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Abstract 
Background and Aim: Phacoemulsification surgery with intraocular lens implantation is routinely 
done under topical anaesthesia in many centres. No comparative study on the efficacy of number 
of drops of topical anaesthetics effective for phacoemulsification surgery has been done. This 
study was conducted to compare the efficacy of 2 drops versus 3 drops proparacaine 0.5% oph-
thalmic solution for phacoemulsification surgery. Methods: Patients with uncomplicated cataract 
undergoing phacoemulsification surgery were randomised into two groups. Group 1 (n = 53) re-
ceived 3 drops of proparacaine 0.5% whereas group 2 (n = 47) received 2 drops of the same solu-
tion before the start of surgery. All the patients underwent phacoemulsification with foldable in-
traocular lens implantation. Each patient’s subjective experience of pain was measured using a 10 
point Visual Analogue Pain Scale (VAS). Patient’s cooperation during the surgery was assessed us-
ing a 3 point score. Both the evaluating resident doctor and patients were blinded. Results: In 
group 1, 73.6% patients scored 0, 20.8% scored 1 and 5.7% scored 2 of VAS respectively and in 
group 2, 89.4%, 6.4%, 4.3% patients scored 0, 1 and 2 of VAS respectively. In patient cooperation, 
90.1% and 9.4% patients in group 1 scored 1 and 2 respectively whereas 87.2% and 12.8% pa-
tients scored 1 and 2 respectively in group 2. No statistically significant difference in the mean VAS 
(P = 0.0.55) and patient cooperation score (P = 0.597) was found between the two groups. The 
mean VAS score was 1.24 ± 0.534 and the mean patient cooperation score was 1.11 ± 0.314. The 
mean total surgical time was 25.11 ± 2.68 minutes. No additional drops were required for either 
group. Conclusions: Topical anaesthesia with both 2 drops and 3 drops proparacaine 0.5% oph-
thalmic solution is effective for phacoemulsification with intraocular lens implantation. Additional 
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anaesthesia may be unnecessary in these cases. 
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1. Introduction 
Clear corneal phacoemulsification with intraocular lens (IOL) implantation under topical anaesthesia is a stan-
dard practice today in many centres. However, prolonged doses of local anaesthetic agents can be toxic to the 
corneal epithelium. High or repeated doses can impair wound healing and cause corneal erosion [1]. Some pa-
tients may even be allergic to certain topical medications. Surgery under topical anesthesia may be rendered 
more difficult by repeated administration of topical medications which causes clouding of cornea [1]. Topical 
anaesthetic can also cause irritation to the eyes. Therefore, a minimal number of drops of topical anaesthetic 
agents effective for phacoemulsification surgery will help in reducing the toxicity.  

Many studies on the effectiveness of anesthesia for cataract surgeries have been carried out using the Visual 
Analogue Pain Scale (VAS) [2]. Although No-anesthesia clear corneal phacoemulsification [3] and phacoemul-
sification with a single drop proparacaine hydrochloride [4] have been done, no comparative study on the effi-
cacy of number of drops has been done to the best of our knowledge. Therefore, we conducted the present study 
to evaluate the efficacy of 2 drops versus 3 drops proparacaine 0.5% ophthalmic solution for phacoemulsifica-
tion surgery.  

2. Methods  
The study was carried out in a medical college of Northeast India from April, 2013 to September, 2013. It was a 
prospective, randomised, comparative, interventional study. All the patients underwent anterior segment exami-
nation, refraction, applanation tonometry, biometry, dilated funduscopy and syringing of the lacrimal sacs. The 
inclusion criteria were patients with uncomplicated cataract. The exclusion criteria were patients with allergy to 
proparacaine, hard nuclear cataract (≥Grade 5, Lens Opacification Classification III), uncooperative nature, dif-
ficulty in communication, non-dilating pupils, pseudoexfoliation syndrome, inability to understand the VAS and 
psychiatric disorders. Institute Ethics clearance was taken for the study. All the patients signed an informed 
written consent. We adhered to the tenets of the declaration of Helsinki. 

Preoperatively, all the patients were explained in detail about the 10 point VAS, as used by Stevens in his 
study [2] (Table 1) and how they should respond according to their subjective experience to pain. Cases were 
randomised into two groups using computer generated random numbers. Group 1 (n = 53) received 3 drops of 
proparacaine 0.5% ophthalmic solution (Paracain, Sunways P Ltd., Mumbai) whereas group 2 (n = 47) received 
2 drops of the same solution before the start of surgery. In group 1, one drop was put just before the cleaning 
and draping of the patient. The second drop was put after cleaning the conjunctival sac with betadine solution, 
just before the first corneal incision. The third drop was put after the completion of nucleotomy. In group 2, one 
drop was put just before the cleaning and draping of the patient. The second drop was put after cleaning the 
conjunctival sac with betadine solution, just before the first corneal incision. The flow chart of the comparative 
study design is given in Flow Chart 1. No intracameral or any other additional anesthesia was given. All the 
surgeries were performed by a single highly experienced and skilled faculty surgeon, who has the experience of 
performing hundreds of phacoemulsification surgeries with intraocular implantation. All the surgeries were done 
using clear corneal 2.8 mm main incision with 2 side ports, anterior continuous curvilinear capsulorrhexis, hy-
drodissection, phacoemulsification either with divide and conquer or stop and chop technique, irrigation and as-
piration, both anterior and posterior capsular polishing, implantation of IOL with foldable lens (Acrysof IQ, Al-
con Pvt. Ltd.), irrigation and aspiration again including underneath the IOL and stromal hydration of ports. All 
the surgeries were done using Laureate phacoemulsifier (Alcon Pvt. Ltd). One drop of preversative free 
moxifloxacin 0.5% eye drop (Vigamox®) was put at the end of the surgery before the removal of the speculum. 
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Randomisation of patients

