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Purpose: To evaluate the short-term ophthalmic side effects of bilateral same-day intravi-
treal anti-vascular endothelial growth factor (VEGF) injections.

Patients and Methods: We retrospectively analyzed patients who received intravitreal
bevacizumab, ranibizumab, and aflibercept injections in both eyes on the same day between
January 2014 and June 2019. The patients were followed up for 1 day, 1 week, and 1 month
after the injections.

Results: A total of 323 patients (646 eyes) received 1418 bilateral same-day intravitreal
anti-VEGF injections. The patients’ mean age was 62.47 + 13.97 years. The most common
cause of bilateral injection was age-related macular degeneration (54.80%), followed by
complications due to diabetic retinopathy (35.33%), retinal vein occlusion (2.40%), and
central serious chorioretinopathy (1.27%). There were 22 cases of subconjunctival hemor-
rhage, 17 cases of temporary elevation of intraocular pressure, and no case of endophthal-
mitis. Twenty-one patients showed acute intraocular inflammation after the bilateral
injection. All patients showed complete improvement within 2 weeks after the injection.
Conclusion: Bilateral same-day intravitreal anti-VEGF injection is a well-tolerated proce-
dure on short-term follow-up. It is one of the more convenient approaches for both the
patient and ophthalmologist.

Keywords: anti-vascular endothelial growth factor, bilateral intravitreal injection,
bevacizumab, aflibercept, ranibizumab, safety

Introduction

Vascular endothelial growth factor (VEGF) plays a crucial role in the development
and progression of age-related macular degeneration (ARMD), diabetic macular
edema caused by diabetic retinopathy, retinal branch vein occlusion, and choroidal
neovascularization. Therefore, the use of anti-VEGF agents in the treatment of
these diseases is gradually increasing.'© Bevacizumab (Avastin®, Genetech, Inc.,
San Francisco, CA, USA), the first anti-VEGF agent used in the ophthalmic field, is
an FDA-approved drug used for the treatment of rectal cancer.”* However, after
Rosenfeld et al proved that intravitreal bevacizumab injection had a good effect in
patients with ARMD,’ multiple studies have demonstrated that bevacizumab had
excellent functional and anatomical effects on other retinal diseases caused by

10,11

neovascularization and diabetic retinopathy. Subsequently, ranibizumab
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(Lucentis®; Novartis AG, Basel, Switzerland and
Genetech Inc. San Francisco, CA, USA) and aflibercept
(Eylea®, Regeneron, Tarrytown, NY, USA and Bayer
HealthCare, Berlin, Germany), which have increased func-
tional effects and longer half-lives than bevacizumab, have
been developed, and the usage of both drugs is also rapidly
increasing worldwide.>®'?

As the above-mentioned diseases may occur in both eyes,
a bilateral injection may be necessary. In this situation, the
surgeon must decide between performing anti-VEGF injec-
tions for both eyes on the same day or performing such
treatment with an interval of a few days. According to
a previous report, only approximately 46% of retinal specia-
lists performed same-day bilateral injections.'® Although
bilateral injections performed on different days may reduce
the operator’s anxiety regarding infection, the patient would
have to visit the hospital twice, thereby increasing the time
spent in seeking treatment and the economic burden on the
patient.'*

Therefore, the authors of this study attempted to
observe and analyze the short-term clinical course of
patients who underwent bilateral intravitreal anti-VEGF
injections on the same day.

Methods

This study retrospectively analyzed the medical records of
patients who received intravitreal anti-VEGF injection in
both eyes on the same day between January 2014 and
June 2019 at Hangil Eye Hospital, Incheon, Korea. This
study was approved by the Institutional Review Board of
Hangil Ophthalmology Hospital and was conducted based
on the guidelines stipulated in the Helsinki Declaration.

Before injection, obtaining patient consent and history-
taking for systemic disease was performed. Patients with
cerebrovascular and cardiovascular diseases or malignant
tumors who underwent surgeries or procedures within
1 year received anti-VEGF injections after consultation
with the relevant department of the hospital. Patients
were fully informed of the injection process and possible
side effects of the injections, after which the injections
were performed. Acute intraocular inflammation was
defined as the occurrence of cellular activity predomi-
nantly localized to the anterior chamber immediately
after injection without significant pain, in contrast to the
presentation of endophthalmitis.'

