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INTRODUCTION

Radiofrequency ablation (RFA) is accepted as an effective 
and safe technique for local treatment of primary and second-
ary hepatic tumor (1-4). However, RFA of hepatic tumor can 
cause several side effects like post-ablation syndrome, pleural 
effusion, perihepatic fluid or blood collections (5). The pain is 
also classified into side effect of RFA according to the standard-
ization of terminology and reporting criteria of image-guided 
tumor ablation (5). Moderate to severe pain during RFA can 

eliminate patient’s cooperation and provoke unexpected action, 
especially in patients sensitive to pain, and may result in early 
interruption of RFA or increasing risk of complications. There-
fore, RFA is usually performed under conscious sedation or 
general anesthesia (6-12). However, even with appropriate con-
scious sedation techniques, many patients experience pain dur-
ing RFA procedure (5, 6). After RFA, many patients experience 
grade 1–2 pain (the Common Toxicity Criteria of the National 
Cancer Institute for reporting pain) for several days, occasion-
ally lasting for 1–2 weeks following an ablation procedure (5). 
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Thoracic paravertebral block (TPVB) has been often used for 
management of pain in unilateral surgical procedures such as 
thoracotomy, major breast surgery, cholecystectomy, renal sur-
gery, and laparotomy (13). 

The purpose of this study was to evaluate the effectiveness of 
ultrasound (US)-guided TPVB for management of pain during 
and after percutaneous RFA of hepatic tumor.

MATERIALS AND METHODS

Patients and Tumor Characteristics

This study was approved by the Institutional Review Board of 
Presbyterian Medical Center (PMCIRB-005-001). Written in-
formed consent was obtained from patients about the study 
during pre-anesthetic visitation. Nine patients underwent 11 
sessions of US-guided percutaneous RFA for 11 hepatic tumors. 
Nine tumors of 8 patients met the following criteria for treat-
ment with percutaneous RFA: a single nodular hepatocellular 
carcinoma (HCC) not greater than 5 cm in maximum diame-
ter; up to three multinodular HCCs, with each tumor measur-
ing up to 3 cm in maximum diameter; absence of portal venous 
thrombosis; Child-Pugh classification (CPC) A or B liver cir-
rhosis; a prothrombin time ratio > 50%; and a platelet count 
greater than 70000 cells/mm3 (6). The other one patient had 
two metastatic tumors with each tumor less than 3 cm in maxi-
mum diameter (Table 1).

Two metastatic carcinomas (in 1 patient) and one HCC (in 1 
patient) were confirmed histopathologically by US-guided per-
cutaneous needle biopsy. The remaining 8 tumors in 7 patients 
were considered to be HCC on the basis of 2014 Korean Liver 
Cancer Study Group-National Cancer Center Korea practice 
guideline for the management of HCC (14). Two HCCs in 2 
patients were recurred tumors in segment 2 and 3 after right 
posterior sectionectomy and right hemihepatectomy, respec-
tively (Table 1).

Anesthesia

All procedures were performed under continuous monitor-
ing of electrocardiogram, pulse oximetry, and non-invasive 
blood pressure until the end of RFA. 

All patients were randomly assigned to non-TPVB and 
TPVB group. The medication used before RFA in both group 
and the characteristics of patients and tumors of each group are 
summarized in Fig. 1 and Table 1, respectively.

Non-TPVB group consisted of 4 patients (four sessions of 
RFA for four tumors). All patients in this group received 0.5 mg 
of atropine and 25 mg of pethidine intramuscularly as premedi-
cation on ward. And all patients received 50 μg of fentanyl in-
travenously as premedication in operating room. After decid-
ing insertion site and path of RF electrode with US, 1% 
lidocaine was infiltrated.

