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Purpose: The purpose of this study was to compare the level of patient pain during the pha-

coemulsification and implantation of foldable intraocular lenses while under topical, intracameral, 

or sub-Tenon lidocaine.

Patients and methods: This was a retrospective study. Three hundred and one eyes subjected 

to cataract surgery were included in this study. All eyes underwent phacoemulsification surgery 

and intraocular lens implantation using topical, sub-Tenon, or intracameral anesthesia. The topi-

cal group received 4% lidocaine drops, and the intracameral group received a 0.1–0.2 cc infusion 

of 1% preservative-free lidocaine into the anterior chamber through the side port combined with 

topical drops of lidocaine. The sub-Tenon group received 2% lidocaine. Best-corrected visual 

acuity, corneal endothelial cell loss, and intraoperative pain level were evaluated. Pain level 

was assessed on a visual analog scale (range 0–2).

Results: There were no significant differences in visual outcome and corneal endothelial cell 

loss between the three groups. The mean pain score in the sub-Tenon group was significantly 

lower than that in the topical and intracameral groups (P=0.0009 and P=0.0055, respectively). 

In 250 eyes without high myopia (,-6D), there were no significant differences in mean pain 

score between the sub-Tenon and intracameral groups (P=0.1417). No additional anesthesia 

was required in all groups.

Conclusion: Intracameral lidocaine provides sufficient pain suppressive effects in eyes with-

out high myopia, while sub-Tenon anesthesia is better for cataract surgery in eyes with high 

myopia.
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Background
Phacoemulsification with intraocular lens implantation is the current standard of care 

for adult cataract surgery. Several methods of local anesthesia for cataract extraction 

are currently available. These include administration of retrobulbar,1,2 peribulbar,3–5 

subconjunctival,6 sub-Tenon,7 and topical anesthetic drops.6,8 Topical anesthesia is 

a reasonable alternative method to traditional local anesthesia injection, because 

potentially serious complications associated with retrobulbar or peribulbar anesthesia 

can be avoided. Previous studies reported sufficient pain repression only with topical 

anesthesia during cataract surgery.6,8

Sub-Tenon anesthesia, also known as parabulbar anesthesia, is a popular alterna-

tive to peribulbar or retrobulbar anesthesia. The sub-Tenon space is the potential space 

between the capsule and the sclera. Local anesthetics injected into this space lead to 

immediate analgesia and akinesia of the eyeball. Recent studies regarding local anesthesia 
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techniques for cataract surgery found that sub-Tenon anesthe-

sia results in less pain compared with topical anesthesia.9,10

Intracameral anesthesia is one of the most popular meth-

ods used in cataract surgery.11 The procedure involves the 

injection of anesthetics directly into the anterior chamber 

of the eye at the start of the surgery. The procedure has 

gained popularity recently, with lidocaine being the most 

common drug used for this purpose. The safety and efficacy 

when combined with topical anesthesia have been reported 

in various previous studies.12–16 Patients who might benefit 

from intracameral anesthesia include those with high myopia. 

The thinly stretched Zinn’s zonules and the underdeveloped 

ciliary body of the highly myopic eye often lead to posterior 

displacement of the lens–iris diaphragm during anterior 

chamber infusion. This causes severe deepening of the 

anterior chamber, posterior iris bowing, and pupil dilation, 

which can cause pain during cataract surgery.17

In the literature comparing topical anesthesia and 

intracameral anesthesia, there are contradictory outcomes 

and conclusions.18 Tseng and Chen13 reported that combin-

ing topical and intracameral lidocaine administration can 

minimize intraoperative discomfort compared with topical 

anesthesia alone. However, other studies reported no sig-

nificant differences in pain control between intracameral 

anesthesia and topical anesthesia. Mustapha et al19 reported 

that intracameral anesthesia obviates the need for an injection 

during cataract surgery and is as comfortable for patients as 

sub-Tenon anesthesia in terms of visual perception, level of 

pain, and anxiety.

However, the comparison of anxiety and visual outcome 

between the three types of anesthesia has not been reported 

in previous studies. The aim of this study was to compare 

the level of pain experienced during phacoemulsification 

and intraocular lens implantation in patients receiving either 

topical, intracameral, or sub-Tenon anesthesia.

