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Executive Summary:1-5
· Lidocaine hydrochloride 3.5% ophthalmic gel is indicated for ocular surface anesthesia during ophthalmologic procedures.
· Lidocaine hydrochloride is widely used as an anesthetic and available in many different formulations (topical cream, gel, lotion, ointment, solution, jelly, liquid, transdermal patch, oral solution, and solution for injection).
· The potential advantage of gel anesthesia is increased efficacy because of prolonged contact time with the ocular surface. 

· Studies have shown superior efficacy when using gel versus traditional eye drops. Lidocaine gel allows intracameral anesthesia with significantly lower concentrations. 

· A randomized clinical trail studying the effects of lidocaine 2% gel versus lidocaine 4% unpreserved drops for topical anesthesia in cataract surgery showed favorable results when measuring analgesia in the patients who received the gel versus unpreserved drops.
· A Phase III clinical trial was conducted to evaluate the effectiveness of lidocaine as an ophthalmic gel anesthetic agent for complete ocular anesthesia where subjects received placebo gel, lidocaine 1.5% gel, lidocaine 2.5% gel, and lidocaine 3.5% gel, respectively.
· The group receiving lidocaine 3.5% gel experienced a longer mean duration of anesthesia that was significantly different from the placebo and lidocaine 1.5% gel group. 
Introduction

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating lidocaine 3.5% ophthalmic gel for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology

Lidocaine produces its analgesics effects through a reversible nerve conduction blockade by diminishing nerve membrane permeability to sodium, just as it affects sodium permeability in myocardial cells. This action decreases the rate of membrane depolarization, thereby increasing the threshold for electrical excitability. The blockade affects all nerve fibers in the following sequence: autonomic, sensory and motor, with effects diminishing in reverse order. Loss of nerve function clinically is as follows: pain, temperature, touch, proprioception, skeletal muscle tone. Direct nerve membrane penetration is necessary for effective anesthesia, which is achieved by applying the anesthetic topically or injecting it subcutaneously, intradermally, or submucosally around the nerve trunks or ganglia supplying the area to be anesthetized.

Pharmacokinetics1
Lidocaine may be absorbed following topical administration to mucous membranes. Absorption is dependent on multiple factors, including concentration, site of application, viscosity of the agent, and the duration of exposure. 

Administration on the ocular surface yields ocular anesthesia within 20 seconds to 5 minutes of application. Generally, anesthesia occurs within the first 60 seconds of application. The duration of anesthesia ranges from 5-30 minutes with a mean duration of 15 minutes.

Lidocaine is protein bound, with the fraction bound decreasing with increasing concentration. At concentrations of 1 to 4 mcg of free base per mL, 60% to 80% is protein bound. Protein binding is also dependent on the plasma concentration of the alpha-1-acid glycoprotein.
Lidocaine is hepatically metabolized. The metabolites and unchanged drug are renally eliminated. Less than 10% is excreted unchanged. 
The elimination half-life observed with intravenous administration is 1.5 to 2 hours. The half-life may be prolonged 2-fold or more in patients with hepatic function impairment. Accumulation of the metabolites may occur in patients with renal function impairment.

FDA Approved Indication1
Lidocaine ophthalmic gel is indicated to provide local anesthesia to ocular surface during ophthalmologic procedures. 
Current VA National Formulary Alternatives
Table 1. Available Ophthalmic Local Anesthetics1-2
	Active Ingredient
	Lidocaine Hydrochloride
	Proparacaine Hydrochloride
	Tetracaine Hydrochloride

	FDA* approval
	2008
	1953
	Before FFDCAt

	Available as
	Akten™
	Alcaine™, Proparacaine
	Tetravisc™, Tetracaine

	Generics available
	No
	Yes
	Yes

	Formulation
	3.5% gel
	0.5% solution
	0.5% solution

	Preservative
	No
	Yes
	Yes

	Storage
	Room temp in carton to protect from light
	Refrigerate in carton to protect from light
	Room temp


*FDA= Food and Drug Administration

          
   t FFDCA= Federal Food, Drug, and Cosmetic Act
Dosage and Administration1
The recommended dose of lidocaine 3.5% ophthalmic gel is 2 drops applied to the ocular surface in the area of the planned procedure. Additional lidocaine ophthalmic gel may be reapplied as needed to maintain anesthetic effect. 