Seven sessions of RFAs for 7 tumors in 5 patients were per-

Table 1. The Characteristics of Patients and Tumors

Patient Sex Age (years) Liver Condition CPS Tumor Tumor Size (cm) Tumor Location Insertion Site
Non-TPVB

1 Male 61 HBV A HCC 1.1 Right (S6) Right
2 Female 54 HBV A HCC 1.5 Right (S3) Right
3 Male 59 Alcoholic cirrhosis B HCC 1.3 Right (S5) Right
4 Male 43 Alcoholic cirrhosis B HCC 1.6 Right (S5) Right

TPVB
5 Male 70 Alcoholic cirrhosis A HCC† 2.4 Middle (S3) Middle
6 Female 70 HBV* A HCC 1.4 Middle (S2) Middle
7 Male 60 HBV† A HCC 0.8 Right (S3) Right
8 Female 67 HBV B HCC 1.4 Right (S7) Right

HCC 1.1 Right (S8) Right
9 Male 78 Gallbladder carcinoma‡ Metastasis 1.4 Right (S8) Right

Metastasis 0.7 Right (S5) Right

*Right posterior sectionectomy.
†Right hemihepatectomy.
‡Radical cholecystectomy state.
CPS = Child-Pugh score, HBV = hepatitis B virus, HCC = hepatocellular carcinoma, TPVB = thoracic paravertebral block
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formed after US-guided TPVBs. In this group, pethidine was 
not given on ward before RFA. After deciding insertion site and 
path of RF electrode with US, US-guided TPVB was performed 
with patients in lateral position with the side to be blocked up-
permost. All US-guided TPVB were performed by one experi-
enced anesthesiologist. The T7 transverse process was used as 
the landmark of the T7 paravertebral space and was deter-
mined by confirming the connection with the 7th rib on the ul-
trasonogram. The 7th rib was determined by counting up from 
12th rib on the posterior or counting down from 2nd rib on the 
anterior. Transportable US equipment with a 50 mm linear 
15–6 MHz probe (SonoSite M-TurboTM; SonoSite Inc., Bothell, 
WA, USA) and epidural Tuohy needle (22-gauge, 80 mm) were 
used. After surgical disinfection of both cervical-thoracic para-
vertebral areas, US-guided TPVB was performed at T7 level af-
ter skin infiltration with 1 mL of 1% lidocaine. Fifteen mL of 
0.375% ropivacaine was injected into right paravertebral space 
before RFA. TPVB was confirmed appropriate spread of ropi-
vacaine into paravertebral space by anterior displacement of the 
pleura on US image (Fig. 2). We evaluated cutaneous sensory 
block by cold test (Fig. 3), then performed RFA. In this group, 
lidocaine for anesthetizing inserting site and path of RF electrode 
was not used.

Measurement and Management of Pain during and 

after RFA

The medications used during RFA in both group are summa-
rized in Fig. 1. During RFA, pain was measured with verbal nu-
merical rating scale (VNRS) which using 11 point scale, with 0 
(no pain) to 10 (worst possible pain). We defined pain frequen-
cy during RFA as the number of injection of analgesics with/
without sedatives. During RFA, if patients asked analgesics or 
experienced pain with a VNSR of more than 4, fentanyl 25 μg 
(up to 100 μg), pethidine 25 mg, and midazolam 0.05 mg/kg 
(up to 5 mg) were sequentially given intravenously during RFA. 
(Fig. 1). The pain after RFA was measured by the period that 
analgesics were given and total dose of analgesics given after 
RFA. The information about analgesics used after RFA were 
achieved from medical records. Total dose of analgesics used 
before, during and after RFA were converted to equivalent dose 
of morphine given intravenously (intravenous morphine equiv-
alence) (15, 16).
 

RFA Procedure

All percutaneous RFA were performed under US-guidance 
on inpatient basis by one interventional radiologist. We used 
internally cooled 17-gauge electrodes (Well point RF electrode; 
STARmed, Goyang, Korea) with 3 cm exposed metallic tip with 

