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Abstract

Purpose: To compare rates of endophthalmitis (1) following intravitreal injection of antivascular endothelial growth factor
therapies with glass-vial preparation (GVP) vs prefilled syringes (PFS) and (2) before and after masking protocols were
implemented. Methods: Medical records within a multicenter retina practice in Houston, Texas, from January 2015 to
August 2021 were retrospectively reviewed. The primary outcome was rate of endophthalmitis after intravitreal injection.
Results: A total of 307 349 injections were performed during the study period and 101 cases of endophthalmitis were identified
(0.033%). PFS use was associated with a decreased risk of endophthalmitis (relative risk [RR], 0.320; 95% CI, 0.198-0.518,
P<<.001); 54 cases of endophthalmitis occurred in the GVP group of aflibercept and ranibizumab (0.052%) compared with
24 in the PFS group (0.017%). There was no difference in the endophthalmitis rates with or without universal masking (RR, 0.953;
95% Cl 0.616-1.473, P=.91). Discussion: PFS use was associated with a significant reduction in the rate of endophthalmitis
while the use of surgical face masks did not appear to significantly impact the rate of endophthalmitis.
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Introduction intervention.* For that study, rates of endophthalmitis were
evaluated in a large urban retina practice relative to 2 variables:
prefilled syringes (PFS) and universal masking.

Commonly used anti-VEGF pharmaceutical agents include
ranibizumab (Lucentis), bevacizumab (Avastin), and aflibercept
(Eylea). In routine clinical practice, single-use plastic syringes
of bevacizumab are prepared in sterile fashion by a compound-
ing pharmacy through the repackaging of larger bevacizumab
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vials into multiple syringes. In comparison, when first intro-
duced commercially in 2006 and 2011 respectively, ranibizumab
and aflibercept were provided in single-dose glass vials. The
contents of the vial were aspirated into a syringe using a filter
needle, and the filter needle was exchanged for a needle that was
used to deliver the injection intravitreally. This transfer of the
vial contents to a syringe theoretically could allow external con-
tamination of the medication, leading to endophthalmitis.

Subsequently, the United States Food and Drug Administra-
tion approved ranibizumab as a PFS with a dose of 0.5 mg/
0.05 mL in 2016, then approved it as a PFS in 2018 with a dose
of 0.3 mg/0.05 mL, and approved aflibercept as a PFS in 2019.
The introduction of syringes prefilled with sterile medication
may theoretically reduce the risk of contamination and thus
decrease the risk of endophthalmitis compared with clinical use
of these medications from glass-vial preparation (GVP). A
French study involving 1285034 injections of ranibizumab 0.5
mg/0.05 mL reported a 40% decreased rate of endophthalmitis
with the use of PFS vs conventional GVP, from a rate 0£0.021%
to 0.013%.% In the present study, endophthalmitis rates before
and after the introduction of PFS were investigated.

The second variable considered in this work was the impact
of universal masking.” Streptococcus species, which was isolated
in nearly 30% of culture-positive cases, are the second leading
causative organisms of infectious endophthalmitis and exist as a
normal part of oral flora.>” Physician masking has been proposed
to potentially decrease the transmission of nasopharyngeal and
oral flora to patients and instruments.’ Conversely, patient
masking may cause increased transmission as air containing
nasopharyngeal droplets can leak in the direction of the eye from
the superior edge of a poorly fitted mask.!%!3

Although the Euretina Board released an expert consensus
in 2018 recommending implementation of a “no talking” or
physician masking mandate during intravitreal injections, no
universal, official procedure protocol exists in the United
States. When implemented, the no-talking protocol has been
reported to be effective at reducing the rate of infectious and
oral pathogen—associated endophthalmitis.'!4

To reduce the transmission of COVID-19, large percentages
of ophthalmologists, ancillary staff, and patients began wearing
surgical masks consistently in 2020 during the pandemic. In the
present study, the incidence of endophthalmitis following uni-
versal masking was examined to determine whether there was
any change in the rate of endophthalmitis.

