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Safety of Superior-Temporal
Intravitreal Injections using
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Purpose: To demonstrate the safety of superior-temporal
intravitreal injections using the cotton-tip applicator (CTA) lid-retraction
technique.
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Methods: Retrospective chart review of superior-temporal IVT
injections over a 10-year period.
Results: Data from 2,227 superior temporal IVT injections were
analyzed from 479 patients. The CTA method for lid retraction was
utilized in 477 (99.6%) of the patients. No cases of endophthalmitis were
reported and complications were limited to one vitreous hemorrhage,
a single (aphakic) retinal detachment requiring repair, one patient with
elevated intraocular pressure required anterior chamber paracentesis
and five significant subconjunctival hemorrhages noted at the time of
injection. A total of 1712 (76.2%) Bevacizumab, 484 (21.5%) aflibercept,
50 (2.2%) ranibizumab IVT injections were included.
Conclusions: Superior-temporal injections with CTA guided
elevation of the superior eyelid instead of a lid speculum is a safe and
efficient method for IVT injection.

Abbreviations
ARMD: Age-Related Macular Degeneration; BRVO: Branch
Retinal Vein Occlusions; CRVO: Central Retinal Vein Occlusions;
CSCR: Central Serous Chorioretinopathy; CNV: Choroidal
Neovascularization; CSDME: Clinically Significant Diabetic Macular
Edema; CTA: Cotton-Tip Applicator; CME: Cystoid Macular Edema;
HRVO: Hemi-retinal Vein Occlusions; IVT Intravitreal; NPDR:
Non-proliferative Diabetic Retinopathy; PDR; Proliferative Diabetic
Retinopathy; SRNVM: Subretinal Neovascular Membranes

Introduction
Intravitreal (IVT) injection is the mainstay drug delivery
approach in ophthalmology and is used as the primary treatment for
neovascular age-related macular degeneration (ARMD), retinal vein
occlusions and diabetic retinopathy [1-5]. More than 2.3 million IVT
injections were performed in 2012 in the United States alone and
the number is expected to rise to over 6 million injections in 2016
[6]. The potential side effects include retinal tears and detachment,
iridocyclitis, uveitis, ocular hypertension, cataract formation,
vitreous hemorrhage, and endophthalmitis [7,8]. Various techniques
of implementation with different safety and side effect profiles have
been described; however, no standardized technique has been shown
superior to others [6,7,9,10,11]. There is consensus regarding the need
for topical anesthesia, povidone-iodine use prior to injection, and

needle length being 5/8 inch or shorter however, there are differing
opinions on every other step of the procedure [12].
Although both inferior-temporal and superior-temporal injection
sites have been advocated by different retina specialists, the literature
is naive to support the supremacy of either of these injection sites.
It has been speculated that the point of the injection may play a role
in patient’s comfort, safety, side effect profile and also intravitreal
distribution and elimination of the drug [13]. The theories favoring
inferior-temporal injection suggest that it avoids drug deposition in
front of the visual axis [13]. On the contrary, avoiding the superior
hemisphere allows for virgin conjunctiva to be preserved if future
glaucoma filtering surgery is warranted [3]. Superior-temporal
gaze also reduces inferior tear film and consequently lowers the
concentration of bacteria covering the bulbar conjunctiva [14]. One
study showed that there is less vitreal reflux in inferior-temporal
injections compared to superior-temporal injections [15]. However,
the VISION study showed higher incidence of endophthalmitis related
to inferior injection site [16]. Pooling of bacteria in the substantial
inferior tear lake may be related to the increased endophthalmitis risk
of inferior injection.
In contrast to the inferior-temporal injection site, the superiortemporal location offers many advantages, including great exposure
of the injection site and patient comfort. It is felt that a superior
rhegmatogenous retinal detachment resulting from superior
injection would be easier to fix with pneumatic retinopexy [17]. The
upper lid can also mask incidental subconjunctival hemorrhage.
Superior-temporal site is covered by the upper eyelid and is
away from potentially contaminated lid margin and meibomian
glands [18] and therefore, injections or other ocular surgeries like
trabeculectomies, were shown to carry lower risk of endophthalmitis
in superior locations [19]. Among 8,672 injections, Jonna et al. also
reported a greater risk of endophthalmitis after inferior hemisphere
injections compared with those in the superior hemisphere [16]. In
a study that analyzed risk factors in 23 presumed cases of infectious
endophthalmitis, Shah et al. reported no statistically significant
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Table 1: Demographic information of the 477 patients who received a total of
2,246 intravitreal injections in the superior temporal quadrant using the cotton
tipped applicator method.
Race