Premedication
on ward

Premedication
in operating room

During RFA 1st
2nd
3rd
4th
5th
6th

Non-TPVB

Atropine 0.5 mg IM
Pethidine HCI 25 mg IM

Fentanyl 50 μg IV

Fentanyl 25 μg IV
Fentanyl 25 μg IV

Pethidine HCI 25 mg IV
Midazolam 0.05 mg/kg IV

TPVB

Atropine 0.5 mg IM

No

Fentanyl 25 μg IV
Fentanyl 25 μg IV
Fentanyl 25 μg IV
Fentanyl 25 μg IV

Pethidine HCI 25 mg IV
Midazolam 0.05 mg/kg IV

Fig. 1. The flowchart of premedication and pain management during RFA. If patients asked for analgesics or experienced pain with a verbal nu-
merical rating scale score of more than 4, fentanyl 25 μg (up to 100 μg), pethidine 25 mg, and midazolam 0.05 mg/kg (up to 5 mg) were given 
intravenously during RFA. 
HCL = hydrochloride, IM = intramuscularly, IV = intravenously, RFA = radiofrequency ablation
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a 500-KHz monopolar radiofrequency generator (Valleylab; 
Covidien, Mansfield, MA, USA) capable of producing 200 W. 
All ablations were performed routinely for 12 minutes for each 
tumor. Additional ablation was performed until securing safety 
margin. We cauterized the electrode path during retraction of 
the electrode to minimize bleeding after ablation. Multiple tu-
mors were ablated each with interval of one week.

Contrast enhanced CT was performed immediately after ab-

lation and evaluated whether the tumor was covered completely. 
  

Location of Tumor and Insertion Site of the RFA Needle

For determining tumor location, we drew the two tangential 
lines to both lateral wall of vertebral body on axial CT image 
(Fig. 4). On axial CT image showing the greatest tumor diame-
ter, if more than 50% of tumor area was included between 2 

Fig. 2. Ultrasound image of the thoracic paravertebral space before (A) and after (B) administration of the local anesthetic. After administration 
of the local anesthetic, the pleura (arrows) was displaced anteriorly (arrowhead, needle and tip of needle; aserisk, thoracic paravertebral space).  
LA = local anesthetic, TP = transverse process

A B

Fig. 3. Area of sensory loss following thoracic paravertebral block (ar-
row, needle insertion site of Radiofrequency ablation; arrowheads, up-
per and lower margin of sensory loss).

Fig. 4. Location of tumor is marked (arrow) as either right, middle, and 
left with reference to the vertebral column. 
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lines, tumor location was defined as middle position. If less 
than 50% of tumor area was between 2 lines, location was de-
cided as right or left according to side including more than 50% 
of tumor area. On follow up CT, if ablation zone most close to 
abdominal wall was between 2 lines, right to right line, and left 
to left line, insertion site of RF electrode was defined as middle 
portion, right, and left, respectively. 

 
Statistical Analysis

Because of limited study subjects, the data were presented as 
median and 25th, 75th percentile. We used Mann-Whitney U 
test or Fisher’s exact test (gender) for comparison between 
TPVB and non-TPVB groups. SPSS 23.0 (IBM Corp., Armonk, 
NY, USA) were used for data presentation and analysis. p-value 
lower than 0.05 were considered statistically significant.

 

RESULTS

Patients Characteristics, Tumor Location and  

Insertion Site of RF Electrode

The study group consisted of 3 women and 6 men with a me-
dian age of 61.0 years (range, 43–78). Patients had alcoholic cir-
rhosis (n = 3), cirrhosis due to hepatitis B infection (n = 5), and 
history of radical cholecystectomy for gallbladder cancer (n = 1). 
Target masses consisted of HCC (n = 9) and metastatic carcino-
ma (n = 2) (Table 1). The location of tumor and insertion site of 
RF electrode were summarized in Table 1.

 
Pain during RFA

In non-TPVB group, there was intra-procedural pain in all 
sessions of RFA (100%) and median pain frequency per one 
session of RFA was median 3.75 (25th and 75th percentile were 
3.3 and 4.0). Median VNRS score per one session of RFA was 
6.0 (6.0, 6.4). In all cases, 100 μg of fentanyl and 25 mg of pethi-
dine were given during RFA. In three patients of four patients, 
midazolam was given once intravenously (Tables 2, 3). The me-
dian value of intravenous morphine equivalence of analgesics 
given during RFA was 13.3 mg per one session of RFA.