Methods

This multicenter, retrospective consecutive case series was
approved by the Institutional Review Board of Houston
Methodist Hospital in Texas. The medical records of all patients
seen at Retina Consultants of Texas (RCTX) in the Greater
Houston Area between January 1, 2015, and August 30, 2021,
were examined. The total number of intravitreal injections dur-
ing that time was identified using billing codes, and billing
records were used to identify any cases of endophthalmitis seen
during that time. Indications for intravitreal injection included

nAMD, DME, RVO disease (branch and central), diabetic reti-
nopathy, retinal edema, and chorioretinitis.

All cases of endophthalmitis included in this analysis were
diagnosed and treated for clinically suspected endophthalmitis
after intravitreal injection at RCTX. Cases of postsurgical
endophthalmitis, community-acquired endophthalmitis, bleb-
associated endophthalmitis, endogenous endophthalmitis, and
infection secondary to trauma or corneal disease were excluded.
Endophthalmitis cases were required to be documented within
6 weeks of receiving an injection at RCTX to be included.

All patients with presumed infectious endophthalmitis
received intravitreal antibiotic and steroid injections according
to local standard of care. Additionally, anterior chamber or
vitreous taps were performed for all patients. Microbiological
analyses were conducted by the Microbiology Department of
Houston Methodist Hospitals. Medical records were reviewed,
and relevant clinical data were extracted. Endophthalmitis cases
were defined as culture-positive if there was bacterial growth
on culture or a positive gram stain from the anterior chamber or
vitreous tap.

All intravitreal injections were performed by board-certified
physicians within RCTX in office-based settings with minor
variations in injection technique. Treatment eyes were prepared
with local anesthetic and topical 5%—10% povidone-iodine.
Subconjunctival lidocaine, viscous lidocaine hydrocholoride
ophthalmic gel, or topical anesthetic drops were used based on
physician preference. Lid retraction was performed either man-
ually or with a bladed lid speculum. Injection was performed
3.5 to 4.0 mm from the limbus. The total number of GVP and
PFS injections were identified for each medication.

The study included dates prior to the approval of PFS during
which only GVP was available. At RCTX, the transition from
using primarily GVP to PFS varied according to injection
type. PFS of ranibizumab 0.5 mg/0.05 mL, ranibizumab 0.3 mg/
0.05 mL, and aflibercept were first used in clinic on February
12,2017, April 26, 2018, and December 20, 2019, respectively.
After PFS was available, both GVP and PFS were used in clinic
and began to be included in this study; determining which drug-
transport system had been used was done through billing codes.

Bevacizumab was prefilled by a compounding pharmacy
and was considered neither GVP nor PFS in this study. Intra-
vitreal triamcinolone acetonide (IVTA) was available as only a
GVP injection, and the dexamethasone intravitreal implant was
preloaded into a drug-specific injector.

At RCTX, masks were mandated for all patients, physicians,
and ancillary staff beginning March 22, 2020; therefore, records
between January 1, 2015, and March 21, 2020, were designated
as pre-universal masking, and those between March 22, 2020,
and August 30, 2021, were designated as universal masking.
Intravitreal injections included in this study were anti-VEGF
agents (aflibercept [2 mg/0.05 mL], ranibizumab [0.5 mg/0.05 mL
and 0.3 mg/0.05 mL], and bevacizumab [1.25 mg/0.05 mL])
and steroid agents (dexamethasone intravitreal implant [0.7 mg;
Ozurdex] and IVTA [4 mg/0.1 mL; Kenalog]).

Endophthalmitis rates were compared between treatment
groups, including type of injection, method of administration,
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Table 1. Total Injections per Year and Endophthalmitis Rate by Medication Type.

No. of Injections Cases of Infection Rate, %
Endophthalmitis,  (per No. of
Medication 2015 2016 2017 2018 2019 2020 2021 Total No. Injections)
Ranibizumab 2543 13256 15520 20156 22490 21828 13335 109128 24 0.022
0.5 mg/0.05 mL (I of 4545)
Ranibizumab 595 2990 4012 6436 9531 8945 5962 38471 6 0.016
0.3 mg/0.05 mL (I of 6250)
Bevacizumab 6065 4885 9179 9285 11319 9560 6576 56869 15 0.026
(I of 3846)
Aflibercept 3949 15374 13766 15557 14875 18522 15932 97975 48 0.050
(I of 2000)
Dexamethasone 93 417 459 532 661 588 433 3183 6 0.189
implant (I of 529)
Triamcinolone 60 321 331 311 313 232 155 1723 2 0.116
acetonide (I of 862)
Total 13305 37243 43267 52277 59186 59675 42393 307349 101 0.033
(I of 3030)

dosage, and timing of administration with respect to the when
universal masking began. A limited number of the endophthal-
mitis cases described in the present study have been previously
reported.>!® Statistical comparisons between all treatment
groups were performed using Fisher exact test. Statistical sig-
nificance was set at P <<.05 (2-tailed test), and all analyses were
performed using R version 3.5.2 software (R Foundation).

