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Objective: To investigate the sustained release of lidocaine from a lidocaine–epirubicin– 
lipiodol emulsion created by water-in-oil (W/O) technique in vivo and evaluate the efficacy 
and safety of intraarterial lidocaine administration for intra- and postoperative pain control in 
transarterial chemoembolization (TACE) for hepatocellular carcinoma (HCC).
Methods: The in vivo concentrations of lidocaine were determined in tumor tissues after VX2 
rabbit models for hepatic tumor were administered with intra-arterial lidocaine–epirubicin– 
lipiodol emulsion. A prospective randomized controlled clinical trial was performed, enrolling 
70 consecutive patients who underwent TACE. Patients were randomized into two groups: 
Group A received an immediate bolus intraarterial lidocaine injection before TACE, and 
Group B received a lidocaine–epirubicin–lipiodol emulsion during TACE. Pain intensity was 
compared between the two groups using a visual analog scale (VAS) score before (Tbefore) and at 
0 h (T0), 4 h (T4), 8 h (T8), 24 h (T24), 48 h (T48), and 72 h (T72) after the procedure. Adverse 
events and intake of analgesics were evaluated and compared between the two groups.
Results: The concentrations of lidocaine in tumor tissues were higher in experimental group 
than in control group at T0.5 (P=0.004), T1 (P=0.038), T4 (P=0.036), and T8 (P=0.029). In the 
clinical trial, VAS scores in Group B were significantly lower than in Group A at T0 

(P=0.006), T4 (P=0.001), T8 (P=0.002), and T24 (P=0.005). The tramadol intake in Group 
B was significantly lower than in Group A (P=0.021). No significant difference was observed 
regarding the incidence of adverse events between the two groups.
Conclusion: This study demonstrated the effectiveness and safety of intraarterial lidocaine 
administration using the W/O technique in controlling intra- and post-TACE pain.
Keywords: carcinoma, hepatocellular, chemoembolization, therapeutic, lidocaine 
hydrochloride, pain management

Introduction
Hepatocellular carcinoma (HCC) is the most common primary liver cancer with 
high cancer-related mortality.1–3 The standard therapy for intermediate-stage HCC 
is transarterial chemoembolization (TACE), and it has been proven to improve 
patient survival compared to the best supportive care method.4–9 However, TACE 
is associated with a high rate of side effects,10 among which pain is the most 
common clinical symptom and is frequently associated with prolonged hospitaliza-
tion and poor compliance for repeat TACE.11,12 To date, there are various treatment 
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modalities for controlling intra- and post-TACE pain, 
including nonsteroidal anti-inflammatory drugs (NSAIDs) 
and opioids.13 However, both NSAIDs and opioids are 
limited by their shortcomings, such as common drug- 
related side effects and addiction in clinical practice.14

Lidocaine is a commonly used local anesthetic and is 
highly safe.15 Interestingly, intraarterial bolus injection of 
100 mg lidocaine before chemoembolization has been 
documented to efficiently and safely alleviate intra-TACE 
pain.16 However, the effect of an intraarterial bolus injec-
tion of lidocaine is transient because it can rapidly enter 
circulation. Lipiodol plays a crucial role in TACE and has 
always been used as a carrier of chemotherapy drugs to 
achieve efficient delivery and sustained release of drugs.17 

Based on this theory, we hypothesized that efficient trans-
portation and sustained release of lidocaine could be 
achieved by using a water-in-oil (W/O) method for intraar-
terial lidocaine administration. Achieving sustained release 
of lidocaine may prolong the clinical effectiveness of 
lidocaine and decrease the intake of opioid analgesics.

In the present study, we investigated the sustained- 
release of lidocaine by the W/O technique in vivo and 
evaluated the efficacy and safety of the intraarterial lido-
caine administration using a water-in-oil (W/O) method 
for the management of intra- and post-TACE pain.

Methods
TACE Procedure in vivo
All experimental procedures involving animals were 
approved by the Institutional Animal Ethics Committee 
of Guizhou Medical University and were performed in 
accordance with the National Institutes of Health 
Guidelines for the Care and Use of Laboratory Animals. 
The rabbit VX2 hepatocellular carcinoma model was 
established as follows:

(1) VX2 tumor cells (GuangZhou Jennio Biotech Co., 
Ltd, China) were implanted into the femoribus internus 
subcutaneous of the rabbits for proliferation. After 2 
weeks, an auxetic VX2 tumor (almost 2 cm in diameter) 
was separated in sterile conditions and made into 
1×1×1 mm3 pieces of tumor tissue. The pieces were stored 
in physiological saline.

