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Purpose: To review evidence and provide updated guidelines on intravitreal (IVT)

injection technique and monitoring.

Methods: A review of the published literature on IVT injection from 2004 to 2014 formed

the basis for round table deliberations by an expert panel of ophthalmologists.

Results: The dramatic increase in the number of IVT injections has been accompanied

by a comparable increase in evidence surrounding IVT practice patterns and techniques.

The expert panel identified a number of areas that have evolved since publication of the

original IVT injection guidelines in 2004, the most notable of which were a lack of evidence

to support the routine use of pre-, peri-, and postinjection antibiotics to reduce the risk of

endophthalmitis, and the role of aerosolized droplets containing oral contaminants from the

patient and/or providers as a potential source of infection. The panel emphasized

the continued importance of applying povidone–iodine to and avoiding eyelid contact with

the intended injection site and needle.

Conclusion: Updated guidelines on IVT injection technique and monitoring are proposed

based on a review of published literature and expert panel deliberations.
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Guidelines Synopsis

T
he following guidelines were based on round table
deliberations conducted after a review of pub-

lished studies regarding intravitreal (IVT) injection
technique and monitoring. The guidelines presented
in this document are relevant to the basic principles
of IVT injection and, therefore, generally applicable
across therapeutic indications and agents. As with the
previous document,1 the expert panel selected the term
“guidelines” over the term “recommendations” in rec-
ognition of the fact that many of these conclusions
were developed through expert panel consensus.
This guideline update is organized similarly to the

previous guidelines to encompass pre-, peri-, and
postinjection issues. Preinjection issues address a num-
ber of specific clinical situations of potential relevance
to the IVT injection, including preexisting ocular
hypertension and glaucoma, recent cataract surgery,

preexisting ocular or medical conditions, and use of
anticoagulant agents. New or revised sections related to
pre- and peri-injection decision-making include guide-
lines regarding setting (office vs. clinic vs. operating
room), the practice of bilateral injections, management
of potential aerosolized droplet contamination, and the
effective use of topical anesthetics in conjunction with
povidone–iodine to minimize the risk of endophthalmi-
tis. As with the previous publication, postinjection
guidelines address issues related to monitoring, patient
discharge, and protocols for appropriate follow-up.
An additional section, “General Considerations

Before IVT Injections,” has been incorporated at the
beginning of these guidelines to address overarching
issues related to the injection process. The most notable
of these is the guideline related to antibiotic use, which
marks a substantial change from the 2004 publication.
Based on a review of the growing body of evidence
surrounding endophthalmitis risk, the conclusion of the
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panel was that there is insufficient evidence to support
the use of pre-, peri-, or postinjection antibiotics to

attempt to reduce the risk of endophthalmitis. A second
general consideration incorporates the need to use best
clinical judgment to tailor these guidelines to the indi-
vidual patient.
Although the conclusions reached for each of the

issues considered during the round table discussion have
been summarized, the panel discussions and comments
themselves were instructive. We have included, there-
fore, not only the evidence on which each guideline was
based but also selected points discussed during the panel
session so as to provide additional context where
appropriate.

General Considerations Before IVT Injections

Individual Tailoring of Treatment

The guidelines mentioned below should be tailored
to the individual patient as necessary in the best
clinical judgment of the injecting physician.

Antibiotic Use

There is insufficient evidence to support the routine
use of pre-, peri-, or postinjection antibiotics to reduce
the rate of endophthalmitis.

Guidelines for Care and Prophylaxis

Before Injection

Specific Clinical Situations

There are no absolute contraindications to IVT
injections. However, there are certain situations that
require the injecting physician’s best clinical judgment.

1. Ocular hypertension/glaucoma: 1) Patients with
preexisting ocular hypertension/glaucoma should
be managed by the treating physician according
to standard of care or preferred practice patterns;
2) IVT injection should not be denied or withheld
from patients with a history of ocular hyperten-
sion/glaucoma if such therapy is deemed important
to preservation of vision; 3) Before performing
IVT injection, the injecting physician should
conduct a thorough risk assessment based on stan-
dard medical practice, including monitoring of
intraocular pressure (IOP) before and after injec-
tion; 4) Routine anterior chamber paracentesis is
not recommended.

2. Preexisting ocular conditions/previous ocular surger-
ies: Preexisting ocular conditions and previous ocular
surgeries should be considered, but do not preclude
IVT injection if the injection is otherwise indicated.
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Injecting physicians should avoid injecting in the
area of previous incisional glaucoma surgery.

3. Recent postcataract surgery patients: The injecting
physician should use best clinical judgment with
IVT injection in recent cataract surgery patients.

4. Complex medical or ocular conditions: In patients
with complex medical or ocular conditions, care
should be coordinated with the patient’s entire med-
ical team.

5. Patients on anticoagulation: There is minimal risk
involved with IVT injections in patients on antico-
agulation. Therefore, IVT injection is not contra-
indicated in these patients.

6. Allergy to Povidone–Iodine: True povidone–iodine
allergy is rare. Anaphylaxis has not been reported
after ophthalmic application of povidone–iodine.

7. Active external infection, including active infection
in blepharitis: Postpone injection until the infection
has been treated and cleared, unless, in the best
judgment of the injecting physician, the benefits
of injection clearly outweigh the increased risk of
endophthalmitis.

8. Eyelid, adnexal, and ocular surface abnormalities:
Consider eyelid, adnexal, and ocular surface abnor-
malities as possible risk factors for endophthalmitis.

Guidelines for Pre- and Peri-Injection Management

Clinical Setting for Injection

Intravitreal injections may be safely performed in an
office setting, in a treatment room, or in an operating
room.

Bilateral Injections

The injecting physician should exercise caution when
considering bilateral injections in the same sitting. When
bilateral injections are performed, the injection for each
eye should be considered to be a separate procedure and
should be performed accordingly, using separate site
preparation and individual syringes, needles, etc. When
administering compounded medications, a different
medication batch should be considered for each eye.
Pharmaceutical compounding standards are available
under United States Pharmacopeia Chapter 797.

Gloves and Draping

Although the use of gloves has not been shown to
reduce the risk of endophthalmitis, sterile or nonsterile
gloves may be used as consistent with modern office
practice. There is no evidence to support the routine
use of a drape when performing IVT injections.

Talking and Use of Masks

The spread of aerosolized droplets containing oral
contaminants from the patient and/or staff should
be minimized to reduce infection risk. This may be
achieved by minimizing speaking and/or by the use of
surgical masks during the injection preparation and
procedure.

Application of Povidone–Iodine to the Ocular

Surface and Eyelids

Povidone–iodine (5–10%) should be the last agent
applied to the intended injection site before injection.
Povidone–iodine may also be applied to the eyelids,
including the eyelid margins and eyelashes, but eyelid
scrubbing or eyelid pressure adequate to express mate-
rial from the meibomian glands should be avoided. If
a gel anesthetic is used, povidone–iodine should be
applied both before and after application of gel, as
retained gel may prevent povidone–iodine from con-
tacting the conjunctival surface at the injection site.
After the final application of povidone–iodine, the eye-
lashes and eyelid margins should not be allowed to
come into contact with the injection site until the injec-
tion has been completed.

Globe Softening

Globe softening before IVT injection is generally
not required but may be considered in persons with
advanced glaucomatous optic neuropathy and in those
for whom the risk of a prolonged postinjection IOP
spike is high or in whom any given IOP spike might
result in visually significant damage to the optic nerve.
If globe softening is used, the injecting physician
should apply pressure to the globe itself and not to the
eyelids or ocular adnexa.

Dilation

Committee members had differing opinions regard-
ing the need for pupillary dilation. Although some
believed that the documented presence of formed
vision after injection was sufficient, others believed
that pupillary dilation and postinjection examination of
the posterior segment was important.

Topical Anesthetics

Topical anesthetics should be applied to minimize
patient discomfort as indicated by standard medical
practice. In addition, supplemental subconjunctival
anesthetics may be considered. Injecting physicians
should be aware that the use of anesthetic gel may
interfere with povidone–iodine contact with the
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conjunctival surface, thereby limiting its antimicrobial
activity. If anesthetic gel is used, povidone–iodine
should be applied to the intended injection site both
before and after application of gel.

Use of a Speculum

It is important to prevent contact of the eyelashes and
eyelid margins with both the injection site and the
injection needle after final application of povidone–
iodine and especially during the actual injection.
Although use of a speculum is the most common way
to prevent such contact, other techniques may be used to
maintain this separation, including manual lid retraction.

Site of Injection

Intravitreal injections should be given between the
horizontal and vertical rectus muscles at the pars
plana, 3.5 to 4.0 mm posterior to the limbus. Quadrant
selection should be dictated by both patient-specific
considerations and injecting physician preference.
Although oblique and tunneled approaches to scleral
penetration have been described to minimize drug
reflux after injection, a simple perpendicular injection
approach is both convenient and preferred in most
settings.

Needle Gauge and Length

Needle gauge should be selected based on the drug
to be injected. A 30-gauge or smaller needle is
generally preferred for nonviscous solutions. Larger
bore needles can be considered for suspensions and for
solutions of higher viscosity. Needle length should be
5/8 inch (18 mm) or shorter but long enough to allow
for complete penetration of the pars plana.

Protocol: Sequence of Events

An appropriate sequence of steps for IVT injection
is to perform the following:

1. Either surgical masks should be used or both the
patient and providers should minimize speaking
during the injection preparation and procedure;

2. Take a procedural time-out to verify patient, agent,
and laterality;

3. Apply liquid anesthetic drops to the ocular surface;
4. Apply povidone–iodine to the eyelashes and eyelid

margins (optional, most use 10%);
5. Retract the eyelids away from the intended injec-

tion site for the duration of the procedure;
6. Apply povidone–iodine (most use 5%) to the con-

junctival surface, including the intended injection
site, at least 30 seconds before injection;

7. If additional anesthetic is applied, reapply povi-
done–iodine to the intended injection site immedi-
ately before injection (most use 5%);

8. Insert the needle perpendicular to the sclera, 3.5 to
4.0 mm posterior to the limbus between the vertical
and horizontal rectus muscles.

