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Abstract
Background  The injection of local anesthetics, an extremely painful procedure, leads to a reduction of patients’ 
acceptance.

Objective  To investigate the efficacy and adverse reactions of 4% tetracaine gel (TG) and lidocaine-prilocaine cream 
(LPC) on reducing the local anesthetic injection pain for upper eyelid blepharoplasty.

Methods  Sixty participants were equally divided into three groups. Each patient in two treatment groups was 
assigned a pair of eutectic mixture of local anesthetics (EMLA) and 4% TG, and the blank control group did not receive 
any topical anesthetic. The primary outcome was the pain score associated with anesthetic injection. The secondary 
outcomes included the local cutaneous reactions and eyelid edema in 24 h postoperatively.

Results  The NRS score in the control group was 6.65 ± 1.60, in the 4% TG and EMLA sides of 5.75 ± 1.62 and 6.25 ± 1.48 
in group A, without statistically significant (p = 0.334, 0.067, respectively). While in group B, the injection pain scores in 
4% TG and EMLA sides were 4.65 ± 1.66 and 5.5 ± 1.73 (p < 0.001 and p = 0.031, respectively). A negative correlation was 
observed between age and LAIP (regression coefficient = -0.022), whereas gender had almost no impact (regression 
coefficient = 0.368). The administration duration of 4%TG and EMLA had no statistically significant effect on the 
cutaneous reactions observed on the patients’ eyelids (p = 0.723, p = 0.507, respectively). However, the incidence 
of cutaneous reactions was 35% for EMLA, significantly lower than 72.5% for 4% TG (p < 0.001). The postoperative 
edema score of the control group was 1.5 (1.0,2.0), while in group A both 4% TG and EMLA sides scored 2.0 (1.0,2.0) 
and in group B they scored 2.0 (1.0,2.0) and 1.0 (1.0,2.0), respectively. Neither group showed significant differences in 
postoperative edema score compared to the control group, and there’s also no significant difference was revealed 
comparing the 4% TG or EMLA side with the paired side in one group or the same side in the other group.
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Introduction
Local anesthesia is a routine pre-operation procedure in 
oculoplastic surgery. Compared to general anesthesia, 
local anesthesia poses no additional risks and does not 
necessitate the involvement of an extra anesthesiologist 
for administration [1]. However, the insertion of the local 
anesthetic needle and the subsequent ingress of medica-
tion into tissues can elicit significant pain [1], resulting 
in an unpleasant sensory and emotional experience for 
the patient, which decreases compliance. This effect is 
particularly pronounced without the aid of intravenous 
sedation by the anesthesiologist, and patients may not 
cooperate or even refuse treatment [2, 3].

Topical anesthetic creams provide anesthetic effects by 
applying anesthetics to the surface of the skin or mucous 
membranes, blocking the nerve endings of the skin 
through the penetrating effect [4]. Eutectic mixture of 
local anesthetics (EMLA), a mixture of lidocaine and pri-
locaine, with good anesthetic effect on superficial surgery 
and invasive operations, is widely employed in dermato-
logical surgery, medication injection, and invasive opera-
tions for children [5–8]. Similar to EMLA, tetracaine gel 
(TG) is also a versatile topical anesthetic in clinics for 
decades, primarily for topical anesthesia of the cutaneous 
and mucous membrane [9, 10].

Both EMLA and TG exert a time-dependent depth of 
anesthesia effect. Studies have reported a duration of at 
least 60 min and 45 min or more to achieve a satisfactory 
level of anesthesia by the two anesthetics [8, 11]. The eye-
lid skin is considered the thinnest in the body, on which 
a topical anesthetic with good penetrating properties will 
provide adequate anesthesia for a shorter period of time 
[12]. However, few studies on the clinical application for 
eyelid have been carried out.

In the present study, we investigated the effect of 
reducing the local anesthetic injection pain (LAIP) by 
EMLA versus 4% TG at different application duration, as 
well as the local cutaneous reactions and the impact on 
postoperative eyelid edema (24 h after surgery), provid-
ing a reference for evaluating the safety and effectiveness 
in the eyelid environment.

Methods
The study was conducted in accordance with the Decla-
ration of Helsinki, and approved by the Review Commit-
tee of the Second Hospital of Dalian Medical University 
(NO. LCKY2023-101). This study has also been pro-
spectively registered at chictr.org (the first registra-
tion date is 03/04/2023, and the registration number is 
ChiCTR2300070153). Written informed consents were 
obtained from all participants.