Group 1, n = 53

1st drop: before cleaning & 
draping

2nd drop: before the 1st 
incision

3rd drop: after completion of 
nucleotomy

Group 2, n = 47

1st drop: before cleaning and 
draping

2nd drop: before the 1st 
incision

  
Flow Chart 1. Flow chart of the study design.                              

 
Table 1. Visual Analogue Pain Scale.                                    

Numerical Scores Descriptive Score 

0 No Pain 

1 Slight Discomfort 

2 Slight Pain 

3 Light Pain 

4 Light to Moderate Pain 

5 Moderate Pain 

6 Moderate to Severe Pain 

7 Severe Pain 

8 Very Severe Pain 

9 Excruciating Pain 

10 Unbearable Pain 

Adopted from Stevens JD2. 
 

Each patient’s subjective experience of overall pain during the surgery was measured using a 10 point VAS 
[2], 10 minutes after the surgery by a senior resident doctor. Both the resident doctor and the patient were 
blinded from the number of drops. Patients’ cooperation during the surgery was assessed using a 3 point score 
(Excellent = 1, Good = 2, Poor = 3) [5]. The total surgical time in minutes was taken as the duration between the 
first incision to the removal of speculum. 

3. Statistical Analysis 
Descriptive statistics was used to calculate the mean ± standard deviation and percentages. Mann Whitney test 
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was used to compare the mean pain and patient cooperation scores between the two groups, between genders 
and between right or left eyes. Similarly, Independent-Samples t test was used to compare the mean surgical 
time between the two groups, between the genders and between right or left eyes. A P-value of less than 0.05 
was considered significant. Statistical analysis was performed using the SPSS software package (SPSS for 
Windows, version 22.0; SPSS, Inc., Chicago, IL). 

4. Results  
Patient characteristics and scores are shown in Table 2. All the patients had uneventful surgery. In group I, 73.6% 
patients scored 0 (no pain), 20.8% scored 1 (slight discomfort) and 5.7% scored 2 (slight pain) using the VAS 
(Figure 1). In group II, 89.4%, 6.4%, 4.3% patients scored 0, 1 and 2 respectively (Figure 2). In patient coop-
eration, 90.1% and 9.4% patients in group 1 scored 1 and 2 respectively whereas 87.2% and 12.8% patients 
scored 1 and 2 in group 2 respectively. No statistically significant difference in the mean patient-reported pain 
scores for overall pain was found between the two groups (P = 0.055) (Table 3). Similarly, there was no statis-
tically significant difference in the mean patient cooperation for surgery between the two groups (P = 0.597) 
(Table 3). 
 

 
Figure 1. VAS scores recorded for the operative procedures in group 1 and 2. 

 

 
Figure 2. Patient cooperation scores during the procedure in group 1 and 2.      
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Table 2. Patient characteristics by groups.                                                      

Characteristics Group 1 Group 2 

Number of cases 53 47 

Mean age ± SD (Years) 63.83 ± 12.22 57.79 ± 17.01 

Male/Female 28/25 26/21 

Mean total surgical time (minutes) 24.87 ± 2.85 25.06 ± 3.010 

 
There was no statistically significant difference in the VAS score by gender (P = 0.500) and by right or left 

eyes (P = 0.124). Similarly, there was no statistically significant difference in the patient cooperation score by 
gender (P = 0.969) and by right or left eyes (P = 0.244) (Table 3). 

The mean VAS score was 1.24 ± 0.534 and the mean patient cooperation score was 1.11 ± 0.314. The mean 
surgical time was 25.11 ± 2.68 minutes. No additional drops were required for either group.  

The mean surgical time was 24.57 ± 2.85 and 25.06 ± 3.01 minutes in group 1 and 2 respectively. The differ-
ence was not statistically significant (P = 0.739) (Table 3). The pain scale core was weakly correlated with the 
duration of surgery (P = 0.655). 

5. Discussion  
Topical anesthesia in general has been found to be safe and effective for phacoemulsification surgery [4] [6]- 
[12]. It has many advantages. It eliminates the risks associated with retrobulbar and peribulbar blocks, as well as 
the risks associated with general anesthesia [13]. There is faster recovery of postoperative uncorrected visual 
acuity and the duration of surgery is shorter [11] [14]. It is also more economical as compared with peribulbar, 
subtenon or retrobulbar anaesthesia [11] [15]. Yet, the level of anesthesia is as good as that of subtenon anesthe-
sia [16] [17]. No significant difference is found in their studies by Kim et al. and Sarkar et al. [16] [17]. 

