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Purpose: Intravitreal (IVT) injections of the anti-vascular endothelial growth factor (VEGF) 

agents aflibercept, bevacizumab, and ranibizumab are commonly prescribed to treat neovascular 

age-related macular degeneration (nAMD). Studies comparing inflammation rates in large 

populations of patients receiving these agents and the treatment of ocular inflammation post-IVT 

anti-VEGF injections are scarce. In this study, we compared rates of endophthalmitis claims 

(sterile and infectious) following IVT anti-VEGF injections to determine the risk factors associ-

ated with developing endophthalmitis, and examined the claims for subsequent treatment.

Patients and methods: This retrospective cohort study of USA claims data examined the 

risk of developing endophthalmitis following IVT injection of aflibercept, bevacizumab, or 

ranibizumab in patients with nAMD between 11/18/2011 and 5/31/2013. The primary study 

outcome was occurrence of endophthalmitis within 30 days of a claim for an IVT anti-VEGF 

injection. Endophthalmitis rates were calculated separately for aflibercept, bevacizumab, and 

ranibizumab, followed by pairwise comparisons of endophthalmitis frequencies among the 

3 treatments.

Results: This analysis included 818,558 injections from 156,594 patients with nAMD. The 

rates (% [n/N]) of endophthalmitis following aflibercept, bevacizumab, and ranibizumab IVT 

injections were 0.100% (136/135,973), 0.056% (268/481,572), and 0.047% (94/201,013), 

respectively. In a multivariate analysis, aflibercept was associated with a significantly higher risk 

of endophthalmitis vs ranibizumab (adjusted odds ratio, 2.19; 95% CI: 1.68–2.85; P,0.0001). 

The risk of endophthalmitis was similar for bevacizumab and ranibizumab. Within 14 days 

after endophthalmitis, 38.6% of cases received injectable antibiotics, 15.3% received injectable 

steroids, and 30.3% underwent vitrectomy.

Conclusion: The rate of endophthalmitis was very low, but higher following IVT injection with 

aflibercept compared with both bevacizumab and ranibizumab in patients with nAMD.
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Introduction
The anti-vascular endothelial growth factor (VEGF) agents aflibercept and ranibi-

zumab have been widely adopted for the treatment of neovascular age-related macular 

degeneration (nAMD),1,2 both inside and outside of the USA. The off-label use of 

bevacizumab is also widespread for this indication, based on efficacy in case series 

and clinical trials.3

One of the most serious complications following intravitreal (IVT) anti-VEGF 

injections is endophthalmitis – severe intraocular inflammation. Endophthalmitis can 

be infectious or sterile (noninfectious), with limited available evidence suggesting 
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that the 2 forms differ in their pathogenesis, although this is 

currently not well understood.4 Another consideration is the 

inability to isolate an organism in some cases of infection.

The rate of ocular inflammation subsequent to IVT 

anti-VEGF injections is generally thought to be low, with 

the largest meta-analysis of published data to date estimat-

ing the frequency to be 0.056% (197/350,535 injections) 

across all anti-VEGF agents.5 In comparison, a retrospective 

claims study suggested that the rate of endophthalmitis after 

IVT steroid injections (N=18,666) was 0.13%, compared 

with 0.019% for anti-VEGF injections (N=387,714).6 The 

reported frequency of ocular inflammation following IVT 

anti-VEGF injections varies widely in retrospective clinical 

case series. Data from the largest studies generally support 

the low incidence of ocular inflammation after IVT anti-

VEGF injections (,0.1%; summarized and corroborated by 

Dossarps et al7), although some smaller-sized studies have 

reported much higher rates.8–11 A high rate of acute intraocular 

inflammation was observed following IVT bevacizumab in 

the retrospective case series carried out by Wickremasinghe 

et al (14/1,278 injections; 1.10%)11 and Johnson et al (9/693 

injections; 1.30%).10 Furthermore, there are a number of case 

reports of ocular inflammation following IVT bevacizumab 

associated with contamination during preparation of the 

drug for injection.12 A retrospective medical record review 

by Goldberg et al identified 20 instances of sterile inflam-

mation after a total of 5,356 aflibercept injections (0.37%; 

