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Abstract

Purpose: To compare the efficacy and safety of a novel ophthalmic anesthetic, chloroprocaine 3% gel to tet-
racaine 0.5% eye drops in patients undergoing cataract surgery with phacoemulsification.
Methods: This was a prospective, randomized, multicenter, active-controlled, masked-observer, parallel group
competitive equivalence study. The study comprised 338 patients having routine cataract extraction by clear
corneal phacoemulsification, randomized to receive 3 drops of chloroprocaine gel (n = 166) or tetracaine eye
drops (n = 172) before surgery. The primary objective of the study was to assess the equivalence of chloro-
procaine gel to tetracaine eye drops as proportion of patients with successful ocular surface anesthesia, without
any supplementation just before intraocular lens implantation. Safety measurements were pain, irritation,
burning, stinging, photophobia, and foreign body sensation, graded by the patient and objective ocular signs.
Results: Equivalence was demonstrated, with a somewhat higher success rate of chloroprocaine gel: 152/166
(92.0%) chloroprocaine versus 153/172 (90.5%) tetracaine patients achieved ocular surface anesthesia with no
supplementation. Difference in proportions was 1.5% confidence interval [95% CI: (-3.6 to 6.6)] and 90% CI
fell within (-10 to 10). Mean onset of anesthesia was 1.35 – 0.87 min for chloroprocaine and 1.57 – 1.85 for
tetracaine (P = 0.083). Mean duration of anesthesia was 21.57 – 12.26 min for chloroprocaine and 22.04 – 12.58
for tetracaine (P = 0.574). No treatment emergent adverse events related to chloroprocaine were reported and no
relevant findings related to local tolerance or vital signs were observed in both arms.
Conclusions: Results obtained from the present cataract study demonstrated that chloroprocaine 3% ophthalmic
gel is safe and effective, representing a valid alternative in ocular topical anesthesia.
Clinical Trial Registration number: NCT04685538.
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Introduction

Topical local anesthetics (LAs) play an important
role in the practice of ophthalmology, especially in

noninvasive surgeries. Continuously improving surgical
techniques require less extensive anesthesia and decrease
the need for hospitalization and postoperative controls. As a
matter of fact, many ophthalmic procedures, including cat-
aract surgery, intravitreal injections, and minor diagnostic
procedures, are at present commonly performed using top-
ical LA agents along with other agents.

Cataract surgery is the most frequent surgical procedure
performed in the world, with a yearly rate approaching 1%
of the entire population in Western countries.1 The proce-
dure lasts less than 15 min in uncomplicated cases and is
performed on an outpatient basis. Success rate is high and
intraoperative or postoperative complications are very rare.
As a result, the retrobulbar or peribulbar needle anesthesia
that had been used for more than a century has been almost
entirely abandoned, remaining an option only when a certain
degree of akinesia is desired or when the surgery is partic-
ularly complicated to require a longer duration of the
anesthetic effect.2

Nowadays topical anesthesia represents the first choice in
cataract surgery because there is no blood in cut or touched
tissues that could remove the anesthetic drug, eyeball aki-
nesia is no longer required, additional anesthesia can be
applied at any time, and there is no risk of globe perforation
by needles.3,4 LAs are topically applied to the eye and act
directly on the corneal epithelium and stroma. The portion
of drug penetrating into the anterior chamber suppresses
pain arising from the iris and ciliary body by reversibly
blocking voltage-gated sodium channels. Sensory termina-
tion block is the most important feature of topical anesthe-
sia. It involves the inhibition of sodium channels at nerve
endings or receptors by the anesthetic agents, thus blocking
the production (and not the transmission) of nervous
impulses.2

First approved ocular topical anesthetic products included
solutions such as oxybuprocaine, proparacaine, or tetracaine
drops. Subsequently, reports on off-label use of lidocaine
2% gel for ophthalmic procedures showed a favorable if not
better profile which led to the development of lidocaine
3.5% [approved by the U.S. Food and Drug Administration
(FDA) in 2008] and lidocaine 2% (approved by EMA
in 2021) ophthalmic gel products indicated for topical
anesthesia during ophthalmic procedures.5,6