Topical anesthesia alone without additional supplementation also has been established to be effective for 
cataract surgeries. Crandall et al. found that topical anesthesia alone was as good as topical anesthesia plus in-
tracameral lidocaine in providing “good operative conditions for the surgeon and comfortable surgical circum-
stances for the patient” [18]. Also, there appears to be no difference by gender in the level of pain perception. 
Gupta el al. found that patients who underwent cataract surgery under topical anesthesia perceive comparable 
pain and discomforted irrespective of their sex [5]. However, although both topical and intracameral anesthesia 
appears to be safe for phacoemulsification surgery, they are not totally safe for the ocular structures [19]. Intra-
cameral lignocaine supplement is known to be more effective in decreasing the level of pain, but detailed re-
search is lacking in terms of its toxicity [11] [20]. During short term in-vitro exposure, lidocaine HCL appeared 
to be safe to both human and rabbit endothelium but further in vivo and vitro studies were suggested by Kim el 
al. to determine long-term effects of intraocular lidocaine on the corneal endothelium [21]. In a metanalaysis by 
Ezra et al., it was found that intracameral lidocaine reduced intra-operative pain during cataract surgery under 
topical anaesthesia but possible adverse effects of intracameral lidocaine could not be excluded and they had 
reservations regarding recommending this additional intervention [22]. 

There have been many studies on the effectiveness and safety of topical anesthesia for phacoemulsification 
with intraocular lens implantation. However, there has been no comparative study on the number of drops ade-
quate for the procedure. Therefore, our objective was to compare the efficacy of 2 versus 3 drops 0.5% eye 
drops for phacoemulsification surgery with intraocular lens implantation. In our study, there was no statistically 
significant difference in the mean patient-reported pain scores for overall pain between the two groups (P = 
0.055). Similarly, there was no statistically significant difference in the mean patient cooperation for surgery 
between the two groups (P = 0. 597). The mean pain score was 1.24 ± 0.534 and the mean patient cooperation 
score was 1.11 ± 0.314. There was no difference in the VAS score by gender (P = 0.500). This is in agreement 
with Gupta et al. [5]. There was also no statistically significant difference in the mean VAS score between right 
and left eyes (P = 0.124). No additional drops were required for either group.  

Different authors have used different anaesthetics for phacoemulsification in their studies and have got dif-
ferent VAS scores. The mean VAS score in the study by Pandey et al. was 1.44 ± 1.04 [3]. They used 4% Xylo-
caine. It was 4.19 ± 2.321 in the study by Tsoumani et al. [7]. They used 0.5% tetracaine. Similarly, the mean 
VAS scores were 1.53 ± 0.29 and 1.171 ± 1.50 in the study by Soliman et al. and Joshi RS respectively [4] [8].  
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Table 3. Parameters and scores.                                                                             

P values 

Parameters By groups By gender By eye 

Pain scale (0 - 10) [2] 0.055 0.500 0.124 

Patient cooperation (0 - 3) [5] 0.597 0.969 0.244 

Surgical time (minutes) 0.739 0.900 0.407 

 
Table 4. Comparison of mean VAS scores and anaesthetics used in different studies.                                                                   

Study Mean VAS score Anaesthetics used Subjects (n) 

Pandey et al. [3] 1.44 ± 1.04 4% Xylocaine drop, intracameral Xylocaine. 51 

Tsoumani et al. [7] 4.19 ± 2.321 0.5% tetracaine, Lidocaine 2% gel. 90 

Soliman et al. [8] 1.53 ± 0.29 Lido 2%, 0.5% bupivacaine, Benoxinate 0.4%. 295 

Joshi RS [4] 1.171 ± 1.50 0.5% proparacaine drop, 0.5% intracameral Xylocaine. 75 

Present study 1.24 ± 0.534 0.5% proparacaine drops. 100 

 
Soliman et al. used 0.5% bupivacaine whereas Joshi used 0.5% proparacaine [4] [8]. In our study, we used 0.5% 
proparacaine which was similar to that of Joshi et al. The mean pain score in our study is comparable to the 
mean pain score found in these similar studies using different topical anesthetics (Table 4). 

To conclude, our study has shown that topical anaesthesia with both 2 drops and 3 drops proparacaine 0.5% 
ophthalmic solution is effective for phacoemulsification with intraocular lens implantation and that 2 drops of 
proparacaine are adequate for this procedure. Topical anesthesia is a standard form of anesthesia accepted for 
phacoemulsification surgery but requires experienced surgeon and faster surgery. Therefore, the choice of anes-
thesia has to be individualised depending upon the surgeon’s experience and operative comfort and taking into 
account patients’ conditions and requirements. It is suggested that to minimise the amount of medication and its 
toxicity, 2 drops of 0.5% proparacaine HCL is adequate for phacoemulsification surgery with intraocular lens 
implantation in routine cases in expert hands. Intracameral anaesthesia or other additional form of anesthesia 
may be unnecessary in these cases. 
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