Follow-up evaluations were performed at 1 day, 1
week, and 1 month after the injections. During visits
before the injections and at 1 month after the injections,

the measurements of best corrected visual acuity (BCVA)
and intraocular pressure (IOP), slit-lamp microscopy, fun-
dus examination, and optical coherence tomography were
performed. One week after the injections, IOP measure-
ment, slit-lamp microscopy, and fundus examination were
performed. All patients were instructed to visit the hospital
immediately, even if it was not the appointment date, in
the event of any untoward complication.

Ranibizumab and aflibercept were provided as single-
use vials; therefore, these drugs were taken immediately
before injection. For bevacizumab, pre-packaged syringes
that were produced through hospital dispensing were
stored and used for injections. Bevacizumab dispensing
was carried out by skilled doctors and pharmacists, and
all dispensing procedures were carried out in a sterile
laboratory. The pre-packaged bevacizumab syringes were
refrigerated at 4 °C and stored in sterilized stainless-steel
canisters to prevent exposure to light, in accordance with
the manufacturer’s instructions.

Intravitreal injection was performed in an independent
treatment room. Both eyes were anesthetized with 0.5%
proparacaine hydrochloride (Alcaine®™, Alcon, Fort Worth,
TX, USA), and then, both eyelids and the surrounding skin
were disinfected with a cotton swab dipped in 5% povi-
done iodine solution. After covering the sterilized fabric,
the surgeon put on sterile gloves aseptically, opened the
patient’s eye with a speculum, sterilized the eye with 5%
povidone iodine solution, and then injected 0.05 mL of the
anti-VEGF drug with a 30-gauge needle syringe approxi-
mately 3.5-4 mm away from the corneal limbus. After
performing the injection in one eye, all used instruments
and gloves were discarded, and a new set of instruments
and gloves was used for intravitreal injection of the other
eye. After the injections, patients were prescribed antibio-
tic eye drops (Cravit®™, Santen, Japan) for instillation in
both eyes, four times a day for 1 week.

Statistical comparisons between the two groups were
conducted using the Mann—Whitney test and Pearson’s
chi-squared test, and statistical comparisons among the
three groups were derived from one-way analysis of var-
iance and Pearson’s chi-squared test. Differences were
considered statistically significant when the p-value
was <0.05.

Results
During the study period, a total of 1418 bilateral same-day
injections in 646 eyes of 323 patients were performed. The
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patients’ average age was 62.47 + 13.97 years, and the study
population consisted of 188 men and 135 women (Table 1).

The most common cause for anti-VEGF injection treat-
ment was ARMD, accounting for 54.80% of the cases. The
other common causes necessitating anti-VEGF treatment were
diabetic retinopathy (35.33%), retinal vein occlusion (2.40%),
and central serous chorioretinopathy (1.27%) (Table 1). When
comparing the anti-VEGF drug groups, complications of dia-
betic retinopathy were the major cause of bevacizumab injec-
tion (47.51%), followed by ARMD (40.74%), although the
incidences of the two causes were not significantly different.
For patients receiving ranibizumab and aflibercept, the most
common cause was ARMD (83.15% and 93.22%,
respectively).

The average BCVA before injection was 0.50 + 0.49
logarithm of the minimum angle of resolution (logMAR),
and the average BCVA at 1 month after injection was 0.43
+ 0.39 logMAR. The average IOP before injection was
15.63 = 4.73 mmHg, and the average IOP at 1 month after
injection was 15.17 + 3.53 mmHg.

None of the patients showed endophthalmitis after the
injections, but 22 cases of subconjunctival hemorrhage
were noted (Table 2). Table 3 shows the distribution of
the side effects per year and the anti-VEGF agent used.
Twenty-one patients showed acute intraocular inflamma-
tion after injection (Table 4). The degrees of anterior
inflammation observed in patients with acute intraocular
inflammation were trace amounts (n = 12), 1+ (n = 6), 2+
(n = 2), or 3+ (n = 1). There were no significant differ-
ences in the incidence of acute intraocular inflammation
among the three anti-VEGF groups (P = 0.082). No patient
complained of pain, discomfort, or deterioration of vision,
other than inflammation. Acute intraocular inflammation
occurred within an average of 2.13 + 3.04 days after
injection, and the BCVA of these patients was 0.49 =+
0.58 logMAR before injection, 0.68 + 0.68 logMAR
when inflammation occurred, and 0.46 + 0.52 logMAR
after treatment of the inflammation. There was no signifi-
cant difference in the BCVA before injection and during
inflammation (p = 0.247), or that before injection and after

