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1. Benefit-Risk Assessment

All disciplines recommend approval of the application and/or defer to clinical for interpretation 
of the findings from clinical studies and presence of impurities exceeding ICH recommended 
levels.  I have addressed these issues in the review that follows, and agree the application will be 
approved.

See Benefit –Risk Table summary below 
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studies include a temporary decrease in intraocular pressure and reduced tear production and 
turnover. No other ophthalmic toxicity was reported.

The published literature did not include animal development and reproductive toxicology 
studies, or effects on fertility. Studies to assess the genotoxicity of tetracaine hydrochloride 
have not been reported in the published literature.  Long-term animal studies have not been 
conducted to evaluate the carcinogenic potential of tetracaine hydrochloride.

However, as discussed in Section 8, there is clinical experience with tetracaine ophthalmic 
solution products since approximately 1959 as a local anesthetic for procedures requiring a 
rapid and short-acting topical ophthalmic anesthesia. Alcon has provided a summary of 
manufacturing history for the past 20 years and data on utilization for the past 15 years of the 
Alcon product. Published controlled clinical trials, review articles and other marketing data 
provide information on the adverse event profile of the product and serve to characterize the 
reasonable safety of tetracaine when used for the intended purpose. 

Alcon included a copy of a redacted pharmacology/toxicology review of another tetracaine 
NDA along with literature publications in their NDA 208135. On February 26, 2016, Alcon 
amended Sections 2.4, 2.6.6., and 2.6.7. to clarify that the application only relied on published 
studies and not on the findings of safety and effectiveness from an FDA-approved product.

The Pharmacology/Toxicology review team recommends approval.

5. Clinical Pharmacology 

This 505(b)(2) application relied on published literature for clinical pharmacology 
information.  Tetracaine is purported to induce local anesthesia by reversibly blocking 
conduction through nerve fibers by decreasing or preventing transient increases in the 
permeability of the membrane to sodium ions. Tetracaine blocks sodium ion channels required 
for the initiation and conduction of neuronal impulses thereby affecting local anesthesia. 

The systemic exposure to tetracaine following topical ocular administration of Tetracaine 
Hydrochloride Ophthalmic Solution 0.5% has not been studied. Tetracaine hydrochloride is 
metabolized by plasma pseudocholinesterases and nonspecific esterases in ocular tissues.

Pharmacodynamic studies have not been conducted for this product by the applicant; however, 
prior studies have studied the duration of anesthesia for tetracaine. Identified studies include 
Bartfield 1994 in which the duration of action for tetracaine to last approximately 9.4 minutes. 
Nomura 2001 measured the duration of action of tetracaine by esthesiometry and found a 
duration of 10 minutes. In clinical practice, the duration of onset is seen 10-20 seconds after 
instillation and lasts between 10-20 minutes.

The Clinical Pharmacology review team recommends approval.
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6. Clinical Microbiology 
Not Applicable

7. Clinical/Statistical-Efficacy

This is a 505(b)(2) application and relied on published clinical studies (including adequate and 
well controlled studies) of tetracaine hydrochloride ophthalmic solution, including two that 
specifically named the Alcon product.  Other publications described studies using products 
from other manufacturers’ products or did not state the source of the drug product. After a 
preliminary review of the studies, the applicant was asked to identify and submit additional 
publications and the review team conducted an independent search of the literature to augment 
the publications available for review.

In all, 16 clinical studies, including 4 clinical studies in pediatric patients, were reviewed for 
this application (see Appendix A). Two publications for support of efficacy and safety for 
tetracaine hydrochloride ophthalmic solution 0.5% specify the Alcon product (Moshifar 2014 
and Rifkin 2012). In other publications, the drug source is not specified or the unapproved 
product is manufactured by a company other than Alcon. These publications of 0.5% and 1% 
tetracaine hydrochloride were also reviewed, given they contained the same active ingredient, 
mostly at the same concentration, which is a scientifically relevant consideration. The 
summaries of these studies below are derived from the CDTL review. 