Additional descriptive statistics were also collected, including
treatment indication, phakic status, days to presentation, status
of diabetes mellitus type 2, and visual acuity. Best-corrected
visual acuity was reported at the date of the causative injection,
at presentation of endophthalmitis, and at the 3-month follow-
up visit in all cases. As established by previous studies, vision
levels of counting fingers, hand motion, light perception, and
no light perception were assigned visual acuity values of
1.0/200, 0.5/200, 0.25/200, and 0.125/200 (logMAR equivalent
2.3,2.6,2.9, and 3.2, respectively).'®!”

Results

Between January 1, 2015, and August 30, 2021, there were
307349 intravitreal injections performed. A total of 101 cases
of postinjection endophthalmitis from 100 patients were identi-
fied and treated, yielding a rate of 0.033% or approximately 1
case for every 3030 injections (Table 1). The number of endo-
phthalmitis cases identified and treated per year was: 9 in 2015,
16 in 2016, 16 in 2017, 15 in 2018, 17 in 2019, 15 in 2020,
and 13 in 2021. The total rate of endophthalmitis after various
types of anti-VEGF injections was 0.031% (n=93/302443), or
approximately 1 case for every 3252 injections; this was sig-
nificantly less than the rate after injection of steroid agents,
which was 0.163% (n=8/4906) (relative risk [RR], 0.189; 95%
CI, 0.092-0.338; P<.001).

The treatment indication for intravitreal injection was
nAMD in 54.46%, DME in 23.76%, diabetic retinopathy in
2.97%, central RVO in 4.95%, branch RVO in 8.91%, retinal

edema in 2.97%, and chorioretinitis in 1.98% of the affected
patient population. The mean time to presentation was 5.5 days.
Sixty-six (66.0%) of patients were women, and 37 patients
(37.0%) had type 2 diabetes mellitus. There were 55 right eyes
(54.46%), and 26 were phakic (25.74%).

All patients underwent diagnostic anterior chamber para-
centesis or vitreous tap at clinical presentation. Cultures were
submitted for all 101 cases of endophthalmitis, of which 37
(36.63%) were culture positive and 64 (63.37%) were culture
negative. Overall mean visual acuity at the time of the caus-
ative injection was logMAR 0.62 (approximately 20/84), and
mean logMAR visual acuity at endophthalmitis presentation
was 2.01 (approximately 20/2064). Mean visual acuity at
3-month follow-up was logMAR 1.06 (approximately 20/229).
Twenty-three patients (22.77%) subsequently underwent pars
plana vitrectomy.

Endophthalmitis Rates: GVP vs PFS

Compared with GVP, use of PFS was associated with a lower
rate of endophthalmitis (Table 2). In the GVP group, a total of
102866 injections were administered and 54 cases of endo-
phthalmitis occurred (0.052%; 1 in 1923 injections). In the
PFS group, a total of 142708 injections were administered,
and 24 cases of endophthalmitis occurred (0.017%; 1 in 5882
injections).

Endophthalmitis Rates: Before and After Universal
Masking

There was no significant difference in endophthalmitis rates
when comparing the pre-universal masking and universal
masking cohorts (RR, 0.953; 95% CI, 0.616-1.473; P=.91)
(Table 3). In the pre-universal masking period, a total of 219131
injections were administered, and 73 cases of endophthal-
mitis were reported (0.033%; 1 of 3030 injections) (Table 3).
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Table 2. Comparison of Endophthalmitis Rates Between GVP and PFS by Medication Type.

