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Background: The intravitreal injection has become one of the most commonly performed

procedures in ophthalmology; however, there is no standardized approach to anesthesia

during the procedure. The goal of this systematic review is to review approaches to

anesthesia for intravitreal injection and look at comparative efficacy between these different

anesthetics.

Methods: A systematic review of literature was performed in the MEDLINE, PubMed,

Cochrane Library, and Clinicaltrials.gov databases using the key words “anesthesia”, “pain

management”, and “intravitreal injection”. Of the initial 239 search matches, 30 articles were

found to be relevant to the topic. 18 studies were excluded as they did not include primary

data or did not include the visual analog scale as a primary outcome. The remaining 12

articles were assessed to look at the comparative efficacy of anesthesia and adverse events.

Results: The anesthesia techniques reported include topical methods such as anesthetic

eyedrops, anesthetic gels, and anesthetic-soaked pledgets as well as subconjunctival injection

of anesthetic. Ultimately, no single anesthetic or delivery mechanism was shown to be

superior to the others in a statistically significant way and adverse events were largely

insignificant. Limitations of these studies include relatively small sizes of the studies, as

well as the lack of masking which may introduce bias.

Conclusion: In the current literature, no type of anesthetic method was found to be superior

to another for intravitreal injection. Future studies in this area may lead to new insights into

the efficacy of different forms of intravitreal anesthesia.
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Introduction
Intravitreal injection (IVI) has become increasingly accepted as the standard of care

delivery method for many retinal diseases including neovascular age-related macu-

lar degeneration, macular edema, diabetic retinopathy, and retinal vein occlusion. It

has seen a dramatic increase in utilization with the advent of anti-vascular endothe-

lial growth factor (VEGF) medications; in 2013, 19 per 1000 Medicare benefici-

aries received IVI in the United States. However, despite the high rate of utilization

there is yet to be a standardized approach to pre-injection anesthesia. Needle entry

has been suggested to be the single most unpleasant step of the IVI procedure and

managing the pain is an important aspect in improving patient comfort.1 A survey

of retinal specialists in Canada showed that while the majority used anesthetics,

there was a varied distribution of agents utilized.2

This article intends to review the current literature on efficacy of various anesthesia

methods for intravitreal injection. These agents will be divided into topical and injectable
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formulations and assessed by their ease of application, effi-

cacy in managing pain, and notable adverse reactions.

Methods
Literature in the MEDLINE database, PubMed, Cochrane

Library, and Clinicaltrials.gov was searched using the terms

“anesthesia”, “pain management”, and “intravitreal injec-

tion” up to September 2018. The initial search yielded 239

articles. After screening of the title and abstracts, 30 articles

were found to be relevant and included in the full-text review.

Of these 30 articles, 18 were excluded for reasons including

being reviews, editorials, meeting abstracts, or not having

visual analog scale (VAS) pain score as the primary outcome

measure. A visual analog scale is used to measure subjective

experiences or attitudes that may be difficult to assess when

there are no fixed boundaries for comparison.3 The VAS is

most often portrayed as a 100-mm long line with descriptors

anchoring either end to demonstrate the extremes. The

responder can then mark a spot along the line that best

represents their experience. Studies that did not utilize the

VAS were excluded because their results offered less grada-

tion and nuance in their grading of pain; additionally, these

studies typically compared the effects of different intravitreal

injection medications on pain, rather than anesthetic agents.

Reference lists of included articles were hand-searched and

an additional 2 relevant articles are found in Figure 1.

Articles reporting the patient’s VAS pain score of the

IVI injection for any anesthesia method were included.

Studies were excluded from selection if they did not

include quantitative analysis of pain or did not have VAS

pain score as the primary outcome measure. In the case of

uncertainty of the relevance of an article, a senior investi-

gator (DC) was consulted. Conference abstracts were not

included in the selection in the event that they were later

published and included in this review.