Efficacy3,6-7 

Lidocaine hydrochloride gel for ocular anesthesia: results of a prospective, randomized study
Lidocaine 3.5% ophthalmic gel was evaluated in a multicenter, randomized, placebo-controlled; double-blind study enrolling 209 patients. Patients were randomized to receive two drops of either lidocaine 1.5% gel (51 patients), lidocaine 2.5% (53 patients), or lidocaine 3.5% (51 patients), or placebo gel (54 patients). There were no significant differences in these demographic features between treatment groups. Inclusion criteria included the ability to provide consent and verbally respond to pain. Exclusion criteria included intravitreal injection within 14 days, ocular surgery within 4 weeks, ocular surface disease requiring punctual plugs, and use of certain topical medications, including multiple glaucoma medications. 
Endpoints

· Primary efficacy endpoint: achieving anesthesia defined as the absence of pain following pinching of the conjunctiva with 0.3-mm forceps and then questioned about pain at 20 seconds, 40 seconds, and 1 minute; testing (pinching) intervals were extended to every 5 minutes once a subject reported no pain on two successive tests. If the patients experienced pain at 20, 40, and 60 seconds, pinching was  suspended to the 5-minute time point; which if pain was still reported at 5 minutes no more testing was performed and the subject was considered not to have gained anesthesia. 

· Secondary efficacy endpoint: time to anesthesia and duration of anesthesia: Ocular anesthesia was achieved within 5 minutes of application in 22% of patients in the placebo group, 88% in the lidocaine 1.5% gel group, 89% in the lidocaine 2.5% gel group, and 92% in the lidocaine 3.5% gel group (P < 0.001 for all lidocaine concentrations vs placebo). The mean time to anesthesia onset ranged from 20 seconds to 5 minutes and was not affected by the lidocaine dose. The mean time to anesthesia onset was approximately 60 seconds, with a median onset time of 40 seconds in the lidocaine 3.5% group. The duration of anesthesia generally ranged from 5-30 minutes, with a mean duration of anesthesia of 10.2 minutes in the lidocaine 1.5% gel group, 11.7 minutes in the lidocaine 2.5% gel group, and 13.4 minutes in the lidocaine 3.5% gel group compared with 2.8 minutes in the placebo gel group (P < 0.001 for all lidocaine concentrations vs placebo). 
In conclusion, the lidocaine 3.5% gel showed to have the longest duration of anesthesia and superior efficacy when compared to the lower concentrations of lidocaine gel and placebo. 
Comparison of Lidocaine 2% Gel versus Amethocaine as the Sole Anesthetic Agent for Strabismus Surgery

Lidocaine 2% gel efficacy was evaluated versus amethocaine 1% drops in a randomized, double-blind, double-dummy study. Fourteen patients received one agent in one eye and the other agent in the other eye as the sole anesthetic agent prior to strabismus surgery. Inclusion criteria included all patients scheduled to undergo bilateral strabismus surgery at the Hong Kong Eye Hospital who had selected topical anesthesia as their choice of anesthetic and had successfully completed a preoperative forced duction test. Exclusion criteria included patients who had previous ocular surgery or who required vertical muscle surgery, any unstable cardiac condition, receiving regular analgesia, or anticoagulant therapy, and the inability to lie supine for the duration of surgery. 

Endpoints

· Primary efficacy endpoint: measured pain and experienced discomfort during surgery to the patients by asking the subject to mark a plain 10-cm visual analog scale labeled “no pain or discomfort” on one side and “severe pain and discomfort” on the other. A score was obtained by measuring from the left side of the line to the mark in centimeters.

· Secondary efficacy endpoint: additional anesthetic drops required during surgery and at what stage of the surgery the greatest discomfort was felt by the subject.Mean pain scores were 2.6 with lidocaine and 5.3 with amethocaine (P = 0.01) out of 10. Mean discomfort scores were 3.2 with lidocaine and 6.2 with amethocaine (P = 0.01). The mean number of additional drops required was 0.3 for eyes randomized to lidocaine and 1.6 for eyes randomized to amethocaine (P = 0.02). 