Guidelines for Postinjection Management

Intraocular Pressure

Monitor IOP after injection and provide therapy
when persistently elevated IOP warrants intervention.

Patient Discharge

The injecting physician should confirm the presence
of formed vision before the patient leaves the office.
24-hour emergency contact information should be
provided to the patient. No special precautions are
required before discharge of a patient who has had an
uneventful IVT injection, but patients and/or care-
givers should be educated to avoid eye rubbing and to
recognize the signs and symptoms of endophthalmitis,
retinal detachment, or intraocular hemorrhage. These
include increasing eye pain, discomfort, light sensi-
tivity, or redness; worsening vision; or loss of all or
part of central or peripheral vision.

Guidelines for Follow-up

Follow-up Protocol

Postinjection follow-up should be tailored to the
individual patient.

Background

The use of IVT injection therapies represents one of
the most exciting and dynamic areas of growth in
ophthalmology over the past decade. Before 2002, IVT
injections were performed relatively uncommonly: from
2000 through 2002, the volume of IVT injections
reflected in the AMA/Specialty Society RVS Update
Committee (RUC) Database remained stable at approx-
imately 4,500 per year, used primarily for the treatment
of endophthalmitis.2,3 Ten years later, in 2012, this same
database reported more than 2.3 million IVT injections.
Taking into account the current growth estimates and
other payors, it is expected that the number of IVT
injections may reach more than 4 million in 2013 and
nearly 6 million in 2016 (Figure 1).2

The published literature reflects this rapid adoption
of IVT injections. A search of PubMed reveals
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approximately 1,400 articles (including 7 randomized
controlled trials) published through the end of 1999. In
the years since, the number of articles has increased 5-
fold to more than 7,500 and the number of randomized
controlled trials has increased to more than 375.
Although the dramatic growth in IVT injections is

related in part to innovative use of existing agents,
such as corticosteroids, the majority of expansion has
come from the advent of new therapies. In 2004, the
only agent specifically approved by the United States
Food and Drug Administration for IVT delivery, and
since then removed from the US market—was fomi-
virsen for cytomegalovirus retinitis in association with
acquired immune deficiency syndrome. As of the end
of 2013, there were a total of 6 approved agents: ra-
nibizumab (for the treatment of diabetic macular
edema, neovascular age-related macular degeneration
[AMD], and macular edema after retinal vein occlu-
sion); aflibercept (neovascular AMD, macular edema
after central retinal vein occlusion, and diabetic mac-
ular edema); pegaptanib (neovascular AMD); ocriplas-
min (vitreomacular adhesion); triamcinolone acetonide
(sympathetic ophthalmia and uveitis); and dexametha-
sone (in an implant form for macular edema after
branch or central retinal vein occlusion and noninfec-
tious uveitis of the posterior segment).4 9 These ther-
apies have given injecting physicians the ability
to minimize vision loss in more than 90% of patients
with new onset neovascular AMD and to improve
vision in approximately 40% of patients over a period
of years.10 Similar treatment benefits have been
achieved in central retinal vein occlusion and diabetic
macular edema.11 13

The broad and rapid expansion in IVT injections has
also been fostered by the growing literature on the
acceptable tolerability of this method of delivering

therapy. Experience over the past decade has shown
the incidence of the most serious adverse sequela of
IVT injection, endophthalmitis, to be rare, regardless
of the clinical setting in which the injection is
performed. Additional complications associated with
IVT injection include retinal detachment, intraocular
hemorrhage, uveitis/iritis, sustained ocular hyperten-
sion, and hypotony.14

In 2004, a similar expert panel published consensus
guidelines for IVT injections.1 At the time, the guide-
lines were based largely on clinical experience and
empiric observation, as there was little published liter-
ature, and a relative lack of clinical trial evidence to
inform decision-making. Ten years on, the evidence
landscape has changed, and our knowledge regarding
certain aspects of IVT injection has grown accord-
ingly. Nowhere is this more apparent than in our
understanding of endophthalmitis risk and the role that
antibiotics may or may not play in reducing this risk.
At the time the last guidelines were published, consid-
erable attention was devoted to the question of
whether antibiotics have an important role in reducing
endophthalmitis risk, and if so, how they may best be
used.1 There is now sufficient evidence to support the
notion that the use of topical antibiotics is not associ-
ated with a reduced incidence of endophthalmitis in
the context of IVT injections15 19 and could contribute
to drug resistance.20,21 Other aspects surrounding IVT
injections that now have a substantial body of evi-
dence include the use of povidone–iodine, the safety
of injections in various settings (i.e., office, treatment
room, or operating room),16,22 26 no-talking policies,
the effective use of anesthetics, and speculum use ver-
sus manual eyelid separation.26,27

In light of this new evidence, an expert panel
reconvened in December 2013 to revisit the

Fig. 1. Intravitreal injection and
cataract procedures in the United
States, by year. FFS, fee for
service; CAGR, compounded
annual growth rate. Modified from
Williams.2
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conclusions of the original guidelines and make
appropriate additions and/or revisions where dictated
by the evidence and the past decade of clinical
experience. As in the previous guidelines, the goal of
this document was to outline steps for safe delivery of
IVT injection by establishing where there is evidence,
where there is consensus, and where there may be
controversy. These guidelines not only facilitate a best
practice approach to IVT injection but also outline
areas in which additional investigation is warranted.

General Considerations Before

IVT Injections

Individual Tailoring of Treatment

Guideline: The guidelines below should be tailored
to the individual patient, as necessary, in the best
clinical judgment of the injecting physician.
Comment: As with the previous document, the

goal of these guidelines is to outline steps for safe
IVT injection. The guidelines are meant to facilitate
a best practices approach to IVT injection but are not
intended to substitute for the injecting physician’s
best clinical judgment. The panel anticipated that
multiple instances may arise in actual clinical prac-
tice in which the injecting physician might need to
tailor the recommendations summarized below based
on specific circumstances and individual patient
requirements.

Antibiotic Use

Guideline: There is insufficient evidence to support
the routine use of pre-, peri-, or postinjection anti-
biotics to reduce the rate of endophthalmitis.
Evidence for Guideline: Ten years after the original

publication of IVT injection guidelines,1 retrospective
data from the Diabetic Retinopathy Clinical Research
Network reported a numerically higher rate of endoph-
thalmitis with the use of topical antibiotics (6/4,694
injections; 0.13%) compared with no antibiotic use
(1/3,333 injections; 0.03%).15,16 Antibiotics also con-
ferred no clinical benefit in other large retrospective
series involving either postinjection application17 19 or
preinjection prophylaxis.28

Although routine use of topical antibiotics before,
during, and after IVT injection has, in the past, been
associated with a very low rate of endophthalmitis,29

this fact in and of itself should not be interpreted to
indicate that antibiotic use per se produced such low
infection rates. In fact, the preponderance of evidence
would now suggest that routine use of pre-, peri-, and
postinjection antibiotics does not materially lower

postinjection infection risk and so should not be used
routinely.15,17,19,30,31 That said, a number of studies
have shown that 3 days of topical antibiotics does
decrease bacterial colonization of the conjunc-
tiva30,32,33 prompting some to consider the discretion-
ary use of pre-, peri-, and postinjection antibiotics in
selected patients who are either unable to use povi-
done–iodine or who are believed to be at increased
risk of infection. The panel emphasized throughout
the day-long discussion that the use of appropriately
applied topical povidone–iodine was perhaps the
single most important step in endophthalmitis preven-
tion, and that the use of topical antibiotics alone
should not be viewed as an effective substitute for
povidone–iodine.
Comment: Although some physicians continue to

use pre- or postinjection topical antibiotics as part of
IVT injection protocols, the preponderance of accu-
mulated evidence since publication of the initial
guidelines suggests that the use of antibiotics does
not contribute to a lower incidence of endophthalmi-
tis. It needs to be emphasized that in all studies that
have examined this issue, the rate of endophthalmitis
was extremely low, regardless of whether antibiotics
were used. The single largest contributor to this low
endophthalmitis rate seems to have been meticulous
attention to antiseptic techniques during IVT injec-
tions, including the appropriate use of povidone–
iodine. It is important to take this lack of benefit,
the potential for antibiotic resistance, and cost into
account when considering the use of pre-, peri-, or
postinjection antibiotics.

Guidelines for Care and Prophylaxis

Before Injection

Specific Clinical Situations

Guideline: There are no absolute contraindications
to IVT injections. However, there are certain situations
that require the injecting physician’s best clinical
judgment.
Comment: The overall risk of complications with

IVT injections is low when the injections are admin-
istered by experienced ophthalmologists. The panel
considered a number of clinical situations that require
the ophthalmologist to exercise his or her best clinical
judgment when choosing whether to administer an
IVT injection but concluded that there is a lack of
evidence supporting an absolute contraindication to
injection for any specific situation (the panel noted,
however, that each approved IVT agent carries relative
contraindications as outlined in the respective package
inserts4 9).
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Ocular Hypertension/Glaucoma

Guideline: 1) Patients with preexisting ocular hyper-
tension/glaucoma should be managed by the treating
physician according to standard of care or preferred
practice patterns; 2) IVT injection should not be denied
or withheld from patients with a history of ocular
hypertension/glaucoma if such therapy is deemed
important to preservation of vision; 3) Before perform-
ing IVT injection, the injecting physician should
conduct a thorough risk assessment based on standard
medical practice, including monitoring of IOP before
and after injection; 4) Routine anterior chamber para-
centesis is not recommended.
Evidence for Guideline: Although several retrospec-

tive studies have suggested an increased risk of
sustained ocular hypertension in patients receiving
prolonged anti-VEGF therapy,34 including those with
preexisting glaucoma,35,36 at least 2 retrospective stud-
ies of patients treated repeatedly with anti-VEGF
agents concluded that preexisting glaucoma was not
a risk factor for sustained ocular hypertension.37,38

