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Background: Percutaneous radiofrequency ablation (RFA) is a recently introduced alternative 

technique for the treatment of hepatic cancer. Anesthesia is required for RFA of hepatic cancer 

to achieve patient comfort and immobilization during this painful procedure. The purpose of this 

study was to investigate the analgesic efficacy and evaluate the safety of a single intravenous 

injection of oxycodone hydrochloride for this procedure.

Patients and methods: A total of 120 American Society of Anesthesiologists class I–II grade 

patients for elective ultrasound-guided percutaneous RFA were enrolled in this randomized 

controlled trial. Patients were randomized (1:1) to receive either a single intravenous injection 

of oxycodone (group O) or continuous infusion of remifentanil (group R). Both groups received 

the continuous infusion of dexmedetomidine for sedation. Visual analog scale (VAS), rescue 

analgesic, and side effects were checked during the periprocedural period. In addition, patient 

and oncologist satisfaction on a scale of 1–5 were determined.

Results: VAS score in group O was significantly lower than in group R at 1, 2, and 3 hours after RFA, 

and patients in group O required analgesics significantly later and less doses in the first 24 hours after 

RFA. The occurrence of unwanted body movements was significantly lower in group O. We 

found no complications including allergic reaction, excessive sedation, and chest wall rigidity in 

all patients. The patient satisfaction score was significantly higher in group O than that in group R.

Conclusion: Ultrasound-guided percutaneous RFA for hepatic cancer can be completed 

both with continuous infusion of remifentanil or a single intravenous injection of oxycodone. 

However, oxycodone hydrochloride provides better patient experience with higher satisfac-

tory score and less unwanted body movements, relieves post-procedural pain better, and is not 

associated with an increase in adverse effects.
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Introduction
Percutaneous radiofrequency ablation (RFA) is a recently introduced alternative 

technique for the treatment of hepatic cancer since 1990s.1 In RFA procedure, an 

electrode is inserted into the lesion under real-time ultrasound or computed tomog-

raphy (CT) guidance.2,3 A high-frequency alternating current delivered through the 

electrode produces coagulative necrosis of the tumor. Temperatures often approach 

or exceed 100°C, which results in tissue necrosis and cellular protein denaturation.4

Most of percutaneous RFA procedures are performed by oncologists or inter-

ventional radiologists outside operation rooms. However, many patients complain 
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of obvious pain during RFA, and sometimes the treatment 

has to be terminated because of this insufferable pain. So, 

strategies of intraprocedural sedation or anesthesia should 

be considered. Several anesthesia methods, including local, 

epidural,5,6 and general anesthesia (GA)5–7 and intravenous 

sedation (IV sedation)8 can be utilized in RFA. Since RFA 

is minimally invasive and the duration is relatively short, 

most of these procedures are performed by radiologists or 

oncologists outside the operating room in our center. Hence, 

sedation is increasingly demanded in RFA management.9 

Goal of sedation is to reduce fear, anxiety, and pain, facilitate 

satisfaction, as well as ensure safety during the procedure.

Continuous infusion of remifentanil for pain control is 

often used in painful procedures, with a rapid onset and a 

short half-life.10,11 Though analgesic effect of remifentanil 

was strong during the procedure, discontinuation can induce 

sudden onset of pain. Oxycodone is a semisynthetic opioid 

agonist with longer duration of action.12 It is commonly given 

for post-procedural pain control in interventional radiology.13 

Here, we conducted this study to investigate the analgesic 

efficacy of a single infusion of oxycodone in patients under-

going percutaneous RFA of hepatic cancer.

Patients and methods
Patient enrollment
The study was conducted in accordance with the Declaration 

of Helsinki. It was conducted at The First Affiliated Hospi-

tal of Nanjing Medical University after approval from the 

institute’s ethics committee. Written informed consent was 

obtained from each patient. A total of 120 patients undergoing 

elective percutaneous RFA of hepatic cancer were enrolled 

in this study. The inclusion criteria were being 1) aged 

30–65 years old, 2) American Society of Anesthesiologists 

(ASA) class I–II, 3) Child-Pugh score as class A, 4) single 

tumor lesion to be treated, and 5) liver and renal function 

tests in normal range. The exclusion criteria were 1) use of 

sedatives and analgesics previously, and 2) history of acute 

upper respiratory tract infections recently.