Moshifar 2014 was a prospective, single-masked, randomized study of 256 eyes from 128 
patients being treated with LASIK or PRK who received either tetracaine 0.5% in the first 
eye or proparacaine in the first eye.  Pain levels were graded on a 0-10 scale and were 
assessed upon instillation, during surgery, immediately postoperatively, 30 minutes 
postoperatively, overnight and on postoperative day 1. The outcome is shown in Table 2 
from the publication (below).

In all patients, the tetracaine 0.5% patients had a higher pain score on instillation than 
proparacaine patients (3.2 vs. 1.1) which is statistically significant and a recognized 
adverse reaction to instillation of tetracaine.  Once the anesthetic onset of action occurs, the 
results show that the pain scores during surgery and immediately post-surgery appear 
similar between the products. Tetracaine is then statistically superior to proparacaine in 
pain 30 minutes postoperatively, which may be due to shorter duration of pain control for 
proparacaine, an FDA approved product for topical short-term anesthesia. No difference in 
pain scores is seen at day 1 post-operatively.

10
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solution reported the lowest pain score.  The authors report that tetracaine is statistically 
superior to the comparator arms as noted below, although this difference may not 
necessarily be clinically meaningful. What is clinically meaningful is that the pain score is 
comparable and not higher than proparacaine (approved drug).

Treatment Mean Pain Score
tetracaine HCL 0.5% gel (N=100) 3.39±2.26
proparacaine HCL (N=100) 3.17±2.18
tetracaine HCL ophthalmic solution (N=100) 3.05±2.01*

*statistically significant difference (p<0.01) reported between tetracaine HCl ophthalmic solution and the 
other two treatment groups.

The following studies used other sources of tetracaine hydrochloride:

Challam 2009 compared lidocaine 2% with tetracaine 0.5% (Tetravisc Ocusoft product) 
for cataract surgery.  This was a randomized, multi-surgeon, controlled study in 122 
cataract cases randomly assigned to receive lidocaine 2% or tetracaine 0.5% before clear 
corneal phacoemulsification.  Subjects graded intra-operative pain using a visual analog 
scale (0-10) within 10 minutes of completion of surgery. The visual analog pain score was 
lower for the tetracaine compared to the lidocaine 2% (0.7% vs 1.8%). The Tetravisc 
product (unapproved) has a different formulation compared to Alcon product, and the 
approved lidocaine product has a concentration of 3.5%. Nevertheless, results indicate that 
both products were associated with an anesthetic effect based on the low pain scores.

Barequet 1999 compared the efficacy of a single application of lidocaine 2% gel with 
tetracaine 0.5% drops (manufacturer unknown) for topical anesthesia in clear corneal 
cataract surgery in 25 eyes of 25 patients.  Corneal sensation was measured with the 
Cochet-Bonnet aesthesiometer before application of the topical anesthesia, 5 minutes after 
application and at the conclusion of surgery. In this study, the corneal sensation pre-
operatively was 5-6 on a scale of 0-6, and when assessed at 5 minutes post drop and post-
operatively, the score was zero.  In this historically controlled study (patient acting as 
his/her control), the significant change (reduction) in sensation at 5 minutes is attributable 
to the anesthetic effect of the drug, and would be extremely unlikely if not impossible to 
occur spontaneously in 13 and 12 patients, respectively.  

Treatment Mean Corneal Sensation
Pre-op 5 min post drop Post-op

Tetracaine 0.5% (N=13) 6 0 0
Lidocaine 2% (N=12) 5 0 0

Scale (0-6)
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Shafi 1998 was conducted to evaluate discomfort with topical proxymetacaine 0.5% on 
instillation by comparing it against topical amethocaine 0.5% (another name for tetracaine, 
manufacturer unknown). This was a randomized, masked, double masked prospective 
study involving 53 patients.  Each patient received one drop of amethocaine 0.5% in one 
eye and one drop of proxymetacaine 0.5% in the other.  The severity (0-4 point scale) and 
duration of discomfort for each topical anesthetic was assessed.  To confirm proper 
instillation of the anesthetic drop, tonometry using a Tonopen was performed 5 minutes 
after drop instillation.  Tonometry was regarded as a success if it was easily performed and 
without patient discomfort.  Tonometry was regarded as unsuccessful if the patient felt 
uncomfortable. The results showed that on instillation, tetracaine had more reports of 
mild/moderate/severe pain compared to proxymetacaine.  Successful tonometry was 
possible in 98% (n=52) and 93% (n=49%) patients, respectively. This would not have been 
expected if the patient’s eye had not achieved anesthesia.