Moreover, a post hoc analysis of data from the ran-
domized MARINA and ANCHOR trials found no
association between elevations in IOP and the number
of injections.39 Because the risks of an IOP-related
complication from IVT injection may outweigh the
benefits in a given patient with uncontrolled ocular
hypertension/glaucoma, the panel consensus was that
caution should be exercised and additional postinjec-
tion IOP surveillance should be considered in eyes
with advanced glaucomatous optic neuropathy and/or
visual field loss at fixation.
Comment: The primary goal of managing ocular

hypertension/glaucoma is the preservation of visual
function. Preexisting ocular hypertension/glaucoma
should be managed appropriately before IVT injection,
according to current standards of care (guidelines for
glaucoma management have been published elsewhere
and are beyond the scope of this document40). However,
IVT injection should not be denied or withheld from
patients with a history of ocular hypertension/glaucoma.
It is important for physicians who are performing IVT
injections in patients with ocular hypertension/glaucoma
to have documented the presence or absence of optic
nerve damage and, if present, the degree of damage
because in advanced disease, even transient elevations
in IOP can have effects on the optic nerve. Occasionally,
patients are given injections but their glaucoma is not
being appropriately monitored over time. Consideration
should be given before treating patients with baseline
IOP .25 mmHg before the injection.
Treatment options for acute IOP elevations include

a2-adrenergic agonists, such as brimonidine and

apraclonidine, b-adrenergic antagonists, such as timo-
lol, and oral or topical carbonic anhydrase inhibitors.
As with any intraocular procedure, anterior chamber
paracentesis, although generally safe,41 is associated
with a low rate of endophthalmitis.42,43 The panel rec-
ognized this risk and recommended that manual globe
softening be considered as the first technique for pro-
phylactically lowering IOP, and that prophylactic para-
centesis not be done routinely but rather be considered
only when, at the injecting physician’s discretion, an
acute postinjection rise in IOP might pose an imminent
and irreversible threat to vision.

Preexisting Ocular Conditions/Previous

Ocular Surgeries

Guideline: Preexisting ocular conditions and pre-
vious ocular surgeries should be considered but do not
preclude IVT injection if the injection is otherwise
indicated. Injecting physicians should avoid injecting
in the area of previous incisional glaucoma surgery.
Comment: This is an addition to previous guidelines

covering specific clinical situations to address ques-
tions regarding the impact of preexisting ocular
conditions (e.g., glaucoma) or previous ocular surger-
ies (e.g., penetrating keratoplasty) on the decision to
administer an IVT injection. Although the patient’s
general health and particular ocular conditions should
be taken into account, the panel agreed that there is no
evidence that these should preclude IVT injection if
the injection is otherwise warranted. Injection should
be avoided in the area of previous incisional glaucoma
surgery (e.g., in the area of a filtering bleb or shunt).

Recent Postcataract Surgery Patients

Guideline: The injecting physician should use best
clinical judgment with IVT injection in recent cataract
surgery patients.
Comment: The panel agreed that recent cataract

surgery, in and of itself, should not preclude IVT
injection if the injection is otherwise indicated. In
making the decision to inject, the injecting physician
should use his or her best clinical judgment, taking into
account the patient’s overall health and particular ocular
conditions.

Complex Medical or Ocular Conditions

Guideline: In patients with complex medical or
ocular conditions, care should be coordinated with the
patient’s entire medical team.
Comment: This is an addition to previous guidelines

covering specific clinical situations, to address ques-
tions regarding the use of IVT injections in those who
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may have complex underlying medical or ocular
diseases. The panel recognizes the value of consulting
with the patient’s other physicians and coordinating
care among them to positively impact care and to
determine the best course of treatment.

Patients on Anticoagulation

Guideline: There is minimal risk involved with IVT
injections in patients on anticoagulation. Therefore,
IVT injection is not contraindicated in these patients.
Evidence for Guideline: Since the initial publication

of these guidelines, several reports have addressed the
issue of administering IVT injections to patients on
anticoagulation. In a retrospective case series of 1,710
injections for neovascular AMD performed in 228
eyes in 191 patients, vitreous or subretinal hemorrhage
occurred in 3 patients on systemic anticoagulation and
1 patient not on anticoagulation. The difference was
not statistically significant.44 In a retrospective chart
review of 220 patients who received IVT ranibizumab,
diabetes and the combination of diabetes/hypertension
were risk factors for macular hemorrhage but the use
of an anticoagulating agent was not.45 In a retrospec-
tive study of 31 patients (32 eyes) on warfarin anti-
coagulation who underwent 102 pegaptanib injections,
there were no intraoperative or immediate postopera-
tive hemorrhagic complications.46

Comment: This addition to the guidelines addresses
concerns regarding patients on anticoagulation. There
was overall agreement among the panelists that current
evidence does not suggest an increased risk of intraoc-
ular bleeding complications after IVT injection in
patients who are on anticoagulant therapy.

Allergy to Povidone–Iodine

Guideline: True povidone–iodine allergy is rare.
Anaphylaxis has not been reported after ophthalmic
application of povidone–iodine.
Evidence for Guideline: Patients may experience

irritant effects of povidone–iodine (in proportion to the
duration of exposure) and contact dermatitis.47 49 True
cases of povidone allergy, however, are rare.41,47 Ana-
phylaxis to povidone–iodine used in conjunction with
IVT injection has yet to be documented, although
cases have been reported after application to open
wounds or mucous membranes.47,50,51

Comment: Use of povidone–iodine is an important
component of IVT injection preparation. Since publi-
cation of the initial guidelines, studies in patients
undergoing IVT injection have supported the effec-
tiveness of topical povidone–iodine in reducing the
number of conjunctival bacteria.52,53 In addition, in
a retrospective review of 15,144 IVT injections, no

cases of endophthalmitis occurred using a preparation
regimen that included the application of povidone–
iodine to the skin and conjunctiva.29 Commonly, pa-
tients develop contact dermatitis or surface irritation,
which they may equate incorrectly with allergy. In
addition, a history of systemic iodine allergy does
not typically translate to allergy with povidone–iodine.
A skin patch test may be considered in a patient with
an undocumented claim of povidone–iodine allergy to
determine whether there is a reaction; however, skin
redness per se in response to the test should not nec-
essarily be interpreted as evidence of an immune-
mediated hypersensitivity response or preclude the
use of povidone–iodine before IVT injection. For these
reasons, the panel did not support the routine use of
a skin test to screen for povidone allergy before IVT
injection, although this skin test may be useful in con-
vincing some patients that the ocular use of povidone–
iodine is safe for them. Postinjection irritation may
be minimized by irrigating residual povidone–iodine
from the ocular surface using sterile saline after the
procedure.

Active External Infection, Including Active Infection

in Blepharitis

Guideline: Postpone injection until the infection has
been treated and cleared, unless, in the best judgment
of the injecting physician, the benefits of injection
clearly outweigh the increased risk of endophthalmitis.
Evidence for Guideline: Endophthalmitis is one of

the most serious complications of IVT injection.
Rigorous precautions to reduce this risk of infection
are warranted. There are no controlled data demon-
strating a reduced risk of endophthalmitis with treat-
ment of external infections before IVT injection. In
a prospective observational case study of 47 cases of
postinjection anti-VEGF endophthalmitis who were
compared with 200 control cases, blepharitis, present
in 6.5% of cases, was a significant risk factor for
endophthalmitis (P = 0.006).54

Comment: This is unchanged from the previous
guidelines. Panel consensus was that patients under-
going IVT injection should meet the same general
guidelines and considerations as those undergoing
intraocular surgery, including postponing the injection
until active external infection has resolved. This
approach is consistent with good medical practice.

Eyelid, Adnexal, and Ocular Surface Abnormalities

Guideline: Consider eyelid, adnexal, and ocular surface
abnormalities as possible risk factors for endophthalmitis.
Evidence for Guideline: In a study evaluating the risk

of endophthalmitis after intraocular lens implantation
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relative to other intraocular surgeries, endophthalmitis
was associated with preoperative eyelid abnormalities,
as well as diabetes mellitus, transscleral suture fixation
of posterior chamber intraocular lenses, polypropylene
haptics, reentry of eye through a previous wound, and
postoperative wound defects. Most cases were caused
by S. epidermidis.55

Guidelines for Pre- and Peri-Injection Management

Clinical Setting for Injection

Guideline: IVT injections may be safely performed in
an office setting, in a treatment room, or in an operating
room.
Evidence for Guideline. Numerous large-scale anal-

yses have documented the excellent safety of perform-
ing IVT injections in an office setting, in a treatment
room, or in an operating room. A meta-analysis of US
literature from 2005 to 2009, encompassing 16 studies
and 105,536 injections, found 52 cases of endophthal-
mitis (0.049% rate). Twenty-six of these cases (52%)
were culture-positive.56 Studies of US cohorts pub-
lished since that meta-analysis have found consistently
low rates of endophthalmitis in the clinic setting with
IVT injection of various agents, ranging from 0.02% to
0.09%.16,22 26 European series have also reported very
low rates of endophthalmitis after IVT injections per-
formed in the operating room setting with a Swiss study
of anti-VEGF injections reporting 3 cases over a total of
40,011 injections (0.0075%)57 and a Danish study re-
porting no cases in 20,293 injections (0%).58

Studies that have compared rates of endophthalmitis
in the office versus the operating theater have found
the incidence in both settings to be extremely low. In
a retrospective comparison of patients treated with
ranibizumab or bevacizumab in an office procedure
room or an operating theater, the rates of endoph-
thalmitis were 4/3,376 (0.12%) in the office setting
and 0/8,873 for the operating theater (P = 0.006).59 In
a second retrospective case series involving ranibizu-
mab, bevacizumab, and triamcinolone acetonide,
endophthalmitis occurred in 3/8,647 (0.04%) office-
based injections and in 2/3,063 (0.07%) operating
room–based injections.60

Comment: The issue of where to perform IVT
injections is addressed for the first time in these guide-
lines. Regardless of the specific injection setting, (office
setting, treatment room, or operating theater), the risk of
endophthalmitis has been consistently very low. The
majority of IVT injections to date have been performed
in the outpatient office setting, and this seems to confer
no additional risk compared with the operating room
setting.

