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Objective: The current landscape is characterized by a dearth of effective, safe, simple, and noninvasive methods for preventing pain 
following craniotomy. This clinical trial seeks to evaluate the efficacy profile of preemptive application of a topical 5% lidocaine patch 
in alleviating post-craniotomy pain.
Methods: This was a multi-centric, prospective randomized placebo-controlled triple-blind clinical trial. Eligible patients were 
randomly assigned to either the masked intervention group, who received lidocaine 5% white hydrogel plasters (N = 90), or the 
placebo control group who received plain hydrogel plasters of the same pattern, size, appearance and material as L5Ps, but free of 
lidocaine (N = 90). Primary outcome was the pain intensity (Visual Analogue Scale at 24 h) after craniotomy. Secondary outcomes 
included: intra-operative analgesics consumption, pain intensity, cumulative rescue analgesics consumption, sleeping scores, adverse 
effects such as skin reactions, etc. The intention-to-treat analyses and the per-protocol analyses were used.
Results: There were no statistically significant differences in the VAS scores at 24 h after craniotomy (P = 0.539). However, subgroup 
analysis for female and male patients showed that statistically significant differences were found in VAS scores in male patients (0 
[0, 3] in the masked intervention group at 24 h after craniotomy and 3 [1, 4.5] in the placebo control group, P = 0.017). There were no 
obvious side effects directly associated with preemptive L5P.
Conclusion: Preemptive lidocaine 5% plaster as a safe technique was not found to be effective in reducing post-craniotomy pain, but 
potential gender disparities in the outcomes of this method warrant further investigation.
Trial Registration: ClinicalTrials.Gov (NCT 04169854).
Keywords: craniotomy, lidocaine 5% plaster, postoperative pain, triple-blind, randomized controlled trial

Introduction
In recent years, pain following craniotomy is still recognized as a real problem and continues to receive increasing 
attention. Uncontrolled post-craniotomy pain may contribute to arterial hypertension, cerebral hyperemia, edema, and 
other detrimental symptoms.1–3 Moreover, acute postoperative pain can also lead to the development of chronic pain.4,5 

Therefore, controlling and, if possible, preventing post-craniotomy pain is essential for neurosurgical patients. 
A prospective study by Mordhorst et al,6 showed that up to 55% of patients had moderate-to-severe postoperative 
pain in the first 24 h following craniotomy. Two other similar studies also showed high rates (60%–80%) of postoperative 
pain in this population.4,7 Furthermore, post-craniotomy pain continues to be poorly managed and undertreated.1 

Therefore, pain management in craniotomy patients is challenging and often requires multimodal analgesia.
Preoperative gabapentin can alleviate acute postoperative pain and decrease the incidence of vomiting. But it did not 

influence postoperative opioid consumption, and it has a potential risk of delayed awakening.8 Preemptive analgesia is an 
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antinociceptive treatment that administering analgesics before surgical stimuli to prevent pain. The analgesic effect of 
medications such as lidocaine primarily arises from the preemptive blockage of noxious stimuli originating from skin 
incisions. These analgesics are absorbed by the A delta and C fibers of the skin and by blocking sodium channels in the 
neuronal membrane, and they prevent the generation and transmission of action potentials from the periphery to the 
cortex.9–12 This afferent pain transmission results in a decrease in pain perception. An additional mechanism involves the 
reduction of the acute inflammatory response, as analgesics inhibit the activation of neutrophils and decrease the local 
release of cytokines.13–15 Preemptive local anesthetic (LA) infiltration seems to be an attractive method owing to its 
simplicity, safety, and low cost. However, the benefits of a single LA infiltration are still controversial, since the LA 
infiltration cannot cover the entire operative region, and it only provides a short period of postoperative pain relief.16–18 

Currently, there is a lack of effective, safe, and simple approach for the prevention of post-craniotomy pain,19 in 
particular, a noninvasive approach.