Table | Demographics of Patients Who Underwent Bilateral Same-Day Intravitreal Injection of Anti-Vascular Endothelial Growth

Factor Agents

Parameter Total (n = 1418) | Bevacizumab (n = 1004) | Ranibizumab (n = 178) | Aflibercept (n = 236) | P-value
Age (years) 62.47%13.97 61.44+14.04 75.06+9.09 68.86+9.53 <0.001*
Sex (n) 0.265%

Male 188 146 23 19

Female 135 102 16 17
Indications for injection <0.001%
(n, %)

DR 501 (35.33) 477 (47.51) 24 (13.48) 0 (0)

ARMD 777 (54.80) 409 (40.74) 148 (83.15) 220 (93.22)

RVO 34 (2.40) 32 (3.19) 2 (1.12) 0 (0)

CsC 18 (1.27) 18 (1.79) 0(0) 0 (0)

Others* 88 (6.20) 68 (6.77) 4 (2.25) 16 (6.78)

Notes: Data are presented as number of patients (%). *P-value was derived from one-way analysis of variance. TP-value was derived from Pearson’s chi-squared test.
Abbreviations: DR, diabetic retinopathy; ARMD, age-related macular degeneration; RVO, retinal vein occlusion; CSC, central serous chorioretinopathy; *Others,
polypoidal choroidal vasculopathy, myopic choroidal neovascularization, neovascular glaucoma, uveitic macular edema.

Table 2 Side Effects of Bilateral Same-Day Intravitreal Injection of Anti-Vascular Endothelial Growth Factor Agents

Parameters Total (n = 1418) Bevacizumab (n = 1004) Ranibizumab (n = 178) Aflibercept (n = 236) P-value*
Acute ocular inflammation 21 (1.48) 12 (1.20) 6 (3.37) 3 (1.27) 0.082
Subconjunctival hemorrhage 22 (1.55) 13 (1.29) 5 (2.81) 4 (1.69)
Acute increase in IOP 17 (1.20) 17 (1.69) 0 (0) 0 (0)
Vitreous floater 4 (0.28) 0 4 (2.25) 0 (0)
Vitreous hemorrhage 0 (0) 0 (0) 0 (0) 0 (0)
Endophthalmitis 0 (0) 0 (0) 0 (0) 0 (0)
Notes: Data are presented as number of patients (%). *P-value was derived from one-way analysis of variance.
Abbreviation: |OP, intraocular pressure.
Clinical Ophthalmology 2020:14 submit your manuscript 3213
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Table 3 Frequency of Side Effects Stratified by Year for Each Anti-Vascular Endothelial Growth Factor Agent

Side Effects Anti-VEGF 2014 2015 2016 2017 2018 2019 Total
Bevacizumab Number 40 120 158 264 294 128 1004
Acute intraocular inflammation 0 1 (0.83) 6 (3.80) 2 (0.76) | (0.34) 2 (1.56) 12
SCH 0 1 (0.83) 6 (3.80) | (0.38) 4 (1.36) | (0.78) 13
1IOoP 0 0 3 (1.90) 4 (1.52) 8 (2.72) 2 (1.56) 17
Floater 0 0 0 0 0 0 0
Ranibizumab Number 24 26 42 34 40 12 178
Acute intraocular inflammation 0 0 2 (4.76) 2 (5.88) I (2.5) 1 (8.33) 6
SCH 0 1 (3.85) 1 (2.38) 0 3 (7.5) 0 5
1IOP 0 0 0 0 0 0 0
Floater 0 0 2 (4.76) 0 2 (5.0 0 4
Aflibercept Number 10 34 4?2 4?2 74 34 236
Acute intraocular inflammation 0 3 (8.82) 0 0 0 0 3
SCH 0 4 (9.52) 0 0 0 4
11IOP 0 0 0 0 0 0
Floater 0 0 0 0 0 0

Note: Data presented as number of patients (%).

Abbreviations: SCH, subconjunctival hemorrhage; IIOP, increased intraocular pressure.

treatment (p = 0.231). The average number of injections in
patients with acute intraocular inflammation was 2.81 +
2.75, which was significantly different from the number of
injections in patients without inflammation (5.92 + 6.04;
p = 0.007). There was no significant relationship between
the severity of acute intraocular inflammation and the
number of injections (p = 0.514). Patients with acute
intraocular inflammation were followed up at short inter-
vals until improvement, and steroid eye drops were
instilled. All patients showed complete improvement with
no visual deterioration within 2 weeks after the injections.

