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Abstract

Purpose To assess the safety and efficacy of

topical lidocaine, levobupivacaine, and

ropivacaine in cataract surgery with

phacoemulsification.

Methods One hundred and five patients

scheduled for cataract surgery with topical

anaesthesia were randomly allocated into 3

groups of 35 patients each to receive eye drops

of lidocaine 2%, levobupivacaine 0.75%, or

ropivacaine 1% every 5min starting 30min

before surgery. Patients graded their pain

using a 0–10-point verbal pain score (VPS) at

different stages of the procedure. The levels of

patient and surgeon satisfaction, the duration

of surgery, complications, and the need for

supplemental anaesthesia were recorded.

Results There was no significant difference

in duration of surgery and demographic

variables among the groups. At the

intraoperative period, end of surgery, and

postoperative first hour the mean VPS in the

lidocaine group was significantly higher than

the others (Po0.01), but no significant

difference was found between the

levobupivacaine and ropivacaine groups.

At incision and 24h after surgery, it was not

significantly different among the groups.

Surgeon and patient satisfaction scores were

significantly better in the levobupivacaine and

ropivacaine groups than in the lidocaine group

(Po0.01).

Conclusions Topical anaesthesia with

levobupivacaine and ropivacaine were safe,

feasible and more effective than lidocaine in

cataract surgery. Levobupivacaine and

ropivacaine provided sufficient and

long-lasting analgesia without the need of

supplemental anaesthesia for each patient.
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Introduction

Topical anaesthesia for cataract surgery was first

used by Knapp1 in 1884, and its use for

phacoemulsification was first reported by

Richard Fischmann, presented at the American

Society of Cataract and Refractive Surgery

meeting in April 1992. It is now a widely

accepted procedure and has become a well-

established technique in phacoemulsification

surgery as an alternative to the retrobulbar and

peribulbar techniques.2–7 Because it is less

invasive, reducing the risk of complications and

eliminating complications from needle and

systemic toxicity, topical anaesthesia has gained

popularity among surgeons.8–10 Topical

anaesthesia confers the advantages of relatively

faster visual recovery and higher patient
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satisfaction, easy application, minimal discomfort on

administration, rapid onset of anaesthesia, and lower

cost.5,11–13 However, the use of a topical anaesthetic

permits the patient’s full ocular movement during

surgery, requires patient compliance, and may involve

the administration of supplemental anaesthesia.5,12

Unpreserved lidocaine is the most frequently used and

safest agent in topical anaesthesia. Because of the short-

acting effect, intraoperative and/or postoperative pain,

and dissatisfaction may be associated with the use of

topical lidocaine.13–15 Ropivacaine is a monoamide local

anaesthetic (LA) agent with a long-acting effect and a

great margin of safety. The cardiac and central nervous

system toxicity is less than the others used in topical

anaesthesia. Studies have shown that topical ropivacaine

is at least as effective as lidocaine and is safe for use as a

topical anaesthetic, although its onset of action is slower

than that of lidocaine.12,16,17

Levobupivacaine, the S (�) isomer of bupivacaine, is

less cardiotoxic than racemic bupivacaine. Ropivacaine is

the first single isomer found, while levobupivacaine is

the second to be studied clinically as a pure single

isomer.18–21 Although levobupivacaine is routinely used

to provide regional anaesthesia, the results of clinical

studies on its topical administration for ophthalmic

surgery appears in only one study.22 In this study, we

evaluated and compared the efficacy of topical

application of lidocaine 2%, levobupivacaine 0.75%, and

ropivacaine 1% in patients undergoing cataract surgery

with phacoemulsification. The present study is the first

report of a comparison of the effects of these three topical

anaesthetic agents in cataract surgery.

Methods

After approval for the study had been obtained from the

Ethics Committee, written informed consent that

included an explanation of the study design and goals

was obtained from all patients. This prospective,

randomized, single-centre controlled, and comparative

study comprised 105 patients who were selected based

on the American Society of Anaesthesiologists Physical

Status classification system (ASA I–III) to undergo

planned routine phacoemulsification surgery. The

exclusion criteria were as follows: axial length 426 mm

or o22 mm, hypermature cataract, pseudoexfoliation

syndrome, iris–lens synechias, previous use of miotics

and/or small pupil, nystagmus, reported allergy to

topical anaesthetics, unwillingness to receive topical

anaesthesia, and poor patient cooperation, ie, those with

dementia or hearing impairment.