sedation and analgesia
Anesthetic monitoring included electrocardiogram, heart 

rate (HR), blood oxygen saturation (SpO
2
), respiration rate 

(RR), and non-invasive blood pressure (BP). These indexes 

were measured using a Mindray T6 monitor (Mindray Inc., 

Shenzhen, China). All patients received 5 L/min oxygen 

using a simple facemask. Patients were randomized to receive 

either a single intravenous injection of oxycodone (group O) 

or continuous infusion of remifentanil (group R). Both groups 

received dexmedetomidine (Jiangsu Hengrui Medicine 

Co., Ltd., Lianyungang, China) for sedation with the loading 

dose of 1 µg/kg over 15 minutes and the maintenance dose 

of 0.4 µg/kg/h. Group O received a single intravenous 

injection of oxycodone 0.1 mg/kg (normal saline dilution 

of 1 mg/mL; Mundipharma, Vantaa, Finland) 15 minutes 

before the procedure. Group R received remifentanil infusion 

(1 mg remifentanil mixed with 50 mL normal saline solution; 

Yichang Renfu Inc., Yichang, China) at the initial dose of 

0.1 µg/kg/min simultaneously with dexmedetomidine. The 

dose of remifentanil was adjusted up or down 0.01 µg/kg/min 

according to patient’s reaction and 0.15 µg/kg/min as the 

maximal dose. When the patient had obvious unwanted 

involuntary movements or complained of pain, bolus injec-

tion of remifentanil 25 µg was administered. Standard 

anesthesia also consisted of 5 mL of 2% lidocaine injected 

locally. The patients were monitored for about 0.5 hours in 

recovery room after the RFA procedure and must score 9 

out of a 10 modified Aldrete Scoring when shifted to their 

wards. Tramadol (Grunenthal Co Ltd, Stolberg, Germany) 

was administered and recorded as a rescue analgesic when 

requested by patients.

Procedure
Ultrasound-guided RFA procedures were performed by an 

oncologist who had .5 years of RFA experience. Patients 

were treated using a cool-tip radiofrequency generator 

system (Radio Frequency Generator S-1500; MedSphere 

International, Inc., Shanghai, China). Umbrella electrode 

(21–863451; MedSphere International, Inc.) was inserted 

into the lesion under real-time ultrasound guidance. After 

successful needle insertion into the lesion, the treatment 

was initiated. 

Monitoring index
Vital signs including HR, mean arterial pressure, RR, and 

sedation levels assessed by the Ramsay sedation were 

recorded before anesthesia (T
0
), at the beginning of the 

procedure (T
1
), during the placement of the electrode (T

2
), 

at the start of RFA (T
3
), 5 minutes after the start of RFA 

(T
4
), at the end of RFA (T

5
), time of wake up (T

6
), time of 

entering post-anesthesia care unit (PACU) (T
7
), and time of 

leaving PACU (T
8
).

Pain was assessed using visual analog scale (VAS) of 

0–10, where 0 indicates no pain and 10 indicates the worst 

pain imaginable. VAS pain scores were recorded at the time 

of wake up, and at 30 minutes, 1 hour, 2 hours, 3 hours, and 

6 hours after the end of RFA. Time to first rescue analgesic 
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Table 1 Baseline characteristics and periprocedural data

Characteristics Oxycodone group Remifentanil group Statistical significance

age (years) 53.68±7.96 51.43±8.83 0.145
gender (male/female) 37 (61.67%)/23 (38.33%) 33 (55.00%)/27 (45.00%) 0.459
Weight (kg) 65.06±8.48 67.25±9.13 0.716
height (cm) 167.52±7.71 166.13±7.64 0.326
Body mass index (kg/m2) 23.41±3.18 24.43±3.50 0.100
smoking 29 (48.33%) 31 (51.67%) 0.715
alcohol 27 (45.00%) 20 (33.33%) 0.190
hypertension 25 (41.67%) 22 (36.67%) 0.575
Diabete mellitus 12 (20.00%) 17 (28.33%) 0.286
asa Psi/ii 26 (43.33%)/34 (56.67%) 28 (46.67%)/32 (53.33%) 0.714
cause of tumor   0.869

hBV 34 (56.67%) 31 (51.67%)  
hcV 5 (8.33%) 4 (6.67%)  
Metastatic 12 (20.00%) 13 (21.67%)  
Others 9 (15.00%) 12 (20.00%)  