17/20 cases were from 1 retinal specialist).9 Similarly, Fine 

et al reported inflammation in 28 instances from a total 

of 5,905 aflibercept injections from their retrospective 

series (0.47%).8

The present study builds upon the analysis by Goldberg 

et al9 and explores rates of endophthalmitis following ~1 million 

IVT anti-VEGF injections for the treatment of nAMD using 

data from a large database capturing adjudicated claims from 

across the USA. The term “endophthalmitis” was used in this 

study because it captures both infectious and sterile ocular 

inflammation via easily identifiable International Classifi-

cation of Diseases, Ninth Revision, Clinical Modification 

(ICD-9-CM) codes. Because endophthalmitis is perhaps 

the most feared and visually devastating complication fol-

lowing IVT injections, underdiagnosis is likely not an issue. 

As such, the data from this source are likely to accurately 

represent how often clinicians are making this diagnosis in 

the “real-world” setting. The 3 objectives of this study were 

as follows: 1) to compare rates of endophthalmitis (sterile 

and infectious) following IVT injections of aflibercept, beva-

cizumab, and ranibizumab, 2) to determine if there are risk 

factors associated with developing cases of endophthalmitis, 

and 3) to investigate how physicians are currently treating 

cases of post-IVT-injection endophthalmitis.

Patients and methods
study design
This claims-based retrospective cohort study examined the 

risk of developing endophthalmitis following IVT injection 

of aflibercept, bevacizumab, or ranibizumab in a national 

cohort of insured patients. Analyses were conducted using the 

Wolters Kluwer Health’s Source® Lx database, which con-

tains Health Insurance Portability and Accountability Act-

compliant administrative patient data. Prescription claims 

from commercial plans, Medicare Part D plans, cash, and 

Medicaid claims were included in this data source. According 

to the US Department of Human Services, if research does 

not involve intervention or interaction with individuals, and 

if information on subjects is not individually identifiable, 

the research is considered not to involve human subjects and 

therefore does not even require a waiver from an institutional 

review board [45 CFR 46.102(f)(1),2].

The study only included deidentified data, therefore 

neither institutional review board approval, nor a waiver of 

such approval, was required.

All nAMD patient encounters were captured from the 

USA Food and Drug Administration approval date for 

aflibercept for treatment of nAMD (11/18/2011) until the 

last date of available data at the time of analysis (5/31/2013). 

The study was designed to assess the rate of endophthal-

mitis in patients with nAMD because this indication had 

the largest sample size and aflibercept has been approved 

for the longest period of time for this indication. Data for 

retinal vein occlusion (RVO) and diabetic macular edema 

(DME) are not reported here because the sample size for 

the RVO analysis for aflibercept was small compared with 

those for ranibizumab and bevacizumab, and aflibercept 

was not approved for treatment of DME at the time of the 

study. A patient encounter was an instance in which a patient 

diagnosed with nAMD had a claim for an IVT anti-VEGF 

injection on the same day as the diagnosis. Each patient may 

have had multiple encounters; each encounter for a given 

patient was considered separately. The date of the encounter 

(diagnosis/anti-VEGF claim) served as the index date, 

and each encounter was followed for 30 days. Encounters 

were excluded if the patient had a prior diagnosis of 

endophthalmitis (before the first anti-VEGF treatment in the 

identification period), had a claim for cataract surgery within 

30 days of the encounter, or if the patient ever had a claim 

for glaucoma surgery. Furthermore, once a patient received 

a diagnosis of endophthalmitis, regardless of whether he or 
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she switched treatment, all subsequent encounters for that 

patient were excluded. Therefore, only 1 endophthalmitis 

event per patient was included in these analyses.

Diagnoses of nAMD and endophthalmitis were based on 

ICD-9-CM13 codes detailed in Table S1. Claims for IVT anti-

VEGF injections (aflibercept, bevacizumab, or ranibizumab) 

were identified based on the Healthcare Common Procedure 

Coding System codes detailed in Table S2.