(2) The rabbits underwent surgery under the guidance 
of ultrasound, and the left hepatic lobe was selected as an 
area for the microinjection of VX2 tissue pieces. 
Subsequently, three pieces of VX2 tissue were implanted 

in the candidate hepatic area, and the puncture site was 
covered with a gelatin sponge (Figure 1).

(3) All the rabbits were administered intramuscular 
injections of penicillin for 3 days after the implantation 
of VX2 tumors. The success of VX2 tumor implantation 
was confirmed by ultrasound after 2 weeks.

Two weeks after successive VX2 tumor implantation, 
the rabbit VX2 HCC models were treated under general 
anesthesia, and the arteria cruralis of each rabbit was 
bluntly dissected. Subsequently, a 2.1-Fr microcatheter 
was placed into the hepatic tumor-feeding artery from 
the arteria cruralis under digital subtraction angiography 
(DSA) (Figure 1). After catheterization, the TACE-control 
group received intraarterial lidocaine (Hebei Tiancheng 
Pharmaceutical Co., Ltd, China) followed by an injection 
of the mixture of epirubicin (Shandong New Time 
Pharmaceutical Co., LTD, China) and Lipiodol (approxi-
mately 3 mL). The dosage of lidocaine and epirubicin was 
20 mg and 10 mg, respectively. The TACE-experimental 
group received the lidocaine–epirubicin–lipiodol emulsion 
created using the W/O technique (approximately 3 mL) 
with 20 mg and 10 mg lidocaine and epirubicin, 
respectively.

Measurement of Lidocaine 
Concentrations in Tumor Tissues and 
Peripheral Blood
Tumor samples and peripheral blood samples were col-
lected at 0.5 (T0.5), 1 (T1), 4 (T4), 8 (T8) and 24 (T24) 
hours after TACE in three rabbits in both the TACE- 
control group and TACE-experimental group. The VX2 
tumor tissues were harvested, weighed, and then homoge-
nized by adding 0.9% saline solution. The collected sam-
ples were centrifugated at 12,000 rpm for 10 min, and after 
centrifugation, the supernatant samples were frozen at 
4°C. The supernatant samples and peripheral blood sam-
ples were measured by HPLC (High-Performance Liquid 
Chromatography).

Randomized Clinical Trial
A randomized controlled trial was performed (registered at 
www.chictr.org.cn with the registry Number of 
ChiCTR1800019271, registered at 02-November-2018). 
This prospective study was approved by the institutional 
review board of the Second Xiangya Hospital of Central 
South University and was conducted according to the 
Declaration of Helsinki. Patients who underwent TACE 
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from November 3, 2018, to May 1, 2020, were enrolled. All 
patients signed informed consent. The details of the clinical 
trial process, including the pros and cons of the interven-
tions, were explained by physicians. Eligible patients were 
randomly assigned to Group A and Group B in a 1:1 ratio. 
Patients in Group A received an intraarterial bolus injection 
of lidocaine immediately before the injection of epirubicin- 
Lipiodol emulsion (the ratio of epirubicin solution to 
Lipiodol was 1:2). Patients in Group B received intraarterial 
lidocaine-epirubicin mixture mixed with Lipiodol using 
a three-way stopcock (the ratio of lidocaine-epirubicin mix-
ture to Lipiodol was 1:2). The formation of the lidocaine– 
epirubicin–lipiodol emulsion is shown in Figure 2. The 
dosage of lidocaine administered in both groups was 
100 mg. A statistician generated a random assignment via 
a computer-generated random number. Interventional radi-
ologists, nurses, and patients were blinded to the study 
design. Only the pharmacist who prepared the medication 
for patients was aware of the study design; however, he was 
not allowed to communicate with other personnel involved 
in the study.

Patient Eligibility
Inclusion Criteria

1. Patients who were diagnosed with HCC via one of 
the following methods: (a) imaging features of 
lesions on computed tomography (CT) or magnetic 
resonance imaging (MRI) complying with the 2018 
version of LI-RADS or (b) histopathologically con-
firmed HCC lesions.

