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ABSTRACT

To determine the worldwide incidence of endophthalmitis
after intravitreal injection of anti-vascular endothelial growth factor (anti-VEGF)
medications, we carried out a systematic review and meta-analysis.
To locate relevant research published up to June 2024, a
comprehensive search was performed in PubMed, Scopus, Web of Science, and Google
Scholar using the following keywords: "endophthalmitis," "intravitreal injection," "anti-
VEGF," "bevacizumab," "Awvastin," "aflibercept,” and "ranibizumab." The incidence of
endophthalmitis in individuals who received intravitreal injection of anti-VEGF alone was
only recorded in these trials.

s 136 of the 1563 identified references could be included in the meta-analysis after
duplicates and irrelevant papers were eliminated. Evaluation of 23,809,816 intravitreal anti-
VEGF injections yielded an estimated endophthalmitis incidence of 0.0382 (95% CI: 0.034

t0 0.042).

m Although endophthalmitis is uncommon after intravitreal injections of anti-
VEGF drugs, it is important to pay close attention to infection prevention and management
guidelines due to the potentially serious repercussions of this condition.
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Extended Abstract
Introduction

revolutionized the treatment of retinal

vascular diseases such as age-related macular

degeneration, diabetic retinopathy and retinal
vein occlusion. This has resulted in global injections rising
from less than 3,000 in 2000 to over 5 million in 2019.
While intravitreal injections are generally safe,
endophthalmitis remains the most feared complication due
to potentially catastrophic visual consequences. Severe
intraocular inflammation and endophthalmitis possibly
related to microbial infection may lead to permanent loss
of vision. The reported incidence of endophthalmitis after
intraocular surgery ranges from 0.038% to 0.065%. While
coagulase-negative staphylococci remain the predominant
causative pathogens, streptococcal species are more
frequently isolated following intravitreal injections
compared to incisional surgeries. Given this low but
clinically significant risk, identifying modifiable risk
factors and optimizing prophylactic strategies is essential.
This systematic review and meta-analysis aims to
determine the global incidence of endophthalmitis
following intravitreal anti-VEGF injections and to
elucidate the factors contributing to this complication.

I ntravitreal injection of anti-VEGF drugs has

Methods

This systematic review and meta-analysis was performed
according to the PRISMA 2020 guidelines. A systematic
search of PubMed, Scopus, Web of Science, and Google
Scholar was carried out for studies published through June
2024, with no restrictions on language or date of
publication. The search strategy combined MeSH terms
and relevant keywords (e.g., ‘endophthalmitis,’
‘intravitreal injection,” ‘anti-VEGF,” ‘bevacizumab,’
‘Avastin,” ‘aflibercept,” and ‘ranibizumab’) using Boolean
operators. We also hand-searched the reference lists of
relevant studies and reviews. Studies were selected based
on the Joanna Briggs Institute CoCoPop framework
(Population, Condition, and Context). Included studies
were cross-sectional, cohort and clinical registries on the
incidence of endophthalmitis after intravitreal injections of
anti-VEGF. We excluded case reports, case series with
small numbers, missing data, and data not separable for
anti-VEGF injections. If several studies had overlapping
populations, the one with the most complete or up-to-date
data was retained. The main outcome was the prevalence
of endophthalmitis, which was defined as the number of
confirmed cases per total injections times 100. Study
selection and data extraction were performed
independently by two reviewers, with discrepancies
resolved by a third reviewer. A standardized form was used
to extract study-level data, including first author, year,
country, anti-VEGF  agent, injection  volume,
endophthalmitis incidence, and reported risk factors. The
risk of bias was systematically evaluated, specifically
addressing selection, performance, detection, and reporting
biases. Meta-analysis was performed using the metaprop
command in Stata (version 14). To stabilize the variances

and address the non-normality of the proportions,
Freeman-Tukey double arcsine transformations were
applied. Pooled prevalence and 95% confidence intervals
were calculated with a random-effects model.
Heterogeneity was assessed using the 12 statistic; < 50%
was defined as low heterogeneity, 50-75% as moderate
heterogeneity and > 75% as high heterogeneity. Meta-
regression was performed in an attempt to identify
plausible sources of heterogeneity. Publication bias was
examined using tests by Begg and Egger. Robustness of the
pooled estimate was tested using the trim-and-fill
approach.