Lidocaine 5% plaster (L5P) is a 10 cm*14 cm white hydrogel plaster, containing 700 mg lidocaine, as a non-invasive 
adjunct to pain management, that is not limited by systemic side effects of analgesics and can make the lidocaine evenly 
penetrate around the surgical incision.11 L5P has been used for several years to treat local postherpetic neuralgia. In 
a recent study, Kim et al,20 suggested that L5P application before percutaneous endoscopic lumbar discectomy produced 
considerable relief from superficial somatic pain and increased postoperative satisfaction. Fiorelli et al21 reported that 
pre-emptive skin analgesia with L5P can significantly relieve post-thoracotomy pain while reducing opioid demands and 
opioid-related side effects. Lau et al22 deduced that the use of lidocaine patch reduces postoperative pain intensity after 
gynecological surgery at rest, without any adverse effects. To date, there have been no published reports on the potential 
of preemptive scalp application of L5P to prevent postoperative pain following craniotomy. While L5P has demonstrated 
its effectiveness in alleviating postoperative pain for certain types of surgeries, the efficacy may be compromised by 
inadequate adhesion between the patch and the scalp, potentially leading to suboptimal pain management. Therefore, this 
study aims to evaluate the efficacy of preemptive topical lidocaine 5% plaster in reducing postoperative pain in patients 
undergoing craniotomy.

Methods
This is a multi-centered, prospective randomized placebo-controlled triple-blind clinical trial. Clinicians, patients and 
staff responsible for follow-up were blinded to treatment allocation. Our study complies with the Declaration of Helsinki. 
Ethical approval was obtained from the Ethics Committee of Beijing Tiantan Hospital, Capital Medical University (No. 
KY2020-008-02). The study was registered in the ClinicalTrials.gov (NCT 04169854; Principal investigator: Fang Luo; 
Date of registration: November 11, 2019). The study protocol had been published in the Chinese Medical Journal.12 The 
trail was conducted at the Beijing Tiantan Hospital, Peking University Third Hospital and Peking University International 
Hospital between October 15, 2020, and December 15, 2020, and the final follow-up completed on December 18, 2020. 
This manuscript adheres to the applicable Consolidated Standards of Reporting Trials (CONSORT) guidelines.23

Patient Population
Patients scheduled for elective craniotomy for non-emergency procedures were consecutively screened for participation. 
The inclusion criteria were as follows:

• Age 18 years or older,
• American Society of Anesthesiologists status I or II,
• Agree to sign informed consent to participate in the trial.
Patients were excluded from the study if they met at least one of the following criteria:
• Allergy to lidocaine or the hydrogel plaster,
• Prior neurological deficits,
• Chronic headache,
• Craniofacial pain or neuralgia,
• Glasgow Coma Scale less than 15,
• Current or previous cardiovascular or cerebrovascular accident,
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• Expected delayed recovery or extubation,
• Uncontrolled arrhythmia,
• History of craniotomy,
• Mental illness,
• Psychiatric drug use or alcohol abuse,
• Failure to understand the use of a 100 mm visual analog scale (VAS) scores,
• Expected surgical incision length is more than 30 cm.
Withdrawal criteria:
• Patient still unconscious 2 hours after surgery,
• Unanticipated delayed extubation,
• Early re-operation within the first 48 hours,
• Voluntary withdrawal.

Randomization and Blinding
A computer-generated randomization table was prepared by an investigator with no further involvement in the trial. One 
hundred and eighty participants undergoing craniotomy were randomly assigned to the masked intervention group and 
the placebo control group at a 1:1 ratio. A sealed opaque envelope was used for allocation concealment and kept in 
a secure locker. After randomization, irrespective of intervention group allocation, a member of the research team 
informed the participant about treatment and follow-up plan, and informed the therapy provider so a visit can be 
arranged. Significantly, clinicians, patients and staff responsible for follow-up were blinded to group allocation.

Intervention and Control
Surgeons were asked to mark the planned incision site once informed consent was obtained (at least 3 days before 
surgery). For each participant in the masked intervention group, the masked L5P was applied over the skin to completely 
cover the marked incision site (the plaster was cut to suit the shape of the incision in advance, if necessary) as well as the 
head-holder sites. The masked intervention group was equipped with masked lidocaine 5% white hydrogel plasters 
measuring 10 cm*14 cm containing 700 mg of lidocaine. The placebo control group was equipped with plain hydrogel 
plasters of the same pattern, size, appearance and material as L5Ps but free of lidocaine for maintenance of blinding. In 
both groups, the plasters were applied for 12 h at night (from 6:00 PM to 6 AM) and were removed for 12 h during 
the day (from 6:00 AM to 6:00 PM). This process was repeated for three days before surgery. All craniotomies in this 
trial were performed in the morning within 3 h after removing the plasters. No further treatment with patch after surgery.