In TPVB group, patients complained intra-procedural pain 
in 3 sessions of RFA (42.86%) and 25th and 75th pain frequen-
cy were 0.0 and 1.0. times per RFA. Median VNRS score was 0.0 
(0.0, 4.0) per one session of RFA. Median 25 μg of fentanyl was 

given during one session of RFA. Pethidine and midazolam 
were not used in all case. The median intravenous morphine 
equivalence of analgesics given during RFA was 0.0 (0.0, 2.5) 
mg per one session of RFA. In this group, the patient with the 
most frequent pain (3 times) had one middle positioned tumor. 
The intravenous morphine equivalence of this patient was 7.5 
mg. The other 2 patients with pain during RFA had the pain 
frequency of just one time and a right positioned tumor each. 
The intravenous morphine equivalence of these 2 patients was 
2.5 mg each (Tables 2, 3).

Pain after RFA

In non-TPVB group, all patients complained post-RFA pain 
during median 7.5 days (25th, 75th percentile; 1.0, 19.3). In 1 
patient, tramadol was given intravenously (intravenous mor-
phine equivalence = 362 mg) for 21 days after RFA. In 1 patient, 
tramadol, pethidine, and oxycodone were given per oral or in-
travenously (intravenous morphine equivalence = 221 mg) 
during 14 days. Other 2 patients, tramadol was used intrave-
nously (intravenous morphine equivalence = 4 mg) for 1 day 
after RFA (Table 2). The intravenous morphine equivalence of 
analgesics given during RFA was median 112.5 mg (4.0, 326.8) 
per one session of RFA.

In TPVB group, no patients complained post-RFA pain and 
any analgesics were not used after RFA (Tables 2, 3).

Total Dose of Analgesics before, during, and after RFA

In non-TPVB group, intravenous morphine equivalence of 
129.1 mg (20.6, 343.4) was used per 1 session of RFA. In TPVB 
group, intravenous morphine equivalence of 0.0 mg (0.0, 2.5) 
was used per 1 session of RFA (Tables 2, 3).

Complications

There was no any complication related to US-guided TPVB 
and RFA.

DISCUSSION

The pain is classified into side effect of RFA according to the 
standardization of terminology and reporting criteria of image-
guided tumor ablation (5). For analgesia and/or conscious seda-
tion, many drugs like pethidine, fentanyl, midazolam, and pen-
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tazocine, etc. are being used before and during RFA (6-10). 
However, even with appropriate analgesia and/or conscious se-
dation, most patients complain the pain during and after abla-
tion procedure (5, 6). Moderate to severe pain during RFA can 
eliminate patient’s cooperation and provoke unexpected action, 
especially in patients sensitive to pain, and may result in failure 
of ablation procedure or complications. Also, the pain after RFA 
can prolong the duration of admission. After RFA, most patients 
complain grade 1–2 pain (the Common Toxicity Criteria of the 
National Cancer Institute for reporting pain) for one or two 
weeks, but occasionally lasting more weeks following RFA (5).

There were few reports about pain during and after RFA for 

hepatic tumor, as we know. Lee et al. (6) reported that tumor ad-
jacent (< 2 cm) to the parietal peritoneum is an independent 
predictor of higher pain level during percutaneous RFA. Also 
they reported that severity of pain during RFA was correlated 
with several factors such as tumor size, previous treatment, mul-
tiplicity of RFA, and duration of RFA, and affect pain after RFA 
presented by supplemental narcotics during hospitalization. 
They used conscious sedation with the use of pethidine for RFA. 
Including this study, most studies performed RFA under con-
scious sedation and some studies used general anesthesia (6-12). 

TPVB is the technique of injecting local anesthetic into the 
thoracic paravertebral space (TPVS), which contains spinal 

Table 3. Comparison between TPVB and Non-TPVB Groups

Non-TPVB TPVB Total p-Value*
Age (years) 56.5 (45.8, 60.5) 70.0 (63.5, 74.0) 61.0 (56.5, 70.0) 0.032
Gender

Male 3 [75] 3 [60] 6 [66.7] 1.000
Female 1 [25] 2 [40] 3 [33.3]

RFA pain (frequency) 4.0 (3.3, 4.0) 0.0 (0.0, 1.0) 1.0 (0.0, 4.0) 0.006
RFA VNRS 6.0 (6.0, 6.4) 0.0 (0.0, 4.0) 4.0 (0.0, 6.0) 0.010
RFA opioid (mg) 13.3 (13.3, 13.3) 0.0 (0.0, 2.5) 2.5 (0.0, 13.3) 0.006
Post period (day) 7.5 (1.0, 19.3) 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 0.006
Post opioid (mg) 112.5 (4.0, 326.8) 0.0 (0.0, 0.0) 0.0 (0.0, 4.0) 0.006
Total opioid (mg) 129.1 (20.6, 343.4) 0.0 (0.0, 2.5) 2.5 (0.0, 20.6) 0.006