Results

The initial database search yielded 1,563 records, of which
368 duplicates were purged. Following a preliminary
screening of 1,195 titles and abstracts, 1,026 were discarded
as irrelevant. Of the remaining 169 full-text articles assessed
for eligibility, 33 were excluded due to cohort overlap, data
insufficiency, or a lack of focus on anti-VEGF interventions.
A meta-analysis of the 136 trials meeting inclusion criteria
comprised 23,809,816 intravitreal injections of anti-VEGF
agents  (bevacizumab  [Avastin], aflibercept and
ranibizumab). The overall pooled prevalence of
endophthalmitis using a random-effects model was 0.0382%
(95% CI, 0.034-0.042). There was significant heterogeneity
across studies (12=93.39%, 95% ClI: 92.61-94.09). Meta-
regression indicated that heterogeneity might be explained
by research design, research location, type of anti-VEGF
drug, injection method, aseptic procedures, and diagnostic
criteria. Although Begg’s and Egger’s tests detected
publication bias (p < 0.0001), no missing studies were
identified by the trim-and-fill analysis, and the pooled
estimate remained robust.

Intravitreal anti-VEGF injection-induced endophthalmitis
was rare, with a pooled global prevalence of 0.0382% in
meta-analysis. This estimate is consistent with previous data
and supports the safety of this therapeutic approach. The
observed heterogeneity across studies underscores a critical
need for standardized reporting protocols and the
implementation of robust prevention strategies. Reported
rates of incidence may vary by study design, patient
populations, anti-VEGF agents, sterile technique,
environmental variables, and the operative definition of
endophthalmitis. The higher rate of streptococcal species in
post-injection endophthalmitis compared to post-operative
patients suggests that respiratory tract droplet contamination
might be a factor. Aerosolized oral flora pose a
contamination hazard to sterile fields, as evidenced in dural
and intra-articular procedures. Verbal communication
without face masks significantly elevates bacterial recovery
on culture plates, an effect successfully countered by
surgical masks. Furthermore, viral upper respiratory
infections facilitate bacterial shedding, increasing the
vulnerability to procedural contamination. Although current
consensus recommendations do not universally mandate
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face masks for intravitreal injections, literature suggests that
minimizing speech and utilizing barrier precautions can
decrease streptococcal endophthalmitis rates. Mirroring
HICPAC-CDC guidelines for dural punctures, adopting
analogous measures for intravitreal injections—namely,
mask compliance, minimized talking, and the furloughing of
symptomatic clinicians—could further minimize the low-
incidence, high-severity risk of endophthalmitis.

Conclusion

This study has a number of limitations. Most of the
included studies were retrospective, which may have
selection and reporting bias. The pooled prevalence estimate
was stable but restricted by statistical heterogeneity of
precision. Publication bias was indicated by formal tests, but
trim-and-fill analysis did not substantially change the
results. Furthermore, non-standardized reporting of clinical
parameters (e.g. patient demographics, indications for
injection, time to onset, microbiological data, visual results
and therapy) limited the possibility of quantitative analysis
of risk factors.

The findings of this systematic review and meta-analysis
indicate that endophthalmitis remains an exceptionally rare
complication following intravitreal anti-VEGF
administration. However, the potential role of respiratory
droplet contamination as a vector for infection necessitates
attention. Evidence suggests that low-cost prophylactic
measures—specifically the implementation of surgical
masks and the minimization of verbal communication during
procedures—may mitigate the risk of vision-threatening

complications. While adherence to stringent aseptic
protocols is mandatory, further prospective interventional
studies are required to evaluate the efficacy of droplet-
control strategies and to establish evidence-based clinical
guidelines.
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Row Study (year) Sample size Prevalence (%) 95% ClI Weight (%)
Fixed Random