Solid food was prohibited for 8 h and water for 4 h in all patients prior to surgery. After transfer to the operating 
room, electrocardiogram, heart rate, mean arterial pressure (MAP) and peripheral oxygen saturation (SpO2) were 
continuously monitored. A peripheral venous cannula was inserted, and an intravenous (IV) infusion of crystalloid 
solution was started. Each participant was premedicated with IV midazolam 0.03 mg/kg before induction of general 
anesthesia. About 1.5–2.0 mg/kg propofol and 10–15 μg sufentanil were used for standard induction of anesthesia. 
Neuromuscular blockade was provided by intravenous cisatracurium (0.2 mg/kg) for tracheal intubation. After tracheal 
intubation, patients were mechanically ventilated with volume-controlled ventilation (6–8 mL/kg) to achieve an end-tidal 
CO2 level of 28 to 35 mmHg. Anesthesia was maintained with 4–8 mg/kg/hour propofol and 0.1–0.3 µg/kg/min 
remifentanil intravenously; anesthesiologists could adjust the remifentanil and propofol infusion dose as needed. 
Antihypertensive drugs or vasoactive drugs would be administered as needed, and crystalloid and colloid solutions 
would be infused as necessary, by the anesthesiologist in charge, to maintain the MAP and heart rate within 30% of 
baseline values. Extra neuromuscular blockers and sufentanil were given as needed.

A loading dose of 0.1μg/kg sufentanil was administered to each participant for post-operative analgesia in the post- 
anesthesia care unit. We define uncontrolled post-operative pain as a VAS score greater than 4, which has the potential to 
adversely impact sleep quality, and uncontrolled post-operative pain was to be treated with an intravenous rescue bolus of 
2 μg of sufentanil.
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Outcome Measures
The primary outcome of this study was the pain intensity at 24 h after craniotomy (measured using a visual analog scale 
[VAS]). Pain intensity was evaluated by two independent, well-trained researchers using a 100 mm scale, where 0 mm in 
the left end represents “no pain” and 100 mm in the right end represents “the greatest pain imaginable.” Secondary 
outcomes of this study included the following:

• Cumulative intra-operative analgesics (sufentanil and remifentanil) consumption.
• Pain intensity measured using the 100 mm VAS at 1, 4, 6, 12, 48, and 72 h after craniotomy in both groups.
• The time interval from the end of craniotomy to the first intravenous rescue sufentanil administration.
• Cumulative rescue analgesics consumption within 24, 48, and 72 h after craniotomy.
• The number of participants who did not receive any analgesics within 72 hours after surgery.
• Sleeping scores per the Pittsburgh Sleep Quality Index (PSQI) self-rated questionnaire for the first 3 days after 

craniotomy.
• Skin reactions attributed to L5P application.
By combining our clinical experience, previous studies and the placebo effect, a median 100 mm VAS score of 35 at 

24 h after craniotomy was estimated for patients in the placebo control group.18 According to a recent study, a minimal 
improvement of 10 mm can sufficiently signify a clinical difference on a 100 mm VAS. Hence, 80 participants for each 
group were needed to detect significance with a two-sided alpha of 0.05 with a power of 85%. Assuming an estimated 
10% drop-out rate, a total of 180 participants were included in this trial.