Bilateral Injections

Guideline: The injecting physician should exercise
caution when considering bilateral injections in the same
sitting. When bilateral injections are performed, the
injection for each eye should be considered a separate
procedure and should be performed accordingly, using
separate site preparation and individual syringes, needles,
etc. When administering compounded medications, a dif-
ferent medication batch should be considered for each
eye. Pharmaceutical compounding standards are available
under United States Pharmacopeia Chapter 797.
Evidence for Guideline: Although the safety of

bilateral same-day IVT injections is well docu-
mented,61 64 several studies have reported outbreaks
of infectious endophthalmitis with the use of drugs pre-
pared by compounding pharmacies. In one series, 12
eyes of 12 patients developed endophthalmitis after IVT
injections of bevacizumab from syringes prepared by
a single compounding pharmacy. Outcomes at 12
months were poor, with 7 patients requiring eviscera-
tion or enucleation.65 Other outbreaks were reported in
patients receiving IVT injections of triamcinolone ace-
tonide66 and a combination of bevacizumab and triam-
cinolone acetonide.67 In each instance, the medication
was prepared by a compounding pharmacy.
Comment: Compounded drugs are commonly used

for IVT injections (Table 1). The issue of bilateral IVT
injections is addressed for the first time in these guide-
lines regarding concerns over accidental contamination
of one or both eyes when bilateral injections are per-
formed and to minimize the risks that may arise from
batches of compounded drugs in particular. The issue of
compounded drugs was highlighted in 2012, after an
outbreak of fungal meningitis traced to epidural injec-
tions of betamethasone from a single compounding cen-
ter in New England. Fifty-one deaths were tied to the

Table 1. Commonly Compounded Drugs Delivered by
IVT Injection*

Amikacin 0.4 mg/0.1 mL
Amphotericin B 0.005 mg/0.1 mL
Bevacizumab 1.25 mg/0.05 mL
Cefazolin or ceftazidime 2.25 mg/0.1 mL
Clindamycin 1.0 mg/0.1 mL
Dexamethasone 0.4 mg/0.1 mL
Foscarnet 2.4 mg/0.1 mL
Ganciclovir 2.0 mg/0.05 mL
Methotrexate 0.4 mg/0.1 mL
Tobramycin 0.1 mg/0.1 mL
Triamcinolone 4.0 mg/0.1 mL
Vancomycin 1.0 mg/0.1 mL
Voriconazole 0.05–0.1 mg/0.1 mL

*Pharmaceutical compounding standards are available under
United States Pharmacopeia Chapter 797.68

IVT INJECTION: UPDATED GUIDELINES ! AVERY ET AL S9

PGR2026-00039 
Biocon Ex.1014 

Page 9 of 18



contaminated drug.69 This outbreak and the endophthal-
mitis outbreaks tied to IVT injections65 67 raised issues
regarding the safety of bilateral injections, especially
with compounded drugs. Pharmaceutical compounding
standards are available under United States Pharmaco-
peia Chapter 797. These include the use of a laminar
flow hood, sterile gown and gloves, and credentialed
pharmacy staff.68 Bilateral IVT injections can safely be
performed during the same session when appropriate,
and may be preferred by patients over separate day
injections.62 In addition, each injection should be
treated as a separate procedure and should be performed
accordingly, using separate site preparation and individ-
ual syringes, needles, etc. When administering com-
pounded medications, a different medication batch
should be considered for each eye.

Gloves and Draping

Guideline: Although the use of gloves has not been
shown to reduce the risk of endophthalmitis, sterile or
nonsterile gloves may be used as consistent with modern
office practice. There is no evidence to support the
routine use of a drape when performing IVT injections.
Evidence for Guideline: There are no controlled data

confirming the efficacy of wearing gloves to reduce the
risk of infection after IVT injection, but this is a reason-
able extrapolation of the use of gloves as a part of
general infection control practice. In 2 prospective
randomized controlled trials performed by the Diabetic
Retinopathy Clinical Research Network that did not
require the use of gloves or a drape, the endophthalmitis
rate was 0.078% (3/3,838 injections).15 An endophthal-
mitis rate of 0.057% was reported in a retrospective
case series of 15,895 IVT injections involving
ranibizumab, bevacizumab, triamcinolone acetonide,
and pegaptanib, in which gloves were not used.18 Sim-
ilarly, an endophthalmitis rate of 0.029% was reported
in a retrospective, interventional, single-center case
series of 10,254 anti-VEGF injections with a protocol
that did not use a drape (there was no mention of glove
use).70 In nonophthalmic surgical procedures, a Co-
chrane review of 5 randomized controlled trials involv-
ing 3,082 patients found that use of a plastic adhesive
drape was associated with a significant increase in sur-
gical site infections (RR, 1.23; 95% confidence interval,
1.02–1.48; P = 0.03).71

Comment: The package inserts for all agents
currently approved for IVT injection by the US FDA
cite the use of sterile gloves and a sterile drape as part
of the injection protocol.4 9 Nevertheless, there is little
evidence of benefit for sterile gloves and drapes72 and
it is commonplace not to use either. In a survey of 765
retina specialists, 58% reported use of gloves, and of

those, 58% used sterile gloves. Only 12% reported use
of a sterile drape.73

Although the use of gloves is not strictly required by
either evidence-based studies or regulations, many
patients and physicians find the use of gloves, either
sterile or nonsterile, to be consistent with modern office
practice. Regardless of the use or nonuse of gloves,
careful handwashing before and after patient contact
and attention to aseptic injection technique is recom-
mended for IVT injection.
The use of a drape may be more problematic in that it

has the potential to create patient anxiety and discomfort.
In a survey of 42 patients undergoing IVT injection,
drape application ranked second only to insertion of the
needle in terms of the level of discomfort, and 18% of
patients reported that the drape caused significant
discomfort.74

Talking and Use of Masks

Guideline: The spread of aerosolized droplets con-
taining oral contaminants from the patient and/or staff
should be minimized to reduce infection risk. This may
be achieved by minimizing speaking and/or by the use
of a surgical mask during the injection preparation and
procedure.
Evidence for Guideline: There are no randomized

controlled trials that specifically address the impact of
wearing a mask or of a limited talking policy on
infection risk after IVT injection. There is evidence
from large retrospective analyses that an infection
control protocol employing the use of a face mask
can minimize the risk of endophthalmitis.29,58 In
a meta-analysis of endophthalmitis cases after IVT
injection, the authors noted a high rate of Streptococ-
cus isolates, suggesting that causative organisms were
likely to be transmitted from oropharyngeal droplets.
Drawing upon the dural puncture literature, these re-
searchers suggested that talking should be minimized
or facial masks should be worn by the physician dur-
ing IVT injection.56

Two studies that simulated IVT injection procedures
found that the use of a face mask and avoidance of
talking both significantly reduced bacterial growth on
blood agar plates positioned next to the mouth when
compared with talking during the procedure.75,76

A third study found no significant difference in cul-
tures sampled from IVT needles after 30 seconds of
talking versus 30 seconds of silent breathing.77

Comment: This guideline has been added to draw
attention to the need to reduce the possibility of
contamination with aerosolized droplets during the
IVT injection procedure. Evidence supports that this
risk can be addressed by minimizing speaking by the

S10 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES ! 2014 ! VOLUME 34 ! NUMBER 12

PGR2026-00039 
Biocon Ex.1014 

Page 10 of 18



ophthalmologist and all individuals in the room and/or
the use of a mask. Some panelists expressed a prefer-
ence for the use of a mask, and observed that,
depending on the facility, masks may be incorporated
into the IVT injection protocol.

Application of Povidone–Iodine to the Ocular

Surface and Eyelids

Guideline: Povidone–iodine (5–10%) should be the
last agent applied to the intended injection site before
injection. Povidone–iodine may also be applied to the
eyelids, including the eyelid margins and eyelashes, but
eyelid scrubbing or eyelid pressure adequate to express
material from the meibomian glands should be avoided.
If a gel anesthetic is used, povidone–iodine should be
applied both before and after application of gel, as re-
tained gel may prevent povidone–iodine from contact-
ing the conjunctival surface of the injection site. After
the final application of povidone–iodine, the eyelashes
and eyelid margins should not be allowed to come into
contact with the injection site until the injection has
been completed.
Evidence for Guideline: There was strong consensus

among the panelists that povidone–iodine should be
used to prepare the injection site for IVT injections.
Compared with topical antibiotics, ocular surface prep-
aration with povidone–iodine does not seem to promote
bacterial resistance.78 There are no controlled studies
specifically examining endophthalmitis risk after IVT
injections done with or without povidone–iodine, but
studies from the cataract surgery literature have demon-
strated significant reductions in infection risk.79 81

Prospective studies have evaluated various povi-
done–iodine protocols in IVT injection. One study
found a greater reduction in bacterial colonization with
irrigation of the conjunctiva using 5% povidone–iodine,
compared with drop application.53 Another found that
use of 5% povidone–iodine significantly reduced bac-
terial colony forming units after 30 seconds of exposure
but not after 15 seconds.52

There was consensus among the panelists that lid
scrubs may increase the risk of contamination with
bacteria from lids and lashes. Therefore, lid scrubs are
not recommended as part of the IVT injection protocol.
Comment: The role of povidone–iodine as part of

a meticulous aseptic protocol in IVT injection has
been strengthened by the recent literature. The panel-
ists noted its utility in IVT injection, taking into
account its effectiveness, low cost, ready availabil-
ity,82 and lack of association with antimicrobial resis-
tance. There was consensus that povidone–iodine
should be applied directly to the site of injection, with
a number of panelists expressing a strong preference

for wider application, bathing the entire ocular surface,
lids and lashes, which may provide added protection
against secretions from the accessory lid glands.
Regarding the duration of exposure, the panelists rec-
ognized the value of waiting at least 30 seconds after
applying povidone–iodine before the injection but
observed that the povidone–iodine should not be al-
lowed to dry. Application of povidone–iodine to the
lids is distinguished from a lid scrub, which may dis-
lodge bacteria from the accessory glands and therefore
should not be performed.

