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Purpose: Antivascular endothelial growth factor (anti-VEGF) agents are routinely intravitreously injected to treat neovascular
age-related macular degeneration (AMD). Postoperative endophthalmitis, a side effect after intravitreal anti-VEGF injection,
has been reported to have a low incidence but may threaten vision. In this study, we aimed to analyze the incidence of acute
endophthalmitis after intravitreal anti-VEGF injection and associated risk factors in patients with neovascular AMD in South
Korea.

Methods: Using the health claims data recorded in the Korean National Health Insurance System database, we identified
newly developed neovascular AMD cases from 2010 through 2019. Acute endophthalmitis was defined as a case of invasive
treatment for accompanying symptoms. All statistical analyses were performed with a significance level p < 0.05. To find risk
factors, we used univariate and multivariable Poisson regression.

Results: The overall incidence of acute endophthalmitis was 0.019% (p = 0.21) during the 10-year period: 0.025% for afliber-
cept injection and 0.014% for ranibizumab injection. The incidence was higher in metropolitan city residents than in Seoul (in-
cidence rate ratio [IRR], 1.96; 95% confidence interval [Cl], 1.02—3.79; p = 0.04) and was higher for aflibercept injections than
for ranibizumab injections (IRR, 1.82; 95% Cl, 1.17-2.82; p = 0.01). However, in multivariate analysis, only aflibercept injections
showed a significant effect on the incidence of acute endophthalmitis (IRR, 1.80; 95% Cl, 1.16-2.79; p = 0.01).

Conclusions: The incidence of acute endophthalmitis after intravitreal anti-VEGF injections was generally low, and aflibercept

was revealed as a significant risk factor.
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Globally, age-related macular degeneration (AMD) is
one of the leading causes of visual impairment and blind-
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blood vessels in the subretinal space, resulting in more se-
vere vision loss.

Antivascular endothelial growth factor (anti-VEGF)
agents have been widely used to treat neovascular AMD.
The most commonly used anti-VEGF agents are afliber-
cept (Eylea; Regeneron, Tarrytown, NY, USA), ranibizum-
ab (Lucentis; Genentech, South San Francisco, CA, USA),
and bevacizumab (Avastin, Genentech). Both aflibercept
and ranibizumab are supplied in single-use vials. In case
of prefilled formulation, aflibercept is not currently avail-
able on the market in South Korea, while ranibizumab has
been approved since June 2019. Meanwhile, bevacizumab,
an off-label drug, is used without regulatory approval and
is not listed by the Korean National Health Insurance Sys-
tem (KNHIS) for neovascular AMD [3].

Acute endophthalmitis is a sight-threatening complica-
tion of intravitreal anti-VEGF injections [4]. The reported
incidence of endophthalmitis following intravitreal an-
ti-VEGF injection is generally low, ranging from 0.01% to
0.44% [5-11]. Endophthalmitis can cause considerable vi-
sion loss, and a thorough understanding of its incidence
and risk factors is important. However, to date, no previous
study in South Korea has analyzed the incidence of acute
endophthalmitis after intravitreal injection in neovascular
AMD by using entire population data, while only a few
such studies have been conducted worldwide. Therefore,
this study aimed to analyze the incidence of acute endoph-
thalmitis after intravitreal anti-VEGF injection and the as-
sociated risk factors in patients with neovascular AMD
based on claims data from the KNHIS database.

Materials and Methods

Ethics statement

This retrospective, nationwide, population-based study
was approved by the Institutional Review Board of the Na-
tional Health Insurance Service Ilsan Hospital (No.
NHIMC 2020-12-019). The study adhered to the tenets of
the Declaration of Helsinki, and the requirement for writ-
ten informed consent was waived because all data provid-
ed by the KNHIS were anonymized.

436

Data source

We accessed the health claims data recorded in the KN-
HIS database. In South Korea, approximately 97% of all
Korean nationals are registered under the KNHIS, and the
remaining 3% are covered by the Medical Assistance Pro-
gram. The KNHIS database includes information pertain-
ing to patients’ sociodemographic characteristics, diagnos-
tic codes, procedures, prescription drugs, and direct
medical costs for both inpatient and outpatient care.