After having undergone a routine preoperative

ophthalmic examination of all patients, and standard

monitorization including blood pressure, heart rate (HR)

and oxygen saturation, using a computer-generated

random order (Microsoft Excel), patients were

randomized into 1–3 groups to receive eye drops

containing lidocaine 2% (Aritmals; Biosel, Istanbul,

Turkey) (group 1, n¼ 35), levobupivacaine 0.75%

(Chirocaines; Abbott, Elverum, Norvay) (group 2,

n¼ 35), and ropivacaine 1% (Naropins; AstraZeneca,

London, UK) (group 3, n¼ 35). Five doses (B40ml per

dose) of each anaesthetic were instilled on the ocular

surface 5 min apart starting 30 min before surgery. Each

patient’s blood pressure, HR, and oxygen saturation

value were obtained before receiving anaesthesia, just

before the procedure, during surgery, and during a

postoperative period. No significant differences among

the groups were noted. No sedative systemic

medications were given to the patients preoperatively or

postoperatively. All patients received topical

phenyleprine 2.5%, tropicamide 1%, and cyclopentolate

1% every 10 min for 30 min before surgery.

All operations were performed by the same surgeon

(MB). Both patients and surgeon were blind to which

anaesthetic agent was given. In the operation a 3.2 mm

clear corneal temporal incision was made, after which

sodium condroitin sulphate 4% and sodium hyaluronate

2% (Viscoats; Alcon, TX, USA) were injected and 5.0 mm

capsulorhexis was accomplished. Using the divide-and-

conquer technique, the surgeon performed standard

phacoemulsification, and implanted a foldable acrylic

intraocular lens. The viscoelastic was removed, and the

anterior chamber was reformed. No suture was used to

close the incision. If the patient’s verbal pain score (VPS)

reached a value of 8 during surgery, a supplemental

topical anaesthetic was administered.

Hemodynamic variables including the noninvasive

blood pressure (NIBP) value, the results of an

electrocardiogram (ECG), and heart rate (HR) were

recorded every 5 min until the completion of surgery. To

assess the pain score, a 10-point scale VPS was used

(Table 1). Patients were asked to evaluate and grade the

level of their pain and discomfort during surgery, at the

end of the procedure, and 1 h and 24 h after surgery. The

patient’s pain score, the level of patient and surgeon

satisfaction (from 0 to 10), the duration of surgery, the

need for supplemental anaesthesia, and surgical

Table 1 Verbal pain score descriptions in study subjects

Pain level Descriptions

0 No pain
2 Mild discomfort
4 Moderate discomfort/mild pain
6 Moderate pain
8 Severe pain

10 Unbearable pain
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complications were recorded. Clinical evaluations of

every patient’s VPS score were performed by an external

ophthalmologist who was blind to which anaesthetic

agents were used. Patients were discharged 1 h after the

procedure following VPS evaluations and these pain

scores were repeated at 24 h postoperatively.

Statistical analyses

Statistical analyses were performed with SPSS software

(Statistical Package for the Social Sciences, version 9.0,

SPSS Inc., Chicago, IL, USA). The correlation between the

VPS of the three groups was performed using one-way

ANOVA with post hoc Tukey’s test. We used a w2-test

only for comparison among categorical variables such as

sex. A P-value of less than 0.05 was considered

significant.

Results

Table 2 shows the demographic data of the groups. There

were no significant differences among the groups with

regard to age, weight, and female/male ratio, and the

mean duration of surgery. Nor were significant differences

found in hemodynamic data, systolic blood pressure (SBP)

values, diastolic blood pressure (DBP) values, HR, and

oxygen saturation among the three groups.

Verbal pain scores at various time intervals are shown

in Figure 1. With respect to the VPS during incision, the

difference among the groups was not statistically

significant. Intraoperative mean VPS in the lidocaine

group was significantly higher than that in the

levobupivacaine and ropivacaine groups (P¼ 0.005), but

no significant difference was found between the

levobupivacaine and ropivacaine groups. At the end of

surgery and the postoperative first hour, mean VPS was

significantly higher in the lidocaine group than that in

the other two groups (Po0.01). However, no statistically

significant difference was found among the groups in the

mean VPS 24 h after surgery.

While two patients in the lidocaine group required

supplemental anaesthesia, no patients in the

levobupivacaine or ropivacaine group required

additional anaesthesia. This difference was not

statistically significant.

Both surgeon and patient satisfaction scores were

significantly better in both the levobupivacaine and

ropivacaine groups as compared to the lidocaine group

(Po0.01), whereas the satisfaction scores did not show

any significant difference between the levobupivacaine

and ropivacaine groups (Table 3).

The rate and severity of intraoperative complications

were similar among the groups. In the lidocaine group,

one patient experienced intraoperative miosis. In

addition, posterior capsule perforation occured in one

patient in the ropivacaine group. No complications were

encountered in the levobupivacaine group.