Discussion

In this study, we analyzed 1418 anti-VEGF intravitreal
injections in a total of 646 eyes, and none of the cases
showed vision-threatening sequelae after same-day injec-
tions in both eyes. Although some previous studies have
reported findings for bilateral anti-VEGF injections, few
studies have covered all three anti-VEGF drugs. Juncal
et al, who analyzed the effects of all three drugs, adminis-
tered a total of 7824 ranibizumab, 1860 aflibercept, and
114 bevacizumab injections to 252 patients for 1 year in
2016, and they observed one case of endophthalmitis
(0.001%). They reported that this frequency was similar
to the frequency of endophthalmitis after conventional
monocular injection (0.022% to 0.078%), indicating the
safety of bilateral same-day injections.'® However,
although they analyzed a large number of ranibizumab

and aflibercept injections, the number of bevacizumab
injections in their study was relatively small. In this
study, the results included a large number of patients
who received bevacizumab injections, making it the lar-
gest number of bilateral bevacizumab injections among
studies reported to date.

In particular, with regard to infection-related concerns,
bevacizumab may be relatively more prone to cause infec-
tions than aflibercept or ranibizumab. Ranibizumab and
are both sold
However, bevacizumab is sold in two formulations in
South Korea: 100 mg/4 mL and 400 mg/16 mL.
Therefore, it was dispensed as a single-injection dose of

aflibercept in disposable containers.

1.25 mg/0.05 mL in a sterile laboratory in each hospital.
The possibility of contamination during the dispensing
process and the subsequent storage may pose an increased
risk of infection. However, in this study, none of the cases
showed side effects that permanently affected vision, such
as endophthalmitis, even though a large number of beva-
cizumab injections were administered, and the incidence
of acute intraocular inflammation associated with injec-
tions of bevacizumab was not significantly different from
those of the other two anti-VEGF agents. Ornek et al also
reported that bacterial contamination was not observed for
2 weeks after dispensing multiple syringes from a single
bottle of bevacizumab.'” Chen et al reported that the drug
could be stored at 4 °C for 3 weeks without loss of
efficacy, and that sterility was maintained for up to 6
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Table 4 Comparison of Acute Intraocular Inflammation and
Non-Acute Intraocular Inflammation

Parameters | Acute Non-Acute P-value
Intraocular Intraocular
Inflammation Inflammation
(n=21) (n=1397)
Age (years) 61.86+16.35 62.56+14.00 0.869*
Sex (n) 0.043*
Male 7 181
Female 14 121
Initial VA 0.38+0.49 0.35+0.57 0.475*
Post VA 0.34+0.47 0.30+0.57 0.675*
Anti-VEGF 0.087%
agent (n, %)
Avastin 12 (57.14) 992 (71.00)
Lucentis 6 (28.57) 172 (12.32)
Eylea 3 (14.29) 233 (16.68)
Indications 0.006"
for injection
(n. %)
DR 10 (47.61) 501 (35.86)
ARMD 8 (38.10) 798 (5.12)
Others 3 (14.29) 98 (7.02)
Number of 0.007*
injections
2.81+2.75 5.92+6.04

Notes: *P-value was derived from Mann—Whitney test. P-value was derived from
Pearson’s chi-squared test.

Abbreviations: VA, visual acuity; VEGF, vascular endothelial growth factor; DR,
diabetic retinopathy; ARMD, age-related macular degeneration; Others, polypoidal
choroidal vasculopathy, myopic choroidal neovascularization, neovascular glaucoma,
uveitic macular edema.

months.'® Woo et al used eubacterial polymerase chain
reaction with a sensitivity of 10 CFU/mL or less to deter-
mine whether sterility was maintained when a drug from
the same vial was injected into both eyes.'® In their study,
bevacizumab, ranibizumab, and triamcinolone were
injected, and bevacizumab was dispensed several times
from one vial, similar to that in our study. Over a total of
574 injections, no bacterial contamination was found in
any case.