In conclusion, lidocaine gel provides superior anesthesia efficacy in terms of pain when compared to amethocaine drops. 
Lidocaine 2% gel versus lidocaine 4% unpreserved drops for topical anesthesia in cataract surgery

A randomized, double-blind, controlled trial was performed to compare the clinical efficacy of lidocaine 2% gel versus lidocaine 4% unpreserved drops in which the same amount of lidocaine was administered as gel or as unpreserved drops. Total of 107 patients were randomized; 54 patients were given 1mL of lidocaine 2% gel and 53 patients were given 0.5mL of lidocaine 4% unpreserved drops. There were no significant differences in these demographic features between treatment groups. Inclusion criteria included patients scheduled for elective cataract surgery that were eligible for topical anesthesia. Exclusion criteria included monocularity, deafness, involuntary movement disorders, high anxiety, unwillingness to have topical anesthesia, and reported allergy to lidocaine. 
Endpoints

· Primary efficacy endpoint: patients were asked to grade intraoperative pain using a 0-to-10 visual analog scale, intracameral levels of lidocaine at the beginning of surgery
· Secondary efficacy endpoint: pulse and blood pressure at 5 minute intervals, the need for supplemental topical anesthesia or intravenous sedation, duration of surgery, and intraoperative complications:Intraoperative mean pain scores were 1.46 for the gel group and 2.51 for the eye drops group (P=0.007). Intracameral levels mean levels at the beginning of surgery were 27.14 mcg/ml for the gel group and 12.73 mcg/ml for the eye drops group (P<0.001). Supplemental topical anesthesia was needed in two cases (3.70%) for the gel group and six cases (15.09%) in the eye drop group. This difference was not statistically significant P=0.258).
In conclusion, gel formulation gave better pain control and greater intracameral levels. 
Adverse Events (Safety Data)2-3,6
Lidocaine hydrochloride gel for ocular anesthesia: results of a prospective, randomized study

The safety and tolerability were collected by subject questionnaires, eliciting serious adverse events that included death, life-threatening events, inpatient hospitalization, and persistent or significant disability. For the clinical examinations, both external examination and biomicroscopy were performed before and after dosing on day 2. Additionally, fluorescein corneal staining was evaluated at baseline and at the postoperative day 2 visit. 

No adverse events were observed in the lidocaine 1.5% and 2.5% groups. 
· Three patients (6%) in the lidocaine 3.5% group and 1 patient (2%) in the sham group had corneal staining following treatment.
· Conjunctival hemorrhage and conjunctival hyperemia occurred in 4 or fewer patients in each study group.
· Eye pain described as an adverse event was identified in only 1 patient in the entire study population.

· Majority of the adverse events resolved within 24 hours. No serious adverse events of any type were noted in this study.

Deaths and Other Serious Adverse Events (Sentinel Events)

None 
Common Adverse Events

Most common adverse reactions are conjunctival hyperemia, corneal epithelial changes, headache, and burning upon instillation. 

Precautions/Contraindications1
Precautions

· For ophthalmic use only; not for injection.

· Prolonged use of a topical ocular anesthetic may produce permanent corneal opacification and/or ulceration with accompanying visual loss.
Contraindications

None
Special Populations1
Pregnancy

Pregnancy Category B. No evidence of fetal harm has been observed in animal studies.
Nursing Mothers

Lidocaine is secreted in human milk. The clinical significance of this observation is unknown. Although no systemic exposure is expected with administration of lidocaine 3.5% ophthalmic gel, caution should be exercised when lidocaine 3.5% ophthalmic gel is administered to a nursing woman.

Pediatric Use

Safety and efficacy in pediatric patients has been extrapolated from studies in older subjects and studies in pediatric patients using different formulations of lidocaine.