Discussion

In this study we aimed to compare the efficacy of three

topical anaesthetic agents used in phacoemulsification

surgery by comparing the patients’ subjective pain

evaluations and satisfaction scores with surgeon’s

Table 2 Demographic data of the study subjects

Lidocaine
(n¼ 35)

Levobupivacaine
(n¼ 35)

Ropivacaine
(n¼ 35)

Age (years);
mean (SD)

63.45 (10.5) 64.4 (7.3) 66.5 (7.7)

Sex (%)
Male 54.29 62.86 51.43
Female 45.71 37.14 48.57

Weight (kg) 74.1 (10.8) 77.2 (12.9) 75.6 (10.2)
Duration of surgery
(min) mean (SD)

17.45 (3.20) 16.95 (2.68) 17.05 (2.89)
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Figure 1 Mean verbal pain scores (VPS) in study subjects.
*Po0.01 vs ropivacaine group; wPo0.0001 vs levobupivacaine
group; **Po0.05 vs ropivacaine group; zPo0.01 vs levobupiva-
caine group, using post hoc Tukey’s test.

Table 3 Patient and surgeon satisfaction levels with topical
anaesthetics used during cataract surgery (mean7SD)

Satisfaction Lidocaine Levobupivacaine Ropivacaine

Surgeon 8.17 (0.92)*,z 8.83 (0.89) 8.77 (0.87)
Patient 8.34 (0.90)*,z 8.91 (0.74) 8.89 (0.76)

*Po0.01 vs ropivacaine group; zPo0.01 vs levobupivacaine group, using

post hoc Tukey’s test.
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satisfaction levels. Both levobupivacaine and ropivacaine

provided satisfactory analgesia during surgery. The

mean VPS in the lidocaine 2% group was higher than that

in the other two groups. We thought that this was related

to lidocaine’s acting time: close to the end of the

procedure the effect of the lidocaine diminished and

patients began to experience pain, so additional

anaesthesia was administered to finish the surgery.

Di Donato et al22 in their recent study of 203 patients

undergoing phacoemulsification surgery, clinically

compared the efficiency of levobupivacaine 0.75% and

lidocaine 4% as topical anaesthetic, and found that

topical levobupivacaine 0.75% had the same efficacy and

safety as lidocaine 4% in cataract surgery by

phacoemulsification. There was an adequate block with a

good level of satisfaction of surgeon and patients. They

suggested that levobupivacaine 0.75% offers a new and

acceptable choice for topical anaesthesia in cataract

surgery. In our study, levobupivacaine 0.75% and

ropivacaine 1% were more effective and feasible than

lidocaine 2% as a topical anaesthetic agent used in

phacoemulsification.

It has been shown that the pharmacokinetics of the LA

agents probably has a role in the distribution of topically

applied drugs to various eye tissues. In addition to

corneal penetration, LA agents reach the iris and ciliary

body by the conjunctival–scleral route.23,24 Topical

anaesthesia does not block all pain fibers from the iris

and ciliary body, so manipulation of the iris might be

expected to cause pain.25 As we know, some

manipulations performed during phacoemulsification

cause significant levels of pain. O’Brien et al1 showed that

hydrodissection, phacoemulsification, lens aspiration,

and intraocular lens insertion require the most

manipulation of the iris and were associated with higher

pain scores during surgery. In our study most patients in

the levobupivacaine and ropivacaine groups reported

either no pain or mild discomfort during all surgical

stages per-operatively which implies high efficiency of

these agents.

Local anaesthetic agents may exert a toxic effect on the

cornea epithelium. Repeated use of LAs may result in an

epithelial defect that can cause discomfort after

surgery.26,27 To avoid this adverse effects, the long-acting

agents can be used in order not to repeat the instillation.

For these reasons using less toxic and long-acting agents

is safer and more reliable. It has been reported that

intense or repeated application of topical anaesthetics

can cause reduced lacrimation, breakdown of tear film

layer, and epithelial cell sloughing. Although

Zehetmayer et al3 found a significant defect in corneal

transparency when either tetracaine or cocaine was used,

Sun et al28 found no significant corneal toxicity in rabbits

with topical bupivacaine and lidocaine. In our study, no

cases of epithelial defect after the application of LA agent

occurred during preoperative instillation or at the end of

surgery.

In our study, we recorded the blood pressure value,

HR, and peripheral oxygen saturation as indicators of

intraoperative stress and pain. The data in all groups

studied were not significantly different with respect to

hemodynamic parameters.

Previous reports have noted that lidocaine 2–4%,

oxybuprocaine 0.4%, and tetracaine 0.5% were associated

with ocular discomfort and corneal toxicity.29,30 Martini

et al12 showed that topical ropivacaine is safe in

endothelial toxicity and seemed to be a good alternative

to lidocaine, but could cause transient corneal oedema.

None of our patients in the ropivacaine group displayed

any kind of corneal oedema.

Our study has some limitations as we could not

evaluate the endothelial cell profiles postoperatively.

Further studies are warranted to evaluate endothelial cell

function in patients treated with topical levobupivacaine,

and to confirm the lower corneal toxicity of this drug.

The results of this study indicate that long-acting LA

agents such as levobupivacaine and ropivacaine can be

used safely in order to provide topical anaesthesia in

cataract surgery and to avoid the necessity for repeated

instillation doses. This reflects a greater degree of

comfort and compliance by the patient and could thus

justify its use by the surgeon.
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