID: PMC11724626.

146. Erdogan G, Gunay BO, Unlu C, Gunay M, Ergin A. Management of iatrogenic crystalline lens injury occurred during
intravitreal injection. Int Ophthalmol. 2016 Aug;36(4):527-30. doi: 10.1007/s10792-015-0156-5. Epub 2015 Dec 2. PMID:
26631401.

147. Khalifa YM, Pantanelli SM. Quiescent posterior capsule trauma after intravitreal injection: implications for the cataract
surgeon. ] Cataract Refract Surg. 2011 Jul;37(7):1364. doi: 10.1016/j.jcrs.2011.04.016. PMID: 21700115.

148. Choi J, Choi E, Kang SW, Kim SJ, Hwang S, Lee H. Impact of intravitreal anti-vascular endothelial growth factor injections
on cataract development. Ophthalmology. 2026 Mar 11:50161-6420(26)00158-2. doi: 10.1016/j.0phtha.2026.03.009. Epub
ahead of print. PMID: 41825596.

149. Empeslidis T, Vardarinos A, Konidaris V, Ch'ng SW, Kapoor B, Deane ], Tsaousis KT. Incidence of Retinal Pigment
Epithelial Tears and Associated Risk Factors After Treatment of Age-Related Macular Degeneration with Intravitreal Anti-
VEGEF Injections. Open Ophthalmol J. 2014 Dec 31;8:101-4. doi: 10.2174/1874364101408010101. PMID: 25674188; PMCID:
PMC4319202.

150. Ahn J, Hwang DD, Sohn ], Son G. Retinal Pigment Epithelium Tears after Anti-Vascular Endothelial Growth Factor
Therapy for Neovascular Age-Related Macular Degeneration. Ophthalmologica. 2022;245(1):1-9. doi: 10.1159/000514991.
Epub 2021 Feb 4. PMID: 33540419.

151. Cho HJ, Kim HS, Yoo SG, Han JI, Lew Y], Cho SW, Lee TG, Kim JW. RETINAL PIGMENT EPITHELIAL TEAR AFTER
INTRAVITREAL RANIBIZUMAB TREATMENT FOR NEOVASCULAR AGE-RELATED MACULAR DEGENERATION.
Retina. 2016 Oct;36(10):1851-9. doi: 10.1097/IAE.0000000000001009. PMID: 27074658.

152. Yasuhara S, Miyata M, Ooto S, Tamura H, Ueda-Arakawa N, Uji A, Muraoka Y, Miyake M, Takahashi A, Wakazono T,
Yamashiro K, Tsujikawa A. PREDICTORS OF RETINAL PIGMENT EPITHELIUM TEAR DEVELOPMENT AFTER
TREATMENT FOR NEOVASCULAR AGE-RELATED MACULAR DEGENERATION USING SWEPT SOURCE
OPTICAL COHERENCE TOMOGRAPHY ANGIOGRAPHY. Retina. 2022 Jun 1;42(6):1020-1027. doi:
10.1097/TAE.0000000000003426. PMID: 35125477.

153. Venkatesh R, Agrawal R, Thomas S, Reddy NG, Gupta A, Yadav NK, Chhablani J. Sequential retinal pigment epithelium
tears following intravitreal Ranibizumab injections for age-related macular degeneration. Eur ] Ophthalmol. 2023
May;33(3):NP100-NP104. doi: 10.1177/11206721221093025. Epub 2022 Apr 7. PMID: 35388732.

154. Casalino G, Sivagnanavel V, Dowlut S, Keane PA, Chakravarthy U. Spontaneous retinal pigment epithelial tear in type 2
choroidal neovascularization: repair mechanisms following anti-VEGF therapy. Int ] Retina Vitreous. 2019 Jan 23;5:4. doi:
10.1186/s40942-019-0155-1. PMID: 30693100; PMCID: PMC6343237.

155. Sarraf D, Chan C, Rahimy E, Abraham P. Prospective evaluation of the incidence and risk factors for the development of
RPE tears after high- and low-dose ranibizumab therapy. Retina. 2013 Sep;33(8):1551-7. doi: 10.1097/IAE.0b013e3182899215.
PMID: 23652578.

156. Shiose S, Notomi S, Hashimoto S, Nagata J, Fukuda Y, Kano K, Ishikawa K, Sonoda KH. The factors associated with retinal
pigment epithelium tear development in the early phase after treatment initiation for age-related macular degeneration.
Graefes Arch Clin Exp Ophthalmol. 2024 Oct;262(10):3171-3180. doi: 10.1007/s00417-024-06503-z. Epub 2024 May 7. PMID:
38713397.