Globe Softening

Guideline: Globe softening before IVT injection is
generally not required but may be considered in persons
with advanced glaucomatous optic neuropathy and in
those for whom the risk of a prolonged postinjection
IOP spike is high or in whom any given IOP spike
might result in visually significant damage to the optic
nerve. If globe softening is used, the injecting physician
should apply pressure to the globe itself and not to the
eyelids or ocular adnexa.
Evidence for Guideline: Globe softening to facilitate

injection is an accepted, although uncommon, practice
that has been permitted in clinical trials of IVT
therapies.83 There are no controlled data to demonstrate
that ocular massage reduces the risk of pressure-
associated adverse events. However, one study of 48
patients receiving IVT injections of ranibizumab found
that those randomized to application of lidocaine gel to
the globe using “moderate pressure” had a significantly
lower increase in IOP in the immediate postinjection
period compared with those receiving lidocaine without
pressure (25.7 vs. 30.9 mmHg; P = 0.001).84

Comment: Panelists observed that globe softening is
not common and in general is not recommended.
However, they recognized that globe softening may be
preferred in some patients who are at risk for high
postinjection IOP elevations. Physicians who do use
globe softening must be careful to limit the massage to
the globe itself and avoid both the lid and the adnexa
because bacteria may be released from accessory glands
and, in the case of neovascular AMD, hypotony-induced
bleeding can occur. Injection volumes in excess of 0.1
mL can produce dramatic increases in IOP.

Dilation

Guideline: Committee members had differing opin-
ions regarding the need for pupillary dilation.
Although some believed that the documented presence
of formed vision after injection was sufficient, others
believed that pupillary dilation and postinjection
examination of the posterior segment were important.
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Evidence for Guideline: Dilation was included in the
protocols for many of the controlled trials evaluating
IVT injections on the basis that this permits visualization
of the needle and monitoring for perioperative compli-
cations such as impaired reperfusion of the optic nerve
and retinal detachment. For example, physicians partici-
pating in the VISION studies of pegaptanib used 1%
mydriacyl and 2.5% phenylephrine applied topically
from new bottles to achieve adequate pupillary dila-
tion.85 There are no controlled trials comparing the utility
of pupillary dilation on the rate of postinjection compli-
cations or their prevention. Clinical experience since the
previous guidelines were published has demonstrated
that dilation may not be essential for postinjection mon-
itoring of optic nerve reperfusion or injection-related
complications. However, because dilation poses no sig-
nificant risks to the majority of patients and many physi-
cians prefer to perform routine dilation to facilitate
immediate postinjection examination, it may be consid-
ered optional as part of the IVT injection procedure.

Topical Anesthetics

Guideline: Topical anesthetics should be applied
to minimize patient discomfort as indicated by stan-
dard medical practice. In addition, supplemental sub-
conjunctival anesthetics may be considered. Injecting
physicians should be aware that the use of anesthetic
gel may interfere with povidone–iodine contact with
the conjunctival surface, thereby limiting its antimicro-
bial activity. If anesthetic gel is used, povidone–iodine
should be applied to the intended injection site both
before and after application of gel.
Evidence for Guideline: Studies have evaluated

various anesthetics for IVT injections, finding no
significant differences in patient comfort. A random-
ized prospective trial of 24 patients found no differ-
ence in pain scores among 4 different anesthetic
approaches (topical proparacaine, tetracaine, lidocaine
pledget, or subconjunctival lidocaine).86 Similarly, no
difference in pain scores was found in a comparison of
proparacaine drops, proparacaine plus lidocaine-
soaked cotton swabs, and lidocaine gel.87 A random-
ized trial of 28 patients did report significantly higher
IVT injection pain scores with 4% topical lidocaine
versus subconjunctival injections of 4% lidocaine;
however, there was no difference in total pain scores
when the pain of the subconjunctival injection itself
was taken into account.88 A second randomized trial of
100 patients comparing these same routes of adminis-
tration with 2% lidocaine found no significant differ-
ences in pain scores.89 Based on this, there is a lack of
evidence to support recommending one anesthetic
agent or application technique over another.

Although evidence supports the equivalent efficacy of
lidocaine injection, gel, and drops,90 2 studies, both
involving blood agar plates inoculated with bacteria,
concluded that applying gel before povidone–iodine
can interfere with antisepsis. In one, there was no signif-
icant difference in S. epidermidis growth between
untreated plates and those treated with 2% lidocaine
gel before povidone–iodine.91 The second study found
increased survivability of S. epidermidis, S. aureus,
Pseudomonas aeruginosa, and Haemophilus influenza

with preapplication of lidocaine gel compared with
povidone–iodine alone.92 Based on these findings, evi-
dence supports the application of povidone–iodine both
before and after application of lidocaine gel, if used.
A separate study found that subconjunctival injection
of 2% lidocaine may reduce the risk of infection.93

Comment: In terms of patient comfort, the panelists
did not find sufficient support to recommend one
anesthetic approach over another, noting that physi-
cians have generally been given substantial discretion
with choice of anesthetic in clinical trials of IVT
agents. The use of the specific anesthetic and route of
application (e.g., topical drop, gel, swab, subconjunc-
tival injection) is therefore a matter of injecting
physician choice. Given potential concerns over
reduced effectiveness of povidone–iodine with gel
anesthetic, it was observed that povidone–iodine
should be applied both before and after the gel, if used.
Povidone–iodine should be applied to the injection site
immediately before the injection, by whichever means
the injecting physician prefers (e.g., drop or pledget).

Use of a Speculum

Guideline: It is important to prevent contact of the
eyelashes and eyelid margins with both the injection
site and the injection needle after final application of
povidone–iodine and especially during the actual
injection. Although use of a speculum is the most
common way to prevent such contact, other techniques
may be used to maintain this separation, including
manual lid retraction.
Evidence for Guideline: There is no evidence to

support a preference for speculum use over other
methods of maintaining separation between the ocular
surface and the patient’s lids/lashes during IVT injec-
tion.27 In a prospective randomized study of 131 patients
that evaluated the use of povidone–iodine, the placement
of a lid speculum before the injection had no impact on
the number of colony forming units. Two retrospective
analyses encompassing more than 37,000 IVT injections
found no difference in the risk of endophthalmitis with
the use of a bladed speculum compared with manual
eyelid retraction.26,27 One prospective randomized study
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of 141 patients did associate speculum use with a higher
risk of drug reflux.94

Discussion: As with sterile gloves and drapes, the
package inserts for agents currently approved for IVT
injection by the US FDA cite the use of a speculum as
part of the injection protocol.4 9 However, in clinical
practice, it is commonplace for the physician to use
either a sterile speculum or his or her fingers to direct
the lids and lashes away from the injection field. There
was no clear consensus by the panel on preference for
a speculum over manual separation or for use of
a bladed speculum over a wire speculum. Choice
may be dictated by the availability of an assistant to
aid in manual lid retraction, physician preference, and
patient preference vis-à-vis comfort. Some unaided
physicians believe that performing an injection with
2 hands, aided by a speculum, provides greater control
and improved injection consistency. Conversely, some
patients consider the speculum to be a source of
procedure-related discomfort and the injecting physi-
cian may perform manual lid retraction.
The important goal is to prevent contact of the lids

and lashes with the injection needle and ocular surface;
several panelists observed that the lashes may be
a primary source of some cases of endophthalmitis
because of needle contact during entry into the
vitreous. To this end, the physician may choose to
swab the lids/lashes with povidone–iodine as part of
injection preparation.

Site of Injection

Guideline: IVT injections should be given between
the horizontal and vertical rectus muscles at the pars
plana, 3.5 to 4.0 mm posterior to the limbus. Quadrant
selection should be dictated by both patient-specific
considerations and injecting physician preference.
Although oblique and tunneled approaches to scleral
penetration have been described to minimize drug
reflux after injection, a simple perpendicular injection
approach is both convenient and preferred in most
settings.
Evidence for Guideline: The panel consensus was

that IVT injections should generally be given between
the horizontal and vertical rectus muscles at the pars
plana, 3.5 to 4.0 mm posterior to the limbus, as the
majority of injecting physicians have experience with
this method of injection and it carries a low risk of
complications. This method is also consistent with
injection protocols in controlled clinical trials of drugs
approved for IVT injection and is incorporated into
package inserts.5 Several small comparative studies
have reported a lower risk of drug/vitreous reflux using
oblique or tunneled scleral injections.95 97 However,

notably higher increases in IOP using tunneling techni-
ques have also been reported.98

Comment: There is a great deal of cumulative
experience with IVT injection techniques. Overall,
the panel favored giving the injection between the
horizontal and vertical rectus muscles at the pars
plana, 3.5 to 4.0 mm posterior to the limbus, keeping
the needle perpendicular to the sclera (Figure 2).
Physician preference and specific patient factors
(e.g., the presence of intraocular pathology or the need
to avoid the site of previous incisional surgery) may
influence the specific choice of quadrant.
Although studies suggest that scleral tunneling may

have value in reducing the risk of reflux,99 the panel
believed that staying perpendicular to the sclera may
be preferred to avoid inadvertent injury to the lens or
the retina. A tunnel incision is also technically more
difficult and may be more challenging for many inject-
ing physicians.