Data extraction

The Korean Ministry of Health and Welfare classified
neovascular AMD as a “rare disease” in August 2009, and
patients with the neovascular AMD registration code
(V201) were entitled to receive benefits from a copayment
assistance policy from August 2009 forward. We identified
newly developed neovascular AMD cases using the regis-
tration code V201 from January 1, 2010, through Decem-
ber 31, 2019. Patients who were prescribed ranibizumab
and aflibercept were included. Patients younger than 40
years of age or those without data for demographic vari-
ables were excluded. We collected data on sex, age, comor-
bidities, household income, residential area, number of in-
travitreal injections, and type of anti-VEGF medication;
aflibercept supplied in single-use vials and ranibizumab
supplied in both vial and prefilled syringe.

We assumed that if endophthalmitis occurred within 4
weeks after intravitreal anti-VEGF injection, it was acute
endophthalmitis caused by the injection. Acute endoph-
thalmitis was defined as cases in which treatment with vit-
rectomy (Korean Electronic Data Interchange [KEDI]
codes S5121, S5122) and intravitreal antibiotic injection
(KEDI code S5070) were performed on the same day or
intravitreal antibiotic injection alone was performed under
the diagnosis of acute endophthalmitis (Korean Standard
Classification of Disease-8 [KCD-8] codes H44.0, H44.1,
and H45.1). Recurrences within 4 weeks were excluded.

Statistical analysis

The incidence of acute endophthalmitis per injection was
calculated and analyzed for differences in annual inci-
dence over time. Using univariate and multivariable Pois-
son regression, we also evaluated the relationship between
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the onset of endophthalmitis and sex, age, systemic diseas-
es, household income, residential area, and type of medica-
tion. The significance level was set at p < 0.05. All statisti-
cal analyses were performed using the SAS ver. 9.4 (SAS
Institute Inc., Cary, NC, USA).

Results

Incidence of acute endophthalmitis

From 2010 to 2019, a total of 437,415 intravitreal an-
ti-VEGF injections were administered (ranibizumab,
52.3%; aflibercept, 47.7%), and acute endophthalmitis was
diagnosed in 85 patients. Table 1 shows the distribution of
intravitreal injections from 2010 to 2019 for the entire
country as well as the distribution for each medication.
The overall incidence of acute endophthalmitis was 0.019%
(p = 0.21) during this 10-year period, and there was no sig-
nificant difference in incidence by year. The incidence was
higher after aflibercept injection (0.025%) than after ran-
ibizumab injection (0.014%) (Table 1).

Period from injection to acute endophthalmitis

Acute endophthalmitis occurred within 1 week after in-
travitreal injection in 65 cases (76.5%) and within 2 weeks
in 13 cases (15.3%). Subsequently, three and four cases of
endophthalmitis occurred at the 3rd and 4th weeks, respec-
tively (Table 2).

Risk factors for acute endophthalmitis

We analyzed the risk factors associated with the onset of
acute endophthalmitis after intravitreal anti-VEGF injec-
tions. In univariate analysis, the incidence was higher in
metropolitan city residents than in capital city Seoul resi-

dents (incidence rate ratio [IRR], 1.96; 95% confidence in-
terval [CI], 1.02-3.79; p = 0.04) and was higher for afliber-
cept injections than for ranibizumab injections (IRR, 1.82;
95% CI, 1.17-2.82; p = 0.01). In multivariate analysis, only
medication type showed a significant effect on the inci-
dence of acute endophthalmitis (IRR, 1.80; 95% CI, 1.16—
2.79; p = 0.01) (Table 3).

Discussion

In this study, we analyzed the incidence and risk factors
of acute endophthalmitis after intravitreal anti-VEGF in-
jections in patients with neovascular AMD by using the
KNHIS health claims data and neovascular AMD registra-
tion codes from 2010 to 2019. Acute endophthalmitis after
intravitreal anti-VEGF injection occurred very rarely
(0.019%), and the risk of developing endophthalmitis was
higher with aflibercept injections than with ranibizumab
injections (IRR, 1.80; 95% CI, 1.16-2.79; p = 0.01).

Few studies have analyzed the rate of endophthalmitis
after intravitreal anti-VEGF injections in patients with wet
AMD. The incidence of endophthalmitis in our study dif-
fered in comparison with the findings reported in previous
studies, which seems to be mainly related to differences in
study design, patient characteristics, and the definition of
endophthalmitis. In a 2-year single-center retrospective
study, the incidence of clinically diagnosed endophthalmi-
tis was reported to be 0.014%, which is consistent with our
study [12]. However, another 4-year multicenter retrospec-
tive study found that the incidence of presumed infectious
endophthalmitis was much higher (0.04%) [7]. Also, a sin-
gle-center prospective study reported an incidence as high
as 0.083% [6]. Similar to our study, these studies targeted
patients who were clinically suspected of having infectious
endophthalmitis after intravitreal anti-VEGF injection, re-
ceived vitreous tap, and underwent intravitreal antibiotic