Watson 1991, Carden 1998, Kim 2003, Anninger 2007 Four trials were submitted to 
support the use of tetracaine in the pediatric population.  Each evaluated the use of 
tetracaine in strabismus surgery.  Two of the studies were with tetracaine 0.5% and two 
used tetracaine 1% (manufacturers were not specified in the publications).  While the 
studies conducted with the 0.5% formulation did not demonstrate efficacy; this was likely 
due to the design of the trials and not to the inability to anesthetize the pediatric eye.  The 
support efficacy for the use of 0.5% in the pediatric population can be extrapolated from 
the adult population. This is appropriate since the effect of topical anesthesia on the ocular 
surface is similar in both populations.  

Castellanos 2013 an additional pediatric study, assessed pain in premature infants treated 
with intravitreal antiangiogenic therapy for retinopathy of prematurity under topical 
anesthesia. 

Additional studies are summarized in Medical Officer and CDTL review, and generally report 
results consistent with those summarized above. (See Appendix C) 

Based on the Statistical Review, there are some limitations to the statistical interpretation of 
the studies.  The following excerpt provides a summary of the issues:
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Nine published studies were examined by the Statistical reviewer. Because the published 
studies used slightly different scales for pain measurement and evaluated different dosing 
regimen of tetracaine 0.5% in patients undergoing different procedures, the reviewer did 
not perform a formal meta-analysis. Three publications (Moshirfar 2014, Chalam 2009 and 
Rifkin 2009), in which a total of 209 subjects received at least one dose of tetracaine 0.5%, 
reported a statistically significant efficacy results for tetracaine 0.5%. However, the results 
in two of these publications (Rifkin 2009 and Moshirfar 2014) should be interpreted with 
caution because the results in Moshirfar 2014 were not adjusted for multiple comparisons, 
and the reviewer’s analysis of the data from Rifkin 2009 did not show statistically 
significant results for the pairwise comparison of tetracaine 0.5% to the other treatment 
groups. For the reasons briefly summarized above, the evaluation of the clinical relevance 
of the study findings was deferred to the clinical reviewers.  

As summarized and discussed above, tetracaine hydrochloride ophthalmic solution 0.5% is 
administered as a single drop (although more than one drop may be used by optometrists or 
ophthalmologist depending on the type and duration of procedure); it is for use as a short-
acting local topical anesthetic for various examination and surgical procedures on the anterior 
segment.  In these studies, as most directly illustrated by the Berequet 1999 study, the 
short-term anesthetic effect of tetracaine (and other anesthetics) was demonstrated by the 
reduction in patient corneal sensitivity from the baseline score so that various surgical or 
examination procedures can be conducted. This type of study is a historically controlled study 
where the patient acts as their own control and demonstration of an anesthetic effect is 
extremely unlikely if not impossible to occur spontaneously. The reduction in the pain score 
(on a scale of 0-10) is shown also in the Moshifar 2014 study at different time points from 
drug instillation, during surgery and after surgery, and similarly the anesthetic effect is 
demonstrated in the Rifkin 2012 study. These trials report the efficacy of the Alcon product, 
while additional published literature corroborates these findings with products where the 
manufacturer is not specified or a different manufacturer makes the product (unapproved 
drug). Given information on utilization data, the Alcon product is marketed primarily in the 
US and represents 30 to 80% of the market, depending on the source of information. Of note, 
among the submitted MedWatch forms, there have been reports of lack of efficacy, generally 
addressed by the health care provider by using additional product or changing product.

The clinical reviewer, CDTL and Deputy Division Director recommend approval, the 
Statistical reviewer defers to clinical for interpretation of some of the study data.