The characteristics of the 12 included studies are sum-

marized in Table 1. Each study was categorized as either

topical or injected anesthetic. Topical anesthetics were
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Figure 1 Flow diagram for database search.
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Table 1 Summary of Intravitreal Injection Studies

Study

Investigators

Anesthetic Agent Used Application Method Pain Rating of

Injection (on VAS 10

Point Scale)

Statistically Significant

Difference in Pain

Score?

Yau et al7 0.5% tetracaine HCl drop 1–2 drops prior to IVI 2.1 ± 2.1a No

4% cocaine + epinephrine 1/100,000 drop 2.1 ± 1.6a

0.5% tetracaine hydrochloride with 4%

lidocaine hydrochloride pledget

1–2 drops of tetracaine applied first, then

lidocaine pledget held on injection site for

10 seconds

1.9 ± 20

Sanabria et al8 0.5% tetracaine + 0.05% naphazoline drop 4 drops administered 10 mins prior to IVI

at 0, 1, 4, and 6 mins

2.85 ± 2.23, 2.00 ± 1.87,

1.81 ± 2.23b
No

0.5% lidocaine drop 2.67 ± 2.23, 1.58 ± 1.55,

1.77 ± 2.09b

Blaha et al9 0.5% proparacaine HCl drop 1 drop prior to IVI and 1 drop after 2.8 (range 0–8) No

0.5% tetracaine HCl drop 3.1 (range 0–10)

0.5% tetracaine with 4% lidocaine pledget 1 drop of tetracaine applied first then

pledget held on injection site from 1 min

1.4 (range 0–4)

2% lidocaine subconjunctival injection 1 drop of proparacaine applied prior to

povidone-iodine cleanse and

subconjunctival injection

1.6 (range 0–6)

Rifkin et al10 Proparacaine HCl drop 3 drops administered over 5 mins prior to

IVI

3.17 ± 2.18 Yesc; TetraVisc has lower

pain score
Tetracaine HCl drop 3.05 ± 2.01

TetraVisc (0.5% tetracaine HCl gel) 3.39 ± 2.26

Örnek et al11 0.75% levobupivacaine drop 2 drops administered prior to povidone-

iodine cleanse

4.447 ± 1.642a Yes; proparacaine has

lower pain score

0.5% proparacaine drop 3.418 ± 1.483a

Shiroma

et al12
2% lidocaine gel Proparacaine 0.5% drop administered 30

mins before IVI, lidocaine gel drops

administered 10 and 5 mins before IVI

2.63 ±1.68 No

3.5% lidocaine gel 2.08 ±1.35

5% lidocaine gel 2.00 ±1.65

8% lidocaine gel 1.93 ±1.40

12% lidocaine gel 1.83 ±1.35

Kozak et al14 2% lidocaine HCl gel Gel spread on conjunctival surface and left

for 5 mins; subsequently removed by

cotton applicator prior to IVI

1.50 ± 0.39 No

2% lidocaine HCl subconjunctival

anesthesia

Injected at desired site for IVI 1.62 ±0.39

Friedman and

Margo15
2% lidocaine gel Applied directly to eye 2.6 ± 1.7 No

2% lidocaine subconjunctival injection 0.2 to 0.4 mL injected adjacent to the

limbus

3.3 ± 1.9

Davis et al16 0.5% proparacaine HCl drop 1–2 drops prior to IVI 1.78 ± 1.44 No

3.5% lidocaine hydrochloride gel 1 drop applied to injection site 1.48 ± 1.46

0.5% proparacaine HCl + 4% lidocaine

pledget

1–2 drops of proparacaine followed by 4%

lidocaine-soaked cotton swabs placed over

injection site for 20 seconds

1.75 ± 1.46

(Continued)
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further subdivided by the formulation of anesthetic used,

application method, patient’s reported pain on a 10-point

visual analog scale, and whether the investigators found

a statistically significant difference in patient pain between

anesthetics.

