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Abstract

Background and Aims: Percutaneous radiofrequency ablation (PRFA) is a minimally invasive approach that employs needle 
targeted heat therapy for necrosis of hepatic tumour lesions. Despite of its advantages, patients often experience pain and anxiety 
during PRFA, necessitating the use of monitored anaesthesia care (MAC) with sedation to alleviate pain and ensure comfort during 
the procedure. 

This study aims to evaluate the effectiveness of infiltration of Glisson’s Capsule with 2% Lignocaine in reducing intravenous 
anaesthetic requirements and ensuring patient’s comfort during MAC sedation for PRFA of hepatic tumours.

Methods: After approval from the ethical committee with the clinical trials registry, this prospective, randomized, controlled study 
was conducted. Fourteen patients fulfilling the inclusion criteria, randomly allocated into Group L (10 ml of 2% lignocaine infiltrated 
over Glisson’s capsule) or Group C (no infiltration) were included in this study. Intraoperative anaesthetic requirements (Ketamine 
boluses) along with intraoperative and postoperative VAS scores, sedation levels and haemodynamic parameters were recorded. 

Results: The total dose of ketamine administered was lower in Group L (21.43 ± 6.90) as compared to Group C (58.57 ± 8.99) with 
statistical significance (P = 0.001) with duration of procedure comparable between the groups. Intraoperative and postoperative VAS 
scores and sedation levels were significantly lower in Group L with steady haemodynamic compared to Group C (P < 0.05). 

Conclusion: Infiltration of Glisson’s capsule was found to be a promising approach for reducing anaesthetic requirements, ensuring 
patient’s comfort with hemodynamic stability during PRFA of sub-capsular liver lesions. 
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Introduction

Percutaneous radiofrequency ablation (PRFA) therapy was 
first introduced in 1990 by McGahan., et al. as a minimally 
invasive alternative for patients in whom surgical resection was 
not feasible [1]. This technique involves real-time, image-guided 

delivery of targeted thermal energy via a needle electrode to 
induce coagulative necrosis in primary or metastatic tumors. 
Among its most established indications are the treatment of liver 
tumors particularly hepatocellular carcinoma (HCC) in early-stage 
cirrhosis and the management of inoperable liver metastases [2-4].
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PRFA is typically performed in non-operating room anaesthesia 
(NORA) suites under ultrasound (USG) or computed tomography 
(CT) guidance. An electrode is inserted into the tumor and delivers 
high-frequency alternating current, generating thermal energy 
(60–100 °C for 4–6 minutes), which results in controlled tissue 
ablation [4,5]. Pain during PRFA of hepatic lesions arises from 
multiple sources, including skin puncture, thermal injury, and 
capsular irritation—particularly in subcapsular tumors, which 
are generally more painful than centrally located lesions. Hence, 
effective analgesia and sedation are essential, and NORA delivery is 
often warranted for optimal patient management.

While several analgesic techniques—such as paravertebral 
blocks, thoracic epidural analgesia, artificial ascites, and general 
anaesthesia have been explored for PRFA of subcapsular lesions, 
each carries inherent technical and clinical complexities. Given 
that PRFA is typically a day-care, minimally invasive procedure 
requiring patient cooperation for breath-holding to facilitate 
precise tumor targeting, monitored anaesthesia care (MAC) 
is commonly employed. MAC sedation typically includes a 
combination of intravenous anaesthetics such as ketamine, 
propofol, and dexmedetomidine, along with opioids, to achieve a 
calm, cooperative, and spontaneously breathing patient during the 
procedure.

However, in subcapsular or sub-glisson’s capsule lesions, patient 
movement due to severe capsular pain can compromise needle 
positioning, complicate ablation accuracy, and increase the risk 
of complications. To manage this pain, higher doses of sedatives 
and opioids are often required, which may lead to respiratory 
depression and airway obstruction—posing further challenges for 
both anaesthetic and procedural safety [6].

Lidocaine, a well-established local anaesthetic, has demonstrated 
efficacy in providing localized analgesia when administered 
directly to nerve endings [7]. A few studies have described the 
topical application of lidocaine (lignocaine) directly to the Glisson’s 
capsule to attenuate pain during PRFA of subcapsular hepatic 
tumors, but the available literature remains sparse [8]. 

We hypothesized that topical application of 2% lignocaine 
to the Glisson’s capsule could reduce intravenous anaesthetic 
requirements and improve intraoperative comfort during MAC 
sedation for PRFA of hepatic tumors.

The primary objective of our study was to evaluate the 
effectiveness of Glisson’s capsule infiltration with 2% lignocaine 
in reducing intravenous anaesthetic consumption during PRFA. 
The secondary objectives were to assess differences between 
the lignocaine and control groups in terms of postoperative 
pain scores, haemodynamic parameters, intraoperative and 
postoperative sedation levels, and satisfaction scores among 
patients, anaesthesiologists, and interventional radiologists. 