Table 2. Distribution of the time from intravitreal injection to the onset of acute endophthalmitis

No. of endophthalmitis cases

Variable No. of injections
Week 1 Week 2 Week 3 Week 4
Total 437,415 65 13 3 4
Sex
Male 274,687 42 8 1 1
Female 162,728 23 5 2 3
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injection or vitrectomy. However, unlike our study, these
studies included patients with other retinal diseases, such
as diabetic macular oedema, proliferative diabetic retinop-
athy, and retinal vein occlusion other than wet AMD,
which may have affected the overall incidence of endoph-
thalmitis. In particular, diabetic patients are vulnerable to
infection due to innate immune suppression and blood cir-
culatory dysfunction, which may affect the incidence of
endophthalmitis after intravitreal injection [7,13].

The incidence of endophthalmitis according to the medi-
cations used also differed between studies. In this study,
the incidence was slightly higher with intraocular injec-
tions of aflibercept (0.025% vs. 0.014%). In a study using
US claims data, the incidence of antibiotic-associated en-

HJ Seong, et al. Acute Endophthalmitis in AMD

dophthalmitis was higher with aflibercept than with ran-
ibizumab (0.44% vs. 0.22%), and the risk of developing en-
dophthalmitis was also higher with aflibercept (adjusted
relative ratio, 2.04; 95% CI, 1.42-2.92; p < 0.05) [14]. How-
ever, some studies showed no statistically significant dif-
ferences in the incidence of endophthalmitis by medication
type [12,15,16].

The higher incidence of endophthalmitis after intravitre-
al aflibercept injection is difficult to explain. One possible
explanation is that patients with severe sterile intraocular
inflammation were also included in our analysis, which
may have increased the incidence of acute endophthalmitis
requiring invasive treatment. Aflibercept contains an Fc
domain that can act as a proinflammatory factor and can

Table 3. Analysis of the risk factors for acute endophthalmitis after intravitreal injections

Univariate Poisson regression

Multivariate Poisson regression

Variable
IRR (95% CI) p-value IRR (95% CI) p-value
Sex
Male 0.93 (0.60—1.44) 0.76 0.87 (0.56-1.34) 0.52
Female 1 (Reference) 1 (Reference)
Comorbidity

Diabetes mellitus 1.04 (0.67-1.60)

0.87 1.15 (0.73-1.80) 0.55
0.14 0.74 (0.47-1.16) 0.19
>0.99 - >0.99
0.15 1.20 (0.77-1.88) 0.42

1 (Reference)

Hypertension 0.72 (0.47-1.11)
Age (yr)

<50 _

50-69 1.37 (0.89-2.10)

>70 1 (Reference)
Household income

Medicaid 1 (Reference)

1-5 0.62 (0.20-1.94)

6-10 0.84 (0.27-2.57)

11-15 1.10 (0.38-3.14)

16-20 0.56 (0.20-1.57)

Residential area

Capital city (Seoul) 1 (Reference)

Large city 1.96 (1.02-3.79)

Small city 1.66 (0.88-3.13)

Rural 1.29 (0.51-3.23)
Drug type

Aflibercept 1.82 (1.17-2.82)

Ranibizumab 1 (Reference)

1 (Reference)

0.41 0.59 (0.19-1.86) 0.36
0.76 0.79 (0.25-2.45) 0.68
0.87 1.04 (0.36-3.00) 0.94
0.27 0.56 (0.20-1.58) 0.27
1 (Reference)
0.04" 1.89 (0.98-3.65) 0.06
0.12 1.61 (0.86-3.03) 0.14
0.59 1.26 (0.50-3.17) 0.62
0.01 1.80 (1.16-2.79) 0.01°

1 (Reference)

IRR = incidence rate ratio; CI = confidence interval.

"Significant value.
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cause sterile intraocular inflammation [17]. In patients with
wet AMD, the Fc-gamma receptor Ila (FcyRIla) is widely
expressed throughout the retina [18]. Unlike ranibizumab,
aflibercept, which has a higher molecular weight, does not
permeate the retina through the intercellular space and is
absorbed by neuronal cells and the retinal pigment epithe-
lium [19]. Therefore, the Fc domain of aflibercept can bind
to FcyRIIa, which is upregulated in wet AMD patients and
ultimately induces inflammation [14,18].