Topical Anesthetics
Anesthetic Drops
Commonly used formulations of topical anesthetic drops for

intravitreal injection include proparacaine hydrochloride, tet-

racaine hydrochloride, and lidocaine. These drugs decrease

the permeability of sodium and ions through the cell mem-

brane of affected cells. This process thus impairs cell mem-

brane depolarization and thus impede pain signaling in the

cornea, conjunctiva, and sclera. Tetracaine and lidocaine are

typically formulated to a pH of 7.6 to 7.8 in order to penetrate

the tear film whereas proparacaine contains benzalkonium

chloride to achieve a similar function.4 The drops take effect

in 15 to 20 s and typically have an effect lasting for 15 mins.

The most common side effect is burning ocular discomfort.

Of note, proparacaine can also result in immediate or delayed

hypersensitivity reactions. Chronic use of any of the three

aforementioned drops can result in decreased corneal epithe-

lial regeneration and cause keratitis, corneal opacification,

and loss of visual acuity.5

A survey of Canadian retina specialists by Xing et al in

2014 demonstrated that 90% of those who responded regu-

larly used topical proparacaine, lidocaine, or tetracaine dur-

ing intravitreal injections.2 Results of a survey in Israel were

similar, with all 52 of survey responders using topical anes-

thetic, 25% of which using only anesthetic drops and 67%

using both drops and gel.6 The literature reviewed most

commonly saw the use of the above at 0.5% concentration.

Additional agents include 4% cocaine + epinephrine 1/

100,000 drops used by Yau et al and 0.5% tetracaine +

0.05% naphazoline drops utilized by Sanabria et al.7,8

Five studies compared the efficacy of various topical

anesthetics for IVI (Table 1). Among these, there was

a slight variation in the methods used to administer the

drops. Two studies, by Yau and Blaha et al, used a single

drop prior to IVI whereas three, by Sanabria, Rifkin, and

Örnek et al, used multiple drops over the span of minutes

prior to IVI.7–11 The Blaha study also administered one

additional drop of anesthetic after the injection. Each of the

above had the patient evaluate the pain of the injection on

a 10-point or 100-point visual analog scale immediately after

IVI. Three of the five studies did not show a statistically

significant difference in pain rating between agents tested.

One, the Rifkin and Schaal study noted that the tetracaine

solution resulted in a statistically significant improvement in

Table 1 (Continued).

Study

Investigators

Anesthetic Agent Used Application Method Pain Rating of

Injection (on VAS 10

Point Scale)

Statistically Significant

Difference in Pain

Score?

Andrade and

de Carvalho17
0.5% proparacaine drops 1 drop prior to IVI Pain scores reported

graphically

Yes: significantly lower

pain in injection vs drops

up to 1hr after IVI; no

significant difference in gel

vs other approaches

2% lidocaine gel

0.5% proparacaine drops plus 1%

subconjunctival lidocaine

1 drop of proparacaine then 0.4 mL of

lidocaine injected into subconjunctival

space posterior to supertemporal limbus

Karabas et al22 Proparacaine drops plus 4% lidocaine

pledget

Proparacaine drops followed by lidocaine

pledget application

1.71 ± 2.09 No

Proparacaine drops, 4% lidocaine pledget,

and subconjunctival injection

Same as above followed by subconjunctival

injection

1.90 ± 2.39

Kaderli and

Avci23
4% lidocaine pledget 2 drops of 0.5% proparacaine followed by

pledget applied for 5 mins

0,

1.64 ± 0.67,

0.82 ± 0.34d

Lower pain score after

intravitreal injection in

subconjunctival group but

no significant difference in

mean total score
4% lidocaine subconjunctival injection 2 drops of 0.5% proparacaine followed by

lidocaine injection

0.78 ± 0.62,

0.85 ± 0.52,

0.82 ± 0.51d

Notes: aConverted from a VAS 100-point scale. bPain scores evaluated immediately, at 30 mins, and 24hr after intravitreal injection. cStatistically significant but not believed

to be clinically significant by authors. dPain scores reported after anesthesia, after intravitreal injection, and mean total pain score, respectively.
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pain as compared to the proparacaine solution.10 However,