Rudo et al divided patients who received ranibizumab
and aflibercept injections into monocular injection (n =
6560) and bilateral injection (n = 1612) groups, and com-
pared the incidence of side effects, such as endophthalmi-
tis and retinal detachment, between the two groups.?’ They
observed one case of endophthalmitis in the monocular

injection group and none in the bilateral injection group,

although there was one case of temporary acute intraocular
inflammation. Mahajan et al classified patients who
received bevacizumab and ranibizumab injections into
102 in
each group) and compared the findings of the two

bilateral and monocular injection groups (n =

groups.'* Over an average follow-up period of 18.4
months, no cases of endophthalmitis and cerebrovascular
disease occurred in either group. One case in each of the
two groups developed cardiovascular diseases. The bilat-
eral and monocular injection groups had two and three
deaths, respectively, with no statistically significant inter-
group difference. In addition, according to their survey,
when patients who underwent bilateral same-day injec-
tions were asked whether they wished to continue receiv-
ing same-day injections or preferred injections on separate
days, 91% of the patients wanted to continue receiving
bilateral same-day injections. Similarly, Bakri et al per-
formed bilateral injections of bevacizumab with dexa-
methasone, ranibizumab, and bevacizumab in only 35
patients, and with an average follow-up period of 39
days after 208 injections, one patient showed non-
infectious endophthalmitis.?' All of these previous studies
emphasized the use of independent hygiene gloves,
hygiene trays, syringes, needles, and speculums for each
eye when performing bilateral same-day injections, which

considerably helped to reduce

14,20,21

the probability of
endophthalmitis.

Although our study had no case of endophthalmitis,
anterior inflammatory cells, suggesting acute intraocular
inflammation, were found in 21 eyes (1.48%). Trivizki
et al analyzed non-infectious inflammatory reactions after
intravitreal bevacizumab injections in 2018 and concluded
that 1.78% of patients with uveitis presented with anterior
inflammatory cells after injection.”” However, when clas-
sifying the degree of inflammation as mild-to-moderate,
they did not include traces and defined the minimum level
of cell count as 1+. Therefore, according to their classifi-
cation criteria, the frequency of acute intraocular inflam-
mation in our study would be 0.85%, which was less than
that reported by Trivizki et al Wickremasinghe et al ana-
lyzed acute intraocular inflammation after monocular bev-
19 out of 1278
inflammation occurred, and the frequency was 1.49%.'

acizumab injection. In injections,
In addition, in their study, the average number of injec-
tions for patients with acute intraocular inflammation was
2.7 £ 1.3, and there was no significant correlation between
the number of injections and the degree of inflammation.

In our study, the average number of injections for patients
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with acute intraocular inflammation was similar to that
reported previously (2.81 £ 2.75), and our study also
showed no significant relationship between the previous
number of injections and the degree of inflammation.
However, the number of injections received by patients
with acute intraocular inflammation was significantly
lower than that of the remaining patients. These results
suggest that acute intraocular inflammation did not appear
to occur more easily even though the number of injections
increased.

Although it is difficult to identify the exact mechan-
isms underlying these inflammatory reactions, Fine et al
reported that factors, such as a history of uveitis and the
use of prostaglandin preparations, can exacerbate
inflammation.*® In addition, the possibility that contamina-
tion occurred during the process of transferring the drug to
the syringe, and the changes in the drug components due
to temperature changes during the transport and storage of
the drug, may cause inflammation. Moreover, in the case
of non-infectious intraocular inflammation, even though
the visual acuity was reduced due to severe inflammation,
the visual acuity could be restored to the pre-injection
levels within 1 month if steroid eye drops were used. In
our study, all patients who showed inflammation showed
improvement with steroid eye drops within up to 2 weeks,
and there were no cases showing sequelae. One more
presumable pathophysiological mechanism for acute
intraocular inflammation may be an immune response to
the antibody molecule upon re-injection after the pre-
exposure to the anti-VEGF drug. This finding can also be
explained by a proinflammatory interaction between the Fc
(crystallizable fragment) segment and the Fc receptor in
the retina.>*2° Therefore, because ranibizumab contains
no Fc segment, it may show acute intraocular inflamma-
tion less frequently than bevacizumab or aflibercept, and
previous studies reported fewer acute inflammations.
However, in this study, ranibizumab did not show
a significant difference when compared with the other
two groups, which may be attributed to the influence of
the other variables described above and the much smaller
numbers of ranibizumab in comparison with bevacizumab
and aflibercept. Finally, according to a previous study,?*
multiple injections promoted an immunization reaction to
the drug, which resulted in a high probability of inflam-
mation. Therefore, a greater number of injections may
increase the possibility of inflammation. However, when
referring to our study as well as the previous studies, this
did not appear to be the case. For an accurate analysis,

a larger number of patients with inflammation should be
compared.