Indeed, the viscosity of gel formulations increases resi-
dency time on the ocular surface of the LA which results in
increased drug exposure in the deeper tissues and reduces its
systemic absorption, following topical administration. The
studied chloroprocaine ophthalmic gel 3% has a viscosity
not exceeding 2,000 cps compared to other FDA approved
topical anesthetic gel agents such as Akten’s (lidocaine
ophthalmic gel 3.5%) 4,000–9,000 cps and lidocaine jelly’s
12,000–14,000 cps. On the contrary, topical anesthetic so-
lutions with lower viscosity, such a tetracaine 0.5% oph-
thalmic solution with a viscosity between 15 and 25 cps, are
rapidly cleared from the surface of the cornea through the
nasolacrimal drainage system and systemically absorbed
through the nasal mucosa.5,7–10

This study evaluates the efficacy and safety of chloro-
procaine ophthalmic gel 3%, a new preservative-free,

single-use ophthalmic preparation, in patients undergoing
cataract surgery with phacoemulsification compared to tet-
racaine ophthalmic solution 0.5%, a proven and trusted
standard for ophthalmic anesthesia during cataract surgery.

Favorable results generated from this study contributed to
chloroprocaine 3% ophthalmic gel’s recent approval by the
FDA (2022) under the brand name IHEEZO� (Harrow,
Inc., Nashville, TN).

Chloroprocaine, first synthesized in 1946 from procaine,
is a short-acting LA belonging to the amino ester class,
characterized by a rapid onset of action (usually 6 to 12 min)
and a duration of up to 60 min, depending on the dose and
the route of administration.11 Due to its rapid hydrolysis by
pseudocholinesterase, the systemic toxicity of chloropro-
caine is virtually nonexistent and, therefore, chloroprocaine
is widely considered the LA with the safest toxicological
profile.

Expected benefits of chloroprocaine, here assessed for the
first time to provide ocular surface anesthesia as a topical
gel formulation, include the following: coating of the eye
without requiring repeated doses (repeated use of topical
ophthalmic anesthetic either in frequency of application or
length of time of use, can result in serious ocular compli-
cations12); tendency to stay on the eye for a longer duration
than liquid formulations without being absorbed by the
lacrimal puncta as quickly as the tears; reduced systemic
absorption through the nasolacrimal system which translates
into reduced potential for systemic toxicity; improved
lubrication of surgical instruments with easier entry and exit
through surgical wounds.

Methods

This was a prospective, randomized, multicenter, active-
controlled, masked-observer, parallel group competitive
phase III equivalence study in outpatient surgery centers.

The trial was conducted between September 2020 and
March 2021 at 20 centers in 3 countries (Italy, Slovakia,
Spain) after obtaining IRB approval and in accordance with
the relevant guidelines of the Declaration of Helsinki and
the International Conference on Harmonization guidelines
on Good Clinical Practice (ICH E6). Signed informed
consent was obtained from all patients. The study was
registered with EudraCT number 2019-001660-30 and
Clinicaltrials.gov identifier.

The primary objective of the study was to assess the
equivalence of chloroprocaine 3% gel versus tetracaine
0.5% eye drop in terms of proportion of patients with suc-
cessful ocular surface anesthesia, without any supplemen-
tation, just before intraocular lens implantation (T4).

The secondary study objectives were to compare the
clinical efficacy and safety of chloroprocaine 3% gel to
those of tetracaine 0.5% eye drop.

The study included a Selection/Baseline visit (Visit 1—
Day-90/Day-1), an Inclusion visit (Visit 2—Day 1/surgery
day), a Follow-up visit (Visit 3—Day 2, phone call), a Final
visit (Visit 4—Day 8), and an Optional visit in case of ad-
verse events (AE) at visit 4 (Visit 5—Day 28, phone call).

On the day of surgery, patients were randomized 1:1 to
receive either chloroprocaine 3% gel or tetracaine 0.5% eye-
drop solution (Bausch&Lomb UK Ltd.), according to a
computer-generated randomization list. For both treatments,
3 drops were instilled as follows: first drop instillation, wait
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for 5 min, eye disinfection, wait for 2 min, second drop
instillation, wait for 1 min, third drop instillation, and wait
for 1 min, start of surgery.

In this study, the surgeon who instilled either chloro-
procaine 3% gel or tetracaine 0.5% eye drop was aware of
the treatment administered and, apart from cataract surgery,
was only involved in patient surgery and in surgeon satis-
faction assessment. All study variables, collected and ana-
lyzed for primary and secondary objectives were observed,
recorded, and clinically evaluated by another independent
investigator, masked to the formulation applied. The masked
investigator performed screening assessments and assessed
primary endpoint at Visit-1/Selection (patient discomfort
during surgery), then patient global satisfaction and AEs
occurrence at Visit-3/Follow-Up, and overall secondary
endpoints (clinical efficacy and ocular and systemic safety
parameters) for each patient at Visit-4/Final. Patients were
also masked to the administered product.