Data are median (25th, 75th percentile) or n [%].
*Analyzed by Mann-Whitney U test or Fisher’s exact test (gender) for comparison between two groups.
RFA = radiofrequency ablation, TPVB = thoracic paravertebral block, VNRS = verbal numerical rating scale  

Table 2. Pain and Analgesics during and after RFA

Patient
During RFA Post-RFA pain Total Intravenous Morphine 

Equivalence before, during,  
and after RFA (mg)

Pain 
Frequency

Intravenous Morphine 
Equivalence (mg)

VNRS 
(Median Value)

Period Analgesics 
Given (days)

Intravenous Morphine 
Equivalence (mg)

Non-TPVB
1 3 13.3 6, 7, 5 (6) 21 362 378.6
2 4 13.3 7, 5, 6, 6 (6) 14 221 237.6
3 4 13.3 6, 7, 6, 5 (6) 1 4 20.6
4 4 13.3 7, 5, 7, 6 (6.5) 1 4 20.6

TPVB
5 3 7.5 4, 4, 3 (4) 0 0 7.5
6 0 0 - 0 0 0
7 1 2.5 3 (3) 0 0 2.5
8 1 2.5 4 (4) 0 0 2.5

0 0 - 0 0 0
9 0 0 - 0 0 0

0 0 - 0 0 0

RFA = radiofrequency ablation, TPVB = thoracic paravertebral block, VNRS = verbal numerical rating scale
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nerves and sympathetic trunk (17). TPVB produces unilateral, 
segmental, somatic, and sympathetic nerve blockade due to a 
direct effect of the local anesthetic on the somatic and sympa-
thetic nerves in the TPVS and extension into the intercostal 
and epidural space (17, 18). TPVB is indicated for anesthesia 
and analgesia for unilateral surgical procedures in the chest and 
abdomen. Based on published data, the incidence of complica-
tions after TPVB is relatively low (2.6–5%) (19). These include 
vascular puncture (3.8%), hypotension (4.6%), pleural puncture 
(1.1%), and pneumothorax (0.5%) (19). The US-guided TPVB 
may decrease the incidence of complications such as vascular 
puncture, pleural puncture, and pneumothorax. Unlike with 
thoracic epidural anesthesia, hypotension is rare in normovole-
mic patients after TPVB because the sympathetic blockade is 
unilateral. Some studies (20-22) reported that TPVB was safe 
and effective for anesthesia and analgesia during percutaneous 
RFA of hepatic tumor. Similarly, US-guided TPVB was very ef-
fective for control of pain during and after RFA in our study. 
Unlike those studies, we compared TPVB and conventional 
conscious sedation (non-TPVB). In non-TPVB group, intra-
procedural pain occurred in 100% of session of ablation. On 
contrast, there was intra-procedural pain in 42.9% of session of 
ablation in TPVB group. There were statistically differences be-
tween TPVB and non-TPVB group in all aspects including 
pain frequency, pain severity (presented by VNRS), and intra-
venous morphine equivalence of analgesics during RFA, dura-
tion of pain and intravenous morphine equivalence of analge-
sics after RFA, and total intravenous morphine equivalence of 
analgesics (p < 0.05) (Table 3). During RFA, non-TPVB group 
complained about greater than moderate pain several times on 
every session. However the severity and frequency of pain were 
very little to none in TPVB group. 

Chronic postsurgical pain (CPSP) is the consequence of acute 
postoperative pain. Predictive factors for CPSP can be patient 
specific or surgery specific. These factors can be subdivided into 
preoperative, intraoperative, and postoperative. The most rele-
vant postoperative factor seems to be the severity of acute post-
operative pain (23, 24). In our study, most promising result was 
that there was no pain after RFA in TPVB group. Two out of 4 
patients from non-TPVB group had analgesic given since they 
suffered from severe pain after RFA for 14 days and 21 days 
each. None of the patients from 7 sessions (5 patients) of TPVB 

group complained about pain after RFA. Therefore TPVB may 
decrease the risk of CPSP after RFA of hepatic tumor. 