The primary study outcome was occurrence of endophthal-

mitis during the 30-day follow-up period, which was selected 

based on previous endophthalmitis research.14

Data analysis
Patient encounters were stratified based on the type of anti-

VEGF agent used on the index date. Endophthalmitis rates 

were calculated separately for aflibercept, bevacizumab, and 

ranibizumab. Pairwise comparisons of frequencies between 

therapies were made. In addition, the 18-month study period 

was divided into three 6-month periods and endophthalmitis 

rates were calculated for each anti-VEGF agent in each of the 

3 periods; this was to confirm whether patterns seen overall 

were consistent over time or being driven by a certain time 

period, which could have indicated a short-lived manufac-

turing issue vs an underlying issue with the product.

To investigate whether there were risk factors asso-

ciated with developing endophthalmitis, a repeated-

measure analysis with generalized estimating equations 

was performed to adjust for baseline differences between 

treatment groups and the correlation among patients 

with multiple encounters. The models adjusted for 

the following confounding variables: baseline patient 

characteristics (age, sex, and region), comorbidities, and 

type of retinal disease (cataract, glaucoma).

Resource utilization, including rates of specific injectable 

antibiotic use (amikacin, vancomycin, garamycin, ceftriax-

one, cefuroxime, and ceftazidime), vitrectomy, and injectable 

steroids within 14 days of endophthalmitis, was estimated. 

In addition, the rate of patients who continued on the same 

anti-VEGF agent, switched to a different anti-VEGF therapy, 

or discontinued anti-VEGF therapy during the 6-month 

period post-endophthalmitis was calculated.

All data transformations and statistical analyses were 

performed using SAS® version 9.4 (SAS Institute, Cary, 

NC, USA).

Results
incidence of endophthalmitis
A total of 818,558 nAMD patient encounters were identified 

for this analysis (Figure S1). Baseline demographic charac-

teristics for the first observed encounter per patient are shown 

in Table 1. The mean age (± SD) at the first encounter was 

75.0±6.1 years. Most of the administered injections were 

IVT bevacizumab, followed by ranibizumab and afliber-

cept (58.8%, 24.6%, and 16.6%, respectively). Comorbid 

conditions (diabetes mellitus, cataract, and glaucoma) were 

similarly distributed among the treatment groups.

The overall rate of endophthalmitis was 0.061% 

(498/818,558) for nAMD patient encounters. The rate of 

endophthalmitis was higher following aflibercept (0.100%, 

95% CI: 0.083–0.117) than bevacizumab (0.056%, 95% CI: 

0.049–0.062) or ranibizumab (0.047%, 95% CI: 0.037–0.056) 

injections (P,0.001 for both vs aflibercept) (Figure 1).

Table 1 Patient demographic characteristics for the first observed nAMD encountersa

Demographic characteristic,  
N (%)b

Aflibercept 
N=11,578 (7.4%)

Bevacizumab 
N=107,547 (68.7%)

Ranibizumab 
N=37,469 (23.9%)

agec (years), mean ± sD 75.8±5.0 74.8±6.4 75.4±5.3
#64 504 (4.4) 7,918 (7.4) 2,005 (5.4)
65–74 2,040 (17.6) 18,478 (17.2) 5,851 (15.6)
75–79 9,034 (78.0) 81,151 (75.5) 29,613 (79.0)

Female 7,118 (61.5) 66,802 (62.1) 23,298 (62.2)
region

Midwest 3,629 (31.3) 25,317 (23.5) 8,290 (22.1)
northeast 3,055 (26.4) 23,503 (21.9) 11,332 (30.2)
south 3,542 (30.6) 43,506 (40.5) 12,801 (34.2)
West 1,352 (11.7) 15,221 (14.2) 5,046 (13.5)

no of chronic conditions, mean ± sD 2.1±1.8 2.2±1.8 2.3±1.7
Charlson comorbidity index, mean ± sD 0.6±1.3 0.7±1.4 0.7±1.3
Diabetes mellitus 1,338 (11.6) 15,884 (14.8) 4,841 (12.9)
Cataract 1,634 (14.1) 16,826 (15.6) 6,175 (16.5)
glaucoma 981 (8.5) 9,222 (8.6) 3,624 (9.7)

Notes: aOnly the first observed encounter per patient was included. bUnless otherwise stated. chealth insurance Portability and accountability act reported age – all 
ages #79 years.
Abbreviation: naMD, neovascular age-related macular degeneration.
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After adjusting for factors, including baseline patient 

characteristics (age, sex, and region), comorbidities, and type 

of retinal disease (cataract, glaucoma), aflibercept was found 

to be associated with a significantly higher risk of endophthal-

mitis vs ranibizumab (adjusted odds ratio: 2.19; 95% CI: 

1.68–2.85; P,0.0001) (Table 2). The risk of endophthalmitis 

was similar for bevacizumab and ranibizumab (Table 2). 