Power calculation
As there were no previous studies evaluating the efficacy 
of two types of local anesthetic creams in alleviating local 
anesthesia pain during eyelid surgery, we conducted a 
pre-experiment to determine the necessary parameters. 
GPower 3.1 was used to calculate the sample size, with 
effect size d = 0.8, α = 0.05, 1-β = 0.8, and the required 
sample size was 26 in each group.

Study design
The study was designed as a prospective, single-blind, 
randomized, controlled trial, as detailed in Fig.  1. Par-
ticipants were recruited from April 2023 to May 2023 
and written informed consent was obtained. Researchers 
could only access individual information after completing 
data collection and statistical analysis.

Materials
EMLA (Aspen Pharmacare Australia Pty Ltd, Australia), 
containing 25  mg of lidocaine with 25  mg of prilocaine 
per 1 g; 4% tetracaine hydrochloride gel (Zhen Ao Jin Yin 
Hua Pharmaceutical Co, Ltd, China), containing 70 mg of 
tetracaine hydrochloride per 1.5 g.

Participants
Patients in the ophthalmology department of the Second 
Hospital of Dalian Medical University for bilateral upper 
eyelid blepharoplasty were recruited as study partici-
pants. Exclusion criteria: (1) age < 18 years; (2) presence 
of skin wounds in the upper eyelids; (3) history of local 
anesthetic allergy; (4) preoperative long-term use of anal-
gesics; (5) history of dermatosis; (6) pregnant women and 
lactating women; (7) history of upper eyelid surgery and 
(8) unable to cooperate with the investigation.

Conclusion  In comparison to LPC, 4% TG showed a stronger anesthetic effect on reducing injection pain after 
60-minute application. It also generally presented a higher frequency of cutaneous reactions but didn’t affect the 
eyelid edema 24 h postoperatively.

Trial registration  This study was registered at chictr.org (the first registration date is 03/04/2023, and the registration 
number is ChiCTR2300070153).
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Fig. 1  The study flow diagram
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Randomization, blinding, and intervention
Patients were randomized into a 30-minute group (group 
A), a 60-minute group (group B), and a blank control 
group that did not receive any topical anesthetic. The 
randomization process relied on SPSS 27.0 statistical 
software.

Preoperatively, EMLA and 4% TG were randomly 
applied to the bilateral upper eyelids, with a dosage of 
2.5  mg per eyelid. Each eyelid received one of the two 
drugs separately according to the generated random 
sequence (www.randomnumbergenerator.com) (Fig.  2). 
Neither the patients nor the investigators were aware of 
the grouping and interventions, and the cream would 
be wiped away after applying for the corresponding 
duration.

All surgeries were performed under local anesthesia. 
After disinfecting the surgical area and draping, markings 
were made with a surgical marking pen at a distance of 7 
to 10 mm above the lash line or at the site of the double 
eyelid line. The local anesthesia applied a mixture of 2% 
lidocaine and 1% ropivacaine 1:1 compounded with epi-
nephrine. The two experienced physicians simultaneously 
performed the anesthesia procedure on patient’s bilateral 
eyelids, inserting the needle (25G) from the temporal 
side of the eyelid and advancing towards the nasal side 
while administering the anesthetic. Each side received an 
injection volume of 2.5 ml, and the entire procedure was 
completed within 20 s (Fig. 2). After waiting for 5 min to 
allow adequate infiltration of the anesthetic, an 11-blade 
scalpel was used to incise the skin along the marked line. 

During the procedure, an electrosurgical unit was uti-
lized for the excision of skin and subcutaneous tissue, as 
well as for hemostasis. For the suturing of subcutaneous 
tissue, 6 − 0 synthetic absorbable sutures were employed, 
while 6 − 0 non-absorbable sutures were used for skin 
closure.

Cutaneous reactions evaluation
Before the operation, the eyelids are photographed and 
documented to compare with the pre-intervention pho-
tographs, mainly referring to local changes in the cuta-
neous of both eyelids. Preoperative photography and 
assessment were conducted by a blinded investigator 
here.