Tumor size (cm) 2.77±1.25 2.98±1.41 0.389
#3 cm 39 (65.00%) 36 (60.00%) 0.572
.3 cm 21 (35.00%) 24 (40.00%)  

Tumor location   0.695
The central part of the liver 35 (58.33%) 37 (61.67%)  
subcapsular 6 (10.00%) 9 (15.00%)  
subphrenic 6 (10.00%) 4 (6.67%)  
Perivascular or perivisceral 13 (21.67%) 10 (16.67%)  

Time (minutes)    
Total ablation time 13.8±2.5 14.9±2.8 0.025a

sedation time 33.6±5.7 34.8±4.9 0.206
recovery time 8.2±2.2 8.6±2.3 0.276
Time in PacU 24.5±5.3 24.0±5.0 0.633

Notes: Data presented as mean ± sD or n (%) of patients. continuous data were compared using the two-sample student’s t-test. categorical data were compared using 
the Pearson’s chi-squared or Fisher’s exact test. aP,0.05 between the two groups.
Abbreviations: asa Ps, american society of anesthesiologists physical status; hBV, hepatitis B virus; hcV, hepatitis c virus; PacU, post-anesthesia care unit.

and total dose within 24 hours were recorded. In addition, 

patient and oncologist satisfaction surveys on a scale of 

1–5 were conducted (1= not at all satisfied, 2= dissatisfied, 

3= okay, 4= satisfied, 5= very satisfied). Incidences of 

adverse events (AEs) (allergic reaction, excessive sedation, 

respiratory depression, chest wall rigidity, unwanted body 

movements, drowsiness, postoperative nausea, and vomit-

ing) were recorded. We defined respiratory depression as 

experiencing one of the following conditions: 1) spontane-

ous respiratory rate ,8 breaths/min, 2) SpO
2
 ,90%, or 3) 

respiratory arrest .15 seconds. In such cases, patients were 

aroused and instructed to take deep breaths.

statistical analyses
Statistical software SPSS version 19 (SPSS Inc., IBM  

Corporation, Armonk, NY, USA) and GraphPad Prism 

version 7 (GraphPad Software, Inc., San Diego, CA, USA) 

were used for data processing. Data were expressed as 

mean ± standard deviations for continuous variables or n of 

patients (%) for categorical data. Variance analysis between 

groups was compared using the two-sample Student’s t-test 

for continuous variables. The Pearson’s chi-squared or 

Fisher’s exact test was used to analyze categorical data. 

Non-parametric data were analyzed using the two-sample 

Mann–Whitney U rank-sum test. Repeated measures data 

were compared using repeated measures ANOVA. P,0.05 

for the difference was statistically significant.

Result
Baseline characteristics and 
periprocedural data
The study included a total of 120 patients (70 male/50 female; 

mean age 52.6±8.4 years; age range 36–65 years). All patients 

followed the standard protocol for anesthesia, analgesia, and 

procedure. The demographic data (Table 1) show that there 

were no significant differences between the two groups. 

The total ablation time was significantly shorter in group O 

than group R (P=0.025).
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level of sedation and vital signs
Repeated measures ANOVA indicated significant differences 

between groups in terms of Ramsay sedation scale 

(P=0.000; Figure 1A). Significant differences in T
2
 and T

4
 

values between both groups were noted (P=0.043, 0.000).

As shown in Figure 1B, there was no significant 

difference between groups at each time in terms of HR. 

However, repeated measures ANOVA indicated a significant 

difference between groups in terms of mean blood pressure 

(MBP) (P=0.018; Figure 1C). There was a significant dif-

ference in T
3
 score between the groups (P=0.047), but not 

in T
0
, T

1–2
, and T

4–8 
scores.

Repeated measures ANOVA indicated a significant dif-

ference between groups in terms of RR (P=0.000; Figure 1D). 

There was a significant difference between groups in T
3
 

and T
4
 scores (P=0.017, 0.011), but not in T

0–2
, T

5–8 
scores.