Statistical Analysis
Statistical analyses were performed using SPSS software (version 25.0, IBM, Armonk, NY, USA). Intention-to-treat 
analyses (ITT analyses) and per-protocol analyses (PP analyses) were used for the Visual Analogue Scale (VAS) within 
24 h after craniotomy. Other data analyses were performed in line with the intention-to-treat principle. The Kolmogorov– 
Smirnov test was used for normality testing. Continuous variables with normalized distributions (the total amount of 
sufentanil consumption, the total amount of remifentanil consumption, length of scalp, etc.) were recorded as the mean 
and standard deviation and analyzed using Student’s t test. Non-normally distributed data (pain intensity, cumulative 
rescue analgesics consumption, skin reactions, etc.) were recorded as median (interquartile range) and analyzed using the 
Mann–Whitney U-test. Analyses of VAS scores and cumulative rescue analgesics consumption within 24, 48, and 
72 h after craniotomy were performed using linear mixed models, with treatment, time, and treatment by time included as 
fixed effects and within-person correlation modeled as a random effect. Categorical variables were described as N and 
percentage and compared using the Pearson Chi-square test or Fisher exact test. In addition, the time of first rescue 
analgesic demand after craniotomy was compared by Log rank test and reported as hazard ratios with 95% CI. The 
median time of first rescue analgesic demand was estimated by Kaplan–Meier curves. Planned subgroup analyses were 
performed for gender. A P-value of <0.05 was considered statistically significant.

Throughout the trial process, data safety was monitored by the Data Monitoring Committee (DMC). A clinical 
research associate monitored whether the clinical trial was conducted in accordance with the prescribed protocols and 
standard operating procedures. However, some protocol amendments were made, and research members were informed 
with written notice after approval from the Institutional Review Board (IRB). Any severe adverse events (AEs) were 
reported to the DMC by the project investigator within 24 h.

Result
Of the total of 198 patients screened (Figure 1), 18 patients (15 patients did not meet the inclusion criteria and 3 patients 
had a history of craniotomy) were excluded. A total of 180 eligible patients (90 patients in the masked intervention group 
and 90 patients in the placebo control group) were randomized in a 1:1 ratio. All participants received the allocated 
intervention in compliance with the study protocol and were included in the ITT analysis for primary outcome. Sixteen 
patients were lost to follow-up: 9 patients in the intervention group (6 patients were not awake within 2 hours after 
surgery and 3 patients withdrew voluntarily) and 7 patients in the control group (5 patients were not awake within 2 hours 
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after surgery and 2 patients withdrew voluntarily). Eighty-one patients in the masked intervention group and 83 patients 
in the placebo control group were ultimately included in PP analysis.

Baseline Characteristics
The patients’ demographic information was shown in Table 1. There were no significant differences in age, sex, Body 
Mass Index (BMI), ASA classification, location of scalp incision and length of scalp incision between the two groups. 
Despite the variation in the pathology type of tumors observed between the intervention group and the control group, no 
significant difference emerged in the fundamental nature of the tumors present in both groups. Consequently, the two 
groups were deemed to be well matched for the purposes of the study.

Primary Outcome
There were no statistically significant differences in VAS scores at 24 h after craniotomy (3 [0, 5] in the masked 
intervention group and 3 [1, 4] in the placebo control group, P = 0.539, Table 2). The results of primary outcome in the 

Figure 1 The CONSORT patient flow diagram showing numbers analyzed in each group. 
Abbreviation: CONSORT, Consolidated Standards of Reporting Trials.
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PP sensitivity analysis were similar to those in the ITT analysis (Table 3). We conducted a subgroup analysis for female 
and male patients, and statistically significant differences were found in VAS scores at 24 h after craniotomy in male 
patients (0 [0, 3] in masked intervention group and 3 [1, 4.5] in the placebo control group, P = 0.017, Table 4).

Secondary Outcomes
There was no difference in the total amount of sufentanil consumption during surgery between the intervention (20.3 ± 
0.9 µg) and the control group (20.7 ± 0.8 µg, Mean diff. = −0.4, P = 0.666, Table 2). Similarly, no significant difference 
was found in the total amount of remifentanil consumption during surgery between the intervention group (3494.4 ± 
284.3 µg) and the control group (3507.8 ± 304.2 µg, Mean diff. = −13.4, P = 0.903, Table 2).