157. Shi H, Guo N, Zhao Z, Duan ]J. ASSOCIATION BETWEEN RETINAL PIGMENT EPITHELIUM TEAR AND ANTI-
VASCULAR ENDOTHELIAL GROWTH FACTOR THERAPY: A Systematic Review and Meta-Analysis. Retina. 2024 Feb
1;44(2):179-188. doi: 10.1097/TAE.0000000000003922. PMID: 37824816.

158. Mavridou EP, Sergentanis TN, Kapetanios I, Theodossiadis P, Chatziralli I. Intravitreal Anti-Vascular Endothelial Growth
Factor Agents in Patients with Neovascular Age-Related Macular Degeneration and Retinal Pigment Epithelial Tear: A
Systematic Review and Meta-Analysis. Semin Ophthalmol. 2026 Jan;41(1):49-58. doi: 10.1080/08820538.2025.2486328. Epub
2025 Apr 1. PMID: 40170390.

159. HanJY, Kang HG, Choi EY, Lee SC, Kim M. Incidence and Clinical Features of Rhegmatogenous Retinal Detachment After
9,484 Intravitreal Injections by a Single Physician. Journal of Retina. 2020 Nov 30;5(2):79-84. doi: 10.21561/jor.2020.5.2.79.

Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1) 66



Complications of intravitreal administration of anti-VEGF agents

I

160. Wu L, Martinez-Castellanos MA, Quiroz-Mercado H, Arevalo JF, Berrocal MH, Farah ME, Maia M, Roca JA, Rodriguez FJ;
Pan American Collaborative Retina Group (PACORES). 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 Jan;246(1):81-7. doi: 10.1007/s00417-007-0660-z. Epub 2007 Aug 3. PMID: 17674014.

161. Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK, Chung CY, Kim RY; MARINA Study Group. Ranibizumab for
neovascular age-related macular degeneration. N Engl ] Med. 2006 Oct 5;355(14):1419-31. doi: 10.1056/NEJMo0a054481.
PMID: 17021318.

162. Meyer CH, Michels S, Rodrigues EB, Hager A, Mennel S, Schmidt JC, Helb HM, Farah ME. Incidence of rhegmatogenous
retinal detachments after intravitreal antivascular endothelial factor injections. Acta Ophthalmol. 2011 Feb;89(1):70-5. doi:
10.1111/j.1755-3768.2010.02064.x. Epub 2010 Dec 22. PMID: 21176118.

163. Kozak I, Dean A, Clark TM, Falkenstein I, Freeman WR. Prefilled syringe needles versus standard removable needles for
intravitreous injection. Retina. 2006 Jul-Aug;26(6):679-83. doi: 10.1097/01.iae.0000236481.40056.25. PMID: 16829812.

164. Magalhaes O Jr, DE Avila MP, Maia M, Nosé R, Costa EF, Rodrigues EB, Farah ME, Nosé W. Difference between bevel-up
and bevel-down 23-gauge one-step incisions: analysis of anterior chamber optical coherence tomography and IOP. Retina.
2010 Mar;30(3):521-3. doi: 10.1097/IAE.0b013e3181a2c091. PMID: 19373125.

165. Geck U, Pustolla N, Baraki H, Atili A, Feltgen N, Hoerauf H. Posterior vitreous detachment following intravitreal drug
injection. Graefes Arch Clin Exp Ophthalmol. 2013 Jul;251(7):1691-5. doi: 10.1007/s00417-013-2266-y. Epub 2013 Feb 5.
PMID: 23381655; PMCID: PMC3682090.

166. Stalmans P, Benz MS, Gandorfer A, Kampik A, Girach A, Pakola S, Haller JA; MIVI-TRUST Study Group. Enzymatic
vitreolysis with ocriplasmin for vitreomacular traction and macular holes. N Engl ] Med. 2012 Aug 16;367(7):606-15. doi:
10.1056/NEJMoa1110823. PMID: 22894573.

167. Gabrielle PH, Nguyen V, Arnould L, Viola F, Zarranz-Ventura J, Barthelmes D, Creuzot-Garcher C, Gillies M; Fight Retinal
Blindness! Study Group. Incidence, Risk Factors, and Outcomes of Rhegmatogenous Retinal Detachment after Intravitreal
Injections of Anti-VEGF for Retinal Diseases: Data from the Fight Retinal Blindness! Registry. Ophthalmol Retina. 2022
Nov;6(11):1044-1053. doi: 10.1016/j.0ret.2022.05.008. Epub 2022 May 16. PMID: 35589075.