Patients and methods
Patients and ophthalmic examinations
This is a retrospective, observational study. This study 

adhered to the tenets of the Declaration of Helsinki, and its 

protocol was approved by the Institutional Review Board 

of Otsu Red Cross Hospital. Consecutive patients who 

underwent phacoemulsification surgery and intraocular lens 

implantation at Otsu Red Cross Hospital from February 2015 

to May 2015 were included in this study. Patients with a his-

tory of vitrectomy were excluded from this study. Prior to 

the surgery, all patients underwent comprehensive ophthal-

mologic evaluations. This included standardized refraction 

and measurement of best-corrected visual acuity (BCVA) 

using a Landolt ring, slit-lamp biomicroscopy, and specular 

microscopy. Written informed consent was obtained from 

every patient participating in this study.

All the groups underwent identical preoperative prepara-

tion with 0.4% oxybuprocaine hydrochloride, 4% lidocaine, 

tropicamide, and phenylephrine hydrochloride 60 minutes 

prior to surgery. Six trained ophthalmologists performed all 

the surgical procedures, including the administration of local 

anesthesia. The topical group received drops of 4% lidocaine 

instilled at the start of surgery. The anesthetic agent used was 

1 mL of 2% intravenous lidocaine for the sub-Tenon group, 

and a purpose-designed sub-Tenon’s cannula was used to 

instill the agents.

Patients in the intracameral group also received drops of 

4% lidocaine instilled at the start of surgery. At the start of 

the surgery, an infusion of 0.1–0.2 cc of 1% preservative-

free lidocaine was infused into the anterior chamber through 

the side port before the chamber was filled with viscoelastic 

materials. No general or preoperative sedation or other anes-

thesia was used in all groups.

All patients underwent surgery using the same technique. 

A 2.2 mm groove was made in the sclera or clear cornea. 

Continuous curvilinear capsulorhexis with capsule forceps 

was performed followed by hydrodissection of the lens with 

balanced salt resolution. All patients received a foldable 

acrylic lens. No wound sutures were required for any of the 

patients. Complicated surgeries, such as posterior capsule 

rupture or zonular dialysis, were excluded from this study. In 

cases where patients claimed unbearable pain, an additional 

sub-Tenon injection of 2% lidocaine was administered.

The patients were asked within 5  minutes after the 

surgery to grade the pain experienced during surgery on an 

analog scale. Pain was graded on a linear scale from 0 to 2 

(grade 0= no pain, grade 1= mild pain, and grade 2= severe 

pain). Independent nurses asked the patients to provide a pain 

score in a separate room. The patients were followed up for 

at least 3–4 weeks after the surgery, and corneal endothelial 

damage and BCVA were evaluated. The statistical differ-

ences in pain score, visual outcome, and corneal endothelial 

damage between the three groups were evaluated.

Statistical analyses
Data are expressed as mean ± standard deviation. All BCVA 

measurements were converted to logarithm of the minimum 

angle of resolution equivalents for statistical analyses. Analysis 

of variance and Tukey–Kramer method were used to compare 

ophthalmic data between the three groups (topical, sub-Tenon, 
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and intracameral anesthesia). Significance was defined as 

P,0.05, and all statistical analyses were performed using 

R software (Version 3.1.3; R Foundation, Vienna, Austria).

Results
Three hundred six eyes were included in this study. Five 

eyes were excluded: four eyes were excluded due to poste-

rior capsule rupture, while the remaining eye was excluded 

due to a broken intraocular lens during surgery. In total, 

301 eyes in 190 patients were included in this study. One 

hundred one patients (mean age 74.5±7.3 years) received 

topical anesthesia, 101 patients (mean age 71.5±9.5 years) 

received sub-Tenon anesthesia, and 99 patients (mean age 

72.5±8.9 years) received intracameral anesthesia. None of 

the patients required additional anesthesia during the surgery. 

There was a significant difference in mean age between the 

topical group and sub-Tenon group (P=0.0377; Table 1).

Additionally, the baseline BCVA in the topical group 

was significantly better than that in the sub-Tenon group 

(P=0.0195). However, there were no significant differences 

in visual outcome after the surgery between the three groups. 

Table 1 shows the mean corneal endothelial cell count. The 

reduction in endothelial cell count was 7.7% in the topical 

anesthesia group, 7.7% in the sub-Tenon group, and 8.5% in 

the intracameral anesthesia group. The change in endothelial 

cell density was not significantly different between the three 

groups. The mean pain score on the visual pain scale in the 

sub-Tenon group was significantly lower than that in the topical 

group (P=0.0009) and in the intracameral group (P=0.0055). 