Surface anesthesia success was assessed at time before
first incision (T1), end of capsulorhexis (T2), end of pha-
coemulsification (T3), and just before intraocular lens
implantation (T4) time points during surgery using a
multiple-point ordinal scale:

� 0—‘‘no pain or discomfort’’;
� 1—‘‘occasional pressure sensation’’;
� 2—‘‘occasional burning or stinging sensation, less than

5 separated times during procedure’’;
� 3—‘‘occasional burning or stinging sensation, more

than 5 separated times during procedure’’;
� 4—‘‘continuous sensation of stinging, burning, or

pressure during procedure, tolerable’’;
� 5—‘‘sensations in point 3 intensified, described as

severe or nontolerable.’’

Based on the scale, successful surface anesthesia was
defined when no pain/discomfort (scale = 0) or occasional
pressure sensation, less than 5 separated times during pro-
cedure (scale = 1) were reported by the patient. Supple-
mentation was defined as any intraoperative analgesia,
including local anesthesia after the beginning of the surgery.
Mild sedation before the start of the surgery was allowed for
anxious patients, according to surgeon experience, and
could be used during surgery in situations where anxiety
and/or movement of the patient could prevent the surgeon
from performing the procedure in a sufficiently safe manner.
In such cases, patients were excluded from the per-protocol
analysis but were not considered as failure.

The secondary objectives of the study included patient’s
discomfort assessment during surgery at T1, T2, and T3,
blink reflex at the end of surgery, time to achieve anesthesia,
total anesthesia time, total surgical time, surgeon assess-
ment, and safety measures, including endothelial cell
counts, corneal thickness, best corrected visual acuity, fun-
doscopy, corneal fluorescein staining, intraocular pressure
(IOP), and vital signs [blood pressure (BP)] and heart rate.

Time to obtain sufficient anesthesia (onset of anesthesia)
was defined as the time between the last drop of anesthesia
given and the time anesthesia is confirmed with forceps, just
before start of surgery, while duration of anesthesia (total
anesthesia time) was defined as the interval between the
time to obtain sufficient anesthesia (assessed by the surgeon
with forceps after the third drop instillation, just before start
of surgery) and the end of anesthesia (assessed with forceps

every 5 min from the end of surgical intervention). To assess
the duration of anesthesia, the testing was considered as
concluded when the subject reported pain on 2 successive
tests with 5 min in between; time of the first test was then
formally considered as the end of anesthesia.

Patients who presented intraoperative complications pre-
venting primary endpoint assessment were withdrawn from
the efficacy analysis and the standard treatment of the
hospital was to be applied.

Surgical comfort was assessed using the following scale:
0—‘‘uncomplicated’’; 1—‘‘slightly complicated’’; and 2—
‘‘complicated.’’

Patient global satisfaction at Follow-up visit (Visit 3—
D2) was assessed using the following scale: ‘‘Very
satisfied’’; ‘‘Globally satisfied’’; ‘‘Neither satisfied nor
unsatisfied Globally’’; ‘‘Unsatisfied’’ and ‘‘Very unsatisfied.’’

Statistical analysis

In equivalence studies, sample size depends on the type I
error (a) (which is usually set equal to 0.05), on the type II
error (b) (set equal to 0.20 for the present trial, corresponding
to a power of 80%), the equivalence margin d and the ex-
pected proportion of success in both treatment groups.13 For
the expected equivalence d = 0.10, which corresponds to a
difference in efficiency of 20%, the estimated sample size
was 171 patients per group, after adjusting for a possible
exclusion rate of 10%. For this reason, 171 patients per arm,
that is, 342 patients overall, were to be enrolled.

Data and parameters measured were evaluated and pre-
sented using descriptive statistics, that is, arithmetic mean,
standard deviation, minimum, median, and maximum values
for quantitative variables, and absolute and relative (%)
frequencies for qualitative variables. Statistics was reported
by treatment group, separately for the eye to be operated and
for the other eye. The proportion of patients with successful
anesthesia without any supplementation at T1, T2, T3, and
T4 (T4: primary efficacy endpoint) was evaluated in the
operated eye using the Mantel-Haenszel approach (adjusting
for country using random effects) to assess equivalence of
chloroprocaine 3% with the reference product.