Glass Vial Preparation

Prefilled Syringes

Total Infection Rate, % Total Infection Rate, % Relative Risk
Medication Infections  Injections  (per No. of Injections) Infections Injections (per No. of Injections) (95% Cl) P Value
Ranibizumab 13 34790 0.037 17 112809 0.015 0.403 017*
combined® (I of 2702) (I in 6666) (0.196-0.830)
Aflibercept 41 68076 0.060 7 29899 0.023 0.389 .018*
(I of 1666) (1 in 4348) (0.174-0.866)
Total 54 102866 0.052 24 142708 0.017 0.320 <.00 |**
(I of 1923) (1 in 5882) (0.198-0.518)
?Includes doses 0.5 mg/0.05 mL and 0.3 mg/0.05 mL.
*P < .05; ¥P < .001.
Table 3. Comparison of Endophthalmitis Rates Before and After Universal Masking by Medication Type.
Pre-universal Masking Universal Masking
Total Infection Rate, % Total Infection Rate, % Relative Risk
Medication Infections Injections  (per No. of Injections) Infections Injections (per No. of Injections) (95% Cl) P Value
Ranibizumab 22 104650 0.021 8 42949 0.019 0.886 .84
combined® (I of 4762) (I'in 5263) (0.395-1.990)
Bevacizumab 9 43367 0.021 6 13502 0.044 2.141 .14
(I of 4762) (I'in 2273) (0.762-6.015)
Aflibercept 38 67428 0.056 10 30547 0.033 0.581 16
(I of 1786) (1 in 3030) (0.290-1.166)
Dexamethasone 2 2303 0.087 4 880 0.455 5.234 .05
implant (I of 1149) (I'in 220) (0.960-28.526)
Triamcinolone 2 1383 0.145 0 340 — — —
acetonide (I of 690)
Total 73 219131 0.033 28 88218 0.032 0.953 9l
(I of 3030) (1'in 3150) (0.616-1.473)

?Includes doses 0.5 mg/0.05 mL and 0.3 mg/0.05 mL.

Twenty-nine (39.73%) of these cases were culture positive and
44 (60.27%) of the cases were culture negative. During the time
of universal masking, a total of 88218 injections were adminis-
tered, and 28 cases of endophthalmitis were reported (0.032%;
1 of 3150 injections).

Of the universal-masking cases of endophthalmitis, 9
(32.14%) were culture positive and 19 (67.86%) were culture
negative. Similarly, there was no difference in culture positivity
rates between these periods (RR, 0.809; 95% CI, 0.441-1.486;
P=.65). The mean time to presentation in the pre-universal and
universal masking groups was 5 and 6.9 days, respectively.

Conclusions

Within the current retrospective analysis involving 307349
intravitreal injections performed over a nearly 8-year interval,
a 0.033% rate of endophthalmitis after intravitreal injections
was observed. Previous studies have reported similar rates of
endophthalmitis following intravitreal injection, ranging from
0.034% to 0.056%.%>18:19

In the current study, the rate of endophthalmitis after cortico-
steroid injection was 0.163% compared with 0.031% after

anti-VEGF agents. This finding is consistent with previous
studies that identified higher rates of infection among patients
receiving corticosteroid injections.?’ This increased rate of
endophthalmitis is likely multifactorial and may be influenced
by the immunosuppressive effects of corticosteroids that can
result in a decreased bacterial load required to cause disease.?%?!
Additionally, the needle used for corticosteroid injection is typ-
ically larger than that used to deliver anti-VEGF injections,
potentially allowing more bacteria to enter the larger wound
traCt.20’22’23

The rate of endophthalmitis was significantly decreased
with the use of PFS vs GVP (odds ratio, 0.320; 95% CI, 0.198-
0.518; P<<.001). Several preparation steps involved in the
transfer of GVP medications from the storage vial to injection
syringe are eliminated with the use of PFS, likely contributing
to the decreased risk for endophthalmitis.?*2® Specifically, as
the transfer of GVP from single-use vials to syringes typically
occurs in a nonsterile environment, there may be an increased
risk of contamination with skin flora and aerosolized oral bac-
teria during preparation.