Injection pain evaluation
After injection, eyelids were covered with gauze, and 
the LAIP was quantified by the Numerical Rating Scale 
(NRS), a tool for evaluating pain severity. Each patient 
was required to report a score for each eyelid, from 0 to 
10, corresponding to the pain perception in a positive 
sequence. On the scale of 0 to 10, 0 indicates no pain, 
1–3 indicates mild pain, 4–6 indicates moderate pain, 
and 7–10 indicates severe pain. To ensure the reliability 
of scoring, two questions were asked in sequence: (1) On 
which side do you feel more discomfort or pain? (2) What 
is the score on the more painful side? What about the 
other side?

Fig. 2  A male patient treated with EMLA (L) and 4% TG (R). (A) Before the treatment. (B) Cutaneous reaction after 30 min of application. (C) The applica-
tion area on the upper eyelids. (D) A female patient undergoing the injection procedure with bilateral upper eyelids performed simultaneously by two 
physicians
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Postoperative eyelid edema evaluation
Postoperative eyelid edema was assessed 24 h after sur-
gery, with a four-point scale applied: 0 for no edema, 1 
for mild edema (imperceptible edema), 2 for moderate 
edema (significant eyelid edema), and 3 for severe edema 
(difficulty in opening the eyelid). Bilateral eyelids of 
patients in groups A and B were evaluated and recorded 
separately, and the mean value of each patient in the con-
trol group was recorded. A blinded investigator assessed 
postoperative eyelid edema in the patients.

Study outcome
The primary outcome was the LAIP score. The sec-
ondary outcomes included the following: incidence of 
local cutaneous reactions; eyelid edema score in 24  h 
postoperatively.

Analysis
The data were recorded and organized in an Excel sheet. 
IBM SPSS 27.00 statistical software was applied. The Sha-
piro-Wilk test was performed to verify the normality, and 
the Wilcoxon rank sum test was for paired design data. 
Inter-group differences of normally distributed variables 
were tested by independent samples t test, and the non-
normal variables by Mann-Whitney U test. Count data 
were processed using χ2 test, and the correlation analysis 
between variables was analyzed by multiple linear regres-
sion. Differences were considered statistically significant 
when p < 0.05. Graphpad prism 9.0 software was used for 
plotting.

Results
A total of 60 patients were ultimately enrolled, with 7 
excluded from the course of the investigation due to 
inability to cooperate with the pain scoring. The demo-
graphic data are provided in Table 1.

Local anesthetic injection pain
In the control group, the average value of NRS score on 
both eyelids was taken with the ultimate score of 7.0 (5.3, 

8.0). There was no statistical difference when compar-
ing the NRS score of bilateral eyelids in group A to those 
in the control group, neither when comparing within 
group A (All p > 0.05). In group B, both the 4% TG side 
and the EMLA side showed significantly different NRS 
scores from the control group, respectively (All p < 0.05), 
as well as comparing within group B (p = 0.017). With 
the extended application duration, group A and group B 
exhibited a statistically significant difference in the NRS 
score on the side of 4% TG (p = 0.029) while the EMLA 
side didn’t (p = 0.138) (Fig. 3; Table 2).

The effect of age and gender on the LAIP
The age and gender of the 60 patients were enrolled in 
the regression model as independent variables while the 
different interventions were included as control vari-
ables. After excluding the confounding interference from 
topical anesthetics and application duration, the age was 
negatively associated with LAIP (regression coefficient 
= -0.022), while gender had almost no effect (regression 
coefficient = 0.368) (Table 3).

Cutaneous reactions
The main cutaneous reaction to EMLA side was ery-
thema with imperceptible edema, whereas local edema 
with slight erythema after 4% TG application (Fig. 2). In 
group A, 6 patients reported mild localized erythema 
on the eyelid of EMLA (30%) and 8 patients in group B 
(40%), without statistical difference (p = 0.507). In group 
A, 15 patients reported cutaneous edema on the eyelid of 
4% TG (75%), and 14 in group B (70%), without a statisti-
cal difference (p = 0.723). This proved that there was no 
statistical difference in the effect of different duration of 
administration of the two drugs on the cutaneous reac-
tion of the patients’ eyelids. However, the total incidence 
of cutaneous reactions corresponding to the two drugs 
showed a significant difference (p < 0.001, χ2 = 11.314) 
(Fig. 4; Table 4).