In terms of statistical inference for the remaining sec-
ondary endpoints, quantitative variables were compared
between the 2 groups using Mann–Whitney’s test. Qualita-
tive variables, such as the assessment of patient’s discomfort
(T1–T4), use of supplementary treatments necessary for
obtaining and/or maintaining anesthesia, and the occurrence
of AE, were compared using Pearson’s w2 test. Time to
obtain sufficient anesthesia and total time were calculated
using mixed effects models (adjusting for center and country
random effects).

Confidence intervals (CIs) were reported, where appro-
priate. These intervals were 2-sided in each case and provide
95% confidence.

The following analysis sets were considered: (1) Enrolled
Set: all patients enrolled in the study. (2) Safety Set: all
patients enrolled in the study, for whom there was evidence
that they used study medication and for whom any follow-
up information was available. (3) Full Analysis Set (FAS):
all patients enrolled in the study for whom any follow-up
efficacy information was available. (4) Per Protocol Set
(PPS): all patients of the FAS who did not show any major
protocol violation.
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The statistical analyses of all secondary endpoints were
conducted on the PPS and confirmed on the FAS. The pri-
mary population for the assessment of efficacy was the PPS,
while the statistical analysis on the FAS population was
considered as sensitivity analysis.

Imputation methods were envisaged for the replacement
of missing values in each set only for the primary endpoint
(anesthesia success).

In terms of AE, analysis was performed by the treatment
group using descriptive statistics.

Results

In total, 410 subjects were enrolled in the study, 64 of
which were dropped as screen failure and 346 were ran-
domized to receive treatment. Of the 346 subjects random-
ized, 338 were randomized and treated according to the
randomization procedure, while 8 discontinued before
treatment. Eventually, 335 subjects completed the study
(163 chloroprocaine, 169 tetracaine) since discontinuation
issues occurred for 3 subjects: 1 in the tetracaine group due
to AE and 2 upon the patients’ wish to withdraw from the
study (Fig. 1).

No imputation method for the replacement of missing
values was applied during the analysis since none was
observed in the collected data.

The average age of patients enrolled in all sets was
69 years, 53% were female and 47% male. All female
patients had a reliable birth control method and none of
them was lactating (Table 1).

Efficacy

At T4 (just before intraocular lens implantation) 150/163
patients (92.0%) in the chloroprocaine group and 153/169
patients (90.5%) in the tetracaine group achieved surface
anesthesia with no supplementation. The difference in pro-
portions was 1.5% (95% CI: [-3.6 to 6.6]) and the associ-
ated 90% CI falling within the predefined equivalence
interval (-10 to 10) (Table 2). Thus, clinical equivalence
between chloroprocaine 3% gel and tetracaine 0.5% eye
drop was established.

Similarly, no statistically significant difference between
the 2 treatments was observed in the percentage of patients
achieving surface anesthesia at T1, T2, and T3. In chloro-
procaine 3% gel group, the percentage of patients who
achieved surface anesthesia was 95% at T1, 97.6% at T2 and
93.3% at T3 versus 96.4% at T1 and T2 and 89.3% at T3 in
the tetracaine 0.5% group. At all time points, the difference
in the estimated proportions of success was less than 4% and
the 90% CI fell within the predefined equivalence interval
(-10 to 10) (Table 3).

For both treatment groups median time to obtain surface
anesthesia and mean duration of anesthesia was 1 and
22 min, respectively.

None of the patients in the chloroprocaine group required
supplemental therapy to manage pain compared to 2 patients
in the tetracaine group.

No statistically significant difference was found in sur-
gical comfort. The mean values in both groups at all time
points did not exceed 0.1 implying that the number of
slight/severe complications at the different stages of the
surgery was limited in both groups.

No significant difference between the 2 treatment groups
in the overall patient satisfaction concerning the topical
product was observed at Visit 3-Follow-up.

Safety

In this study, the number of treatment emergent adverse
events (TEAEs) was higher in the tetracaine group (26
events in 19 patients) than in the chloroprocaine group
(16 events in 14 patients) (Table 4). Eye disorders accounted
for 10 events in 10 patients in the chloroprocaine group and
for 13 events in 10 patients in the tetracaine group. Corneal
edema (5 events in 5 patients) of mild and moderate level
was the most frequently observed TEAE in the chloro-
procaine group. Increased BP (3 events in 3 patients) and
increased IOP (6 events in 3 patients) were the most fre-
quently observed TEAEs in the tetracaine group. None of
TEAE was severe (10 mild and 6 moderate).