Materials and Methods 

After approval from the ethical committee and registration 
with the clinical trials registry (CTRI/2023/01/048741) this 
prospective, randomized, controlled study was conducted from 
1/05/2023 for one year at tertiary healthcare institute.

The sample size was calculated based on a previous study and 
power analysis, taking into account anticipated differences in 
ketamine dosage between groups. 

α error = 0.01, β error = 0.05, s1 = 2.7, s2 = 1.9, d = 7.8, Zα = 1.96, 
power of study 95%. 

The calculated sample size was 14 (n = 14). Participants were 
randomized into two groups with 7 patients each:

•	 Group L (n = 7): Lidocaine group

•	 Group C (n = 7): Control group

Reference study of sample size, https://link.springer.com/
article/10.1007/s00270-015-1094-3 [9].

Patient selection

Prior to enrolment, all participants underwent a thorough 
pre-anaesthetic evaluation with relevant investigations. Eligible 
patients were aged 18–65 years, classified as ASA Grade I–III, and 
scheduled for PRFA of single subcapsular liver lesions.

Exclusion criteria included:

•	 Significant cardiac disease

•	 Airway complications

•	 Abnormal liver function
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•	 Chronic alcoholism

•	 Cognitive/psychiatric disorders

•	 Chronic pain medication use

•	 Allergy to lidocaine

•	 Ventilator dependence

Informed written consent was obtained after explaining the 
procedure, risks, and benefits. Patients were kept nil per oral for 8 
h for solids and 2h for clear fluids prior to the procedure. 

Randomization and anaesthetic management (Figure 1)

On the day of the procedure, IV access was secured, and ASA 
standard monitors were applied. Patients were randomized into 
Group L or Group C using computer-generated random numbers 
and opaque sealed envelope was used. The study was double 
blinded to the patient and observer.

Oxygen supplementation (Hudson’s face mask, 5 L/min) was 
provided. All patients received standardized intravenous sedation:

•	 Midazolam 1 mg

•	 Fentanyl 0.5 mcg/kg

Tumour localization was performed under ultrasound guidance.

In Group L, local anaesthesia consisted of skin infiltration with 3 
ml of 2% lidocaine, followed by 10 ml infiltration over the Glisson’s 
capsule by the interventional radiologist (Figure 2).

Figure 1: Consort Flow Diagram. Figure 2: (A) Percutaneous ultrasound guided microwave abla-
tion of liver lesion. (B) Needle placement for lignocaine infiltra-

tion, Blue arrow indicates needle and yellow arrow indicate 
subcapsular liver lesion.
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In Group C, only skin infiltration with 3 ml of 2% lidocaine was 
performed.

Analgesic protocol

At the initiation of ablation, intravenous dexmedetomidine 
infusion 0.5 mcg/kg over 10 min, followed by 0.5 mcg/kg/h and 
ketamine 10 mg was administered to all participants. Additional 
boluses of 10 mg of ketamine were given if the VAS score ≥3. 
Dexmedetomidine infusion was discontinued after completion of 
the ablation cycle. Total ketamine dose per patient was recorded. 

Outcome measures

The following parameters were recorded: VAS score, pulse rate 
(PR), mean arterial pressure (MAP), respiratory rate (RR), SpO₂, 
and Observer’s Assessment of Sedation Score (OASS). These were 
measured every 2 minutes after initiation of ablation, immediately 
post-procedure, and every 2 h up to 8 h post-procedure.

Analgesic requirements (drug and dose), and comfort scores as 
assessed by the anaesthesiologist, radiologist, and patient.

It was a day care procedure and all patients in both groups were 
discharged on the same day with good outcome.

Statistical analysis

Data was compiled using Microsoft Excel and analysed using 
SPSS software. Categorical data were presented as frequencies, 
percentages, or proportions, and were analysed for associations 
between groups using Chi-square test. Continuous data were 
expressed as mean ± SD for normally distributed data, or median 
and IQR for non-normally distributed data. Statistical comparisons 
were performed using independent t-tests for normally distributed 
data and Wilcoxon signed-rank test for non-parametric data. 
Repeated-measures ANOVA was used to analyse repeated 

observations with significant differences. A p-value less than 0.05 
was considered statistically significant. 

Results 

A total of 14 patients belonging to ASA grade I-III were included 
in this study. The mean age of patients in Group L was 60 years 
whereas it was slightly lower at 50.86 years in Group C. The mean 
height in Group L was 163.29 cm (SD = 5.05) compared to 159.57 
cm (SD = 11.35) in Group C. The mean weight in Group L was 67.43 
kg (SD = 10.58), slightly higher than the mean weight in Group C, 
which was 66.29 kg (SD = 6.44). Though the difference in means 
of weight and height, BMI was comparable between the groups. In 
Group L, 71.4% of patients were male, while 28.6% were female, 
whereas in Group C, 42.9% were male, and 57.1% were female 
(Table 1).