the authors believed that the small difference in magnitude

between the pain scores, 3.05 for tetracaine vs 3.17 for

proparacaine did not constitute a clinically significant

change. Additionally, this result was not replicated in the

Blaha et al study which also compared the same two drops

and showed the opposite pattern in pain score. The other,

Örnek et al, reported that levobupivacaine resulted in statis-

tically significantly higher pain scores than proparacaine

(4.477 vs 3.418, respectively).11 Of note, no other study has

reported on the use of levobupivacaine for intravitreal injec-

tions and did not appear as a commonly used anesthetic in the

surveys among ophthalmologists. Ultimately, no author

recommended the use of any one of the anesthetics over

another.

None of the five studies reported any significant

adverse reactions to the anesthetics used. Shiroma et al

did not note any statistically significant differences in the

levels of keratitis, conjunctival screening, and hyperemia

between differing concentrations of lidocaine gel.12

Anesthetic Gel
Anesthetic gel, including TetraVisc (0.5% tetracaine HCl

gel), lidocaine HCl, and Atken (preservative-free lidocaine

HCl gel) are also commonly used for ocular pain manage-

ment. The mechanism of action of these gels and side

effect profile are like those of drops. However, it has

been proposed that the viscous nature of a gel allows for

increased contact with the eye and make it less subject

than drops to dilution due to the tear film.4 Early results

comparing lidocaine gel to lidocaine drops for cataract

surgery showed improved patient experience in favor of

the gel.13

The survey by Xing et al reported that 25% of

Canadian retinal specialists routinely used lidocaine gel

while 16% infrequently used it.2 Among Israeli ophthal-

mologists surveyed by Segal et al, 8% used anesthetic gel

exclusively, with 67% using it in conjunction with drops.6

The most commonly used formulation in the articles

reviewed was indeed lidocaine gel, with only one study

by Rifkin et al differing and using TetraVisc (0.5% tetra-

caine HCl gel). Concentrations of lidocaine gel varied

from 2% to 12% with 2% being the most commonly

used. Application of the gel varied, with earlier studies

by Kozak and Friedman electing to spread gel onto the

conjunctiva and cleaning it off prior to povidone-iodine

sterilization and IVI and the later studies using gel drops

immediately prior to injection.10,12,14–17

The use of lidocaine gel was initially shown by Kozak

et al in 2005 to have no statistically significant difference

in pain score when compared to subconjunctival injection

of anesthetic.14 This result has since been supported in

studies by Friedman, Davis, and Andrade et al.15–17

Rifkin et al have shown the same result comparing

TetraVisc to a subconjunctival injection.10 Shiroma et al

further demonstrated that the concentration of lidocaine

used, from 2% to 12%, did not have a statistically signifi-

cant effect on a patient’s pain score.

Although several studies have shown the efficacy of

gel-based anesthetics in managing pain, there has been

some concern regarding the risks especially regarding the

development of endophthalmitis. A 2005 article by Miller

et al suggested the use of topical 2% lidocaine gel prior to

povidone-iodine preparation as a statistically significant

contributor to the development of endophthalmitis in

otherwise uncomplicated surgical operations.18 Further,

Boden et al demonstrated in 2008 that coating a bacteria-

inoculated petri dish with lidocaine gel prior to the appli-

cation of povidone-iodine resulted in similar numbers of

colony-forming units (CFUs) as an inoculated dish without

any povidone-iodine; the number of CFUs was two mag-

nitudes greater than the plate treated with povidone-iodine

but without lidocaine gel.19 However, a retrospective study

of endophthalmitis following intravitreal injection found

no significant difference in the incidence of endophthalmi-

tis regardless of whether lidocaine gel was applied before

or after povidone-iodine cleansing.20 A review of

endophthalmitis after anti-VEGF by Merani and Hunyor

in 2015 also saw no significant evidence to indicate that

gel led to increased rates of endophthalmitis, concluding

that in vivo, the warmth, tears, and the movement of the

eye and eyelids prevented the formation of a barrier

against povidone-iodine as seen in in vitro studies.21

Anesthetic Pledget
Another method of anesthesia is the use of a pledget soaked

with anesthesia and applied with pressure at the site of

injection. Xing et al reported that 23% of Canadian retina

specialists routinely used a pledget soaked with tetracaine/

proparacaine, while 28% infrequently used it.2 Three studies,

by Yau, Blaha, and Davis et al, examined the use of pledgets.