2. Eastern Cooperative Oncology Group (ECOG) per-
formance score of 0–1;

3. International normalized ratio <1.5 and platelet 
count >50*109;

4. Compensated liver function (Child-Pugh class A or 
B);

5. No refractory ascites or renal failure;

Exclusion Criteria
1. Unsuitable psychosocial condition;
2. Main portal venous tumor thrombus (PVTT);
3. Presence of comorbidities such as cardiovascular 

disease;

Figure 1 VX2 tumor tissue is implanted in the candidate hepatic area (A). The size of the tumor is approximately 2 cm (B). The hepatic arteriography of the tumor (C).
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4. Periodic administration of NSAIDs or steroids;
5. Age <18 years;
6. The expected dose of Lipiodol used was less than 

10 mL.

Dropout Criteria
1. Death during the study;
2. Patients who were lost to follow-up;
3. Patients who were required to stop treatment or 

withdrew written informed consent.

Withdrawal Criteria
1. Patients found not to conform to inclusion criteria 

after enrollment;
2. Poorly compliant patients who could not cooperate 

with physicians to complete the study.

Sample Size
The sample size was determined to be sufficient using GPower 
3.1.9.2 computer programming software. A priori power ana-
lysis indicated that a total of 70 participants were needed for 

Figure 2 Formation of a lidocaine–epirubicin–lipiodol emulsion by the W/O technique. Five mL Lidocaine hydrochloride Injection contains 100 mg lidocaine (A). Sixty mg of 
epirubicin was dissolved in the 5 mL Lidocaine hydrochloride Injection (B). Five mL Lidocaine-epirubicin mixture in a 10-mL syringe and 10 mL of Lipiodol in another 10-mL 
syringe were mixed with a pumping exchange method (C). Twenty pumping exchanges at a speed of one second per one push were performed through a 3-way-stopcock 
(D). Finally, the lidocaine–epirubicin–lipiodol emulsion was created (E).
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a medium-size effect d (0.7) with α=0.05 and power set at 0.8 
for the two independent groups.

Procedures
All interventions for each patient were discussed in 
a multidisciplinary tumor board before treatment. The TACE 
procedure was performed under DSA (GE-IGS-530, GE 
Healthcare, the United States) by two interventional radiolo-
gists with 15 and 19 years of experience in liver interventions. 
After arteriography of the celiac trunk and superior mesenteric 
artery, a 2.2-French coaxial microcatheter (Carnelian, Tokai 
Medical Products, Japan) was used to catheterize the main 
tumor-feeding arteries. TACE was performed under moderate 
sedation with midazolam and fentanyl tailored individually to 
body habitus and drug tolerance. Prophylactic intravenous 
dexamethasone (10 mg) was used to reduce the incidence of 
TACE-induced nausea/vomiting. Super-selective chemoem-
bolization was performed to prevent non-target embolization. 
After catheterization, patients in Groups A and B received 
lidocaine as previously decided during the study design. 10– 
20 mL of Lipiodol was injected with a median dose of 10 mL, 
and 40–80 mg of epirubicin was injected with a median dose 
of 60 mg. Gelfoam slurries were injected to embolize the 
proximal tumor feeders in all patients. The technical endpoint 
of TACE was defined as the reduction in arterial inflow to the 
tumor and tumor devascularization. All the TACE procedures 
were technically successful according to the Society of 
Interventional Radiology (SIR) guidelines.18

Efficacy Assessment
Visual analog scale (VAS), which ranges from 0 to 10, was 
used to assess the pain intensity of each patient at specific 
time intervals: before TACE (Tbefore), during TACE (T0), 4 
h after TACE (T4), 8 h after TACE (T8), 24 h after TACE 
(T24), 48 h after TACE (T48), and 72 h after TACE (T72). 
To further evaluate the analgesic results, pain scores of 0– 
3 were categorized as mild pain; 4–6, moderate pain; and 
7–10, severe pain. Pain scores of more than six were 
considered meaningful, requiring medical treatment to 
reduce pain. If needed, 100 mg tramadol was used for 
analgesia, as for severe pain cases refractory to tramadol, 
100 mg pethidine was used. Pain scores at the designated 
time points and opioid analgesics were used within 72 
h after the procedure was recorded.