One limitation of this study was that, although we
could confirm the short-term ophthalmic side effects after
injections, it was not possible to sufficiently confirm the
ophthalmic side effects and systemic complications that
may occur later. However, in the previous studies, the
incidence of systemic side effects did not appear to be

14,1 :
16 and some studies have

higher after bilateral injections,
reported that the frequency of side effects with bilateral
injection, such as retinal detachment and retinal pigment
epithelial rupture, is the same as that with monocular
injection.'*?%** Second, the purpose of this study was to
determine the complications of bilateral injection; thus,
a comparison with a monocular injection group was not
performed in this study. However, Mahajan et al pre-
viously conducted a retrospective case-control study to
compare and analyze bilateral and monocular injections
of bevacizumab and ranibizumab, and concluded that there
was no ophthalmic or systemic difference between the two
groups.'® Third, in general, the incidence of endophthal-
mitis with monocular injections is approximately
0.022-0.078%;*"*® thus, the number of injections in this
study (1418) may be insufficient to determine the safety of
procedure. More patients need to be included to reliably
prove its stability.

Conclusion

Same-day bilateral intravitreal anti-VEGF injection is
a well-tolerated procedure on the short-term follow-up
and is considered to be one of the more convenient
approaches for both the patients and doctors.

Abbreviations
ARMD, age-related macular degeneration; BCVA, best
corrected visual acuity; IOP, intraocular pressure;

logMAR, logarithm of the minimum angle of resolution;
Fc, crystallizable fragment; VEGF, vascular endothelial
growth factor.

Data Sharing Statement

Available upon request from the correspondence author.

Ethics Approval and Informed

Consent
This study was approved by the Institutional Review
Board of Hangil Ophthalmology Hospital and was

submit your manuscript

3216

Dove

Clinical Ophthalmology 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Jang et al

conducted based on guidelines stipulated in the Helsinki
Declaration. Since we reviewed the medical record retro-
spectively, no separate consent was obtained. All patient
data complied with relevant data protection and privacy
regulations.

Author Contributions

All authors made substantial contributions to conception
and design, acquisition of data, or analysis and interpreta-
tion of data; took part in drafting the article or revising it
critically for important intellectual content; agreed on the
journal to which the article will be submitted; gave final
approval of the version to be published; and agree to be
accountable for all aspects of the work.

Funding

The authors have not received any financial support.

Disclosure
The authors declare no conflicts of interest.

References

1. Ozaki H, Hayashi H, Vinores SA, Moromizato Y, Campochiaro PA,
Oshima K. Intravitreal sustained release of VEGF causes retinal neo-
vascularization in rabbits and breakdown of the blood-retinal barrier
in rabbits and primates. Exp Eye Res. 1997;64(4):505-517.
doi:10.1006/exer.1996.0239

2. Keenan TD, Wotton CJ, Goldacre MJ. Trends over time and geogra-
phical variation in rates of intravitreal injections in England. Br
J Ophthalmol. 2012;96(3):413—418. doi:10.1136/bjophthalmol-2011-
300338

3. Funatsu H, Yamashita H, Noma H, et al. Aqueous humor levels of
cytokines are related to vitreous levels and progression of diabetic
retinopathy in diabetic patients. Graefes Arch Clin Exp Ophthalmol.
2005;243(1):3-8. doi:10.1007/s00417-004-0950-7

4. Boyd SR, Zachary I, Chakravarthy U, et al. Correlation of increased
vascular endothelial growth factor with neovascularization and perme-
ability in ischemic central vein occlusion. Arch Ophthalmol. 2002;120
(12):1644-1650. doi:10.1001/archopht.120.12.1644

5. Kliffen M, Sharma HS, Mooy CM, Kerkvliet S, de Jong PT. Increased
expression of angiogenic growth factors in age-related maculopathy.
Br J Ophthalmol. 1997;81(2):154-162. doi:10.1136/bjo.81.2.154

6. Campbell RJ, Bronskill SE, Bell CM, Paterson JM, Whitehead M,
Gill SS. Rapid expansion of intravitreal drug injection procedures,
2000 to 2008: a population-based analysis. Arch Ophthalmol.
2010;128(3):359-362.