Several potential factors are associated with endophthal-
mitis following intravitreal anti-VEGF injections. The
most common cause may be bacterial or fungal contami-
nation during the injection procedure. In a survey by
Green-Simms et al. [20], 88% of US retinal specialists did
not use a sterile drape, and only 33% wore sterile gloves.
These practices may have increased the risk of endophthal-
mitis. However, antibiotic prophylaxis does not affect the
incidence of endophthalmitis [21,22]. Environmental ef-
fects, such as septic injection techniques or contaminated
aerosolized droplets, are another potential source of infec-
tion. An extremely low incidence of endophthalmitis
(0.000%—0.008%) was reported when the procedure was
performed in an operating room setting [23-26]. No differ-
ence was observed in the incidence rate of endophthalmitis
following injections in the operating room and office (odds
ratio, 3.06; 95% CI, 0.07-139.75), but the rate of develop-
ment of culture-positive endophthalmitis was much higher
following injection in the office (odds ratio, 21.52; 95% CI,
2.39-193.55) [27]. These results show that a sterile environ-
ment can contribute to reducing endophthalmitis after in-
jection.

The incidence of endophthalmitis may also increase due
to mishandling of the medication, i.e., problems with stor-
age or preparation. A nationwide cohort study performed
in France showed a higher risk of endophthalmitis with af-
libercept than with prefilled ranibizumab (IRR, 1.80; 95%
CI, 1.24-2.61). Antigenic particles derived from protein
degradation or silicone oil droplets may form during rapid
freezing, thawing, or storage outside the recommended
temperature range of 2°C to 8°C [28]. In addition, during
the process of transfer from a vial to a syringe, the medi-
cation may be exposed to the infection source. For patients
treated with ranibizumab, prefilled syringes also showed a
lower risk of endophthalmitis than nonprefilled syringes
(IRR, 1.60; 95% CI, 1.14-2.25), which means that fewer
manipulations and preparation under sterile environments
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are important to reduce postoperative endophthalmitis [4].
Our study had several limitations. First, the identifica-
tion of cases with intravitreal anti-VEGF injections, en-
dophthalmitis, and other comorbidities by using healthcare
claims and KCD and KEDI codes might be inaccurate
when compared with information obtained from medical
charts. In particular, this method shows a greater potential
for misclassification or underdetection-related bias. Sec-
ond, the diagnosis of acute endophthalmitis was based on
clinical suspicion rather than a strict bacteriological defini-
tion, and both culture-positive and culture-negative cases
were included in the study. As a result, patients with severe
sterile inflammation were also included in our analysis.
Third, the lack of clinical information regarding factors
such as medical history, visual acuity, and subtypes of neo-
vascular AMD is another inherent limitation. Despite its
low risk, endophthalmitis is a vision-threatening disease;
therefore, an understanding of the visual prognosis of en-
dophthalmitis after injection is important. Fourth, bevaci-
zumab, which is less expensive than aflibercept or ranibi-
zumab, is often intravitreally injected when the eligibility
criteria for neovascular AMD are not met. However, since
bevacizumab is an off-label drug, it is not covered by in-
surance and is excluded from the KNHIS database. There-
fore, the incidence of acute endophthalmitis during intrav-
itreal bevacizumab injections was not analyzed. Fifth,
although the use of prefilled syringes may affect the inci-
dence of endophthalmitis, it was not analyzed as a risk
factor in this study. This is because the domestic approval
date of the prefilled ranibizumab was June 2019, and pre-
filled aflibercept has not been marketed in Korea. In other
words, prefilled syringe was used very limitedly within the
study period, so it was not possible to compare the inci-
dence of endophthalmitis between prefilled syringe and vi-
als. In future research, analysis of syringe type should be
considered as one of the risk factors for endophthalmitis.
Nevertheless, our study also had the following strengths.
This is the largest retrospective claims data-based study of
acute endophthalmitis after intravitreal anti-VEGF injec-
tion in patients with neovascular AMD in South Korea
over a 10-year study period. Using this population-based
database, we provided a reliable assessment of the inci-
dence of acute endophthalmitis after intravitreal injec-
tion—an extremely rare complication—that was consistent
with previous studies. We also demonstrated the safety of
frequently performed procedures in neovascular AMD.



In this study, we demonstrated a generally low incidence
of acute endophthalmitis after intravitreal anti-VEGF in-
jections, consistent with previous studies. However, be-
cause neovascular AMD requires repeated intravitreal an-
ti-VEGF injections, attention should be paid to the risk of
endophthalmitis.
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