Geriatric Use

No overall clinical differences in safety or effectiveness were observed between the elderly and other adult patients.
Look-alike / Sound-alike (LA / SA) Error Risk Potential2,8-9
As part of a JCAHO (Joint Commission) standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

· LA/SA for generic name Lidocaine:  
1. Bupivacaine

2. Linezolid
3. Lidoderm

4. Lidex
· LA/SA for trade name Akten: 

1. Alerkan
Drug Interactions5
Drug interactions have not been described with the ophthalmic local anesthetic products. 
Acquisition Costs

Table 2. Cost for Ophthalmic Anesthetics per Bottle (FSS pricing as of 
	Drug
	Dose
	Cost per Bottle ($)

	Akten™ 3.5% ophthalmic gel
	Apply 2 drops to the ocular surface in the area of the planned procedure. Additional doses may be used to maintain anesthesia.
	$17.54 (5mL)

	Lidocaine HCL 2% jelly (sterile)
	Used prn for ophthalmic procedure anesthesia
	$5.29 ( 5 ml)

	Proparacaine 0.5% ophthalmic solution
	Instill 1 drop in eye every 5-10 minutes for 5-7 doses.
	$1.26 (15mL)

	Tetracaine 0.5% ophthalmic solution
	Instill 1-2 drops every 5 to 10 minutes for 3-5 doses.
	$1.25 (15mL)


Conclusions

Patients undergoing ophthalmic procedures experienced similar rates of successful clinical anesthesia and duration of anesthesia when treated with lidocaine 3.5% ophthalmic gel compared to placebo and tetracaine. 
Lidocaine 3.5% ophthalmic gel provides long duration of action and superior efficacy when compared to placebo, as well as lower concentrations of lidocaine in patients undergoing ophthalmic procedures. The viscous nature of lidocaine 3.5% ophthalmic gel offers prolonged duration of anesthesia since it prolongs contact time with less concentration of lidocaine. The gel formulation may also minimize corneal side effects that are typically associated with aqueous formulations of ophthalmic anesthetics. 
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Table 3. Akten Clinical Trials Comparison 
	Citation,

Design,

Setting,

Time period,

N=
	Eligibility Criteria
	Interventions
	Demographics
	Safety/Comments
	Results

	Busbee (2008)3

R, DB, MC, PIII

2 days

N = 209


	Inclusion criteria:

18 yo or >,

Ability to provide consent and verbally respond to pain,

Ability to return within 36 hrs. after tx,

pt requires ocular anesthesia

Exclusion criteria:

Intravitreal inj. w/in 14 days,

Ocular surgery w/in 4 weeks,

Current ocular inflammation,

Permanantly altered ocular surface,

Pregnant or nursing,

Use of topical steroids, nonsteroidal, 

anti-viral, or > 1 glaucoma medication


	Sham gel vs. 

Akten 1.5% vs. 

Akten 2.5%vs. 

Akten 3.5%

	Females 69%

Males 31%

Age 25-53 yo


	  Safety analyses were performed onany subject completing day 2 corneal staining testing(per-protocol population). All subjects except one(208 of 209) were included in the final analyses. 

  One subject was excluded for not reaching anesthetic response until 2 hrs. after tx.
	Primary efficacy:

Acheivement of anesthesia w/in 5 min.

Statistically significant among all Akten groups compared to sham (P < .001).

The percentage of subjects achieving 
anesthesia by 5 minutes was 22%, 88%, 89%, and 92% for the sham, Akten 1.5%, Akten 2.5% and Akten 3.5% groups, respectively.
Secondary efficacy:

Time to, and duration of anesthesia:

90% of patients achieved anesthesia within 1 minute. This is the breakdown according to group:
(sham = 83%, Akten 1.5% = 96%, Akten 2.5% = 87%, and Akten 3.5% = 87%).
Akten groups had alonger duration of anesthesia that was statistically significant vs. sham (P < .001).

Mean durations among Akten groups were as follows: 10.2 min. for Akten 1.5%, 11.7 min. for Akten 2.5%, and 13.4 min. for Akten 3.5%. The mean duration of anesthesia in the sham group was 2.8 min.