Visual analog scale
VAS was used to evaluate the severity of post-RFA pain. The 

number of data points used at each time is shown in the raw 

data (Table 2), and the trend is presented in Figure 2. Oxyco-

done hydrochloride was found to be superior to remifentanil 

with respect to the VAS scores at 1, 2, and 3 hours after RFA 

(P=0.040, 0.003, 0.000), though there was no significant 

Figure 1 changes in ramsay sedation scale and vital signs during periprocedural period. 
Notes: Data are expressed as the mean ± sD. *P,0.05 and **P,0.01 when compared between groups, two-sample student’s t-test. group O = oxycodone group. group 
r = remifentanil group.
Abbreviations: O, oxycodone; PacU, post-anesthesia care unit; r, remifentanil; rFa, radiofrequency ablation.
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Table 2 Vas at the indicated time points during the 6-hour period following rFa for both study groups

VAS score Oxycodone group Remifentanil group Statistical significance

Time of wake up 1.32±0.91 1.44±1.01 0.198
30 minutes after rFa 1.45±1.08 1.70±1.38 0.079
1 hour after rFa 1.55±1.02 1.82±1.50 0.040*
2 hours after rFa 1.77±1.05 2.11±1.32 0.003**
3 hours after rFa 2.15±0.88 2.73±1.26 0.000**
6 hours after rFa 1.65±1.27 1.79±1.32 0.319

Notes: Data are presented as mean ± sD. *P,0.05, **P,0.01, two-sample Mann–Whitney U rank-sum test.
Abbreviations: rFa, radiofrequency ablation; Vas, Visual analog scale.
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Figure 2 Vas at the indicated time points during the 6-hour period following rFa 
for both groups. 
Notes: Data are expressed as the mean ± sD. *P,0.05 and **P,0.01 when 
compared between groups, two-sample Mann–Whitney U rank-sum test. group O = 
oxycodone group. group r = remifentanil group.
Abbreviations: O, oxycodone; r, remifentanil; rFa, radiofrequency ablation; Vas, 
Visual analog scale.

difference in VAS at the time of wake up, 30 minutes, 

and 6 hours after RFA.

Patients in group R required analgesics significantly 

earlier (P=0.018; Table 3) and more (P=0.014; Table 3) in 

the first 24 hours after RFA.

adverse events and satisfaction
As shown in Table 4, no allergic reaction, excessive seda-

tion, and chest wall rigidity occurred in either group. The 

incidence of unwanted body movements was significantly 

higher in group R (P=0.040). There were no differences 

in the incidence of respiratory depression, drowsiness, 

postoperative nausea, and vomiting.

The patient satisfactory score was significantly higher 

in the oxycodone group than that in the remifentanil group 

(P=0.045; Figure 3). Oncologist satisfaction was not 

significantly different between groups.

Discussion
RFA is accepted as a safe and effective treatment for hepatic 

cancer, with minimal morbidity and mortality rates. Patients 

may feel anxiety and discomfort and suffer different degrees 

of pain during RFA. Patients with a larger lesion or multiple 

lesions and those with a longer procedure time reported more 

severe pain.14 It is more likely to cause severe pain when 

treating a tumor abutting the parietal peritoneum or a central 

tumor at close proximity to a large vessel.15 Some patients 

may even experience pain for several days or, occasionally, 

1–2 weeks.16 Patients may refuse this procedure because of 

discomfort and anxiety.

There is evidence that percutaneous RFA procedure can 

be safely performed with proper administration of sedation 

and anesthesia. Choice of the anesthetic technique depends on 

the site, size, and number of lesions;17 patient condition and 

preference; clinician’s recommendation; cultural differences; 

and cost effectiveness. Severe pain during the RFA procedure 

is often the main problem encountered under local anesthesia. 

Insufficient analgesia may lead to shortening of the ablation 

duration or terminating the procedure, which may result in 

an incomplete ablation and cancer recurrence.18 It seems 

that IV sedation and GA are superior to local anesthesia in 

sufficient ablation.