Our study has a few limitations. The first limitation is very 
small sample size. Because of this small size of this study, our 
results should be interpreted with caution and need to be sup-
ported by another study with larger sample size. The second 
limitation is that we performed only right-sided TPVB and 
there was no tumor with left sided location and left sided inser-
tion site. In TPVB group, 3 sessions (3 patients) of 7 sessions (5 
patients) had pain during RFA, although frequency and severity 
was significantly lesser than non-TPVB group. Especially 1 pa-
tient had more frequent and more severe pain than other 2 pa-
tients. In this patient, the location of the tumor was middle po-
sition according to our criteria. Although there was another 
patient with middle positioned tumor without pain during 
RFA, we think that right-sided TPVB alone might have not 
been enough to control the visceral pain since the location of 
the tumor was middle position. Although we cannot make a 
hasty conclusion due to limited sample size and limited loca-
tion of tumor, we think additional left-sided TPVB, i.e. both-
sided TPVB, may have a promising effect on control pain dur-
ing RFA of tumor with middle or left position. The third 
limitation is that we performed only single injection in TPVB. 
So, due to this single injection, additional opioid analgesics 
and/or sedatives were needed according to the degree of pain 
and/or patient’s demand. If we perform TPVB with catheteriza-
tion, additional injection of local anesthetics can be done as 
needed. Also, we expect the catheterization may make pain 
management without opioid and post-procedural pain man-
agement possible. The fourth limitation is that we did not have 
long term follow up for CPSP. There are no reports about CPSP 
after RFA, as we know. Although TPVB reduced the severity of 
acute postoperative pain after RFA of hepatic tumor in our 
study, we did not study whether RFA of hepatic tumor can be 
surgery specific predictive factor for CPSP and do not know 
whether TPVB have prophylactic effect against CPSP after RFA 
of hepatic tumor. We think a well-planned prospective study is 
required to correlate RFA of hepatic tumor with CPSP. 

In conclusion, US-guided TPVB may be an effective and safe 
anesthetic method for decreasing or eliminating pain during 
and after RFA for hepatic tumor. And US-guided TPVB may be 
helpful in decreasing opioid consumption during and after RFA 
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for hepatic tumor.
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간종양의 경피적 고주파 열치료에서  
초음파 유도하 흉부 방척추블록의 효용성: 예비 연구

김형태1 · 김영준2* · 김범진2 · 신성인3 · 임소망3 · 이주형4

목적: 간종양의 경피적 고주파 열치료(radiofrequency ablation, 이하 RFA) 도중 및 종료 후 발생하는 통증을 관리하는데 

있어 흉부방척추블록(thoracic paravertebral block, 이하 TPVB)의 효용성을 평가하고자 하였다. 

대상과 방법: TPVB를 시행하지 않은 그룹(4명; 4개 종양, 4회 RFA)과 시행한 그룹(5명; 7개 종양, 7회 RFA)으로 나

누었다. 초음파 유도하 TPVB는 7번 흉추에서 시행하였다. 시술 전 우측 방척추 공간에 0.375% ropivacaine을 15 mL 주

입하였다. 시술 중 환자가 통증을 호소하며 진통제를 요구하거나 구두통증척도(verbal numerical rating scale) 4점 이상

의 통증을 호소하면 fentanyl 25 μg (최대 100 μg), pethidine 25 mg, midazolam 0.05 mg/kg (최대 5 mg)을 순차적으

로 정맥 주입하였다.

결과: RFA 전, 도중, 후 사용된 진통제의 총 정맥 주입 모르핀 등가(total intravenous morphine equivalence)는 TPVB를 

시행하지 않은 그룹에서는 129.1 mg이었고, 시행한 그룹에서는 0.0 mg이었다.

결론: 초음파 유도하 TPVB는 간종양의 RFA 도중 및 후에 발생하는 통증을 감소시키는데 효과적이고 안전한 방법일 수 

있겠으며 마약성 진통제의 사용량을 줄이는데 도움이 될 것이다.
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