	Bardocci (2003)4 R, DB

N=107
	Inclusion criteria:
Patients scheduled for elective cataract surgery, patients eligible for topical anesthesia

Exclusion criteria:

Monocularity, deafness, involuntary, movement disorders, high anxiety, unwillingness to have topical anesthesia, allergy to lidocaine

	1ml lidocaine 2% gel vs. 

0.5ml lidocaine 4% unpreserved eyedrops


	Females 57.4%

Males 42.6%

Mean age 71-72 yo
	  In the operating room, baseline pulse and peripheral blood pressure were taken. 
  The lid and periorbital skin were cleaned by povidone iodide; the conjunctival cul-de-sac was irrigated with

povidone iodide also.
	Primary efficacy:

Lidocaine intraocular levels measureed prior to surgery. Intraoperative pain measured using a 0-10 visual analog scale.
Statistically significant difference detected in lidocaine intracameral levels at beginning of surgery (t test P< 0.001). Mean intracameral levels were 27.14 ug/ml in gel group vs. 12.73 ug/ml for eyedrops group.

Statistically significant difference detected in intraoperative pain scores (t test P< 0.026). Mean pain score values were 1.46 for the gel group vs. 2.51 for the eyedrops group.

Secondary efficacy:

Patients agitation due to tissue manipulation.  Patient cooperation level.
Patient tissue manipulation mean score 0.59 in the gel group vs. 0.81 in the eyedrop group, statistically significant (t test: P = 0.028).

Patient cooperation mean score was 1.63 in the gel group vs. 1.25 in the eyedrop group, statistically significant (t test P = 0.002).



	Yu (2003)6 R, DB

N=14 
	Inclusion criteria:
Patients scheduled for bilateral strabismus surgery at Hong Kong Eye Hospital.

Patients who successfully completed a preoperative forced duction test.
Exclusion criteria:

Patients with previous ocular surgery.

Patients who required vertical muscle surgery.

Patients with unstable cardiac condition, receiving regular analgesia or anticoagulant tx, or who were unable to lie supine for surgery.

	Lidocaine 2% gel vs. amethocaine 1% drops
	10 females

4 males

21-64 yo (Mean age 39.3 yrs.)


	  Informed consent in both English and Chinese obtained. 

  Ethical approval granted by Chinese University of Hong Kong ethics committee.
  After surgery, none of the patients displayed any adverse anterior segment effects from surgery or anesthesia. At the 3-month

follow up, all except one patient had achieved the target correction of their exotropia. The latter has since had a unilateral medial rectus resection performed under topical anesthesia with good

outcome. 
	Primary efficacy:

Pain and discomfort experienced during surgery, perceived by both the patient and surgeon independantly.
  Mean patient pain score for eyes randomized to lidocaine gel was 2.6 of 10 vs. 5.3 of 10 for those in the amethocaine group (P = 0.01, Student’s t test).

  Mean surgeon perceived pain score was 2.2 of 10 for the lidocaine group vs. 4.6 of 10 for the amethocaine group (P = 0.01).

  Mean discomfort score was 3.2 of 10 for the lidocaine group vs. 6.2 of 10 for the amethocaine group (P = 0.01).

  Mean surgeon percieved discomfort score was 1.9 of 10 for the lidocaine goup vs. 4.2 of 10 for the amethocaine group (P = 0.01).

Secondary efficacy:

Additional anesthetic drops required during surgery. 

78.6% in the lidocaine group required no additional anesthetic drops vs. 35.7% in the amethocaine group. The mean number of additional drops required was 0.3 (range, 0-2) for the lidocaine group and 1.6 (range, 0-6) for the amethocaine group (P = 0.02)

	Soliman (2004)7 R

N=90
	Inclusion criteria:
Patients scheduled for planned routine cataract surgery.

Exclusion criteria:

Nystagmus, deafness, anxiety, monocularity, unwillingness to have topical anesthesia, reported allergy to topical anesthetic agents, inability to understand the 10 point verbal pain score scale.

	Lidocaine 2% gel vs. bupivacaine 0.5% eyedrops vs. benoxinate 0.4% eyedrops
	Mean age 63.9 – 65.3 yo

Ratio of men:women was 10:15, 11:14, & 12:13 in the lidocaine, bupivacaine, and benoxinate groups respectively.
	  Approval for the study was obtained from the hospital’s ethics committee. All patients provided written and informed consent.