Needle Gauge and Length

Guideline: Needle gauge should be selected based on
the drug to be injected. A 30-gauge or smaller needle is
generally preferred for nonviscous solutions. Larger
bore needles can be considered for suspensions and for
solutions of higher viscosity. Needle length should be
5/8 inch (18 mm) or shorter but long enough to allow
for complete penetration of the pars plana.
Evidence for Guideline: Package inserts for FDA-

approved agents (with the exception of the Ozurdex
implant and triamcinolone acetonide suspension) spec-
ify the use of a 30-gauge or smaller needle for IVT

Fig. 2. Schematic of injection site technique. IVT injections should
generally be given between the horizontal and vertical rectus muscles at
the pars plana, 3.5 to 4.0 mm posterior to the limbus. IR, inferior rectus;
LR, lateral rectus.
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injection.4 7 There is published evidence that 30-gauge
or smaller needles are associated with low pain scores
and a low risk of vitreous reflux.100 102 A larger bore
needle may be selected for viscous solutions or sus-
pensions. There are no data on which an increased
risk from larger needles is well documented. There is
prospective evidence that a lack of vitreous reflux is
associated with a significant initial elevation in IOP
that rapidly normalizes103 and retrospective evidence
that smaller bore needle sizes are associated with
statistically significant IOP spikes that also normalize
within 30 minutes.104 The length of the needle is
dictated by the goal of reducing the risk of injury
to the retina or other intraocular structures from
injection.
Comment: A smaller bore needle size may minimize

patient discomfort and anesthesia requirements, and a 5/8
inch (18 mm) needle minimizes the risk of direct
mechanical injury to posterior pole structures.
Although smaller bore needles are associated with
reduced vitreous reflux, they also seem to be associ-
ated with postinjection IOP spikes.

Protocol: Sequence of Events

Guideline: 1) Either surgical masks should be used or
both the patient and providers should minimize speak-
ing during the injection preparation and procedure; 2)
Take a procedural time-out to verify patient, agent,
and laterality; 3) Apply liquid anesthetic drops to
the ocular surface; 4) Apply povidone–iodine to the
eyelashes and eyelid margins (optional, most use
10%); 5) Retract the eyelids away from the intended
injection site for the duration of the procedure; 6)
Apply povidone–iodine (most use 5%) to the con-
junctival surface, including the intended injection
site, at least 30 seconds before injection; 7) If addi-
tional anesthetic is applied, reapply povidone–
iodine to the intended injection site immediately
before injection (most use 5%); 8) Insert the needle
perpendicular to the sclera, 3.5 to 4.0 mm posterior
to the limbus, between the vertical and horizontal
rectus muscles.
Evidence for Guideline: Some, but not all, of these

steps were mandated in clinical trials or drugs delivered
by IVT injection; they represent a summary of the
guidelines discussed earlier in this article. Available
evidence and cumulative experience support the notion
that these steps are both safe and may reduce the risk of
complications. Other protocols with alternative steps
may be reasonable, but this provides a structured step-
by-step approach to IVT injection.
Discussion: The panelists were in agreement that

modifications of the above approach are reasonable

based on individual patient differences. For example,
the physician may alter this approach in an individual
who is immunocompromised or has diabetes com-
pared with a healthy young patient. Physician experi-
ence in IVT injection is also an important factor. The
overall goal should always be to maximize patient
comfort while minimizing the risk of complications.

Guidelines for Postinjection Management

Intraocular Pressure

Guideline: Monitor IOP after injection and provide
therapy when persistently elevated IOP warrants
intervention.
Evidence for Guideline: Prolonged and pronounced

elevations in IOP pose a significant risk of serious
vision loss. Both transient and sustained increases in
IOP have been associated with IVT injection, but the
risk of sustained increases in IOP is most closely
associated with injection of corticosteroids.14

Discussion: Although acutely elevated IOP may pro-
duce symptomatic pain or discomfort, the panel agreed
that routine monitoring of IOP is a prudent part of pre-
and postinjection patient management. Committee mem-
bers recommended avoiding prophylactic anterior cham-
ber paracentesis for lowering IOP unless absolutely
necessary in a patient with preexisting glaucoma.
Intraocular pressure usually returns to a normal level in
a short period of time (i.e., within a few minutes).

Patient Discharge

Guideline: The injecting physician should confirm
the presence of formed vision before the patient leaves
the office. Twenty-four-hour emergency contact infor-
mation should be provided to the patient. No special
precautions are required before discharge of a patient
who has had an uneventful IVT injection, but patients
and/or caregivers should be educated to avoid eye
rubbing and to recognize the signs and symptoms of
endophthalmitis, retinal detachment, or intraocular
hemorrhage. These include increasing eye pain, dis-
comfort, light sensitivity, or redness; worsening vision;
or loss of all or part of central or peripheral vision.
Evidence for Guideline: Confirming the presence of

formed vision ensures that the retinal artery is perfused.
Once postinjection perfusion of the optic nerve has
been verified and there are no specific signs or
symptoms suggesting an injection-related complication,
then the patient may be discharged from the office.
Patients and/or their providers should be alerted to the
signs and symptoms of postprocedural complications
that may develop hours, days, or weeks after injection,
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such as endophthalmitis, retinal detachment, and intraoc-
ular hemorrhage. The most important signs and symp-
toms are increasing eye pain, discomfort, light sensitivity,
or redness; worsening vision; or loss of all or part of
central or peripheral vision. The patient should be
provided with 24-hour emergency contact information.
Discussion: Evidence supports that IVT injection is

safe when performed appropriately. Although no inva-
sive procedure is without risk, acute complications, such
as injury to the eye from injection, may be symptomatic
and are usually immediately apparent with periproce-
dural visualization and monitoring. The late risks, such
as endophthalmitis and retinal detachment, may not be
evident for several days. In the absence of evidence of
acute complications, there should be no obstacle to
immediate discharge.

Guidelines for Follow-up

Follow-up Protocol

Guideline: Postinjection follow-up should be tailored
to the individual patient.
Evidence for Guideline: Because of the relatively low

risk of adverse events associated with IVT injection, it is

unlikely that different strategies for follow-up will be
compared in a formal study. Postprocedural contact is
important because of the small but measurable risk of
serious adverse events during the recovery period,
particularly endophthalmitis. The timing and nature of
follow-up should be based on the physician’s judgment
and the needs of the individual patient. As outlined
above, 24-hour emergency contact information should
be provided to the patient.

Conclusion

The use of IVT injection as a means of delivering
intraocular therapeutics has grown dramatically over
the past decade, as has clinical experience with IVT
injection techniques. Committee members addressed
the multiple issues arising during IVT injection
procedures and have listed areas of strong consensus
versus weak consensus (Tables 2 and 3). There were
limited evidence-based data to use in preparing these
guidelines. However, the rapidly growing body of evi-
dence has confirmed that appropriately performed IVT
injections are associated with an extremely low rate of
endophthalmitis and other serious adverse events.
Nevertheless, IVT injection is associated with a low

Table 2. Areas of General Agreement by Committee Members

Povidone–iodine (5–10%) should be the last agent applied to the intended injection site before injection. If a gel anesthetic
is used, povidone–iodine should be applied both before and after application of gel, as retained gel may prevent
povidone–iodine from contacting the conjunctival surface of the injection site

Pre-, peri-, or postinjection topical antibiotics are unnecessary
There is no evidence to support the routine use of a sterile drape
Avoid contamination of the needle and injection site by the eyelashes or the eyelid margins
Avoid extensive massage of the eyelids either pre- or postinjection (to avoid meibomian gland expression)
Use adequate anesthetic for a given patient (topical drops, gel, and/or subconjunctival injection)
Use of sterile or nonsterile gloves as consistent with modern office practice, combined with strong agreement regarding
the need for handwashing before and after patient contact

Either surgical masks should be used or both the patient and providers should minimize speaking during the injection
preparation and procedure to limit aerosolized droplets containing oral contaminants from the patient and/or provider

Monitor IOP both pre- and postinjection
Routine anterior chamber paracentesis is not recommended

Table 3. Areas With No Clear Consensus by Committee Members

Need for povidone–iodine application to the eyelids, including the eyelashes and eyelid margins. All agreed that when
povidone–iodine is applied to the eyelashes and eyelid margins, eyelid scrubbing or eyelid pressure adequate to
express material from the meibomian glands should be avoided

Use of a speculum (some prevent contact between the needle/injection site and the eyelashes and eyelids with manual lid
retraction)

Need for pupillary dilation and postinjection dilated examination of the posterior segment (although some viewed the
return of formed vision as sufficient, others routinely dilate the pupil and examine the posterior segment after injection)

Use of povidone–iodine flush (most preferred drops only and saw no benefit to allowing the povidone–iodine to dry before
injection)
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risk of injection-related loss of vision. These risks
seem to increase substantially when IVT injection is
not performed according to established safe practices.
The updated guidelines presented in this document are
designed to identify opportunities to improve the like-
lihood of an optimal complication-free result.

Key words: intravitreal injection, consensus guide-
lines, endophthalmitis, antibiotic use.

Acknowledgments

Editorial support provided by BioScience Commu-
nications (Harold P. Schombert).

Funding Support

This supplement was paid for through the use of
advertising support by Genentech. Genentech has had
no prior input in the consensus meeting or preparation
of this document in any way.

References

1. Aiello LP, Brucker AJ, Chang S, et al. Evolving guidelines
for intravitreous injections. Retina 2004;24:S3–S19.

2. Williams GA. IVT injections: health policy implications. Rev
Ophthalmol 2014;21:62–64.

3. RBRVS DataManager Online. Chicago, IL: American Medical
Association.

4. Eylea (Package insert). Tarrytown, NY: Regeneron Pharma-
ceuticals, Inc; 2014.

5. Jetrea (Package insert). Iselin, NJ: ThromboGenics, Inc; 2012.
6. Lucentis (Package insert). South San Francisco, CA: Genen-

tech, Inc; 2014.
7. Macugen (Package insert). Palm Beach Gardens, FL: Eye-

tech, Inc; 2011.
8. Ozurdex (Package insert). Irvine, CA: Allergan, Inc; 2014.
9. Triescence (Package insert). Fort Worth, TX: Alcon Labora-

tories, Inc; 2008.
10. Comparison of Age-related Macular Degeneration Treatments

Trials (CATT) Research Group. Ranibizumab and bevacizu-
mab for treatment of neovascular age-related macular degener-
ation: two-year results. Ophthalmology 2012;119:1388–1398.

11. Campochiaro PA, Brown DM, Awh CC, et al. Sustained
benefits from ranibizumab for macular edema following cen-
tral retinal vein occlusion: twelve-month outcomes of a phase
III study. Ophthalmology 2011;118:2041–2049.

12. Lang GE, Berta A, Eldem BM, et al; RESTORE Extension
Study Group. Two-year safety and efficacy of ranibizumab 0.5
mg in diabetic macular edema: interim analysis of the RESTORE
extension study. Ophthalmology 2013;120:2004–2012.