Both GA and IV sedation are used in this procedure. Using 

GA is particularly common in the developed countries. How-

ever, IV sedation technique with local anesthesia was also 

commonly used for the RFA procedure outside the operating 

room in China. Compared to GA, IV sedation also can pro-

vide ideal analgesia and excellent satisfaction, while patients 

generally have a shorter recovery time, reduced serious com-

plications associated with GA, and pay less. The preferred 

type of IV sedation for RFA procedure is moderate sedation 

(“conscious sedation”) for safe practice.19,20 If patients do 

not tolerate pain under IV sedation or the treatment is going 

to take longer time, GA is recommended. Chakravorty et al 

reported 66% of patients under sedation had to convert to 

GA, largely because of pain during passage of radiofrequency 
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Table 3 Time to first rescue analgesic and the total number within 24 hours

Parameters Oxycodone group Remifentanil group Statistical significance

Time of first analgesic (hours) 6.84±3.80 4.16±3.75 0.018*
Within 1 hour 0 10 (16.7%) 0.009**
Within 6 hours 8 (13.3%) 13 (21.7%)  
Within 24 hours 11 (18.3%) 8 (13.3%)  

Patients receiving analgesic   0.014**
Once 13 (21.7%) 9 (15.0%)  
Twice 6 (10.0%) 17 (28.3%)  
Thrice 0 5 (8.3%)  

Notes: Data are presented as mean ± sD or n of patients (%). *P,0.05, two-sample Mann–Whitney U rank-sum test. **P,0.05, Pearson’s chi-squared test.

Table 4 adverse events

Adverse events Group O Group R P-value

allergic reaction 0 0 –
excessive sedation 0 0 –
chest wall rigidity 0 0 –
Unwanted body movements 3 (5.0%) 10 (16.7%) 0.040*
respiratory inhibition 2 (3.3%) 5 (8.3%) 0.436
Drowsiness 8 (13.3%) 5 (8.3%) 0.378
nausea 7 (11.7%) 4 (6.7%) 0.343
Vomiting 4 (6.7%) 2 (3.3%) 0.675

Notes: Data are presented as n (%) of patients. *P,0.05, Pearson’s chi-squared or 
Fisher’s exact test. group O = oxycodone group. group r = remifentanil group.
Abbreviations: O, oxycodone; r, remifentanil.
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Figure 3 Differences in patient and oncologist satisfaction on a scale of 1–5 (1= not 
at all satisfied, 2= dissatisfied, 3= okay, 4= satisfied, 5= very satisfied). 
Notes: Data are expressed as the mean ± sD. *P,0.05, two-sample Mann–Whitney 
U rank-sum test. group O = oxycodone group. group r = remifentanil group.
Abbreviations: O, oxycodone; r, remifentanil.

current.17 However, whether GA is superior to sedation in 

terms of patient safety and complete tumor ablation rate 

during percutaneous RFA for hepatic cancer is uncertain. 

Lai et al demonstrated that treatment of small hepatocellular 

carcinoma by RFA under GA is associated with reduced 

risk of cancer recurrence, while no effect on overall survival 

was observed.5 Kuo et al showed that 2-year overall survival 

and recurrence-free survival rates were not significantly 

different in the GA group and in the non-GA (epidural and 

local anesthesia) group.6 Prospective randomized controlled 

clinical trials should be done to compare sedation and GA 

according to treatment outcomes. Many different medica-

tions are available21 for sedation, which vary depending on 

anesthesiologist preference and experience. In the past, we 

mostly used propofol alone for sedation in RFA, demonstrat-

ing better amnesia and comfort, but higher risk of respiratory 

depression or even apnea and hemodynamic depression. Also, 

there are more unwanted involuntary movements and poor 

compliance of breath holding during ultrasound location 

and puncturing in patients with sedatives alone, because of 

excessive sedation and not sufficient analgesic agent. Then 

opioids, either alone or combined with sedatives, were used 

in RFA, providing better comfort and tolerance. Intermittent 

midazolam and fentanyl were commonly used.9,22,23 Remi-

fentanil is also the preferred opioid in RFA procedure.10,24–26 

Remifentanil administered with continuous infusion is 

 preferable as it provides good pain relief, with a rapid onset 

and a short duration of action,27 and there is little risk of 

delayed postoperative recovery. Oxycodone, as a type of 

double receptor agonist of opioid (κ receptor and weak affinity 

for µ receptor),28 has not been reported previously in RFA pro-

cedure. The purpose of this experiment was to investigate the 

efficacy of a single intravenous injection of oxycodone hydro-

chloride in patients undergoing ultrasound-guided percutane-

ous RFA and evaluate the safety during periprocedural period.

All patients in both groups completed the whole process. 