1 Tufan, 2013 126 0.000 0.000 to 2.885 0.001 0.013

2 Inman 2011 4960 0.000 0.000 to 0.0743 0.021 0.370

3 Zhai 2024 40 0.000 0.000 to 8.810 0.000 0.004

4 Tanaka 2019 18562 0.000 0.000 to 0.0199 0.078 0.760

5 Blaha 2015 61 0.000 0.000 to 5.868 0.000 0.007

6 Brynskov 2014 20293 0.000 0.000 to 0.0182 0.085 0.780

7 Shimada 2013 15114 0.000 0.000 to 0.0244 0.063 0.700

8 Tanaka, 2022 31173 0.003 0.0000812 to 0.0179 0.130 0.900

9 Hoang 2019 41314 0.005 0.000586 to 0.0175 0.170 0.960
10 Bhavsar 2015 17296 0.006 0.000146 to 0.0322 0.073 0.740
11 Morioka 2020 147440 0.007 0.00325 to 0.0125 0.620 1.140
12 Tanaka, 2022 14725 0.007 0.000172 to 0.0378 0.062 0.690
13 Xu 2017 14001 0.007 0.000181 to 0.0398 0.059 0.670
14 Freiberg 2017 134701 0.007 0.00356 to 0.0137 0.570 1.130
15 Casparis 2014 40011 0.008 0.00155 to 0.0219 0.170 0.950
16 Chen 2020 37830 0.008 0.00164 to 0.0232 0.160 0.940
17 Cavalcante 2010 10142 0.010 0.000250 to 0.0549 0.043 0.580
18 Capo 2020 44196 0.011 0.00367 to 0.0264 0.190 0.970
19 Falavarjani 2015 8037 0.012 0.000315 to 0.0693 0.034 0.510
20 Yannuzzi 2018 183898 0.013 0.00836 to 0.0194 0.770 1.150
21 Garg 2015 129813 0.013 0.00763 to 0.0210 0.550 1.130
22 Shaheen 2021 7542 0.013 0.000336 to 0.0739 0.032 0.490
23 Xu 2018 258357 0.016 0.0111 to 0.0211 1.090 1.170
24 Hébert 2022 28501 0.018 0.00570 to 0.0409 0.120 0.870
25 Storey 2019 243754 0.018 0.0128 to 0.0238 1.020 1.170
26 VanderBeek 2015 383810 0.019 0.0144 to 0.0233 1.610 1.190
27 Park 2013 16186 0.019 0.00382 to 0.0542 0.068 0.720
28 VanderBeek, 2015 387714 0.019 0.0148 to 0.0237 1.630 1.190
29 lii 2008 5233 0.019 0.000484 to 0.106 0.022 0.380
30 Seong 2022 437415 0.019 0.0155 to 0.0240 1.840 1.190
31 Moshfeghi 2011 60322 0.020 0.0103 to 0.0347 0.250 1.030
32 Daien 2018 88150 0.020 0.0121 to 0.0323 0.370 1.080
33 Dossarps, 2015 316576 0.021 0.0158 to 0.0262 1.330 1.180
34 Fintak 2008 26905 0.022 0.00818 to 0.0485 0.110 0.860
35 Chaikitmongkol 2018 4263 0.024 0.000594 to 0.131 0.018 0.330
36 Neubauer 2023 83543 0.024 0.0146 to 0.0370 0.350 1.080
37 Baudin 2022 5291420 0.024 0.0228 to 0.0254 22.220 1.220
38 Baudin 2018 1811977 0.025 0.0223 to 0.0269 7.610 1.220
39 Jonna, 2015 19754 0.025 0.00822 to 0.0591 0.083 0.780
40 Patel 2021 505968 0.026 0.0215 to 0.0305 2.130 1.200
41 Mirghorbani 2022 53927 0.026 0.0142 to 0.0436 0.230 1.010
42 Finkelstein 2022 197402 0.027 0.0201 to 0.0351 0.830 1.160
43 Zafar 2018 11128 0.027 0.00556 to 0.0788 0.047 0.600
44 Feng 2023 325990 0.027 0.0217 to 0.0333 1.370 1.180
45 Borkar 2018 101932 0.028 0.0183 to 0.0397 0.430 1.100
46 Gonzalez 2023 143628 0.028 0.0199 to 0.0379 0.600 1.140
a7 Mishra 2024 170952 0.029 0.0212 to 0.0379 0.720 1.150