13. Korobelnik JF, Holz FG, Roider J, et al; GALILEO Study
Group. Intravitreal aflibercept injection for macular edema result-
ing from central retinal vein occlusion: one-year results of the
phase 3 GALILEO Study. Ophthalmology 2014;121:202–208.

14. Jager RD, Aiello LP, Patel SC, Cunningham ET Jr. Risks of
intravitreous injection: a comprehensive review. Retina 2004;
24:676–698.

15. Bhavsar AR, Googe JM Jr, Stockdale CR, et al; Diabetic
Retinopathy Clinical Research Network. Risk of endophthal-
mitis after intravitreal drug injection when topical antibiotics
are not required: the diabetic retinopathy clinical research
network laser-ranibizumab-triamcinolone clinical trials. Arch
Ophthalmol 2009;127:1581–1583.

16. Bhavsar AR, Stockdale CR, Ferris FL III, et al; Diabetic
Retinopathy Clinical Research Network. Update on risk of
endophthalmitis after intravitreal drug injections and potential
impact of elimination of topical antibiotics. Arch Ophthalmol
2012;130:809–810.

17. Storey P, Dollin M, Pitcher J, et al; Post-Injection Endoph-
thalmitis Study Team. The role of topical antibiotic prophy-
laxis to prevent endophthalmitis after intravitreal injection.
Ophthalmology 2014;121:283–289.

18. Cheung CS, Wong AW, Lui A, et al. Incidence of endoph-
thalmitis and use of antibiotic prophylaxis after intravitreal
injections. Ophthalmology 2012;119:1609–1614.

19. Bhatt SS, Stepien KE, Joshi K. Prophylactic antibiotic use after
intravitreal injection: effect on endophthalmitis rate. Retina
2011;31:2032–2036.

20. Kim SJ, Toma HS. Antimicrobial resistance and ophthalmic
antibiotics: 1-year results of a longitudinal controlled study of
patients undergoing intravitreal injections. Arch Ophthalmol
2011;129:1180–1188.

21. Dave SB, Toma HS, Kim SJ. Ophthalmic antibiotic use and
multidrug-resistant staphylococcus epidermidis: a controlled,
longitudinal study. Ophthalmology 2011;118:2035–2040.

22. CATT Research Group, Martin DF, Maguire MG, et al. Ra-
nibizumab and bevacizumab for neovascular age-related mac-
ular degeneration. N Engl J Med 2011;364:1897–1908.

23. Moshfeghi AA, Rosenfeld PJ, Flynn HW Jr, et al. Endoph-
thalmitis after intravitreal vascular [corrected] endothelial
growth factor antagonists: a six-year experience at a university
referral center. Retina 2011;31:662–668.

24. Brown DM, Nguyen QD, Marcus DM, et al; RIDE and RISE
Research Group. Long-term outcomes of ranibizumab therapy for
diabetic macular edema: the 36-month results from two phase III
trials: RISE and RIDE. Ophthalmology 2013;120:2013–2022.

25. Day S, Acquah K, Mruthyunjaya P, et al. Ocular complica-
tions after anti-vascular endothelial growth factor therapy in
Medicare patients with age-related macular degeneration.
Am J Ophthalmol 2011;152:266–272.

26. Shah CP, Garg SJ, Vander JF, et al; Post-Injection Endophthal-
mitis (PIE) Study Team. Outcomes and risk factors associated
with endophthalmitis after intravitreal injection of anti-vascular
endothelial growth factor agents. Ophthalmology 2011;118:
2028–2034.

27. Fineman MS, Hsu J, Spirn MJ, Kaiser RS. Bimanual assisted
eyelid retraction technique for intravitreal injections. Retina
2013;33:1968–1970.

28. Park Y, Kim KS, Park YH. Acute endophthalmitis after intra-
vitreal injection and preventive effect of preoperative topical
antibiotics. J Ocul Pharmacol Ther 2013;29:900–905.

29. Shimada H, Hattori T, Mori R, et al. Minimizing the endoph-
thalmitis rate following intravitreal injections using 0.25%
povidone-iodine irrigation and surgical mask. Graefes Arch
Clin Exp Ophthalmol 2013;251:1885–1890.

30. Moss JM, Sanislo SR, Ta CN. A prospective randomized
evaluation of topical gatifloxacin on conjunctival flora in pa-
tients undergoing intravitreal injections. Ophthalmology
2009;116:1498–1501.

31. Bhavsar AR, Ip MS, Glassman AR; DRCRnet and the
SCORE Study Groups. The risk of endophthalmitis following

S16 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES ! 2014 ! VOLUME 34 ! NUMBER 12

PGR2026-00039 
Biocon Ex.1014 

Page 16 of 18



intravitreal triamcinolone injection in the DRCRnet and
SCORE clinical trials. Am J Ophthalmol 2007;144:454–456.

32. Moss JM, Nguyen D, Liu YI, et al. Comparison of one-day
versus one-hour application of topical gatifloxacin in elimi-
nating conjunctival bacterial flora. Ophthalmology 2008;115:
2013–2016.

33. Ta CN, Egbert PR, Singh K, et al. Prospective randomized
comparison of 3-day versus 1-hour preoperative ofloxacin
prophylaxis for cataract surgery. Ophthalmology 2002;109:
2036–2040; discussion 2040–2041.

34. Kim YJ, Sung KR, Lee KS, et al. Long-term effects of multiple
intravitreal antivascular endothelial growth factor injections on
intraocular pressure. Am J Ophthalmol 2014;157:1266–1271.

35. Wehrli SJ, Tawse K, Levin MH, et al. A lack of delayed
intraocular pressure elevation in patients treated with intra-
vitreal injection of bevacizumab and ranibizumab. Retina
2012;32:1295–1301.

36. Good TJ, Kimura AE, Mandava N, Kahook MY. Sustained
elevation of intraocular pressure after intravitreal injections of
anti-VEGF agents. Br J Ophthalmol 2011;95:1111–1114.

37. Hoang QV, Tsuang AJ, Gelman R, et al. Clinical predictors of
sustained intraocular pressure elevation due to intravitreal
anti-vascular endothelial growth factor therapy. Retina
2013;33:179–187.

38. Kim D, Nam WH, Kim HK, Yi K. Does intravitreal injec-
tions of bevacizumab for age-related macular degeneration
affect long-term intraocular pressure? J Glaucoma 2014;23:
446–448.

39. Bakri SJ, Moshfeghi DM, Francom S, et al. Intraocular pres-
sure in eyes receiving monthly ranibizumab in 2 pivotal age-
related macular degeneration clinical trials. Ophthalmology
2014;121:1102–1108.

40. American Academy of Ophthalmology Glaucoma Panel. Primary
Open-Angle Glaucoma Suspect. San Francisco, CA: American
Academy of Ophthalmology; 2010. Available at: http://www.
guideline.gov/content.aspx?id=24811. Accessed June 19, 2014.

41. Trivedi D, Denniston AK, Murray PI. Safety profile of ante-
rior chamber paracentesis performed at the slit lamp. Clin Exp
Ophthalmol 2011;39:725–728.

42. Helbig H, Noske W, Kleineidam M, et al. Bacterial endoph-
thalmitis after anterior chamber paracentesis. Br J Ophthalmol
1995;79:866.

43. Joondeph BC, Joondeph HC. Purulent anterior segment en-
dophthalmitis following paracentesis. Ophthalmic Surg 1986;
17:91–93.

44. Olson JM, Scott IU, Kerchner DL, Kunselman AR. Associa-
tion between systemic anticoagulation and rate of intraocular
hemorrhage following intravitreal anti-VEGF therapy for age-
related macular degeneration. Ophthalmic Surg Lasers Imag-
ing Retina 2013;44:455–459.

45. Moon SW, Oh J, Yu HG, et al. Incidence and risk factors for
macular hemorrhage following intravitreal ranibizumab injec-
tion for neovascular age-related macular degeneration. J Ocul
Pharmacol Ther 2013;29:556–559.

46. Dayani PN, Siddiqi OK, Holekamp NM. Safety of intravitreal
injections in patients receiving warfarin anticoagulation. Am J
Ophthalmol 2007;144:451–453.

47. Wykoff CC, Flynn HW Jr, Han DP. Allergy to povidone-
iodine and cephalosporins: the clinical dilemma in ophthalmic
use. Am J Ophthalmol 2011;151:4–6.

48. Dykes PJ, Marks R. An evaluation of the irritancy potential of
povidone iodine solutions: comparison of subjective and
objective assessment techniques. Clin Exp Dermatol 1992;
17:246–249.

49. Lachapelle JM. Allergic contact dermatitis from povidone
iodine: a re-evaluation study. Contact Dermatitis 2005;52:
9–10.

50. Adachi A, Fukunaga A, Hayashi K, et al. Anaphylaxis to
polyvinylpyrrolidone after vaginal application of povidone
iodine. Contact Dermatitis 2003;48:133–136.

51. Gray PE, Katelaris CH, Lipson D. Recurrent anaphylaxis
caused by topical povidone-iodine (Betadine). J Paediatr
Child Health 2013;9:506–507.

52. Friedman DA, Mason JO III, Emond T, McGwin G Jr.
Povidone-iodine contact time and lid speculum use during
intravitreal injection. Retina 2013;33:975–981.

53. Safar A, Dellimore MC. The effect of povidone iodine flush
versus drops on conjunctival colonization before intravitreal
injections. Int Ophthalmol 2007;27:307–312.

54. Lyall DA, Tey A, Foot B, et al. Post-intravitreal anti-VEGF
endophthalmitis in the United Kingdom: incidence, features,
risk factors, and outcomes. Eye (Lond) 2012;26:1517–1526.

55. Scott IU, Flynn HW Jr, Feuer W. Endophthalmitis after sec-
ondary intraocular lens implantation. A case-report study.
Ophthalmology 1995;102:1925–1931.

56. McCannel CA. Meta-analysis of endophthalmitis after intra-
vitreal injection of anti-vascular endothelial growth factor
agents: causative organisms and possible prevention strate-
gies. Retina 2011;31:654–661.