None of 14 TEAEs reported in the chloroprocaine group was
judged to be treatment-related, whereas 2 out of 19 TEAEs

FIG. 1. Participant flow figure.
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observed in the tetracaine group were judged to be treatment-
related (corneal disorder and iridocele) (Tables 5 and 6).

In relationship to other secondary endpoints concerning
local tolerability, no statistically significant differences for
any of the ocular symptoms (foreign body sensation, irri-
tation/burning/stinging, pain, and photophobia) were
observed between the treatment groups, neither at Visit 1-
Screening nor at Visit 4-Final. During slit lamp examina-
tion, no significant difference between the 2 groups was
observed for the corresponding parameters. Corneal fluo-
rescein staining showed no statistically significant differ-
ence between chloroprocaine and tetracaine for any eye. No
statistically significant differences between treatment
groups, at any time point, were observed for fundoscopy.
There were also no significant differences in the mean IOP
between the 2 groups at Visit 1-Selection and at Visit 4-
Final. Optic coherence tomography showed no significant
difference for retinal thickness between treatment groups
and observed eyes at Visit 1-Selection.

Discussion

The purpose of this study was to compare the efficacy and
safety of a novel ophthalmic anesthetic, chloroprocaine 3%

gel, to tetracaine 0.5% eye drops in patients undergoing
cataract surgery with phacoemulsification.

Although an ideal comparator may have been a topical
anesthetic in a gel formulation, at the time the study was
conducted, no approved gel formulations were available in
Europe. Therefore, 0.5% tetracaine eye drop solution was
chosen as the most representative topical anesthetic used
worldwide in patients undergoing cataract surgery with
phacoemulsification.7,13–17

Chloroprocaine and tetracaine are very well known and
clinically useful procaine-like LAs. They are amino esters,
readily hydrolyzed by plasma esterases. It is now generally
accepted that the mechanism of action of these drugs is
based on the interaction with specific binding sites within
the Na+ channels resulting in the blockade of the Na+ cur-
rent.18 Both drugs block the generation and conduction of
nerve impulses by increasing the threshold for electrical
excitation in the nerve, by slowing the conduction of nerve
impulses, and by reducing the rate of rise of the action
potential.

The most important clinical properties of topical LAs are
(1) potency, (2) onset, (3) duration of action, and (4)
blockade of sensory fibers. Such qualities are primarily
dependent on their physicochemical properties. Their

Table 1. Demographics—Enrolled Set, Safety Set, Full Analysis Set, and Per Protocol Set

Enrolled set Safety set Full analysis set Per protocol set

Sex
Female N (%) 228 (55.6) 180 (53.3) 180 (53.3) 176 (53.0)
Male N (%) 182 (44.4) 158 (46.7) 158 (46.7) 156 (47.0)

Age
N 410 338 338 332
Mean 69.37 69.58 69.58 69.56
Median 71.00 71.00 71.00 71.00
SD 10.11 10.12 10.12 10.19
Min 37 37 37 37
Max 92 92 92 92

Birth control method
Yes N (%) 6 (2.6) 5 (2.8) 5 (2.8) 5 (2.8)

Childbearing potential
No N (%) 222 (97.4) 175 (97.2) 175 (97.2) 171 (97.2)
Yes N (%) 6 (2.6) 5 (2.8) 5 (2.8) 5 (2.8)

Lactating
No N (%) 6 (2.6) 5 (2.8) 5 (2.8) 5 (2.8)

The number and the proportion of patients of each sex are reported.
The denominator for calculation of the proportions.
SD, standard deviation

Table 2. Successful Surface Anesthesia Proportion at T4 in Visit 2 (Per-Protocol Set)

Anesthesia
success

Chloroprocaine
3% gel n (%)

Tetracaine
0.5% eye

drops n (%)
Difference in

proportions (%)a

90% 2-sided CI
on the difference

in proportions (%)

Rejection
of null

hypothesisb

Successful surface
anesthesiac

Yes 150 (92.0) 153 (90.5) 1.5 (-3.6 to 6.6) Yes
No 13 (8.0) 16 (9.5)