None of the other factors examined, including patient age, 

sex, geographical region, comorbid conditions, or whether 

the injection was the first received or otherwise, were associ-

ated with increased risk of endophthalmitis (Table 2).

The rate of endophthalmitis during each 6-month period 

of the 18-month study period is shown in Figure 2. For 

aflibercept, the rate of endophthalmitis appeared to increase 

as the study progressed. The rate of endophthalmitis remained 

relatively stable throughout the study period for ranibizumab 

and bevacizumab (Figure 2).

The rate of endophthalmitis was higher at every injection 

of the sequence for patient encounters at which aflibercept 

was administered (range, 0.02%–0.18%) compared with 

ranibizumab (range, 0.01%–0.10%) and bevacizumab 

(range, 0.02%–0.07%), with the exception of injection 5 

(Figure S2).

Following nAMD encounters, endophthalmitis occurred 

within a median of 3 days of aflibercept injections (mean: 

7.6 days), compared with a median of 5 days for ranibi-

zumab (mean: 8.5 days) and bevacizumab (mean: 7.6 days) 

(Figure 3).

Treatment received within 14 days after 
endophthalmitis
A total of 38.6% (192/498) of endophthalmitis cases in 

patients with nAMD received treatment with injectable anti-

biotics within 14 days of endophthalmitis; vancomycin and 

ceftazidime were the most frequently administered antibiotics 

(Figure S3). Injectable steroids were administered within 

14 days of endophthalmitis for 15.3% (76/498) of patient 

encounters. The number of patients undergoing vitrectomy 

within 14 days of endophthalmitis was 30.3% (151/498) 

(Figure S4). There were no major differences between the 

treatment groups with regard to number of patients who 

received injectable antibiotics or steroids, or underwent 

vitrectomy (Figures S3 and S4). It should be noted that 

patients may have received more than 1 antibiotic or course 

of treatment.

anti-VegF treatment after incidences 
of endophthalmitis
Within the 6-month period after endophthalmitis was iden-

tified, 38.0% (189/498) of nAMD patient encounters were 

receiving the same anti-VEGF agent, 20.7% (103/498) had 

switched to another anti-VEGF agent, and 41.4% (206/498) 

were not receiving any anti-VEGF treatment. A greater pro-

portion of nAMD encounters receiving ranibizumab (48.9%, 

46/94) were continuing the same drug at 6 months (ie, had 

not switched or discontinued) compared with aflibercept 

(34.6%, 47/136) or bevacizumab (35.8%, 96/268). This 

was accompanied by a lower rate of discontinuation of anti-

VEGF therapy for patient encounters receiving ranibizumab 

Figure 1 rate of endophthalmitis in naMD patients.
Notes: aP,0.001. Pairwise comparison with aflibercept as reference group, adjusted 
by stepdown Bonferroni method. error bars represent 95% Cis.
Abbreviation: naMD, neovascular age-related macular degeneration.

Table 2 repeated-measures analysis for risk of endophthalmitis 
among naMD patient encounters (n=818,558)

Parameter Odds 
ratio

95% CI P-value

age (years)
#64 vs 75+ 1.25 0.87–1.81 0.2280
65–74 vs 75+ 0.97 0.76–1.24 0.8243

Female vs male 0.86 0.72–1.03 0.1074
region

Midwest vs West 0.78 0.57–1.07 0.1253
northeast vs West 1.00 0.75–1.35 0.9844
south vs West 1.23 0.94–1.61 0.1307

no of chronic conditions 1.01 0.95–1.07 0.7729
Charlson comorbidity index 1.05 0.97–1.13 0.2101
Diabetes mellitus 1.12 0.85–1.48 0.4236
Cataract 1.15 0.92–1.43 0.2342
glaucoma 0.93 0.69–1.27 0.6608
First injection vs subsequent injection 1.02 0.76–1.36 0.9032
anti-VegF use

Aflibercept vs ranibizumab 2.19 1.68–2.85 ,0.0001
Bevacizumab vs ranibizumab 1.17 0.93–1.49 0.1795

Abbreviations: naMD, neovascular age-related macular degeneration; VegF, 
vascular endothelial growth factor.
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(27.7%, 26/94) compared with aflibercept (39.7%, 54/136) 

or bevacizumab (47.0%, 126/268) (Figure S5).