All three administered a drop of topical anesthetic prior to

placement of a pad soaked in 4% lidocaine but the time held

on the surface of the eye prior to IVI ranged from 10 s to

1 min. These studies also demonstrated that the use of

a pledget resulted in statistically similar pain scores after

Dovepress Han et al

Clinical Ophthalmology 2020:14 submit your manuscript | www.dovepress.com

DovePress
547

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


IVI when compared to drops alone, gel, and subconjunctival

anesthetics with no noted significant adverse events.7,9,16

However, no study recommended the use of a pledget over

other methods as the anesthetic drops alone achieved equiva-

lent levels of pain control.

Injected Anesthetics
Subconjunctival Anesthetic
The survey of Canadian retina specialists showed that 23%

of retina specialists routinely used subconjunctival injec-

tions, with 43% infrequently using the technique.2 Seven

of the articles reviewed studied subconjunctival injection;

all used topical anesthetic drops before injection of lido-

caine ranging from 1% to 4%. Andrade et al noted

a statistically significant decrease in pain score when

comparing subconjunctival injection to topical anesthetic

up to 15 mins after IVI.17 However, neither Blaha, Kozak,

Friedman, nor Davis found a statistically significant dif-

ference in pain score between subconjunctival lidocaine

injections and alternative topical anesthetics. Similarly,

Karabas et al did not find any notable differences in pain

score in patients who received anesthetic pledgets versus

pledgets with a subconjunctival anesthetic injection.22

Kaderli et al evaluated pain both after administration of

the anesthetic and after the IVI.23 The study found that

patients rated the pain of the IVI as statistically signifi-

cantly lower when given a subconjunctival injection as

compared to topical pledget. But, the topical anesthetic

was rated as painless while the subcutaneous injection

contributed additional pain. When the pain scores for the

application of anesthesia and IVI were averaged, there was

no significant difference in pain score between the two

groups. A later study by Cintra et al also separately scored

pain of anesthesia and IVI when evaluating the efficacy of

topical versus subcutaneous anesthesia.24 In this study,

there was no statistically significant difference in pain

score after anesthesia, after IVI, or after combine score.

The main adverse event reported in the context of sub-

conjunctival anesthetic was subconjunctival hemorrhage. In

the study by Kaderli et al, 9 of 28 eyes developed hemorrha-

ging after application of subcutaneous lidocaine, but no

hemorrhaging was noted after topical lidocaine which con-

stituted a statistically significant difference.23 Additionally,

11 of 28 eyes in the subconjunctival treatment group devel-

oped additional hemorrhaging after IVI whereas 5 of 28 eyes

developed a hemorrhage in the topical group, another statis-

tically significant difference. Cintra et al also demonstrated

a significantly higher number of subconjunctival hemor-

rhages with injected anesthesia.

Pain Control Efficacy
Each anesthetic utilized in the 10 studies reviewed resulted in

pain after intravitreal injection. Among these, three articles

presented an agent which resulted in a statistically signifi-

cantly lower pain score. In the first, Rifkin et al report a lower

pain score with 0.5% tetracaine drops as compared to 0.5%

proparacaine and TetraVisc.10 However, the authors make

note that the actual scores, 3.05 vs 3.17 and 3.39, do not

constitute a medically significant difference. The second, by

Andrade et al, reports a lower pain score in the first 15 mins

after IVI with the use of subconjunctival lidocaine when

compared to 0.5% proparacaine drops but not to 2% lido-

caine gel.17 This result was replicated in the third study by

Kaderli et al which showed a lower pain score after IVI in the

subconjunctival injection group.23 However, when pain

scores after anesthesia and IVI were combined, there was

no significant difference. Likewise, Blaha, Kozak, Friedman,

and Davis also conclude that there is no significant difference

in the topical anesthetics tested and subconjunctival

lidocaine.