Demographic 
characteris-
tics

N
Group L Group C

Mean ± S.D.

Age 7 60 ± 11.95 50.86 ± 8.21
Height 7 163.29 ± 5.05 159.57 ± 11.35
Weight 7 67.43 ± 10.58 66.29 ± 6.44
BMI 7 25.29 ± 4.19 26.14 ± 2.91
Sex (male/
female)

7 5(71.4%)/2 
(28.6%)

3 (42.9%)/4(57.1%)

Table 1: Demographic Characteristics.

The total dose of ketamine administered was lower in Group 
L (21.43 ± 6.90) as compared to Group C (58.57 ± 8.99) with 
statistical significance (P = 0.001) with duration of procedure 
comparable between the groups (p < 0.05) (Table 2).

A.
N Mean ± S.D. p-value*

Total dose 
of Ketamine 
in mg

Group L 7 21.43 ± 6.90 0.001
Group C 7 58.57 ± 8.99

Duration of 
procedure 
(min.)

Group L 7 9.14 ± 1.069 0.099
Group C 7 9.14 ± 1.069
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B.
Time Duration Intraoperative_VAS score Intraoperative_OAAS score

N Group L Group C p-value* Group L Group C p-value*
2 min 7 1.57 ± 0.787 2.71 ± 0.488 0.001 4 3.29 ± 0.488 0.001
4 min 7 2.43 ± 0.535 3 3.71 ± 0.488 2.43 ± 0.535
6 min 7 2 2.86 ± 0.378 3.71 ± 0.489 2
8 min 7 2 2.29 ± 0.488 3.71 ± 0.488 2
10 min 7 1.14 ± 1.069 1.29 ± 1.254 2.29 ± 2.13 1.14 ± 1.06

Postoperative_VAS score Postoperative_OAAS score

0 hr 7 1.29 ± 0.488 2.86 ± 0.378 0.001 3.71 ± 0.488 2.09 ± 0.20 0.001
2 hr 7 0.14 ± 0.378 0.86 ± 0.900 4.56 ± 0.10 2.43 ± 0.535
4 hr 7 0.12± 0.295 0.71 ± 0.756 4.80 ± 0.15 4.29 ± 0.488
6 hr 7 0 0 5 5
8 hr 7 0 0 5 5

 
 Table 2: A. Total Dose of Ketamine and Duration of Procedure between Group L and Group C; B. VAS scores and OAAS scores during 

Intraoperative and Postoperative Periods.

Intraoperative, VAS scores were lower in the lignocaine group 
at all observational points compared to the control group with 
statistical significance (p = 0.001). Patients in Group L consistently 
demonstrated higher mean OAAS scores and were responsive to 
verbal commands during the procedure as compared to Group C. The 
OASS scores in Group L was significantly higher at all observation 
points in contrast to Group C (p < 0.05). Mean VAS score was higher 
in group C patients than that of group L in the immediate post-
procedure, at 2h and 4h post-operative observation points with 
statistical significance (p = 0.001). OAAS score was higher among 
Group L patients in comparison to group C in the immediate post-
operative period and at 2h post-operative period (p = 0.001) with 
no difference thereafter (Table 2).

Patients in both the groups were haemodynamically stable 
during the procedure. However, HR and MBP were higher in the 

control group during the intraoperative period with again higher 
HR when compared to the study group in the post-operative 
observation points with statistical significance (P < 0.05) depicted 
in (Figure 3). 

Figure 3: Intraoperative Hemodynamic Parameters.
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In consideration to respiratory rate (RR) and oxygen saturation 
(SPO2) during the intraoperative period participants in both the 
groups were comparable with no statistical significance (P > 0.05). 
Postoperatively, there was no significant difference in RR between 
the groups (p = 0.128), while in terms of SPO2 significant difference 
was noted at 0h observation point with Group L (99.29%) compared 
to Group C (98.57%) (p = 0.011).

In the study group, a unanimous consensus of complete 
satisfaction was evident across all stakeholders, with anaesthetist, 
surgeon and patients. Conversely, in the control group a varied 
response was noted with dissatisfaction or slight satisfaction as 
the majority (Table 3). 

anaesthesia care (MAC) sedation in non-operating room 
anaesthesia (NORA) suites [6].

The liver parenchyma itself is relatively insensitive to pain, as it 
lacks sensory innervation. Pain during PRFA arises primarily from 
the Glisson’s capsule, which contains hepatic pain fibres derived 
from the hepatic plexus—a combination of sympathetic fibres 
from the coeliac plexus and parasympathetic fibres from the vagus 
nerve [11]. Consequently, ablation of subcapsular tumours tends 
to be more painful, often requiring higher anaesthetic drug doses 
that may increase the risk of airway complications, haemodynamic 
instability, and delayed recovery [8].