48 Pilli 2008 10254 0.029 0.00603 to 0.0855 0.043 0.580
49 Patel 2019 204986 0.029 0.0223 to 0.0377 0.860 1.160
50 moon 2023 249117 0.029 0.0230 to 0.0368 1.050 1.170
51 Englander 2013 10208 0.029 0.00606 to 0.0859 0.043 0.580
52 Mun 2021 128123 0.030 0.0210 to 0.0407 0.540 1.130
53 Nentwich, 2014 20179 0.030 0.0109 to 0.0647 0.085 0.780
54 rosanky 2023 144021 0.031 0.0222 to 0.0410 0.600 1.140
55 Rashaed 2016 22674 0.031 0.0124 to 0.0636 0.095 0.810
56 Karimi 2022 28085 0.032 0.0147 to 0.0608 0.120 0.870
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57 Karimi 2023 28085 0.032 0.0147 to 0.0608 0.120 0.870
58 Ton 2022 68334 0.032 0.0202 to 0.0487 0.290 1.050
59 Piscitello 2017 6111 0.033 0.00396 t0 0.118 0.026 0.430
60 Ahmed 2017 3051 0.033 0.000830 to 0.182 0.013 0.260
61 Zarei 2019 51472 0.033 0.0192 to 0.0529 0.220 1.000
62 Alezzandrini 2010 6040 0.033 0.00401 to 0.120 0.025 0.420
63 Storey 2016 172096 0.033 0.0251 to 0.0429 0.720 1.150
64 L. 2016 90339 0.033 0.0224 to 0.0474 0.380 1.090
65 Nadim 2019 168247 0.033 0.0251 to 0.0432 0.710 1.150
66 Pancholy 2021 283315 0.034 0.0274 to 0.0414 1.190 1.180
67 PATEL, 2022 483622 0.034 0.0291 to 0.0397 2.030 1.200
68 Patel 2019 204986 0.034 0.0266 to 0.0431 0.860 1.160
69 Bavinge 2019 1095305 0.035 0.0313 to 0.0384 4.600 1.210
70 Cheema, 2015 2769 0.036 0.000914 to 0.201 0.012 0.240
71 Hsu 2016 503890 0.036 0.0312 to 0.0420 2.120 1.200
72 Rayess, 2016 503890 0.036 0.0312 to 0.0420 2.120 1.200
73 Patel 2021 483622 0.037 0.0314 to 0.0424 2.030 1.200
74 VanderBeek 2018 1016832 0.037 0.0331 to 0.0407 4.270 1.210
75 H. 2022 164824 0.037 0.0283 to 0.0475 0.690 1.150
76 Karimi 2023 10717 0.037 0.0102 to 0.0955 0.045 0.590
77 Garg 2016 117171 0.038 0.0273 to 0.0504 0.490 1.120
78 Storey 2014 117171 0.038 0.0273 to 0.0504 0.490 1.120
79 Stem 2019 154198 0.038 0.0286 to 0.0486 0.650 1.140
80 Sen 2021 50361 0.038 0.0227 to 0.0589 0.210 1.000
81 Rayess 2016 353978 0.038 0.0320 to 0.0451 1.490 1.190
82 Costa 2021 33515 0.039 0.0207 to 0.0663 0.140 0.910
83 Dhoot 2021 3192245 0.041 0.0385 to 0.0430 13.410 1.220
84 Milani 2021 33273 0.042 0.0230 to 0.0706 0.140 0.910
85 Tabandeh, 2014 11710 0.043 0.0139 to 0.0996 0.049 0.620
86 Davidov 2023 51356 0.045 0.0284 to 0.0672 0.220 1.000
87 Chaudhary 2013 49002 0.047 0.0298 to 0.0704 0.210 0.990
88 Pradhan 2018 4182 0.048 0.005791t00.173 0.018 0.330
89 Klein 2009 30736 0.049 0.0273 to 0.0805 0.130 0.890
90 Mithal 2013 15925 0.050 0.0217 to 0.0990 0.067 0.710
91 Tarrag6 2017 9467 0.053 0.0172 to 0.123 0.040 0.560
92 Kannan 2021 24143 0.054 0.0287 to 0.0921 0.100 0.830
93 Cheung 2012 15897 0.057 0.0259 to 0.107 0.067 0.710