No RFA session was terminated in advance for the reason 

that patients could not tolerate pain. The duration of RFA 

procedure was a little longer in R group mainly due to pause 

and then modulating remifentanil infusion rate to obtain 

desired analgesic effect when patients reported obvious pain 

during puncturing and ablation. Furthermore, less unwanted 

body movements and better conscious state in group O may 

allow oncologists to complete the procedure in less time, due 

to good cooperation from the patients.

In the experiment, there was no significant difference 

at each time in terms of HR between the two groups. 

However, repeated measures ANOVA indicated a significant 
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difference between groups in terms of Ramsay sedation scale, 

MBP, and RR. Upregulation of infusion speed or bolus injec-

tion of remifentanil during RFA procedure may introduce 

cardiovascular and respiratory volatility and deepen sedation.

We found that oxycodone hydrochloride significantly 

reduced patient VAS score at 1, 2, and 3 hours after RFA, 

though there was no significant difference in VAS imme-

diately at the time of wake up, 30 minutes, and 6 hours 

after RFA. Oxycodone exhibits a longer duration of action 

(t
1/2

: 3.7–5.5 hours). It has an antinociceptive action in the 

visceral pain system,29 which appears to be κ-opioid receptor 

mediated.30 Therefore, oxycodone has better effect on reliev-

ing post-procedural pain of RFA. Furthermore, we found 

that patients in group R required analgesics significantly 

earlier and at greater doses in the first 24 hours after RFA. 

This is explained by extremely short elimination half-life 

of remifentanil. Furthermore, acute opioid tolerance and 

hyperalgesia during withdrawal may be other reasons. Even 

short-term infusion of remifentanil can cause hyperalgesia,31 

and intra-operative remifentanil infusion rate threshold that 

induces hyperalgesia is still uncertain.

As an opioid analgesic, the side effects of oxycodone 

should still be considered, though at a lower rate in our study. 

Possible AEs are those common to opioids: mainly nausea, 

vomiting, constipation, drowsiness, dizziness, and pruritus.32 

Serious AEs include respiratory depression or apnea, hypo-

tension, cardiac arrest, and death. Hao et al reported no 

severe AEs with intravenous administration of oxycodone 

hydrochloride at a maximum dose of 10 mg in Chinese 

patients.33 In our study, the most frequently occurring AEs 

were drowsiness (13.3%) and nausea (11.7%), for a single 

dose of 0.1 mg/kg. Unwanted body movements that occurred 

during RFA were significantly less in group O. No chest wall 

rigidity occurred in either group. The incidence of respiratory 

depression was lower in group O, though not significantly. 

Oxycodone and its active metabolite oxymorphone have 

µ-opioid receptor agonist actions, which could be the reason 

for respiratory depression.34 In addition, oxycodone-induced 

respiratory depression was dose dependent. Although the 

incidence of respiratory depression was low, it should be 

paid special attention. The findings of the study suggested 

that oxycodone could be a safe analgesic drug in RFA.

There are some limitations in the study. First, the study 

was limited by a relatively small sample size, which limited 

the power of the statistical analysis. The number of patients 

with hepatic tumors who were in relatively good general 

health condition was relatively small. Patients with an ASA 

score of III–IV should be further assessed in our further 

research. Second, we did not use remifentanil with a target-

controlled infusion modeling pump to adjust the rate of 

infusion to achieve a steady effect-site concentration in our 

study. Also, the question pertaining to the equivalent dose 

of the two drugs remains unsolved. We avoided increasing 

the dose of remifentanil to achieve the expected dose-related 

analgesic effect, which could also increase the incidence of 

side effects. Third, our study duration was short, spanning 

only 24 hours, which impaired the ability to assess rates of 

cancer recurrence.

Conclusion
In conclusion, ultrasound-guided percutaneous RFA for 

hepatic cancer can be completed both with continuous infu-

sion of remifentanil or a single IV injection of oxycodone 

hydrochloride (0.1 mg/kg) combined with dexmedetomidine. 

However, oxycodone hydrochloride provides better 

experience for patients with higher satisfaction score and 

less unwanted body movements during this procedure. Also, 

oxycodone hydrochloride relieves post-procedural pain 

better, requires rescue analgesics later and less in the first 

24 hours after RFA, and is not associated with an increase 

in adverse effects.
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