  Preoperatively all patients had a routine ophthalmic examination.
	Primary efficacy:

A 10 point VPS scale was used to assess patients level of pain and discomfort both during application, as well as during surgery.

  Lidocaine caused stinging upon application that was statistically significantly greater than in the other 2 groups (P_.001). The mean VPS was 2.97,

1.53 , and 1.03 in the lidocaine, bupivacaine, and benoxinate groups, respectively.

  The mean duration of discomfort at application was statistically significantly higher in the lidocaine group than in the other groups (P_.001); 24.9, 13.9, and 5.9 in the lidocaine, bupivacaine, and benoxinate groups, respectively.

  The mean VPS during surgery was 1.6, 4.1, and 7.1 in the lidocaine, bupivacaine, and benoxinate groups, respectively.
  The mean duration was 13.5 minutes, 14.1 minutes, and 14.4 minutes in the lidocaine, bupivacaine, and benoxinate groups, respectively (P>0.1).



	Oksuz (2005)8
R
N=54
	Inclusion criteria:
Patients undergoing excision and autograft for pterygium.

Exclusion criteria:

Dementia, mental instability, deafness, hyperanxiety, communication barriers, & inability to complete the visual analogue scale of pain line.

	 Lidocaine 2% gel topically vs. lidocaine 2% solution subconjunctiv-ally
	23 females

31 males

Mean age 43 – 55 yo
	  Informed consent was obtained.

  All operations were performed under the operating microscope on an outpatient basis by one surgeon.

  Corneal epithelial

or ocular surface complications, either

intraoperatively or postoperatively, in either group were not observed. There were no complications during anaesthetics administration

or surgery in either group.
	Primary efficacy:

Pain experienced during anesthetic administration and surgery was measured using a 10 point linear visual analogue scale.

  The mean pain score during surgery was 3.96 in the injection group vs. 4.0 in the gel group. No significant difference (p =0.55).

  The mean pain score during anesthetic administration was 4.26 in the injection group vs. 0.92 in the gel group. A statistical significant difference was noted (p=0.01).



	Thill (2005)9
R, DB

N=39 eyes

Sept 2002 – May 2003
	Inclusion criteria:
Patients having planned cataract surgery with topical anesthesia were included.

Exclusion criteria:

Patients receiving oral premedication prior to surgery or intraoperative sedation. Inability to understand the visual analog pain scale.

	Regimen #1 (combination of bupivacaine 0.5%, diclofenac, oxybuprocai-ne 1%, and intracameral inj. of lidocaine 1%) vs. 

Regimen #2 (lidocaine gel 2%, and intracameral inj. of lidocaine 1%)
	22 females

17 males

Mean age 61 – 81 yo
	  All persons gave their informed consent prior to their inclusion in the study.
  All surgical procedures were performed by one ophthalmic surgeon (G.R.) and included rectus bridle suture, clear cornea incision, phacoemulsifi- cation and foldable intraocular lens implantation.

  Endothelial cell count was performed preoperatively in all patients included.
  No patient reported intraoperative discomfort, and all procedures were performed without additional anesthesia.

  There were no intraoperative complications in either

group. The duration of all procedures ranged between 20 and 25 min.
	Primary efficacy:

  Patients intraoperative pain level as rated by the surgeon using a 0-10 visual analog pain scale.

  Patient motility during surgery as rated by the surgeon using a 1 for low, 2 for moderate, or 3 for  high grading system.

  Patients rated their own level of pain during surgery using the 0-10 visual analog scale.

  Intraoperative mean pain scores assessed by the surgeon was 0.89 in the bupivacaine regimen vs. 0.65 in the lidocaine group p=0.57.

  Intraoperative mean pain scores assessed by the patients was 0.80 in the bupivacaine regimen vs. 0.18 in the lidocaine group p=0.02.

  Mean patient motility score as rated by the surgeon was 1.3 in the bupivacaine regimen vs. 1.5 in the lidocaine group p=0.62.
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