7. Gordon MS, Cunningham D. Managing patients treated with bevaci-
zumab combination therapy. Omncology. 2005;69(Suppl.3):25-33.
doi:10.1159/000088481

. Ferrara N, Hillan KJ, Gerber H-P, Novotny W. Discovery and devel-
opment of bevacizumab, an anti-VEGF antibody for treating cancer.
Nat Rev Drug Discov. 2004;3(5):391-400.

9. Rosenfeld PJ, Moshfeghi AA, Puliafito CA. Optical coherence tomo-
graphy findings after an intravitreal injection of bevacizumab
(Avastin®) for neovascular age-related macular degeneration.
Ophthalmic Surg Lasers Imaging. 2005;36(4):331-335.

oo

10. Haritoglou C, Kook D, Neubauer A, et al. Intravitreal bevacizumab
(Avastin) therapy for persistent diffuse diabetic macular edema.
Retina. 2006;26(9):999-1005. doi:10.1097/01.iae.0000247165.3865
5.bf

11. Rabena MD, Pieramici DJ, Castellarin AA, MA’AN AN, Avery RL.
Intravitreal bevacizumab (Avastin) in the treatment of macular edema
secondary to branch retinal vein occlusion. Retina. 2007;27
(4):419-425. doi:10.1097/IAE.0b013e318030e77¢

12. Heier JS, Brown DM, Chong V, et al. Intravitreal aflibercept
(VEGF trap-eye) in wet age-related macular degeneration.
Ophthalmology. 2012;119(12):2537-2548. doi:10.1016/j.
ophtha.2012.09.006

13. Green-Simms AE, Ekdawi NS, Bakri SJ. Survey of intravitreal injec-
tion techniques among retinal specialists in the United States. Am
J Ophthalmol. 2011;151(2):329-332. doi:10.1016/j.2j0.2010.08.039

14. Mahajan VB, Elkins KA, Russell SR, et al. Bilateral intravitreal
injection of antivascular endothelial growth factor therapy. Retina.
2011;31(1):31-35. doi:10.1097/TAE.0b013e3181ed8c80

15. Wickremasinghe SS, Michalova K, Gilhotra J, et al. Acute intraocular
inflammation after intravitreous injections of bevacizumab for treat-
ment of neovascular age-related macular degeneration.
Ophthalmology. 2008;115(11):1911-1915.e1911.

16. Juncal VR, Francisconi CL, Altomare F, et al. Same-day bilateral
intravitreal anti-vascular endothelial growth factor injections: experi-
ence of a large Canadian retina center. Ophthalmologica. 2019;242
(1):1-7. doi:10.1159/000499115

17. Ormek K, Karahan ZC, Ergin A, Tekeli A, Tekeli O. Bevacizumab
sterility in multiple doses from a single-use vial. Ann Pharmacother.
2008;42(10):1425-1428. doi:10.1345/aph.1L270

18. Chen Y-H, Wu P-C, Shiea J, Lo L-H, Wu Y-C, Kuo H-K. Evaluation
of the sterility, stability, and efficacy of bevacizumab stored in
multiple-dose vials for 6 months. J Ocul Pharmacol Ther. 2009;25
(1):65-70. doi:10.1089/jop.2008.0043

19. Woo SJ, Han JM, Ahn J, et al. Bilateral same-day intravitreal injec-
tions using a single vial and molecular bacterial screening for safety
surveillance. Retina. 2012;32(4):667-671. doi:10.1097/IAE.0b013
€31822¢296b

20. Rudo M, Andreu-Fenoll M, Dolz-Marco R, Gallego-Pinazo R. Safety
of bilateral same-day intravitreal injections of anti-vascular endothe-
lial growth factor agents. Clin Ophthalmol. 2017;11:299.
doi:10.2147/OPTH.S124282

21. Bakri SJ, Risco M, Edwards AO, Pulido JS. Bilateral simultaneous
intravitreal injections in the office setting. Am J Ophthalmol.
2009;148(1):66—69.¢61. doi:10.1016/j.aj0.2009.02.013

22. Trivizki O, Schwartz S, Negri N, Loewenstein A, Rabina G,
Shulman S. Noninfectious inflammatory response following intravi-
treal bevacizumab injections: description of a cluster of cases in two
centers and a review of the literature. Ophthalmologica. 2018;240
(3):163-166. doi:10.1159/000492681