Patients are summarized according to the product they actually received.
aMantel-Haenszel approach for estimation of the common risk difference adjusting for country effect.
bThe null hypothesis states that the difference in proportion between the 2 treatment arms is outside the interval (-10%, 10%). If null

hypothesis is rejected equivalence between the 2 treatment arms is established.
cSuccessful surface anesthesia is defined as no pain or discomfort or ocular pressure sensation, less than 5 separated times during

procedure without any supplementation at T4.
CI, confidence interval.
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potency and duration of action depend mainly on their lipid
solubility, protein-binding and pKa: in general, lipid solu-
bility determines the relative intrinsic potency of an anesthetic,
protein binding influences the duration of anesthesia, while
the pKa is correlated with the onset of action.19

The most common route of administration of ophthalmic
drugs is the topical route because it is convenient, nonin-
vasive, and accessible to all patients. Eye drops of aqueous
solution are the preferred method of drug administration
due to their easy handling, convenience, and relatively
low cost. Unfortunately, their use is strongly limited by
their poor ocular bioavailability (<5%)20 and the need to
include preservatives that have demonstrated toxicity on
the cornea. Therefore, to obtain a therapeutic efficacy, it is
essential to reach higher concentrations in the ocular tis-
sues. This can cause side effects such as toxicity and low
tolerability.

The results of this phase 3 study showed that the new
chloroprocaine 3% gel, here assessed for the first time to
provide ocular surface anesthesia, might play an important
role in the practice of ophthalmology, especially for routine
ocular procedures.

Cataract surgery represents the most common medical
condition that needs to be treated by means of outpatient
surgery in ophthalmology and, therefore, it is considered
highly representative for the future clinical use of chloro-
procaine 3% gel. Global prevalence of cataract in adults
over 50 years of age was estimated at 47.8%.21 The prev-
alence of cataract in Europe increased with age from 5% for
the 52–62 years age group and 30% for 60–69 years of age
to 64% for the population older than 70 years.22 There is
currently limited literature evaluating the efficacy of topical
local anesthesia alone during cataract surgery. One study
evaluated the use of topical lidocaine 2% only during cat-
aract surgery and found that 35% (37/106) first-eye cataract
surgeries reported intraoperative pain. This number in-
creased in second eye patients with 87% (46/52) reporting
pain.23

Chloroprocaine 3% gel administration demonstrated
highly successful and reliable ocular surface anesthesia,
with rapid onset (1 min), a duration of anesthesia around
22 min. Specifically, 150 out of 163 patients (92.0%)
achieved a successful surface anesthesia, without any sup-

plementation just before intraocular lens implantation. In
addition, no patients in the chloroprocaine 3% gel arm were
administered with supplemental treatment for obtaining or
maintaining anesthesia.

Current practices in North America suggest that it is not
uncommon to use a preoperative or intraoperative dose of
an opioid to keep patients comfortable and prevent intra-
operative pain. Such a supplementation, however, may
trigger postsurgical recovery complications. Approximately
20,000 prescriptions for postoperative opioids are adminis-
tered annually following cataract surgery.24 Interestingly,
a Mayo Clinic study analyzed sedation and recovery of
20,116 ophthalmic surgeries, 76.1% being cataract surger-
ies. Overall, 79.5% of those ophthalmic procedures received
IV fentanyl as part of their anesthesia protocol.

The study found that patients who received IV fentanyl
had a prolonged recovery time compared to patients who
did not. Furthermore, patients with prolonged recovery had
higher rates of emergency department visits and hospitali-
zation in the first 48 h postop and higher 30-day mortality
rates.25 Another retrospective analysis of 3,764 routine
cataract surgeries performed by 33 surgeons at Duke
University found that 97% of cases received IV fentanyl
during surgery on top of topical tetracaine 0.5% solution.26

Zakrewski et al., evaluated 1957 routine cataract surgeries in
Canada and found that 83.1% of patients received fentanyl
for the procedure.27

Of note, no patients in this study received any pre- or
intraoperative opioids. Importantly, no patient treated with
chloroprocaine ophthalmic gel 3% required any supple-
mental treatment (general anesthesia, intraoperative sys-
temic analgesia, or other type) to manage anesthesia
throughout the procedure. Further studies are necessary to
confirm if pain and patient comfort can be managed with
chloroprocaine ophthalmic gel 3% alone during routine
cataract surgery.