In a review article titled "Patient pain during intravitreal

injections under topical anesthesia", Shiroma et al exam-

ined eight studies with 847 total subjects through meta-

analysis which compared various methods of local anesthe-

sia for intravitreal injection of anti-VEGF or steroids.25 All

reported pain was converted to a 0–100 scale and the inves-

tigators decided that a difference in pain of 12 or greater was

considered clinically significant. Of the original eight, three

studies presented with statistically different levels of pain

between anesthetic agents. Two resulted in pain score dif-

ferences less than 12 and were deemed to be medically

insignificant. The one article with a medically significant

was by Andrade et al which we have shown to be unique

amongst studies of similar purpose. Ultimately, no singular

anesthetic or method of application in this study has been

shown to be significantly more effective than any other.

Adverse Events
Few adverse events were reported in the 10 studies

reviewed. The most significant of these is subconjunctival

hemorrhage due to subconjunctival injection of anesthetic.

No hemorrhaging was reported in any of the topical appli-

cations. Indeed, the topical agents presented a safe profile

in all 10 studies with the greatest concern being possible

increased risk of endophthalmitis with the use of lidocaine
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gel. However, in vivo studies do not demonstrate any

significant increase in endophthalmitis regardless of

whether the gel is applied before or after povidone-

iodine cleansing.

Discussion
There are numerous approaches to anesthesia for intravi-

treal injections. In the articles reviewed, the most com-

monly utilized form of pain management is anesthetic

drops which have the fastest and most simple application.

Drops have also been shown to have statistically similar

pain control to anesthetic gel, pledgets, and subconjuncti-

val injections in all but two studies. However, while both

Kaderli et al and Andrade et al reported that subconjuncti-

val anesthetic resulted in a lower initial pain score after

intravitreal injection compared to anesthetic drops, there

were no significant differences in pain after 15 mins. No

anesthetic or application method was ultimately shown to

provide superior pain management in a statistically sig-

nificant manner.

Of note, while there are a variety of methods of

application, the pharmaceutical agents utilized during

IVI are limited in variety. Lidocaine, proparacaine, and

tetracaine were the only anesthetics encountered in this

review and are all sodium channel blockers that hinder the

depolarization of the cellular membrane. As patient pain

scores after IVI do not differ in a statistically significant

across the various anesthetics and methods of topical

application utilized, it does not appear that the properties

of each nor the duration for which they are applied ulti-

mately affect the patient’s comfort. In the one study that

assessed the level of pain both after anesthetic adminis-

tration and after IVI, pain after subconjunctival injection

was greater than after topical application. However, the

average pain score after anesthesia and IVI did not sig-

nificantly differ when the two groups were compared, and

the subconjunctival injection resulted in a greater number

of adverse events. While the studies reviewed did not

delve into the specific factors which caused pain in their

respective studies, the homogeny of the results seems to

indicate that differing applications of similar pharmaceu-

ticals do not act upon these factors in notably different

ways.

In terms of adverse events, subconjunctival injections

result in a statistically significant increase in the number of

subconjunctival hemorrhages after anesthetic applications

compared to the other methods, but all adverse event

profiles were otherwise similar. Given the insignificant

differences in pain management between the various

forms of anesthesia but the notably differing time require-

ments and complications in the case of subconjunctival

injections, additional investigation is needed to fully assess

the efficacy of each method. To date, there has been no

single-randomized clinical trial which has compared all

the administration modalities. With the high and still

increasing rate of intravitreal injection utilization, it is

crucial to conduct such a study in order to identify and

standardize the approach which brings the greatest patient

comfort.
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