8. Safety

No clinical studies were conducted by Alcon, therefore the evaluation of safety is based on 
published literature and post-marketing reports. This includes two studies which identify the 
Alcon product and include 188 patients. In Moshirfar 2014, 128 patients and 256 eyes were 
evaluated, in the Rifkin study, 60 patients received 5 injections needing anesthesia so 100 
injections were evaluated in 20 patients administered tetracaine. The recommended dosing is 
one drop to the eye; however, additional drops are sometimes given if adequate anesthesia has 
not been induced. Doses in the studies ranged from one to three drops.

14
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The safety data available for review do not allow for a quantitative determination of the exact 
incidence of each type of adverse events.  The adverse event profile for tetracaine based on the 
published studies suggests that the most common adverse events are transient events 
associated with instillation of the drop.  These include events such as burning, stinging, 
discomfort, irritation and pain. Moshirfar 2014 (and Shafi 1998) noted pain on instillation of 
the anesthetic drop.

Toxicity related to inappropriate use has also been reported:  Corneal toxicity with damage to 
the epithelium occur with chronic use/abuse of anesthetics which is rare since patients are 
normally not prescribed these drops for self-administration. There are also reports of 
endothelial cell toxicity when the drug is injected intracamerally, into the anterior chamber of 
the eye.

Due to limited or lacking adverse event reporting in published controlled studies, two review 
articles on the toxicity of topical anesthetics Havener 1983 and McGee 2007 and an article by 
Rosenwasser 1990, were submitted and provided a qualitative overview of adverse events:

• Patients receiving topical administration of tetracaine eye drops may report burning 
sensation of about 30 seconds, also described as stinging and discomfort in the affected 
eye. Patients will typically experience numb sensation in the instilled eye ranging in 
duration from 10 to 20 minutes depending on dosage (number of drops).

• Repeated administration of tetracaine anesthetic has the potential to cause superficial 
corneal epithelial lesions; therefore, it is recommended that tetracaine not be 
prescribed for patient home-use. Topical anesthetics reportedly have the potential to 
cause punctate corneal epithelial erosions as well as inhibit the migration of corneal 
epithelial cells and to cause direct damage to their microvilli. Longterm use is not 
recommended; Rosenwasser 1990 reported cases of corneal ulceration, thinning and 
perforation, some requiring full thickness corneal transplantation with long term abuse.  

• In rare cases, tetracaine may cause allergic contact dermatitis after repeated use.

• Physicians are warned not to hyperdermically inject tetracaine solution for 
ophthalmologic procedures as cases of death have been reported.

• Systemic side effects associated with topical ophthalmic anesthetics have also been 
reported, including anxiety, shortness of breath, and seizure.

As noted, Alcon has marketed tetracaine hydrochloride ophthalmic solution 0.5% since 1959, 
and the current product has been manufactured using essentially the same method since 1996. 
The applicant also provided information on the marketing of the product, indicating that since 
about 2002, over  vials are marketed annually in the United States, with smaller 
numbers before that time.  Alcon submitted 86 MedWatch forms for their unapproved product 
which included reports of adverse reactions associated with installation as described above, 
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Not applicable
APPENDIX A:  List of Published Clinical Studies (Source: Medical 
Officer Review)

Study Design Objective Subject
s

Treatment Alcon 
Product

Listing of Published Clinical Efficacy Studies of Tetracaine in Adults Provided by the Applicant

Barequet 
1999

Randomized To compare the efficacy of 
lidocaine with tetracaine 
for topical anesthesia in 
clear corneal cataract 
surgery

25 Single application of lidocaine 
2% gel or
1 drop of 0.5% tetracaine

unknown

Yu 2003 Randomized, 
double-masked, 
double dummy

To compare the efficacy of 
lidocaine with amethocaine  
as the sole anesthetic agent 
for strabismus surgery

14 1 mL lidocaine 2% gel in one 
eye and 
1 drop of 1% amethocaine* 5 
min apart × 3 in fellow eye

No
(1% 
solution)