There were no statistical differences in mean pain score 

between the topical and intracameral groups (P=0.8661).

In our study, 111 patients received bilateral cataract sur-

gery and 79 patients received unilateral surgery. The mean 

pain score was 0.405 in 79 eyes of 79 patients who received 

bilateral surgery and 0.491 in 222 eyes of 111 patients who 

received unilateral surgery. There was no significant difference 

in mean pain score between the two groups (P=0.2342).

Table 2 shows the characteristics and pain score of 

190 first eyes that underwent cataract surgery. A subgroup 

analysis showed that the mean pain score in the sub-Tenon 

Table 1 Baseline demographics and ophthalmic examination data of patients who underwent cataract surgery

Topical Sub-Tenon Intracameral P-value

Eyes, n 101 101 99 –
Male/female, n 42/59 51/50 44/55 –
Age (years), mean ± SD 74.5±7.3 71.5±9.5 72.5±8.9 0.0427
BCVA before surgery (LogMAR), mean ± SD 0.232±0.205 0.363±0.463 0.272±0.311 0.0223
BCVA after surgery (LogMAR), mean ± SD -0.023±0.135 0.040±0.321 0.008±0.221 0.1700
Mean operative time (min) 8.8 9.8 9.2 0.0163
Pain score, n

Grade 0 46 73 49 –
Grade 1 52 26 47 –
Grade 2 3 2 3 –
Mean pain score 0.574 0.297 0.535 0.0004

Mean endothelial cell count (cells/mm2)
Preoperative 2,606 2,578 2,632 0.4870
Postoperative 2,414 2,376 2,384 0.8370
Mean cell loss (%) 7.7 7.7 8.5 0.9430

Abbreviations: SD, standard deviation; BCVA, best-corrected visual acuity; LogMAR, logarithm of the minimum angle of resolution; min, minutes.

Table 2 Ophthalmic examination data of first eyes of patients who underwent cataract surgery

Topical Sub-Tenon Intracameral P-value

Eyes, n 68 66 56 –
Age (years), mean ± SD 74.5±7.3 71.2±9.6 72.3±9.6 0.0427
BCVA before surgery (LogMAR), mean ± SD 0.260±0.212 0.403±0.487 0.348±0.373 0.0865
BCVA after surgery (LogMAR), mean ± SD -0.016±0.148 0.006±0.268 0.034±0.274 0.5010
Pain score, n

Grade 0 34 47 29 –
Grade 1 31 19 26 –
Grade 2 3 0 1 –
Mean pain score 0.544 0.288 0.500 0.0136

Abbreviations: SD, standard deviation; BCVA, best-corrected visual acuity; LogMAR, logarithm of the minimum angle of resolution.
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group was significantly lower than that in the topical group 

(P=0.0155). The intracameral anesthesia group showed no 

statistically significant difference compared with sub-Tenon 

and topical anesthesia groups (P=0.0728 and P=0.8892, 

respectively). In 111 first eyes of 111 patients who received 

unilateral surgery, the mean pain score was 0.468 (Table 3). 

There was no significant difference in mean pain score 

between the bilateral and unilateral groups (P=0.4255).

Figure 1 shows the average of pain scores in patients 

with and without high myopia. Fifty-one eyes in 30 patients 

showed high myopia (.-6D). In 51 myopic eyes, there were 

no significant differences in age, duration of surgery, visual 

acuity, and mean percentage of corneal endothelial cell loss 

between the three groups (topical, sub-Tenon, and intrac-

ameral). The mean pain score in the sub-Tenon group was 

significantly lower than that in the topical and intracameral 

groups (P=0.0031 and P=0.0020, respectively). However, 

in 250 eyes without high myopia (,-6D), there were no 

significant differences in mean pain score between the sub-

Tenon and intracameral groups (P=0.1417). There were no 

significant differences in baseline characteristics and visual 

outcome between the three groups.

Six surgeons performed all the operations, and the 

individual outcomes of mean pain score are shown in Table 4. 

There were no significant differences in mean pain score 

between the six operators.