Discussion
This retrospective cohort study of USA claims data for 

patients with nAMD demonstrated that the overall rate of 

endophthalmitis was low (0.061%) following IVT anti-VEGF 

injections. This is broadly consistent with much of the previ-

ously published literature from large, retrospective studies 

(summarized by Dossarps et al7).

After adjusting for baseline patient differences, afliber-

cept was associated with a significantly higher risk of 

endophthalmitis vs ranibizumab in patients with nAMD. 

The risk of endophthalmitis was not significantly different 

between ranibizumab and bevacizumab. During the clinical 

trials of these agents, no statistically significant differences 

in the rates of ocular inflammation were observed (although 

these studies were neither designed nor powered to detect 

differences in safety outcomes).12 Because ocular inflamma-

tion following IVT anti-VEGF injections is encountered with 

relatively low frequency and most studies only encounter a 

few cases, there is little evidence in the published literature 

to corroborate our findings regarding potential differences 

in rates of endophthalmitis among these agents. A similar 

medical claims data-based retrospective cohort study by 

VanderBeek et al15 demonstrated no significant differ-

ence between bevacizumab and ranibizumab in the rate of 

post-injection endophthalmitis (0.017% [49/296,565 injec-

tions] and 0.025% [22/87,245 injections], respectively). 

However, a smaller retrospective case series demonstrated 

that aflibercept was associated with higher rates of ocular 

inflammation than bevacizumab and ranibizumab when 

considering sterile vitritis (0.16% [13 cases], 0.10% [67], 

and 0.02% [6], respectively), culture-positive endophthal-

mitis (0.02% [2], 0.003% [2], and 0.01% [3], respectively), 

and indeterminate cases administered antibiotics without a 

positive culture result (0.16% [13], 0.06% [40], and 0.03% 

[9], respectively).16

There are a number of factors that have the potential to 

impact rates of ocular inflammation following IVT anti-VEGF 

injections. Contamination with bacteria or endotoxin during 

preparation of the drug or the injection procedure is implicated 

in many reported cases, with clusters of post-IVT injection 

ocular inflammation associated with individual physicians and 

anti-VEGF drug lots or batches.9,17–21 Variations in molecular 

structure may mean that there are differences in immunoge-

nicity among the agents, which may be increased by degrada-

tion, meaning that drug stability may have a role.21,22

Data regarding the treatment patients received within 

14 days after occurrences of endophthalmitis revealed that 

injectable antibiotics were administered in 38.6% of cases, 

injectable steroids in 15.3%, and vitrectomy was carried 

out in 30.3%. There were no major differences among the 

aflibercept, ranibizumab, or bevacizumab groups with regard 

to the treatment received following cases of endophthalmitis 

for nAMD patient encounters. The presumed use of vitrec-

tomy for treatment of endophthalmitis was more common 

than expected, given that the only clinical trial evaluating 

Figure 2 rate of endophthalmitis during each 6-month period of the 18-month study in naMD patients.
Note: error bars represent 95% Cis.
Abbreviation: naMD, neovascular age-related macular degeneration.
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its effectiveness is limited to a 20-year-old study of post-

operative endophthalmitis, the Endophthalmitis Vitrectomy 

Study.23 This study only reported a benefit of vitrectomy 

in eyes with light perception only at presentation. The use 

of vitrectomy was also more common than expected in a 

recent retrospective cohort study of post-cataract surgery 

endophthalmitis using Medicare billing claims (45%, 

279/615).24 This study demonstrated no association between 

higher rates of vitrectomy and better visual outcomes for 

patients with vision better than light perception.