As some medications given by intravitreal injection are
unavailable in PFS, it is important to transfer medication under
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optimal hygienic conditions to minimize risk of contamina-
tion.?”?8 This process typically includes use of an alcohol wipe
to clean the vial top before withdrawing the medication into a
sterile syringe through a filter needle.?*° Regardless of whether
the medication is GVP or PFS, it is imperative to follow stan-
dard precautionary measures when performing intravitreal
injection procedures. Preparing the ocular surface with an anti-
septic such as povidone-iodine, minimizing oral flora exposure,
and avoiding needle contact with lashes or lids have all been
hypothesized to reduce endophthalmitis risk.3!-3

Data related to the impact of masking on the risk of endo-
phthalmitis have been mixed among physicians and patients. In
2018, before the COVID-19 pandemic, a survey of retina spe-
cialists found that 32.9% of the 399 respondents, 317 (79.5%)
of whom practice in the United States, regularly wore surgical
masks while administering intravitreal injections.'?> Some
studies have suggested that masking can affect the rate of
endophthalmitis. For example, studies simulating intravitreal
injection procedures have proposed that physician masking
may decrease the risk of bacterial contamination.® One study
involving 505 968 injections across 12 institutions reported that
the rate of culture-positive endophthalmitis cases decreased
with universal masking.!! This may be a result of decreased oral
flora contamination with mask usage.

Other analyses, including the present study, have suggested
that rates of endophthalmitis are not impacted by face mask use
in both physicians and patients.!!"'>** One study examined the
impact of patient masking on endophthalmitis rates; physicians
were masked during both the pre-COVID and COVID time
periods. The study involved 53927 injections administered
from February 2019 to February 2021 and reported that in the
pre-COVID period, during which patients were not masked, the
rate of endophthalmitis following the administration of 34277
injections was 0.020%. In the COVID period, during which
patients were masked, the rate of endophthalmitis following
the administration of 19650 injections was 0.036% (P=.40).3*
Another study examining the effect of physician masking on
rates of endophthalmitis shared similar findings; the study
included 483222 injections and reported an endophthalmitis
rate of 0.0371% without face mask use and 0.0298% with face
mask use (P=.53).%¢

One caveat related to patient masking to consider clinically
is the superior portion of the mask; specifically, securing the
superior portion closed with adhesive tape has been proposed to
decrease the risk of endophthalmitis by reducing oral bacterial
dispersion toward the eyes.!®!337 A prospective study at Wills
Eye Hospital reported taping the superior portion of patient
masks significantly reduced small particle transmission when
the patient was talking but not when the patient was silent.’

Another prospective report measuring colony-forming units
during simulated intravitreal injections found significantly less
growth in silent groups wearing tight-fitting surgical masks
with tape compared with those without tape.'* Interestingly, the
study also included a no—face mask group and found no signifi-
cant difference in growth between this group and any of the
masked groups.!* An analysis of 18602 injections performed

with the superior portion of patients’ masks taped reported no
significant difference in the rate of endophthalmitis compared
with the group that did not take this additional precautionary
measure'!; a significant effect may not have been detected
because the study was underpowered, or taping may not be suf-
ficiently preventing the spread of bacterial particles that cause
endophthalmitis. Overall, given the mixed results from pub-
lished studies, it remains unclear whether masking, and/or the
details of precisely how best to mask, have an impact on overall
rates of endophthalmitis following intravitreal injection.

Limitations of the current study are inherent to its retrospec-
tive design, which is susceptible to inconsistent data entry and
may not include all cases of endophthalmitis. Additionally, pro-
cedures were performed by several physicians who used varied
injection techniques.

There may have been retina specialists who wore masks and
also required patients to wear a mask during injection proce-
dures as a precautionary measure during the pre-universal
masking period. The universal masking group included patients
and physicians wearing varying types of masks, including
cloth, surgical, and N95, with and without tape.

The incidence of endophthalmitis after intravitreal injection
remains low. As injection procedures are common and increas-
ing, it is important to regularly evaluate and reevaluate interven-
tions that may modify the risk of endophthalmitis. Related to this
and consistent with previous reports, the use of PFS compared
with GVP did appear to confer a decreased risk of endophthal-
mitis; as new pharmacotherapies become available, ideally a
transition to PFS would occur as efficiently as possible.’®* In
comparison, within the current analysis, universal masking was
found to neither increase nor decrease the rate of endophthalmitis
among patients receiving intravitreal injections.
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