Discussion
To the best of our knowledge, this is the first study to compare 

the efficacy of three types of anesthesia (topical, sub-Tenon, 

and intracameral) during cataract surgery. In the present 

study, all types of anesthesia provided good patient comfort, 

as none of the patients required additional anesthesia during 

surgery. Additionally, no complications caused by anesthesia 

were noted in any of the patients. There were no differences 

in visual outcome and corneal endothelial cell loss between 

the groups. The mean percentage of corneal endothelial loss 

in all patients was 8.0%, and this result is almost similar to 

previous studies.3,18 The duration of surgery was shortest in 

the topical group; this may be because the anesthetic proce-

dure is simpler and easier than sub-Tenon and intracameral 

anesthesia.

Several studies have reported almost no differences 

in mean pain scores between intracameral lidocaine and 

placebo in patients undergoing cataract surgery under topi-

cal anesthesia.8,12,17 Most statistical analyses did not yield 

strong data supporting the efficacy of additional intracam-

eral anesthesia during phacoemulsification under topical 

anesthesia. However, Ezra et al20 reported a statistically 

significant benefit from the use of this technique. In our 

study, there were no statistically significant differences in 

pain scores during surgery between the topical and intrac-

ameral lidocaine groups (mean pain score 0.574 and 0.535, 

respectively). Pain scores using both anesthesia techniques 

were consistently low; .90% of patients scored pain as 

grade 1 or 0. It is possible that topical anesthesia alone is 

sufficiently effective and the additional benefit with intrac-

ameral anesthesia is minimal.

Table 3 Detailed characteristics of 190 first eyes of patients

Bilateral Unilateral P-value

Eyes, n 79 111 –
Age (years), mean ± SD 72.3±9.5 73.0±8.4 0.5858
BCVA before surgery  
(LogMAR), mean ± SD

0.268±0.326 0.384±0.400 0.0362

BCVA after surgery  
(LogMAR), mean ± SD

-0.034±0.198 0.035±0.251 0.0434

Anesthesia, n
Topical 27 41 –
Sub-Tenon 30 36 –
Intracameral 22 34 –
Mean pain score 0.405 0.468 0.4255

Abbreviations: SD, standard deviation; BCVA, best-corrected visual acuity; 
LogMAR, logarithm of the minimum angle of resolution.

Figure 1 The mean pain scores during cataract surgery in patients with and without high myopia.
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Our findings indicate that sub-Tenon anesthesia in 

cataract surgery can suppress patient pain better than topical 

and intracameral anesthesia. The patients in the sub-Tenon 

group showed remarkable results in terms of the apparent 

painlessness of the surgery. Almost no pain was reported 

in 73 out of 101 eyes (72.3%) during surgery. In particular, 

in eyes with high myopia, sub-Tenon anesthesia provided 

reasonable suppression of intraoperative pain compared 

with topical and intracameral anesthesia. This result suggests 

that intracameral lidocaine does not provide sufficient pain 

suppression in eyes with high myopia because of the thinly 

stretched Zinn’s zonules and the underdeveloped ciliary 

body. However, in eyes without high myopia, there were 

no significant differences in mean pain score between sub-

Tenon and intracameral anesthesia. Intracameral lidocaine 

combined with topical anesthesia was not inferior to sub-

Tenon anesthesia in regular refraction eyes.

In the present study, 111 patients received bilateral cataract 

surgery and 79 patients received unilateral surgery. Roxana 

et al21 reported that there was a subtle increase in pain during 

cataract surgery in the second eye relative to the first. The 

result of our subgroup analysis restricted to first 190 eyes also 

showed no significant differences in mean pain score between 

sub-Tenon and intracameral anesthesia. Additionally, there 

was no significant difference in mean pain score between the 

two groups who received bilateral or unilateral surgery.

This study has several limitations. We evaluated pain 

only during surgery; the pain during instillation of anes-

thesia and anxiety from visual light should be evaluated 

separately. It is possible that patients included the pain on 

injection of anesthetic agents in the pain score. In previous 

studies,13 balanced salt solution was used to compare local 

and topical anesthesia. Using a placebo may be preferable in 

order to obtain an accurate comparison of anesthetic effect. 

In our study, six independent surgeons performed all surgical 

procedures, and the kinds of grooves, in the sclera or cornea, 

and the types of intraocular lenses depend on the surgeon’s 

preferences. However, there were no significant differences 

in mean pain score between the six operators. This result 

means that the kinds of grooves or intraocular lenses have 

no significant effect on the pain score.

Conclusion
Intracameral lidocaine for cataract surgery shows sufficient 

pain suppressive effects in eyes without high myopia. Based 

on the results from this study, we believe that sub-Tenon 

anesthesia is better for cataract surgery in eyes with high 

myopia.
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