Safety Assessment
A safety assessment was performed by the National 
Cancer Institute Common Terminology Criteria for 

Adverse Events v5.0. Patients that experienced adverse 
events related to TACE, such as nausea, vomiting, con-
stipation, insomnia, and fever, within 72 h after the proce-
dure were assessed and compared between two groups.

Study Endpoint
The primary outcome was a pain score at each time point 
in the two groups. The secondary outcomes were the 
dosage of opioid analgesic intake and the percentage of 
adverse events after TACE in the two groups.

Statistical Analysis
The data were expressed as mean with standard deviation 
(SD), median with interquartile range (IQR), or frequency. 
Pearson’s chi-squared test or Fisher’s exact test was used 
to compare categorical variables, while the independent- 
samples t-test or Mann–Whitney U-test was used to com-
pare numerical variables. Linear regression was conducted 
to analyze the correlation among T0, T4, T8, and T24 pain 
intensity of the HCC patients. All statistical analyses were 
performed with SPSS version 20 (International Business 
Machines Corporation, the United States), and P < 0.05 
was considered statistically significant.

Results
Lidocaine Concentrations in VX2 Tumor 
Tissues and Peripheral Blood
The time–concentration curves indicated that the concen-
trations of lidocaine in tumor tissues were higher in 
experimental group at T0.5 (P=0.004), T1 (P=0.038), T4 

(P=0.036), and T8 (P=0.029) than in control group 
(Table 1). There was no difference in concentrations of 
lidocaine in tumor tissues after 24 h between the experi-
mental and control groups. In peripheral blood, the con-
centrations of lidocaine were higher in control group at 
T0.5 (P=0.005) than in experimental group and the con-
centrations of lidocaine were not significantly different 
between the two groups at T1, T4, T8, and T24 (Table 1). 
The time–concentration curves of lidocaine in VX2 tumor 
tissues and peripheral blood are shown in Figure 3.

Patients’ Basic Information
The flowchart of the study population is shown in 
Figure 4. No patient dropped out or withdrew from the 
study. Finally, a total of 70 HCC patients who underwent 
TACE were enrolled. Each group (A and B) consisted of 
35 patients. Preoperative data of groups A and B consisted 
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of age, gender, Child-Pugh class, underlying liver disease, 
tumor distribution, number of lesions, the largest tumor 
diameter, the lipiodol dose, the epirubicin dose, BCLC 
staging, and alpha-fetoprotein (Table 2). No statistical 
difference was found in preoperative data between the 
two groups (P-value>0.05).

Comparison of VAS Scores and Analgesia 
Intake Between the Two Groups
There was no difference in the pain scores at baseline 
between the two groups (P=0.237). However, the pain 
scores in Group B were significantly lower at T0 

(P=0.006), T4 (P=0.001), T8 (P=0.002), and T24 

(P=0.005) after TACE than in Group A (Figure 5). In 
addition, mild pain was significantly higher in group 

B than in group A at T0 (P=0.001), T4 (P=0.007), T8 

(P<0.001), and T24 (P=0.024). The pain scores were not 
significantly different between the two groups at T48 

(P=0.565) and T72 (P=0.460), and the postoperative length 
of hospitalization was not significantly different between 
the two groups (P=0.891). The dose of tramadol used in 
Group B was lower than in Group A (P =0.021), and the 
dose of pethidine used was comparable between the two 
groups (P=0.204). The detailed pain scores and pain 
degree distribution in two groups are listed in Tables 3 
and 4.

Incidence of Adverse Events After TACE
Incidence of the adverse events after TACE was compared 
between groups A and B: Nausea/Vomiting, 11 (31.43%) 
vs 6 (17.14%), P value 0.163; Fever, 8 (22.86%) vs 6 

Table 1 Time-Concentration of Lidocaine in Tumor Tissues and Peripheral Blood at Different Time Points

Experimental Group 
(Each Point n=3)

Control Group 
(Each Point n=3)

P value

Concentration of lidocaine in tumor tissue (T0.5, μg/mg) 28.39±7.23 2.96±0.37 0.004

Concentration of lidocaine in tumor tissue (T1, μg/mg) 13.22±6.30 2.06±0.41 0.038

Concentration of lidocaine in tumor tissue (T4, μg/mg) 1.96±0.24 1.21±0.35 0.036
Concentration of lidocaine in tumor tissue (T8, μg/mg) 0.66±0.12 0.43±0.04 0.029