Tsoumani 
2010

Randomized, 
controlled, 
double- masked

To compare the efficacy of 
tetracaine and the 
combination of lidocaine 
application and instillation 
of tetracaine as methods of 
topical anesthesia for 
cataract surgery

51 0.5 cm lidocaine 2% gel plus 1 
drop of 0.5% tetracaine or 
1 drop of 0.5% tetracaine 5 
min apart × 3

unknown

Listing of Published Clinical Efficacy Studies of Tetracaine in Pediatric Patients Provided by the Applicant

Watson 1991 Randomize, 
observer 
masked

To assess the effect of 
topical amethocaine on 
postoperative analgesia 
after strabismus surgery in 
children

40 (1–12 
yrs)

2 drops of 1% amethocaine* 
versus placebo (saline)

No
(1% 
solution)

Carden 1998 Randomize, 
controlled, 
observer 
masked

To test the effect of 
amethocaine on reducing 
postoperative pain, 
vomiting, and length of 
stay in children having 
strabismus repair

62
(6 mos–
15 yrs)

2 drops of 0.5% 
amethocaine*, 
subconjunctival bupivacaine 
0.5%, or placebo (saline)

Unknown

Kim 2003 Randomize, 
double-masked, 
placebo-
controlled

To compare the effect of 
placebo to intraoperative 
0.5% topical amethocaine 
or 0.5% topical ketorolac 
on pain control after 

51 (2–7 
yrs)

2 drops of 0.5% 
amethocaine*, 0.5% 
ketorolac, or placebo (saline) 
at the start and end of 
strabismus repair surgery

Unknown
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strabismus surgery in 
children

Anninger 
2007

Randomize, 
double-masked

To test the effect of 
tetracaine on reducing the 
intensity and incidence of 
postoperative pain and 
emergence agitation after 
strabismus surgery in 
children

88 (1–12 
yrs)

2 drops of 1% tetracaine 
before and after surgery with 
placebo (saline) controls

No
(1% 
solution)

Additional literature reports submitted by the applicant during the review cycle to support the efficacy of 
tetracaine 0.5%

Moshifar 
2014

prospective, 
single-masked, 
randomized 

To evaluate the efficacy of 
proparacaine and tetracaine 
for pain control in patients 
undergoing LASIK and 
PRK

256 eyes 
from 128 
patients

Tetracaine 0.5%
Proparacaine 0.5%

Yes

Rifkin 2012 prospective, 
randomized

to determine factors 
associated with patients 
comfort during routine in-
office intravitreal injection.

60 Proparacaine 0.5%
TetraVisc
Tetracaine 0.5%

Tetravisc 
(Cynacon/
Ocusoft)
Tetracaine
(Alcon)

Shafi 1998 prospective, 
randomized, 
double masked

to evaluate the claim that 
topical proxymetacaine 
produces little or no 
discomfort on instillation 
by comparing it against 
topical amethocaine

53 Proxymetacaine 0.5%
Amethocaine* 0.5%

Unknown

Sanabria 
2013

prospective, 
randomized, 
double-masked

to evaluate the efficacy of 
different anesthetics and 
topical anti-inflammatory 
treatment in patients 
undergoing intravitreal 
injection (IVI)

156 Tetracaine 0.5% 
+naphazoline

Lidocaine 5%

Unknown

Sabermogha
dam 2012

pilot study to find a new form of 
lidocaine to give a 
sufficient level of 
anesthesia

30 Tetracaine

Lidocaine cyclodextrin

unknown

Additional published article provided by the Agency

Chalam 
2009

randomized, 
multi-surgeon, 
controlled study

to compare the clinical 
efficacy of lidocaine 2% 
with tetracaine 0.5% for 
cataract surgery

122 lidocaine 2%
tetracaine 0.5%

No
(Ocusoft)

* Tetracaine is also known as amethocaine and pontocaine.
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APPENDIX B: Postmarketing adverse events
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Source – Medical Officer Review (Ref 2.7.4. Summary of Clinical Safety, Table 2.7.4.7-1)
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APPENDIX C: References
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