23. Fine HF, Despotidis GD, Prenner JL. Ocular inflammation associated
with antivascular endothelial growth factor treatment. Curr Opin
Ophthalmol.  2015;26(3):184-187.  doi:10.1097/1CU.0000000000
000154

24. Lima LH, Zweifel SA, Engelbert M, et al. Evaluation of safety for
bilateral same-day intravitreal injections of antivascular endothelial
growth factor therapy. Retina. 2009;29(9):1213-1217. doi:10.1097/
TAE.0b013e3181b32d27

25. Avery RL, Castellarin AA, Steinle NC, et al. Systemic pharmacoki-
netics following intravitreal injections of ranibizumab, bevacizumab
or aflibercept in patients with neovascular AMD. Br J Ophthalmol.
2014;98(12):1636-1641.

26. Souied EH, Dugel PU, Ferreira A, Hashmonay R, Lu J, Kelly SP.
Severe ocular inflammation following ranibizumab or aflibercept
injections for age-related macular degeneration: a retrospective
claims database analysis. Ophthalmic Epidemiol. 2016;23(2):71-79.
doi:10.3109/09286586.2015.1090004

Clinical Ophthalmology 2020:14

submit your manuscript

3217

Dove


https://doi.org/10.1006/exer.1996.0239
https://doi.org/10.1136/bjophthalmol-2011-300338
https://doi.org/10.1136/bjophthalmol-2011-300338
https://doi.org/10.1007/s00417-004-0950-7
https://doi.org/10.1001/archopht.120.12.1644
https://doi.org/10.1136/bjo.81.2.154
https://doi.org/10.1159/000088481
https://doi.org/10.1097/01.iae.0000247165.38655.bf
https://doi.org/10.1097/01.iae.0000247165.38655.bf
https://doi.org/10.1097/IAE.0b013e318030e77e
https://doi.org/10.1016/j.ophtha.2012.09.006
https://doi.org/10.1016/j.ophtha.2012.09.006
https://doi.org/10.1016/j.ajo.2010.08.039
https://doi.org/10.1097/IAE.0b013e3181ed8c80
https://doi.org/10.1159/000499115
https://doi.org/10.1345/aph.1L270
https://doi.org/10.1089/jop.2008.0043
https://doi.org/10.1097/IAE.0b013e31822c296b
https://doi.org/10.1097/IAE.0b013e31822c296b
https://doi.org/10.2147/OPTH.S124282
https://doi.org/10.1016/j.ajo.2009.02.013
https://doi.org/10.1159/000492681
https://doi.org/10.1097/ICU.0000000000000154
https://doi.org/10.1097/ICU.0000000000000154
https://doi.org/10.1097/IAE.0b013e3181b32d27
https://doi.org/10.1097/IAE.0b013e3181b32d27
https://doi.org/10.3109/09286586.2015.1090004
http://www.dovepress.com
http://www.dovepress.com

Jang et al Dove

27. Diago T, McCANNEL CA, Bakri SJ, Pulido JS, Edwards AO, 28. Fintak DR, Shah GK, Blinder KJ, et al. Incidence of endophthalmitis

Pach JM. Infectious endophthalmitis after intravitreal injection of related to intravitreal injection of bevacizumab and ranibizumab. Retina.
antiangiogenic agents. Retina. 2009;29(5):601-605. doi:10.1097/ 2008;28(10):1395-1399. doi:10.1097/IAE.0b013e3181884fd2
TAE.0b013e31819d2591

Clinical Ophthalmology Dove

Publish your work in this journal

Clinical Ophthalmology is an international, peer-reviewed journal cover- ~ Central and CAS, and is the official journal of The Society of
ing all subspecialties within ophthalmology. Key topics include:  Clinical Ophthalmology (SCO). The manuscript management system
Optometry; Visual science; Pharmacology and drug therapy in eye dis-  is completely online and includes a very quick and fair peer-review

eases; Basic Sciences; Primary and Secondary eye care; Patient Safety ~ system, which is all easy to use. Visit http://www.dovepress.com/
and Quality of Care Improvements. This journal is indexed on PubMed  testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/clinical-ophthalmology-journal

3218 submit your manuscript Clinical Ophthalmology 2020:14

Dove


https://doi.org/10.1097/IAE.0b013e31819d2591
https://doi.org/10.1097/IAE.0b013e31819d2591
https://doi.org/10.1097/IAE.0b013e3181884fd2
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Author Contributions
	Funding
	Disclosure
	References