Concentration of lidocaine in tumor tissue (T24, μg/mg) 0.45±0.11 0.36±0.01 0.238

Concentration of lidocaine in peripheral blood (T0.5, μg/mL) 4.80±0.75 10.66±1.60 0.005
Concentration of lidocaine in peripheral blood (T1, μg/mL) 2.69±0.74 3.69±2.02 0.465

Concentration of lidocaine in peripheral blood (T4, μg/mL) 1.00±0.13 1.37±0.36 0.272
Concentration of lidocaine in peripheral blood (T8, μg/mL) 0.39±0.03 0.53±0.17 0.298

Concentration of lidocaine in peripheral blood (T24, μg/mL) 0.17±0.11 0.28±0.14 0.360

Notes: Experimental group: intraarterial lidocaine administration by water-in-oil technique; Control group: intraarterial lidocaine administration prior to TACE.

Figure 3 Time–concentration curves of lidocaine in tumor tissues (A) and peripheral blood (B). (*P value < 0.05).
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(17.14%), P value 0.550; Insomnia, 3 (8.57%) vs 3 
(8.57%), P value 1.000; Constipation, 4 (11.43%) vs 5 
(14.29%), P value 0.721. Overall, the incidence of adverse 
events was comparable between groups A and B (Table 5).

Correlation Among the Pain Intensity of  
T0, T4, T8, and T24
Linear regression showed that pain intensity of T0 (pain 
intensity during TACE) was highly correlated with T4 

(R2=0.587, P<0.001), T8 (R2=0.287, P<0.001), and T24 

(R2=0.384, P<0.001). The detailed content is shown in 
Figure 6.

Discussion
The in vivo study demonstrated that lidocaine could be slowly 
released from the lidocaine–epirubicin–lipiodol emulsion and 
the randomized clinical trial showed that pain scores were 
significantly lower in patients who received intraarterial 

Figure 4 Flowchart of the study population.
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lidocaine injection by the W/O technique at T0, T4, T8, and T24 

after the procedure compared to patients who received an 
intraarterial bolus injection of lidocaine. Moreover, 
a comparison of the pain degree showed that a greater percen-
tage of patients in group B experienced mild pain at T0, T4, T8, 
and T24 after the procedure than group A. However, no sig-
nificant difference in pain scores was observed at T48 and T72 

between the two groups. The present study’s findings are 
highly significant for clinical practice as post-TACE pain has 

been reported to occur within 12 to 24 h after the procedure by 
a previous study.19 In addition, our study also substantiated 
that pain intensity during TACE was highly correlated with 
pain intensity 4, 8, and 24 h after TACE, which indicated that 
achieving excellent pain control during the TACE procedure 
would lead to lower postoperative pain.

Importantly, we found that patients who received lido-
caine administered by the W/O technique required less 
tramadol than patients who received a bolus injection of 

Table 2 Demographics of HCC Patients Receiving TACE

Total (n=70) Group A (n=35) Group B (n=35) P value

Age (year) 53.10±12.32 53.60±13.59 52.60±11.08 0.737

Gender (%) 0.172
Male 59 (84.3%) 32 (91.4%) 27 (77.1%)

Female 11 (15.7%) 3 (8.6%) 8 (22.9%)

Child-Pugh class (%) 0.133
A 62 (88.6%) 29 (82.9%) 33 (94.3%)
B 8 (11.4%) 6 (17.1%) 2 (5.7%)

Underlying liver disease 0.801
HBV 58 (82.9%) 29 (82.9%) 29 (82.9%)

Other 3 (4.3%) 1 (2.9%) 2 (5.7%)

None 9 (12.8%) 5 (14.2%) 4 (11.4%)

Tumor distribution 0.569
Unilobar 54 (77.1%) 26 (74.3%) 28 (80.0%)

Bilobar 16 (22.9%) 9 (25.7%) 7 (20.0%)

Number of intrahepatic lesions (%) 0.740
Solitary 23 (32.9%) 12 (34.3%) 11 (31.4%)

2–3 23 (32.9%) 10 (28.6%) 13 (37.2%)
>3 24 (34.3%) 13 (37.1%) 11 (31.4%)

The largest tumor diameter (%) 0.322
<5 cm 44 (62.9%) 24 (68.6%) 20 (57.1%)