Postoperative eyelid edema
The median of bilateral eyelid edema in 24 h after opera-
tion in the control group was 1.5 (1.0,2.0). In group A, 
the postoperative edema score on the 4% TG side and the 
EMLA side were both 2.0 (1.0,2.0), while 2.0 (1.0,2.0) and 
1.0 (1.0,2.0) in group B. In both experiment groups, no 
statistically significant difference was found comparing 
the 4% TG or EMLA side of the eyelid in postoperative 
edema with the control group, or with the paired side in 
one group or the same side in the other group (Table 5).

Discussion
It is the first trial to report the topical application of tet-
racaine gel as an effective method for reducing the LAIP 
in upper eyelid blepharoplasty. In the present study, 4% 

Table 1  The demographics data
Control group Experimental group

Group A (30 min) Group B 
(60 min)

N (total patients) 20 20 20
Male 8 5 9
Female 12 15 11
Age (yrs) 46.3 ± 10.5 42.5 ± 12.7 39 ± 16.2
ASA-PS*

I 15 (75%) 15 (75%) 14 (70%)
II 5 (25%) 4 (20%) 5 (25%)
III 0 (0%) 1 (5%) 1 (5%)
*ASA-PS: American Society of Anesthesiologists (ASA) physical status, a 
classification system according to patients’ condition before surgery
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Fig. 3  Comparison of the NRS scores among the three groups. (A) The control group versus the 4% TG side of group A, the control group versus the EMLA 
side of group A, and comparison between the two sides of Group (A) (B) The control group versus the 4% TG side of group B, the control group versus 
the EMLA side of group B, and comparison between the two sides of Group (B) (C) Comparing the 4% TG side in group A to group B. (D) Comparing the 
EMLA side in group A to group B
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TG was more efficient in reducing LAIP but eliciting 
high-frequency cutaneous edema, which didn’t affect the 
eyelid edema 24 h after operation.

The role of LPC in anesthetizing eyelids has been 
demonstrated by several studies [13, 14], but few have 
investigated the anesthesia effect at shorter application 
durations. Our study indicated both LPC and 4% TG 
obviously showed effective anesthesia only at 60  min, 
although 4% TG tended to affect LAIP negatively at 
30-minute application according to regression model 
(Table  3). This implied the time-dependent depth of 
anesthesia effect [15], and the necessity of sufficient pre-
procedure application duration even if in upper eyelid 
environment.

After 60-minute application, 4% TG could more effec-
tively anesthetize eyelids than LPC, corresponding to 
the previous studies [16–18], which could be attributed 
to the high lipophilicity of 4% TG [19]. Firstly, stratum 
corneum could be penetrated more easily by tetracaine 
due to the tens of times greater lipophilicity, leading to 
a deeper level of blockage in the same period. Secondly, 
the lipophilicity of the anesthetic is directly proportional 
to its potency [9, 10]. Finally, TG is considered to provide 
longer anesthesia due to a higher rate of plasma protein 
binding [18]. Additional potential benefits, such as less 
postoperative pain and opioid consumption, could result 
from a longer anesthesia period.

Table 2  The NRS scores of LAIP among three groups (Shapiro-Wilk test)
Control group Experimental group

Group A(30 min) Group B(60 min)

Right Left EMLA 4%TG EMLA 4%TG
6.6 ± 1.76 6.7 ± 1.59

NRS score* (Avg ± SD) † 6.65 ± 1.60 6.25 ± 1.48 5.75 ± 1.62 5.5 ± 1.73 4.65 ± 1.66
NRS score* (Median; P25, P75) † 7.0 (5.3, 8.0) 6.0 (5.0, 7.0) 6.0 (5.0, 7.0) 5.5 (4.0, 6.8) 4.0 (3, 5.8)
*, Numerical Rating Scale score; †, the average is shown to help identify between the disparities across groups and due to the non-normality of some of the data, the 
quartile is also listed

Table 3  Regression model (multiple linear regression analysis)
Model Unstandardized

coefficient
Standardized coefficient t P VIF

B Standard Error β
(Constant) 7.497 0.606 12.369 <0.001*

Independent variable Age -0.022 0.011 -0.179 -1.998 0.048* 1.148
Gender 0.368 0.323 0.101 1.138 0.258 1.138