Safety data confirmed the very favorable safety profile of
chloroprocaine 3% gel. Specifically, the proportion of
TEAEs was higher in the tetracaine 0.5% eye drop (11.0%)
than in the chloroprocaine 3% gel group (8.4%). Impor-
tantly, none of the TEAEs recorded in chloroprocaine
ophthalmic gel group was considered as related to the study
treatment.

Table 3. Successful Surface Anesthesia at T1, T2, and T3 in Visit 2 (Per-Protocol Set)

Time point
Anesthesia

success
Chloroprocaine
3% gel n (%)

Tetracaine
0.5% eye

drops n (%)

Difference in
proportions

(%)a

90% 2-sided
CI on the

difference in
proportions (%)

Rejection
of null

hypothesisb

Successful
surface
anesthesiac

T1—Just before
first incision

Yes 155 (95.1) 163 (96.4) -1.4 (-5.4 to 2.4) Yes
No 8 (4.9) 6 (3.6)

T2—End of
capsulorhexis

Yes 159 (97.5) 163 (96.4) 1.0 (-2.0 to 4.1) Yes
No 4 (2.5) 6 (3.6)

T3—End of
phacoemulsification

Yes 152 (93.3) 151 (89.3) 3.8 (-1.2 to 8.9) Yes
No 11 (6.7) 18 (10.7)

Patients are summarized according to the product they actually received.
aMantel-Haenszel approach for estimation of the common risk difference adjusting for country effect. Due to numerical issues in the

calculation of the common risk difference in T1, analysis was performed on the overall data (no country effect).
bThe null hypothesis states that the difference in proportion between the 2 treatment arms is outside the interval (-10% to 10%). If null

hypothesis is rejected, equivalence between the 2 treatment arms is established.
cSuccessful surface anesthesia is defined as no pain or discomfort or ocular pressure sensation, less than 5 separated times during

procedure at T1, T2, and T3.
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Ocular symptoms, slit-lamp examination, corneal fluo-
rescein staining, fundus ophthalmoscopy, IOP, and visual
acuity results reported for chloroprocaine ophthalmic gel did
not give rise to any local tolerance concern during the
conduction of clinical study.

Of note, there were no secondary infections after surgery
in the operated eyes, despite the suspected potential barrier

Table 5. Global Incidence of Patients

with Treatment-Emergent Adverse Events

and Serious Treatment-Emergent Adverse

Events—Safety Set

Chloroprocaine
3% gel N = 166

n (%) (nAE)

Tetracaine 0.5%
eye drops N = 172

n (%) (nAE)

TEAEs 14 (8.4) (16) 19 (11.0) (26)
Relationship

to the drug
Related 0 (0.0) (0) 2 (1.2) (2)
Not related 14 (8.4) (16) 17 (9.9) (24)

Severity
Mild 10 (6.0) (10) 13 (7.6) (16)
Moderate 5 (3.0) (6) 9 (5.2) (10)
Severe 0 (0.0) (0) 0 (0.0) (0)

Serious TEAEs 0 (0.0) (0) 0 (0.0) (0)
Leading to

discontinuation
0 (0.0) (0) 1 (0.6) (1)

Patients are summarized according to the product they actually
received.

Patients are summarized according to each level of relationship
and severity reported in each treatment group.

The number and the proportion of patients with any adverse event
and the number of adverse events for each classification level are
reported.

The number and the proportion of patients in each classification
do not sum up to the total due to patients with multiple adverse
events across the different classification levels.

The denominator for calculating the proportions is the number of
patients in the safety set of each treatment group.

Table 6. Patients with Treatment-Emergent

Adverse Events Related to the IMP by System

Organ Class and Preferred Term—Safety Set

System organ classa

Chloroprocaine
3% Gel

Tetracaine
0.5% eye-drop

N = 167
n (%) (nAE)

N = 171
n (%) (nAE)

TEAEs 0 (0.0) (0) 2 (1.2) (2)
Eye disorders 0 (0.0) (0) 2 (1.2) (2)
Corneal disorder 0 (0.0) (0) 1 (0.6) (1)
Iridocele 0 (0.0) (0) 1 (0.6) (1)

Patients are summarized according to the product they actually
received.

The number and the proportion of patients with any adverse event
and the number of adverse events for each classification level are
reported.

The number and the proportion of patients in each classification
do not sum up to the total due to patients with multiple adverse
events across the different classification levels.

The denominator for calculating the proportions is the number of
patients in the safety set of each treatment group.

aSystem organ class and preferred terms are coded using
MedDRA version 23.0.