Total

Percentage

subconjunctival hemorrhage [20].

Materials and Methods
The Institutional Review Board of SUNY Downstate Medical
Center approved all aspects of this research project and it was in
compliance with the regulations set forth by the Health Insurance
Portability and Accountability Act. This was a retrospective chart
review of single physician (E.S.) performed IVT injections at two
outpatient clinics associated with SUNY Downstate Medical Center
from February 2005 through June 2016. Charts were identified for
inclusion through a billing record search for procedure code 67028.
Intravitreal medicines injected included: bevacizumab, aflibercept
and ranibizumab.

African American

251

52.60%

Caucasian

145

30.40%

Hispanic

47

9.90%

Asian

21

4.40%

Not identified

13

2.70%

Female

1132

50.40%

Male

1114

49.60%

Left

1096

48.80%

Right

1150

51.20%

Phakia

1184

52.70%

Pseudophakia

1056

47.00%

6

0.30%

CSDME

844

37.60%

Injection technique

ARMD

825

36.70%

Vein occlusions*

440

19.60%

PDR

40

1.80%

NPDR

22

1.00%

The treating Physician (E.S.) wears non-sterile gloves and a
mask is not worn by provider or patient. Talking is avoided over the
injection site during the procedure. The CTA method is presented in
full detail in the journal, Retina [20].

CME

15

0.70%

CSC

15

0.70%

SRNVM

15

0.70%

Coats disease

10

0.40%

Neovascularization from histoplasmosis

9

0.40%

CNV from chorioretinitis

8

0.40%

Retinal vasculitis

2

<0.1%

Traumatic choroidal rupture with SRNVM

1

<0.1%

Sex

Eye Injected

Lens Status

Aphakia
Diagnosis

Demographics and diagnoses of patients receiving superior temporal intravitreal
injections with the cotton-tip applicator technique
*CRVO, HRVO and BRVO were grouped together in this table; CSDME: Clinically
Significant Diabetic Macular Edema; ARMD: Age Related Macular Degeneration
CRVO: Central Retinal Vein Occlusion; HRVO: Hemiretinal Vein Occlusion;
BRVO: Branch Retinal Vein Occlusion; PDR: Proliferative Diabetic Retinopathy;
NPDR: Non-Proliferative Diabetic Retinopathy; CME: Cystoid Macular Edema;
CSC: Central Serous Chorioretinopathy; CNV: Choroidal Neovascularization.

difference between superior and inferior hemisphere injections after
27,736 IVT injections [18]. In practice, quadrant selection is dictated
by both patient specific considerations and physician preference.
The cotton-tip applicator (CTA) lid-retraction technique for
superior temporal IVT injection, described in the literature, has
yet to be validated for its safety. A sterile cotton-tip applicator is
used to elevate and retract the upper lid and is then placed over the
injection site to minimize efflux and theoretically decrease the rate of
J Ocular Biol 5(1): 4 (2017)

Data from IVT injections included 2,277 eyes of 479 different
patients and included the date of injection, age, race, gender, laterality,
diagnosis, lens status, drug injected, speculum use, pre-injection visual
acuities, and pre-operative intraocular pressure. Complications,
which were recorded, if applicable, were endophthalmitis, vitreous
hemorrhage, retinal detachment, cataract, subconjunctival
hemorrhages, lenticular damage, cataract development requiring
extraction, if an anterior chamber paracentesis was required for postinjection highly elevated intraocular pressure and central retinal
artery hypo-perfusion. These complications were recorded at the time
of injection or at subsequent office visits (Table 1).

In preparation for injection, patients receive one drop of 0.5%
tetracaine hydrochloride, followed by Vigamox. Phenylephrine 2.5%
is instilled if conjunctival hyperemia is present. The lid margins,
followed by the periorbital skin is then circumferentially wiped with
sterile 4 x 4 gauze wetted with 10% povidone-iodide. The patient is
then instructed to open the eyelids and look up toward the back of the
head, as a drop of the 10% povidone iodide is dropped into the lower
fornix. Then another drop of 0.5% tetracaine is instilled, followed by
several drops of a 4th generation fluoroquinolone antibiotic (usually
Vigamox) to the lower fornix. The upper lid is lifted and pouted with
the initial povidone-iodide soaked 4X4 and the patient is asked to
look infero-nasally while a CTA wetted with 0.5% tetracaine and 4th
generation fluoroquinolone is placed under the lateral one third of
the superior eyelid, resting near the planned injection site. The patient
is instructed to close the eyes. After approximately 30-60 seconds, the
patient is instructed to open the eyes and look inferior and nasally as
the practitioner retracts the upper lid with the cotton tipped applicator,
exposing the superior-temporal location for injection and helping
to stabilize the globe. Injection sites were approximately 3-3.5 mm
from the limbus for all injections. Conjunctival displacement was not
utilized. The cotton-tip is moved over the injection site to minimize
reflux. After the injection, visual acuity was tested by finger-counting
to check for central retinal artery perfusion. IOP is not commonly
checked. Patching with antibiotic ophthalmic ointment was rarely
performed if the patient had complained of protracted discomfort
after prior injections. Signs of endophthalmitis are discussed with the
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Table 2: Types of intravitreal therapy administered with the cotton-tip applicator
method.
Type of Injection

Total

Bevacizumab

1712 (76.2%)

Aflibercept

484 (21.5%)

Ranibizumab

50 (2.2%)

Complications associated with superior temporal intravitreal injections using the
cotton-tip applicator technique.

patient and a follow up appointment was made per individualized
treatment protocol.

Results
A total of 2277 IVT injections were performed in the superior
temporal quadrant on 479 patients with a mean age of 70.5 (range,
23 to 99). The injection procedure was successfully completed using
the unique CTA method in 477 patients, 99.6% of the total 479 charts
reviewed. Two patients, who received 31 injections, required use of
the standard lid speculum; their data is not included in the following
data analysis.
There were 251 (52.6%) African American patients included in
the study, with Caucasian, Hispanic and Asian patients representing
145 (30.4%), 47 (9.9%) and 21 (4.4%) of the patients respectively.
Females accounted for 50.4% of the received injections and the right
eye was injected 50.4% of the time. The injections were performed
in 1184 (52.7%) phakic, 1056 (47.0%) pseudophakic and 6 (0.3%)
aphakic eyes (Table 1).
Clinically Significant Diabetic Macular Edema (CSDME) and
Exudative ARMD represented the majority of cases included in
this study, numbering 844 (37.6%) and 825 (36.7%) of the IVT
injections, respectively. Central Retinal Vein Occlusions (CRVO),
Hemi-retinal Vein Occlusions (HRVO) and Branch Retinal Vein
Occlusions (BRVO) were grouped together and accounted for 440
(19.6%) of the injections. Patients with new onset Proliferative
Diabetic Retinopathy (PDR) where given an injection 40 (1.8%)
times, prior to definitive panretinal photocoagulation completion.
Less common retinal diseases that received IVT injections included
22 (1.0%) Non-proliferative Diabetic Retinopathy (NPDR), 15
(0.7%) Cystoid Macular Edema (CME) not due to diabetes, 15 (0.7%)
Central Serous Chorioretinopathy (CSCR), 15 (0.7%) Subretinal
Neovascular Membranes (SRNVM) not due to ARMD, 10 (0.5%)
Coats’ Disease, 9 (0.4%) neovascularization from Histoplasmosis, 8
(0.4%) Choroidal Neovascularization (CNV) from chorioretinitis, 2
(<0.1%) neovascularization from retinal vasculitis, and 1 (<0.1%) eye
with a SRNVM secondary to traumatic choroidal rupture (Table 1).
A total of 1712 (76.2%) bevacizumab, 484 (21.5%) aflibercept, 50
(2.2%) ranibizumab IVT injections were used (Table 2). Complications
included one vitreous hemorrhage and a rhegmatogenous retinal
detachment in an aphakic patient with exudative ARMD, requiring
surgery for RD repair. One patient with elevated intraocular
pressure required anterior chamber paracentesis and five significant
subconjunctival hemorrhages were noted at the time of injection.
Sixteen patients who were phakic at the time of their first IVT
injection were pseudophakic by the time of their last injection. No
cases of endophthalmitis or lenticular damage (Table 3).
J Ocular Biol 5(1): 4 (2017)

Discussion
The most common method for IVT injections is to use a
speculum and also to place the injection in the inferior and temporal
region of the eye [9,10]. In this retrospective study, which is the first
to explicitly describe the complications of superior temporal IVT
injections, we demonstrated the safety of this technique and ability to
avoid speculum utilization, which can be uncomfortable for patients
[20,21].
The CTA method with superior-temporal injection described in
this study appears to be safe and able to be utilized on a wide variety
of patients, as it was used with 477 (99.6%) of the 479 of the patients
in this study. Only two patients required use of the standard lid
speculum due to excessive lid squeezing, which precluded adequate
visualization of the superior-temporal location. The exposure and
visualization afforded by the CTA method are comparable yet appear
to be more comfortable to the speculum method. CTA method
appears to be faster than use of a speculum and another potential
benefit is that there is no cost associated with acquiring and/or
sterilizing a speculum when using a CTA. Additionally, the CTA is
able to help anesthetize the region to be injected, to soften the eye as
well as serve as a lever to elevate the upper lid and stabilize the globe
during the injection procedure.
No patient had endophthalmitis, one case of a vitreous hemorrhage
and one retinal detachment requiring surgery were reported. Sixteen
patients who were phakic entering the study developed cataracts
significant enough to require cataract extraction, but none of these
cataracts were felt to be due to direct lenticular damage related to
the intravitreal injection. The use of the same CTA that is used to
apply anesthesia and antibiotics to the superior-temporal location
we believe to be more comfortable because of less manipulation of
the eye and ocular adnexa in a quicker time frame. The low rate of
reported subconjunctival hemorrhage is probably attributable to its
superior temporal placement meaning that the site is covered by the
upper eyelid, and the CTA may also help to soften the eye, given the
low rate of anterior chamber paracentesis.
The limitations of this study include its retrospective design, no
control group and lack of power to examine any change in rate of
postoperative endophthalmitis. It is possible that the lack of follow
up shortly after the IVT injections may have contributed to the low
incidence of reported subconjunctival hemorrhages. As a result, no
Table 3: No cases of suspected endophthalmitis were noted. sixteen patients
who started the study phakic, required cataract surgery before their last
intravitreal injection.
Complications

Total

Endophthalmitis

0

Lenticular damage

0

Vitreous Hemorrhage

1

Elevated IOP requiring anterior chamber paracentesis

1

Retinal tear (requiring surgery)

1

Subconjunctival hemorrhage

5

Required cataract surgery*

16

Complications seen throughout the 2,246 injections.
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data on the patient’s follow up rate or compliance may erroneously
depress the reported rates of all complications. The advantages of our
study include its relatively large sample size, persistency of injection
technique and comprehensive data collection. Our large sample size
was well balanced in terms of gender, laterality of the eyes injected,
lens status, and diversity of races and ethnicities represented.
In conclusion, we showed that superior-temporal injections
along with CTA guided elevation of the superior eyelid instead
of a speculum is a safe method for IVT injections. We believe this
injection method to be superior to the variety of currently practiced
techniques. Comfort level of patients is noted to be high, but there
was no formal questionnaire assessment. In the future, the comfort
of this technique may be compared to other lid retraction methods.
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