168. Arevalo JF, Maia M, Flynn HW Jr, Saravia M, Avery RL, Wu L, Eid Farah M, Pieramici D], Berrocal MH, Sanchez ]JG.
Tractional retinal detachment following intravitreal bevacizumab (Avastin) in patients with severe proliferative diabetic
retinopathy. Br ] Ophthalmol. 2008 Feb;92(2):213-6. doi: 10.1136/bjo.2007.127142. Epub 2007 Oct 26. PMID: 17965108.

169. Damasceno NA, Yannuzzi NA, Maia M, Eid Farah M, Flynn HW Jr, Damasceno EF. Transient central retina artery occlusion
in patients undergoing intravitreal anti vegf injections. Eur ] Ophthalmol. 2022 Sep;32(5):2819-2823. doi:
10.1177/11206721211066196. Epub 2021 Dec 28. PMID: 34962172.

170. Jia YJ, Liu HB, Qin Y, Liu JH, Jia FL, Zhang H, Li JH, Li Y]. Received anti-VEGF therapy in a patient with CRAO sparing
the CLRA with subretinal fluid: A case report. Medicine (Baltimore). 2022 Nov 11;101(45):e31204. doi:
10.1097/MD.0000000000031204. PMID: 36397396; PMCID: PMC9666146.

171. Mansour AM, Shahin M, Kofoed PK, Parodi MB, Shami M, Schwartz SG; Collaborative Anti-VEGF Ocular Vascular
Complications Group. Insight into 144 patients with ocular vascular events during VEGF antagonist injections. Clin
Ophthalmol. 2012;6:343-63. doi: 10.2147/OPTH.S529075. Epub 2012 Mar 6. PMID: 22419856, PMCID: PM(C3299557.

172. Antonietti M, Mercado C, Smiddy WE, Schwartz SG. Central retinal vein occlusion following intravitreal injections: a case
series highlighting multifactorial risk. Int ] Retina Vitreous. 2025 Dec 15;12(1):12. doi: 10.1186/s40942-025-00781-3. PMID:
41398283; PMCID: PM(C12821216.

173. Hirai H, Yasuda S, Imoto S, Tsujinaka H, Kase S. Central Retinal Artery Occlusion After Intravitreal Injection of Faricimab:
A Case Report. Cureus. 2025 Aug 28;17(8):e91170. doi: 10.7759/cureus.91170. PMID: 41018367; PMCID: PMC12476079.

174. Mansour AM, Bynoe LA, Welch JC, Pesavento R, Mahendradas P, Ziemssen F, Pai SA. Retinal vascular events after
intravitreal bevacizumab. Acta Ophthalmol. 2010 Nov;88(7):730-5. doi: 10.1111/j.1755-3768.2009.01535.x. PMID: 20039854

175. Mihalache A, Tao BK, Huang RS, Dhivagaran T, Popovic MM, Kertes PJ, Wong DT, McKay BR, Kohly RP, Muni RH.
Chlorhexidine Versus Povidone-Iodine for Intravitreal Injection Antisepsis: A Systematic Review and Meta-Analysis. Am
J Ophthalmol. 2025 Aug;276:64-77. doi: 10.1016/j.aj0.2025.03.031. Epub 2025 Mar 26. PMID: 40154909.

176. Cruz MRB, Amaral DC, Gongalves OR, Cyrino LG, Nascimento LM, Barroso FVC, Louzada RN, Rassi TNO, Mora-Paez
DJ, Guedes ], Pereira MB. Chlorhexidine Compared with Povidone-lodine in Intravitreal Injection: A Systematic Review
and Meta-Analysis. ] Ocul Pharmacol Ther. 2025 Apr;41(3):162-168. doi: 10.1089/jop.2024.0141. Epub 2025 Jan 21. PMID:
39836046.

67 Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1)



Complications of intravitreal administration of anti-VEGF agents
_,—_—_———~—_—
177. Trovato Battagliola E, Riveros Cabral R], Manco G, Puggioni G, Brancato C, Mangiantini P, Testa F, Malvasi M, Raponi G,

Turchetti P, Pacella F, Pacella E. Topical antibiotic prophylaxis before intravitreal injections: a pilot study. Graefes Arch
Clin Exp Ophthalmol. 2023 Oct;261(10):2953-2959. doi: 10.1007/s00417-023-06113-1. Epub 2023 May 18. PMID: 37199800.