Table 4. Patients with Treatment-Emergent

Adverse Events by System Organ Class

and Preferred Term—Safety Set

System organ class

Chloroprocaine
3% gel

Tetracaine 0.5%
eye drops

N = 166 N = 172

n (%) (nAE) n (%) (nAE)

TEAEs 14 (8.4) (16) 19 (11.1) (26)
Congenital, familial and

genetic disorders
0 (0.0) (0) 1 (0.6) (1)

Corneal dystrophy 0 (0.0) (0) 1 (0.6) (1)

Eye disorders 10 (6.0) (10) 12 (7.0) (13)
Conjunctival

hemorrhage
1 (0.6) (1) 0 (0.0) (0)

Conjunctivitis
allergic

0 (0.0) (0) 1 (0.6) (1)

Corneal degeneration 0 (0.0) (0) 1 (0.6) (1)
Corneal disorder 0 (0.0) (0) 1 (0.6) (1)
Corneal edema 5 (3.0) (5) 2 (1.2) (2)
Eye discharge 0 (0.0) (0) 1 (0.6) (1)
Hyperesthesia eye 1 (0.6) (1) 0 (0.0) (0)
Iridocele 0 (0.0) (0) 1 (0.6) (1)
Lens dislocation 0 (0.0) (0) 1 (0.6) (1)
Ocular hypertension 0 (0.0) (0) 1 (0.6) (1)
Photophobia 1 (0.6) (1) 1 (0.6) (1)
Punctate keratitis 1 (0.6) (1) 1 (0.6) (1)
Pupillary deformity 0 (0.0) (0) 1 (0.6) (1)
Pupillary disorder 0 (0.0) (0) 1 (0.6) (1)
Retinal pigment

epitheliopathy
1 (0.6) (1) 0 (0.0) (0)

General disorders
and administration
site conditions

2 (1.2) (2) 0 (0.0) (0)

Pyrexia 1 (0.6) (1) 0 (0.0) (0)
Sensation of foreign

body
1 (0.6) (1) 0 (0.0) (0)

Injury, poisoning, and
procedural
complications

1 (0.6) (1) 1 (0.6) (1)

Incision site edema 1 (0.6) (1) 0 (0.0) (0)
Procedural pain 0 (0.0) (0) 1 (0.6) (1)

Investigations 1 (0.6) (1) 6 (3.5) (9)
Blood pressure

increased
0 (0.0) (0) 3 (1.7) (3)

Intraocular pressure
increased

1 (0.6) (1) 3 (1.7) (6)

Nervous system
disorders

0 (0.0) (0) 1 (0.6) (1)

Trigeminal neuralgia 0 (0.0) (0) 1 (0.6) (1)

Product issues 1 (0.6) (1) 1 (0.6) (1)
Device dislocation 1 (0.6) (1) 1 (0.6) (1)

Respiratory, thoracic
and mediastinal
disorders

1 (0.6) (1) 0 (0.0) (0)

Cough 1 (0.6) (1) 0 (0.0) (0)

Patients are summarized according to the product they actually
received.

The number and the proportion of patients with any adverse event
and the number of adverse events for each classification level are
reported.

The denominator for calculating the proportions is the number of
patients in the safety set of each treatment group.

System Organ Class and Preferred Terms are coded using
MedDRA version 23.0.

TEAEs, treatment emergent adverse events.
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effect of gels on povidone-iodine, which has occasionally
been reported with other lidocaine gel formulations.28

Considering that chloroprocaine 3% gel formulation has a
lower viscosity with respect to the other ophthalmic gels on
the market, it can be postulated that the viscosity of chloro-
procaine 3% does not constitute an antiseptic barrier.

In addition, chloroprocaine 3% ophthalmic gel is pro-
vided in a single use container suitable for ocular applica-
tion, further mitigating potential contamination and
secondary infection risks.

Conclusion

Data collected in the present study demonstrated that, in
cataract surgery, chloroprocaine 3% gel is safe, well toler-
ated, efficacious, and with suitable characteristics in terms
of onset and duration. Both investigators and patients were
very satisfied with the novel ophthalmic anesthetic, chloro-
procaine 3% gel.

The results of this study contributed to the registration
of the product in the United States, which is indicated for
ocular surface anesthesia. Therefore, Chloroprocaine oph-
thalmic gel 3% represents a valid therapeutic alternative not
only in cataract surgery but also in less invasive ophthalmic
procedures.
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