94 Kiss 2018 818558 0.061 0.0556 to 0.0664 3.440 1.210
95 Lee 2022 18622 0.070 0.0372 t0 0.119 0.078 0.760
96 Uner 2024 102908 0.070 0.0547 to 0.0881 0.430 1.100
97 Chen 2011 29995 0.070 0.0433 to 0.107 0.130 0.890
98 Raman, 2016 17359 0.075 0.0399 to 0.128 0.073 0.740
99 Pancholy 2022 187901 0.076 0.0637 to 0.0891 0.790 1.160
100 Diago 2009 3875 0.077 0.0160 to 0.226 0.016 0.310
101 Jonas 2007 1218 0.082 0.00208 to 0.457 0.005 0.120
102 Shah 2011 27736 0.083 0.0526 to 0.124 0.120 0.870
103 Bhavsar 2012 8027 0.087 0.0351 t0 0.180 0.034 0.510
104 Levinson 2018 37646 0.088 0.0603 to 0.123 0.160 0.940
105 Wani, 2016 5429 0.092 0.0299 to 0.215 0.023 0.390
106 Asghar 2018 1082 0.092 0.00234 to 0.514 0.005 0.110
107 Bhavsar 2009 3226 0.093 0.0192 to 0.272 0.014 0.270
108 Inoue 2011 5236 0.096 0.0310 to 0.223 0.022 0.390
109 Lee 2010 2020 0.099 0.0120 to 0.357 0.009 0.180
110 Artunay 2009 3022 0.099 0.0205 to 0.290 0.013 0.260
111 Falavarjani, 2013 5901 0.102 0.0373t0 0.221 0.025 0.420
112 Kaya 2021 12652 0.103 0.0547 t0 0.176 0.053 0.640
113 Mishra 2018 20566 0.131 0.0865 to 0.191 0.086 0.790
114 Forooghian 2017 63183 0.138 0.110t0 0.170 0.270 1.040
115 To 2024 67695 0.165 0.136 t0 0.199 0.280 1.050
116 Terzi¢, 2015 1101 0.182 0.0220 to 0.655 0.005 0.110
117 Spaide 2024 11610 0.198 0.126 to 0.297 0.049 0.620
118 Bergamo 2023 12441 0.201 0.130 to 0.296 0.052 0.640
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119 Pinarci 2013 2850 0.281 0.121 to 0.552 0.012 0.240
120 Yaghi, 2013 342 0.292 0.00740 to 1.618 0.001 0.036
121 Rizwan 2022 2321 0.302 0.121 to 0.620 0.010 0.210
122 Kanchanaranya 2015 519 0.385 0.0467 to 1.385 0.002 0.053
123 Fine, 2015 5905 0.474 0.315 t0 0.685 0.025 0.420
124 Aroca 2012 1383 0.506 0.204 to 1.040 0.006 0.130
125 Meredith 2015 1185 0.928 0.464 to 1.655 0.005 0.120
126 Kim 2022 498 1.406 0.567 to 2.875 0.002 0.051
127 Hsu 2014 13 7.692 0.195 to 36.030 0.000 0.002
128 Simunovic 2012 53 28.302 16.786 to 42.348 0.000 0.006
129 Entezari 2014 33 33.333 17.961 to 51.827 0.000 0.004
130 Rezende, 2014 37 48.649 31.921 to 65.600 0.000 0.004
131 Fukami 2011 12 50.000 21.094 to 78.906 0.000 0.001
132 Ricci 2016 10 50.000 18.709 to 81.291 0.000 0.001
133 Vofo 2024 19 57.895 33.500 to 79.748 0.000 0.002
134 Khan 2016 8 75.000 34.914 t0 96.815 0.000 0.001
135 Kejbou, 2014 3 100.000 29.240 to 100.000 0.000 0.000
136 Beri 2017 10 100.000 69.150 to 100.000 0.000 0.001

Pooled Prevalence based on the Random effect model = 0.0382 (95% CI: 0.034 to 0.042)
Pooled Prevalence based on the fixed effects model = 0.0311 (95% CI: 0.030 to 0.032)
12 (inconsistency) = 93.39% (95% ClI: 92.61% to 94.09%)
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