The difference in VAS scores at 1, 4, 6, 12, 48, and 72 h after craniotomy between two groups was not significant 
(Table 2). Ninety-one (50.6%) participants (49 participants in intervention group and 42 participants in the control group) 
had no analgesic consumption within 72 hours after surgery (P = 0.676). The first rescue analgesic demand did not differ 
distinctively by the type of intervention (hazard ratio [HR] 1.170, 95% CI 0.75 to 1.8; Log-rank P = 0.4878, Figure 2). 
There were no statistically significant differences observed in the cumulative rescue analgesic consumption within 
24 hours after surgery (0 [0, 10] in the masked intervention group and 2 [0, 8] in the placebo control group, P = 

Table 1 Baseline Characteristics

Characteristics Intervention Group  
(N=90)

Control Group  
(N=90)

P Value

Age (years) 48.1±2.7 47.0±2.8 0.552*

Sex (female, n [%]) 57(63.3) 50(55.6) 0.289#

BMI (kg/m2) 24.4±0.8 24.5±0.7 0.366*
ASA (n [%]) 0.752#

I 59 (65.6) 61 (67.8)

II 31 (34.4) 29 (32.2)
Location of scalp (n [%]) 0.129#

Frontal 22 (24.4) 17 (18.9)
Temporal 8 (8.9) 4 (4.4)

Frontotemporal 28 (31.1) 28 (31.1)

Parietal 10 (11.1) 13 (14.4)
Frontoparietal 7 (7.8) 10 (11.1)

Temporoparietal 4 (4.4) 3 (3.3)

Other 11 (12.2) 15 (16.7)
Length of scalp (cm) 16.8±0.6 16.0±0.8 0.216*

Pathology type of tumor (n [%]) 0.030#

Astrocytoma 13 (14.4) 6 (6.7)
Oligodendroglioma 18 (20.0) 16 (17.8)

Glioblastoma 18 (20.0) 14 (15.6)

Meningioma 32 (35.6) 39 (43.3)
Metastasis 2 (2.2) 1 (1.1)

Other 7 (7.8) 14 (15.6)

Nature of the tumor (n [%]) 0.721#

Benign 69 (76.7) 71 (78.9)

Malignant 21 (23.3) 19 (21.1)

Duration of surgery (min) 261.5±17.4 256.7±18.2 0.545*
Time to extubation (min) 19.2±2.7 15.7±1.9 0.083*

Notes: Values are presented as mean ± standard deviation for continuous data or number (%) for categorical data; 
Intervention group: lidocaine 5% white hydrogel plasters; Control group: plain hydrogel plasters. Significant differences are 
emphasized by bolding and underlining. # Mann–Whitney U-test; * two independent samples t-test. 
Abbreviations: BMI, Body Mass Index, ASA, American Society of Anesthesiologists.
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0.729, Table 2). The PSQI was not significantly different between the two groups (6 [3, 11] in intervention group and 4.5 
[3, 8] in the control group, P = 0.202, Table 2).

Scalp reactions were reported in 3 patients in each group, with no significant difference between the two groups (RR 
= 1.0 [0.2 to 4.8], P = 1.000). No patients withdrew from study due to adverse reactions. No other AEs related to study 
interventions, including skin reactions to the plaster, neurological side effects or complications from any lidocaine use, 
were recorded during the study.

Table 2 Primary and Secondary Outcomes

Variables Intervention Group  
(N=90)

Control Group  
(N=90)

Mean Difference  
or RR (Estimate 95% CI)

P Value

Primary outcome

VAS
24h 3 (0, 5) 3 (1, 4) 0.539#

Secondary outcomes

VAS

1h 5 (0,7) 4 (2,6) 0.968#

4h 4 (0,6) 4 (3,6) 0.186#

6h 4 (0,5) 4 (2,6) 0.115#

12h 3 (0,5) 3 (1,5) 0.467#

48h 2 (0,3) 1 (0,2) 0.076#

72h 1 (0,3) 0 (0,2) 0.153#

The total amount of sufentanil  

consumption (μg) in surgery

20.3±0.9 20.7±0.8 Mean diff. = −0.4 0.666*

The total amount of remifentanil  
consumption (μg)