Data from patients with nAMD indicated that patients 

who received ranibizumab were more likely to still be 

receiving the same drug and not to have discontinued anti-

VEGF therapy after 6 months compared with patients who 

Figure 3 Days from anti-VEGF treatment to first encounter of endophthalmitis for nAMD patients.
Abbreviations: naMD, neovascular age-related macular degeneration; VegF, vascular endothelial growth factor.
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received aflibercept or bevacizumab. The reasons behind this 

cannot be determined from these study data, but potential 

differences in long-term tolerability among the drugs warrant 

further investigation.

The present study, evaluating nearly 1 million injections, 

is the largest conducted to date regarding the incidence of 

endophthalmitis and the treatment following IVT anti-VEGF 

injections. Furthermore, the contemporary data mean that 

it is the first to comparatively assess endophthalmitis rates 

following bevacizumab, ranibizumab, and the more recently 

approved aflibercept. This study is based on a patient claims 

database; therefore, the risk of selection bias (overestimating 

the number of cases of endophthalmitis) is reduced com-

pared with some practice-based studies, particularly studies 

at practices to which patients with endophthalmitis may be 

referred. A general limitation of studies based on patient 

claims databases is that the data are collected for billing, 

rather than research purposes. Billing codes lack clinical 

information (including visual acuity) and the data necessary 

to distinguish between sterile and infectious endophthalmitis, 

which are thought to differ in their pathogenesis, although 

this is currently not well understood.4 In addition, these 

retrospective data cannot be used to identify differences 

in the injection practices that may have contributed to our 

findings. Furthermore, claims reflect the care received and 

not the reasons for that care.

Conclusion
In summary, this large, retrospective claims analysis of 

patients with nAMD demonstrated that the rate of endophthal-

mitis following IVT anti-VEGF agents was generally low, 

but higher following aflibercept compared with following 

either ranibizumab or bevacizumab. The findings of this study 

support the expectation of a low rate of endophthalmitis fol-

lowing IVT anti-VEGF treatment. Nevertheless, awareness 

of the risk remains clinically relevant due to the requirement 

for regular repeat injections for treatment of nAMD.

Abbreviations
DME, diabetic macular edema; ICD-9-CM, International 

Classification of Diseases, Ninth Revision, Clinical Modi-

fication; IVT, intravitreal; nAMD, neovascular age-related 

macular degeneration; RVO, retinal vein occlusion; VEGF, 

vascular endothelial growth factor.
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Table S1 iCD-9-CM codes for identifying neovascular age-related macular degeneration and endophthalmitis

ICD-9-CM code Condition

362.52 aMD
360.00 Purulent endophthalmitis, unspecified
360.01 acute endophthalmitis
360.02 Panophthalmitis
360.03 Chronic endophthalmitis
360.04 Vitreous abscess
360.19 Other endophthalmitis

Note: Classification of Diseases, Ninth Revision, Clinical Modification.
Abbreviations: AMD, age-related macular degeneration; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.

Table S2 healthcare Common Procedure Coding system codes

Agent Timeframe Code

ranibizumab 11/18/2011–present J2778
Bevacizumab 11/18/2011–present J3490 or J3590 Payment: $1–500

11/18/2011–present J9035
11/18/2011–present C9257

Aflibercept 11/18/2011–present J3490 or J3590 Payment: $1,500+
04/01/2012–06/30/2012 C9291
07/01/2012–12/31/2012 Q2046
01/01/2013–present J0178

Supplementary materials

Figure S1 Patient encounter identification.
Note: aData for RVO and DME are not reported here because the sample size for the RVO analysis for aflibercept was small compared with those for ranibizumab and 
bevacizumab, and aflibercept was not approved for treatment of DME at the time of the study.
Abbreviations: DMe, diabetic macular edema; naMD, neovascular age-related macular degeneration; rVO, retinal vein occlusion; VegF, vascular endothelial growth factor.
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Figure S2 rate of endophthalmitis by injection order in patients with naMD.
Abbreviation: naMD, neovascular age-related macular degeneration.

Figure S3 injectable antibiotic treatment within 14 days after endophthalmitis for naMD patient encounters.
Abbreviation: naMD, neovascular age-related macular degeneration.
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Figure S4 Management of incidences of endophthalmitis using vitrectomy for naMD patient encounters.
Abbreviation: naMD, neovascular age-related macular degeneration.
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