≥5 cm 26 (37.1%) 11 (31.4%) 15 (42.9%)

The amount of lipiodol (mL) 10 (IQR, 5) 10 (IQR, 0) 10 (IQR, 5) 0.729

The amount of epirubicin (mg) 60 (IQR, 40) 60 (IQR, 40) 60 (IQR, 50) 0.922

BCLC staging (%) 0.402
A 20 (28.6%) 12 (34.3%) 8 (22.9%)

B 41 (58.6%) 20 (57.1%) 21 (60.0%)
C 9 (12.8%) 3 (8.6%) 6 (17.1%)

Portal vein thrombosis (%) 4 (5.7%) 1 (2.9%) 3 (8.6%) 0.303

Distant metastases (%) 5 (7.1%) 2 (5.7%) 3 (8.6%) 0.643

Alpha-fetoprotein 0.808

≤400 ug/L 41 (58.6%) 20 (57.1%) 21 (60.0%)

>400 ug/L 29 (41.4%) 15 (42.9%) 14 (40.0%)

Notes: Group A: intraarterial lidocaine administration prior to TACE; Group B: intraarterial lidocaine administration by water-in-oil technique. 
Abbreviations: HBV, hepatitis B virus; BCLC, Barcelona Clinic Liver Cancer.
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lidocaine, suggesting that lidocaine administration by the 
W/O technique may reduce the dosage of opioid analgesic 
used. It should be noted that the postoperative length of 
hospitalization was not significantly different between the 
two groups in our study, which is inconsistent with find-
ings of a previous study12 that showed post-TACE pain 
was associated with an extended hospital stay. The median 
postoperative length of hospitalization in this study was 4 
days in both groups while the pain scores of two groups 
decreased rapidly and with no difference 2 days after 
TACE procedure. Therefore, it might explain why post- 
TACE pain was not associated with an extended hospital 
stay in our study.

To date, although the etiology of TACE-related 
pain is not well understood, several scientific hypoth-
eses have been presented, such as acute ischemia of 
the liver parenchyma, distention of the liver capsule, 
tumor necrosis, and gallbladder ischemia secondary to 

inadvertent embolization of the cystic artery.20–22 

Currently, different methods have been suggested for 
the management of intra- and post-TACE pain. Guo 
et al found that pre-TACE parecoxib- and sufentanil- 
based multimodal analgesia was safe, efficient, and 
cost-effective for post-TACE pain control in HCC 
patients.11 Oxycodone hydrochloride controlled- 
release tablets have been reported to be safe, efficient, 
and cost-effective for controlling post-TACE pain in 
HCC patients by Zhou et al.23 Lee et al suggested that 
it was reasonable to routinely perform pre-TACE lido-
caine administration to reduce the incidence of post- 
TACE pain and the amount of analgesic 

Figure 5 Pain intensity of patients before TACE (Tbefore), during TACE (T0), 4 hours after TACE (T4), 8 hours after TACE (T8), 24 hours after TACE (T24), 48 hours after 
TACE (T48) and 72 hours after TACE (T72) (A). Distribution of pain degree during TACE (T0), 4 hours after TACE (T4), 8 hours after TACE (T8), 24 hours after TACE (T24) 
(B). (*P value < 0.05).

Table 3 Distribution of VAS Scores and Analgesic Consumption

Group 

A (n=35)

Group 

B (n=35)

P value

VAS scores (Tbefore) 0 (IQR, 1) 0 (IQR, 0) 0.237

VAS scores (T0) 6 (IQR, 5) 4 (IQR, 2) 0.006

VAS scores (T4) 4 (IQR, 3) 3 (IQR, 2) 0.001

VAS scores (T8) 4 (IQR, 3) 2 (IQR, 2) 0.002

VAS scores (T24) 2 (IQR, 2) 1 (IQR, 2) 0.005

VAS scores (T48) 0 (IQR, 1) 0 (IQR, 1) 0.565

VAS scores (T72) 0 (IQR, 0) 0 (IQR, 0) 0.460

The amount of tramadol used (mg) 0 (IQR, 100) 0 (IQR, 0) 0.021

The amount of pethidine used (mg) 0 (IQR, 100) 0 (IQR, 0) 0.204

Postoperative length of hospitalization 

(days)

4 (IQR, 3) 4 (IQR, 3) 0.891

Notes: Group A: intraarterial lidocaine administration prior to TACE; Group B: 
intraarterial lidocaine administration by water-in-oil technique. 
Abbreviation: VAS, visual analogue scale/score.