3494.4±284.3 3507.8±304.2 Mean diff. = −13.4 0.903*

Cumulative rescue analgesics  

consumption (μg)
24h 0 (0,10) 2 (0,8) 0.729#

48h 0 (0,0) 0 (0,0) 0.102#

72h 0 (0,0) 0 (0,0) 0.160#

PSQI 6 (3, 11) 4.5 (3, 8) 0.202#

Skin reactions (n [%]) 3 (3.3) 3 (3.3) 1.0 (0.2 to 4.8)a 1.000#

Notes: Values are presented as mean ± standard deviation for normally distributed data; Values presented as median and interquartile range (25%, 
75%) for in non-normally distributed data; Intervention group: lidocaine 5% white hydrogel plasters measuring; Control group: plain hydrogel plasters. 
Pain intensity at different time points and cumulative rescue analgesics consumption within 24h postoperative are emphasized by bold. a this value is risk 
ratio (RR); # Mann–Whitney U-test;* two independent samples t-test. 
Abbreviations: VAS, Visual Analogue Scale/Score; PSQI, Pittsburgh Sleep Quality Index.

Table 3 The Visual Analogue Scale (VAS) Within 24 h After 
Craniotomy of the per-Protocol Population

Variables Intervention Group Control Group P Value

Total VAS Total VAS

1 h 90 4 (0, 7) 90 4 (2, 6) 0.968#

4 h 84 4 (0, 6) 85 4 (3, 6) 0.566#

6 h 82 4 (0, 6) 85 4 (2, 6) 0.459#

12h 81 3 (0, 5) 83 3 (1, 5) 0.921#

24h 81 3 (0, 5) 83 3 (1, 4) 0.506#

Notes: Values presented as median and interquartile range (25%, 75%). 
Intervention group: lidocaine 5% white hydrogel plasters measuring; Control 
group: plain hydrogel plasters. # Mann–Whitney U-test. 
Abbreviation: VAS, Visual Analogue Scale/Score.
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Discussion
In this study, we sought to examine the post-craniotomy analgesic effect of preemptive lidocaine 5% plaster that has been 
shown to provide analgesic benefit in orthopedic and thoracic surgeries. Unfortunately, although this is a safe and non- 
invasive additional intervention, we did not find a reduced degree of pain with preemptive lidocaine 5% plaster in 
craniotomy patients. Thus, the clinical value of preemptive topical lidocaine 5% plaster for the prevention of post- 
craniotomy pain is limited.

In contrast to several previous studies, which indicated that preventive scalp infiltration with anesthetic significantly 
reduced pain intensity and the cumulative consumption of opioids post-surgery,1,24,25 we did not found that preemptive 
lidocaine 5% plaster was effective in reducing post-craniotomy pain. Lidocaine 5% plaster has limited penetration, and 
the hair stubble on the scalp impedes the complete adherence of L5P to the skin, leading to inadequate lidocaine 
concentration in the scalp. Consequently, a low drug concentration fails to provide sufficient preemptive analgesia.

Contrary to expectations and previous reports of analgesic benefits in percutaneous endoscopic lumbar discectomy 
and thoracotomy,20,21 there was no statistically significant difference between the VAS scores, cumulative rescue 
analgesics consumption and the time of first rescue analgesic administration between the two groups at any time point 
after craniotomy. Lidocaine was absorbed by the painful fibers in the skin, and by blocking the sodium channels in the 
neuronal membrane, and it inhibited the generation and propagation of action potentials from the periphery (the site of 
incision) to the cortex. This disruption of afferent pain transmission led to a decrease in pain perception.9–12 Therefore, 
we assume that the reason for this is because the skin on the waist and the chest is generally very smooth, so the L5P fits 
the skin more tightly, resulting in an even and easy absorption of medication through the skin. While in craniotomy, even 
with preoperative skin preparation, the scalp is textured with hair stubble which limits the ability of L5P to completely 

Table 4 Subgroup Analysis of VAS at 24h After Craniotomy

Intervention Group Control Group P value

Female No. of patients 57 50
VAS 24h 3 (1, 5) 3 (1, 4) 0.307#

Male No. of patients 33 40

VAS 24h 0 (0, 3) 3 (1, 4.5) 0.017#

Notes: Values are presented as number (%); Intervention group: lidocaine 5% white hydrogel 
plasters; Control group: plain hydrogel plasters. #Mann–Whitney U-test. Significant differences are 
emphasized by bolding and underlining. Gender are emphasized by increasing font size and bolding.