Lidocaine, a widely used local anaesthetic, has additional 
anti-inflammatory and anti-cancer properties. Several studies 
have demonstrated its ability to inhibit cancer cell proliferation, 
invasion, and migration, while promoting apoptosis, thereby 
reducing cancer progression and recurrence [12]. In this context, 
infiltraion of the Glisson’s capsule with lidocaine offers not only 
perioperative analgesia but may also confer oncological benefits. 

In our study, patients in the lidocaine group required significantly 
lower doses of anaesthetic drugs compared to controls. This was 
accompanied by lower VAS scores, more stable haemodynamics, and 
better oxygenation throughout the perioperative period (P < 0.05). 
Moreover, higher OAAS scores in the lidocaine group facilitated 
tumour localization and mobilization, as patients were able to co-
operate with brief apnoeic pauses when requested. Satisfaction 
scores among patients, anaesthesiologists, and interventional 
radiologists were consistently higher in the lidocaine group.

Alternative regional anaesthetic techniques, such as thoracic 
paravertebral block with right cervical phrenic nerve block or 
thoracic epidural anaesthesia, have been employed for PRFA of 
subcapsular tumours [13]. However, their use is limited in patients 
with hepatic insufficiency or coagulopathy. Novel approaches 
including artificial ascites creation and hepatic hilar nerve block 
have also been described. Hakime., et al. demonstrated that artificial 
ascites alleviates postoperative pain, though the procedure itself 
is painful and may prolong recovery [9]. Similarly, hepatic hilar 
nerve block can provide effective analgesia but requires significant 
expertise, making it less feasible than Glisson’s capsule infiltration, 
which can be easily performed by the interventional radiologist 
[14].

Anaesthestist
Group L Group C

Satisfaction level
Dissatisfied 0% 1 (14.3%)
Slightly satisfied 0% 4 (57.1%)
Satisfied 0% 2 (28.6%)
Very satisfied 7 (100%) 0%
Surgeon Satisfaction level
Dissatisfied 0% 1 (14.3%)
Slightly satisfied 0% 6 (85.7%)
Satisfied 0% 0%
Very satisfied 7 (100%) 0%
Patient Satisfaction level
Dissatisfied 0% 5 (71.4%)
Slightly satisfied 0% 2 (28.6%)
Satisfied 1 (14.3%) 0%
Very satisfied 6 (85.7%) 0%

Table 3: Satisfaction Levels.

Discussion

Partial hepatectomy remains the treatment of choice for liver 
tumors. However, in patients with poor hepatic reserve, advanced 
disease, severe comorbidities, or advanced age, PRFA offers a 
safer alternative. PRFA has gained increasing attention due to its 
effectiveness, safety profile, and low complication and mortality 
rates, particularly for liver tumors [10].

Despite these advantages, PRFA of subcapsular lesions 
is associated with significant pain, necessitating monitored 
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Nakamura., et al. were the first to report that infiltration of local 
anaesthetic over Glisson’s capsule effectively reduces pain during 
PRFA of liver tumours [8]. Their findings are consistent with 
ours, including intra-procedural pain reduction and prevention of 
vagally mediated bradycardia. However, their study did not assess 
postoperative pain or sedation scores. Importantly, both studies 
reported no adverse effects associated with the technique. 

Overall, our findings suggest that Glisson’s capsule infiltration 
with lidocaine is a simple, safe, and effective adjunct during 
PRFA of subcapsular liver tumours. It reduces anaesthetic drug 
consumption, improves patient comfort, and enhances procedural 
conditions without increasing complications.

 Conclusion 

In our experience, infiltration of the Glisson’s capsule proved to 
be a safe, simple, and effective technique for reducing anaesthetic 
requirements during MAC sedation for PRFA of subcapsular 
liver tumours. It provided patient comfort, facilitated procedural 
conditions, maintained haemodynamic stability, and was not 
associated with complications. This approach has the potential to 
be adopted as a valuable adjunct to MAC sedation in PRFA of liver 
tumours. 

Limitations and Future Directions

The relatively small sample size in this study may limit the 
generalizability of our findings. Larger, multicentre studies are 
needed to validate the observed benefits of lidocaine infiltration 
over Glisson’s sheath during PRFA of subcapsular liver tumours. 
Further research should also focus on determining the optimal 
concentration, volume, and timing of lidocaine administration to 
maximize its analgesic efficacy and safety profile. In addition, future 
studies could evaluate long-term oncological outcomes to assess 
whether lidocaine’s reported anti-cancer properties contribute to 
improved disease control following PRFA.

No conflict of interest.
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