57. Casparis H, Wolfensberger TJ, Becker M, et al. Incidence of
presumed endophthalmitis after intravitreal injection per-
formed in the operating room: a retrospective multicenter
study. Retina 2014;34:12–17.

58. Brynskov T, Kemp H, Sørensen TL. No cases of endophthal-
mitis after 20,293 intravitreal injections in an operating room
setting. Retina 2014;34:951–957.

59. Abell RG, Kerr NM, Allen P, Vote BJ. Intravitreal injections:
is there benefit for a theatre setting? Br J Ophthalmol 2012;
96:1474–1478.

60. Tabandeh H, Boscia F, Sborgia A, et al. Endophthalmitis
associated with intravitreal injections: office-based setting
and operating room setting. Retina 2014;34:18–23.

61. Chao DL, Gregori NZ, Khandji J, Goldhardt R. Safety of
bilateral intravitreal injections delivered in a teaching institu-
tion. Expert Opin Drug Deliv 2014;11:991–993.

62. Bakri SJ, Risco M, Edwards AO, Pulido JS. Bilateral simul-
taneous intravitreal injections in the office setting. Am J Oph-
thalmol 2009;148:66–69.

63. Davis RP, Schefler AC, Murray TG. Concomitant bilateral
intravitreal anti-VEGF injections for the treatment of exuda-
tive age-related macular degeneration. Clin Ophthalmol 2010;
4:703–707.

64. Lima LH, Zweifel SA, Engelbert M, et al. Evaluation of
safety for bilateral same-day intravitreal injections of antivas-
cular endothelial growth factor therapy. Retina 2009;29:
1213–1217.

65. Goldberg RA, Flynn HW Jr, Miller D, et al. Streptococcus
endophthalmitis outbreak after intravitreal injection of beva-
cizumab: one-year outcomes and investigative results. Oph-
thalmology 2013;120:1448–1453.

66. Small KW, Chan CK, Silva-Garcia R, Walsh TJ. Onset of an
outbreak of Bipolaris hawaiiensis fungal endophthalmitis
after intravitreal injections of triamcinolone. Ophthalmology
2014;121:952–958.

67. Sheyman AT, Cohen BZ, Friedman AH, Ackert JM. An out-
break of fungal endophthalmitis after intravitreal injection of
compounded combined bevacizumab and triamcinolone. JAMA
Ophthalmol 2013;131:864–869.

IVT INJECTION: UPDATED GUIDELINES ! AVERY ET AL S17

PGR2026-00039 
Biocon Ex.1014 

Page 17 of 18



68. Shienbaum G, Flynn HW Jr. Compounding bevacizumab for
intravitreal injection: does USP,797. always apply? Retina
2013;33:1733–1734.

69. Fungal meningitis outbreak. Available at: http://www.fda.
gov/Safety/MedWatch/SafetyInformation/SafetyAlertsfor
HumanMedicalProducts/ucm323946.htm. Accessed June
10, 2014.

70. Pilli S, Kotsolis A, Spaide RF, et al. Endophthalmitis associ-
ated with intravitreal anti-vascular endothelial growth factor
therapy injections in an office setting. Am J Ophthalmol
2008;145:879–882.

71. Webster J, Alghamdi A. Use of plastic adhesive drapes during
surgery for preventing surgical site infection. Cochrane Data-
base Syst Rev 2013;1:CD006353.

72. Fagan XJ, Al-Qureshi S. Intravitreal injections: a review of
the evidence for best practice. Clin Experiment Ophthalmol
2013;41:500–507.

73. Green-Simms AE, Ekdawi NS, Bakri SJ. Survey of intravi-
treal injection techniques among retinal specialists in the
United States. Am J Ophthalmol 2011;151:329–332.

74. Tailor R, Beasley R, Yang Y, Narendran N. Evaluation of
patients’ experiences at different stages of the intravitreal injec-
tion procedure—what can be improved? Clin Ophthalmol
2011;5:1499–1502.

75. Doshi RR, Leng T, Fung AE. Reducing oral flora contami-
nation of intravitreal injections with face mask or silence.
Retina 2012;32:473–476.

76. Wen JC, McCannel CA, Mochon AB, Garner OB. Bacterial
dispersal associated with speech in the setting of intravitreous
injections. Arch Ophthalmol 2011;129:1551–1554.

77. Friedman DA, Lindquist TP, Mason JO III, McGwin G. Nee-
dle contamination in the setting of intravitreal injections.
Retina 2014;34:929–934.

78. Hsu J, Gerstenblith AT, Garg SJ, Vander JF. Conjunctival
flora antibiotic resistance patterns after serial intravitreal in-
jections without postinjection topical antibiotics. Am J Oph-
thalmol 2014;157:514–518.

79. Speaker MG, Menikoff JA. Prophylaxis of endophthalmitis with
topical povidone-iodine. Ophthalmology 1991;98:1769–1775.

80. Trinavarat A, Atchaneeyasakul LO, Nopmaneejumruslers C,
Inson K. Reduction of endophthalmitis rate after cataract sur-
gery with preoperative 5% povidone-iodine. Dermatology
2006;212:35–40.

81. Wu PC, Li M, Chang SJ, et al. Risk of endophthalmitis after
cataract surgery using different protocols for povidone-iodine pre-
operative disinfection. J Ocul Pharmacol Ther 2006;22:54–61.

82. Kim SJ, Chomsky AS, Sternberg P Jr. Reducing the risk of
endophthalmitis after intravitreous injection. JAMA Ophthal-
mol 2013;131:674–675.

83. Vitravene Study Group. Safety of intravitreous fomivirsen for
treatment of cytomegalovirus retinitis in patients with AIDS.
Am J Ophthalmol 2002;133:484–498.

84. Gregori NZ, Weiss MJ, Goldhardt R, et al. Ocular decompres-
sion with cotton swabs lowers intraocular pressure elevation after
intravitreal injection. J Glaucoma 2014;23:508–512.

85. Gragoudas ES, Adamis AP, Cunningham ET Jr, et al; VEGF
Inhibition Study in Ocular Neovascularization Clinical Trial
Group. Pegaptanib for neovascular age-related macular
degeneration. N Engl J Med 2004;351:2805–2816.

86. Blaha GR, Tilton EP, Barouch FC, Marx JL. Randomized
trial of anesthetic methods for intravitreal injections. Retina
2011;31:535–539.

87. Davis MJ, Pollack JS, Shott S. Comparison of topical anes-
thetics for intravitreal injections: a randomized clinical trial.
Retina 2012;32:701–705.

88. Kaderli B, Avci R. Comparison of topical and subconjuncti-
val anesthesia in intravitreal injection administrations. Eur J
Ophthalmol 2006;16:718–721.

89. Friedman SM, Margo CE. Topical gel vs subconjunctival
lidocaine for intravitreous injection: a randomized clinical
trial. Am J Ophthalmol 2006;142:887–888.

90. Page MA, Fraunfelder FW. Safety, efficacy, and patient
acceptability of lidocaine hydrochloride ophthalmic gel as
a topical ocular anesthetic for use in ophthalmic procedures.
Clin Ophthalmol 2009;3:601–609.

91. Doshi RR, Leng T, Fung AE. Povidone-iodine before lido-
caine gel anesthesia achieves surface antisepsis. Ophthalmic
Surg Lasers Imaging 2011;42:346–349.

92. Boden JH, Myers ML, Lee T, et al. Effect of lidocaine gel on
povidone-iodine antisepsis and microbial survival. J Cataract
Refract Surg 2008;34:1773–1775.

93. Tustin A, Kim SJ, Chomsky A, et al. Antibacterial properties
of 2% lidocaine and reduced rate of endophthalmitis after
intravitreal injection. Retina 2014;34:935–942.

94. Méndez PC, Vázquez CM, Villar JO, Pazos JA. Assessment
of the use of the speculum for intravitreal injections of anti-
VEGF. Acta Ophthalmol 2013;91:e244–e246.

95. Rodrigues EB, Meyer CH, Grumann A Jr, et al. Tunneled
scleral incision to prevent vitreal reflux after intravitreal injec-
tion. Am J Ophthalmol 2007;143:1035–1037.

96. Knecht PB, Michels S, Sturm V, et al. Tunnelled versus straight
intravitreal injection: intraocular pressure changes, vitreous re-
flux, and patient discomfort. Retina 2009;29:1175–1181.

97. Özkaya A, Alkin Z, Celik U, et al. Comparing the effects of
three different intravitreal injection techniques on vitreous
reflux and intraocular pressure. J Ocul Pharmacol Ther
2013;29:325–329.

98. Höhn F, Mirshahi A. Impact of injection techniques on intraoc-
ular pressure (IOP) increase after intravitreal ranibizumab appli-
cation. Graefes Arch Clin Exp Ophthalmol 2010;248:1371–1375.

99. Karth PA, Blumenkranz MS. Update on intravitreal injection
technique. Rev Ophthalmol 2014;21:76–81.

100. Rifkin L, Schaal S. Factors affecting patients’ pain intensity
during in office intravitreal injection procedure. Retina 2012;
32:696–700.

101. Hubschman JP, Coffee RE, Bourges JL, et al. Experimental
model of intravitreal injection techniques. Retina 2010;30:
167–173.

102. Pulido JS, Pulido CM, Bakri SJ, et al. The use of 31-gauge
needles and syringes for intraocular injections. Eye (Lond)
2007;21:829–830.

103. Benz MS, Albini TA, Holz ER, et al. Short-term course
of intraocular pressure after intravitreal injection of
triamcinolone acetonide. Ophthalmology 2006;113:1174–1178.

104. Kim JE, Mantravadi AV, Hur EY, Covert DJ. Short-term
intraocular pressure changes immediately after intravitreal in-
jections of anti-vascular endothelial growth factor agents.
Am J Ophthalmol 2008;146:930–934.

S18 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES ! 2014 ! VOLUME 34 ! NUMBER 12

PGR2026-00039 
Biocon Ex.1014 

Page 18 of 18