Table 4 Distribution of Pain Degree During T0 to T24

Group A (n=35) Group B (n=35) P value

T0 0.001
Mild 9 (25.7%) 15 (42.9%)
Moderate 11 (31.4%) 18 (51.4%)

Severe 15 (42.9%) 2 (5.7%)

T4 0.007
Mild 12 (34.3%) 25 (71.4%)
Moderate 19 (54.3%) 9 (25.7%)

Severe 4 (11.4%) 1 (2.9%)

T8 <0.001
Mild 17 (48.6%) 33 (94.3%)

Moderate 18 (51.4%) 2 (5.7%)
Severe 0 (0.0%) 0 (0.0%)

T24 0.024
Mild 28 (80.0%) 34 (97.1%)

Moderate 7 (20.0%) 1 (2.9%)

Severe 0 (0.0%) 0 (0.0%)

Notes: Group A: intraarterial lidocaine administration prior to TACE; Group B: 
intraarterial lidocaine administration by water-in-oil technique.
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consumption.16 Although accumulating evidence 
demonstrated success in controlling TACE-related 
pain could reduce opioid analgesic use and improve 
patient quality of life, there is still considerable het-
erogeneity in drug selection and the associated dura-
tion of action and route of administration.24 Lidocaine 
is a local analgesic with an onset of action ranging 
from 45 to 90 s and 10 to 20 min of clinical effec-
tiveness. Given that the elimination half-life of lido-
caine is approximately 90 min to 120 min24 and 
relatively quick, sustained release of lidocaine is 
essential for long-term post-TACE pain control and, 
as seen in our study, could be achieved by the W/O 
technique. In contrast to Lee et al’s study, we found 
that intraarterial lidocaine administration by the W/O 
technique could achieve slow release of lidocaine and 
decreased pain intensity more effectively with lower 
VAS and a higher percentage of patients experiencing 
mild pain after TACE than intraarterial lidocaine 
administration without the W/O technique.

To the best of our knowledge, this is the first to 
document the successful use of a lidocaine–epirubicin– 
lipiodol emulsion to achieve pain control in intra- and 
post-TACE patients with longer-lasting pain relief. 
Furthermore, this study also confirmed the sustained 
release of lidocaine in vivo, which explains the effi-
cacy of the lidocaine–epirubicin–lipiodol emulsion in 
attenuating intra- and post-TACE pain within 24 
h after TACE.

The present study has some limitations. First, the 
post-TACE pain intensity might have been influenced 
by opioid analgesics, including tramadol and pethidine. 
Indeed, the use of opioid analgesics can rapidly 
decrease VAS scores and thus cause statistical bias. 
Second, the use of VAS could be another source of 
bias. In the present study, assessments of pain scores 
were conducted in patients who had no previous 
experience of VAS use; thus, their assessments might 
have varied during the course of treatment. Third, the 
long-term outcomes of the two groups were not 
assessed in the present study. However, lidocaine 
administration in W/O method might decrease the 
antitumor effect by reducing the concentration of the 
anti-cancer component. Accordingly, further studies 
are essential to substantiate our study findings.

Conclusions
In conclusion, this study demonstrated the effectiveness 
and safety of intraarterial lidocaine administration by the 
W/O technique in controlling intra- and post-TACE pain.

Table 5 Percentages of Patients with TACE-Related Side Effect

Group 
A (n=35)

Group 
B (n=35)

P value

Nausea/Vomiting 11 (31.43%) 6 (17.14%) 0.163

Fever 8 (22.86%) 6 (17.14%) 0.550

Insomnia 3 (8.57%) 3 (8.57%) 1.000
Constipation 4 (11.43%) 5 (14.29%) 0.721

Notes: Group A: Intraarterial lidocaine administration prior to TACE; Group B: 
Intraarterial lidocaine administration by water-in-oil technique.

Figure 6 Correlation between the pain intensity of T0 and T4 (A). Correlation between the pain intensity of T0 and T8 (B). Correlation between the pain intensity of T0 and 
T24 (C). Linear regression showed that pain intensity of T0 was highly correlated with T4, T8 and T24.
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