Figure 2 The time of first rescue analgesic administration. Kaplan-Meier estimates the time of first rescue analgesic administration who were given L5P (intervention group) 
or plain hydrogel plasters (control group). 
Abbreviation: CI, indicates confidence interval; HR, hazard ratio.
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attach to the skin, resulting in reduced distribution and absorption of medication, leading to insufficient concentration of 
lidocaine in the scalp. Therefore, the intensity and duration of pain relief may fall short of expectations. The mechanism 
of lidocaine plaster is to alleviate surface pain by blocking local nerve conduction. In future studies, the pain of somatic 
surgery with flat and smooth surgical sites should be evaluated, to study the postoperative analgesic effect of preemp-
tive L5P.

Interestingly, subgroup analysis showed that the VAS score at 24h was not different between the female patients in the 
two groups, but there was significant difference between the intervention group and the control group in male patients. Up to 
now, there has been no research that has reported gender-based differences in the mechanism of action of lidocaine 5% 
plaster. Lidocaine is an amide-based local anesthetic, exhibiting a greater lipid solubility than water solubility. We deduce 
that this might be because male patients experience more oil secretion on their scalp, making the medication more easily 
absorbed through the skin. As a result, the effectiveness of lidocaine is magnified. Consequently, additional research is 
essential to assess the effectiveness of preemptive lidocaine 5% plaster with respect to gender-specific differences.

Similar to previous studies,20–22 preemptive L5P did not reduce total intraoperative opioid consumption. In this study, 
preemptive L5P also did not improve PSQI. The relationship between pain and sleep quality is reciprocal; poor sleep quality 
can lead to increased sensitivity to pain, and high levels of pain are important predictors of poor sleep quality.26,27 Preemptive 
L5P in this study did not reduce postoperative pain intensity, nor did it logically improve postoperative sleep quality.

Only a small number of patients in both groups developed scalp reactions, and the incidence of adverse reactions in 
the intervention group was not higher than that in the control group. No patients withdrew from the study due to adverse 
reactions, and no other investigation-related adverse events were recorded during the study, which confirms that 5% 
lidocaine plaster is safe for preemptive topical use, consistent with the results reported in previous studies.20–22

Although this study boasts certain advantages, notably its randomized design, it is also subject to several limitations. 
First, only one plaster was used in all patients without considering the variations in patients’ scalp thickness that could 
affect the diffusion of lidocaine through the tissues. Ideally, the rate of lidocaine diffusion in patients with greater skin 
thickness was low, and more than one patch could be used. Second, the shape of the incision may have varied based on 
the surgical purposes. As mentioned above, the plaster may be placed obliquely or cut into pieces to suit the shape of the 
incision. This will inevitably lead to unequal distribution of lidocaine along either side of the incision and cause 
underlying confounding effects. Third, the pain was measured with VAS scores, which can be influenced by many 
variables in contrast to more sophisticated means of quantifying pain, such as the McGill pain questionnaire. Fourth, only 
one patch was applied to all patients for 12 hours, without considering that individual differences in the skin of patients 
might have affected the diffusion of lidocaine through tissues. Fifth, our study did not evaluate the postoperative bedside 
sedation scores, which may have influenced the reliability of the self-reported pain intensity by patients. Sixth, given the 
absence of significant differences, questions arise regarding statistical power, particularly for subgroup analyses; there-
fore, the results of the study should be interpreted with caution. Seventh, variations in scalp thickness can potentially 
influence the absorption rate of lidocaine, and since all patients utilized plaster of identical dimensions, this may lead to 
an uneven distribution of the medication. Eighth, the follow-up duration of our study was short, indicating a need for 
further research to evaluate the long-term pain outcomes associated with L5P. Finally, further exploration into whether 
the combination of this patch with other analgesic methods can achieve a superior analgesic effect is warranted.

In conclusion, the preemptive application of a 5% lidocaine plaster did not result in additional pain score reduction or 
a decrease in cumulative opioid consumption post-craniotomy. Nonetheless, subgroup analysis revealed a significant 
difference in outcomes between the intervention and control groups among male patients. Further research is warranted 
to assess gender-specific efficacy variations of preemptive 5% lidocaine plaster. Additionally, it would be beneficial to 
investigate whether integrating this plaster with other analgesic techniques could enhance pain relief.
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