Control variable EMLA in groupA -0.449 0.446 -0.096 -1.008 0.316 1.293
EMLA in groupB -1.316 0.444 -0.280 -2.966 0.004* 1.283
4%TG in group A -0.949 0.446 -0.202 -2.130 0.035* 1.293
4%TG in group B -2.166 0.444 -0.461 -4.881 <0.001* 1.283
Blank control group 0

R2 0.214
F 5.122
P <0.001*

Dependent variable: LAIP†

*, statistical significance (P<0.05). †, local anesthetic injection pain

Fig. 4  Comparison of the incidence of cutaneous reactions. (A) (B) Comparison in group A and group B. (C) Comparing the 4% TG side in group A and 
group B. (D) Comparing the EMLA side in group A and group B. (E) Comparison of the total incidence of cutaneous reactions
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Kemp et al. found longer latencies and reduced inter-
peak amplitudes in A-δ fiber evoked potentials in older 
patients compared to the younger, while no significant 
difference in C-type fiber evoked potentials [20], indicat-
ing that ageing may reduce the function of myelinated 
A-δ fibers and the sensitivity of their pain perception 
pathways, also revealed by a meta-analysis covering 1284 
studies, suggesting the older individual was less sensitive 
to their injurious receptors for a given pain stimulus, even 
the more susceptible trigeminal system to the effects of 
age than the spinal nociceptive system [21]. Here, a trend 
towards lower LAIP scores with increasing age was also 
found, which may be related to age-related reductions in 
pain sensitivity. In various studies, females are considered 
more sensitive to pain [22–25]. A more in-depth conclu-
sion states that females did not significantly differ from 
males in terms of sensitivity to chemical pain, but showed 
prominently less tolerance regarding pressure pain [26]. 
Although local anesthetic injections involve the two pre-
viously described types of pain, this study suggests that 
gender differences do not significantly affect LAIP, poten-
tially due to the predominance of chemical pain or gen-
der-related sample size disparities.

In this study, the different incidence of cutaneous reac-
tions may attribute to the different vasculature effect. 
LPC has a transitorily bidirectional effect on the cutane-
ous vessels, presenting with localized skin blanking and 
erythema, and both states can exist at the same time [27, 
28]. As for TG, Wiles et al. found the strong property of 
TG in vasodilatation and decreasing vascular reactivity, 

which induces increased permeability, eliciting persis-
tent edema and even a wheal [29]. In contrast, LPC has 
certain antihistamine effects, demonstrated to effectively 
reduce the neurogenic component of inflammation and 
the flare response to histamine, thus reducing the degree 
of cutaneous edema [28].

Eyelid edema is a common postoperative manifesta-
tion of blepharoplasty leading to adverse outcomes such 
as ptosis, blepharochalasis, and tissue fibrosis in severe 
cases [30]. East Asians tend to suffer from severe post-
operative edema and a correspondingly higher rate of 
reoperation [31]. This study also investigated the effect of 
both drugs on postoperative eyelid edema to determine 
the exacerbation of subcutaneous tissue fluid leakage, 
which may lead to delayed recovery and other adverse 
events. Our findings suggest that even for TG, a 30- or 
60-minute application was not sufficient to affect local 
microcirculation for a prolonged period.

This study has some limitations. Firstly, the assessment 
of LAIP is somewhat subjective, and patients may give 
scores based on different experiences and ways of under-
standing. Secondly, the lack of patients from other racial 
groups in this study limits the universal applicability of 
our research findings across diverse populations. Then, 
the amount of skin and subcutaneous tissue excised dur-
ing the surgery varies among individuals, which may 
contribute to differing degrees of postoperative eyelid 
edema. In addition, the design of surgical incision is a 
critical first step in upper eyelid blepharoplasty, although 
eyelid edema due to 4% TG did not affect the surgical 
procedure here, the experience of the surgeon should be 
considered. Finally, the actual sample size failed to meet 
the expectations of the calculated sample size, and bias 
due to insufficient sample size may occur.

Conclusion
In conclusion, 4% TG showed a better effect on reduc-
ing LAIP when applied to the upper eyelid for 60  min 
of application. In comparison to LPC, 4% TG generally 
presented a higher frequency of cutaneous reaction, but 
didn’t affect the degree of eyelid edema 24 h after opera-
tion. As for females in the younger, the benefits of apply-
ing 4% TG before surgery may be more pronounced.
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