178. Tanaka K, Shimada H, Mori R, Nakashizuka H, Hattori T, Okubo Y. No increase in incidence of post-intravitreal injection
endophthalmitis without topical antibiotics: a prospective study. Jpn ] Ophthalmol. 2019 Sep;63(5):396-401. doi:
10.1007/510384-019-00684-5. Epub 2019 Aug 24. PMID: 31446502.

179. Kazemzadeh K. Artificial intelligence in ophthalmology: opportunities, challenges, and ethical considerations. Med
Hypothesis Discov Innov Ophthalmol. 2025 May 10;14(1):255-272. doi: 10.51329/mehdiophthal1517. PMID: 40453785;
PMCID: PMC12121673.

180. Alqudah N. Keratoconus: imaging modalities and management. Med Hypothesis Discov Innov Ophthalmol. 2024 Jul
1;13(1):44-54. doi: 10.51329/mehdiophthal1493. PMID: 38978828; PMCID: PMC11227666.

181. Ke GQ, Fu Y], Huang ZH, Dai SX, Wen YH, Lv HX. Artificial intelligence in proliferative diabetic retinopathy: advancing
diagnosis, precision surgery, and anti-VEGF therapy optimization. Front Med (Lausanne). 2025 Sep 9;12:1644456. doi:
10.3389/fmed.2025.1644456. PMID: 40995078; PMCID: PMC12456084.

182. Al-Harbi FA, Alkuwaiti MA, Alharbi MA, Alessa AA, Alhassan AA, Aleidan EA, Al-Theyab FY, Alfalah M, AlHaddad
SM, Azzam AY. Diagnostic Accuracy of Artificial Intelligence in Predicting Anti-VEGF Treatment Response in Diabetic
Macular Edema: A Systematic Review and Meta-Analysis. ] Clin Med. 2025 Nov 18;14(22):8177. doi: 10.3390/jcm14228177.
PMID: 41303218; PMCID: PMC12653470.

183. Firat M, Firat IT, Ustijndag ZF, Oztiirk E, Tuncer T. Al-Based Response Classification After Anti-VEGF Loading in
Neovascular ~ Age-Related Macular Degeneration. Diagnostics  (Basel). 2025 Sep 5;15(17):2253.  doi:
10.3390/diagnostics15172253. PMID: 40941740; PMCID: PMC12428304.

184. Sorrentino FS, Zeppieri M, Culiersi C, Florido A, De Nadai K, Adamo GG, Pellegrini M, Nasini F, Vivarelli C, Mura M,
Parmeggiani F. Application of Artificial Intelligence Models to Predict the Onset or Recurrence of Neovascular Age-Related
Macular Degeneration. Pharmaceuticals (Basel). 2024 Oct 28;17(11):1440. doi: 10.3390/ph17111440. PMID: 39598352;
PMCID: PMC11597877.

185. Wang MH. Integrating Artificial Intelligence and Precision Therapeutics for Advancing the Diagnosis and Treatment of
Age-Related Macular Degeneration. Bioengineering (Basel). 2025 May 20;12(5):548. doi: 10.3390/bioengineering12050548.
PMID: 40428167; PMCID: PMC12109352.

186. Pieramici DJ, Awh CC, Chang M, Emanuelli A, Holekamp NM, Hu AY, Sufer I, Wykoff CC, Brittain C, Howard D,
Quezada-Ruiz C, Santhanakrishnan A, Latkany P. Port Delivery System With Ranibizumab vs Monitoring in
Nonproliferative Diabetic Retinopathy Without Macular Edema: The Pavilion Randomized Clinical Trial. JAMA
Ophthalmol. 2025 Apr 1;143(4):317-325. doi: 10.1001/jamaophthalmol.2025.0001. PMID: 40048178; PMCID: PMC11886866.

187. Wong TY, Haskova Z, Asik K, Baumal CR, Csaky KG, Eter N, Ives JA, Jaffe GJ, Korobelnik JF, Lin H, Murata T,
Ruamviboonsuk P, Schlottmann PG, Seres Al Silverman D, Sun X, Tang Y, Wells JA, Yoon YH, Wykoff CC; YOSEMITE
and RHINE Investigators. Faricimab Treat-and-Extend for Diabetic Macular Edema: Two-Year Results from the
Randomized Phase 3 YOSEMITE and RHINE Trials. Ophthalmology. 2024 Jun;131(6):708-723. doi:
10.1016/j.ophtha.2023.12.026. Epub 2023 Dec 28. PMID: 38158159.

Med Hypothesis Discov Innov Ophthalmol. 2026; 15(1) 68



	ABSTRACT
	KEYWORDS
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ETHICAL DECLARATIONS
	Ethical approval
	Conflict of interest

	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES

