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Purpose: To evaluate the safety and efficacy of a novel medical device to provide cooling 
anesthesia to the eye as local anesthesia for intravitreal injections.
Study Design: First in human, open-label study of 43 subjects assessed at three different 
doses: −10°C for 20 seconds (group 1), −15°C for 15 seconds (group 2), and −15°C for 20 
seconds (group 3). Main outcome measures were safety and pain of injection using a numeric 
rating scale (NRS).
Results: Cooling anesthesia did not result in any serious ocular adverse events. One grade 1 
adverse event was a vasovagal response during cooling administration which resolved 
immediately after cooling. Mean NRS scores at the time of injection for each group ranged 
from 2.5 to 4.3 There was a statistically significant difference between pain scores of the 3 
groups at injection in aggregate but not in pairwise comparisons (P value = 0.047). There 
was a statistically significant decrease in pain from injection to 5 minutes post injection in all 
groups (P value = 0.00008, 0.003, 0.0005 for groups 1, 2, 3, respectively) as well as from 5 
minutes to 24–48 hours (P value = 0.00001, 0.018, and 0.0545 for groups 1, 2, 3, 
respectively).
Conclusion: The rapid cooling anesthesia device was well tolerated for achieving local 
anesthesia among patients receiving intravitreal injections with no serious ocular adverse 
events.
Keywords: intravitreal injection, anesthesia, cooling, pain

Introduction
Intravitreal injections (IVT) have become the most common procedure performed 
by retina specialists with an estimated 6 million IVTs in 2016.1 Given the high 
volume of IVTs performed, there has been strong interest in optimizing the patient 
experience as well as the clinical workflow.

A number of studies have demonstrated that patients can have significant 
anxiety and discomfort during IVT. Studies have observed that the step most 
associated with significant discomfort and anxiety was the needle penetration itself, 
versus the preparation or waiting.2,3 Current methods of anesthesia for IVTs include 
topical anesthetic drops, application of a cotton tip applicator soaked with lidocaine, 
preservative free lidocaine gel, as well as subconjunctival lidocaine injection. All of 
these methods have advantages and tradeoffs in terms of time of onset of anesthesia 
as well as patient comfort with no consensus. In the 2019 American Society of 
Retina Specialists (ASRS) Preferences and Trends (PAT) survey, 23% of retina 
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specialists used topical drops, 18% used pledgets soaked 
with lidocaine, 25% used lidocaine gel, and 34% used 
subconjunctival lidocaine injection,4 similar to previous 
published IVT anesthesia surveys.5

Prospective studies as well as systematic reviews com
paring the efficacy between different methods of anesthe
sia have been mixed, with the majority suggesting there is 
no difference in pain scores between these methods of 
anesthesia.6–11 Factors which influence the choice of 
anesthesia by retina specialists include patient satisfaction, 
procedure workflow and efficiency, and cost. An alterna
tive method of anesthesia that is well tolerated by patients 
and has a rapid onset of action may improve both the 
patient experience as well as clinical workflow.

Using low temperatures as a form of anesthesia for med
ical applications has been investigated in many settings, and is 
commonly used as anesthesia for injection of dermal 
fillers.12,13 Mechanisms for anesthesia using low temperature 
include decreased nerve conduction which inhibits the firing of 
pain receptors, and release of endorphins.13,14 Here, we define 
the term “cooling anesthesia” as the focal application of tem
peratures slightly below freezing (usually between −10 and 
−20 degrees Celsius) as a method of local anesthesia. This 
temperature is much higher than temperatures that have been 
shown to cause tissue damage to the eye, such as from 
cryotherapy.15–17 The initial proof of concept that low tem
peratures could anesthetize the eye was a case report that 
demonstrated that use of gloved ice applied to the conjunctiva 
and sclera of the eye for 2 minutes was sufficient to effectively 
anesthetize the eye for IVT for a patient with a lidocaine 
allergy.8 Additionally, in a randomized open label study, 
patients administered ice packs for 2 minutes over the eyelid 
prior to topical anesthesia and injection resulted in statistically 
significant lower pain scores compared to the control group.18 

Recently, a clinical study with a prototype cooling device 
demonstrated that cooling anesthesia was well tolerated, had 
a rapid onset of action, and pain from cooling anesthesia was 
not significantly different than lidocaine gel as measured by 
a visual analog scale (VAS).19

To extend this work, a clinical grade next-generation 
handheld cooling device was developed. In the current 
manuscript, we report results from a first in human study 
using this cooling device to evaluate the safety and feasi
bility of providing local anesthesia for IVT.

Methods
Study Design
This trial was a prospective, open-label, dose-escalation 
clinical trial evaluating the safety of a handheld precision 
cooling device. The study consisted of a single visit dose- 
escalation study design assessing 3 ascending treatment 
doses of the cooling anesthesia device: 1) −10°C for 20 
seconds, 2) −15°C for 15 seconds, and 3) −15°C for 20 
seconds. Each study site was responsible for assessing 
only two of the three treatment doses, with a common 
dose (−10°C for 20 seconds) between the two sites.

Following consent, subjects proceeded with the intra
vitreal injection as per investigator discretion using the 
cooling device for anesthesia. 5±2 minutes following 
injection, patient pain was assessed using the Numeric 
Rating scale (NRS) (Figure 1). Two questions were 
asked using the following standardized script

On a scale of 0–10 with 10 being the worse pain you have 
ever felt in your life, how was your pain 1) during the 
injection and 2) now, 5 minutes after injection. 

A slit lamp biomicroscopy exam and indirect ophthalmo
scopy was performed 30±15 minutes after the injection to 
assess for adverse effects. A follow-up phone call 24–48 
hours after the injection was then used to assess pain.

Institutional Review Board (IRB) approval was 
obtained for each study site prior to subject enrollment 
(Western Institutional Review Board (WIRB) Puyallup, 
WA). Written informed consent was obtained from all 
subjects prior to performing any study procedures. The 
study was performed in accordance with the tenets of the 
Declaration of Helsinki and Good Clinical Practice 

Figure 1 Numerical Rating Scale used in the COOL-1 study.
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guidelines. COOL-1 was registered prospectively at 
ClinicalTrials.gov (NCT03732287).

Cooling Device
The device used was a reusable handheld battery-powered 
device with an attached disposable tip (diameter of 7mm), 
with the following regulatory certificates: electrical safety 
test (IEC60601-1), EMC test (IEC60601-1-2), biocompatibil
ity test (ISO10993), cleaning process validation (ISO11737- 
1), packaging process validation (ISO11607-1), and validation 
of sterilization (ISO11137-2006, ASTM F1980-2016, ASTM 
F88, ASTM F1140, ASTM F1929-15, ASTM F2096-11) 
(Figure 2). The device provides the cooling temperature to 
the eye surface at a precision of ±2°C. The accuracy and 
precision of the device cooling temperature were found to 
remain unaffected after one thousand uses at an ambient 
temperature ranging from 10°C and 27°C.

Study Participants
Subjects 18 years of age or older were eligible if they were 
undergoing unilateral IVT using an FDA-approved anti- 
VEGF pharmaceutical as part of their standard of care 
management, and had previously received a minimum of 
3 prior IVT. Subjects were excluded from the study if they 
had severe dry eye and conjunctival, episcleral or scleral 
pathologies.

Injection Procedure
The injection procedure was performed by first instilling 
one drop of 0.5% proparacaine into the eye to allow for 
application of the device to the ocular surface. A lid spec
ulum or manual opening of the lids was then used to 
expose the eye for injection. Betadine was then applied 

to the site of injection. The cooling device was then 
applied between 10 and 20 seconds adjacent to the corneal 
limbus. A visible, transient scleral indentation was present 
after cooling administrations. Another drop of betadine 
was applied and the injection was performed within 30 
seconds of the anesthesia within the scleral indentation, 
indicating the area which was anesthetized. A 30 gauge ½ 
inch needle was used for all injections.

Outcome Measures
The primary outcome measure of this study was safety as 
assessed by adverse effects during cooling anesthesia and 
slit lamp examination and dilated indirect ophthalmoscopy 
after the injection procedure. Adverse events were graded 
using the Common Terminology Criteria for Adverse Events 
(CTCAE).20 Secondary endpoints included pain during the 
intravitreal injection as assessed by the participant’s 
response to a 11-point visual NRS after the procedure 
(Figure 1). This is a previously validated outcome measure 
used to evaluate pain of intravitreal injections in similar 
studies (Clinical trials.gov, NCT01926977). Additional 
pain outcome measures that were analyzed in this study 
included the participant’s pain NRS score of the intravitreal 
injection at timepoints of 5 minutes and 24–48 hours after 
the procedure, as assessed by verbal assessment. Time for 
the total injection procedure was also recorded.

Statistical Analysis
Descriptive statistics of pain score outcomes were calculated 
with means and standard deviations. One-way ANOVA 
analysis with Tukey’s multiple comparisons was used to 
compare pain outcomes between dose groups. Results of 
quantitative analysis were plotted and include 95% 

Figure 2 The components of the Cooling Anesthesia Device. (A) The hand-held device, which cools the single-use tips through a high performance thermoelectric cooling 
module powered by rechargeable batteries. (B) A single-use tip, which includes metal surface delivering the cooling treatment to the conjunctiva for instant anesthetic effect. 
(C) The battery charging dock, which is used to recharge the device.
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confidence interval error bars. For all analyses, P values 
≤0.05 were considered statistically significant. Analyses 
were conducted in Prism 8 (GraphPad Software, San 
Diego, CA). As this was a first in human study designed 
for safety, no formal sample size calculation was performed.

Results
Study Participants
A total of 43 subjects were enrolled into the study. 
Demographics are presented in Table 1. Patients had received 
a mean of 22.6 (range 3 to 44) prior IVTs prior to COOL-1 
enrollment, and had received subconjunctival injection of 
lidocaine as their anesthetic for all previous injections.

Safety
Cooling anesthesia at all doses was well tolerated. Of the 
43 cooling anesthesia applications performed during this 
study, there was one occurrence of an unexpected Grade 1 
adverse event thought to be related to the cooling event. 
While receiving the −10°C for 20 seconds cooling appli
cation, this subject experienced a vasovagal response. The 

event was transient and completely resolved without treat
ment. There were no other serious adverse events, or 
serious ocular adverse events (Table 2). Of note, there 
was no evidence of conjunctival thinning, scleral thinning, 
or corneal damage after cooling administration.

NRS Pain Scores
The mean NRS pain score ± SD scores at the time of injection 
are found in Table 3. There were no statistically significant 
pairwise group differences in pain scores at injection 
(Figure 3). However, there was a statistically significant dif
ference between the 3 group measures of pain at injection in 
aggregate (One way ANOVA, P value = 0.047). There were no 
statistically significant differences in pain scores between 
groups 5 minutes post injection or 24–48 hours post injection 
(One way ANOVA P value = 0.676 for 5 min post injection, 
and 0.32 for pain 24–48 hours) (Figure 3). NRS pain scores 
were also compared over time for each group. There was 
a statistically significant decrease in the pain score at the 
time of injection to the pain score 5 minutes post injection in 
all groups (paired t test, P value = 0.00008, 0.003, 0.0005 for 
−10°C for 20 seconds, −15°C for 15 seconds, and −15°C for 
20 seconds respectively) (Figure 4, Table 3). There was 
a statistically significant difference between pain scores 5 
minutes post injection and pain scores 24–48 hours post 
injection in the 10°C for 20 seconds and −15°C for 15 seconds, 
but not in the −15°C for 20 seconds (paired t test; P value = 
0.00001, 0.018, and 0.0545 for −10°C for 20 seconds, −15°C 
for 15 seconds, and −15°C for 20 seconds respectively) 
(Figure 4).

Time of Injection
The time to perform injection from the start of the injec
tion procedure (adding drop of proparacaine to finishing 
the injection) was recorded for all injections. Mean time 
for the injection procedure was 2.05 minutes, with 
a standard deviation of 1.75 minutes.

Table 1 COOL-1 Subject Demographics

Demographics Number

Men, n (%) 24 (55.8)

Women, n (%) 19 (44.2)

Age at screening, yrs, mean± SD, (range) 70.8±13.8 (33, 93)

# of previous injections, mean±SD, (range) 22.6±12.7 (3, 44)

AMD, n (%) 26 (60.4)

DME n, (%) 12 (27.9)

RVO n, (%) 4 (9.3)

DR n (%) 1 (2.4)

Table 2 Adverse Events. Parenthesis is Percentage Among All Cooling Applications (n = 43)

Adverse Event −10°C for 20 Seconds  
(n = 20)

−15°C for 15 Seconds  
(n = 14)

−15°C for 20 Seconds  
(n = 9)

Ocular AE 0 0 0

Serious ocular AE 0 0 0

Syncope 1 (2.3) 0 0

Endophthalmitis 0 0 0

Corneal Abrasion 0 0 0
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Discussion
In this first in human clinical study, the safety of a clinical 
grade precision cooling device was evaluated across multiple 
treatment regimens. Cooling anesthesia during IVT offers 
potential advantages over current methods of anesthesia, 
including rapid onset of action and a nonpharmacologic 
approach. The current study consisted of subjects who had 
received multiple prior IVTs, all with subconjunctival lido
caine as their previous anesthetic.

Multiple studies on cryotherapy on human eyes suggest 
that the cooling temperatures used in the current study do not 
cause damage to the eye. Rabbit studies on corneal endothe
lial viability were assessed following application of cryother
apy to the cornea at various temperatures for 20 seconds. No 
endothelial cell loss was detected at −10 °C with largely 
reversible cell loss observed at −20 °C.21 Another study by 
Maumenee et al22 applied a cryotip at −78 °C to a rabbit 
cornea for 5 seconds (6 mm treatment spot) and reported 
cellular damage within the first 5 days that completely 
resolved at days 10 and 12. Based on this literature, we 
incorporated cooling temperatures (maximum of −20°C) 

that have not caused irreversible damage to eye tissue in 
preclinical animal models.21

The results of the current study indicate that the device 
was well tolerated with no serious adverse events or serious 
ocular adverse events. No signs of conjunctival scarring or 
thinning with this single administration were observed. One 
grade 1 adverse event occurred among 43 cooling adminis
trations, a transient vasovagal response that resolved without 
intervention. Various physiological responses, such as the 
oculocardiac reflex which can result in bradycardia have 
been observed with intravitreal injections which potentially 
could lead to a vasovagal response.23 We believe that this 
adverse event is related to the cooling anesthesia, as this 
response began during cooling administration. Further work 
will need to evaluate the incidence of this event; we have not 
observed a vasovagal response in more than 200 additional 
cooling applications using the same device in a different 
clinical trial.24

The NRS scale was used as patients with poor visual 
acuity from some of these diseases may not have sufficient 
visual acuity to accurately use the VAS score. These pain 

Table 3 Comparison of NRS Pain Scores Among Differing Groups

Group −10° C for 20  
Seconds

−15°C for 15  
Seconds

−15°C for 20  
Seconds

One-Way  
ANOVA Score  

P value

Pain during cooling 

application (mean±SD)

2.7±2.15 2.75±1.64 3.89±3.0

Pain score at time of 

injection (mean±SD)

3.7±2.5 2.5±1.7 4.3±1.8 0.13

Pain score 5 minutes post 
injection (mean±SD)

1.2±1.3 1.2±2.1 1.1±1.1 0.27

Pain score 24–48 hours 
post injection (mean±SD)

0.1±0.3 0.6±1.4 0.1±0.4 0.53

Figure 3 Numerical Rating Scale scores between different cooling treatments. (A) Numerical Rating Scale (NRS) scores at time of injection. Bars are illustrated as mean 
with 95% confidence intervals as error bars. (B) NRS scores 5 minutes after Injection. Bars are illustrated as mean with 95% confidence intervals as error bars. (C) NRS 
scores 24–49 hours after injections. Bars are illustrated as mean with 95% confidence intervals as error bars. *P < 0.05 n.s. not statistically significant, as measured by one 
way ANOVA.
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scores are in a similar range of pain scores reported from 
other prospective studies evaluating anesthetic agents dur
ing IVTs.10 While this study was not powered to detect 
differences in pain scores between different cooling regi
mens, we did not observe any statistically significant dif
ference of pain scores at the time of injection in pairwise 
comparisons between the three groups. It should also be 
noted that the sensitivity of this pain scale to detect small 
changes in pain perception is unknown. Of note, all three 
cooling regimens resulted in a rapid decrease in pain 
scores at 5 minutes and pain scores were minimal 24–48 
hours after injection, suggesting that cooling anesthesia 
did not cause lasting pain.

A single drop of 0.5% proparacaine was applied 
before cooling anesthesia application. While propara
caine rapidly anesthetizes the ocular surface, the cooling 
device simultaneously cools the eye surface including 
the sclera within 10 seconds, providing rapid and suffi
cient anesthetic effect for IVT. Thus, one potential ben
efit of the cooling device is that cooling anesthesia can 
be applied immediately after instillation of the topical 
anesthetic, allowing one to perform IVT immediately 
after examination, which may have benefits for patients 
and physicians. We found that the average time required 
for IVT from start to finish was approximately 2 min
utes, which may be considerably faster than other times 
for IVT using other types of anesthesia, particularly for 
lidocaine gel and subconjunctival lidocaine, which gen
erally requires 5–15 minutes to achieve maximal clinical 

effect. These characteristics may affect the patient 
experience of injection, which may be an important 
consideration. Future studies are indicated to quantify 
the effect on patient experience, and to determine if 
patients may prefer this type of anesthesia compared to 
other methods. It should be noted, however, that this 
short time (eg, 2 minutes) could lead to confounding 
contribution of proparacaine to the NRS pain scores, as 
topical anesthetic can also anesthetize the eye surface 
for intravitreal injection.

There are multiple limitations to the present study. The 
study was not powered to determine differences between 
treatment regimens. The sample size used in this study is 
representative of a first in human clinical trial. Future 
studies will need to address potential confounders such 
as the study population (patient diagnosis and concomitant 
medications), pain due to betadine application, and pre
vious anesthetic used. Furthermore, this study was 
unblinded and did not use a control group. 
A randomized, masked trial will need to be performed to 
assess the efficacy of cooling anesthesia compared to other 
methods of anesthesia for IVTs.

In summary, the cooling anesthesia used in the current 
study was safe and well tolerated for patients receiving 
IVT as standard of care management for their retinal dis
ease. The specific properties of cooling anesthesia, parti
cularly its rapid onset of action, may offer unique benefits 
for the patient experience. Further investigation is needed 
to understand the long-term effects of repeated cooling 

Figure 4 Numerical Rating Scale (NRS) scores over time. NRS scores at time of injection, 5 minutes after injection, and 24–48 hours injection for each group. Bars are 
illustrated as mean with 95% confidence intervals as error bars. *P < 0.05, **P < 0.01, ***P < 0.001, as measured by paired t-test.
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anesthesia use, and its effectiveness compared to current 
standard of care anesthetics.

Data Sharing Statement
The authors do not plan to share deidentified patient- 
level data given this data is for an investigational device 
that has not been approved by any regulatory 
authorities.
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